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Abstract
This study investigated the effect of high doses of monosodium glutamate (MSG), a known food additive on hepatic, memory 
and locomotor functions in mice, and the ameliorative potentials of  Jobelyn® (JB), a unique dietary supplement. Twenty 
four  male Swiss mice  divided into 4 groups (n = 6) were given MSG (2, 4 and 8 g/kg) or normal saline (10 mL/kg) orally 
for 14 days. In the intervention study, another set of 30 male Swiss mice distributed into 5 groups (n = 6) received normal 
saline, MSG (8 g/kg) alone or in combination with JB (5, 10 and 20 mg/kg) orally, for 14 days. Memory and locomotor func-
tions as well as brain oxido-nitrergic stress biomarkers were then assessed in both studies. The hepatic oxido-nitrergic stress 
biomarkers, liver enzymes functions and histomorphology of the liver were also assessed. MSG (2, 4 and 8 g/kg) produced 
memory dysfunction, hyperlocomotion, increased malondialdehyde and nitrite levels accompanied by decreased antioxidant 
status in the brain and hepatic tissues. MSG-treated mice had increased hepatic enzyme activities (alanine aminotransferase, 
aspartate aminotransferase and alkaline phosphatase) and distorted cyto-architectural integrity of the liver. These findings 
further suggest that MSG compromised hepatic functioning, which might also contribute to its neurotoxicity. However, JB 
(5, 10 and 20 mg/kg, p.o) attenuated the memory deficit, hyperlocomotion, increased oxido-nitrergic stress responses in the 
brain and hepatic tissues induced by MSG (8 g/kg, p.o). JB also normalized hepatic enzymes activities and histomorpho-
logical changes in MSG-treated mice. Taken together, JB mitigated MSG-induced toxicity through mechanisms relating to 
enhancement of cellular antioxidant-machineries and normalization of hepatic enzymatic functions.
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Abbreviations
ALT  Alanine aminotransferase
AST  Aspartate aminotransferase
ALP  Alkaline phosphatase
CAT   Catalase
GSH  Glutathione

JB  Jobelyn®

MSG  Monosodium glutamate
MDA  Malondialdehyde
SOD  Superoxide dismutase

Introduction

The unique flavo-savory-enhancing effect of monosodium 
glutamate (MSG) has earned it a worldwide recognition 
as one of the most extensively consumed food additives, 
common to restaurants and household menus [1, 2]. Mono-
sodium glutamate  [C5H8NO4NaH2O] is the non-essential 
sodium salt of L-glutamic amino acid occurring naturally 
in high abundance both in nature and in a variety of food 
/dairy products including milk, vegetables, meat, fish and 
cheese [2, 3]. Although, palatability, cost and availability 
may be the primary reasons for the widespread consumption 
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of dietary MSG, the presumed ‘relative safety’ as adjudged 
by World Health Organization (WHO) and Food and Drug 
Administration (FDA) [4, 5] may perhaps be another reason 
for its wide spread consumption. Monosodium glutamate, 
generally regarded as safe (GRAS) by these regulatory bod-
ies, has no fixed daily dose ratio [5], thus, its exact amount 
in various preparations flooding the markets lack manufac-
turer’s clarity leading to its disproportionate consumption 
[3]. In fact, the initial daily estimate (0.3–1 g) in terms of 
average daily intake of MSG per person in most industrial-
ized and developing nations [3] has significantly increased in 
recent times to as high as 14 g in certain populations [5, 6].

The biosafety of MSG remain one of the most debated 
health-related issue in both scientific and public domains 
globally. In Nigeria, there are claims that MSG, widely sold 
as either Ajino-moto or Vedan, is a potent bleaching agent 
capable of erasing even tough stains from clothes [7]. This 
claim amongst others, further amplify the fears of the pos-
sible harmful effects of MSG. In fact, there are speculations 
that MSG facilitates the early formations of life threatening 
diseases especially in chronic consumers [1, 7]. Specifically, 
MSG has been reported to cause obesity [8], cellular hyper-
trophy, degeneration of male and female reproductive cells 
[9, 10], asthmatic-like airway irritations [11], thrombocyto-
penia [4], hyper-homocysteinemia and renal dysfunctions 
[12]. It is also known to cause MSG syndrome complex [4, 
5], hepatic steatosis and cirrhosis [13, 14]. Besides, MSG 
has also been tagged ‘excitotoxin’ or ‘neurotoxin’ based on 
evidences of toxicity to several neuronal cells in distinct 
brain regions [5]. Studies have shown that MSG induces 
neurotoxicity, with several symptomatic manifestations such 
as depression, anxiety [1, 5], abnormal motor functions [15, 
16] and cognitive deterioration [5].

In recent times, increased efforts to elucidate the exact 
molecular mechanisms underlying MSG-induced neurotox-
icity are beginning to unravel the pathologic derangements 
including mechanisms relating to hypersensitization of spe-
cific glutamate taste receptors in gut-brain axis, impaired 
metabolism, abnormal generation of free radical moieties 
and inflammatory mediators [8, 17]. Meanwhile, food-con-
taining MSG especially in high amounts have been reported 
to be highly palatable, thus enhancing craving in consum-
ers [17]. Such increased cravings have been implicated in 
increased consumption of MSG resulting in abnormal spike 
(4.5–11 folds) in plasma glutamate concentration [5, 17] and 
consequently, its excessive bioaccumulation and damage to 
vital organs including the liver [1, 17]. It has been reported 
that impaired liver function plays a major role in the patho-
genesis of several chronic diseases [1]. In fact, increased 
amount of circulating glutamate has been linked to cellular 
injury through calcium  (Ca2+) and ammonium ions over-
load-induced formation of toxic reactive oxygen/nitrogen 
species (ROS/RNS) [1, 18]. Previous reports have indeed 

highlighted that most cellular/tissue injuries caused by MSG 
in experimental animals are consequences of severe activa-
tion of oxidative and inflammatory signaling pathways [5].

Harmoniously, as the scientific controversy about the 
mechanistic basis underlying MSG-induced neurotoxicity 
in humans increasingly become popular, agents that could 
mitigate its insults will be of public health significance. 
Accordingly, the uses of naturally occurring molecules with 
antioxidants, anti-inflammatory and neuroprotective activi-
ties against MSG-induced toxicities are the major focus of 
current preclinical investigations [19–21].  Jobelyn® (JB), 
commonly known as millet or guinea corn, is a dietary sup-
plement derived from the leaf-sheaths of Sorghum bicolor 
[22, 23]. JB is one of the fastest selling dietary supplements 
in Nigeria owing to its wide spectrum of therapeutic useful-
ness and safety profiles [22]. JB first caught public atten-
tion following its clinical efficacy in boosting haemoglobin 
contents and immune functions [22, 23]. Pharmacological 
investigations have further shown that JB exhibits anti-
amnesic, anti-depressant, antioxidant, anti-inflammatory 
and neuroprotective effects in rodents [22, 24–26]. These 
effects were attributed to its rich flavonoid-based polyphe-
nolic phytochemicals such as luteolin, naringenin, apigenin, 
luteolinidins, apigeninidins and dimeric 3-deoxyanthocya-
nidin [22, 23]. Previous preclinical studies have also shown 
that JB mitigated the neurotoxic effects of scopolamine and 
attenuated neurodegeneration evoked by chronic alcohol 
treatment in rodents [24, 26]. However, this present study 
was designed to evaluate the effects of JB on high dose of 
MSG-induced neurotoxicity and hepatic dysfunctions in 
mice.

Materials and methods

Experimental animals

Adult male Swiss mice (28–34  g; 24  weeks old) were 
obtained from the Central Animal House, University of 
Ibadan, Ibadan, Nigeria, and housed five per plastic cage 
(42 × 30 × 27 cm) at a room temperature. They were allowed 
free access to pelletized rodent food and water ad libitum 
and acclimatized for 1 week prior to commencement of the 
experiments. The experimental procedures were approved 
by the University of Ibadan Animal Care and Use Research 
Ethics Committee (UI-ACUREC/App/16/0002). Also, 
efforts were made to minimize the suffering of the animals 
by careful handling during treatments and euthanization of 
the animals.
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Drugs and chemicals procurements

Jobelyn®–JB (Health Forever Ltd, Lagos, Nigeria); Mon-
osodium glutamate–MSG (Ajinomoto Co. Inc. Tokyo, 
Japan); Ellman Reagent [5′, 5′-Dithiosbis- (2-nitrobenzo-
ate)–DTNB]; adrenaline (epinephrine), Tris-Potassium 
Chloride–KCl, Acetic acid- AA (Sigma-Aldrich, St. Loius, 
MO, USA); sodium bicarbonate, disodium phosphate, 
monosodium phosphate,  dipotassium phosphate, potas-
sium dichromate, hydrogen peroxide, (BDH Chemical Ltd, 
Poole, England); sodium Chloride–NaCl, sodium hydroxide 
(J.T Baker Chemicals Co., Phillipsburg, NJ, USA); trichlo-
roacetic acid-TCA (Burgoyne Burbidges& Co., Mumbai, 
India); thiobabituric acid-TBA (Guanghua Chemical Factory 
Co. Ltd., China); and Agappe (Knonauerstrasse, 54- 6330, 
Cham, Switzerland GmbH) Diagnostic’s kits were used in 
this study.

Drug preparation and treatments

Monosodium glutamate (MSG) and  Jobelyn® (JB) were 
freshly prepared by dissolution in normal saline as vehicle 
and were administered orally. The doses of MSG (2, 4 and 
8 g/kg; p.o.) used in the study were selected based on previ-
ous scientific documentations [4, 12, 27]. Also, the doses of 
JB (5, 10 and 20 mg/kg; p.o) used in this study were selected 
based on previous investigations [24].

Treatment groupings

Male Swiss mice were randomly distributed into four (4) 
treatment groups (n = 6): group I (control) were treated with 
normal saline (10 mL/kg) while groups 2–4 received MSG 
(2, 4 or 8 g/kg) orally for 14 consecutive days. In the inter-
vention studies, mice were also randomly distributed into 5 
treatment groups (n = 6): group I (control) received normal 
saline (10 mL/kg), group 2 MSG (8 g/kg) while groups 3–5 
had MSG (8 g/kg) + JB (5, 10 and 20 mg/kg), respectively. 
Neurobehavioral changes (memory, motor functions and 
rearing behavior) were evaluated on day 15 post-treatment 
between the hours of 8:00 am–12:00 pm by trained observ-
ers blinded to the treatments.

Memory function

Memory function was evaluated using the Y-maze test 
(YMT) as previously described [28]. The Y-maze appa-
ratus is made up of a triple-arm chamber labeled A, B 
and C symmetrically separated at 120°. Each mouse was 
placed into arm A of the Y-maze apparatus and allowed to 
explore the three arms for 5 min. The parameters assessed 
in this test were frequency of arm entries and alternations 
(consecutive navigations across all three arms i.e. ABC, 

CAB or BCA but not BAB or ABA). Thereafter, the per-
centage (%) of correct alternation (an index of memory 
performance) was calculated as: (Total alternation num-
ber/Total number of arm entries–2) × 100 [29]. The maze 
was cleaned with 10% ethanol after each test to eliminate 
residual odor.

Locomotor activity and rearing behavior

Immediately after the test for memory function on day 15, 
the locomotor activity and rearing behavior were evaluated 
using the automated activity cage [30]. The animals were 
placed individually into the central arena of the activity 
cage. The horizontal movements (locomotor activity) and 
vertical movements (rearing behaviors) were recorded for 
5 min. The activity cage was also cleaned with 10% ethanol 
after each test to eliminate residual odor.

Preparation of brain, liver and blood tissues 
for biochemical assays

Immediately after the behavioral testing, blood was col-
lected via ocular puncture from three mice per group using 
capillary tubes and then centrifuged (3000 rpm; 10 min). 
The serum was stored at – 40 ºC. Thereafter, each animal 
was euthanized using diethyl ether, and the whole brain and 
liver organs, were removed, weighed, rinsed with 10% w/v 
sodium phosphate buffer; 0.1 M, 5 mL; pH 7.4), and homog-
enized using cold centrifuge (10,000 rpm, 4 ºC) for 15 min. 
The supernatants of each brain and liver tissue homogenates 
were stored for the different biochemical assays.

Biochemical assays

Oxidative and nitrergic status in brain and liver tissues 
of mice

The oxidative and nitrergic status in the brain and liver tis-
sues of mice exposed to MSG alone or in combination with 
JB were assayed using spectrophotometric techniques. The 
supernatants of the brain or liver tissue were used to esti-
mate the content (µmol/g protein) of reduced GSH [31], and 
activities of catalase and SOD [32, 33]. The activity of SOD 
and catalase were expressed in µmoles/min/mg protein and 
unit/mg protein, respectively. The concentrations of MDA 
(nmole/mg protein) and NO (µmol/mg protein) were deter-
mined in the supernatants of the brain or liver tissue using 
the thiobarturic method [34] and griess reagent [35], respec-
tively. The protein content in each tissue was estimated using 
the Biuret reagent [36].
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Liver enzymes assays

In the independent studies, immediately after defrosting 
frozen clear supernatants of sampled sera, indices of the 
serum enzyme [aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and alkaline phosphatase (ALP)] 
activities were assayed spectrophotometrically using 
Randox Diagnostic’s kits (for AST and ALT) and Teco 
Diagnostic’s kits (for ALP), respectively, in accordance to 
the manufacturers’ instructions. The activities of the liver 
enzymes were expressed as UI/L units.

Liver serum proteins

The deleterious effects of MSG on the liver and the pro-
tective effect of JB were further assessed in mice by esti-
mating the concentrations of liver serum proteins such 
as albumin, bilirubin and total protein. For albumin, the 
manufacturer’s (Agappe Diagnostic kits) assay protocol 
was employed as previously described [37]. Randox Diag-
nostic kits were used for the assay of bilirubin and total 
protein contents according to the manufacturer’s instruc-
tions. The contents of serum albumin and total proteins 
were expressed as g/dL and mg/dL for bilirubin.

Liver histomorphologic studies

After the behavioral tests, three mice in each group (n = 3) 
were euthanized using light ether, and perfused intracar-
dially with formalin before the liver tissues were har-
vested. Standard routine procedures for embedded tissue 
paraffinization/deparaffinization in block media were uti-
lized. Thereafter, representative portions of the harvested 
liver (centrilobular) tissue of the animals were sectioned 
(5–6 µm thick) transversally, using a microtome (Leica, 
Germany) and stained using Hematoxylin & Eosin (H & E) 
medium [38]. Stained tissue sections were each fixed-on 
glass slides for light microscopic evaluations of liver cyto-
architectural alterations (density and size /shape). Images 
were then captured utilizing an Optronics Digital Cam-
era connected to a computer interface (MagnaFire) and 
an Olympus BX-51 binocularmicroscope. An Inter-reader 
variability device was employed for characterizations of 
the general morphology of the liver (lobular, trabecular 
and portal regions) tissue. Also, the density of viable 
hepatocytes was quantified using Image J (X400 magnifi-
cation) based on typical characteristics: absence of nuclear 
condensation distortion, intact cytoplasmic membrane and 
round/oval-shaped cells. The ratio of cellular viability to 
circularly viewed square area/section was calculated and 
used as determinant of hepatocytes densities.

Statistical analysis

The data obtained from the independent investigations 
were expressed as Mean ± SEM (standard error of mean) 
for each treatment group. Results were analyzed utilizing 
one-way analysis of variance (ANOVA); and Bonferroni 
post-hoc test was done to determine the source of signifi-
cant mean effect using GraphPad Prism software (Version 
5.0, USA). The level of significance for all tests was set 
at p < 0.05.

Results

MSG impairs spatial working memory in Y‑maze test 
and effect of JB intervention

The effect of MSG on spatial working memory is depicted 
in Fig. 1a. As shown in Fig. 1a, mice treated with oral 
doses of MSG (2–8 g/kg) once daily for 14 days exhibited 
memory deficits as evidenced by a significant (p < 0.05) [F 
(3,16) = 15.50, p < 0.0001] decrease in % correct alterna-
tions in a dose-related manner. JB (5, 10 and 20 mg/kg, 
p.o.) treatment significantly (p < 0.05) [F (4,20) = 32.84, 
p < 0.0001] attenuated MSG (8 g/kg, p.o.)–induced mem-
ory decline as shown by increased % correct alternation 
(Fig. 1b).
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Fig. 1  Monosodium impairs spatial working memory (a) and ame-
liorating effect of  Jobelyn® intervention (b) in mice. Each column 
represents the mean ± SEM for 3 animals per group. *p < 0.05 as 
compared to vehicle group; #p < 0.05 as compared to MSG (8 g/kg)  
(one-way ANOVA followed by Bonferroni post-hoc test). VEH vehi-
cle, MSG monosodium glutamate, JB  Jobelyn®
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MSG elicits hyperlocomotion and its attenuation 
by JB

As shown in Fig. 2b, daily oral administration of MSG 
(2–8 g/kg, p.o.) induced hyperlocomotion as depicted 
by a significant (p < 0.05) [F (3,16) = 33.21, p < 0.0001] 
increase in horizontal activity counts/5 min in the auto-
mated activity cage relative to control. However, daily 
doses of JB (5, 10 and 20 mg/kg, p.o.) for 14 days signifi-
cantly (p < 0.05) [F (4,20) = 27.92, p < 0.0001] suppressed 
MSG (8 g/kg, p.o.)-induced hyperlocomotion as indexed 
by decreased horizontal activity counts/5 min (Fig. 2b).

MSG increases rearing activity and its suppression 
by JB intervention

Daily oral administration of MSG (2–8  g/kg, p.o.) 
produced a significant (p < 0.05) [F (3,16) = 52.37, 
p < 0.0001] dose-dependent spike in the frequency of rear-
ing behavior shown by increased vertical activity/5 min 
in the automated activity when compared with control 
(Fig. 3a). As presented in Fig. 3b, daily oral doses of JB 
(5, 10 and 20 mg/kg) for 14 days significantly (p < 0.05) 
[F (4,20) = 47.05, p < 0.0001] reduced the frequency of 
rearing behavior induced by MSG (8 g/kg, p.o.). MSG induces oxido‑nitrergic stress in mouse brain 

and effects of JB intervention

The effects of MSG on biomarkers of oxidative and nitrer-
gic stresses in mouse brain are shown in Fig. 4a–d. As pre-
sented in Fig. 4a–d, administration of oral doses of MSG 
(2–8 mg/kg) for 14 days caused a dose-dependent eleva-
tion of MDA [F (3,16) = 14.74, p < 0.0001] (Fig. 4a) and 
nitrite [F (3,16) = 55.21, p < 0.0001] (Fig. 4b) contents 
accompanied by depletion of endogenous antioxidant status 
[reduced GSH [F (3,16) = 21.08, p < 0.0001] (Fig. 4c), SOD 
[F (3,16) = 18.67, p < 0.0001] (Fig. 4d) and catalase, CAT 
[F (3,16) = 20.70, p < 0.0001] (Fig. 4e) in mouse brain when 
compared with control (p < 0.05). As shown in Table 1, daily 
administration of JB (5, 10 and 20 mg/kg, p.o) for 14 days 
reduced MDA [F (4,20) = 47.05, p < 0.0001] and nitrite [F 
(4,20) = 47.05, p < 0.0001] contents, and boosted the antioxi-
dant defense armory of the brain tissues of mice exposed to 
MSG (8 g/kg, p.o.).

MSG increases oxido‑nitrergic stress in liver tissues 
and the defensive effect confers by JB

Figure 5a–d showed that oral administration of MSG 
(4–8 g/kg) significantly (p < 0.05) elevated the liver con-
tents of MDA [F (3,16) = 43.23, p < 0.0001] and nitrite [F 
(3,16) = 56.57, p < 0.0001] followed by depletion of GSH 
[F (3,16) = 106.1, p < 0.0001] and CAT [F (3,16) = 162.6, 
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Fig. 2  Monosodium glutamate produces hyperlocomotion (a) in mice 
and the inhibitory effect of  Jobelyn® (b). Each bar represents the 
mean ± SEM of 3 animals / group. *p < 0.05 as compared to vehicle 
group; #p < 0.05 as compared to MSG (8 g/kg) (one-way ANOVA fol-
lowed by Bonferroni post-hoc test). VEH vehicle, MSG monosodium 
glutamate, JB  Jobelyn®
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Fig. 3  Monosodium glutamate increases rearing behavior (a) in 
mice and inhibitory effect of  Jobelyn® (b). Each bar represents the 
mean ± SEM of three animals/group. *Denotes p < 0.05 as compared 
to vehicle group; #Denotes p < 0.05 as compared to MSG (8  g/kg) 
(one-way ANOVA followed by Bonferroni post-hoc test). VEH vehi-
cle, MSG monosodium glutamate, JB  Jobelyn®
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Fig. 4  Effect of monosodium glutamate on oxido-nitrergic stress 
biomarkers: MDA (a), nitrite (b), GSH (c), SOD (d) and CAT (e) in 
mouse brain. Each column represents the mean ± SEM for 3 animals 

per group. *p < 0.05 compared to control group (one-way ANOVA 
followed by Bonferroni post-hoc test). VEH vehicle, MSG monoso-
dium glutamate

Table 1  Effect of  Jobelyn® on monosodium glutamate-induced oxidative and nitrergic changes in mouse brain

Values represents the mean ± SEM of grouped mice (n = 3). *p < 0.05 compared to vehicle group. #p < 0.05 compared to MSG (8 g/kg) (one-way 
ANOVA followed by Bonferroni post-hoc test)
VEH vehicle, MSG monosodium glutamate, JB  Jobelyn®

Treatments groups GSH (nmole/mg 
protein)

SOD (Unit/mg protein) CAT (Unit/ mg pro-
tein)

MDA (nmole/mg 
protein)

Nitrite (µmol/mg 
protein)

VEH (10 mL/kg) 144.0 ± 7.79 6.82 ± 0.40 3.740 ± 0.26 21.20 ± 1.56 75.60 ± 3.56
MSG (8 g/kg) 63.40 ± 6.64* 3.74 ± 0.26* 3.74 ± 0.26* 40.00 ± 3.24* 140.0 ± 5.12*
MSG (8 g/kg) + JB 

(5 mg/kg)
104.6 ± 3.54# 7.36 ± 0.22# 7.36 ± 0.22# 18.00 ± 1.14# 73.60 ± 7.19#

MSG (8 g/kg) + JB 
(10 mg/kg)

100.4 ± 4.94# 5.54 ± 0.35# 5.54 ± 0.35# 21.80 ± 1.72# 86.20 ± 5.78#

MSG (8 g/kg) + JB 
(20 mg/kg)

92.20 ± 8.13# 5.20 ± 0.20# 5.20 ± 0.20# 21.60 ± 0.68# 97.80 ± 6.67#
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p < 0.0001] relative to control. Meanwhile, JB (5, 10 and 
20 mg/kg, p.o) significantly (p < 0.05) attenuated MSG 
(8 g/kg, p.o.)-induced increase in MDA [F (4,20) = 32.40, 
p < 0.0001] and nitrite [F (4,20) = 31.02, p < 0.0001] con-
tents and boosted the antioxidant machineries, GSH [F 
(4,20) = 48.68, p < 0.0001] and CAT [F (4,20) = 85.29, 
p < 0.0001] of the liver tissues (Table 2). 

MSG elevates liver enzymes of mice and inhibitory 
effect of JB

As presented in Fig. 6a–c, MSG (2–8 g/kg, p.o.) produced 
a significant (p < 0.05) perturbations in liver enzymes 
functioning as shown by elevated ALT [F (3,20) = 67.97, 
p < 0.0001], AST [F (3,20) = 84.17, p < 0.0001]and ALP 
[F (3,20) = 40.04, p < 0.0001] activities in comparison 
with controls. However, oral treatment with JB (5, 10 
and 20 mg/kg, p.o) significantly (p < 0.05) restored ALT 
[F (4,25) = 124.3, p < 0.0001], AST [F (4,25) = 112.7, 
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Fig. 5  Effects of monosodium glutamate on oxido-nitrergic stress 
biomarkers: MDA (a), nitrite (b), GSH (c) and CAT (d) in mouse 
liver tissue. Each column represents the mean ± SEM for three ani-

mals per group. *p < 0.05 compared to control group (one-way 
ANOVA followed by Bonferroni post-hoc test). VEH: Vehicle, MSG: 
Monosodium glutamate

Table 2  Effects of  Jobelyn® on monosodium glutamate-induced oxidative stress and nitrergic changes in mouse liver tissue

Values represents the mean ± SEM of grouped mice (n = 3). *Denotes p < 0.05 compared to vehicle group. #Denotes p < 0.05 compared to MSG 
(8 g/kg) (ANOVA followed by Bonferroni test)
VEH vehicle, MSG monosodium glutamate, JB  Jobelyn®

Treatments groups GSH (nmole/mg protein) CAT (Unit/ g protein) MDA (nmole/g protein) Nitrite (µmol/g protein)

VEH (10 mL/kg) 9.03 ± 0.23 17.42 ± 0.48 3.20 ± 0.30 0.03 ± 0.003
MSG (8 g/kg) 2.404 ± 0.11* 2.40 ± 0.48* 11.78 ± 0.90* 0.11 ± 0.001*
MSG (8 g/kg) + JB (5 mg/kg) 7.63 ± 0.63# 12.96 ± 0.43# 5.40 ± 0.69# 0.09 ± 0.003#

MSG (8 g/kg) + JB (10 mg/kg) 7.87 ± 0.34# 12.74 ± 0.96# 3.97 ± 0.44# 0.10 ± 0.007#

MSG (8 g/kg) + JB (20 mg/kg) 8.11 ± 0.35# 13.69 ± 0.40# 6.51 ± 0.27# 0.06 ± 0.005#

Author's personal copy



330 Toxicol Res. (2021) 37:323–335

1 3

p < 0.0001] and ALP [F (4,25) = 41.60, p < 0.0001] activities 
in the liver of MSG (8 g/kg)-treated mice (Table 3). 

Monosodium glutamate alters liver protein contents 
and the protective effects of JB

The effect of MSG on liver proteins (albumin, biliru-
bin and total protein) contents is depicted in Fig. 7a–c. 
As shown in Fig. 7a–c, MSG (2–8 g/kg, p.o.) given daily 
for 14 days produced a significant (p < 0.05) depletion of 
liver albumin [F (3,20) = 12.14, p < 0.0001], total protein 
[F (3,20) = 14.92, p < 0.0001] concentrations but elevated 
bilirubin [F (3,20) = 31.14, p < 0.0001] levels in the serum 
of mice relative to controls (Fig. 7a-c). However, Table 4 
showed that oral treatments with JB (5, 10 and 20 mg/kg, 
p.o.) ameliorated the MSG (8 g/kg, p.o)-induced abnor-
mal levels of liver bilirubin [F (4,25) = 79.03, p < 0.0001], 
albumin [F (4,25) = 10.07, p < 0.0001] and total proteins [F 
(4,25) = 10.75, p < 0.0001] contents (Table 4). 

Jobelyn®confers cyto‑protection on mice liver tissue 
treated with monosodium glutamate

The photomicrographs of the effects of JB on MSG-induced 
histomorphologic (density of viable cells) changes in mice 
liver tissues are shown in Fig. 8. Hematoxylin and Eosin 
(H&E) staining revealed that daily administration of MSG 
(8 g/kg, p.o.) for 14 days produced cyto-architectural per-
turbations in the centrilobular (zone 3) regions of the liver 
as evidenced by the increased diffused zone 3 hepatocellular 
degeneration (kupffer cell hyperplasia, vacuolar degenera-
tion, necrotic coagulation and neutrophilic cellular infil-
trates) (Fig. 8). As shown in Fig. 9a–c, MSG also reduced 
the population of viable hepatocyte counts [F (4,10) = 19.74, 
p < 0.0001] and caused atrophy (decreased diameter) of 
hepatic cord [F (4,10) = 8.165, p < 0.0001] and central vein 
[F (4,10) = 7.591, p < 0.0001] relative to control. However, 
JB (5, 10 and 20 mg/kg, p.o) treatment attenuated the MSG 
(8 g/kg, p.o.)-induced cytoarchitectural distortions of the 
liver tissues of mice (Fig. 8). Besides, JB also significantly 
(p < 0.05) increased the population of viable cells, diameters 
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Fig. 6  Monosodium glutamate elevates liver enzymes activities: 
ALT (a), AST (b) and ALP (c) in mice. Each bar represents the 
mean ± SEM for three animals per group. *p < 0.05 compared to con-
trol group (one-way ANOVA followed by Bonferroni post-hoc test).
VEH: Vehicle, MSG: Monosodium glutamate

Table 3  Jobelyn® attenuates 
monosodium glutamate-induced 
increase in activity of liver 
enzymes in mice

Each value represents the mean ± SEM of grouped mice (n = 3). *p < 0.05 compared to vehicle group, 
#p < 0.05 compared to MSG (8 g/kg) (one-way ANOVA followed by Bonferroni post-hoc test)
VEH vehicle, MSG monosodium glutamate, JB  Jobelyn®

Treatments groups ALT (U/L) AST (U/L) ALP (U/L)

VEH (10 mL/kg) 6.92 ± 0.40 15.98 ± 0.69 23.17 ± 1.69
MSG (8 g/kg) 19.33 ± 0.61* 50.04 ± 1.75* 61.82 ± 2.95*
MSG (8 g/kg) + JB (5 mg/kg) 9.19 ± 0.39# 23.47 ± 0.81# 31.36 ± 2.42#

MSG (8 g/kg) + JB (10 mg/kg) 9.34 ± 0.25# 20.58 ± 1.17# 33.46 ± 2.30#

MSG (8 g/kg) + JB (20 mg/kg) 10.85 ± 0.41# 22.78 ± 1.57# 29.08 ± 2.13#
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of hepatic cord, and central vein in the centrilobular (zone 
3) region of the liver of the MSG-treated mice (Fig. 9a–c). 

Discussion

The results of this study showed that repeated administration 
of high doses of MSG impaired spatial working memory, 
enhanced locomotion and rearing behavior in mice. How-
ever, pretreatment with JB improves memory function and 
attenuated hyperlocomotion, and abnormal rearing behavior 
in mice exposed to oral dose of 8 mg/kg of MSG. In the 
biochemical studies, MSG caused a dose-dependent eleva-
tion in the concentrations of MDA and nitrite accompanied 
by profound depletion of endogenous antioxidant-protective 
substances in the brain and liver tissues of mice indicating 
the involvement of oxidative/nitrergic pathways in its toxic 
effects. Meanwhile, JB attenuated the oxidative and nitrergic 
insults as evidenced by the profound suppression of MDA 
and nitrite levels followed by increased antioxidant defense 
armory of the brain and liver cells of mice treated with MSG 
(8 g/kg, p.o.). Studies have shown that compromised hepatic 
function promotes the neurotoxic effect of MSG by increas-
ing its brain concentrations [38, 39]. Hence, further investi-
gations focused on specific biomarkers of liver damage such 
as enzymes functioning, serum proteins (albumin, bilirubin 
and total proteins) profiles and hepatic histomorphologic 
features were evaluated. Our data showed that MSG caused 
pathologic perturbations in liver enzymes as shown by ele-
vated ALT, AST and ALP activities. MSG further altered 
the liver protein (albumin, bilirubin and total protein) con-
tents and distorted the cyto-architectural integrity of the 
liver tissues of mice, which further suggest hepatotoxic-
ity. Interestingly, JB pretreatment restores the deregulated 
hepatic enzymes functioning, serum protein contents and 
cyto-architectural changes in MSG-treated mice suggesting 
hepatoprotective activity.

The YMT is an animal paradigm employed routinely for 
screening of novel compounds with memory boosting effect 
in rodents [28]. This test relies wholly on the innate capabil-
ity of rodents to recognize the sequence of arms entries (also 

0

1

2

3

4

VEH (10 mL/kg)
MSG (2 g/kg)
MSG (4 g/kg)
MSG (8 g/kg)

*
* *

A

Treatments

   
  A

lb
um

in
 (g

/d
L)

0.00

0.15

0.30

0.45

0.60

0.75

0.90

*
*

* VEH (10 mL/kg)
MSG (2 g/kg)
MSG (4 g/kg)
MSG (8 g/kg)

B

Treatments

   
 B

ili
ru

bi
n 

(m
g/

dL
)

0

2

4

6

8
VEH (10 mL/kg)
MSG (2 g/kg)
MSG (4 g/kg)
MSG (8 g/kg)* * *

C

Treatments

To
ta

l p
ro

te
in

 (g
/m

L)

Fig. 7  Monosodium glutamate alters liver protein contents: albumin 
(a), bilirubin (b) and total protein (c) in serum of mice. Each bars 
represent the mean ± SEM for  three  animals per group. *p < 0.05 
compared to vehicle (control) group (one-way ANOVA followed by 
Bonferroni post-hoc test). VEH vehicle, MSG monosodium glutamate

Table 4  Effect of  Jobelyn® on 
monosodium glutamate-induced 
alterations of liver proteins in 
mice serum

Values represents the mean ± SEM of grouped mice (n = 3). *p < 0.05 compared to vehicle group. #p < 0.05 
compared to MSG (8 g/kg) (one-way ANOVA proceeded by Bonferroni post-hoc test)
VEH vehicle, MSG monosodium glutamate, JB  Jobelyn®

Treatments groups Bilurubin (mg/dL) Albumin (g/dL) Total protein (g/mL)

VEH (10 mL/kg) 0.23 ± 0.02 3.05 ± 0.13 6.59 ± 0.26
MSG (8 g/kg) 0.97 ± 0.02* 2.07 ± 0.04* 3.44 ± 0.24*
MSG (8 g/kg) + JB (5 mg/kg) 0.53 ± 0.02# 2.83 ± 0.10# 6.42 ± 0.27#

MSG (8 g/kg) + JB (10 mg/kg) 0.57 ± 0.02# 2.77 ± 0.19# 6.00 ± 0.38#

MSG (8 g/kg) + JB (20 mg/kg) 0.58 ± 0.30# 2.95 ± 0.15# 6.00 ± 0.04#
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known as spontaneous alternations) [28]. Voluntary visita-
tions by mice into a choice-arm at any given time is a deci-
sive functional activity generally believed to be held in spe-
cific brain neural circuits relevant to learning and memory 
processes [40]. Thus, the avoidance of the last arm recently 
visited, is an indication that the animal has this information 
in its working memory, making this behavioral task, a model 
for short-term memory [28, 29]. In the dose finding study, 
administration of high doses of MSG impaired memory 
performance in mice as shown by reduced correct alterna-
tions in the YMT. Interestingly, we have earlier reported that 
low doses (0.1–0.5 g/kg) of orally administered MSG did 
not exert any significant alterations in alternation behaviors 
of mice [1], which was also in agreement with literature 
[41]. However, studies that employed 2 g/kg [42] or 3 g/
kg [43] of oral dose of MSG reported impaired memory 
function. In line with the later, our findings further revealed 
that MSG-induced memory deteriorations, and this may in 
part, have a direct proportionality to its dose and duration 
of administration. However, in the intervention studies, JB 
ameliorated MSG-induced memory deficits as shown by 
increased correct alternation behavior in mice. This finding 
further confirmed earlier preclinical studies, which showed 
that JB improved memory deficits induced by scopolamine 
and attenuated neurodegeneration evoked by chronic alcohol 
treatment in rodents [24].

The automated activity cage was used in assessing the 
effect of JB on MSG-induced motor dysfunctions in mice. 
Our results showed that high doses of MSG caused hyper-
locomotion and increased rearing activity. It is worthy of 
note that various studies have shown that MSG produced 
divergent effects on motor function, namely hyperactiv-
ity, hypo-activity or no significant effect [16, 41, 42]. The 
reports of Seo et al. [16] showed that MSG produced a 
time-dependent bi-phasic modulation of locomotor func-
tion; an initial nonspecific spike of exploratory motor activ-
ity, preceded by retarded voluntary motor movements, with 
some stereotypic manifestations. However, the results of 
Quines et al. [15] are in agreement with our findings, which 
showed that MSG caused hyperactivity in rats as revealed 
by increase in the frequency of rearing, velocity and total 
distance travelled. These behavioral changes have been 
attributed to MSG-mediated imbalance between glutamate 
and GABA transmitters in the brain [44]. Specifically, MSG-
induced hyperactive behavior has been linked to presynaptic 
glutamate-triggered  Ca2+ release and increased sympathetic 
discharge due to GABAergic disinhibition [45]. However, 
in the intervention studies, JB attenuated the hyperlocomo-
tion and increased rearing activity induced by MSG in mice, 
which further suggest its potential benefit in ameliorating 
the deleterious effects of this widely consumed food addi-
tive. Nevertheless, further studies are needed to pinpoint the 

Fig. 8  Representative photomicrographs (H & E staining) of the 
effect of  Jobelyn® on monosodium glutamate-induced hepatotoxicity 
in the centrilobular (zone 3) region of mice liver. a = Vehicle (10 mL/
kg), b = MSG (8  g/kg), c = MSG + JB (5  mg/kg), d = MSG + JB 
(10 mg/kg), and e = MSG + JB (20 mg/kg). a revealed normal histo-
morphometric orientations of viable hepatocytes with intact hepatic 
cord and vein (arrow head). b exhibited decreased population of 
viable hepatocytes, atrophy of hepatic cord and central vein (red 

arrow), kupffer cell hyperplasia (double-head arrow), cytoplasmic 
vacuolar degeneration (yellow arrow), necrotic coagulation (brown 
arrow) and neutrophilic cellular infiltrates (black single-head arrow). 
c, d, e showed population of viable hepatocytes with normal hepatic 
cord and central vein (arrow head) and binucleation (regeneration) of 
hepatocytes (thick vertical arrows). Mag =  × 400; Scale bar for all fig-
ures = 0.01 mm (10 µm)
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mechanistic role of glutamate transmitter in the ability of JB 
to mitigate MSG-induced neurotoxicity.

Previous studies have shown that MSG induced tissue 
injury via increased cellular oxidative and nitrergic pertur-
bations [1, 20], which might be connected with glutamate 
excitotoxicity [18]. In agreement with previous findings 
[16, 20], our data showed that high doses of MSG produced 
abnormal increases in MDA and NO contents followed by 
depletion of antioxidant-protective machineries (GSH, SOD 
and CAT) in the brain and liver tissues of mice suggest-
ing increase in oxido-nitrergic stress. Several studies have 
reported copious hepatocellular injuries including steatosis, 
fibrosis and chronic hepatitis, attributable to MSG-mediated 
formation of oxido-nitrergic moieties [46, 47]. Therefore, 
the increased lipid pro-oxidant (MDA and NO) activities 
coupled with depletion of antioxidant status of the liver of 
MSG-treated mice indicate hepatic tissue injury. However, 
JB intervention resulted in sharp fall in MDA and NO with 

corresponding increased antioxidant status of the brain and 
liver tissues of MSG-treated mice, which suggest neuropro-
tection and hepatoprotection. Meanwhile, previous studies 
have also shown that JB attenuated scopolamine-induced 
memory deficit via suppression of oxidative stress in mice 
brains [24]. Thus, the ability of JB to mitigate MSG-induced 
memory dysfunction may be related to the inhibition of oxi-
dative and nitrergic pathways and augmentation of antioxi-
dant systems.

There are several evidences suggesting that compromised 
liver functions contribute substantially to neurotoxicity of 
chemical toxicants [48, 49]. Thus, the quantification of liver 
enzymes (ALT, AST and ALP) functioning and proteins 
(bilirubin, albumin and total proteins) contents as biomark-
ers of liver injuries [39] was carried out in this study. Indeed, 
several investigations have shown that MSG-induced organ 
toxicities in rodents were closely associated with abnormal 
serum ALT, AST and ALP activities [1, 19, 46]. Monoso-
dium glutamate was also shown to increased bilirubin con-
centrations and depleted albumin and total proteins [50] 
contents, which further indicate hepatotoxicity. Consistent 
with these findings, our data also revealed that high doses of 
MSG induced liver damage as shown by increased hepatic 
transaminases (ALT, AST) and phosphatase (ALP) enzymes. 
Besides, MSG also increased hepatic bilirubin and reduced 
albumin and total protein contents, which further suggest 
hepatotoxicity in mice. The histomorphological studies fur-
ther confirmed the hepatotoxicity of high doses of MSG, 
as shown by the distortions of the cyto-architecture of the 
liver. Moreover, previous studies have also established 
reduced viable hepatocytes, atrophy of hepatic cord, hepatic 
parenchyma edema, multiple pyknosis, vacuolar degenera-
tion, necrotic coagulation, neutrophilic cellular infiltrates, 
massive lymphocytic/macrophage exudation around portal 
regions and hyper-proliferated bile ducts in MSG-treated 
animals [14, 51]. It is generally believed that MSG-induced 
hepatic dysfunction, which may in turn aid its neurotoxic-
ity in experimental animals [52]. Moreover, micromolar 
concentrations of plasma bilirubin and reduced albumin/
total protein contents in circulation have been found to pro-
mote neurotoxicity [52, 53]. Meanwhile, in the intervention 
study, JB attenuated MSG-induced deregulations of serum 
liver enzymes (ALT, AST and ALT) and proteins (bilirubin, 
albumin and total protein) contents suggesting hepatopro-
tection. The findings that JB abrogated the MSG-induced 
pathologic cyto-architectural changes of mice liver tissue as 
shown by increased population of viable hepatocyte (den-
sity count), hepatic cord/central vein (diameter size), and 
increased hepatocytic binucleation, suggests a remediated 
regeneration. This hepatoprotective activity of JB may be 
related in part to its acclaimed anti-oxidant flavonoid-based 
polyphenolic constituents [23, 54], although more in-depth 
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Fig. 9  Jobelyn® attenuates monosodium glutamate-induced loss of 
liver cell viability: hepatocyte counts (a), hepatic cord diameter (b) 
and central vein diameter (c) of mice. Bars represent the mean ± SEM 
of grouped mice (n = 3). *p < 0.05 compared with vehicle group; 
#p < 0.05 compared to MSG (8 g/kg) (one-way ANOVA proceeded 
by Bonferroni post-hoc test). VEH vehicle, MSG monosodium gluta-
mate, JB  Jobelyn®
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molecular investigations are strongly recommended to jus-
tify this assumption.

It may be concluded from the results obtained from this 
study that high doses of monosodium glutamate impairs 
memory, motor activity and hepatic functions in mice via 
induction of oxido-nitrergic stress and impaired hepatic 
enzyme functioning and structural integrity. This study also 
identified the beneficial effects of JB administration in miti-
gating the toxic effects of MSG by augmenting the cellular 
antioxidant defense machineries.
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