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Abstract

Background and Aims: Some studies have recently indicated that dietary
monosodium glutamate (MSG) is linked to obesity and the development of
diabetes. Both diseases induce cardiovascular changes, such as increases in
blood pressure and arrhythmias, including ventricular fibrillation, which may
result in sudden death. Here, we aimed to investigate the effects of oral MSG
administration on the electrical conduction and histological dysfunctions of
the heart in control and diabetic Wistar rats. Methods and Results: Twen-
ty-one-day-old Wistar rats were fed diets containing 0.0%, 1.0%, 2.5% or
5.0% MSG for 70 days. After this period, diabetes was induced with strepto-
zotocin (STZ; 50 mg/kg bw) in half the rats and after an additional 21 days
period; the electrocardiographic parameters and heart histology were eva-
luated. Diabetic rats demonstrated a reduction in heart rate as well as an en-
largement of the QRS complex and QT and QTc intervals. Nevertheless, those
changes are typical of STZ-induced diabetes, mainly because of electrolyte
disturbances. The presence of MSG in the diet did not change the parameters
evaluated between the group that received MSG and the group that did not
receive MSG. Moreover, no histological alterations in the heart were observed
due to MSG ingestion. Conclusion: Based on this evidence, diets containing
MSG did not interfere with cardiovascular changes due to diabetes; there
were no differences in the electrocardiographic and histological characteris-
tics of the hearts of rats treated with MSG.
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1. Introduction

Monosodium glutamate (MSG), the sodium salt of glutamic acid, is widely used
worldwide as an additive in foods (e.g. snacks, sauces and soups) to enhance
their flavor by increasing taste perception [1] [2]. In addition, it has been hig-
hlighted out as a tool for reducing sodium in food products [3]. Glutamate is
naturally present in the human body and has several important metabolic func-
tions, which are mainly accomplished by regulating nitrogen metabolism and
the energy supply and acting as a neurotransmitter in the central nervous system
[4] [5] [6] [7]. Besides its known effects on metabolism, some studies have sug-
gested that MSG is a compound that could foster the development of some dis-
eases such as obesity and diabetes [8] [9].

In 1995, the FDA and the Federation of American Societies for Experimental
Biology (FASEB) reviewed the scientific data related to the safety of MSG and
concluded that there was no scientific evidence of adverse health effects in the
general population caused by MSG. Despite this evaluation, a hypothesis has re-
cently been raised linking obesity and heart disease to the consumption of ele-
vated amounts of glutamate [10] [11]. The increasing prevalence of obesity con-
tributes to the development of metabolic syndrome, a common metabolic dis-
order associated with type II diabetes and cardiovascular disease. In this regard,
studies have attempted to elucidate the impact of MSG consumption on meta-
bolism. High MSG and sucrose intake accelerate the development of type 2 di-
abetes in rats within 150 days of life [9]. The exposure of the enteroendocrine
cell line to dietary concentrations of MSG for 72 hours reduces glucagon-like
peptide-1 (GLP-1) secretion [8]. Finally, it was reported that MSG consumption
in rats for 1, 3, 6 and 9 months reduces beta cell mass, although not enough to
induce hyperglycemia [12]. Apart from the abovementioned studies, knowledge
of the impact of MSG consumption on obesity and the development of diabetes
is insufficient.

Diabetes is a multifactorial disease characterized by hyperglycemia that results
from impaired insulin secretion, signaling and degradation [13] [14] [15]. In
type 1 diabetes, the immune system attacks pancreatic beta cells, resulting in the
absence of insulin and hyperglycemia [16]. While type 1 diabetes accounts for
only 10% of the total population with diabetes, it accounts for 80% - 90% of di-
abetes in children and adolescents [17]. Diabetic alterations increase the risk of
developing cardiovascular diseases and neuropathies, which represent one of the
major causes of death of patients with diabetes [18] [19].

The prevalence of cardiac disease is elevated in diabetic patients, resulting in
the main cause of death [20]. An electrocardiogram (ECG) is the most common
cardiovascular diagnostic procedure [21], particularly because ECGs provide am-
ple information while consuming relatively little space. An ECG is a time/voltage
graph of the electrical activity of the heart. Cardiac muscle activity also generates
electrical impulses, and muscle contraction, which creates the pulse, usually fol-

lows electrical activity. Although there are many factors that can influence car-
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diac function, measurement of the time of electrical conduction and the voltage
involved usually indicates the function, with different parts of the ECG complex
representing different stages of conduction [22]. The normal sinus rhythm com-
plex comprises a P wave, PR interval, Q wave, QRS complex, ST segment, T
wave and occasionally a U wave. In this study, the P wave, PR interval, Q wave
and QRS complex were evaluated because these parameters can be altered in pa-
tients with diabetes [22].

The intake of MSG through food, particularly after the consumption of Chi-
nese food, has been associated to unpleasant symptoms such as headache,
sweating, skin flushing, numbness or burning in the mouth, numbness or burn-
ing in the throat, nausea, fatigue and the onset of atrial fibrillation (AF) [23]
[24]. Nevertheless, studies have failed to proof a connection between MSG and
those symptoms, including the association of MSG with AF, a common cardiac
arrhythmia, in self-reported MSG-sensitive patients [25]. However, since several
subtypes of glutamate receptors (GluRs) are widely and differentially expressed
in humans cardiac structures and each had a specific distribution, these recep-
tors may be involved in important cardiac functions (such as contraction,
rhythm, coronary circulation) and consequently may be implicated in the pa-
thobiology of cardiac diseases [26]. Therefore, the GluRs in the heart could be
targets for the effects of MSG being used as food additive and therefore should
be considered for the safety evaluation of this flavor enhancer.

Thus, taking into consideration the possible association of type 1 diabetes and
cardiovascular disease with the ingestion of MSG as food additive, the aim of
this study was to investigate the effects of MSG oral administration on the elec-
trical conduction and histological dysfunctions of the heart in diabetic and non-

diabetic Wistar rats.

2. Materials and Methods
2.1. Animals

Healthy male Wistar rats, 21 days old, acquired at the animal distribution center
of UNICAMP, were used in this study. The experimental protocol was approved
by the Ethics Committee for Animal Experimentation of the Biology Institute,
IB/UNICAMP (Protocol n° 1075-1). During the entire experimental period, the
animals were housed in the Animal Facility of the University of Campinas
(UNICAMP) under standard conditions of temperature (21°C + 2°C) and hu-
midity (55% = 10%) with a 12-hour light/dark cycle and food and water pro-
vided ad libitum. Animal care were in accordance with basic principles of animal
experimentation (Ordinance IB 05/2017 and 18/2016). Body weight and food
consumption were measured at the beginning and the end of the experimental pe-
riod. The control group (C) received a commercial diet (Labina-Purina-Paulinia,
SP, Brazil), and the other groups received the commercial diet plus 1.0%, 2.5%
and 5.0% MSG (1 g MSG + 99 g food, 2.5 g MSG + 97.5 g food and 5.0 g MSG +
95 g food, respectively) for a period of 70 days. At the end of this period, di-
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abetes was induced in all rats. Then, the animals (weighing 326.0 g + 16.0 g)
were separated into eight groups (n = 6) and maintained on the same diets in
metabolic cages for an additional 21 days. The eight groups were as follows: C
(nondiabetic/commercial diet), C-MSG 1.0% (nondiabetic/1.0% MSG diet),
C-MSG 2.5% (nondiabetic/2.5% MSG diet), C-MSG 5.0% (nondiabetic/5.0%
MSG diet); D (diabetic/commercial diet), D-MSG 1.0% (diabetic/1.0% MSG di-
et); D-MSG 2.5% (diabetic/2.5% MSG diet) and D-MSG 5.0% (diabetic/5.0%
MSG diet). Diabetes was induced by streptozotocin (STZ). For this purpose, a
freshly prepared solution of STZ (50 mg/kg bw) in 0.1 M citrate buffer, pH 4.5,
was injected intraperitoneally into rats that had faster overnight. After 24 hours,
each streptozotocin-treated rat was evaluated for hyperglycemia by measuring its
glucose concentration using the Accutrend GCT method (Roche Diagnos-
tics®-Berna, Switzerland), and a blood sample was collected from the tail vein.
All animals showed marked hyperglycemia (glucose > 200 mg/dl). Insulin (No-
volin L 100 IU/mL; Novo Nordisk A/S; Bagsvaerd, Dinamarca) was injected
intraperitoneally every two days. The experimental protocol used in this study is

shown in Figure 1.

2.2. Electrocardiogram

Anesthetized rats (sodium pentobarbital, 40 mg/kg bw) were kept in the supine
position with spontaneous breathing for the ECG recording. The electrodes were

connected to computer channels (Heart Ware System, Heart Ware International

MSG Group
Control group l 1.0,2.5¢5.0%
70 days «—————— Disbetic indiction ———* 70 days
21 days
21 days y
y ; \
| Disbetics | Non-disbetics | | Disbetics | | Non-disbetics |

—
ELECTROCAR DIOGRAM ]-——

’ THE END OF EXPERIMENTAL PERIOD l

l

| HEART COLLECTION |

l

| MORPHOLOGICAL EVALUATION |

Figure 1. The experimental protocol. The control group received a commercial diet, and
the MSG group received the commercial diet plus 1.0%, 2.5% and 5.0% MSG for a period
of 70 days. Diabetes was induced with streptozotocin in half the animals at day 70, and
after 21 days, the experiments were performed.
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Inc, Framingham, Massachusetts, USA), and six standard waves (I, I, III, aVR,
aVL and aVF) were recorded with 2N sensitivity at a speed of 50 mm/second.
The P wave amplitude, PR interval and QT interval were measured for three
consecutive beats from the beginning of the QRS complex to the point of the re-
turn of the T wave to the isoelectric line, defined as the TP segment. The QT in-

terval was corrected for heart rate using Bazett’s formula [27].

2.3. Morphological Evaluation

The hearts of the rats were collected for morphological evaluation at the end of
the study. Fragments of the left ventricle were removed, stored in a 37% formal-
dehyde solution, and subjected to routine histological examination using the

hematoxylin-eosin method [28].

2.4. Statistics

The GraphPad Prism program, version 6.0 (2012), was used for statistical ana-
lyses with a random block design according to the animals’ weights. Two-way
variance analysis (ANOVA) was used to determine statistical significance, and
the Tukey test was used to compare the means of significant values, with a
probability of 5%.

3. Results and Discussion
3.1. STZ Induction of Diabetes in Rats

The treatment of young adult rats with STZ produces a diabetic state that is
characterized by weight loss, polydipsia, polyuria, glucosuria, polyphagia, hy-
poinsulinemia and hyperglycemia [29] [30]. The pathophysiology of STZ-induced
diabetes includes a cardiomyopathy that is frequently associated with contractile
dysfunction and heart rhythm disturbances [31]. In this study, diabetes was in-
duced with STZ and confirmed by elevated blood glucose level (491.4 + 48.8
mg/dL).

3.2. Effect of Dietary MSG on Body Weight

The presence of MSG in the diet, at concentrations up to 5.0%, had no effect on
the body weight in the nondiabetic or diabetic rats (Figure 2), as previously de-
scribed [30]. Contradictory results with respect to the relationship between body
weight gain and the consumption of an MSG-containing diet have been reported
in rats. Hermanussen (2006) [10] reported that the ingestion of MSG increased
body weight gain and food consumption. On the other hand, in a study using
Sprague-Dawley rats fed with diets of varying caloric density, fat content and
carbohydrate content, Kondoh and Torii (2008) [32] reported a significant dif-
ference in body weight gain between rats that drank a 1.0% MSG solution and
those that drank only water; they concluded that the voluntary ingestion of an

MSG solution reduced weight gain and had no effect on food intake.
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Figure 2. Body weight (g) in the nondiabetic (C group) and diabetic (D group) Wistar
rats fed diets containing 0.0% - 5.0% added MSG. Data represent the mean + SEM (n =
6). *P < 0.05 vs CON. One-way ANOVA, a= 5%, GraphPad Prism 5.0.

3.3. MSG and Heart Rate

The sinoatrial node (SA) normally serves as the cardiac pacemaker, initiating
electrical impulses and setting the heart rate. There were no significant differ-
ences in heart rate (HR) between the control and MSG-fed animals in the non-
diabetic and diabetic groups. Nevertheless, the HR of diabetic rats was lower
(272.6 + 14.6 beats/min) than that of nondiabetic rats (329 + 6.8 beats/min)
(Figure 3). These results corroborate those of Howarth et a/ (2005) [31], who
reported that the HR declined rapidly after the administration of STZ, reaching a
new steady state after 1 week, at which it remained for up to 20 days. A decrease

in physical activity may partly underlie this reduction in HR.

3.4. Dietary MSG, Atrial Depolarization and the Conduction of
Electrical Stimuli

The reduction in HR in the STZ-induced diabetic rats may be caused by a pro-
longation of the action potentials in the sinoatrial node, which in turn may be
induced by the altered expression and/or function of the ion channels. In addi-
tion, STZ itself may directly contribute to heart rhythm disturbances [33]. De-
spite these observations, the addition of MSG to the diet at the concentrations
studied did not change the action potential generation rates in the cardiac pace-

makers in nondiabetic and diabetic rats.
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Figure 3. Heart rate (BPM) in the nondiabetic (C group) and diabetic (D group) Wistar
rats fed diets containing 0.0% - 5.0% added MSG. Data represent the mean + SEM (n =
6).*P < 0.05 vs CON. One-way ANOVA, a = 5%, GraphPad Prism 5.0.

The amplitude of the P wave and the PR interval (Figure 4) were not signifi-
cantly different between the control and MSG-fed rats in the nondiabetic and
diabetic groups. Furthermore, there was no significant difference between non-
diabetic and diabetic animals fed with the diets containing MSG. Impulses from
the SA node spread out across the atrial muscle and are conducted from one
muscle cell to the next. The P wave represents atrial depolarization, and the PR
interval includes the P wave and the period of electrical standstill created by the
impulse crossing the AV node [22]. Thus, diets containing up to 5.0% MSG did
not alter atrial depolarization or the conduction of electrical stimuli from the

atria to the ventricle.

3.5. Dietary MSG and QRS Complex, QT Interval and QTc

The main clinical manifestation of diabetic cardiomyopathy is a higher incidence
of cardiac arrhythmias, including ventricular fibrillation, and a higher occur-
rence of sudden death because of alterations in ventricular repolarization. These
alterations may cause changes in cardiovascular physiology and structure, which
can be recorded by ECG. One of the most common problems detected in diabet-
ic patients is the prolongation of the QRS complex, QT interval and QTc [34].
The QRS complex represents ventricular depolarization, and it is the largest
component of the sinus rhythm complexes because a large voltage is required for
ventricular depolarization. A specialized conduction pathway composed of the
His bundle, bundle branches, hemi-branches and Purkinje fibers ensures that
impulses travel quickly from the AV node to the ventricular muscle. The QT in-
terval, representing the total ventricular depolarization and repolarization time,
is measured from the beginning of the Q wave to the end of the T wave and
should be less than half the time of the preceding R-R interval. Prolonged QT
intervals represent delayed repolarization, which may cause tachydysrhythmias
and sudden cardiac death [35].

The results obtained for the QRS complex, QT interval and QTc are illustrated

in Figure 5. There were no differences in any of these parameters between the
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Figure 4. P wave amplitude (a) and PR interval (b) in the nondiabetic (C group) and di-
abetic (D group) Wistar rats fed diets containing 0.0% - 5.0% added MSG. Data represent
the mean = SEM (n = 6). *P < 0.05 vs CON. One-way ANOVA, a = 5%, GraphPad Prism
5.0.
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Figure 5. QRS complex (a), QT interval (b) and QTc interval (c) in the nondiabetic (C
group) and diabetic (D group) Wistar rats fed diets containing 0.0% - 5.0% added MSG.
Data represent the mean + SEM (n = 6). *P < 0.05 vs CON. One-way ANOVA, a = 5%,
GraphPad Prism 5.0.

control and MSG-fed rats in both the nondiabetic and diabetic groups. However,
the rats in the diabetic group showed significant increases in the QRS complex,
QT interval and QTc when compared with the rats in the nondiabetic group (P <
0.05), although this result was irrespective of the addition of MSG to the diet.
These findings are consistent with the results of previous studies with STZ-induced
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diabetic rats [31]. A prolonged QRS complex indicates a prolongation of ventri-
cular depolarization, and a prolonged QT interval indicates prolongation of the
events between depolarization and repolarization [31]. In fact, the direct actions
of STZ may also contribute to these heart rhythm disturbances.

The prevalence of QT prolongation has been reported to be as high as 16%
and 26% in patients with type 1 and type II diabetes, respectively. Diabetic pa-
tients with more pronounced QT abnormalities tend to be older and have higher

blood pressure levels and more cardiovascular complications [36].

3.6. Dietary MSG and Histological Pattern of the Heart

Although prolongation of the QRS complex and a prolonged QT interval could
be the result of cardiac hypertrophy [27], the histological evaluations of the rat
hearts did not reveal any significant differences between the nondiabetic and di-
abetic groups. All groups presented irregular nuclei located in the center of the
cells and spaces between the fibers, both of which are typical characteristics of a
normal heart (Figure 6 and Figure 7). In addition, the cardiac cells had similar
sizes in all the studied groups. Therefore, there was no evidence of cardiac
hypertrophy observed in the rats from either the nondiabetic group or the di-

abetic group.

C-MSG 2.5% C-MSG 5.0%

Figure 6. Photomicrograph of cross-sections of the left ventricle, by hematoxylin-eosin
method, from nondiabetic (C group) Wistar rats fed diets containing 0.0% - 5.0% added
MSG. The hearts from control rats were stained with HE. Irregular nuclei in the cell cen-
ter (a) and spaces between the cardiac fibers (b), both typical of a normal heart, were
found in both groups. Nuclei located outside the cardiac fibers belong to endothelial cells
and fibroblasts (c). Intercalated disks mark the junctions between the cardiomyocytes.
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D-MSG 2.5% D-MSG 5.0%

Figure 7. Photomicrograph of cross-sections of the left ventricle, by hematoxylin-eosin
method, from diabetic (D group) Wistar rats fed diets containing 0.0% - 5.0% added
MSG. The hearts from diabetic rats were stained with HE. Irregular nuclei in the cell cen-
ter (a) and spaces between the cardiac fibers (b), both typical of a normal heart, were
found in all groups. Nuclei located outside the cardiac fibers belong to endothelial cells
and fibroblasts (c). Intercalated disks mark the junctions between the cardiomyocytes.

Given these data, we believe that the changes in the QRS complexes and, con-
sequently, in the QT and QTc intervals in the diabetic animals fed the control
diet or the diets containing up to 5.0% MSG are the consequences of hydroelec-
trolytic alterations that are typical of diabetes. In fact, such electrocardiographic
alterations may be explained by the polyuria generally observed in diabetics,
which is caused by osmotic diuresis as a result of the increase in glycemia [37].
This excessive urinary loss causes a decrease in potassium and other electrolytes,
which could be responsible for the increase in the membrane repolarization pe-
riod represented by a prolonged QT interval. The increased QT interval may al-
so be the result of changes in voltage-dependent potassium ion channels [27]
[31]. In fact, diabetes can alter the magnitude of the potassium channels in-
volved in the repolarization process of the cardiomyocyte membrane [38], the-

reby affecting cardiac tissue.

4. Conclusion

Sub-chronic exposure (70 days) of Wistar rats to diets containing MSG (at con-
centrations of up to 5.0%) and subsequent STZ-induction to diabetes and main-
tenance of exposure (to the same diets containing MSG) for a further 21 days
period, did not influence the electrocardiographic profile of the diabetic rats nor

did it interfere in the stimulation and electrical conduction of the heart or
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showed evidence of cardiac hypertrophy, in comparison to nondiabetic animals.
Thus, this manuscript presents a consistent data about the effect of MSG on di-
abetic heart profile. However, some limitations such as analysis of heart lipid
and glucose metabolism, as well as expression of proteins and ion channels in-
volved in heart profile are not addressed. Additional studies are necessary in or-
der to fully elucidate the effects of dietary MSG on diabetic subjects.

Acknowledgements

The authors thank the Institute for Glutamate Sciences in South America
(IGSSA) for their financial support of the English language editing of this ma-
nuscript. Felix G. R, Reyes acknowledges the National Council for Scientific and
Technological Development for the research scholarship (Process number
306141/2017-5).

Conflicts of Interest
The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1]  Yamaguchi, S. and Ninomiya, K. (2000) Umami and Food Palatability. The Journal
of Nutrition, 130, 921S-9268S. https://doi.org/10.1093/jn/130.4.921S

[2] Beyreuther, K., et al (2007) Consensus Meeting: Monosodium Glutamate—An
Update. European Journal of Clinical Nutrition, 61, 304-313.
https://doi.org/10.1038/sj.ejcn.1602526

[3] Maluly, HD.B., Arisseto-Bragotto, A.P. and Reyes, F.G.R. (2017) Monosodium
Glutamate as a Tool to Reduce Sodium in Foodstuffs: Technological and Safety As-
pects. Food Science & Nutrition, 5, 1039-1048. https://doi.org/10.1002/fsn3.499

[4] Garattini, S. (2000) Glutamic Acid, Twenty Years Later. The Journal of Nutrition,
130, 9015-9098. https://doi.org/10.1093/jn/130.4.9018

[5] Smriga, M. and Torii, K. (2000) Release of Hypothalamic Norepinephrine during
MSG Intake in Rats Fed Normal and Nonprotein Diet. Physiology & Behavior, 70,
413-415. https://doi.org/10.1016/S0031-9384(00)00262-6

[6] Kondoh, T., Mallick, H.N. and Torii, K. (2009) Activation of the Gut-Brain Axis by
Dietary Glutamate and Physiologic Significance in Energy Homeostasis. 7he Amer-
ican Journal of Clinical Nutrition, 90, 8325-837S.
https://doi.org/10.3945/2jcn.2009.27462V

[7] TJaneczko, M.]., et al. (2007) Extensive Gut Metabolism Limits the Intestinal Absorp-
tion of Excessive Supplemental Dietary Glutamate Loads in Infant Pigs. The Journal
of Nutrition, 137, 2384-2390. https://doi.org/10.1093/jn/137.11.2384

[8] Shannon, M., et al (2017) The Endocrine Disrupting Potential of Monosodium
Glutamate (MSG) on Secretion of the Glucagon-Like Peptide-1 (GLP-1) Gut Hor-
mone and GLP-1 Receptor Interaction. Toxicology Letters, 265, 97-105.
https://doi.org/10.1016/j.toxlet.2016.11.015

[9] Saikrishna, K., ef al. (2018) Combined Administration of Monosodium Glutamate
and High Sucrose Diet Accelerates the Induction of Type 2 Diabetes, Vascular Dys-
function, and Memory Impairment in Rats. Journal of Environmental Pathology,

DOI: 10.4236/fns.2019.106045

623 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.106045
https://doi.org/10.1093/jn/130.4.921S
https://doi.org/10.1038/sj.ejcn.1602526
https://doi.org/10.1002/fsn3.499
https://doi.org/10.1093/jn/130.4.901S
https://doi.org/10.1016/S0031-9384(00)00262-6
https://doi.org/10.3945/ajcn.2009.27462V
https://doi.org/10.1093/jn/137.11.2384
https://doi.org/10.1016/j.toxlet.2016.11.015

M. A. Areas et al.

[10]

(11]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

Toxicology and Oncology, 37, 63-80.
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2018017186

Hermanussen, M., et al. (2006) Obesity, Voracity, and Short Stature: The Impact of
Glutamate on the Regulation of Appetite. European Journal of Clinical Nutrition,
60, 25-31. https://doi.org/10.1038/sj.ejcn.1602263

Collison, K.S., et al (2011) Sex-Dimorphism in Cardiac Nutrigenomics: Effect of
Trans Fat and/or Monosodium Glutamate Consumption. BMC Genomics, 12, 555.
https://doi.org/10.1186/1471-2164-12-555

Boonnate, P., et al (2015) Monosodium Glutamate Dietary Consumption Decreases
Pancreatic S-Cell Mass in Adult Wistar Rats. PLoS ONE, 10, e0131595.
https://doi.org/10.1371/journal.pone.0131595

Cho, J.H.,, et al (2011) p-Cell Mass in People with Type-2 Diabetes. Journal of Di-
abetes Investigation, 2, 6-17. https://doi.org/10.1111/.2040-1124.2010.00072.x

Tang, W.]. (2016) Targeting Insulin-Degrading Enzyme to Treat Type 2 Diabetes
Mellitus. Trends in Endocrinology & Metabolism, 27, 24-34.
https://doi.org/10.1016/j.tem.2015.11.003

Petersen, M.C. and Shulman, G.I. (2018) Mechanisms of Insulin Action and Insulin
Resistance. Physiological Reviews, 98, 2133-2223.
https://doi.org/10.1152/physrev.00063.2017

van Belle, T.L., Coppieters, K.T. and von Herrath, M.G. (2011) Type 1 Diabetes:
Etiology, Immunology, and Therapeutic Strategies. Physiological Reviews, 91,
79-118. https://doi.org/10.1152/physrev.00003.2010

Association, A.D. (2009) Diagnosis and Classification of Diabetes Mellitus. Diabetes
Care, 32, S62-S67. https://doi.org/10.2337/dc09-S062

Paulson, D.J. (1997) The Diabetic Heart Is More Sensitive to Ischemic Injury. Car-
diovascular Research, 34, 104-112. https://doi.org/10.1016/S0008-6363(97)00018-7

Balkau, B., et al. (2004) Prediction of the Risk of Cardiovascular Mortality Using a
Score That Includes Glucose as a Risk Factor. The DECODE Study. Diabetologia,
47,2118-2128. https://doi.org/10.1007/s00125-004-1574-5

Panzram, G. (1987) Mortality and Survival in Type 2 (Non-Insulin-Dependent)
Diabetes Mellitus. Diabetologia, 30, 123-131. https://doi.org/10.1007/BF00274216

Kligfield, P., et al. (2007) Recommendations for the Standardization and Interpreta-
tion of the Electrocardiogram: Part I: The Electrocardiogram and Its Technology a
Scientific Statement from the American Heart Association Electrocardiography and
Arrhythmias Committee, Council on Clinical Cardiology; the American College of
Cardiology Foundation; and the Heart Rhythm Society Endorsed by the Interna-
tional Society for Computerized Electrocardiology. Journal of the American College
of Cardiology, 49, 1109-1127. https://doi.org/10.1016/j.jacc.2007.01.024

Woodrow, P. (2010) An Introduction to Electrocardiogram Interpretation: Part 1.
Emergency Nurse, 18, 28-35. https://doi.org/10.7748/en2010.04.18.1.28.c7689

Burkhart, C.G. (2013) The Initiation of Paroxysmal (Intermittent) Atrial Fibrillation
with REM Sleep Due to MSG and Free Glutamates. International Journal of Cardi-
ology, 167, 3057-3058. htps://doi.org/10.1016/j.ijcard.2012.11.085

Burkhart, C.G. (2009) “Lone” Atrial Fibrillation Precipitated by Monosodium Glu-
tamate and Aspartame. International Journal of Cardiology, 137, 307-308.
https://doi.org/10.1016/j.ijcard.2009.01.028

van den Berg, N-W.E,, et al (2017) Can We Spice up Our Christmas Dinner? Bust-
ing the Myth of the “Chinese Restaurant Syndrome”. Netherlands Heart Journal,

DOI: 10.4236/fns.2019.106045

624 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.106045
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2018017186
https://doi.org/10.1038/sj.ejcn.1602263
https://doi.org/10.1186/1471-2164-12-555
https://doi.org/10.1371/journal.pone.0131595
https://doi.org/10.1111/j.2040-1124.2010.00072.x
https://doi.org/10.1016/j.tem.2015.11.003
https://doi.org/10.1152/physrev.00063.2017
https://doi.org/10.1152/physrev.00003.2010
https://doi.org/10.2337/dc09-S062
https://doi.org/10.1016/S0008-6363(97)00018-7
https://doi.org/10.1007/s00125-004-1574-5
https://doi.org/10.1007/BF00274216
https://doi.org/10.1016/j.jacc.2007.01.024
https://doi.org/10.7748/en2010.04.18.1.28.c7689
https://doi.org/10.1016/j.ijcard.2012.11.085
https://doi.org/10.1016/j.ijcard.2009.01.028

M. A. Areas et al.

[26]

(28]

[29]

(30]

(32]

(35]

(36]

(37]

(38]

25, 664-668. https://doi.org/10.1007/s12471-017-1053-5

Gill, S., et al. (2007) Human Heart Glutamate Receptors—Implications for Toxicol-
ogy, Food Safety, and Drug Discovery. Toxicologic Pathology, 35, 411-417.
https://doi.org/10.1080/01926230701230361

Costa, E.C., et al. (2008) Effects of Metformin on QT and QTc Interval Dispersion
of Diabetic Rats. Arquivos Brasileiros de Cardiologia, 90, 232-238.
https://doi.org/10.1590/S0066-782X2008000400004

Farias-Silva, E., et al (2002) Subsensitivity to Insulin in Adipocytes from Rats Sub-
mitted to Foot-Shock Stress. Canadian Journal of Physiology and Pharmacology, 80,
783-789. https://doi.org/10.1139/y02-104

Whiting, P.H., et al. (1977) The Effect of Chronic Diabetes, Induced by Streptozoto-
cin, on the Activities of Some Enzymes of Glycerolipid Synthesis in Rat Liver. Bio-
chemical Journal, 168, 147-153. https://doi.org/10.1042/bj1680147

Maluly, M., et al. (2013) Polysomnographic Study of the Prevalence of Sleep Brux-
ism in a Population Sample. Journal of Dental Research, 92, 97S-103S.
https://doi.org/10.1177/0022034513484328

Howarth, F.C., et al (2005) Long-Term Effects of Streptozotocin-Induced Diabetes
on the Electrocardiogram, Physical Activity and Body Temperature in Rats. Expe-
rimental Physiology, 90, 827-835. https://doi.org/10.1113/expphysiol.2005.031252

Kondoh, T. and Torii, K. (2008) MSG Intake Suppresses Weight Gain, Fat Deposi-
tion, and Plasma Leptin Levels in Male Sprague-Dawley Rats. Physiology & Beha-
vior, 95, 135-144. https://doi.org/10.1016/j.physbeh.2008.05.010

Howarth, F.C., et al. (2007) Effects of Streptozotocin-Induced Diabetes on Action
Potentials in the Sinoatrial Node Compared with Other Regions of the Rat Heart.
Molecular and Cellular Biochemistry, 300, 39-46.
https://doi.org/10.1007/s11010-006-9366-5

Feuvray, D. and Lopaschuk, G.D. (1997) Controversies on the Sensitivity of the Di-
abetic Heart to Ischemic Injury: The Sensitivity of the Diabetic Heart to Ischemic
Injury Is Decreased. Cardiovascular Research, 34, 113-120.
https://doi.org/10.1016/S0008-6363(97)00037-0

Straus, S.M., et al (2006) Prolonged QTc Interval and Risk of Sudden Cardiac
Death in a Population of Older Adults. Journal of the American College of Cardiol-
0gy, 47, 362-367. https://doi.org/10.1016/j.jacc.2005.08.067

Veglio, M., et al. (2002) Prevalence of Increased QT Interval Duration and Disper-
sion in Type 2 Diabetic Patients and Its Relationship with Coronary Heart Disease:
A Population-Based Cohort. Journal of Internal Medicine, 251, 317-324.
https://doi.org/10.1046/j.1365-2796.2002.00955.x

Howarth, F.C., et al. (2005) Short-Term Effects of Streptozotocin-Induced Diabetes
on the Electrocardiogram, Physical Activity and Body Temperature in Rats. Expe-
rimental Physiology, 90, 237-245. https://doi.org/10.1113/expphysiol.2004.029439

Shimoni, Y., Severson, D. and Ewart, H.S. (2000) Insulin Resistance and the Mod-
ulation of Rat Cardiac K(+) Currents. American Journal of Physiology: Heart and
Circulatory Physiology, 279, H639-H649.
https://doi.org/10.1152/ajpheart.2000.279.2.H639

DOI: 10.4236/fns.2019.106045

625 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.106045
https://doi.org/10.1007/s12471-017-1053-5
https://doi.org/10.1080/01926230701230361
https://doi.org/10.1590/S0066-782X2008000400004
https://doi.org/10.1139/y02-104
https://doi.org/10.1042/bj1680147
https://doi.org/10.1177/0022034513484328
https://doi.org/10.1113/expphysiol.2005.031252
https://doi.org/10.1016/j.physbeh.2008.05.010
https://doi.org/10.1007/s11010-006-9366-5
https://doi.org/10.1016/S0008-6363(97)00037-0
https://doi.org/10.1016/j.jacc.2005.08.067
https://doi.org/10.1046/j.1365-2796.2002.00955.x
https://doi.org/10.1113/expphysiol.2004.029439
https://doi.org/10.1152/ajpheart.2000.279.2.H639

	Dietary Monosodium Glutamate Does Not Affect the Electrocardiographic Profiles of Diabetic and Nondiabetic Wistar Rats 
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Animals
	2.2. Electrocardiogram
	2.3. Morphological Evaluation
	2.4. Statistics

	3. Results and Discussion
	3.1. STZ Induction of Diabetes in Rats
	3.2. Effect of Dietary MSG on Body Weight
	3.3. MSG and Heart Rate
	3.4. Dietary MSG, Atrial Depolarization and the Conduction of Electrical Stimuli
	3.5. Dietary MSG and QRS Complex, QT Interval and QTc
	3.6. Dietary MSG and Histological Pattern of the Heart

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

