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Haloperidol aumenta a peroxidacao lipidica hepatica promovida por uma dieta rica em
gordura em ratos
Haloperidol increases hepatic lipid peroxidation promoted by high-fat diet in rats
El haloperidol aumenta la lipoperoxidacion en tejido hepatico promocionada por una

dieta alta en grasas en ratas
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Resumo

Este estudo teve por objetivo avaliar os efeitos do tratamento com haloperidol (HAL)
associado a uma dieta rica em gordura (DRG) sobre danos hepaticos e renais, niveis
intracelulares de magnésio (Mg2+) e niveis de gordura abdominal. Ratos Wistar machos
jovens foram alimentados com DRG ou dieta controle por 48 semanas e, na 24° semana, parte
dos animais comegou a ser co-tratada com HAL (1 mg/kg/dia por via intramuscular). Apés 4
semanas da administracdo do HAL, os ratos foram eutanasiados e seus figados e rins foram
removidos para as analises. Os resultados mostraram que a DRG aumentou significativamente
a peroxidacdo lipidica no tecido hepéatico dos animais, quando comparados aos animais
tratados com dieta controle (P <0,05). Além disso, a associacdo entre DRG e HAL
potencializou a lipoperoxidagéo no figado dos animais (P <0,05). Por outro lado, a DRG e/ou
HAL ndo promoveram alteragBes significativas nos niveis renais de lipoperoxidacao.
Encontramos uma correlagdo negativa entre os niveis intracelulares de Mg2+ e o conteudo de
gordura abdominal em todos os animais. Em conclusdo, os dados apresentados sugerem
interacdes adversas entre HAL e DRG no figado. Além disso, a correlacdo negativa entre 0s
niveis intracelulares de Mg2+ e o contetdo de gordura abdominal, indica um possivel
envolvimento de Mg2+ no desenvolvimento da sindrome metabdlica associada a uma DRG.
Palavras-chave: Haloperidol; Magnésio intracelular; Dieta hiperlipidica; Estresse oxidativo;

Peroxidacdo lipidica.

Abstract

This study aimed to evaluate the effects of the treatment with haloperidol (HAL) associated
with a high-fat diet (HF) on hepatic and renal damage, intracellular magnesium (Mg2+)
levels, and abdominal fat content. Young male Wistar rats were fed with high-fat diet or
control diet during 48 weeks and, at the 24-week, part of animals began to be co-treated with
HAL (1 mg/Kg/day intramuscularly). After 4 weeks of the drug administration, the livers and
kidneys were removed for analyses. The results showed that HF diet significantly increased
lipid peroxidation in the hepatic tissue of treated animals, when compared to animals treated
with control diet (P<0.05). Moreover, HF associated with HAL further increased the hepatic
lipid peroxidation levels (P<0.05). In contrast, HF and/or HAL did not promote significant
changes in renal lipid peroxidation levels. We also found a negative correlation between
intracellular Mg2+ levels and abdominal fat content among all animals. In conclusion, the

data presented suggest adverse interactions between HAL and HF on liver. Furthermore, the
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negative correlation between the intracellular Mg2+ levels and the abdominal fat
accumulation suggest a possible involvement of Mg2+ in the metabolic syndrome
development associated with a HF diet.

Keywords: Haloperidol; Intracellular magnesium; High-fat diet; Oxidative stress; Lipid

peroxidation.

Resumen

Este estudio tuvo como objetivo evaluar los efectos del tratamiento con haloperidol (HAL)
asociado con una dieta alta en grasas (DAG) sobre el dafio hepatico y renal, los niveles de
magnesio intracelular (Mg2+) y los niveles de grasa abdominal. Para esto, se trataron ratas
Wistar macho jovenes con DAG o con dieta de control durante 48 semanas. En la semana 24,
parte de los animales comenzaron a ser tratados conjuntamente con HAL (1 mg/kg/dia por via
intramuscular). Después de 4 semanas de administracion de HAL, las ratas fueron sacrificadas
y sus tejidos fueron retirados para analisis. Los resultados indicaron que una DAG aumentd
significativamente la peroxidacion lipidica en el tejido hepatico en comparacion con los
animales tratados con dieta de control (P <0.05). Ademas, la asociacion entre DAG y HAL
aumentd la lipoperoxidacion en el higado de los animales (P <0.05). Por otro lado, DAG y/o
HAL no promovieron cambios significativos en los niveles de lipoperoxidacion renal.
Encontramos una correlacion negativa entre los niveles intracelulares de Mg2+ y el contenido
de grasa abdominal en todos los animales. En conclusion, los datos mostrados indican
interacciones adversas entre HAL y DAG en el higado. Ademas, la correlacion negativa entre
los niveles intracelulares de Mg2 + y el contenido de grasa abdominal indica una posible
participacion de Mg2 + en el desarrollo del sindrome metabdlico asociado con una DAG.
Palabras clave: Haloperidol; Magnesio intracelular; Dieta alta en grasas; Estrés oxidativo;

Peroxidacion lipidica.

1. Introduction

There is a large body of evidence indicating that high-fat diets have been associated to
several damage to mammalian health (Bisschop et al., 2001; Chen, 2003; Morgan et al.,
2003), which promotes in non-obese rats, a lot of effects such as insulin resistance,
dyslipidemia, hypertension and abdominal obesity. Taken together, these effects are an
aggregate of metabolic risk factors for cardiovascular disease, type 2 Diabetes mellitus (DM),

and metabolic syndrome (Axen, Dikeakos & Sclafani, 2003). In this context, people with low
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cellular levels of magnesium (Mg2+) have been a higher risk for both, DM and the metabolic
syndrome (Ford & Mokdad, 2003; Lopez-Ridaura et al., 2004; Nadler, 2004). Indeed,
hypomagnesaemia, a frequent condition in patients with DM, can be involved in the
development of inadequate metabolic control and in chronic problems of DM (Moram &
Romero,2003), including the increase of plasmatic lipoproteins peroxidation in rats
(Rayssiguier et al., 1993), oxidative stress and hypertension (Paolisso & Barbagallo, 1997;
Paiva Sousa et al., 2020).

The increased production of reactive oxygen species (ROS) and the decrease of the
antioxidant capacity also has been associated to high-fat diet intake, obesity, some neuroleptic
drugs use, aging, and to the beginning and progression of DM and its complications (Folmer
et al., 2003; Fachinetto et al., 2005; Greenwood & Winocur et al., 2005; Saiki et al., 2007;
Salgueiro et al.,, 2016; Visgueira de Sousa et al., 2020). In fact, high-fat diet promotes
oxidative stress in blood, brain, kidney and liver (Folmer et al., 2003; Fachinetto et al., 2005;
Greenwood & Winocur et al., 2005; Saiki et al., 2007; Visgueira de Sousa et al., 2020).
Besides, this diet may increase the vulnerability of dopaminergic neurons to toxic metabolic
derived of haloperidol (HAL) metabolism, 4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)-4-
oxobutyl]pyridinium) (HPP+), via increased levels of ROS and nitrogen species (RNS) (Choi
et al., 2005).

HAL is a neuroleptic drug that belongs to the butyrophenones group. It has an
antagonistic action through dopaminergic D2-receptors (Soudijn, Van Wijngaarden &
Allewijn, 1967), widely used for the treatment of acute and chronic psychosis (Nechifor,
2008). Among other undesirable effects, the prolonged use of HAL is associated with
metabolic side effects such as weight gain and endocrine disruptions (Lin et al., 2006;
Andreazza et al., 2015). Furthermore, HAL treatment increases significantly the erythrocyte
Mg2+ concentration in schizophrenic patients (Nechifor, 2008). Indeed, there are
pharmacokinetic and pharmacodynamic interactions between psychotropic drugs and Mg2+,
and existent data sustain the idea that an increase of erythrocyte Mg2+ is involved with the
action mechanism of some psychotropic drugs (Nechifor, 2008).

There are many published works linking the adverse and toxic effects of HAL in
central nervous system with the increased production of ROS in specific regions of the brain
(Polydoro et al., 2004; Reinke et al., 2004; Fachinetto et al., 2005; Andreazza et al., 2015).
However, literature data concerning the effect of HAL on renal and hepatic tissues are scarce.
In line with this, our group has shown that HAL was able to lead to a decrease on hepatic

GSH levels (Dalla Corte et al., 2008), without affect the other measured hepatic and renal
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oxidative stress markers.

Taking into account the exposed, the present study was designed to test the hypothesis
that the treatment with HAL associated with a HF could potentiate hepatic and renal injuries.
Additionally, we investigated the effect of both HF and/or HAL on intracellular Mg2+ levels
in order to establish a possible correlation between intracellular Mg2+ and abdominal fat

under our experimental conditions.

2. Materials and Methods

Materials

Coomassie brilliant blue G and malondialdehyde (MDA) were obtained from Sigma
(St. Louis, MO-USA). Mono- and dibasic potassium phosphate, acetic acid, orthophosphoric
acid, tris buffer (tris (hydroxymethyl) aminomethane), hydrogen chloride, trichloroacetic acid
and sodium chloride were obtained from Merck (Rio de Janeiro — Brazil). Potassium chloride,
magnesium sulfate, zinc chloride, copper carbide and manganese sulfate were obtained from
Vetec (Sao Paulo — Brazil). Wheat flour, cornstarch (Maizena ®), lard, eggs, chicken breast,
soybean oil, sugar, soybean bran, wheat bran and bone flour were obtained from the local

shops.

Experimental Model and Treatments

Animals were maintained and used in accordance to the guidelines of the Committee
on Care and Use of Experimental Animal Resources, School of Veterinary Medicine and
Animal Science of the University of Sdo Paulo, Brazil. Male Wistar rats with 3 months old
(270-320 g) were kept in Plexiglas cages in a room with controlled temperature (22°C + 3)
and 12 hours light/dark cycle. Animals were divided into four experimental groups, with 5-7
animals each: normal fat-diet (CON), high-fat diet (HF), normal fat-diet plus haloperidol
(HAL), and high-fat diet plus haloperidol (HF-HAL). Rats received food (HF or control diet)
and water ad libitum. Diets were made up as in Table 1 and the rats were fed in small metal
dishes just before the beginning of the dark cycle (night).

Table 1. Composition of the diets
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Composition of the diets High-fat diet Control diet
(9/Kg)
Protein 75.00 76.00
Carbohydrate 483.00 765.00
Fiber 35.00 37.00
Fat acid saturated 125.00 8.00
Fat acid unsaturated 230.00 62.00
Salt mixture! 48.00 48.00
Caloric content (cal/g) 5.35 3.91

1 The salt mixture has the following composition (g/Kg): KCI, 96.3; MgSO4, 56.7; ZnClI2, 0.4;
CuC04, 0.7; MnS0O4, 1.2; bonemeal, 449.0, salt light, 152.0. The values were retired from
Andriguetto (1986).

Diets were prepared weekly, and stored at 4°C. Rats were fed with high-fat diet during
48 weeks (12 months). The haloperidol was used in the last 24 weeks (6 months) of the
experimental period. Haloperidol (haloperidol depot — Janssen — Cilag) was administrated at a
dose of 38 mg/Kg, the equivalent of 1 mg/Kg/day of unconjugated haloperidol. The control
groups were treated with vegetable oil as vehicle. Injections were given intramuscularly every
4 weeks for 24 weeks in a volume of 1 mg/Kg. Ketamine in the dose of 1 mL/Kg was injected
intraperitoneally as anesthetic. After 4 weeks of the last administration of drug, all the rats

were euthanized by decapitation.

Biochemical and Statistical Analysis

After 12 months of treatment, animals were anesthetized and euthanized by
decapitation. The livers and kidneys were removed and homogenized 1/10 (w/v) in 10 mM
Tris — HCI buffer, pH 7.4 and centrifuged (1800 g, 4°C, 10 minutes). The supernatant was
used for protein and lipoperoxidation determination.

Protein was measured by the method of Bradford (1976) using bovine serum albumin
as standard. Lipid peroxidation was measured as thiobarbituric acid reactive substances
(TBA-RS). TBA-RS were determined in tissue homogenates by the method of Ohkawa et al.
(1979), in which MDA, an end-product of fatty acid peroxidation, reacts with thiobarbituric
acid (TBA) to form a colored complex. MDA values were determined with the absorbance
coefficient of the MDA-TBA complex at 532 nm = 1.56 x 105/cm/mmol. TBARS values

were expressed as nmol MDA/ g of tissues.
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Intracellular magnesium concentration was determined in the blood plasma. The blood
samples were collected by heart puncture, put into heparinized tubes and centrifugated at
1500 rpm for 8 minutes. The plasma was discarded and the erythrocytes were diluted 1/100
with lantan chloride and the assays were done by atomic absorption in a Perkin EImer®
Atomic Absorption spectrophotometer.

Results were expressed as mean = SEM. The effects of HF diet and HAL were
analyzed by two-way ANOVA followed by Duncan’s Multiple Range test for specific
comparisons between means (SPSS for windows 8.0, SPSS 1998, Chicago, IL). Correlation
coefficients were determined by linear regression analysis. Differences between groups were
considered significant when p < 0.05.

3. Results

Body weight gain

During the 48 weeks of treatment, body weight gain in HF animals was not different
when compared with animals treated with normal diet (521.43 + 64.93 vs. 500.00 + 55.67 g).
However, after 24 weeks of HAL treatment, both normal fat-diet and high-fat groups that
received HAL had a slight, but significant decrease in body weight as compared with their
respective controls (Figure 1).
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Figure 1. Rats body weight after 24 weeks of treatments. Animals were divided into four experimental
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groups: normal fat-diet (CON), high-fat diet (HF), normal fat-diet plus haloperidol (HAL), and high-
fat diet plus haloperidol (HF-HAL). Data are expressed as mean = SEM for 5-7 animals per group. * p
< 0.05.

Lipid peroxidation, Magnesium, and Abdominal fat index

The treatment with a high-fat diet caused a significant increase on hepatic
lipoperoxidation levels as compared to animals that received a normal-fat diet (Figure 2).
Additionally, HAL treatment was not able to cause any change per se on hepatic
lipoperoxidation levels on normal fat diet-treated animals. In contrast, in high-fat diet treated
animals, HAL potentiated lipid peroxidation in the liver (Figure 2). However, any difference
was found among the groups concerning the renal lipoperoxidation levels, or intracellular

Mg2+ levels (Data not show).
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Figure 2. TBA-RS levels in rats’ hepatic tissues. Animals were divided into four experimental
groups: normal fat-diet (CON), high-fat diet (HF), normal fat-diet plus haloperidol (HAL), and high-
fat diet plus haloperidol (HF-HAL). Data are expressed as mean + SEM for 5-7 animals per group. * p
< 0.05.

Treatments were not able to cause any change on intracellular Mg2+ levels or
abdominal fat content (Figures 3A and 3B). Of particular importance, a statistically
significant negative correlation was found between abdominal fat content and intracellular

Mg2+ levels, when considered all groups (n=25; r = -0.594, p<0.01, Figure 4).
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Figure 3. Abdominal fat content (A) and intracellular magnesium concentration (B). Animals
were divided into four experimental groups: normal fat-diet (CON), high-fat diet (HF), normal fat-diet
plus haloperidol (HAL), and high-fat diet plus haloperidol (HF-HAL). Data are expressed as mean +
SEM for 5-7 animals per group.
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Figure 4. Correlation between abdominal fat content and intracellular magnesium
concentration, n=25, p<0.01.

4. Discussion and Conclusion

There was not significant change in body weight gain of rats fed by high fat diet as
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compared with the rats fed by normal fat-diet during 6 months. Importantly, the normal-fat
diet was eaten 30.0 + 5.0 g per day of a total caloric content of 3.91 cal/g; whereas the high-
fat was just eaten 20.0 + 6.0 g per day of a diet containing 5.35 cal/g. Based on exposed, we
suggest that the lack of difference in the body weight gain might be due, at least in part, to the
fact that the caloric ingestion was almost the same, independent of the quantity ingested.
Thus, we suppose that this fact might contribute to keep body weight gain during the
treatment as well as the final weight body of the rats without significant variation.

In this work, high-fat diet has promoted lipid peroxidation rat liver tissue of HF group
as compared with normal fat group, demonstrated by the significantly increase in hepatic
TBA-RS levels (Figure 2) and, these data are in accordance to previous papers (Folmer et al.,
2003; Fachinetto et al., 2005; Greenwood & Winocur, 2005; Saiki et al., 2007). Increased
TBA-RS levels found in rat livers fed by high-fat diet could be produced by two ROS
pathway, which H20> and nitric oxide (NO) establish a key role in this process. Indeed, high
concentrations of fats in the diet of mammals result in increased synthesis of the enzymes of
peroxisomal B oxidation in the liver, generating H.O> (Hashimoto, 1996), which in turn, could
reacts with O2°~ producing OH" (Halliwell, 1992; Halliwell & Gutteridge, 1986), a ROS of
great toxicity in biologic systems (Halliwell, 1992; Halliwell & Gutteridge, 1986; Sastre,
Pallardé & Vifa, 2003). Additionally, feeding rats with high-fat contents increases the hepatic
activity of inducible nitric oxide synthase (iNOS) with an enhancement of NO production, a
precursor of peroxynitrite (ONOO™ ), a potent ROS that could attack a great number of tissues
producing lipid peroxidation (Pryor & Squadrito, 1995; Wan, Ohnomi & Kato, 2000).
Conversely, the high fat-diet has not promoted oxidative stress in the kidney of rats (data not
shown). The difference of TBA-RS production between liver and renal rats promoted by high
fat-diet could be explained by differential induction of peroxisomal fatty-acid-oxidizing
enzymes of these tissues. Indeed, the kidney is more refractory to induction of the
peroxisomal fatty-acid-oxidizing enzymes than the liver (Sharma et al., 1989).

The route of administration of HAL decanoate (i.m.) as well as the dose of HAL used
in this study was equivalent to that indicated for humans, which increase the relevance of this
work since our model could be translated into the human situation. Long-term use of HAL is
associated to side effects such as Parkinsonism and tardive dyskinesia, and these syndromes
have been attributed to a toxic metabolite of HAL, the pyridinium metabolite HPP+ (Wright
et al., 1998). Nevertheless, there are few reports demonstrating the toxic effects of HAL on
the liver (Telles-Correia et al., 2017) or kidney. Since haloperidol is widely used in clinical

practice, the knowledge of its toxicity is essential in the choice of this antipsychotic agent.
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The results presented here showed that HAL alone only altered hepatic TBA-RS levels of the
animals treated with a high fat diet, without affect the TBA-RS levels in the group that
received normal fat diet. Additionally, HAL did not alter the renal TBA-RS levels neither in
normal nor in high fat diet treated animals. Considering that HAL is extensively metabolized
in the liver with only approximately 1% of the administered dose excreted in the urine
(Forsman et al., 1977), we were not surprised that this treatment did not cause any deleterious
effects on kidney from treated animals. Moreover, our data are in accordance to previous data
from our lab (Dalla Corte et al., 2008). However, we emphasize that our results show for the
first time an increase in oxidative damage evoked by HAL plus HF diet in hepatic tissue.

We suppose that the mechanism by which HF and HAL association induced oxidative
damage may be also related to CYP activity. Accordingly, the inducible effects of high fat
diet on CYP enzymes could increase the production of toxic HAL metabolites, such as HPP+,
thus contributing for the deleterious effects seen in the high fat diet plus HAL treatment in the
liver. Therefore, the adverse effects of high fat diet plus HAL treatment observed in the liver
and the absence of these effects in kidney could be explaining, at least in part by this
mechanism. Accordingly, CYP enzymes are found at highest levels in the liver, and expressed
at lower levels in kidney (Ronis et al., 2004; Gonzalez, 2005; Su et al., 2005). Thus, liver is
expected to be the major target in which the production of toxic HAL metabolites could be
elevated.

Despite long term administration of antipsychotic drugs have been involved with body
weight gain in several animal models (Cope et al., 2005; Lin et al., 2006; Mondelli et al.,
2013), in the present study, the weight gain was impaired significantly with HAL treatment on
both treated groups (normal and high fat diet). This effect of antipsychotic drugs on body
weight gain seems to be sex dependent because while female rats is prone to gain weight
during the treatment, while males did not (Cope et al., 2005), which supports our findings.
Additionally, our data are in accordance to previous data from our group (Fachinetto et al.,
2005).

In addition, there was a statistically significant negative correlation between the
intracellular Mg2+ content and abdominal fat index (Figure 4). There is not clearly
understood this negative correlation between intracellular Mg2+ and abdominal fat, however
in the pathogenesis of morbid conditions an ionic hypothesis could be considered relevant.
Indeed, in the onset of pathologies as DM and hypertension there may be an altered ionic
metabolism, which causes a reduction in the intracellular Mg2+ (Rayssiguier et al., 1993;

Paolisso & Barbagallo, 1997; Vormann, 2003). Abdominal fat may decrease intracellular

11




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Mg2+ and recent data indicate that hypomagnesemia may be linked to the development of
diabetic complications via reduction in the rate of inositol transport and subsequent
intracellular depletion (Freedman et al., 1999). Additionally, the ionic aspects investigated in
insulin resistance, over all in DM and metabolic syndrome suggest that depletion of
intracellular free Mg2+, usual in both conditions may help in the hypothesis that the
intracellular Mg2+ contents plays a role on general cellular metabolism, especially on cellular
glucose homeostasis and insulin sensibility in muscle and adipose tissues (Rayssiguier et al.,
1993; Paolisso & Barbagallo, 1997; Moram & Romero, 2003; VVormann, 2003).

Besides, glutathione (GSH) is the most abundant intracellular thiol in living aerobic
cells. It has been assigned several critical functions as protection of cells against oxidative
damage and detoxification of foreign compounds (Salgueiro et al., 2016). Accordingly, low
GSH levels have been associated with the pathology of a number of diseases like AIDS, DM,
and neurological disorders (Folmer, Soares & Rocha, 2002; Fachinetto et al., 2005; Ige,
Adewoye & Makinde, 2016). The synthesis of GSH is Mg2+ dependent (Ige, Adewoye &
Makinde, 2016) and the depletion of this ion is linked to decreased GSH levels and increased
intracellular H2O2. Thus, in spite of no significant decrease in intracellular Mg2+ levels on
our treatment design (data not shown), we could speculate that a proportional decrease in
Mg2+ levels as compared to abdominal fat could be, at least in part, responsible for a decrease
in GSH content, thus contributing to the deleterious effect of the HAL toxic metabolite
(HPP+) on hepatic tissue.

In conclusion, the results of this study support the hypothesis that consumption of HF
diet can lead to the development of lipid peroxidation in liver of rats, and that HAL treatment
potentiates the hepatic oxidative damage induced by a high fat diet. However, neither diet nor
HAL treatment causes renal oxidative damage in the animals. Thus, the findings from our
study suggest an adverse effect from the interactions between high fat diet and HAL, which
could be able to cause hepatic damage related to oxidative stress. However, further works are
needed to confirm the exact mechanism by which these compounds cause oxidative stress.
Finally, the negative correlation between the intracellular Mg2+ levels and the abdominal fat
accumulation suggest a possible involvement of Mg2+ in the metabolic syndrome
development associated with a HF diet. However, more investigations should be made to
assess the possible mechanisms.

There are two major limitations in this study that could be addressed in future
researches. Firstly, the research findings were limited by the exclusive use of male rats, since

clinical evidence indicates greater alterations in females. The results of the present study are
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also limited because the proposed mechanisms require further study. Thus, the nature of our
experimental design makes difficult large generalizations.

Acknowledgements

The present work was carried out with the support of the “Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior” - Brazil (CAPES). Furthermore, this work
was supported by grants from UFSM (Universidade Federal de Santa Maria), UNIPAMPA
(Universidade Federal do Pampa), FAPERGS (Fundacdo de Amparo a Pesquisa do Estado do
Rio Grande do Sul), CNPq (Conselno Nacional de Desenvolvimento Cientifico e
Tecnoldgico), FINEP (Rede Instituto Brasileiro de Neurociéncia (IBN-Net) # 01.06.0842-00),
and INCT-EN (Instituto Nacional de Ciéncia e Tecnologia em EXxcitotoxicidade e
Neuroprotecdo). ACFS is a CAPES/BRAZIL fellow.

Referéncias

Andreazza, A.C., Barakauskas, V.E., Fazeli, S., Feresten, A., Shao, L., Wei, V., Wu, C.H.,
Barr, A.M., & Beasley, C.L. (2015). Effects of haloperidol and clozapine administration on
oxidative stress in rat brain, liver and serum. Neuroscience Letters, 591:36-40. doi:
10.1016/j.neulet.2015.02.028. Epub 2015 Feb 13.

Axen, K.V., Dikeakos, A., & Sclafani, A. (2003). High dietary fat promotes syndrome X in
non obese rats. The Journal of Nutrition, 133: 2244-2249.

Bisschop, P.H., de Metz, J., Ackermans, M.T., Endert, E., Pijl, H., Kuipers, F., Meijer, A.J.,
Sauerwein, H.P., & Romijn, J.A. (2001). Dietary fat content alters insulin-mediated glucose

metabolism in healthy men. The American Journal of Clinical Nutrition, 73: 554-559.
Bradford, M.M. (1976). A rapid and sensitive method for the quantification of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry,

27: 248-254.

Chen, Y. (2003). High fat diet induces severe hepatic fibrosis in inducible nitric oxide gene-
knockout mice. Hepatology, 36: 1-336.

13




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Choi, J.Y., Jang, E., Park, C., & Kang, J. (2005). Enhanced susceptibility to 1-methyl-4
phenyl-1, 2, 3, 6-tetrahydropyridine neurotoxicity in high-fat diet-induced obesity. Free
Radical Biology and Medicine, 38: 806-816.

Cope, M.B., Nagy, T.R., Fernandez, J.R., Geary, N., Casey, D.E., & Allison, D.B. (2005).
Antipsychotic drug-induced weight gain: development of an animal model. International
Journal of Obesity, 29: 607-614.

Dalla Corte, C.L., Fachinetto, R., Colle, D., Pereira, R.P., Avila, D.S., Villarinho, J.G.,
Wagner, C., Pereira, M.E., Nogueira, C.W., Soares, F.A.A., & Rocha, J.B.T. (2008).
Potentially adverse interactions between haloperidol and valerian. Food and Chemical
Toxicology, 46: 2369-2375.

Fachinetto, R., Burger, M.E., Wagner, C., Wondracel, D.C., Brito, V.B., Nogueira, C.W.,
Ferreira, J., & Rocha, J.B.T. (2005). High fat increases the incidence of orofacial dyskinesia
and oxidative stress in specific brain regions of rats. Pharmacology Biochemistry and
Behavior, 81: 585-592.

Folmer, V., Soares, J.C.M., & Rocha, J.B.T. (2002). Oxidative stress in mice is dependent on
the free glucose content of the diet. The International Journal of Biochemistry & Cell
Biology, 34: 1279-85.

Folmer, V., Soares, J.C.M., Gabriel, D., & Rocha, J.B.T. (2003). A high fat-diet inhibits delta
aminolevulinate dehydratase and increases lipid peroxidation in mice (Mus musculus). The

Journal of Nutrition, 133: 2165-2170.

Ford, E.S., & Mokdad, A.H. (2003). Dietary Magnesium Intake in a National Sample of US
adults. The Journal of Nutrition, 133: 2879-82.

Forsman, G., Folsch, M., Larsson, M., & Ohman, R. (1977). The metabolism of haloperidol in
man. Current Therapeutic Research, Clinical and Experimental, 21: 606-617.

14




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Freedman, A.M., Mak, I.T., Stafford, R.E., Dickens, B.F., Cassidy, M.M., Muesing, R.A., &
Weglicki, W.B. (1999). Erythrocytes from magnesium-deficient hamsters display an
enhanced susceptibility to oxidative stress. American Journal of Physiology, 262: C1371-
C1375.

Gonzalez, F.J. (2005). Role of cytochromes P450 in chemical toxicity and oxidative stress:
studies with CYP2EL. Mutation Research, 569: 101-110.

Greenwood, C.E., & Winocur, G. (2005). High fat diet, insulin resistance and declining
cognitive function. Neurobiology of Aging, 265: 542-545.

Halliwell, B. (1982). Superoxide-dependent formation of hidroxil radicals in the presence of

iron salts is a feasible source of hidroxil radicals in vivo. Biochemical Journal, 205: 462-472.

Halliwell, B., & Gutteridge, J.M.C. (1986). Oxygen free radical and iron relation to biology
and medicine: some problem and concepts. Archives of Biochemistry and Biophysics, 246:
501-514.

Hashimoto, T. (1996). Peroxisomal -oxidation: enzymology and molecular biology. Annals
of the New York Academy of Sciences, 804: 86-98.

Ige, A.O., Adewoye, E.O., & Makinde. E.O. (2016). Oral Magnesium Potentiates Glutathione
Activity in Experimental Diabetic Rats. International Journal of Diabetes Research, 5(2): 21-
25. doi: 10.5923/j.diabetes.20160502.01

Lin, E.J., Lee, N.J., Slack, K., Karl, T., Duffy, L., O'brien, E., Matsumoto, I., Dedova, I.,
Herzog, H., & Sainsbury, A. (2006). Distinct endocrine effects of chronic haloperidol or

risperidone administration in male rats. Neuropharmacology, 51: 1129-36.

Lopez-Ridaura, R., Willett, W.C., Rimm, E.B., Liu, S., Stampfer, M.J., Manson, J.E., & Hu,
F.B. (2004). Magnesium intake and risk of type 2 diabetes in men and women. Diabetes Care,
27: 134-140.

15




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Mondelli, V., Anacker, C., Vernon, A.C., Cattaneo, A., Natesan, S., Modo, M., Dazzan, P.,
Kapur, S. & Pariante, C.M. (2013). Haloperidol and olanzapine mediate metabolic
abnormalities through different molecular pathways. Translational psychiatry, 3(1), e208.
d0i:10.1038/tp.2012.138

Moram, M.R., & Romero, F.G. (2003). Oral magnesium supplementation improves insulin

sensitivity and metabolic control in type 2 diabetes subjects. Diabetes Care, 26: 1147-1152.

Morgan, K., Mao, L., French, S., & Morgan, T.R. (2003). Fatty liver histologic features of
non-alcoholic steatohepatitis (NASH) develop in male mice fed a nutritionally complete high
fat diet. Hepatology, 38; 1-501.

Nadler, J.L. (2004). A new dietary approach to reduce the risk of type 2 diabetes? Diabetes
Care, 27: 270-271.

Nechifor, M. (2008). Interactions between magnesium and psychotropic drugs. Magnesium
Research, 21: 97-100.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Analytical Biochemistry, 95: 351-358.

Paiva Sousa, M., Cruz, K.J.C., Melo, S.R.S., Araljo, D.S.C, Soares, T.C., & Marreiro, D.N.
(2020). Influéncia do Magnésio e Calcio sobre o Estresse Oxidativo na Obesidade. Research,
Society and Development, v.9, n.l, e124911776. doi: http://dx.doi.org/10.33448/rsd-
v9il.1776

Paolisso, G., & Barbagallo, M. (1997). Hypertension, diabetes mellitus and insulin resistance:

the role of intracellular magnesium. American Journal of Hypertension, 10: 346-355.

Polydoro, M., Schroder, N., Lima, M.N.M., Caldana, F., Laranja, D.C., Bromberg, E.,
Roesler, R., Quevedo, J., Moreira, J.C.F., & Dal-Pizzol, F. (2004). Haloperidol-and
clozapine-induced oxidative stress in the rat brain. Pharmacology Biochemistry and Behavior,
78: 751-756.

16




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Pryor, W.A., & Squadrito, G.L. (1995). The chemistry of peroxynitrite: a product from the
reaction of nitric oxide with superoxide. The American Journal of Physiology-Lung Cellular
and Molecular Physiology, 268: L699-L722.

Rayssiguier, Y., Gueux, E., Bussiére, L., Durlach, J., & Mazur, A. (1993). Dietary magnesium
affects susceptibility of lipoproteins and tissues to peroxidation in rats. Journal of the
American College of Nutrition, 12: 133-137.

Reinke, A., Martins, M.R., Lima, M.S., Moreira, J.C., Dal-Pizzol, F., & Quevedo, J. (2004).
Haloperidol and clozapine, but not olanzepine, induces oxidative stress in rat brain.
Neuroscience Letters, 372: 157-160.

Ronis, M.J., Korourian, S., Zipperman, M., Hakkak, R., & Badger, T.M. (2004). Dietary
Saturated Fat Reduces Alcoholic Hepatotoxicity in Rats by Altering Fatty Acid Metabolism
and Membrane Composition. Journal of Nutrition, 134: 904-912.

Saiki, R., Okazaki, M., Iwai, S., Kumai, T., Kobayashi, S., & Oguchi, K. (2007). Effects of
pioglitazone on increases in visceral fat accumulation and oxidative stress in spontaneously
hypertensive hyperlipidemic rats fed a high-fat diet and sucrose solution. Journal of
Pharmaceutical Sciences, 105: 157-167.

Salgueiro, A.C.F., Folmer, V., Silva, M.P., Mendez, A.S.L., Zemolin, A.P.P., Posser, T.,
Franco, J.L., Puntel, R.L., & Puntel, G.O. (2016). Effects of Bauhinia forficata Tea on
Oxidative Stress and Liver Damage in Diabetic Mice. Oxidative Medicine and Cellular
Longevity, vol. 2016, Article ID 8902954, 9 pages. doi:
https://doi.org/10.1155/2016/8902954.

Sastre, J., Pallardd, F.V., & Vifia, J. (2003). The role of mitochondrial oxidative stress in
aging. Free Radical Biology and Medicine, 35: 1-8.

Sharma, R.K., Lake, B.G., Makowsky, R., Bradshaw, T., Earnshaw, D., Dale, JW., &
Gibson, G.G. (1989). Differential induction of peroxisomal and microsomal fatty-acid-

17




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

oxidizing enzymes by peroxisome proliferators in rat liver and kidney. European Journal of
Biochemistry, 189: 69-78.

Soudijn, W., Van Wijngaarden, 1., & Allewijn, F. (1967). Distribution, excretion and
metabolism of neuroleptics of the butyrophenone type: part I. Excretion and metabolism of
haloperidol and nine related butyrophenone-derivatives in the Wistar rat. European Journal of

Pharmacology, 1: 47-57.

Su, G.M., Fiala-Beer, E., Weber, J., Jahn, D., Robertson, G.R., & Murray, M. (2005).
Pretranslational upregulation of microsomal CYP4A in rat liver by intake of a high-sucrose,

lipid-devoid diet containing orotic acid. Biochemical Pharmacology, 69: 709-717.

Telles-Correia, D., Barbosa, A., Cortez-Pinto, H., Campos, C., Rocha, N. B., & Machado, S.
(2017). Psychotropic drugs and liver disease: A critical review of pharmacokinetics and liver
toxicity. World journal of gastrointestinal pharmacology and therapeutics, 8(1), 26-38.
doi:10.4292/wjgpt.v8.i1.26

Visgueira de Sousa, T.G., Oliveira, A.R.S., Cruz, K.J.C., Araujo, D.S.C., Sousa, M.P., Melo,
S.R.S., Silva, V.C., Sousa, G.S., & Marreiro, D.N. (2020). Ingestdo dietética de magnésio e
ferro e sua relagdo com estresse oxidativo em mulheres obesas. Research, Society and
Development, v.9, n.1, e160911732. doi: http://dx.doi.org/10.33448/rsd-v9i1.1732

Vormann, J. (2003). Magnesium: nutrition and metabolism. Molecular Aspects of Medicine,
24: 27-37.

Wan, G., Ohnomi, S., & Kato, N. (2000). Increased hepatic activity of inducible nitric oxide
synthase in rats fed on a high-fat diet. Bioscience, Biotechnology, and Biochemistry, 64: 555-
561.

Wright, A.M., Bempong, J., Kirby, M.L., Barlow, R.L., & Bloomquist, J.R. (1998). Effects of

haloperidol metabolites on neurotransmitter uptake and release: possible role in neurotoxicity
and tardive dyskinesia. Brain Research, 788: 215-222.

18




Research, Society and Development, v. 9, n. 2, e148922153, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i2.2153

Porcentagem de contribuicdo de cada autor no manuscrito
lIson Dias da Silveira — 25%
Daniel Henrique Roos — 15%
Andreéia Caroline Fernandes Salgueiro — 15%
Vanderlei Folmer — 15%
Jodo Batista Teixeira da Rocha — 15%
Robson Luiz Puntel — 15%

19




