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ARTICLEINFO ABSTRACT
Article History Background: Monosodium glutamate (MSG) is one of the most used food
Received:5/9/2021  additives that disrupt the metabolism and the functions of many organs,
Accepted:11/11/2021  jncluding the heart, liver, brain, and others. Jojoba is a plant with high oil
content in its seeds and special antioxidant and anti-inflammatory characters

Keywords: that make it convenient for medical uses as a natural plant. GLUT 4 is
MSG, GABA, useful for "deep" glucose transport during raised energy demand. Aim: To
Oxidative Stress, evaluate the antioxidant activity of jojoba oil and its role against MSG-
Jojoba oil, NF induced toxicity in rats by improving metabolic dysfunction in the brain and
kB, GLUT4 heart and minimizing pathological changes. Materials and Methods:

Thirty-two male albino adult rats were assigned randomly to four equal
groups. Group | was given distilled water (control group). Group Il was
given a standard diet with 2.5 percent jojoba oil added. MSG (4 g/kg)
dissolved in distilled water was given orally to group I1l. Group IV received
MSG (4g/kg) diluted in distilled water and was also fed a basic diet with 2.5
percent jojoba oil. After two months, blood samples were taken to measure
the expression of NFxB and GLUT4 genes, free fatty acids (FFA), troponin
I, CK-MB, cytokines, oxidative stress markers, and GABA
neurotransmitters. Histopathological study of the heart and brain tissues was
also done. Results: MSG increases NF kB expression, Troponin I, CK-MB,
FFA, TNFa, IL6, Caspase3, and MDA compared to normal control rats.
Significant depletion of Catalase, GABA neurotransmitter with
downregulation of GLUT4 gene expression was noted. Histopathological
alterations in the brain and cardiac tissues of MSG-treated rats were also
noted. In contrast, treatment with jojoba oil greatly attenuated these toxic
effects. Conclusion: Because of its antioxidant properties and ameliorating
metabolic properties, jojoba oil showed significant protection against MSG-
induced cardiac and neurotoxicity.
INTRODUCTION

With the fast pace of life, people do not have time to prepare healthy meals. Instead,
their main dependence has become on fast food, which lacks nutrients useful for their
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bodies, and they use food additives which lead to increasing the toxic effects of these
meals (Banerjee et al., 2020). Monosodium glutamate (MSG, C5H8NO4Na, encoded as
E621, China salt) is sodium salt of glutamic acid. It is a food additive for flavor
enhancement used in a wide range of foods (Bhattacharya et al., 2011). Food additives are
used in the food industry in a minimal amount to enhance its taste, appearance, and texture
(Moldes et al., 2017). However, this may lead to a great problem if there is a frequent
intake of these small amounts on a regular dietary basis (Blaylock, 2007).

Currently, monosodium glutamate is widely sold in Egyptian stores, and many
Egyptians use it daily in their food (Mohamed, 2012).

The safe and toxic doses of monosodium glutamate in human food are still controversial
(Hamzaa and Diabb, 2020). Its excessive use in food needs to be evaluated, and there is a
raised concern about its increased level in the blood (Rosa et al., 2018).

Despite its global use as a food flavor, reports state that monosodium glutamate is
toxic to humans and animals at high doses (Tawfik and Al-Badr, 2012). Recent studies
showed that monosodium glutamate caused neurodegenerative damage, cardiovascular
toxicity, nephrotoxicity, and hepatotoxicity (Zanfirescu et al., 2019). Consuming a high
amount of MSG causes oxidative stress in many organs with many side effects (Hazzaa et
al., 2020), which is considered the main mechanism of MSG-induced toxicities (Singh and
Ahluwalia, 2012).

GLUT4 is a metabolic regulator that promotes glycolysis in firing neurons to meet
activity-driven ATP demand at nerve terminals (Ashrafi et al., 2017). There are twelve
GLUTSs; the most common are GLUT1, GLUT4, and GLUTS in the heart (Aerni-Flessner
etal., 2012).

The nuclear factor-kappa B family (NF-«xB) is a protein complex that functions as a
primary transcription factor and a fast messenger responding to harmful cell stimuli such
as inflammation (Pateras et al., 2014). Upon activation, it translocates into the nucleus and
binds to the promoter regions of pro-inflammatory genes such as TNF-a, interleukin-6 (IL-
6), and IL-8. NF-kB is also activated in neuropathological disorders, neurons, and glial
cells (Engelmann et al., 2014). NF-B signaling, which mediates inflammatory processes
(Moretti et al., 2012), also functions as a regulator and integrator of energy metabolism,
balancing glycolysis utilization and mitochondrial respiration (Zhong et al., 2016).

Nowadays, natural plant oils are globally utilized for medical purposes as they are
easy to get, effective, and cheap. Numerous oils have anti-inflammatory and antioxidant
components, which makes them appropriate for medical uses. Jojoba (Simmondsia
chinensis) is one of these natural Simmondsiaceae plants. It is a woody plant that remains
green throughout the year and grows to around three meters in height (Phillips and Comus,
2000).

Jojoba can grow in arid or semiarid soil with a warm and dry environment. It began
to be cultivated in many countries such as Egypt, Tunisia, Saudi Arabia, and India (Abdel-
Mageed et al., 2014). Currently, it is grown in the Ismailia Desert in Egypt (ElI Mallah and
El-Shami, 2009).

Compared to other oils, jojoba oil has a characteristic component as it contains long
monounsaturated esters. Others are mostly composed of triglycerides; this offers jojoba oil
special properties critical for manufacturing pharmaceutical preparations (Sanchez et al.,
2016). Because jojoba contains lipoxygenase inhibitors, it can protect against oxidative
stress generated by free radicals (Abdel-Mageed et al., 2014). Additionally, jojoba oil has
been shown to decrease leukotriene formation and thereby ROS production (Haeggstrom
and Funk, 2011). Moreover, its antioxidant ability has been demonstrated through nitric
oxide and DPPH scavenging effects (Manoharan et al., 2016).


https://www.frontiersin.org/articles/10.3389/fcell.2019.00154/full#B75
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Attention has recently been shifted to natural antioxidants, as they have minimal or
no side effects and help maintain normal health wellbeing. Therefore, the current study
aimed to evaluate jojoba oil's antioxidant and scavenging activity and its role against
MSG-induced cardio and neurotoxicity in rats.

MATERIALS AND METHODS

Chemicals:

- MSG was obtained as a powder from Sigma-Aldrich (St. Louis, MO, USA) and dissolved
in a normal saline solution.

-Jojoba oil was obtained from Egypt's Pure Life Company.

- The rest of the chemicals were of analytical grade.

Animals:

Thirty-two male albino adult Sprague-Dawley rats, aged 2-3 months and weighing
180 - 220 gm, were purchased from the Experimental Animal Breeding Farm (Helwan-
Cairo). They were housed as eight per cage at room temperature in a well-ventilated area at
the Benha Faculty of Medicine, department of pharmacology. They were provided two
weeks of acclimatization with access to free water and standard meals on a 12-hour
light/12-hour dark schedule and received their doses simultaneously (12 P.M.). Throughout
the experiment, animals were handled humanely following the Benha Faculty of
Medicine's protocol for treating experimental animals. Every attempt to decrease the
number of utilized animals and their suffering was made.

Experimental Design:

The rats were randomly assigned into one of four equal groups and given MSG and

jojoba oil for two consecutive months as follows:

Group I: served as control and received distilled water.

Group I1: Rats were fed a standard diet mixed with 2.5 percent jojoba oil (Nassar et al.,
2017).

Group I11: rats were orally administered MSG (4 g/kg /day) dissolved in distilled water by
a nasogastric tube based on the method of Onyema et al. (2012).

Group 1V: received MSG (4g/kg) dissolved in distilled water orally by nasogastric tube
and fed on a standard diet mixed with 2.5 percent jojoba oil simultaneously.

The LD50 of MSG in rats is 15-18 g/kg BW, according to Walker and Lupien (2000).
Therefore, 4g/ kg equals 23% of the rat's oral LD50.

Blood Sample:

All animals were fasted for 6 hours and then anesthetized with light ether at the end
of the experiment (2 months). A midline abdominal incision was made, and blood samples
(3 mL) were collected from the abdominal aorta in dry test tubes. Serum was separated
immediately by centrifugation for 20 minutes at 3000 rpm in a refrigerated centrifuge
(4°C4 C). After rapid freezing, the serum was preserved in liquid nitrogen (80 °C) for the
determination of GABA neurotransmitter, troponin I, tumor necrosis factor (TNFa), CK-
MB, MDA, IL6, free fatty acids (FFA), caspase 3, catalase, and expression of NF- kB,
GLUT4 genes by RT- PCR.

Diamond Diagnostics kits (Cairo, Egypt) were used to measure troponin | and CK-
MB. According to the manufacturer's instructions, MDA, catalase, caspase-3, TNF, and
IL6 were determined through a colorimetric method (Bio diagnostics, Dokki, Giza, Egypt).
GABA detection was done using Quick Detect™ GABA ELISA Kit Biovision Catalog
#: E4455 and level of serum FFA were detected by free fatty acid assay kit quantification
ab65341 as indicated by the manufacturers.
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RNA Extraction, Reverse Transcription, Quantitative Analysis of Transcripts Using
qRT-PCR:

According to the manufacturer's instructions, total RNA was extracted from serum
using the RNA Mini Kit (Qiagen, USA). Using Nanodrop (USA), the quality and quantity
of RNA were determined. The 260nm to 280nm readings (A260/280) ratio indicates the
RNA's purity. Pure RNA had a 280/260 ratio of 1.9-2.3(0D260/0D280). The
concentration and purity of the RNA recovered were assessed using the 260/230 nm and
280/260 nm absorbance ratios. With the quantiscript cDNA synthesis kit, RNA was reverse
transcribed to cDNA (Qiagen, USA). After 15 minutes of reverse transcription at 42°C, the
RT enzyme was inactivated with three-minute incubation at 95°C. Until it was used, the
cDNA was kept at -70°C. Real-time PCR was done under the following conditions: 40
cycles at 95°C for 5 minutes for the Hotstar Taq polymerase activation, 10 seconds at 95°C
for denaturation, and 30 seconds at 60°C for annealing and extension.

Table 1: Primers sequences of NF-kB, GLUT 4 and GAPDH

NF-kB Forward Sequence CAC CAA AGA CCCACCTCA
Reverse Sequence GGA CCG CAT TCA AGT CAT

GLUT 4 Forward Sequence ‘GAGCCTGAATGCTAATGGAG '
Reverse Sequence  GAGAGAGAGCGTCCAATGTC3’

GAPDH Forward Sequence CAGTGCCAGCCTCGTCTCAT
Reverse Sequence AGGGGCCATCCACAGTCT TC

Relative quantification of NF-xB, GLUT 4 and GAPDH was performed with the
299 method, sequence shown in table (1) and analyzed by ABI prism 7500. The Boxplot
software and values were normalized to the quantity of GAPDH
Histopathological Study:

Following blood sampling, the rats were decapitated, and the brain and heart
tissues were immediately isolated, washed with saline, and fixed in 10% buffered formalin,
processed, and underwent embedding in paraffin. Serial sections of 5 m thickness were cut
and stained with Haematoxylin and Eosin (H&E) according to the method described by
Bancroft and Gamble (2008), specimens of brain and heart tissues for toluidine blue
staining were postfixed in 1% osmium tetroxide (Biochrom AG), dehydrated through
graded alcohols and embedded in paraffin according to the method described by Bancroft
and Gamble (2008).  Microscopic photographs were taken for histopathological
examination.

Statistical Analysis:

SPSS version 25 (IBM, Armonk, New York, United States) was used to collect,
tabulate, and analyze the data. To summarize numerical data, means and standard
deviations or medians and interquartile ranges were used. To compare the study groups,
ANOVA or the Kruskal-Wallis test were used. Bonferroni's method was used for post-hoc
analysis. All statistical tests were conducted on a two-sided basis. P values less than 0.05
were considered significant.

RESULTS
Table (2) shows a statistically significant increase in NF-B gene expression

(p<0.05) and a highly significant decrease in GLUT4 gene expression (p<0.05) in
comparison to the control group.
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Table 2: Statistical comparison between all studied groups regarding NF-xB and GLUT4

genes by ANOVA test
Group (I) Group (II) Group (III) Group (IV)
Control grou Jojoba Qil grou MSG grou MSG + Jojba P value
group j group group oil group
] 0.176€* 0.526€* 4.249 § 2.368 _ o
NExBgene | 161 1231) | (0.164-1.125) (3.299 - 6.234) (11643173 | ~ 0001

GLUT4 5.234e% 4.749€* 0.614 § 3.36 - 0.001°*

gene (4.239 — 6.234) (4.234 - 6.234) (0.167-1.972) | (2.183-4.194) e

Data were presented as median (IQR). Kruskal-Wallis test was used. All post hoc comparisons were Bonferroni adjusted.
Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)

A indicate significant change as compared with a group (1)

€: indicate significant change as compared with a group (11I)

*: indicate significant change as compared with a group (1V)

Table (3) shows that intoxication with MSG resulted in a highly
significant (p<0.05) rise in cardiac biomarkers (Troponin | & CK-MB) when compared to
the control group. On simultaneous administration of jojoba oil with MSG, Troponin | and
CK-MB levels decreased significantly (p<0.05) compared to the MSG group. Additionally,
there was a highly significant (p<0.05) increase in FFA in the MSG group compared to the
control group. However, when jojoba oil was simultaneously administered with MSG,
there was a highly significant (p<0.05) reduction in its level compared to the MSG group.

Table 3: Statistical comparison between all studied groups regarding cardiac biomarkers
(Troponin I, CK-MB) and FFA by ANOVA test.

Group (I) Group (II) Group (III) Group (IV)
Control group | Jojoba Oil group MSG group MSG + Jojba P value
oil group
Troponin I
2713 €* 304 €* 8217 § 4513 $n€ < 0.001**
(ng/ml)
CK-MB 532413 €* 544 +12 €* 2495 £134 § ~* 940 £14 $"€ < 0.001**
(IU/L)
FFA 0.78+0.05 €* 0.78 +0.05 €* 3.24 +0.38 § ~* 1.81+0.4$¢ | <0.001**
(mEq/ml)

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group ()
A indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (111)
*: indicate significant change as compared with a group (V)

As shown in table (4), the MSG intoxicated group showed a highly statistically
significant (p<0.05) increase in TNF, IL6, and caspase 3 levels compared to the control
group.

But when jojoba oil was simultaneously given with MSG, there was a highly
statistically significant reduction in their levels compared to the MSG group (p<0.05).
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Table 4: Statistical comparison between all studied groups regarding TNFa, IL6 and
Caspase 3 by ANOVA test

Group (I) Group (II) Group (III) Group ( . )
. . MSG + Jojba P value
Control group | Jojoba Oil group MSG group .
oil group
TNFa 82.6 £2.9€* 84.3 £3.2¢€* 394 £6.1% ~* 150.1=4.657€ < 0.001**
(pg/ml)
IL6
18.942 €% 20.8+2.3¢* 74.9£3.45 ™ 38+3.85"€ < 0.001==
(Pg/ml)
Caspase 3 0.72+0.13 €* 1.01+0.12¢€* 12.16+0.25 ~* 6.01+1.06%"€ < 0.001==
(IU/ml)

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)
A indicate significant change as compared with a group (I1)
€: indicate significant change as compared with a group (11I)
*: indicate significant change as compared with a group (1V)

Table (5) demonstrated the ameliorative impact of jojoba oil on the oxidative stress
generated by MSG (5). Compared to the control group, the MSG-intoxicated group showed
a highly significant reduction in plasma CAT levels and a highly significant increase in
plasma MDA levels (p<0.05). When jojoba oil was given simultaneously with MSG,
improvement was noted. Compared to the MSG group, there was a highly significant rise
in plasma CAT levels and a highly significant (p<0.05) decrease in plasma MDA levels.
Additionally, in comparison to the control group, the Jojoba group demonstrated a highly
significant (p<0.05) rise in plasma CAT levels and a highly significant (p<0.05) drop in
plasma MDA levels.

Table 5: Statistical comparison between all studied groups regarding MDA and Catalase

by ANOVA test.
Group (I) Group (II) Group (III) Group (IV)
Control grou Jojoba Oil grou MSG grou MSG + Jojba P value
group ] group group oil group
MDA
36.8+2.4€* 37.6+£2.5¢* 91.4+£5.3 5+ 63.8+3.5%5"€ < 0.001%*
(nmole/ml)
Catalase 36.4 £3€* 38.1 +3.3¢€* 10.3 +1.5§ 7+ 20.3+1.45°€ | <0.001%*
(ng/ml)

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group ()
~: indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (IIT)
*: indicate significant change as compared with a group (V)

As shown in table (6), MSG intoxication caused a highly significant decline in
GABA levels comparedto the control group. In contrast, when jojoba oil was
simultaneously administered with MSG, a highly significant (p<0.05) rise in GABA level
was observed compared to the MSG group.



Ameliorative Effect of Jojoba Oil on Monosodium Glutamate Induced Cardiotoxicity and Neurotoxicity 161

Table 6: Statistical comparison between all studied groups regarding GABA
neurotransmitter by ANOVA test.

Group (I) Group (II) Group (IIT) Group (IV)
Control group | Jojoba Oil group MSG group MSG + Jojba P value
oil group
GABA 376 +21€* 374 +18€* 210 £21g ~* 296+14%"€ < 0.001**
(pg/ml)

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)
A: indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (III)
*: indicate significant change as compared with a group (V)

Histopathological Results:

Concerning the histopathological study by Haematoxylin and Eosin (H& E) stain
on cardiac tissue, the control group (group 1) showed cylindrical muscle fibers with
acidophilic sarcoplasm and a central oval nucleus (Fig. 1A); the cardiac tissue of jojoba
oil-treated rats (group Il1) revealed near-normal cardiac tissue structure (Fig. 1B); the
cardiac tissue of MSG-treated rat (group I1l) showed necrosis in cardiac muscles with
apparent inflammatory infiltration and hemorrhage in all heart muscles (Fig. 1C) ; the
cardiac tissue of rats co-treated with MSG and jojoba oil (group 1V) showed improvement
in the form of less necrosis, less inflammatory infiltration, and less hemorrhage (Fig. 1D).

While concerning the histopathological study by Haematoxylin and Eosin (H& E)
stain on the cerebral cortex of the rats brain, in Figure (2A), the control group showed
normal neurocytes and glial cells within a neurofibrillary background; jojoba oil-treated
rats (group I1) revealed near-normal brain tissue structure (Fig. 2B); the cerebral cortex of
MSG-treated rat (group Ill) showed loss of normal structure with pyknotic nucleus,
vacuolated cells, and proliferated vascular spaces (Fig. 2C); cerebral cortex in rat co-
treated with MSG and jojoba oil (group 1V) showed improvement except from few
pyknotic nucleus and few vacuolated cells (Fig. 2D ).

The histopathological study with toluidine blue on cardiac tissue showed the control
group (group 1) of cardiac muscle fibers with a central oval nucleus (Fig. 3A); the cardiac
tissue of jojoba oil-treated rats (group I1) revealed near-normal cardiac tissue structure (Fig.
3B); the cardiac tissue of MSG-treated rat (group Ill) showed vacuolations in between
cardiac cells (Fig. 3C) ; the cardiac tissue of rats co-treated with MSG and jojoba oil (group
IV) showed improvement in the form of less vacuolations (Fig. 3D).

While the histopathological study with toluidine blue on cerebral cortex tissue
showed the control group (group I) with normal neurocytes and glial cells in the (Fig. 4A);
section of the cerebral cortex of jojoba oil-treated rats (group Il) revealed near- normal
neurocytes and glial cells (Fig. 4B); section of the cerebral cortex of MSG-treated rat
(group I11) showed loss of normal structure with many vacuolations and neuronal cell
swelling and rounding with displacement of the pyknotic nucleus (Fig. 4C); section of rat
cerebral cortex co-treated with MSG and jojoba oil (group V) showed improvement of
neurocytes with few vacuolations (Fig. 4D).
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Fig. 1: (A) the control group showed typical cylindrical muscle fibers with acidophilic sarcoplasm (red
arrow) and a central oval nucleus (yellow arrow) in the histological slides of the rat heart stained with
hematoxylin and eosin (H&E x200); (B) section of the cardiac tissue of jojoba oil-treated rats revealed near-
normal cardiac tissue structure (H&E x200); (C) section of the cardiac tissue of MSG-treated rat showed
necrosis in cardiac muscles (yellow star) with apparent inflammatory infiltration (blue arrow) and
hemorrhage in all heart muscles (red star) (H&E x200); (D) section of the cardiac tissue of rats co-treated
with MSG and jojoba oil showed improvement in the form of less necrosis (yellow arrow), less inflammatory
infiltration (blue arrow), and less hemorrhage (red arrow) (H&E x200).

’ e " A

Fig. 2: the control group (A) showed normal neurocytes (red arrow) and glial cells (yellow arrow) within a
neurofibrillary background (green arrow) in the histopathological slides of the cerebral cortex of the rats brain
stained with hematoxylin and eosin (H&E x200); (B) section from jojoba oil-treated rats revealed near-normal
brain tissue structure (H&E x200); (C) section of the cerebral cortex of MSG-treated rat showed loss of normal
structure with pyknotic nucleus (black arrow), vacuolated cells (blue arrow), and proliferated vascular spaces
(green arrow) (H&E x 200); (D) section of rat cerebral cortex co-treated with MSG and jojoba oil showed
improvement except from few pyknotic nucleus (black arrow) and few vacuolated cells (blue arrow) (H&E x200 ).
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Fig. 3: The control group (A) showed cardiac muscle fibers with a central oval nucleus (arrow) in the
histological slides of the rat heart stained with toluidine blue (TB x400); (B) section of the cardiac tissue of
jojoba oil-treated rats revealed near-normal cardiac tissue structure (TB x400); (C) section of the cardiac
tissue of MSG-treated rat showed vacuolations in between cardiac cells (arrow) (TB x400); (D) section of
the cardiac tissue of rats co-treated with MSG and jojoba oil showed improvement in the form of less

Fig. 4: the control group (A) showed normal neurocytes (head arrow) and glial cells (arrow) in the
histopathological slides of the cerebral cortex of the rats brain stained with toluidine blue (TB x400); (B) section
from jojoba oil-treated rats revealed near- normal neurocytes (head arrow) and glial cells (arrow) (TB x400); (C)
section of the cerebral cortex of MSG-treated rat showed loss of normal structure with many vacuolations (head
arrow) , neuronal cell swelling and rounding with displacement of the pyknotic nucleus (arrow) (TB x 400); (D)
section of rat cerebral cortex co-treated with MSG and jojoba oil showed improvement of neurocytes (head arrow)
with few vacuolations (arrow) (TB x400 ).
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DISCUSSION

Monosodium glutamate is one of the most often used food additives in fast food
worldwide, with different concentrations (Helal et al., 2019). The safe and toxic doses of
monosodium glutamate in human food are still controversial (Hamzaa and Diabb, 2020).
Its excessive use in food needs to be evaluated, and raised the concern about its increased
use level in the blood (Rosa et al., 2018). Despite its global use as a food flavor, there are
reports that monosodium glutamate is toxic to humans and animals at high doses (Tawfik
and Al-Badr, 2012). Recent studies showed that monosodium glutamate caused diabetes,
neurodegenerative damage, cardiovascular toxicity, nephrotoxicity, and hepatotoxicity
(Zanfirescu et al., 2019).

When compared to other oils, jojoba oil has a characteristic component. It contains
long monounsaturated esters. Others are primarily triglycerides, and this offers jojoba oil
unique properties essential for producing pharmacological preparations (Sanchez et al.,
2016). Additionally, Badr et al. (2017) revealed that jojoba oil contained a high
concentration of total phenolic and flavonoid compounds, providing superior antioxidant
properties to vitamin C.

Jojoba oil ameliorated the toxic effects of MSG in the present study, as evidenced
by improvement levels of troponin I, CK-MB, FFA, TNFa, IL6, Caspase 3, MDA,
Catalase, and expression of NF- «B and GLUT4 genes. Furthermore, jojoba oil
ameliorated the histopathological changes induced by MSG in the heart and brain.

Physiological adaptation and pathological changes occur due to changes in genes
that regulate essential cellular processes; therefore, determining variables that regulate
gene expression is critical for comprehending the disease process (Lee and Young, 2013;
Vaquerizas et al., 2009).

Gene expression changes may occur early in the disease, but histopathogenic
changes frequently occur over a long time. As a result, symptoms become apparent after
permanent tissue damage has occurred, limiting efficient management options and
increasing the burden on population health and healthcare (Jardim et al., 2019). Thus,
identifying the molecular mechanisms behind these harmful changes will improve our
understanding of these diseases and assist early detection and treatment to limit pathogenic
changes before irreversible damage occurs. Since the histopathological changes that
drive chronic diseases are the result of altered gene expression (Lee and Young, 2013),
identifying the tissue-specific transcription factors that regulate these cellular genes will
shed light on the mechanisms underlying the pathological changes associated with
common diseases (Blaschke et al., 2006; Kadonaga, 2004).

The heart consumes more energy than any other organ that derives its energy from
metabolic substrates. Free fatty acids and glucose are the major substrates. Due to the
hydrophilic nature of the lipid bilayer, glucose cannot be absorbed by the cell via glucose
transporters ( Szablewski, 2017).

GLUT1 and GLUT4 are the most abundant isoforms of glucose transporters
(Pereira et al., 2014). GLUT4 is the major isoform in the human heart, representing
approximately 70% of the total glucose transporters. The most important role in
myocardial glucose flux is played by GLUT 1 and GLUT 4 (Szablewski, 2017). In the
brain, glucose transporters play important roles in different brain functions in health and
disease. Facilitative diffusion transporters in the brain include GLUT1, GLUT2, GLUTS3,
and GLUT4 (Koepsell, 2020).

The current results revealed that administrating monosodium glutamate caused
upregulation of nuclear factor kappa (NF-kB) with metabolic alternation in cytokines,
oxidative stress, and Caspase3. Such results were previously provided by Albensi and


https://www.internationaljournalofcardiology.com/article/S0167-5273(16)34572-7/fulltext
https://www.frontiersin.org/articles/10.3389/fcell.2019.00154/full#B3
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Mattson (2000). They stated that NF-B is a signaling network involved in complicated
biological signaling processes, such as energy metabolism, cell apoptosis, proliferation,
and inflammation. Additionally, it is one of the cellular sensors that respond to oxidative
stress and regulates malonaldehyde production (MDA) (Wende et al., 2017). Also, NF-xB
acts as a master regulator of biochemical cascades (Mattson et al., 2000; Lamas et al.,
2003; Mauro et al., 2011; Moretti et al., 2012).

The activation of NF-B by oxidative stress, cytokines, chemokines,
neurotransmitters, neurotropic factors, and neurotoxins results in the generation of pro-
inflammatory mediators, leading to creating a self-propagating vicious circle (Hayden and
Ghosh, 2012). TNFa acts as an NF-kB activator, which participates in an extrinsic
apoptotic pathway. Thus NF-kB can regulate apoptosis in the mitochondria (Liu et al.,
2004).

These results agreed with (Alalwani 2014; Abudunaibi et al.,2018; Umukoro et
al., 2015; Vega and Kelly, 2017), who reported the role of the nuclear receptor in
controlling energy metabolism in the normal and diseased heart.

The existing results verified that alternation in the expression of GLUT4 is
synchronous with alternation of biochemical parameters as the increase in caspase 3
marker of apoptosis. Also, this result agreed with that published by Henning et al. (1996),
who stated that decreased expression of GLUT4 may be harmful to cardiac glucose
metabolism.

Wende et al. (2017) and Szablewski (2017) revealed that GLUT4 is a crucial
regulator of glucose entrance into the heart. The expression of GLUT4 is required for the
cardiac responses to chronic pathological stress or intermittent physiological stress to
adjust functionally, structurally, and metabolically. After administration of jojoba oil, there
was an increase in the expression of GLUT4 that may normalize myocardial glucose
uptake and is a major mediator of myocardial glucose uptake in the heart. This result was
in line with (Abel, 2004; Semeniuk et al., 2002; Belke et al., 2000).

GLUT4 deficiency increases cell death markers. GLUT4 has a critical role in
hemodynamic stress responses (Wende et al., 2017). Neurons are high-energy-consuming
cells. The brain glucose transporters are crucial for brain functions by supplying energy
during neurotransmission ( Koepsell, 2020). Also, McNaya and Pearson-Learyb (2020)
revealed the importance of GLUT4 as a transporter in the brain.

In the current study, with the administration of monosodium glutamate, the serum
levels of troponin and CKMB were elevated. This is due to the inflammatory factors that
cause direct injury to the myocardial cells and affect cardiac microcirculation, myocardial
calcium ion transport, myocardial apoptosis, myocardial mitochondrial function, cardiac
adrenergic receptors, thus leading to cardiac dysfunction. This dysfunction is manifested
by increased cardiac enzymes and necrosis markers in the myocardium (Fei Yang et al.,
2019).

The current study showed an increase in FFA with the administration of
monosodium glutamate, together with downregulation of GLUT4 and an increase in
oxidative stress and apoptosis. Seiva et al. (2012) were in line with these results, as the
increasing cardiac FFA metabolism led to downregulation of GLUT4 mRNA as GLUT4
expression is exposed to endocrine and metabolic regulation; thus, fatty acids can modulate
GLUT4 gene expression in the heart.

Normally, cardiac ATP is produced primarily by fatty acid oxidation (FAO), with a
minor contribution from glucose metabolism. On the other hand, FAO may be decreased in
response to stress, resulting in higher glucose use (Wende et al., 2017).

The heart switches from fatty acids to glucose as an energy substrate during injury.
This switch increases lipid uptake and storage in the heart, resulting in lipotoxicity
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(Chanda et al., 2016). The level of circulating FFAs determines FFA uptake in the heart.
Once absorbed, the FFA's metabolism is regulated at the transcriptional level (Stanley et
al., 2005) that reflects the role of the nuclear factor. Increased FFA stimulates microglia
and astrocytes to secrete cytokines (IL-1, TNF-a) that have direct and toxic effects on the
brain (Dalvi et al., 2017).

Hong et al. (2014) and Niu et al. (2013) showed that lipid metabolism disorders that
enhance the inflammatory and oxidative reactions lead to neuronal apoptosis. These results
were in line with the studies done by Weichun (2018), Yang et al. (2017), and Mi et al.
(2012).

We found a decrease with GABA by administration of MSG. This agreed with
Hashem et al. (2012), who reported that the neurotoxic effect of MSG leads to
degenerative changes in neurons and cerebellar cortex of rats.

Neurotransmitters contribute to the formation of neural networks and regulate a
variety of cellular and synaptic processes. Glutamate and gamma-aminobutyric acid
(GABA), which are excitatory and inhibitory neurotransmitters, respectively, mediate
excitatory and inhibitory neurotransmission. Additionally, glutamate and GABA are
involved in neurologic illnesses such as cerebral ischemia. Excitotoxicity caused by
glutamate has been a characteristic mechanism in the pathophysiology of cerebral ischemia
injury for over three decades.

Excitotoxicity occurs due to excessive glutamate release, which activates
postsynaptic glutamate receptors, triggering a downstream cascade that eventually results
in neuronal dysfunction and degeneration. Following ischemia, decreased GABA receptor
response prevents these inhibitory effectors from attenuating excitotoxicity, thus enabling
the excitotoxic insult (Mayor and Tymianski, 2018).Also, Alicia Estacio-Gomez et al.
(2020) stated that neurotransmitters regulated by transcription factors directly act
positively, repressors of neurotransmitter fate (uniquely depleted transcription factors) also
dynamic changes in expression pattern transcription factor directly promotes or represses
the neurotransmitter fate.

In the current study, histopathological results revealed necrosis in cardiac muscles
with apparent inflammatory infiltration, hemorrhage and vaculation in MSG-treated rats
compared with control one, which improved by administering jojoba oil. These results go
online with (Mirzakhani et al., 2020) and (Ogbuagu et al., 2019), who documented similar
results. Also, histopathological results of the cerebral cortex of the brain tissue showed loss
of the normal structure with many vacuolations and neuronal cell swelling and rounding
with a pyknotic nucleus. They proliferated vascular spaces in MSG-treated rats compared
with control one, which improved by administration of jojoba oil. These results agreed
with (Abdou et al., 2020) and (Hamza et al., 2019).

Conclusion

The current data shows that food additives, particularly monosodium glutamate,
cause brain and heart injury in rats, which is significantly improved by jojoba oil
administration. This occurs by regulating inflammatory and metabolic status, as GLUT4
expression regulates metabolic processes and participates in the cardiac response to stress.
Additionally, NF-kB is required for the regulation of stress and inflammatory gene
expression.
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