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Abstract

Background Monosodium glutamate (MSG E621) is one of the most popular flavouring agents of modern

times and is widely used in many commercially packed food and even in house hold cooking. Previous stud-

ies revealed that excessive intake of MSG in diet causes obesity, metabolic defects, nephrotoxicity, neurotoxicity

and hepatotoxicity in rats, but no reports are available in the literature about the ecotoxicological assessment of MSG
by using fishes as a bioindicators. Since fishes are important consumer in aquatic food chain and directly linked

with human health status, the present study was aimed to investigate the impact of MSG in freshwater fish Labeo
rohita by using histological biomarkers.

Results Ninety-six h-LCs, of MSG to Labeo rohita was determined (1.5 g/L), and fish exposed to sub-lethal concen-
tration of MSG (1/10th of 96 h-LC50 concentration of MSG (150 mg/L)) showed distinguished behavioural changes
like erratic movement, loss of appetite and excessive mucous secretion all over the body as an adaptive syndrome
to avoid the direct exposure to MSG in the medium. Histopathological analysis clearly depicts severe damages

in the vital organs of fish. In gills, epithelial necrosis, hypertrophy, hyperplasia, primary and secondary gill lamellae
degeneration, oedema, fusion of adjacent secondary lamellae and rupture of gill epithelium were observed. The
intensity of tissue damage was increased as the exposure period was extended. The liver displayed vein conges-
tion, vacuole formation, degeneration in parenchymal cells and bile stagnation, whereas MSG-treated kidney tissue
showed high interstitial inflammation. Among the vital organs gill and liver displayed the highest histopathological
alterations.

Conclusions The present study clearly demonstrated that MSG is toxic to fish and able to cause significant dam-
ages in the vital organs as the exposure period was extended. Since the studies on the toxicity of MSG to fish are rare,
the present investigation may contribute to the scarce literature on sub-lethal toxicity of MSG to freshwater fishes.
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Background

Monosodium glutamate (MSG) is the sodium salt of
amino acid glutamic acid, and it has 78% of glutamic acid
and 22% of sodium salt and water. In many countries,
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glutamate are L-glutamate enantiomer and D-glutamate
enantiomer. Only the L-glutamate enantiomer has flavour
enhancing properties (Kawai et al, 2002). Glutamate
is an important metabolic link between the tricarbox-
ylic acid (TCA) cycle and urea cycle involved in cellular
energy degeneration and nitrogen disposal (Burrin &
Stoll, 2009).

L-glutamic acid was discovered in 1866 by Karl Rit-
thausen, German scientist who isolated the acid hydro-
lysate of wheat gluten. Salt of glutamic acid were first
revealed in 1908 (Hendry-Unaeze, 2017). Due to the
modern lifestyle and addiction to the taste instead of
the nutritional quality of food worldwide consumption
of readymade and processed food has been increased.
These foods are loaded with a variety of preservatives
along with monosodium glutamate as a taste enhancer.
MSG was produced by the fermentation process with the
help of bacterial genera corynebacterium and brevibacte-
rium (Nakayama et al., 2018). For industrial production
of MSG, molasses and starch hydrolysate were generally
used as raw materials (carbon source) (Sano, 2009). Daily
average consumption of MSG as a food additive includes
0.3-1.0 g/day for USA and Europe, 0.6-2.0 g/day in UK
(Rhodes et al., 1991), 1.5-3.0 g/day in Taiwan, 1.1-1.6 g/
day in Japan, 1.6-2.3 g/day in South Korea (Rhodes et al.,
1991) and 0.56-1.0 g/day in Nigeria (Hendry-Unaeze,
2010).

Several studies on rats show that MSG increases obe-
sity and it can produce neurological diseases such as Alz-
heimer’s, arthritis or fibromyalgia (Albrahim & Binobead,
2018). Glutamate has different physiological effects on
the gastrointestinal tract and caused obesity in human
(Chakraborty, 2019). Use of MSG has also been linked to
nephrotoxicity, hepatotoxicity, asthma, urticaria and neo-
plastic cell growth and differentiation in Albino Wistar
rats (Nnadozie et al., 2019).

Several authors have reported the impact of chronic
dosing of MSG in albino mice such as fertility impair-
ment in adults like changes in testicular lesions (Alal-
wani, 2014); significant abnormality in liver and renal
functions (Tawfik and Al-Badr, 2012); changes in serum
lipids (Nardelli et al., 2011), along with corresponding
inflammatory and fibrotic changes in the liver, kidney and
neonatal mortality (Nnadozie et al,, 2019). Acute toxicity
study of MSG (1250 mg/Kg) for eight days to male Wistar
rats showed histopathological alterations in the liver like
mild disturbance in liver architecture, massive necro-
sis with little area of regeneration and large congested
central vein with ruptured endothelial lining which was
invaded by lymphocytic infiltration and few inflamma-
tory cells (Egbuonu et al., 2010).

Aquatic ecosystems are more vulnerable to many
kinds of pollutants either from natural calamities or
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through anthropogenic activities. Such polluted water
causes serious physiological and histological altera-
tions in the aquatic organisms especially to fishes.
Intractable fermentative wastewater from monosodium
glutamate manufacturing plants have high strength
of COD (10,000-30000 mg/ L), ammonium (15,000—
25,000 mg/L), sulphate (15,000-30000 mg/L) and very
low pH (2.0) (Yang et al, 2005). Cheng et al., (1996)
reported that untreated MSG effluent is highly toxic to
fish Ctenopharyngodon idellus.

Aquatic organisms like fishes tend to accumulate a
great variety of pollutants directly from contaminated
water and indirectly through the food chain (Ashraf,
2005). Once the toxic substance enters the body of the
fish it may affect the organs leading to physiological and
pathological disorders and its severity may be dose and
time dependent. An array of histopathological alterations
is inevitable in fishes exposed to toxicants both in the
field and in laboratory conditions (Abdallah & Abdallah,
2008).

The histological biomarkers are useful indicators of the
general health of the fish which reflects past exposure to
a variety of anthropogenic pollutants (Maharajan et al.,
2016). Gills, kidney and liver are responsible for vital
functions like respiration, excretion, accumulation and
bio transportation of xenobiotics in fish (Gernhofer et al.,
2001). Histopathological changes in the gills and liver
have been proposed as useful tools for monitoring fish
health in polluted water bodies (Ossana et al., 2019). The
teleost fish kidney is one of the first organs to be affected
by the contaminants in the water (Zeinab et al,, 2015).

Fishes are one of the important aquatic organ-
isms which occupy all levels of the aquatic food chain.
It also serves as the major protein source to human
beings. Rohu (Labeo rohita) is the most important among
the three Indian major carp species used in carp polycul-
ture systems. This Indo-Gangetic riverine species is the
natural inhabitant of the riverine system of Northern and
Central India. Histopathological changes in vital organs
of Labeo rohita exposed to triclosan (Hemalatha et al,,
2019), toxic effects of malathion to Labeo rohita during
acute exposure (Ullah et al., 2018) and amine coated sil-
ver nanoparticle induced histopathological alterations in
gill and liver of fresh water fish Labeo rohita (Khan et al.,
2018) provided the evidence that histological study of fish
is one of the important biomarker for assessing the toxic-
ity of pollutants in aquatic environment.

In the last few decades, the discharge of a huge amount
of MSG as such from readymade food processing indus-
tries, household cooking and effluents from MSG plants
to the nearby aquatic environment was increased tre-
mendously. Hence, the ecotoxicological risk assessment
of MSG in an aquatic environment is necessary. Based
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on our literature collection, reports on toxicity of MSG to
aquatic organisms, particularly to fishes are rare. Hence,
the main objectives of the present investigation are ori-
ented towards the determination of median lethal con-
centration (LCjs,) of MSG for 96 h and to evaluate the
sub-lethal toxicity of MSG on histopathological changes
in Labeo rohita under laboratory conditions.

Methods

Experimental animal and maintenance

Fingerlings of Labeo rohita with the weight of 4-5 g
and mean body length of 6-8 cm were used for the pre-
sent study. Fish fingerlings were procured from Tamil
Nadu Fisheries Development Corporation Limited Fish
Farm, Aliyar, Tamil Nadu, India. The fingerlings were
acclimatized for a week at 25.5+0.2 °C in cement tank
disinfected with potassium permanganate prior to the
introduction of fish. The fish were maintained under
natural light/dark cycle in large cement tank with well
aerated systems. The fish were fed ad libitum with 2:1
ratio of rice bran and groundnut oil cake in the form of
dough. All physico-chemical parameters of chlorine free
fresh water used for the present study (Dissolved oxy-
gen content 5.5+0.1 mg/L; pH 7.34+0.55; Total alkalin-
ity 17.6+ 8.0 mg/ L; Salinity 0.5 £0.35 ppt; Total hardness
20.23+0.35 mg/L; Calcium 11.65+0.99 mg/ L) were
determined by following the techniques of APHA (1998)
and maintained throughout the study period. Fish were
starved for 24 h before and during the experiment.

Test chemical

L-Glutamic Acid Monosodium Salt (MSG) extra pure
(99%) was purchased from SRL chemicals Pvt Limited,
Mumbai, India. It was in the form of white crystals. Ten
grams of MSG was dissolved in 1 L of double distilled
water and used as stock solution. It was stored in clean
standard flask at room temperature in the laboratory.

Experimental procedure

Determination of median lethal concentration

Preliminary toxicity studies were conducted to determine
the LCy, value of MSG. Briefly 6 batch of 10 fish were ran-
domly selected from the stock and exposed to each of the
6 MSG concentrations (1.0 g/L, 1.3 g/L, 1.5 g/L, 1.8 g/L,
2.0 g/L and 2.1 g/L). After 24 h, mortality rate was recorded
and cumulative mortality (50%) was observed at 96 h in
1.5 g/L concentration of MSG (Fig. 1). Narrow range con-
centration was repeated in triplicate to confirm the static
renewal acute toxic definitive test (Sprague, 1971) and by
following the probit analysis method of Finney (1971) the
correlation between MSG concentration and fish mortal-
ity (%) followed by regression were calculated. Changes in

(2024) 85:10

Page 3 of 10
120
100 - .
.
_
é 80 -
E 60 -
8
5 * ¥ =38577x
S 40 R*=0.7988
° r=+0.92
20 -
.
0 T T T . )
0 0.5 1 1.5 2 25

MSG Concentration (g/ L)

Fig. 1 Median lethal concentration (96 h LCs,) of monosodium
glutamate to Labeo rohita

the behaviour of fish were recorded throughout the study
period.

Experimental design

Sub-lethal toxicity study

Based on acute toxicity study, 1/10th of 96 h—LCg, value
(150 mg/L) was taken as sub-lethal concentrations. The
glass tanks (100L capacity) were filled with 70 L of chlorine
free tank water. Seventy fish were randomly selected from
the stock (Chi-square test proved no heterogeneity in fish
population, data not shown) and housed in two glass tanks
and designated as Control (without toxicant) and Experi-
ment (sub-lethal treatment) with 150 mg/L MSG and
maintained for 15 days. Behaviour of the fish was noted
regularly. The water was changed at every 24 h with newly
prepared stock solution (MSG). Uneaten food was quickly
removed from the aquaria. This ensured sufficient oxygen
supply and devoid of any accumulated metabolic wastes
in the aquaria. Fish were starved for 24 h before sampling.
Mortality and behaviour of fish were noticed every day. At
5-day intervals for 15 days, 20 fish were randomly selected
and killed by mild blow on the head. Then, the organs (Gill,
Liver and Kidney) were carefully dissected and stored in
neutral-buffered formalin solution (NBF) for histological
analysis.

Histological analysis

Gills, liver and kidney were put in 10%neutral-buffered
formalin solution (NBF) for 24 h, dehydrated through a
graded ethanol series and embedded in paraffin. Tissue
Section (7 pum thickness) was stained with haematoxylin
and eosin. Histopathological evaluation was done and pho-
tographed using the Cilika photomicroscope.
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Results

Behavioural study

Fish exposed to acute concentration of MSG showed
some behavioural changes such as low intake of feed,
sudden movement around the trough, spreading of excess
mucus all over the surface of body, anxiety and changes
in skin colour. Mortality was noted at 24 h, 48 h, 72 h and
96 h; cumulative mortality (50%) was recorded at 96 h.
Pale colour and slipperiness in the skin were observed in
dead fish.

During sub-lethal toxicity study, MSG-treated fish
showed the similar behavioural changes like acute study,
but the changes occurred in slow phase. At the end of 5th
day treatment, experimental fish behaved like control fish
except slight colour change in their skin. Later on the skin
colour of fish became pale as the exposure period was
extended. After 10th day fish had more mucus secretion
and lost their appetite. Finally, fish exhibited excessive
secretion of thick mucus all over the body and floated on
the surface of water to engulf the oxygen from air.

Histology of gills

Teleost fish gills are supported by four gill arches. Each
gill arch consists of two rows gill filaments. Each gill
filament is containing the functional unit of respiratory
system called lamella (primary and secondary lamel-
lae).Primary gill lamellae (PGL) has central axis with
plenty of chloride cells. Secondary gill lamellae (SGL) are
arranged at both the ends of primary lamellae to provide
more surface area for efficient gas exchange. Network of
blood capillaries run parallel between the supporting pil-
lar cells. Blood capillaries are too narrow, so the blood
cells move through them in a single line, so that each red
blood cell comes in close contact with dissolved oxygen
content in surrounding aquatic medium. Outer epithelial
layer of lamella is formed of squamous epithelial cells,
whereas inner layer is formed by undifferentiated cells.
Primary lamella is covered by thin epithelial layer con-
sist of numerous goblet cells (mucus cells) and pavement
cells. Histological study of the gills reveals that fish from
control group have intact respiratory lamellae and struc-
tural damages were not evident (Fig. 2a).

Histopathology of gills

MSG exposure has induced pathological changes in fish
gill architecture (Fig. 2b). The changes including primary
gill lamellae damage (PGLD), secondary gill lamellae
degeneration (SGLD), epithelial necrosis (EN), hypertro-
phy (HT), hyperplasia (HP), fusion of adjacent second-
ary lamellae and oedema and rupture of gill epithelial
cells (EREC), whereas in 10th day, more inflammation in
water channels were noted. As the exposure period was
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extended more degeneration in gill lamellae (both pri-
mary and secondary) with mild oedema in interlamellar
region were observed (Fig. 2c, d).

Histology of liver

The fish liver is composed of hepatocytes (parenchy-
mal cells) scattered with some connective tissue extends
inwards into parenchyma. Hepatocytes are polygonal,
containing clear spherical nucleus. They are present
amongst irregularly distributed sinusoids forming cord
like structure known as hepatic cords. Fish liver from
control group showed no damage in hepatocytes and
hepatic cords appeared normal (Fig. 3a).

Histopathology of liver

The changes observed in the liver tissue include degen-
eration of parenchymal cells (PD), vein congestion (VC)
and vacuole formation (VF) (Fig. 3b). On the 10th and
15th day of MSG-treated fish liver showed severe degen-
eration of parenchymal cells (PD), bile stagnation (BS)
and vacuole formation (VF). When compared to 5th and
10th day of treatment, more vacuole formation (VF) was
observed at the end of 15th day of treatment. The results
depict that severity of damage in liver was directly pro-
portional to the exposure period (Fig. 3¢, d).

Histology of kidney

In teleost fishes, the kidney is located in a retroperitoneal
position and dark brown in colour. They are structurally
differentiated into head kidney and trunk kidney. Histo-
logically the head kidney is composed of hematopoietic
components and trunk kidney is rich in nephrons which
performs excretory function. The tubules are lined with
tall columnar cells with distinct basally located nuclei.
The inter-tubular space is filled with lymphoidal tissue.
In control fish, the hematopoietic tissue in inter-tubular
spaces showed normal distribution of parenchymal cells
with distinct nuclei and no renal tissue damage was wit-
nessed (Fig. 4a).

Histopathology of kidney

The kidney of MSG exposed fish showed oedema in
interstitial tissue. Mild interstitial inflammation (II)
(Fig. 4b) was observed at the end of 5th day MSG-treated
fish, and intensity of inflammation was increased as the
exposure period was extended (Fig. 4c, d).

Discussion

As a food additive, MSG is regarded as flavouring
agent. It can motivate oral-sensory receptors, improves
the taste of the meal and increases the appetite. There-
fore, MSG is regarded as the leading cause of weight
gain (Zanfirescu et al., 2019). Several authors have
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Fig. 2 Changes in the gill architecture of fish Labeo rohita exposed to sub-lethal concentration of MSG. (a—d) a—without toxicant, b-d—with
toxicant (MSG). a—Control, b—5th day, c—10th day, d—15th day. PGL Primary Gill Lamellae, PGLD Primary Gill Lamellae Damage, SGL Secondary
Gill Lamellae, SGLD Secondary Gill Lamellae Degeneration, ILR Interlamellar Region, WC Water Channels, CA Central Axis, PGL/ Primary Gill Lamellae
Inflamed, GAD Gill Arches Degeneration, EREC Oedema and rupturing of Epithelial cells, SGLD Secondary Gill Lamellae Degeneration, WC & ILE Water
Channels and Interlamellae Effaced, HP Hyperplasia, EN Epithelial Necrosis, HT Hypertrophy

reported about the toxic effects of MSG administration
in humans (Chakraborty, 2019) and animals (Zanfire-
scu et al., 2019). The effects vary from allergic reaction,
flushing, sweating, numbness weakness dizziness and
headache in human (Geha et al., 2000), organ damages
including female and male genital organs in Wistar rats
(Eweka et al., 2010; Nossier et al., 2012) and liver and
kidney in adult rats (Tawfik and Al-Badr, 2012). Simi-
larly sub-lethal MSG-treated fish in the present study
showed damage in organs like gill, liver and kidney and
degeneration of tissues.

In the present study, increased mucus production was
observed in MSG-treated fish. Gulping of air from the
surface (due to asphyxiation) and excessive secretion of
mucus all over the body were the important adaptive
responses of fish Labeo rohita to avoid direct contact of
MSG in the treatment medium and to ease respiratory
stress. In fishes, mucosal surfaces (i.e. skin, gill, gut and
olfactory organ) provide the crucial first line defence
against the threats present in the immediate environ-
ment (Salinas, 2015). The major function of mucus is to
entrap and sloughing of the microbes (Wang et al., 2011).
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Fig. 3 Changes in the liver architecture of fish Labeo rohita exposed to sub-lethal concentration of MSG. (a—d): a—without toxicant, b, ¢, d—with
toxicant (MSG). a—Control, b—5th day, c—10th day, d—15th day. HC Hepatic Cell, MDP Mild Degeneration in Parenchymal cells, GC Granular
Cytoplasm, VC Vein Congestion, BS Bile Stagnation, VF Vacuole Formation, VC Vein Congestion, VF Vacuole formation, PD Parenchymal Degeneration

Epidermal mucus productions in fishes are nonspecific
and are independent of the temperatures (Wendelaar
bonga, 1997).

The presence of toxic substances in the environment
disrupts the vital functions of gills by altering its struc-
tural morphology (Khan et al., 2018) or causes organ
damage which lead to asphyxiation. Changes in the gills
of fish due to an irritant include inflammation, hyper-
plasia, lamellar fusion, excessive production of mucus,
epithelial lifting, flattening of the secondary lamella and
formation of aneurysms (Flores-Lopes and Thomaz,
2011). Extensive architectural loss was observed in the
gills of MSG-treated fish (Fig. 2b). After 5 days of MSG
exposure (150 mg/L) fish gills showed mild degeneration

in both primary and secondary gill lamellae, epithe-
lial necrosis (EN), hypertrophy (HT), hyperplasia (HP),
oedema, fusion of adjacent secondary lamellae and rup-
ture of gill epithelium. The observed epithelial necrosis
and severe oedema in gills of MSG exposed fish in the
present study may be the direct toxic action of MSG
and severe oedema induces the lifting of gill epithelium
(Schwaiger et al., 2004) which prevents the entry of pol-
lutant into the blood stream of fish.

Alterations such as hyperplasia of the mucosal cells and
proliferation of epithelial cells occur as a consequence of
infectious conditions or due to the presence of pollutants
(Malhotra et al., 2020). Furthermore, the intensity of tis-
sue damages was increased as the exposure time of MSG
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was extended. 10th and 15th day gill showed more degen-
eration in primary and secondary gill lamellae than the
5th day treatment. Central axis was partially degenerated
(Fig. 2c). Water channels were affected and showed mild
oedema. Rupturing of interlamellar region was also noted
(Fig. 2d). Similar reports have been well documented in
fish (Labeo rohita) exposed to various toxicants such as
Triclosan (Hemalatha et al., 2019), Phenol (Butchiram
et al,, 2013), and Malathion (Ullah et al., 2018).

The liver is the primary detoxifying agent of any
xenobiotics (David & Kartheek, 2016). Wide varieties
of insecticides and other toxic chemical tend to accu-
mulate in high concentration within the system (Mossa
et al., 2018) and cause more damage in liver (Pacheco

’ : "W - 3 TRy
Fig.4 Changes in the kidney architecture of fish Labeo rohita exposed to sub-lethal concentration of MSG. (a-d): a—without toxicant, b, ¢, d—
with toxicant (MSG). a—control, b—>5th day, ¢—10th day, d—15th day. RC Renal Corpuscles, /l Interstitial Inflammation, VF Vacuole Formation

& Santos, 2002). Histopathological lesions observed in
MSG-treated fish were mild degeneration in parenchy-
mal cells (MDP), vacuole formation (VF), vein congestion
(VC) and bile stagnation (BS) (Fig. 3c, d). The toxicants
cause fish hepatocyte necrosis (Ahmed et al., 2017) and
accumulation of bile indicates possible damage to the
hepatic metabolism (Fanta et al., 2003). Similar results
were observed in Labeo rohita exposed to Malathion
(Ullah et al.,, 2018); Brilliant Green dye (Vigneshpriya
et al., 2020). Capkin et al. (2017) reported that vacuola-
tion in hepatocytes facilitates the excessive accumulation
of fat in the cytoplasm and also observed hepatic necrosis
in Oncorhynchus mykiss exposed to Triclosan. Degenera-
tion of liver tissue and central vein necrosis in the present
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study might be due to the accumulation of neutrophils
and lymphocytes as suggested by David and Kartheek
(2016). From the above authors report, we can under-
stand that MSG is as toxic as any other pollutants in the
aquatic environment.

Kidney is one of the primary organs to be affected by
contaminants in the water. The common alterations in
teleostean kidney were necrosis of nephron and extrava-
sations (Thophon et al, 2003). The damage possibly
caused malfunctions of this organ; therefore, the removal
of the poison could not take place actively (Butchi-
ram et al., 2013). MSG-treated fish kidney displayed
mild interstitial inflammation (II) at the end of 5th day
(Fig. 4b) and the intensity of inflammation also increased
in the kidney of fish (Fig. 4c, d) as the exposure period
was extended. Schwaiger et al. (2004), also stated that fish
(Rainbow trout) exposed to Diclofenac showed severe
interstitial inflammation in the kidney. Similarly, Contini
et al. (2017) reported severe inflammation and oxidative
stress in kidney interstitial cells of Wistar rat exposed to
MSG.

Conclusions

The present study clearly demonstrated that MSG is toxic
to fish and able to provoke significant histological dam-
ages in the vital organs of fish, especially in gills and liver.
Even though mortality was not recorded during sub-
lethal study, MSG-induced organ damages can affect the
health status of the fish and making fish prone to several
infectious diseases. Furthermore, studies on MSG tox-
icity to fish are rare, and the present findings may con-
tribute to the scarce literature regarding fish exposed to
sub-lethal concentration of MSG. In addition to that, our
results through a light on the impact of prolonged con-
sumption of such MSG intoxicated fish may cause similar
damages and pose a real threat to human health.

Abbreviations

MSG Monosodium glutamate

PGL Primary gill lamellae

SGL Secondary gill lamellae
PGLD  Primary gill lamellae damage
SGLD  Secondary gill lamellae damage
WC Water channels

CA Central axis

PGLI Primary gill lamellae inflamed
GAD  Gill arches degeneration

EN Epithelial necrosis

HT Hypertrophy

HP Hyperplasia

EREC  Oedema and rupture of gill epithelial cells
ILE Interlamellae effaced

HC Hepatic cells

MDP  Mild degeneration in parenchymal cells
PD Parenchymal degeneration

BS Bile stagnation

GC Granular cytoplasm

VC Vein congestion

VF Vacuole formation

(2024) 85:10

Page 8 of 10

RC Renal corpuscles
Il Interstitial inflammation
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