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Summary 12 

We aimed to investigate the effects of melatonin and resveratrol on diabetes-related papillary 13 

muscle dysfunction and structural heart disorders. The protective effect of resveratrol and 14 

melatonin supplementation on cardiac functions was investigated in a diabetic elderly female 15 

rat model. 16-month-old rats (n = 48) were allocated into 8 groups. Group1: Control, Group2: 16 

Resveratrol Control, Group3: Melatonin Control, Group4: Resveratrol and Melatonin Control, 17 

Group5: Diabetes, Group6: Diabetes Resveratrol, Group7: Diabetes Melatonin, Group8: 18 

Diabetes Resveratrol and Melatonin. Streptozotocin was injected intraperitoneally to the rats 19 

for experimental diabetes induction. Thereafter, resveratrol (intraperitoneal) and melatonin 20 

(subcutaneous) were administered for 4 weeks. Resveratrol and melatonin had a protective 21 

effect on the contractile parameters and structural properties of the papillary muscle, which was 22 

impaired by diabetes. it has been presented that diabetes impairs the contractile function of the 23 

papillary muscle for each stimulus frequency tested and the responses obtained as a result of 24 

Ca+2 uptake and release mechanisms from the Sarcoplasmic reticulum, and it has been observed 25 

that these effects are improved with resveratrol and melatonin injection. The decrease in 26 

myocardial papillary muscle strength in the diabetic elderly female rat can be reversed with the 27 

combination of resveratrol, melatonin and resveratrol+melatonin. Melatonin+resveratrol 28 

supplementation is no different from melatonin and/or resveratrol supplementation. Resveratrol 29 

and melatonin supplementation may have a protective effect on cardiac functions in a diabetic 30 

elderly female rat model. 31 
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Short title 40 

  41 
The effects of potential agents on diabetes-related papillary muscle dysfunction 42 

Introduction 43 

Diabetes mellitus (DM) is a global health problem that poses a significant threat to 44 

human health with its high morbidity and mortality rates [1]. It is estimated that approximately 45 

380 million people worldwide have diabetes, and this figure will reach 439 million by 2030 [1]. 46 

DM results in various acute and chronic complications such as neuropathy, nephropathy, 47 

cardiomyopathy, microangiopathy, atherosclerosis, diabetic foot and retinopathy [2]. Diabetes-48 

induced cardiovascular complications are the leading causes of mortality [3]. Therefore, it is 49 

crucial to determine an effective strategy to prevent cardiovascular complications in patients 50 

with diabetes [3]. The prevalence of DM rises to over 20% in the population over 60 years of 51 

age and its consequences worsen in the elderly population. It is estimated that approximately 52 

25% of the elderly population has diabetes [4]. Moreover, the incidence of cardiovascular 53 

diseases in elderly diabetics is higher than in the non-diabetic elderly population [4]. Those 54 

with prediabetes with impaired fasting glucose and impaired glucose tolerance were considered 55 

a transitional period from normal glycemic metabolism to DM, demonstrating an increased risk 56 

for future progression of DM [4]. The “food” concept has significance beyond its function in 57 

regulating survival and nutrition in the prevention and treatment of disease states, [5].  58 

Polyphenols are compounds that function in a wide range and are also synthesized by plants 59 

[5]. Interest in these compounds has risen in medical research recently. The most studied 60 

polyphenol in this group has been resveratrol (3,5,4,-trihydroxystilbene), which is 61 

predominantly found in grapes, red wine, and strawberries (grape and berry fruits, juicy and 62 

small grains) [6]. Along with its antioxidant capacity, favorable effects of resveratrol include 63 

regulation of ion channels and the activities and expression levels of proteins and enzymes 64 

associated with survival signals [7]. Studies on resveratrol have proved its promising effects on 65 

glucose metabolism [8]. Resveratrol increases insulin-dependent glucose uptake in skeletal 66 

muscle, hepatocytes and adipocytes with the activation of SIRT1 (silent information regulator 67 

1) protein [9]. 68 

Besides its unique feature of regulating the circadian rhythm and sleep-wake cycle, 69 

melatonin has physiological effects as detoxification of free radicals, regulation of immune 70 
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functions, protection of nerve cells, anticancer effects, and improvement of cardiovascular 71 

functions, reproduction, and fetal development [10]. Melatonin acts on a broad spectrum of 72 

aging-related effects, including metabolic sensitivity, mitochondrial alteration, antioxidative 73 

protection of biomolecules and cellular infrastructures, sirtuin activation, and coordination of 74 

central and peripheral circadian regulators [11]. Moreover, melatonin has a strong potential as 75 

a treatment option despite its weak and uncommon toxicity profile [12]. Possible synergistic 76 

effects of melatonin and resveratrol are an intriguing research subject, owing to their similar 77 

beneficial properties which they execute by affecting different targets through different 78 

pathways, as in glucose and lipid metabolism [13]. Therefore, we planned the present study to 79 

analyze the effects of separate and combined resveratrol and melatonin supplementation on the 80 

mechanical and structural properties of the rat papillary muscle in an aged female diabetic rat 81 

model. 82 

 83 

Material and Method 84 

Experimental Animals and Groups 85 

16-month-old female Wistar rats with an initial weight of 350-400 grams were used in all 86 

experiments. To minimize physiological variations, only female rats were preferred. This study 87 

protocol was approved by the Selcuk University Experimental Medicine Research and 88 

Application Center Experimental Animals Ethics Committee on December 12, 2018, with the 89 

decision number 2018-34. 90 

The total number of experimental animals was 48, and they were randomly divided into 91 

8 groups containing equal numbers of rats. Control Group (C) (n=6): The animals in this group 92 

were fed with standard rat chow. Resveratrol Control Group (CR) (n=6): The animals in this 93 

group fed with standard rat chow were additionally given resveratrol (5 mg/kg/day) for 4 weeks 94 

(i.p.). Melatonin Control Group (CM) (n=6): The animals in this group fed with standard rat 95 

chow were additionally given subcutaneous melatonin (5 mg/kg/day) for 4 weeks. Control rats 96 

in this group were administered subcutaneous melatonin (5 mg/kg/day) for 4 weeks. Resveratrol 97 

and Melatonin Control Group (CRM) (n=6): In addition to standard rat feed, animals in this 98 

group were given i.p. for 4 weeks. Resveratrol (5mg/kg/day) and subcutaneous melatonin 99 

(5mg/kg/day) were administered. Control rats in this group were administered i.p. resveratrol 100 

(5 mg/kg/day) and subcutaneous melatonin (5 mg/kg/day) for 4 weeks. Diabetes Group (D) 101 

(n=6): Animals in this group, whose diabetes was induced by intraperitoneal administration of 102 

a single dose of streptozotocin (STZ) (40 mg/kg), were fed with standard rat chow. Diabetes 103 

Resveratrol Group (DR) (n=6): Resveratrol (5mg/kg/day) was administered i.p. for 4 weeks 104 

starting from the end of the seventh day following a single dose of STZ (40 mg/kg) injection. 105 



Diabetes Melatonin Group (DM) (n=6): Diabetic rats in this group were administered 106 

subcutaneous melatonin (5 mg/kg/day) for 4 weeks, starting from the end of the seventh day 107 

following a single dose of STZ (40 mg/kg) injection. Diabetes Resveratrol and Melatonin Group 108 

(DRM) (n=6): Diabetic rats in this group were administered i.p. resveratrol (5 mg/kg/day) and 109 

subcutaneous melatonin (5 mg/kg/day) for 4 weeks starting from the end of the seventh day 110 

following a single dose of STZ (40 mg/kg) injection. 111 

Throughout the injection, all animals were maintained at standard room temperature 112 

(21±1 oC) and humidity at 12/12 light-dark cycles. 3 animals were housed per cage, and all 113 

animals were supplied with food and water ad libitum.  114 

Experimental Applications 115 

Experimental Diabetic Method 116 

A single dose of 40 mg/kg intraperitoneal streptozotocin (STZ) “Sigma S-0130” dissolved in 117 

Sodium Citrate buffer was injected into rats in the diabetic groups (D, DR, DM, and DRM) to 118 

induce diabetes experimentally. Six days after injections, blood glucose levels were measured 119 

in the tail veins of the animals using a diagnostic glucose kit. Rats with blood glucose levels of 120 

300 mg/dl and above were considered diabetic [14]. 121 

Resveratrol Application 122 

After resveratrol (R5010-Sigma) was dissolved in ethanol, 5 mg/kg/day was administered 123 

intraperitoneally for four weeks to the rats forming the CR, CRM, DR and DRM groups. 124 

Melatonin Administration 125 

Commercially available melatonin (Sigma M-5250), dissolved in ethanol at a dose of 5 mg 126 

per kg of bodyweight of the experimental animal was injected subcutaneously at the same 127 

time (10 a.m.) every day for 4 weeks.  128 

Papillary Muscle Isolation 129 

Rats were anesthetized with i.p. 70 mg/kg ketamine (Richter Pharma AG, Australia) and 8 130 

mg/kg xylazine (Bioveta PLC, Czech Republic). The hearts of the rats were quickly removed 131 

under general anesthesia and taken into the Krebs solution, the pH of which was adjusted to 132 

7.40, and pre-gassed with a 95% O2 + 5% CO2 mixture. Then, they were taken into a petri dish, 133 

the bottom of which was covered with slygard gel, containing the same solution. The hearts 134 

were fixed from the right ventricle with the help of a small needle in this solution so that they 135 

could be seen from the dorsal region. An incision was made in the wall of the ventricle from 136 



the level of the atrioventricular valve to the apex, and the ventricle was opened from this part 137 

and the papillary muscles were isolated with the help of microsurgical scissors, avoiding all 138 

kinds of pressure on the hearts. 139 

Isometric Contraction Records and Protocols 140 

Isolated papillary muscles were fastened at both ends with a 6/0 silk suture. Tissues were taken 141 

into an isolated organ bath (MAY IOBS99 Isolated Tissue Bath and Circulator, Commat Ltd.) 142 

with a volume of 30 ml containing fresh Krebs solution. The temperature of the Krebs solution 143 

was kept constant at 33 oC by passing it through the heat jacket in the organ bath (MAY WBC 144 

3044 Water Bath and Circulator, Commat Ltd.) [15]. One of the papillary muscles was 145 

connected to the micromanipulator and the other to a force transducer (FDT05 Force 146 

Displacement Transducer, Grass Co.), and the tension of the muscle was adjusted to see 147 

maximum contraction. Supramaximal square-shaped stimuli were given using a stimulator 148 

(MAY ISO 150-C Stimulus Isolation Power Supply). All contraction data were collected on the 149 

hard disk at a sampling rate of 1 kHz utilizing an analog-digital converter (MP36 Four-Channel 150 

Data Acquisition unit, Biopac System Inc.) and its software (BSL PRO 3.7.5, Biopac System 151 

Inc.).  152 

After the papillary muscle was placed in the organ bath, square-shaped stimuli with a 153 

basic frequency of 0.2 Hz, 10-15V (supramaximal), 2 ms duration were given. Thereafter, to 154 

see the frequency-dependent contraction responses, square-shaped stimuli of 10-15V 155 

(supramaximal), and duration of 2 ms with 0.2; 0.5; 1; 2; 3; 4; 5 Hz frequencies were given 156 

respectively, and after 20 peak values were counted for each frequency, starting from the lowest 157 

frequency, the contraction curves were recorded while moving to a higher frequency [16].  158 

In the other protocol, the responses to the anticipatory stimuli were recorded. To 159 

investigate the Ca2+ uptake-release mechanisms from the SR (Sarcoplasmic reticulum) 10, 20, 160 

30, 40, 50, 60, 70-second waiting intervals were set between every 100-second recordings taken 161 

with 10-15 V, 2 ms duration square stimuli at 0.2 Hz frequency, and the parameters obtained 162 

by using this protocol were calculated from the first contraction curves recorded after the 163 

standby period [17]. Also the anesthetics used did not affect the results of the monitored 164 

parameters. 165 

 166 

Examination of Histological Parameters 167 



Tissues were taken into 10% formalin solution with a fixative/tissue ratio of 10/1. Each tissue 168 

was fixed at +4°C for at least 24 hours. It is embedded in paraffin. Sections with a thickness of 169 

5 μm were taken on polylysine slides with a microtome. Hematoxylin-Eosin staining was done. 170 

Data and Statistical Analysis 171 

The parameters obtained from the contraction records were reported as contraction time (CT, 172 

ms) and contraction force (CF, g.mg-1). The parameters (CT, CF) for each papillary muscle 173 

were obtained as the average of 10 data recorded at separate frequencies in the frequency-174 

dependent contraction protocol, and the averages of the first contraction curves recorded at the 175 

end of each waiting period in the pre-wait stimulus protocol. All data were noted as mean ± 176 

standard error of mean (SEM) and normal distribution of data was tested with Kolmogorov - 177 

Smirnow. One-way ANOVA was used to compare the means of the data of the groups on 178 

contraction parameters from a single direction. In addition, the Tukey posthoc-test was used to 179 

determine between which groups the difference was. Differences at the p<0.05 level were 180 

considered significant. 181 

Results 182 

The blood glucose levels of all experimental groups are summarized in Table 1. It was observed 183 

that diabetes significantly increased the blood glucose levels compared to group C, CR, CM 184 

and CR+M (p<0.05).  185 

Findings of Basic Contraction Parameters 186 

The contraction recordings taken from the experimental groups with stimuli at a frequency of 187 

0.2 Hz, which is considered as the basic parameter in myocardial papillary muscle, are shown 188 

in Fig.1. 189 

Fig. 1.  190 

Diabetes induced a significant decrease in CF parameters compared to the control group, while 191 

it caused a significant prolongation in the CT parameter (p<0.05). Among the treatment groups, 192 

while a significant difference was observed between the D group and DR, DM and DRM groups 193 

in the CF parameter, a positive improvement was observed in the CT parameter, causing it to 194 

approach the control values. indicates that a positive improvement in the CT parameter was 195 

found, but significance is not indicated.  196 

Findings of Frequency Dependent Contraction Parameters 197 



Diabetes caused a significant decrease in CF responses at all frequencies, compared to the 198 

control group (C) (p<0.05). Compared to the D group, the DR, DM, and DRM treatment groups 199 

displayed a favorable increase in the responses obtained with the 0.2; 0.5; 1; 2 and 3 Hz 200 

frequency stimuli and represented a significant protective effect against diabetes-induced CF 201 

deterioration. (p<0.05) (Fig. 2A, B, C). It was observed that diabetes significantly prolonged 202 

the CT obtained with all frequency stimuli compared to group C (p<0.05). A significant 203 

improvement was observed in the CT parameter in the treatment groups (Fig. 2D, E, F). 204 

Fig. 2.  205 

Findings of the Anticipatory Stimulus – Contraction Relationship 206 

The mean CF values of the records taken with the relevant protocol are shown in Fig. 3A, B 207 

and C for each group. Although there was a significant decrease in CF values during the 70-208 

second waiting period with diabetes compared to the C group (p<0.05), there was a favorable 209 

significant upswing in the CF values of DR, DM and DRM treatment groups when compared 210 

with the D group (p<0.05). 211 

Fig. 3.  212 

However, diabetes caused a prolongation in CT values for all periods in the recordings taken 213 

with pre-pending stimuli. Furthermore, when the DR, DM and DRM groups were compared 214 

with the C group, there was no significant difference during the 70-second waiting period 215 

(p>0.05) (Fig. 4A, B, C). 216 

Fig. 4.  217 

Histological Studies 218 

All groups were evaluated in terms of cardiomyocyte morphology, deterioration in general 219 

architecture, expansion in extracellular space, and myocyte atrophy [18]. It was observed that 220 

cardiomyocyte morphologies and general architecture were preserved in groups C, CR, CM and 221 

CRM. However, in the diabetes group, deterioration in the morphology and general architecture 222 

of cardiomyocytes, increase in extracellular space, intracytoplasmic vacuoles, and appearance 223 

compatible with myocyte atrophy were noted. Compared to the D group, there was no 224 

significant difference between the DR and DM groups, but the general architecture and 225 

morphology were better in the DRM group (Fig. 5). 226 

Fig. 5.  227 

 228 

Discussion 229 



Recovery of total mechanical activity of contractile cardiomyocytes deteriorated by 230 

streptozotocin-induced diabetes is more difficult or even impossible in old animals/humans 231 

compared to young individuals [19]. Diabetes-related changes in myocardial structure and 232 

function that are unassociated with coronary artery disease, arterial hypertension, heart valve 233 

disease, or congenital heart disease are defined as diabetic cardiomyopathy [20]. Various 234 

mechanisms play a role in diabetic cardiomyopathy, including metabolic changes, myocyte 235 

hypertrophy, myocardial interstitial fibrosis, apoptosis, microvascular disease, autonomic 236 

dysfunction, impaired energy production, changes in intracellular calcium homeostasis, and 237 

deterioration in myocardial contractile proteins [20]. For these reasons, it is known that 238 

contractile activities due to diabetes will be affected. It is known that the decrease in oxygen in 239 

the blood or excessive oxygen consumption of the muscle will cause fatigue and the contraction 240 

activities will be affected [21]. Similarly, high-frequency stimulation of the muscle produces 241 

muscle fatigue. Stimuli with a frequency of 0.2 Hz, which are known not to cause fatigue, were 242 

used to evaluate the basal parameters, and then contraction responses were recorded by 243 

increasing the stimulus frequency (0.5; 1; 2; 3; 4 and 5 Hz). Averages of parameters calculated 244 

from these contractions suggest that resveratrol and melatonin may have a protective effect 245 

against diabetes-impaired muscle function, shown in Fig. 1A, 1B, 2A, and 2B 2A, 2B, 2C, 2D, 246 

2E and 2F. Our findings regarding the myocardial papillary muscles of diabetic rats can be 247 

associated with the alterations in intracellular calcium homeostasis and dysfunction owing to 248 

the diminution in myocardial contractile proteins. Moreover, the systolic Ca2+ concentration can 249 

increase in direct proportion to the stimulus frequency [22]. This decrease in CF in the diabetes 250 

group can be attributed to two reasons. The first is the disruption of the calcium-dependent 251 

calcium release mechanism from the SR, which causes the increase in [Ca2+]i, and the latter is 252 

that the Ca2+ response of the myofilaments is affected. 253 

Chen et al. also revealed that resveratrol treatment significantly improved cardiac 254 

hypertrophic remodeling and dysfunction due to pressure overload by mechanically inhibiting 255 

the immunoproteasome [23]. Therefore, they suggested that resveratrol, as a new 256 

immunoproteasome inhibitor, could be a therapeutic agent for the treatment of cardiac 257 

hypertrophy and dysfunction [23]. In our study, resveratrol supplementation improved the 258 

decreased CF responses of myocardial papillary muscles of diabetic rats to stimuli at different 259 

frequencies below 4 Hz (Fig. 2A) and this finding is in line with the report of Chen et al. which 260 

showed that resveratrol treatment significantly improved cardiac hypertrophic remodeling and 261 

dysfunction [23]. However, in our study, the decreased CF responses of myocardial papillary 262 

muscles of diabetic rats to stimuli at frequencies of 4 and 5 Hz were not affected by resveratrol 263 

supplementation (Fig. 2A 2B). These findings of our study are consistent with the findings of a 264 



previous study by Zhao et al. which concluded that the effects of resveratrol supplementation 265 

on guinea pig papillary muscles are time- and dose-dependent [24]. It has been reported that 266 

resveratrol improves muscle mass in the plantaris muscles of aged rats and that resveratrol 267 

supplementation significantly reduces the contraction force when compared with control groups 268 

at frequencies of 10, 20, and 50 Hz [25]. In our study, resveratrol supplementation reduced the 269 

CF responses of myocardial papillary muscles of control group rats to stimuli at all frequencies 270 

in the isolated organ bath. This finding was also compatible with the reports of Brian Bennett 271 

et al. [25]. 272 

Melatonin, a versatile molecule secreted rhythmically by the pineal gland, plays a 273 

cardiac protective role, especially in conditions such as ischemia-reperfusion injury, 274 

atherosclerosis, diabetic cardiomyopathy, pathological hypertrophy, and heart failure [26]. 275 

Melatonin can protect the diabetic myocardium from diastolic dysfunction [27]. Moreover, 276 

melatonin can alleviate cardiac fibrosis, by restraining extracellular matrix overaccumulation, 277 

which is noticed during the process of pathological fibrosis [28]. Therefore, there is substantial 278 

evidence that melatonin may play a potentially critical role in the treatment and prevention of 279 

fibrosis present in cardiac hypertrophy [29]. In our study, melatonin supplementation improved 280 

the decreased CF responses of myocardial papillary muscles of diabetic rats to stimuli up to 3 281 

Hz frequency (Fig. 2A 2B). This finding is consistent with the aforementioned reports, which 282 

state that melatonin supplementation may be effective in the treatment of restoring cardiac 283 

muscle functions. However, the decreased CF responses of diabetic rats to stimuli at frequencies 284 

of 4 and 5 Hz were not affected by melatonin supplementation in our study (Fig. 2A, 2B). This 285 

finding suggests that melatonin supplementation may have dose and time-dependent effects 286 

[30]. Another study investigating the effect of melatonin on blood flow in various vascular beds 287 

has concluded that exogenous melatonin alters vascular blood flow in humans [31]. In that 288 

study, arterial blood pressure and heart rate were measured in 10 healthy subjects in the supine 289 

position for 3 minutes, and it was found that melatonin did not change heart rate. However, 290 

renal blood flow rate and renal vascular conductivity were lower with melatonin 291 

supplementation compared to placebo [31]. In our study, melatonin supplementation reduced 292 

the CF responses of myocardial papillary muscles of control group rats to stimuli up to 4 Hz 293 

frequency in the isolated organ bath (Fig. 2A, 2B and 2C). This finding is also consistent with 294 

the aforementioned reports. 295 

In the present study, combined administration of resveratrol and melatonin improved 296 

the reduced CF responses of myocardial papillary muscles of diabetic rats to stimuli at 0.2, 0.5, 297 

1, 2, and 4 Hz frequencies in the isolated organ bath (Fig. 2A, 2B and 2C). We could not find a 298 

study in the literature in which resveratrol and melatonin were applied in combination on 299 



myocardial papillary muscle CF and CT. However, a previous report presenting the 300 

cardioprotective effect of resveratrol+melatonin combination in an experimental myocardial 301 

infarction model indirectly supports our findings [32]. The modulating effect of both resveratrol 302 

and melatonin on myocardial papillary muscle contraction has already been discussed in the 303 

previous section [29]. To the best of our knowledge, our study is the first to report the effects 304 

of combined resveratrol and melatonin application on myocardial papillary muscle contraction. 305 

Although frequency-contraction time measurements are not included much in the 306 

literature, in our study, when the stimulation at increased frequencies in diabetic rats was 307 

compared with the other groups, the prolonged CT values showed a tendency to improve with 308 

the combined supplementation of resveratrol, melatonin and resveratrol+melatonin (Fig 2B, 309 

2D, 2E and 2F), but it was not statistically affected. This finding may suggest that the Ca2+ 310 

sensitivity of myofilaments may be reduced during the relaxation phase of the contractile 311 

responses. 312 

Menadione causes a prominent augmentation in the force of contraction followed by 313 

irreversible contractures in isolated myocardial preparations. 2-methyl-1,4-naphthoquinone 314 

(menadione), its positive inotropic effect is related to the amount of ROS produced by cardiac 315 

metabolism. Resveratrol supplementation improves these adverse events and leads to a 316 

cardioprotective effect [33]. Deterioration in isometric contraction was detected in rats due to 317 

melatonin deficiency resulting from pinealectomy [34]. Numerous studies have revealed that 318 

melatonin supplementation can modulate impaired heart muscle functions [29, 30]. Studies 319 

have shown that prolonging the rest period between stimuli will increase the force of contraction 320 

[35, 36]. In our study, a post-rest augmentation protocol was applied to investigate the 321 

mechanisms that release Ca2+ uptake from the SR in isolated rat papillary muscle. For this 322 

purpose, 10-minute increment periods were expected between pulse sequences and the data 323 

obtained are shown in Fig. 3 3A, 3B and 3C. The parameters investigated in this protocol were 324 

calculated from the first contraction curve after the rest period [17]. According to these 325 

calculations, diabetes significantly reduced its contractile strength up to 70 seconds, and after 326 

60 seconds, resveratrol, melatonin and resveratrol+melatonin application started to reduce its 327 

effect. This finding shows that the damage expected to occur in SR with this application can be 328 

reversed by waiting. Dysfunction of SR-Ca+2 load mechanisms in the diabetes group may 329 

compensate for waiting times beyond 70 seconds. However, supplementation of resveratrol, 330 

melatonin, and combined resveratrol+melatonin did not cause any alteration in the prolonged 331 

CT values of diabetic rats during the 70-second (10-minute intervals) waiting period in our 332 

study (Fig. 4 4A, 4B and 4C). These findings may be due to the fact that diabetic rats consisted 333 

of elderly female rats and/or the dose and duration of administration. 334 



In our study, we performed histological examinations to investigate whether the 335 

underlying cause of the contractile defects observed in myocardial papillary muscles was 336 

diabetes, and when histological parameters were examined, diabetes-related abnormalities were 337 

detected. Impaired cardiomyocyte morphology and general architecture, increased extracellular 338 

space, intracytoplasmic vacuoles, and myocyte atrophy were regarded as histological evidence 339 

of cardiac papillary muscle dysfunction in the diabetes group (Fig. 5). These findings were more 340 

likely towards cardiac atrophy with reduction in cardiomyocytes, features of STZ-induced 341 

diabetic cardiac dysfunction. These findings were also reported in a previous study [37]. The 342 

results of the current study showed that treatment with melatonin and resveratrol reduced 343 

cardiac damage in STZ-induced diabetic rats. 344 

Conclusion 345 

Cardiovascular complications associated with diabetes are substantial causes of mortality, 346 

especially in the elderly. Therefore, studies on this subject can directly contribute to human 347 

health. Melatonin and resveratrol, which are effective agents to prevent cardiovascular 348 

complications in diabetic patients, have the potential to prevent dysfunction in the cardiac 349 

muscle. The degree of these changes in contraction parameters may be the subject of additional 350 

research, due to the effects of mechanisms such as SR/myofibril damage, administered dose 351 

and duration. 352 
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 452 

 453 

TABLES AND FİGURES 454 

Table 1. Blood glucose levels (mmol/I) of all experimental groups 455 

Groups 

(N=6) 

Blood Glucose Levels 

(mmol/l) 

C 5.10 ± 0.13b 

CR 4.97 ± 0.10b 

CM 4.88 ± 0.12b 

CR+M 4.94 ± 0.11b 

D 25.20 ± 1.57a 

DR 24.97 ± 0.69a 

DM 25.07 ± 0.60a 

DR+M 22.96 ± 0.36a 

 456 



Blood glucose values (mmol/I) values are given as mean ± SEM. a, b: The difference between the means of groups 457 

with different letters in the same column is significant (a > b) (p < 0.05). C, Control group; CR, Control Resveratrol 458 

group; CM, Control Melatonin group; CRM, Control Resveratrol Melatonin group; D, Diabetes group; DR, 459 

Diabetes Resveratrol group; DM, Diabetes Melatonin group; DRM, Diabetes Resveratrol Melatonin group.  460 

 461 
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 468 

 469 

Figure 1: (A) Contraction force (CF) (g.mg-1), (B) Contraction time (CT) (ms) recording 470 

values of all subjects created with 0.2 Hz stimuli. Findings regarding the responses to stimuli 471 

at a frequency of 0.2 Hz are given as mean ± standard error. * indicates the degree of 472 

significance between the groups at the p<0.05 level. *, p<0.05; **, p<0.01; ***, p<0.001. C, 473 

Control group; CR, Control Resveratrol group; CM, Control Melatonin group; CRM, Control 474 

Resveratrol Melatonin group; D, Diabetes group; DR, Diabetes Resveratrol group; DM, 475 

Diabetes Melatonin group; DRM, Diabetes Resveratrol Melatonin group.  476 

A 477 
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 480 

Figure 2. (A, B, C) Contraction Force (D, E, F) Contraction Time results of the stimulus 481 

frequency – contraction relationship. CF and CT responses to stimuli at different frequencies 482 

are given as mean ± standard error. (A, B, C) a, C and CR groups; b, C and CM groups; c, C 483 

and CRM groups; groups d, C and D groups; groups  e, D and DR groups; f, D and DM groups; 484 

g indicates the significance between D and DRM groups (p<0.05), (D, E, F) d shows the 485 

significance between C and D groups (p<0.05). C, Control group; CR, Control Resveratrol 486 

group; CM, Control Melatonin group; CRM, Control Resveratrol Melatonin group; D, Diabetes 487 

group; DR, Diabetes Resveratrol group; DM, Diabetes Melatonin group; DRM, Diabetes 488 

Resveratrol Melatonin group.  489 
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 493 

Figure 3A, B, C: CF values of the anticipatory stimulus-contraction relationship. CF parameter 494 

responses to the predicted stimuli are depicted as mean ± standard error. a, C and CR groups; 495 

b, C and CM groups; c, C and CRM groups; groups d, C and D groups; in groups e, D and DR 496 

groups; f, D and DM groups; g indicates the significance between the D and DRM groups 497 

(p<0.05). C, Control group; CR, Control Resveratrol group; CM, Control Melatonin group; 498 

CRM, Control Resveratrol Melatonin group; D, Diabetes group; DR, Diabetes Resveratrol 499 

group; DM, Diabetes Melatonin group; DRM, Diabetes Resveratrol Melatonin group.  500 
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Figure 4A, B, C:  CT values of the pre-pending stimulus-contraction relationship. Response 505 

values of the CT parameter to the pre-pending stimuli are shown as mean ± standard error. d 506 

shows the significance between groups C and D (p<0.05). C, Control group; CR, Control 507 

Resveratrol group; CM, Control Melatonin group; CRM, Control Resveratrol Melatonin group; 508 

D, Diabetes group; DR, Diabetes Resveratrol group; DM, Diabetes Melatonin group; DRM, 509 

Diabetes Resveratrol Melatonin group.  510 
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 521 

Figure 5. Hematoxylin Eosin staining scale: 20µm, 40x magnification (black arrow: 522 

intracytoplasmic vacuole). C, Control group; CR, Control Resveratrol group; CM, Control 523 



Melatonin group; CRM, Control Resveratrol Melatonin group; D, Diabetes group; DR, 524 

Diabetes Resveratrol group; DM, Diabetes Melatonin group; DRM, Diabetes Resveratrol 525 

Melatonin group. 526 
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