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a b s t r a c t 

Background: Although dopamine D 2 receptor agonists, bromocriptine and cabergoline, are notable med- 

ications in the treatment of Parkinsonism, hyperprolactinemia, and hyperglycemia, there is an identified 

relationship between the utilization of D 2 -like R agonists and the progress of myocardial injury, especially 

in the early phase of therapy. 

Objective: This investigation aimed to examine the potential activity of sarpogrelate (a 5- 

hydroxytryptamine 2A [5-HT2A] receptor blocker) in reducing myocardial injury prompted by extended 

haul utilization of D 2 receptor agonists in a model of diabetic rats. 

Methods: In the in vivo studies, both bromocriptine and cabergoline were managed independently and 

combined with sarpogrelate for about a month in diabetic nephropathy rats. Blood glucose level and 

other myocardial biochemical parameters were estimated. The probable mechanism for insulin secreta- 

gogue action was evaluated through in vitro isolated islets study. Sodium/potassium-adenosine triphos- 

phatase activity was assayed in an isolated microsomal fraction of the renal cortex. Isolated perfused 

rat hearts were treated with different doses of dopamine before and after being subjected to the tested 

drugs, dose response of heart rate, and heart contractility were recorded. 

Results: Bromocriptine and cabergoline created a significant reduction in blood glucose level without 

any action on insulin secretagogues. Bromocriptine prevented the loss of sodium/potassium-adenosine 

triphosphatase activity in the cortex of an ischemic kidney. Treatment of bromocriptine or cabergoline 

with sarpogrelate altogether decreased the levels of the elevated myocardial biomarkers in serum. Ad- 

ministration of different doses of dopamine in presence of bromocriptine or capergoline resulted in sig- 

nificantly rising in the heart rate percentage comparing to dopamine alone. A mix of bromocriptine or 

cabergoline with sarpogrelate diminished both heart rate and contractility, respectively. 

Conclusions: The examination demonstrated that the combined use of sarpogrelate with bromocriptine 

or cabergoline decreased the potential adverse effects of these 2 drugs on myocardial tissues. 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Recently, dopamine D 2 receptor agonists are shown to be very 

mportant class of drugs for treatment of different diseases. Some 

f its important examples, bromocriptine and capergoline, are 

idely used for treatment of Parkinsonism and hyperprolactine- 

ia. The antihypertension activity of dopamine D 2 receptor ag- 

nists are reported by deactivation of sympathetic tone, vasodi- 
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els of urea and creatinine in the blood were collected. The sam- 
atation action, and alteration of sodium 

+ /potassium 

+ –adenosine 

riphosphatase (Na + /K 

+ -ATPase) activity. 1 , 2 The role of bromocrip- 

ine for decreasing the ischemia–reperfusion injury of the kid- 

ey was identified and its mechanism believed to increase the 

hosphorylation of p44/42 mitogen-activated protein kinase in the 

roximal tubule. Studies show that activation of dopamine D 2 re- 

eptors causes stimulation of Na + /K 

+ -ATPase activity in the proxi- 

al tubules of the kidney and prevent chronic nephropathy. 3 , 4 The 

ephron-protective effect of bromocriptine with better preserva- 

ion of renal function as measured by creatinine clearance was ob- 

erved in some previous studies, 5 , 6 and there are some experimen- 

al studies reporting the treatment with bromocriptine prevents or 

etards the development of lupus nephropathy in mice. 7 , 8 

Currently, bromocriptine expands the range of treatment op- 

ions for type 2 diabetes. This might optimize the beneficial clini- 

al effect of blood glucose control in those who respond poorly to 

tandard agents. Recently, bromocriptine was approved for use in 

he market for the management of type 2 diabetes without signifi- 

ant risk of hypoglycemia. 9 Several mechanisms of bromocriptine’s 

ction have been proposed, but the precise mechanism of action 

emains unclear in most of the former reports. One previous re- 

ort stated that bromocriptine shows ability for decreasing levels 

f dopamine centrally through its action on hypothalamus followed 

y decreasing the sympathetic tone, leading to decrease in the pro- 

uction of glucose from the liver and stimulate insulin release. 10 

Despite the medical benefits of dopamine D 2 agonists for treat- 

ent of various diseases, there are some reports that identified a 

elationship between the chronic use of some of these drugs, like 

romocriptine, cabergoline, and pergolide, and development of sig- 

ificant myocardial injury and valvular stenosis. 11–13 In addition, it 

as established that long-term use of bromocriptine in a cumula- 

ive dose-dependent manner was associated with high risk of my- 

cardial disease. 14 There is no direct relationship between activa- 

ion of dopamine D 2 receptor and the initiation of myocardial in- 

ury because stimulation of D 2 receptors are reported to have nu- 

erous actions, represented in inhibiting adenylyl cyclase followed 

y the blockage of voltage-gated calcium ions and activating con- 

uctance of potassium showing no cause for arrhythmia or palpita- 

ion. 15 Most dopamine D 2 receptor agonists are classified as ergot 

nd nonergot dopamine D 2 agonists. Ropinirole and pramipexole, 

xamples of nonergot-derivative drugs, have few reported events 

f myocardial disease because they have no action on serotonin 5- 

ydroxytryptamine [5-HT] 2A or 5-HT2B receptors. 16–18 Bromocrip- 

ine and cabergoline, examples of ergot-derivative drugs, are linked 

o initiation of cardiomyopathy in patients because this type of 

rug has agonistic properties toward D 2 and 5-HT2A receptors. The 

eported cases of myocardial infarction were markedly increased in 

atients taking bromocriptine or cabergoline, but not for patients 

aking nonergot-derived drugs. 19 

Previous studies identified the role of the serotonergic sys- 

em in the development of myocardial injury and the activa- 

ion of the 5-HT2A and 5-HT2B receptors as the main cause of 

he excessive cellular proliferation of cardiofibroblasts and the 

evelopment of cardiomyopathy. 20 , 21 Currently, there are several 

opamine D 2 agonist drugs, used for different medical propos- 

ls, that show high affinity toward 5-HT2A and 5-HT2B receptors, 

ncluding bromocriptine and cabergoline. Because of this, most 

f the studies concerned the safety of long-term treatment with 

abergoline or bromocriptine in patients with hyperprolactinemia 

r Parkinson disease. There are not enough data to determine 

hether or not a low dose of bromocriptine or cabergoline, as are 

ommonly used in patients with prolactinoma, is associated with 

linically significant heart disease. 

Sarpogrelate and ketanserin, selective 5-HT2A and 5-HT2B an- 

agonists, are reported to reduce myocardial infarction area, car- 

iac trauma, and the electrocardiac changes resulting from my- 
2 
cardial injury. Reports support the idea that serotonin and 5- 

T2A or 5-HT2B receptors may play the main role in the develop- 

ent of ischemic myocardial injury. 22 , 23 The current study chose 

o study sarpogrelate, a selective 5-HT2A antagonist, because it 

as been approved for the treatment of peripheral vascular disease 

nd shown to be relatively safe for use. Sarpogrelate hydrochloride, 

arketed as Anplag, Mitsubishi Tanabe Pharma Corporation, Osaka, 

apan, has been used to treat patients with peripheral arterial dis- 

ase in Japan, China, and South Korea. 24 Sarpogrelate has shown 

ignificant effect in the treatment of myocardial infarction, periph- 

ral vascular sickness, coronary artery spasm, and pneumonic hy- 

ertension. 25 The basis of the combinations of drugs in this study 

epends on using selective serotonin 5-HT2A antagonist drugs such 

s sarpogrelate to antagonize the identified seratonergic activity of 

romocriptine and cabergoline on 5-HT2A, which represents the 

ain reason for its adverse effects on myocardial tissue and the 

nly pharmacological action of the tested drugs will be apparently 

elated to its dopaminergic D 2 agonistic activity. The present study 

imed to determine the possible therapeutic effect of sarpogrelate, 

 5-HT2A and 5-HT2B receptors blocker, associated with the cumu- 

ative use of dopamine D 2 receptor agonist drug therapy on my- 

cardial and renal functions in a rat model of diabetic nephropa- 

hy. 

aterials and Methods 

aterials 

Sarpogrelate and cabergoline were obtained from Sigma Aldrich 

hemie GmbH, St. Louis, Missouri, USA. Bromocriptine was sourced 

rom Novartis, Milano, Italy. Glibenclamide was obtained from Spi- 

aco (Jeddah, Kingdom of Saudi Arabia). Alloxan, fetal bovine 

erum, and Dulbecco’s modified Eagle medium were obtained 

rom Sigma-Aldrich (St Louis, Missouri). Trypsin and Hanks’ bal- 

nced salt solution (HBSS) were collected from HyClone Labora- 

ories (Thermo Fisher Scientific, Waltham, Massachusetts). Insulin 

LISA kit (ab100578, lot: GR3279516-1), cardiac troponin 1 ELISA 

it (ab246529, lot: GR3309533-1), rat CKM ELISA kit (ab187396, 

ot: GR327198-1), and ATPase assay colorimetric kit (ab234055, lot: 

R3298881-1) were obtained from Abcam (Cambridge, UK). 3-(4,5- 

imethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 

btained from Gold Biotechnology (St Louis, Missouri). 

nimals 

Forty-two Wistar albino male rats aged 5 to 7 weeks weighing 

50 to 200 g were obtained from the animal house of Batterjee 

edical College, Jeddah, Kingdom of Saudi Arabia. Three rats were 

oused per cage under controlled standard laboratory conditions in 

onitored ventilated cages and spontaneously given food and wa- 

er. The ethical committee of research at Batterjee Medical College 

pproved the steps of the investigation. Tutelage was taken, par- 

icularly with relevant habitation conditions, to minimize the ani- 

als’ discomfort and the rats were kept on sawdust-floored cages. 

ata were coded before analysis so that the treatment group could 

ot be identified before the analysis was completed. By the end of 

he study, all rats were killed by thiopental (150 mg/kg) for tissue 

ollection. 

xperimental design 

Diabetes was induced in the rats by a single dose of alloxan 

150 mg/kg). The rats that showed a plasma glucose level of more 

han 250 mg/dL were considered to be diabetic and taken into 

he study. 26 Diabetic rats with a settled, recorded rise in the lev- 
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les were calculated based on the resource equation method. 27 The 

iabetic rats were divided randomly into 6 diabetic groups and 

 healthy control group, each group comprising 6 rats. Diabetic 

ontrol group, and diabetic groups were treated with bromocrip- 

ine (4 mg/kg IP), 28 cabergoline (0.6 mg/kg IP), 29 and sarpogrelate 

50 mg/kg IP), 30 respectively. Dopamine D 2 agonists’ bromocriptine 

nd cabergoline were used to induce myocardial infarction in the 

ats. The drugs were administered daily doses at 4 mg/kg and 0.6 

g/kg IP, respectively, in 2 groups of rats for 1 month. A dose of 

0 mg/kg IP sarpogrelate with bromocriptine and cabergoline, re- 

pectively, was administered daily in 2 groups of rats for 1 month 

or testing its potential protective effect on the heart. Blood glu- 

ose levels were estimated on the seventh, 14th, 21st, and 28th 

ays from the beginning of the drug treatment using an advanced 

lucometer (Roche, Indianapolis, Indiana). 31 

ultiple cardiac biomarker assays 

At the end of the treatment, the isolated blood samples were 

entrifuged 30 0 0 g for 15 minutes and the serum was frozen at –

0 °C until assayed for concentrations of creatine kinase MB (CKM) 

nd cardiac troponin I (cTnI). The myocardial injury was defined by 

stimating CK-MB and cTnI levels in serum. Rat cardiac troponin I 

LISA kit (Abcam), and rat CK-M-type ELISA kit (Abcam) were used 

or measurement of serum levels of cTnI and CKM. 32 , 33 Both serum 

K-MB and Tn I levels were quantitatively measured by means of 

 highly specific enzyme immunoassay according to the manufac- 

urer’s instructions and procedures. 

solation of rat pancreatic islets 

The method of trypsin-EDTA digestion was used for isolation 

f pancreatic islets. 34 The pancreases were removed from normal 

vernight-fasted rats under aseptic conditions. The isolated pan- 

reatic tissues were cut into small parts and washed with Hanks’ 

alanced salt solution. The process of digestion was carried out 

y soaking the tissues into cold dissociation solution composed of 

.25% trypsin, and 0.1% EDTA with continuous shaking for about 

0 minutes. After the removal of most of the enzymatic fluid, 2 

L warmed Dulbecco’s modified Eagle medium at 37 °C was added 

o the residual trypsin solution with continuous shaking for about 

0 minutes. The process of digestion was ended by addition of 5% 

etal bovine serum with gentle shaking and the suspension was 

ipetted and washed several times to maximize the process of cells 

solation. Then, the suspension was centrifuged at 10 0 0 rpm for 5 

inutes at 4 °C using refrigerated centrifuge model sigma 2–16pk 

Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany). The 

ingle-cell suspension was washed many times with HBSS. The iso- 

ated cells or islets were added to 10% fetal bovine serum in culture 

asks and incubated at 37 °C in a carbon dioxide incubator (Daihan 

abTech Co, Batam, Indonesia) to be ready for the further study. 

iability assessment by MTT conversion 

The viability of the normal isolated cells or islets lonely or af- 

er treatment with the tested drugs was assessed by the method 

f MTT assay. The solution of MTT was 0.5 mg/mL to be added 

nto each well containing islets, and then incubated in a carbon 

ioxide incubator for about 5 hours. Then the islets were washed 

ollowed by the addition of 200 μL Dimethyl sulfoxide (DMSO) to 

issolve any formed crystals and incubated for 1 hour. The ab- 

orbance was measured at 630 nm on a microplate reader (Biotek 

Lx800, Winooski, Vermont, USA). The viability of cells was ex- 

ressed in percent viability relative to untreated cells considered 

35 
00% viable. a

3 
nsulin release assay 

Groups of 10 islets were placed in wells each containing 

 mL (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HBSS) 

pH 7.4) supplemented with 10 mmol/L HEPES and 2 mg/mL Bovine 

erum Albumin (BSA). Cells were then incubated for 1 hour with 

1.8 mM glucose to be a negative control. 36 Glibenclamide (20.24 

M) was used as a positive control. Cells were incubated for 

 hour with 11.8 mM glucose in the presence of bromocriptine 

3.66 mM), cabergoline (797 nM), sarpogrelate (69.84 mM), a mix 

f bromocriptine and sarpogrelate (1:1), and a mix of cabergoline 

nd sarpogrelate (1:1). After incubation, the supernatant from each 

ell was collected and stored at −20 °C until further use. The in- 

ulin concentration in all of the stored samples was determined 

sing an insulin ELISA kit (Abcam) and quantified using an ELISA 

icroplate reader. 

enal tissue homogenates preparation 

Immediately after blood collection, tested animals were hu- 

anely killed by lethal doses of thiopental sodium. The rats’ ab- 

omens were opened and right kidneys were quickly dissected and 

ut into small pieces. The kidney pieces were put in phosphate 

uffered saline, pH 7.4, containing 0.16 mg Ml −1 heparin to re- 

ove any red blood cells (erythrocytes) and clots. Some parts of 

he kidneys were homogenized with a stirrer homogenizer in cold 

hosphate buffer, pH 7.0 with EDTA. 

etermination of Na + /K 

+ -ATPase assay in renal tissue homogenate 

A microsomal fraction was isolated from the renal cortex and 

edulla as previously described. 37 For tissue lysate, the isolated 

issue (320 mg) was rapidly homogenized with 3.2 mL ice cold 

TPase assay buffer using a small mixer homogenizer, and placed 

he sample on ice for few minutes. Centrifuge was undertaken at 

0 0 0 × g at 4 °C for 10 minutes and the supernatant was collected. 

he endogenous phosphate in the collected tissue will overlap 

ith Na + /K 

+ -ATPase assay. Endogenous phosphate was removed 

y using ammonium sulphate method: aliquot the tissue samples 

100 μL) to a clean Eppendorf tube, then ammonium sulphate was 

dded to a final concentration of 3.2 M and placed on ice for few 

inutes. We spun down samples at 80 0 0 × g at 4 °C for 10 min-

tes, then the supernatant was discarded and the pellet was re- 

uspended back. Na + /K 

+ -ATPase activity was assayed by measuring 

he amount of inorganic phosphate liberated from ATP during in- 

ubation of the microsomal fraction in the presence of appropriate 

ctivators as reported in the ATPase Kit protocol (ATPase Assay Kit 

olorimetric, code ab234055). The ATPase activity of the test sam- 

le was calculated by applying the optical density to the phosphate 

tandard curve to get the amount of phosphate in the sample well 

in micromoles) generated by ATPase during the reaction time (ie, 

0 minutes). Enzyme-specific activity was expressed as micromoles 

hosphate released per milligram protein per hour. 

reparation of isolated hearts and testing the action of the drugs on 

he cardiac response 

Normal Wistar male albino rats weighing between 150 and 200 

 were injected with heparin sodium (8 mg/kg SC) 1 hour before 

hey were humanely killed. The heart was rapidly removed and 

erfused by Langendorffs technique 38 with oxygenated buffer so- 

ution at a flow rate of 3 mL/min. The temperature of the per- 

usion fluid was 37 °C and pH was 7.4. The composition of buffer 

olution was sodium chloride, dextrose, potassium chloride, cal- 

ium chloride (CaCl2.2H20), magnesium chloride (MgCI2.6H20), 

nd sodium bicarbonate. The contractility was monitored by means 
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Table 1 

Effect of the tested drugs on blood glucose level (BGL) in rats with alloxan-induced diabetes. 

BGL (mg/dL) † 

Group ∗ Week 1 Week 2 Week 3 Week 4 

Normal control group 136.5 (18.52) 121.33 (12.08) 119.25 (11.35) 109 (10.92) 

Diabetic control group 359.75 (35.13) ‡ 328 (14.34) ‡ 428.5 (12.17) ‡ 396.5 (10.60) ‡ 

Diabetic group treated with bromocriptine 191 (16.89) § 199.25 (21.05) § 238.25 (26.88) § 284.25 (31.00) §

Diabetic group treated with cabergoline 213.75 (37.74) § 211.75 (22.62) § 293 (21.15) § 280.25 (22.48) §

Diabetic group treated with sarpogrelate 326.25 (13.45) 298.25 (23.37) 393.75 (18.77) 369.75 (20.15) 

Diabetic group treated with bromocriptine + sarpogrelate 247.75 (29.35) § 215.5 (13.20) § 310.25 (17.59) § 288.25 (10.41) §

Diabetic group treated with cabergoline + sarpogrelate 196 (14.20) § 158.75 (15.01) § 235.5 (25.22) § 215.75 (18.46) §

∗ n = 6 rats per group. 
† Values are presented as mean (SEM). 
‡ P < 0.05, significantly different from the normal control group. 
§ P < 0.05, significantly different from the diabetic control group. 
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f a clip placed at the apex of the heart and connected to a digital

eart lever. Both force of contraction and heart rate were recorded 

y LabScribe Software (Ugobasile Company, Gemonio, Lombardy, 

taly). The heart was allowed to stabilize for 10 minutes before the 

ddition of any drug. The responses to graded doses of dopamine 

, 5, 10, and 20 μg/mL were recorded. 39 In the second series of ex- 

eriments the interaction of dopamine with bromocriptine, caber- 

oline, sarpogrelate, combined bromocriptine and sarpogrelate, and 

ombined cabergoline and sarpogrelate was studied. Hearts were 

erfused for 10 minutes with the perfusion buffer solution contain- 

ng bromocriptine (3.66 mM), cabergoline (797 nM), or sarpogre- 

ate (69.84 mM). Thereafter, dopamine responses were recorded. 

tatistical analysis 

The statistical analysis of the data was done complied with the 

ecommendations for experimental design and analysis in pharma- 

ology. 40 The results were expressed as mean (SE). The significance 

f the differences between the values was performed by a 1-way 

NOVA test and Tukey Kramer’s Multiple Comparison Test using 

PSS software (IBM-SPSS Inc, Armonk, New York). P values < 0.05 

as considered significant. 

esults 

stimation of blood glucose levels and myocardial biomarkers 

Administration of daily dose of both bromocriptine and caber- 

oline drugs, either alone or in mix with sarpogrelate, in the di- 

betic rats throughout 1 month of treatment showed a signifi- 

ant ( P < 0.05) reduction in blood glucose levels relative to the 

ntreated diabetic group. Administration of sarpogrelate individu- 

lly for 1 month of treatment failed to show any action on the 

lood glucose levels ( Table 1 ). There was a significant reduction 

n mean body weight of all diabetic groups ( P < 0.05). However, 

romocriptine and cabergoline treated groups showed a nonsignif- 

cant reduction in mean body weight compared with the diabetic 

ontrol group. Rats treated with bromocriptine and cabergoline for 

 month in doses 10 mg/kg and 0.6 mg/kg, respectively, displayed 

ignificant elevation of CK-MB in serum. In contrast, it was ob- 

erved that using a combination of bromocriptine and cabergoline 

ith sarpogrelate significantly decreased the serum level of the 

K-MB biomarker ( Table 2 ). The results indicated that the quan- 

itative test of the troponin I reagent kit showed only a signif- 

cant elevation in cardiac troponin I in the bromocriptine- and 

abergoline-treated groups. The groups administered a combina- 

ion of bromocriptine and cabergoline with sarpogrelate showed 
4 
ower levels of myocardial biomarkers expression than the groups 

reated with bromocriptine or cabergoline individually ( Table 2 ). 

nsulin secretion studies on isolated pancreatic islets 

The percentage of viability for the isolated islets exposed to 

1.8 mM glucose alone were considered to have 100% viability and 

cted as the control group. The isolated islets treated with gliben- 

lamide displayed viability of 94.33%. The viability of the isolated 

slets treated with the drugs under investigation was not highly af- 

ected. Bromocriptine, cabergoline, sarpogrelate, mix of bromocrip- 

ine and sarpogrelate, and mix of cabergoline and sarpogrelate 

howed 92.0 0%, 93.0 0%, 95.33%, 89.82%, and 90.12% viability, re- 

pectively. 

The insulin secretagogue effect of each tested drug was as- 

essed ( Figures 1 A and 1 B). Among the 6 preparations of drugs 

each at a concentration 10 μg/mL), glibenclamide showed a high 

nsulin secretion (129.11 μIU) compared with the 11.8 mM glucose 

ontrol. All of the tested drugs showed insulin secretion same as 

o 11.8 mM glucose control secretions. 

a + /K 

+ -ATPase activity in the cortical homogenates 

The effect of the tested drugs on the activity of Na + /K 

+ -ATPase 

n the kidney is presented in Table 3 . Examination of the data re- 

eal that the activity of the enzyme was significantly ( P < 0.05) 

ecreased in the kidneys of the diabetic group rats compared with 

ontrol. Bromocriptine-treated group mice showed a significant in- 

rease enzyme activity. Both cabergoline and sarpogrelate failed to 

how any marked change in the activity of the enzyme. This result 

ndicates that bromocriptine prevents the loss of Na + /K 

+ -ATPase 

ctivity in the cortex of the ischemic kidney, as in the model of 

iabetic nephropathy in the current study. 

harmacological action with dopamine and the tested drugs on the 

solated hearts 

The results are summarized in Table 4 , and Figures 2 A and 2 B. 

opamine produced a dose-dependent increase in heart rate and 

ositive inotropic action on isolated rat hearts. Both bromocrip- 

ine (3.66 mM) and cabergoline (797 nM) pretreatment markedly 

ncreased the chronotropic and the inotropic responses of heart 

o dopamine. Sarpogrelate (69.84 mM) pre-treatment failed to 

how any changes in the action of dopamine. Combination of sar- 

ogrelate with bromocriptine or capergoline markedly decreased 

he positive chronotropic and inotropic responses of these drugs 

ith dopamine ( Figures 2 A and 2 B). Individually, both bromocrip- 

ine and cabergoline showed a significant increase in heart rate 
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Table 2 

Effect of the tested drugs on serum creatine kinase-MB-type (CK-M) and troponin I levels in alloxan- 

induced diabetic rats after 4 weeks of treatment. 

Biochemicals † 

Group ∗ CK-M (pg/mL) Troponin I (ng/mL) 

Normal control group 36.23 (2.49) 0.41 (0.032) 

Diabetic control group 41.50 (3.53) 0.49 (0.053) 

Diabetic group treated with bromocriptine 75.50 (5.69) ‡ 0.73 (0.061) ‡ 

Diabetic group treated with cabergoline 68.86 (4.47) ‡ 0.80 (0.065) ‡ 

Diabetic group treated with sarpogrelate 38.15 (12.20) 0.38 (0.028) 

Diabetic group treated with bromocriptine + sarpogrelate 47.75 (3.91) § 0.61 (0.054) §

Diabetic group treated with cabergoline + sarpogrelate 51.57 (4.90) || 0.67 (0.053) || 

∗ n = 6 rats per group. 
† Values are presented as mean (SEM). 
‡ P < 0.05, significantly different from diabetic control group. 
§ P < 0.05, significantly different from diabetic group treated with bromocriptine. 
|| P < 0.05, significantly different from diabetic group treated with cabergoline. 

Figure 1. Effect of the tested drugs on insulin secretion from isolated rat islets (n = 6). Insulin secretion induced by 11.8 mM glucose was considered as a negative control 

and glibenclamide as a positive control. Glibenclamide was used at a concentration 20.24 μM. Panel A shows the effect of bromocriptine alone at a concentration 3.66 mM 

and its combination with sarpogrelate (69.84 mM). Panel B shows the effect of cabergoline alone (797 nM) and its combination with sarpogrelate (69.84 mM) on insulin 

secretions. Results are presented as mean (SEM). ∗P < 0.05 is significant from 11.8 mM glucose control. 
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b

nd cardiac contractility, whereas sarpogrelate indicated a mild 

ecrease in heart rate ( Table 4 and Figure 3 ). Addition of sar- 

ogrelate in mix with bromocriptine or cabergoline on isolated rat 

earts significantly decreased heart rate and cardiac contractility 

s shown in Figure 3 . Because both heart rate and contractility are 

 critical determinants of myocardial oxygen consumption, the re- 

ationship between heart rate and prognosis or severity of myocar- 

e

5 
ial ischemia was assumed. Elevated heart rate and increase car- 

iac contractility predicts risk for developing myocardial injury. 

iscussion 

It has been reported that patients taking bromocriptine and car- 

ergoline have an increased risk of developing valvular heart dis- 

ase. Previous reports stated that patients with greater exposure 
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Table 3 

Effect of the tested drugs on sodium-potassium ATPase pump activity in rats with alloxan-induced diabetes after 4 

weeks of treatment. 

Na + , K + -ATPase activity 

Group ∗ μmol inorganic phosphate released/mg protein/h † 

Normal control group 114.8 (12.9) 

Diabetic control group 48.50 (3.62) ‡ 

Diabetic group treated with bromocriptine 83.23 (8.69) §

Diabetic group treated with cabergoline 51.55 (4.97) 

Diabetic group treated with sarpogrelate 54.75 (2.20) 

Diabetic group treated with bromocriptine + sarpogrelate 78.71 (7.91) §

Diabetic group treated with cabergoline + sarpogrelate 55.27 (6.10) 

∗ n = 6 rats per group. 
† Values are presented as mean (SEM). 
‡ P < 0.05, significantly different from normal control group. 
§ P < 0.05, significantly different from diabetic control group treated. 

Figure 2. Panel A shows the dose–response curve of dopamine alone and in combination with the tested drugs (bromocriptine and sarpogrelate) on the isolated heart rate. 

individually. Panel B shows the dose–response curve of dopamine alone and in combination with the tested drugs (cabergoline and sarpogrelate) on the isolated heart rate. 

Values are presented as mean (SEM). n = 4 hearts per group. ∗P < 0.05, significantly different from dopamine used. 
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u

r
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t

o bromocriptine or cabergoline had significantly higher risk of 

eveloping both mild and moderate-severe regurgitation. 41 , 42 Sar- 

ogrelate shows much more binding to the 5-HT2A over the 5- 

T2B receptors without any affinity to other serotonin 5-HT and 

drenergic receptors. 43 , 44 Sarpogrelate is a well-tolerated drug, and 

s used along with low-dose aspirin to help prevent heart attack 

nd stroke in people with heart problems. It may also be used 

o prevent heart attack or stroke after certain heart surgeries. The 

ost-known adverse effects include shortness of breath, headache, 

izziness, nausea, proteinuria, increased urinary blood urea nitro- 

en and creatinine levels, anemia, increased levels of aspartate 
6 
ransaminase/alanine transaminase and bilirubin, thrombocytope- 

ia, agranulocytosis, and nosebleed may occur, it is contraindicated 

n patients with active pathological bleeding such as peptic ulcer 

r intracranial haemorrhage. In general, what can be gained by 

sing sarpogrelate is much more significant than what might be 

isked. Our research suggests the potential therapeutic role of sar- 

ogrelate when administered with dopamine D 2 agonists, and the 

tility of bromocriptine and cabergoline for long-term treatment 

or type 2 diabetes. 

In the current study, the reported antidiabetes activity of the 2 

ested drugs, bromocriptine and cabergoline, may have been due to 
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Table 4 

Effect of dopamine and the tested drugs on isolated hearts of rats. 

Baseline hemodynamic characteristics † 

Group ∗ Heart rate (beats/min) Cardiac contractility (%) 

None preconditioned 174 (18) 

Dopamine 1 μL 204 (14) + 15.34 (1.44) ‡ 

Dopamine 5 μL 230 (16) + 15.23 (1.23) ‡ 

Dopamine 10 μL 236 (13) + 19.23 (2.31) ‡ 

Dopamine 20 μL 255 (12) + 23.12 (1.65) ‡ 

Bromocriptine 3.66 mM 194 (17) + 12.33 (1.42) ‡ 

Cabergoline 797 nM 186 (11) + 11.23 (1.53) ‡ 

Sarpogrelate 69.84 mM 161 (12) No action 

∗ Values are presented as mean (SEM). 
† n = 4 hearts per group. 
‡ P < 0.05, significantly different from the none preconditioned group. 
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Figure 3. Typical original recording of isolated heart of rat. The ordinate indicates 

force of contraction in milli-Newtons (mN), and the abscissae indicate time in min- 

utes exemplified by scale bars. Panels A, B, and C show the effect of bromocriptine, 

cabergoline, and sarpogrelate individually. Panels D and E represent the effect of 

both bromocriptine and cabergoline in combination with sarpogrelate. Combination 

between dopamine D 2 agonists’ bromocriptine and cabergoline with sarpogrelate 

show a marked decrease in its actions on the isolated heart. 

a

a

t

u

g

a

t

t

s

m

k

n

ts dopaminergic D 2 activity centrally, which enhanced the path- 

ay to stop the production of glucose in the liver. The data we 

ound on antidiabetes activity is in agreement with some previ- 

us reported research. 9 , 54 The exact mechanism of their action as 

ntidiabetes substances was not entirely identified. The previous 

tudies illustrated some of the possible mechanisms of bromocrip- 

ine, including increases the production of the glucose transporter 

lucose transporter 2 (GLUT2), and increases or mimics glucagon- 

ike peptide-1 activity. 45 The reported antidiabetes activity may be 

elated to its modulation action on the neurotransmitter centrally 

ollowed by improvement in the glucose tolerance and reduction 

f insulin resistance in diabetic rats. 46 Also the recorded inhibitory 

ction of dopamine D 2 agonist drugs on serotonin pathway cen- 

rally may influence the rate of metabolism and profile of blood 

lucose levels. 47 A previous study illustrated a shifting in the level 

f serotonin throughout the day when using bromocriptine; this 

esets the circadian rhythms of the hypothalamus that control the 

onoamine neuronal activities that may responsible for improve- 

ent in the glucose tolerance and antagonizing the gluconeoge- 

esis process. 48 Because of these previous reports, “bromocriptine 

esylate was approved by the Food and Drug Administration (FDA) 

n May 2009 for the treatment of diabetes type 2.”49 In the current 

tudy of the tested drugs on the isolated islets, there was no direct 

ction of bromocriptine or capergoline on insulin secretion com- 

ared with 11.8 mM glucose control. The results illustrated that the 

ypoglycemic activity of bromocriptine is not related to any acti- 

ation on the pancreatic islets. Bromocriptine or cabergoline have 

ot been shown to influence the secretion of insulin, but the ac- 

ion may be due to lowering hypothalamic dopamine levels and 

ecreasing the activity of the sympathetic tone centrally, which re- 

ects a decrease in the production of glucose from the liver, re- 

ulting in a decrease in postmeal blood glucose levels. 9 Bromocrip- 

ine does not have a specific receptor to mediate a direct response 

n glucose metabolism, but it acts by resetting sympathetic tone 

nd the dopaminergic pathway centrally. These effects reduce post- 

randial plasma glucose levels by suppressing hepatic glucose pro- 

uction and gluconeogenesis, and there is no reported action on 

ancreas or beta cells, which were already partial degenerated by 

he alloxan used in our research. Also, there are some studies stat- 

ng that bromocriptine lowers plasma insulin levels, 50 , 51 and this 

ction is opposite to all oral hypoglycemic drugs. This is why it 

s the only antidiabetes drug that shows no risk of hypoglycemia. 

eduction of glucose and insulin levels as well as impaired lipid 

evels is the proposed mechanism of action of bromocriptine to 

mprove glucose tolerance. However, the molecular mechanisms of 

ction by which bromocriptine mediates its pharmacological effect 

xactly needs more investigation. 

Diabetic nephropathy is the most common cause of differ- 

nt renal complications and hypertension. The 2 tested drugs, 

romocriptine and cabergoline, showed antihypertension activity 
7 
s reported in some previous reports. 52–54 The mechanism of the 

ntihypertension activity is related to its dopaminergic D 2 recep- 

ors activity, which deactivates the sympathetic action and mod- 

lates renal Na + /K 

+ -ATPase activity. “Bromocriptine and caber- 

oline induced a marked renal improvement by decreasing urea 

nd creatinine serum levels in a model of diabetic nephropa- 

hy,’’ as reported previously. 54 The mechanism pathways that cause 

his pharmacological action are not clearly stated. In the current 

tudy, Na + /K 

+ -ATPase activity was measured in the cortical ho- 

ogenates of the kidneys in the diabetic groups. The decreased 

idney Na + /K 

+ -ATPase activity is a possible indication of an ab- 

ormality because it may affect the physiological and biochemical 
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unctioning of the kidney with severe progress to nephropathy. 55 

ccording to some previous reports, 56 , 57 the activity of Na + /K 

+ - 
TPase in models of renal ischemic cortex was markedly decreased 

elative to the control healthy renal cortexes. However, the current 

esults conflict with some alternative studies that reported signif- 

cant a rise or no change in the activity of Na + /K 

+ -ATPase dur- 

ng kidney injury. 58 , 59 This disagreement may be related to the 

echnique we used; for example, using the whole kidney instead 

f only the renal cortex for estimating the activity of Na + /K 

+ - 
TPase or due to the difference in models of diabetic nephropathy 

sed in the studies. Nevertheless, pretreatment of the animals with 

romocriptine in our experiments prevented the loss of Na + /K 

+ - 
TPase activity in diabetic nephropathy. Some of the previous stud- 

es showed that the drug bromocriptine stimulates Na + /K 

+ -ATPase 

ctivity through its dopaminergic D 2 activity, which activates the 

hosphorylation pathway of p44/42 mitogen-activated protein ki- 

ases that play an important, recognized role in the determina- 

ion of cell survival and activity in the kidney. 60 , 61 These reports 

llustrate the possible link between the activation of dopamine D 2 

eceptors done by bromocriptine and its role in resetting the ac- 

ivity of Na + /K 

+ -ATPase in renal injury. The current result is in 

armony with previous reports indicating “the potential role of 

opamine D 2 agonists directed to increase renal D 2 receptor ex- 

ression and its role for treatment of different forms of kidney 

iseases.”62 

In the present study, a severe adverse effect of bromocriptine 

nd cabergoline on the progress of myocardial injury was reported; 

he rats treated with bromocriptine and cabergoline for 1 month at 

oses of 10 mg/kg and 0.6 mg/kg, respectively, displayed significant 

levation of CKM and troponin I in the serum. Also, there are some 

eported data about increased lactate dehydrogenase-1 and tumor 

ecrosis factor α-1 serum levels, and an identified marked area 

f infarcted myocardial muscles, observed by triphenyltetrazolium 

hloride staining, as a result of using bromocriptine and cabergo- 

ine. 54 The action may be related to the agonistic properties of 

hese 2 drugs on serotonin 5-HT2A and 5-HT2B receptors, increas- 

ng the heart rate. It was reported that both “bromocriptine and 

abergoline have been associated with heart disease since the two 

rugs have both dopamine D 2 and serotonin 5-HT2A receptors ag- 

nistic properties.”17 , 18 It was hypothesized that activation of sero- 

onin 5-HT2A receptors would be among the main factors respon- 

ible for coronary artery vasoconstriction and initiation of different 

orms of heart disease. 63 These facts lead to the consideration that 

he drug sarpogrelate, a selective 5-HT2A receptor antagonist, may 

ncrease coronary blood flow and improve heart functions via al- 

eviation of coronary vasoconstriction. 64 The results of the current 

tudy illustrate the benefits of using a combination of bromocrip- 

ine and cabergoline with sarpogrelate (selective 5-HT2A/2B antag- 

nists) and the role of sarpogrelate in decreasing the adverse ef- 

ects of these 2 drugs on the heart by its ability to decrease the 

erum levels of myocardial biomarkers like CK-MB and troponin I. 

here are previous reported data supporting the protective role of 

arpogrelate on myocardial tissue by decreasing the serum levels 

f lactate dehydrogenase-1, and tumor necrosis factor α-1 during 

he treatment of bromocriptine and cabergoline, and the ability of 

arpogrelate to attenuate the identified infarct size in the myocar- 

ial tissues slices stained by triphenyltetrazolium chloride. 54 These 

esults support some of the theories that serotonin and 5-HT2A 

eceptors may play an important role in the development of my- 

cardial injury-related diseases. 

Dopamine has been reported to produce positive inotropic re- 

ponses in isolated rat heart rat models. 39 , 65 Our findings demon- 

trate that dopamine also produces positive inotropic responses 

n rat hearts. The low concentrations of dopamine ( < 10 M) re- 

orted in most of the previous studies act mainly on the dopamin- 

rgic receptors, whereas high concentrations of dopamine ( > 10 
8 
) can stimulate both dopaminergic and adrenergic β and α re- 

eptors. 66 , 67 Dopaminergic receptors are cell-surface receptors cou- 

led with G-proteins and classified into 2 main families. Regard- 

ng myocardial tissues, the D 1 receptors family includes D 1 , and 

 5 receptor subtypes, which are reported mostly to be rare in my- 

cardial tissue, 68 whereas the dopamine D 2 -like receptor family in- 

ludes D 2 , D 3 , and D 4 receptor subtypes, which are linked to in- 

ibition of adenylate cyclase, identified as functionally active re- 

eptors in the heart. 69 , 70 The pharmacologic action of dopamine 

n the heart are performed through dopaminergic receptors or 

hrough β1 receptors; isolated hearts perfused with low concen- 

rations of dopamine (eg, 1 μM dopamine) showed relatively low 

harmacologic action comparable to that observed in higher con- 

entrations. Dopamine shows a high affinity to dopaminergic D 2 - 

ike family receptors even at low concentrations. 71 Recently, a pre- 

ious study illustrated that serotonin 5-HT2A receptors are widely 

xpressed in the heart and interpose a hypertrophic response 

o serotonin in myocardial tissues. 72 This concept was confirmed 

n the current study when bromocriptine or cabergoline, which 

s a dopamine D 2 and 5-HT2A receptors agonists, were used. 73 

reatment with bromocriptine or cabergoline in combination with 

opamine on an isolated heart showed a higher dose–response el- 

vation in heart rate and force of contraction compared with the 

ction of dopamine alone ( Figures 2 A and 2 B). Using of sarpogre- 

ate in combination with bromocriptine and cabergoline in pres- 

nce of dopamine attenuated the percentage of the dose–response 

urve of heart rate in addition to decreasing the cardiac contractil- 

ty and the role of sarpogrelate in decreasing both heart rate and 

orce of contraction. The potential mechanism of these dopamin- 

rgic agonist drugs was shown to have affinity to the 5-HT2A and 

-HT2B receptors. 74 A previous report stated partial agonistic ac- 

ivity of bromocriptine on 5-HT2A receptors coupled to cytosolic 

nositol phosphates, bromocriptine and cabergoline, by the same 

ay activated phospholipase C, consistent with its partial affinity 

or 5-HT2A. 75 , 76 These in vitro results on isolated hearts support 

ur in vivo results and confirm the benefits of using sarpogre- 

ate (selective 5-HT2A or 5-HT2B antagonists) in combination with 

romocriptine or cabergoline on myocardial function. 

In the current research using parallel groups trials, the study P 

alue is small, and the confidence interval for the effect did not 

nclude zero, and the study thus demonstrated a difference likely 

xists between the 2 groups. We concluded that the sample size 

as clearly enough to find a difference between the groups and 

he study clearly had adequate power to detect a difference. The 

ndings of this study have to be seen in light of some limitations. 

here are 2 major limitations in this study that could be addressed 

n future research. First, bromocriptine (4 mg/kg) was tested in this 

tudy, according to guidelines from the American Diabetes Associ- 

tion; the maximum approved daily dose for human of bromocrip- 

ine is 4.8 mg. The dose of bromocriptine in this study seems 

igher than the normal dose. We used a relatively high dose—10 

g/kg—for enhancement the adverse effect of bromocriptine on 

yocardial tissue within 1 month, and the dose agrees with previ- 

us studies. Second, the study focused on the antidiabetes activity 

f the tested drugs, although they are widely used in treatment of 

yperprolactinemia and Parkinson disease. More studies of differ- 

nt levels of drugs doses need to be used in different models of 

iseases in the future. 

onclusions 

According to our study, the dopamine D 2 receptor agonists 

romocriptine and cabergoline induced myocardial infarction. 

owever, using sarpogrelate in combination with bromocriptine or 

abergoline decreased their potential adverse effects on myocardial 
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issues. Thus, we suggest sarpogrelate deserves additional experi- 

ental and clinical research related to cardiovascular diseases. 
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