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ABSTRACT

Monosodium Glutamate (MSG) is a widely used food additive that has
several deleterious effects on different body organs. Tannic acid (TA) is a naturally
occurring antioxidants with several pharmacological properties. The present study
was designed to study the toxic effects of MSG on the pancreas with the possible
ameliorative role of TA. Forty male albino rats were used in this study in the form of
four groups, 10 rats each. Group I, was the control group, fed on the standard diet,
Group II received TA (100mg/kg), Group III received MSG (2g/kg) and Group IV
received TA and MSG orally by gavage for 4weeks. Biochemical analysis revealed
that MSG affected the pancreatic function by a significant increase in the serum
levels of amylase and lipase enzymes, as well as, the blood sugar level (p < 0.001)
meanwhile it did not significantly affect plasma insulin level (p>0.05).
Histopathological examination showed severe destruction in the pancreatic
architecture with hypertrophy and hyperplasia in the pancreatic islets as well as a
decrease in the number of acinar cells in addition to congestion and dilation in the
blood vessels. Co-administration of TA with MSG attenuated these effects; this role
may be explained by its anti-oxidative effects that need future research to explain the
mechanism of action. It is concluded that MSG has a deleterious effect on the
pancreas functionally and morphologically and TA act as a good antioxidant agent
against MSG toxicity.

Introduction -

Monosodium glutamate (MSG) is a
widely used food additive that is added to
packaged foods as a flavor enhancer (Sharma
and Deshmukh, 2015; Bera et al., 2017;

Shukry et al., 2020).

Although  the

health problems in humans and experimental
animals (Waer and Edres, 2006; Husarova
and Ostatnikova, 2013; Butnariu and Sarac,
2019).

The pancreas is one of the organs
which may be affected by many toxins.
However, few reports that studied the effect
of MSG on the pancreas which resulted in a

food and drug . : . . .
scarcity of information on exocrine functions

Administration (FDA) stated that MSG 1is a
safe substance, several studies showed that
MSG is found to be toxic and cause different

DForensic ~ Medicine &  Clinical — Toxicology
Department, Faculty of Medicine, Suhag University,
Suhag, Egypt.

@ Histology Department, Faculty of Medicine, Sohag
University, Sohag, Egypt.

(Kumar et al.,, 2015 and Abdulsalam et al.,
2018).

Many natural components are working
against reactive oxygen species and oxidative
stress through their anti-oxidant properties,
for example, vitamins C, E, polyphenolic, and
quercetin compounds (Bertolin et al., 2011).
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Tannic acid (TA) is a plant-derived
polyphenol found in the bark and fruits of
many plants such as tea, coffee, grapes, and
nut. It is a natural antioxidant that quenches
lipid peroxidation, prevents DNA oxidative
damage, and scavenges hydroxyl radical (OH)
(Omar et al., 2003; Andrade et al., 2005; Calis
et al., 2016).

The present study was designed to
study the toxic effects of MSG on rat
pancreas with the possible ameliorative role
of TA.

Material and Methods

Chemicals used in this study included;
Monosodium Glutamate powder, tannic acid
powder (purchased from Sigma Aldrich
Company, Germany), Kits of Pancreatic
lipase, amylase, Insulin, and glucose
(purchased from Bio diagnostic company,
Egypt).

Animals that were used in this study
were forty healthy adult white albino rats.
They were about 7 weeks old and their
weights were 200 + 20 gm. Animals were
purchased from the animal Facility Center of
the Faculty of Medicine Helwan University.
The animals were housed in animal houses,
Faculty of Medicine, Sohag University, in
metal cages under ambient temperature, and
they were kept under fixed appropriate
humidity and light conditions. They were
acclimatized to the laboratory condition for
one week before starting the treatment
protocol. Animals were fed with standard
pellet food and water. The protocol was
approved by the local ethical committee of the
Faculty of Medicine, Sohag University.

At the end of the adaptation period,
the rats were weighed and randomly divided
into four equal groups, 10 rats each.

Group I (control) received water and
diet for 4weeks. Group II (TA) received
dailyl00 mg/kg/ of TA by oral gavage for
4weeks (Hassan et al, 2011). Group III
(MSG) received daily 2g/kg/ of MSG by oral
gavage which represents 1/7 of oral LDs, for
4weeks (Calis et al., 2016; Sayed et al. 2016).
Group IV (TA and MSG) received TA (100
mg/kg) and MSG (2g/kg)/daily by oral
gavage for 4 weeks.

At the end of treatment, the animals
were sacrificed; blood samples (3ml) were
collected from retro-orbital blood vessels in
centrifuge tubes, centrifuged at 4000 rpm for
15 min and immediately stored at -20°C until
their use for biochemical analysis then the
animals were dissected to expose the
pancreatic  organ for  histopathological
examination.

The biochemical assessment of serum
pancreatic enzymes (amylase and lipase) level
was estimated by using enzyme-linked
immunosorbent assay kits by UV2300
spectrophotometer (The USA). Detection of
random blood glucose by spectrophotometer
(BAUSCH & LOMB Spectronic 1001.USA)
and plasma insulin level by radio-
immunoassay  kits  (UV2300  spectr-
ophotometer (USA).

Histopathological assessment of the
Pancreas included; the pancreas was cleaned
with physiological saline and slices from the
pancreas were fixed in 10% neutral formalin.
Tissues were processed and prepared for
serial paraffin section of Sum thickness. The
slides were stained with hematoxylin and
eosin for histopathological examination by
Light microscopic with measurement of the
pancreatic islet of Langerhans surface area in
five high power fields in each animal by
image J software.
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Statistical analysis

Statistical Package for Social Science
(IBM-SPSS), version 24 (May 2016); 1BM,
Chicago, USA was used for statistical data
analysis. The data were expressed as mean+
standard deviation (SD), number, and
percentage. Mean and standard deviation was
used as a descriptive value for quantitative
data. The Studen”s T-test was used to
compare the means between two groups, and
a One Way analysis of variants (ANOVA)
test was used to compare means of more than
two groups.

Results

Table (1) shows a significant increase
in the mean values of serum levels of both
amylase and lipase enzymes in the studied
groups with p < 0.0land p <0.001 respectivly.
On comparing MSG treated group (Group I1I)
to the control group (Group I) there was a
significant increase in the mean values of
serum levels of amylase and lipase enzymes
with p < 0.01. However, when TA co
administrated to MSG (Group 1V) significant
improvement was observed in the serum level
of amylase enzyme with p < 0.01 while no
significant improvement was detected in the
serum level of lipase enzyme with p >0.05 as
compared to group III.

Table (1): The mean values and standard deviation of pancreatic enzymes in the studied groups

(n=40)

Studied groups Serum amylase (U/l) Serum lipase (U/1)

(n=10 rats each) mean +SD pl p2 mean +SD pl p2
Control 24754+494.7 11.714£3.1

TA 2335.8+370.5 0.527 12.3342.64 0.673

MSG 3209.3+422 0.005 379+ 89 0.000

TA +MSG 2452.4+417.1 0.926 0.002 34.57+£5.9 0.000 0.403
p-value <0.001* <0.001*

P-value; is for comparison between the groups assessed via ANOVA test, TA; tannic acid, MSG; monosodium
glutamate, pl; on comparing control group with other groups, p2; on comparing MSG group with (MAG + TA) groups,
data expressed as mean tstandard deviation (SD), * significant at p < 0.05, n; number.

Regarding random blood glucose, table
(2) shows a significant increase in mean
values of the blood glucose level in the
studied groups with p < 0.001. Comparing
MSG treated group (Group III) to the control
group (Group I), there was a significant
increase in the mean values of blood glucose

level with p < 0.01. The combination of TA
with MSG (Group IV) revealed a significant
reduction in mean values of blood glucose
level when compared to Group III. On other
hand, a non- significant difference in serum
insulin level was observed in all studied
animals groups with p > 0.05.
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Table (2): The mean values and standard deviation of pancreatic function tests in the studied
groups (n=40).

Studied groups Blood glucose (mg/dl) Serum insulin (uU/ml)
(n=10rats each) mean +SD pl P2 mean +SD pl P2
Control 112.7 £ 8.6 347 £1.4

TA 113.4+ 10.3 0.882 3.0+ 1.38 0.512

MSG 148 + 25.17 0.003* 3.7+ 1.66 0.771

TA +MSG 119.1 + 8.59 0.186 0.01* 3.08+ 1.6 0.642 0.460
p-value <0.001* 0.743

P-value: is for comparison between the groups assessed via ANOVA test, TA; tannic acid, MSG; monosodium
glutamate, pl: on comparing control group with other groups, p2: on comparing MSG group with (MAG + TA) groups,
data expressed as mean +standard deviation (SD), * significant at p < 0.05, n: number, pU: micro unite.

Regarding the pancreatic surface area

size, table (3) shows a significant increase in
mean value in the studied groups with p <
0.001. The mean value of pancreatic islet area
size in MSG treated group (Group III) showed
a significant increase when compared to

group I with p < 0.001 while combined
administration of TA with MSG (Group IV)
caused a significant reduction in the
pancreatic islet area size as compared to
group III with p <0.001.

Table (3): Pancreatic surface area size in all studied groups (n=40).

Studied groups Pancreatic surface area size (um)

(n=10rats each) mean £SD pl p2
Control 519.02+ 26.0
TA 564.9 £29.6 0.521
MSG 3558.5+974.2 0.000%*
TA +MSG 1986.1 +£217.54 0.001* 0.001*
p-value <0.001*

P-value: is for comparison between the groups assessed via ANOVA test, pl: on comparing control group

other

groups, TA; tannic acid, MSG; monosodium glutamate, p2: on comparing MSG group with (MAG + TA) groups, data
expressed as mean tstandard deviation (SD), * significant at p < 0.05, n: number.

Examination of a section of the liver by
H & E stain from MSG treated group (Group
III) displayed diffuse loss in the normal
architecture of the pancreas such as
hyperplasia and hypertrophy of islets of
Langerhans with a decrease in their numbers.
Also, the islet cells showed vacuolated
cytoplasm and pyknotic nuclei, as well as the
acinar cells, showed mild changes in their

normal architecture in addition to congestion
and dilation in the blood vessels with the
presence of edema in between (Figure 1C) as
compared to the control group (Figure 1A).
These findings were improved when TA was
co administrated to MSG (Group 1V) where
there was a less or normal appearance in most
of the pancreatic architecture with slightly
vacuolated cells (Figure 1D)
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Fig.(1): Microscopic pictures of H&E stained pancreatic section (A) from groups I showing a normal
architecture of the pancreas, the islets of Langerhans (IL) are normal, in between normal
pancreatic acini (SA) and normal blood vessels (BV). Also pancreatic section (B) from group II
animals showing a normal architecture of the pancreas, normal islets of Langerhans (IL) with
normal pancreatic serous acini (SA).while Pancreatic section (C) from group III showing a loss
in normal architecture of the pancreas; hyperplasia and hypertrophy of islets of Langerhans (IL)
with pyknotic nuclei (P), vaculation (V), and edema (E) with congested dilated blood vessels
(BV). Pancreatic section (D) from a group (IV) showing restoration of most pancreatic structure
towards the normal, less, or normal islets of Langerhans (IL) and acinar cells are less or normal

(SA)with less vaculation (V).
Discussion

The pancreas is considered one of the
organs which are affected by MSG toxicity
and its functional -efficiency could be
determined by measuring the serum level of
plasma lipase and amylase enzymes
(Mohamed and El-Mandrawy, 2016).

By studying the toxic effect of MSG on
pancreatic enzymes, the present study
revealed a significant rise in the serum level
of amylase and lipase enzymes in MSG
treated group which could be attributed to
their release into the blood circulation instead
of passing through the duct to the intestine.

This might result from the primary effect of
oxidative injury of MSG or impaired
membrane permeability of the acinar cells
(Azevedo-Martins et al, 2003 and
Abdulsalam et al., 2018).

The current results were in agreement
with Seiva et al. (2012); Abdulsalam et al.
(2018) and Moen et al. (2020) who reported
significant elevation in the levels of lipase and
amylase enzymes in the MSG-treated group
compared to the control group.

Contrary to the present study, Yadav et
al. (2010) showed that MSG induced a dose-
dependent inhibitory effect on gastrointestinal
alpha-amylase enzyme activity. When the
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author used the following concentrations of
MSG; 2%, 6%, 8%, and 10%, there was
inhibition in the enzyme activity levels; 1750,
1500, 1400, and 600 wunits respectively
compared to the control value of 2800 units.

Regarding the serum insulin, the current
study revealed a non-significant difference in
the serum insulin level which in harmony
with the results conducted by Elshaikh and
Abuelgassim (2014) who declared that
glutamate caused insulin resistance but in a
certain dose (240 mg/kg) while no significant
changes reported in the other two doses
(120mg/kg &480 mg/kg). As well, Boonnate
et al. (2015) reported no change in serum
insulin levels between the MSG-treated group
and the control group.

The current findings could be explained
by Marquard et al. (2015) and Takahashi et al.
(2019) who observed that glutamate
potentiates insulin secretion from pancreatic
islets at the pharmacological concentrations
while when exposed to relatively high
concentrations of extracellular glutamate, the
endogenous glutamate might topically inhibit
insulin secretion from pancreatic islets.

However, Seiva et al. (2012); Leite et al.
(2013); and Moen et al. (2020) reported high
insulin blood levels with large doses and
longer duration in the MSG-treated group
when compared to untreated groups.

Blood glucose is controlled by different
organs that affect insulin secretion such as the
pancreas, liver, and kidneys (Moen et al.,
2020). In the current study, there was a
significant elevation in random blood glucose
level in MSG treated group as compared to
the control group.

Bansal et al. (2005) explained their
results by induction of the oxidative stress and
reduction in the antioxidant enzymes after
MSG administration which lead to leakage of

glucose from tissues to blood resulted in
hyperglycemia.

The current results on harmony with
Diniz et al. (2004) and Diniz et al.(2005) who
declared that MSG  could induce
hyperglycemia via its inhibitory effect on
growth hormones. Similarly, Soliman (2011)
revealed that hyperglycemia observed in the
MSG group was a consequence of the
increased food intake. Similar findings were
noticed by Seiva et al.(2012) and Helal et al.
(2017).

On contrary, Boonnate et al. (2015)
showed a non-significant difference in
glucose levels between control and MSG-
treated groups over 9 months of study.

Regarding the histopathological
findings, the present study displayed
congestion and dilation in the blood vessels
with hyperplasia and hypertrophy of islets of
Langerhans with decreased in their number
also B-cells showed pyknosis and vaculation
as well as a significant increase in pancreatic
islet size distribution.

The current results in agreement with
earlier studies that declared various changes
in pancreatic islets in MSG treated group such
as hemorrhages (Boonnate et al., 2015),
hypertrophy, and hyperplasia, Sasaki et al.
(2009), and Moen et al. (2020) showed
various changes in pancreatic islets with
congestion and dilatation in the blood vessels

As revealed by Hayashi et al. (2003)
glutamate responsible for the regulation of
insulin secretion because it is synthesized and
released from a cells in the pancreatic islets
so it 1s possible to found vesicular
degeneration and necrosis in the pancreatic
tissues when exposed to a large dosage of
MSG.

The present study in accordance to
Nakayama et al. (2003); Ajibade et al. (2015)
and Al-hayyali et al. (2020) who found that
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the histopathological pancreatic changes in
MSG treated group may be due to either
direct or indirect effect by induction
hypothalamic lesions.

On contrary, Abdulsalam et al. (2018)
revealed that no histopathological changes in
B-islets cells of Langerhans and only
congestion of blood vessels of the pancreas in
both MSG-treated and non-MSG-control rats
were observed.

Oral administration of both TA with
MSG in the present study showed a
significant reduction in the serum level of
pancreatic enzymes (amylase and Lipase) and
in  blood glucose which reflects the
antioxidant role of TA in preventing oxidative
damage of the MSG on the pancreatic
parameters while no significant effect on
plasma insulin was detected.

According to a study conducted by Lou
et al. (2018) who reported that TA has
antioxidant and o -amylase inhibitory
activities superior to that of acarbose and
gallic acid and scavenging activities power
stronger than Tertiary butylhydroquinone
(TBHQ).

Babby et al. (2019) reported that TA has
an antioxidant defense mechanism against
oxidative stress damage through elevation of
the reduced glutathione (GHS) levels which is
a potent free radical scavenger within the
islets of B-cell of pancreatic tissue and prevent
oxidative damage during the diabetic
condition.

The present study in agreement with
Calis et al. (2016); Babby et al. (2014) and
Babby et al. (2019) who revealed that TA
possesses antihyperglycemic activity against
streptozotocin-induced  diabetic rats and
restoration of insulin level to normal range.

Seiva et al. (2012) found that combined
administration of quercetin (QC) with MSG
treated group over 42 days normalized

Insulin, glucose, and amylase enzyme level
compared to rats given only MSG.

The observed alterations in the activities
of plasma biochemical markers of pancreatic
function in the MSG-treated rats despite of
mild pathological changes in pancreatic acini
could be referred to as  possible
physiochemical alterations in the pancreatic
acini with consequent enzyme leakage.

Conclusion

The present study concluded that MSG
has deleterious effects on the pancreas
functionally and morphologically and TA
could ameliorate MSG-induced pancreatic
toxicity through having anti-oxidants and
scavenger  activities. In  the  future,
examination and further research of the
protective effect of TA on MSG are needed to
examine the safety profile of this widely used
food additive.
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