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Abstract: Evidences indicate that deposition of amyloid beta peptides (Aβs) plays an important role in the pathogenesis of Alzheimer disease. Aβs may influence cardiovascular system and ileum contractions. But the effect of
amyloid beta peptide 22-35 (Aβ22-35) on cardiovascular functions and contractions of ileum has not been studied.
Therefore, the present study aimed to investigate the possible effects of this peptide on isolated rat heart and ileum
smooth muscle. Langendorff-perfused rat heart preparations were established. The hearts were perfused under
constant pressure (60 mmHg) with modified Krebs-Henseleit solution. Aβ22-35 at doses of 1, 10 and 100 nM significantly decreased left ventricular developed pressure (LVDP; an index of cardiac contractility) and maximal rate of
pressure development of left ventricle (+dP/dtmax; another index of cardiac contractility). This peptide at doses studied had no significant effect on heart rate, coronary flow, monophasic action potential amplitude (MAPamp), MAP
duration at 90% repolarization (MAP90) and ileum contractions. We suggest that Aβ22-35 exerts a negative inotropism
on isolated rat hearts with unchanged heart rate, coronary flow, MAPamp, MAP90 and smooth muscle contractility
of ileum.
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Introduction
Alzheimer’s disease (AD) is a dementia form
occurred among aged people [1]. AD is characterized by memory loss and a decline in cognitive function [2]. The loss of synapses and neuronal deaths in brain are characteristic events
in AD [2, 3]. Patients with AD and transgenic
mouse models of the disease also show motor
disorders [4]. Amyloid beta peptide (Aβ) is
involved in AD and this peptide is formed from
the transmembrane amyloid-β precursor protein (AβPP) by proteolytic processing via the
action of enzymes called beta and gama secretases [5]. Aβ is the main component of the
senile plaques in the brains of patients with AD
and increased Aβ production plays an important role in the pathogenesis of AD [6]. In addition, it has been reported that both soluble and
fibrillar forms of Aβ exert neurotoxic effects [7].
Aβ may influence cardiovascular system and
smooth muscle contraction. Aβ produces vasoconstriction on cerebral arteries and decreases

resting cerebral blood flow [8]. AβPP is also synthesized in extraneuronal human tissues [9]
and soluble Aβ is found in plasma and cerebrospinal fluid [10]. It has been reported that Aβ
changes vascular tone and induces endothelial
damage in rat coronary arteries [11]. Aβ affects
the beating rate of neonatal rat cardiomyocytes
[12] and also impairs contractile function of
skeletal muscle in frog [3]. The onset and progression of AD are correlated with cardiovascular disorders such as hypertension, atherosclerosis and myocardial infarction [13]. Furthermore, Aβ alters myocardial calcium homeostasis and involves in arrhythmogenesis [14].
Although it has been reported that Aβ22-35 produces toxic effect on cultured neurons taken
from the rat hippocampus [15], there is not any
information about the effect of Aβ22-35 on cardiovascular parameters and ileum contractions. We hypothesized that Aβ22-35 may play a
role in the regulation of cardiovascular functions and ileum contractions. Therefore, we
aimed to study the possible influence of Aβ22-35
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on cardiovascular parameters of isolated rat
hearts and smooth muscle contractility of rat
ileum.
Materials and methods
Animals, heart preparation and perfusion
Female Sprague-Dawley rats weighing 250300 g were used in our study. Rats were housed
at 22-25°C with 12-hour light/dark cycle and
fed with a standard chow diet and water ad libitum. All experiments were carried out in
accordance with the “Guide to the Care and
Use of Experimental Animals” by the Canadian
Council of Animal Care [16]. The experimental
protocols were approved by Ethical Committee
of Researchs on Animals at Eskisehir Osmangazi University (30.01.2014/378). One hour
after an intraperitoneal injection of 1000 IU
heparin, rat’s chest was opened under sodium
thiopental (50 mg/kg) anesthesia. The heart
was rapidly excised and immersed in ice-cold
modified Krebs-Henseleit solution (mKHs).
After contractions ceased, the surrounding tissues were removed. The aorta was immediately
tied to a stainless steel cannula of the perfusion system. Retrograde perfusion was initiated at constant pressure (60 mmHg) using a
noncirculating Langendorff technique. The pulmonary artery was excised to facilitate complete coronary drainage in the ventricles. Daily
prepared mKHs with the following composition
(mM/l): NaCl 118, KCl 4.7, CaCl2 2.5, MgSO4
1.2, KH2PO4 1.2, NaHCO3 25 and glucose 11
was used for perfusion. mKHs was continuously gassed with carbogen (95% O2 and 5% CO2)
and maintained at 37°C (pH 7.4 ± 0.1) throughout the experiments. The perfusion solution
was filtered through a filter with a 45 µm pore
size (Millipore filters, Ireland).
Measurement of cardiovascular parameters
Cardiac contractile force was measured by
using the previously described method by He
and Downey [17]. A liquid-filled latex balloon
connected to a pressure transducer (Isotec,
Hugo Sachs Electronic, March-Hugstetten,
Germany) was passed into the left ventricle
through the mitral valve to measure peak systolic and end-diastolic pressure. Baloon was
inflated with the aid of a glass syringe until
baloon pressure reached a pressure of 8 mmHg
and balloon pressure was maintained at this
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value. LVDP, a contractility index was calculated as the difference between the systolic and
end-diastolic pressures. +dP/dtmax was calculated from the left ventricular pressure by a
data acquisition software (Isoheart Software,
Version 1.5, Hugo Sachs Electronic, MarchHugstetten, Germany) and taken as the other
contractility index. Heart rate was determined
from the signals of the left ventricular pressure.
The coronary flow reflecting the coronary vascular tone was obtained from the timed collection
of the coronary effluent in a graduated cylinder.
All of the cardiovascular parameters except
coronary flow were analyzed by the Isoheart
Software. MAPamp and MAP90 were recorded
by using contact electrode method [18] and
MAP electrodes (Ag/AgCl2) were used to record
MAP. MAPamp and MAP90 were recorded by
pressing an electrode against the surface of
left ventricular epicardium while other electrode touched the epicardium. A stable contact
pressure was applied between the epicardium
and MAP electrode.
Stabilization and administration of drug
The hearts were allowed to equilibrate for 30
min with mKHs to obtain a stable baseline.
Hearts were excluded if LVDP < 60 mmHg, +dP/
dtmax < 2800 mmHg s-1, heart rate < 200 beats/
min and there was an abnormal sinus rhythm.
Aβ22-35 (H-Glu-Asp-Val-Gly-Ser-Asn-Lys-Gly-AlaIle-Ile-Gly-Leu-Met-OH) was obtained from
Abcam (Cambridge, England). Aβ22-35 was dissolved in distilled water and stored at -20°C
until used. After the stabilization period, Aβ22-35
at the doses of 1, 10 and 100 nM was given to
the hearts for 30 min. Each dose was administrated to a different group of the hearts. In the
control group the hearts were perfused with
mK-Hs without βAP22-35.
Ileum preparation and measurement of contractility
After rat anaesthetized with sodium thiopental
(50 mg/kg), the abdomen was opened. The
ileum was excised and placed into Tyrode solution with the following composition: (g/l) NaCl
8, KCl 0.2, NaHCO3 1, CaCl2 0.24, MgCl2 0.01,
NaH2PO4 0.05, glucose 1. The fat and connective tissue adhering to ileum were removed and
ileum was cut about segments of 2 cm long.
Ileum segments were suspended in isolated
organ baths filled with Tyrode solution. The
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ments was tied to an isotonic transducer (FDT
10-A Biopac, Santa Barbara, CA, USA). The
muscle strips of ileum were equilibrated in the
Tyrode solution for 60 min. After strips were
stretched to a resting tension of 1 g, dose
responses to acetylcholine (10 µM) were
obtained to assess the smooth muscle contractility of ileums. After that, cumulative concentration-response curves were performed for
Aβ22-35 at 1, 10, 100 nM and 1000 nM
concentrations
Statistical analysis

Figure 1. Influence of Aβ22-35 on (A) LVDP and (B)
+dP/dtmax. ∆% is percentage change from the value at 0th min in the control group and percentage
change in LVDP or +dP/dtmax from the value obtained
prior to the administration of βAP22-35 (the value at
0th min) in βAP22-35 dose groups. +∆% and -∆% indicate increase and decrease, respectively. *P < 0.05,
**P < 0.01 and ***P < 0.001 significantly different
compared with the relevant control.

Figure 2. Influence of Aβ22-35 on heart rate. ∆% is
percentage change from the value at 0th min in the
control group and percentage change in heart rate
from the value obtained prior to the administration of
Aβ22-35 (the value at 0th min) in Aβ22-35 dose groups.
-∆% indicates decrease.

solution was continuously gassed with a mixture of 95% O2 and 5% CO2 and maintained at
37°C and pH 7.4. One end of the ileum seg148

The normality of data distribution was evaluated by using Kolmogorov-Smirnov test with
Lilliefor’s correction and Shapiro-Wilk test. The
values of cardiovascular parameters and ileum
smooth muscle contractions obtained after
beta amyloid peptide administration were compared with control values using by one-way
analysis of variance (ANOVA). Tukey-HSD multiple comparisons test was used to determine
which groups significantly differ from each
other. All values were expressed as mean ±
SEM. A p value less than 0.05 was taken to be
statistically significant.
Results
Treatment with β Aβ22-35 at the doses of 1, 10
and 100 nM significantly and dose-dependently reduced LVDP and +dP/dtmax (P < 0.001).
Aβ22-35 maximally decreased LVDP from -4.71 ±
0.57% at baseline to -10 ± 0.97%, -11 ± 0.53%
and -14 ± 1.4% for 1, 10 and 100 nm doses,
respectively (P < 0.01 for 1 nM, P < 0.001 for
10 and 100 nM). Aβ22-35 also caused maximal
decreases in +dP/dtmax from -6 ± 0.65% at control to -9.71 ± 1.02%, -9.85 ± 0.7% and -10.85
± 0.88% for 1, 10 and 100 nm doses, respectively (P < 0.05 for 1 and 10 nM, P < 0.01 for
100 nM, Figure 1). Both LVDP and +dP/dtmax did
not return to the control values during the
course of experiments and they reached the
lowest level at the 30th min of the observation
period.
As shown in Figures 2-4, all tested doses of
Aβ22-35 did not change heart rate, coronary flow,
MAPamp and MAP90. Furthermore, although
there was a trend towards a dose-dependent
inhibition, Aβ22-35 at doses of 1 nM-1000 nM
had no significant effect on the smooth muscle
contractions of ileum (Figure 5).
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Figure 3. Effect of Aβ22-35 on coronary flow. ∆% is percentage change from the value at 0th min in the control group and percentage change in coronary flow
from the value obtained prior to the administration
of Aβ22-35 (the value at 0th min) in β22-35 dose groups.
-∆% indicates decrease.

has been found that Aβ22-35 decreases phosphorylated phospholamban (p-PLB), p-PLB/
PLB ratio, intracellular Ca2+ transient (Ca2+i),
Ca2+ store of sarcoplasmic reticulum (SR),
L-type Ca2+ channel expressions and L-type
Ca2+ current in pulmonary vein cardiomyocytes
of rabbit [14]. The reduction in p-PLB and
p-PLB/PLB ratio result in a decrease in SR calcium pool, which may lead to the diminished
Ca2+i. The reduction in the L-type Ca2+ current
may also decrease Ca2+i [14]. Furthermore,
skeletal muscle from transgenic mice overexpressing AβPP exerts Ca2+ transient with small
amplitude and develops less contractile force
[19]. It has been reported that Ca2+ signaling is
decreased in AD [20] and it is well known that
decreased Ca2+i causes a reduced myocardial
contractility. Therefore, the decrease in Ca2+i
may be responsible for the negative inotropic
effects of Aβ22-35 observed in the present study.
Moreover, p38 mitogen-activated protein kinases (MAPK) are activated in AD and p38 MAPK
pathway involves in cardiomyocyte contractile
dysfunction [21]. Thus, Aβ22-35 -induced negative inotropic action may also be mediated by
p38 MAPK pathway. Further studies are needed to clearly explain the effect of Aβ22-35 on myocardial contractile force.

Discussion

Our findings demonsrate that Aβ22-35 did not
change heart rate and coronary flow. In neonatal rat cardiomyocytes, Haase et al. [12] observed that Aβ25-35 and Aβ10-35 increases heart
rate, whereas Aβ1-15, Aβ1-40 and Aβ1-42 decreases
this parameter. They suggested that the different resuls may be depend on the difference
of amino acid sequence of amyloid beta peptides (Aβs). On the other hand, Haase et al. [12]
also observed that Aβ25-35 produces a coronary
vasoconstrictory action in Langendorrf-perfused rat hearts. Aβ1-40 and Aβ1-42 also enhances endothelin-1-induced vasoconstriction in rat
aorta [22] and vasoconstriction decreases coronary flow [23]. Moreover, Aβ-40 reduces vasodilator response induced by acetylcholine in the
rat aorta [24]. The variation in the amino acid
sequence of Aβs may be responsible for the
divergent results. Further studies are necessary for explanation of the effect of Aβ22-35 on
heart rate and coronary flow.

The results in the present study indicate that
Aβ22-35 exerts a negative inotropic effect. The
mechanisms underlying the negative inotropic
action induced by βAP22-35 remain unclear. It

The MAP method is a very beneficial for understanding the cardiac electrophysiology in physiological and clinical studies [25] and MAP is a
reflection of the myocardial transmembrane

Figure 4. Effect of Aβ22-35 on (A) MAPamp and (B)
MAP90. ∆% is percentage change from the value at
0th min in the control group and percentage change
MAPamp or MAP90 from the value obtained prior to
the administration of Aβ22-35 (the value at 0th min) in
Aβ22-35 dose groups. +∆% and -∆% indicate increase
and decrease, respectively.
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Figure 5. Effect of the doses of Aβ22-35 on isolated rat
ileum (n=9). Bars indicate SD values.
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MAP recorded from outside of the cell [26].
MAPamp is determined by inward sodium current during the upstroke of MAP [27]. On the
other hand, MAP duration shortens as heart
rate enhances under physiological conditions.
The elevations in outward repolarization currents and/or reductions in inward depolarization currents involve in frequence dependence of MAP duration [28]. In the present study,
Aβ22-35 did not affect MAPamp and MAP90. Our
results indicate that Aβ22-35 does not changes
the currents, which contribute to MAPamp and
MAP90 formation.
We observed that Aβ22-35 did not influence ileum
contractility. Shimohigashi et al. [29] reported
that Aβ21-35 at the doses range of 10 nM-100
µM induces contractions of smooth muscle
of guinea pig ileum. In agreement with our results, they also reported that Aβ25-35 which is a
shorter peptide does not affect ileum conractility of guinea pig at 10 nM-100 µM doses.
Further studies are needed to define the action
of Aβ22-35 on smooth muscle contraction of
ileum.
In conclusion, we present first time that Aβ22-35
induces a decrease in cardiac contractility. In
addition, our findings also suggest that Aβ22-35
does not alter heart rate, coronary flow,
MAPamp, MAP90 and ileum contractility. Furthermore, Aβ22-35 accummulation in AD may
cause decrease in myocardial contractility.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Acknowledgements
Present study was supported by the Research
Fund of Eskisehir Osmangazi University (Proje-

150

[9]

Daulatzai MA. Cerebral hypoperfusion and
glucose hypometabolism: keypathophysiological modulators promote neurodegeneration,
cognitive impairment, and Alzheimer’s disease. J Neurosci Res 2016; [Epub ahead of
print].
Di Carlo M, Giacomazza D, San Biagio PL. Alzheimer’s disease: biological aspects, therapeutic perspectives and diagnostic tools. J
Phys Condens Matter 2012; 4: 44102.
Mukhamedyarov MA, Teplov AY, Grishin SN, Leushina AV, Zefirov AL, Palotás A. Extraneuronal
toxicity of Alzheimer’s β-amyloid peptide: comparative study on vertebrate skeletal muscles.
Muscle Nerve 2011; 43: 872-877.
Wirths O and Bayer TA. Motor impairment in
Alzheimer’s disease and transgenic Alzheimer’s disease mouse models. Genes Brain Behav 2008; 7 Suppl 1: 1-5.
Vardy ER, Catto AJ, Hooper NM. Proteolytic
mechanisms in amyloid-beta metabolism:
therapeutic implications for Alzheimer’s disease. Trends Mol Med 2005; 11: 464-472.
Hardy J, Selkoe DJ. The amyloid hypothesis of
Alzheimer’s disease: progress andproblems on
the road to therapeutics. Science 2002; 297:
353-356.
Mukhamedyarov MA, Grishin SN, Yusupova
ER, Zefirov AL, Palotas A. Alzheimer’s
β-Amyloid-induced depolarization of skeletal
muscle fiber: implications for motor dysfunctions in dementia. Cell Physiol Biochem 2009;
23: 109-114.
Niwa, K, Porter VA, Kazama K, Cornfield D,
Carlson GA, Iadecola C. Aβ-peptides enhance
vasoconstriction in cerebral circulation. Am J
Physiol 2001; 281: H2417-H2424.
Selkoe DJ, Podlisny MB, Joachim CL, Vickers
EA, Lee G, Fritz LC, Oltersdorf T. β-amyloid pre-

Int J Physiol Pathophysiol Pharmacol 2016;8(4):146-151

Cardiovascular action of Aβ22-35

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

151

cursor protein of Alzheimer disease occurs as
110 to 135-kilodalton membrane-associated
proteins in neural and non-neural tissues. Proc
Natl Acad Sci U S A 1988; 85: 7341-7345.
Mehta PD, Pirttila T, Mehta SP, Sersen EA,
Aisen PS, Winniewski HM. Plasmaand cerebrospinal fluid levels of amyloid β proteins 1-40
and 1-42 in Alzheimer disease. Arch Neurol
2000; 57: 100-105.
Thomas T, Sutton ET, Hellermann A, Price JM.
β-amyloid-induced coronary artery vasoactivity and endothelial damage. J Cardiovasc
Pharmacol 1997; 30: 517-522.
Haase N, Herse F, Spallek B, Haase H, Morano
I, Qadri F, Szijarto IA, Rohm I, Yilmaz A, Warrington JP, Ryan MJ, Gollasch M, Müller DN,
Dechend R, Wallukat G. Amyloid-β peptides
activate α1-adrenergic cardiovascular receptors. Hypertension 2013: 62: 966-972.
Turdi S, Guo R, Huff AF, Wolf EM, Culver B, Ren
J. Cardiomyocyte contractile dysfunction in the
APPswe/PS1dE9 mouse model of Alzheimer’s
disease. PLoS One 2009; 4: e6033.
Tsao HM, Weerateerangkul P, Chen YC, Kao
YH, Lin YK, Huang JH, Chen SA, Chen YJ. Amyloid peptide regulates calcium homoeostasis
arrhythmogenesis in pulmonary vein cardiomyocytes. Eur J Clin Invest 2012: 42: 589-598.
Takadera T, Sakura N, Mohri T, Hashimoto T.
Toxic effect of a beta-amyloidpeptide (beta 2235) on the hippocampal neuron and its prevention. Neurosci Lett 1993; 161: 41-44.
Canadian Council on Animal Care. Guide to the
care and use of experimental animals. Ottawa:
CCAC; 1984; 2: 176-187.
He MX and Downey HF. Downregulation of ventricular contractile function during early ischemia is flow but not pressure dependent. Am J
Physiol 1998; 275: H1520-H1530.
Franz MR. Current status of monophasic action potential recording: theories, measurements and interpretations. Cardiovasc Res
1999; 41: 25-40.
Shtifman A, Ward CW, Laver DR, Bannister
ML, Lopez JR, Kitazawa M, LaFerla FM, Ikemoto N, Querfurth HW. Amyloid-β protein impairs
Ca2+ release and contractility in skeletal muscle. Neurobiol Aging 2010; 31: 2080-2090.

[20] Chen M and Fernandez HL. The Alzheimer’s
plaques, tangles and memory deficits may
have a commun origin. Part V: why is Ca2+ signal lower in the disease? Front in Biosci 1999;
4: A9-15.
[21] Shi J, Guan J, Brenner DA, Monte FD, Ward JE,
Connors LH, Sawyer DB, Semigran MJ, Mavgillivray TE, Seldin DC, Falk R, Liao R. Amyloidogenic lightchains induce cardiomyocyte contractile dysfunction and apoptosis via a
non-canonical p38α MAPK pathway. Proc Natl
Acad Sci U S A 2010; 107: 4188-4193.
[22] Crawford F, Suo Z, Fang C, Mullan M. Characteristics of the in vitro vasoactivity of β-amyloid
peptides. Exp Neurol 1998; 150: 159-168.
[23] Klabunde RE. Cardiovascular physiology concepts. 2nd edition. Baltimore: Lippincott Williams and Wilkins a Wolters Kluwer Business;
2012. pp. 100.
[24] Bölükbaşı Hatip FF, Hatip-Al-Khatib I. Effects of
β-sheet breaker peptides on altered responses
of thoracic aorta in rats’ Alzheimer’s disease
model induced by intraamygdaloid Aβ40. Life
Sci 2013; 92: 228-236.
[25] Yang SG and Kittnar O. New insights into application of cardiac monophasic action potential. Physiol Res 2010; 59: 645-650.
[26] Patterson E, Jackman WM, Scherlag BJ, Lazzara R. The monophasic action potential in
clinical cardiology. Clin Cardiol 1991; 14: 505510.
[27] Xia JS, Li Z, Dong JW, Tu H, Zeng FD. Dauricineinduced changes in monophasic action potentials and effective refractory period of rabbit
left ventricle in situ. Acta Pharmacol Sin 2002;
23: 371-375.
[28] Dorian P and Newman D. Rate dependence of
the effect of antiarrhythmic drugs delaying cardiac repolarization: an overview. Europace
2000; 2: 277-285.
[29] Shimohigashi Y, Matsumoto H, Takano Y, Saito
R, Iwata T, Kamiya H, Ohno M. Receptor-mediated specific biological activity of a beta-amyloid protein fragment for NK-1 substance P receptors. Biochem Biophys Res Commun 1993;
193: 624-630.

Int J Physiol Pathophysiol Pharmacol 2016;8(4):146-151

