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Effects of monosodium glutamate on heart beat

and the embryonic development of zebrafish

Naowarat Suthamnatpong! Aranya Ponpornpisit?*

Abstract

The effect of monosodium glutamate (MSG) on zebrafish, Danio rerio, embryo was investigated at different
concentrations of ten-fold dilution of ten times lesser than the median lethal concentration (LCso). Zebrafish embryos
in the MSG treated groups (40,000 ppm and 80,000 ppm) reached highest mortality rate at 100 % within 48 hpf and 96
hpf which is significantly different (p<0.05) from negative control group. According to the Probit analysis, the LC50 of
MSG on zebrafish embryo at 48 hpf and 96 hpf were 15,200 ppm and 10,300 ppm, respectively. Under the observation,
effects based on the toxicity endpoint composed of lethal, sublethal and malformation effects appeared within 144 hpf.
Exposure to MSG at 1,500 ppm and 150 ppm significantly produced sublethal effects and malformation development
to zebrafish embryo. MSG induced cardiotoxic effects in zebrafish embryo was observed at 15, 150 and 1,500 ppm. Our
results demonstrate that zebra fish embryo is a good model for the detection of toxic potential of chemical substances.
Also, our data suggest the need to reconsider the safety of MSG and elucidate its mechanism of adverse reaction in
further studies.
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Introduction
Nowadays home cooking has
declined, mostly people consume ready-to-eat or
frozen food products. Almost every

type of prepackaged food is likely to contain food
additives to enhance flavor, color, texture and smell, or
as preservatives (Kawakita, 2000). Even in the drinks
such as milk and soft drinks are loaded with food
additives in various quantities (Kritsunankula and
Jakmuneeb, 2011). Therefore, most people cannot
easily avoid eating food additives altogether since they
are already added in the daily diets. Some food
additives can have a negative health impact on
children compared to adults and have been linked to
things like obesity and attention deficit hyperactivity
disorder (ADHD) (McCann et al. 2007).

MSG is one of the best-known flavor enhancer
(Whitney and Rolfes 2015). It produces a unique flavor
that referred to as a “sixth flavor” or sometimes
described in Japanese as umami, which translates to
“savory” (Kurihara, 2015). The chemical name of MSG
is monosodium L-glutamate monohydrate
(Yamaguchi and Kimizuka 1979). Chemical structure
of MSG (CsHsNNaO,) is similar to an important
neurotransmitter of the nervous system, glutamate
(Filer, 1979; Kirk, 2007) in vertebrate.

MSG is considered safe at levels normally
consumed by the general population (Beyreuther et al.,
2007), but some people reported unusual symptoms
after consuming food with MSG such as feeling
numbness around mouth and face, hot flashes,
headaches, nausea, difficult breathing, sweating and
other hypersensitivity reactions. These symptoms
became known under the names "Chinese food
syndrome" and "monosodium glutamate symptom
complex" (Yang et al., 1997; Williams and Woessner,
2009; Husarova and Ostatnikova 2013). Additionally,
MSG toxic effect on central nervous system, digestive
system and reproductive system has been reported in
chick embryo, rat, mice and numerous animal studies
(Veronika and Daniela, 2013)

There are several ways to test the toxicity of
chemicals such as LCs test, acute toxicity test, chronic
toxicity test, specific life stage test, life cycle test etc.
The studies using different life-stage of fish was widely
use and it has been proved that the result could be
predicted by the results of the early life stage test
(Tamer et al., 2012) Organization for Economic Co-
operation and Development (OECD) recommended
using one of 3 types of fish for fish embryonic toxicity
tests (FET) including: zebrafish (Danio rerio), Japanese
medaka (Oryzias latipes) and fathead minnow
(Pimephales promelas) (Braunbeck and Lammer, 2006).
The test is done by exposing the chemical product to
the fish at embryonic stage and observe for lethal,
sublethal and malformation effects (OECD, 1992;
Braunbeck and Lammer, 2006; OECD, 2007; 1SO, 1999)

Recently, zebrafish, D. rerio has become a very
popular vertebrate model in toxicological studies and
has contributed to the understanding of the potential
toxicological and ecotoxicological impact of chemical
compounds on the human and aquatic environment
(Braunbeck and Lammer, 2006; Xiaoshan et al., 2007;
Brown, 2016; Orn, Holbech and Norrgren, 2016)

Zebrafish have also been shown to be a good model for
studying drug toxicities because several known
toxicants in mammalian models or humans have
similar effects in zebrafish (Carlsson and Norrgren,
2004; Hill et al., 2005; MacRae and Peterson, 2015).

Zebrafish is a freshwater tropical fish of the
cyprinidae family and a type of oviparous with
transparent, non-adherent eggs so it is very convenient
to visualize of embryonic development and this is a
major aid in examination of developmental disorders
(Carlsson and Norrgren, 2004). At 24 hpf the embryo
has developed eyes and a tail. At 48 hpf, pigmentation
can be seen on the eyes and body, the development of
the heartand the body circulation can also be observed.
It is possible to count the heartbeat and thereby
determine the heart frequency. The embryo undergoes
a fast development and the larvae hatches in 96 hpf at
26°C (Carlsson and Norrgren, 2004; Braunbeck and
Lammer, 2006; Xiaoshan et al., 2007; OECD, 2007)

In this study, we examined the LCsp of MSG
on zebrafish embryo and eleuthero embryo included
the effect of MSG solution emphasized on heart beat
and the zebrafish embryonic development as well as
the other lethal, sublethal and malformation effects to
increase concerning the MSG risk effect in vertebrate.

Materials and Methods

Maintenance of brood fish and embryo collection:
Brood stock were maintained in fiberglass tank, about
sixty mature male and female, long fin zebrafish was
kept together supplied with twenty liters carbon
filtered water. They were fed with frozen tubifex
worms in the morning and dried feed (TetraMin, Tetra
GmbH, Germany) in the afternoon. They were cared
for in the veterinary medical aquatic animal research
center laboratory that allowed exposure to natural light
and dark hours with the highest and lowest
temperature fluctuating between 25-28°C.

One day before the embryonic toxicity test
was performed, ten males and five females zebrafish
were selected and transferred to a stainless steel
spawning cage in a plastic aquarium contained four
liters of carbon filtered water. In the next morning, all
brood fish were move back to the rearing tank and the
embryos were collected by pouring the water through
filter sieve and rinsed with standard water. The
embryo then transfer in a petri dish with the standard
water to a research room for experiments (Braunbeck
and Lammer, 2006, Ponpornpisit et al. 2013).

Preparation of test solutions: Standard water (ISO,
1999) contained CaClb2H>O, MgSO47H>O, NaHCO3
and KCI and deionized water, was prepared and used
as negative control solution. For positive control, 4
ppm of 3, 4-dichloroaniline (Merck, 98% purity)
diluted with standard water was used. MSG stock
solution at 320,000 ppm was freshly prepared on the
same day before starting the test to minimize the half-
life degradation effect by simply mixing distilled water
with the powder of L-glutamic acid monosodium salt
hydrate (Sigma, 99% purity). The stock solution then
diluted with standard water to reach the twofold serial
dilutions between 5,000 ppm - 160,000 ppm for
zebrafish embryo and eleuthero embryo LCsp test. For
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the embryonic toxicity test, the stock solution was
prepared at 10,000 ppm and diluted with standard
water to be 1,500 ppm, 150 ppm and 15 ppm.

The LCs test: Zebrafish embryo and eleuthero embryo
LC50 test were performed at six MSG two-fold serial
dilutions between 5,000 ppm - 160,000 ppm. Two
replicates of twelve embryos per concentration were
prepared by placing one embryo per well in a 96 wells
plate including the negative and the positive controls
group. The embryos were observed under stereomicro-
scope at 48 hpf and 96 hpf for five mortality signs
including coagulation embryo, lack of somite
formation, non-detachment of the tail, lack of heart
beat and hatching failure. Recording data was
analyzed by Probit method to obtain the LC50.

Fish embryonic toxicity test: For fish embryonic
toxicity test, total 120 fertilized embryos were divided

Table 1 Mortality rate of zebrafish embryo at 48 hpf and 96 hpf

into 5 groups by transferred into 100 ml beakers
containing 50 ml of each MSG testing solutions at 1,500
ppm 150 ppm and 15 ppm including one negative and
one positive control group. Thereafter each embryo
was transfer into each well of 96 wells plate together
with 250 microliter testing solution using wide tip
micropipette. The plates then covered with parafilm
and placed in a temperature controlled room at 26°C
without changing the testing solution throughout the
testing period.

The plates were accessed at 24, 48, 96 and 144
hpf to observe developmental abnormalities. The
lethal, sublethal (reversible side effect) and
malformation (irreversible side effect) endpoints were
performed under a stereomicroscope (Tablel). Fisher's
Exact Test (Langsrud, 2016) was used to calculate data
for Fisher's Exact significant different between the
MSG group and the negative control group.

Mortality rate 48 hpf (%)

Mortality rate 96 hpf (%)

MSG concentration
(ppm) Replicationl Replication2 Replicationl Replication2
n=12 n=12 n=12 n=12
Negative control 8 0 8 0
5,000 0 0 17 33
10,000 8 8 25 25
20,000 92 92 92 100
40,000 100 92 100 100
80,000 100 100 100 100
160,000 100 100 100 100
Positive control 100 100 100 100

Observation endpoints at 24, 48, 96 and 144 hpf:
24 hours post fertilization:
Lethal effect
- coagulation embryo
- lack of tail formation
- lack of eye formation
- lack of somite formation
- lack of detachment of the tail-bud from the
yolk sac
Sublethal effect and malformation
- less or over movement of embryo
48 hours post fertilization:
Lethal effect
- coagulation embryo
- lack of tail formation
- lack of eye formation
- lack of somite formation
- appearance of yolk edema
- appearance of heart edema
- lack of detachment of the tail-bud from the
yolk sac
Sublethal effect and malformation
- lack of blood circulation
- lack of pigment formation
- heart beat (observation two times at 30 hpf and
48 hpf; at 30 hpf “tachycardia” if heart beat >
maximum heartbeat of control group + 2 sd
(170 beat/min) “bradycardia” if heart beat <

minimum heartbeat of control group * 2 sd
(134 beat/min); at 48 hpf “tachycardia” if
heart beat > maximum heartbeat of control
group * 2 sd (193 beat/min) “bradycardia” if
heart beat < minimum heartbeat of control
group * 2 sd (151 beat/min).
96 hours post fertilization:
Lethal effect
- coagulation of embryo
- appearance of yolk edema
- appearance of heart edema
- other abnormality appearance (other than
indicated above)
Sublethal effect and malformation
- no hatching
- lateral recumbency
- appearance of abnormal body curvature
144 hours post fertilization:
Lethal effect
- no hatching
- hatching dead (die after hatching)
- other abnormality appearance (other than
indicated above)
Sublethal effect and malformation
- head down
- upside down
- lack of movement
- lateral recumbency
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- appearance of abnormal body curvature

Compliance with Ethical Standards: All animal
husbandry and experimental conditions were
approved by Chulalongkorn University Animal Care
and Use Committee. Protocol number 1531073.
Documentation is available upon request.

Results

Zebrafish embryos in the group that exposed
to MSG reach highest mortality rate at 100 % within 48
hpf and 96 hpf after exposed to MSG at concentration
of 40,000 ppm and 80,000 ppm which a significantly
different (p<0.05) from negative control group (Table
1).

Subsequently calculated with the Probit
analysis, the LC50 of MSG on zebrafish embryo at 48
hpf and eleuthero embryo at 96 hpf were 15,200 ppm
and 10,300 ppm, respectively.

The toxicity test were applied to individual
embryo at the concentration of 15 ppm, 150 ppm and
1,500 ppm. The results showed that there was no
observable effect (NOEC) in the group of the embryo
tested at 15 ppm at 24 hpf whereas the lowest observed
effect concentrations (LOEC) was 150 ppm at 24 hpf
(Figure 1).
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However  significant  sublethal  and
malformation effect did occur in all MSG exposed
group after 48 hpf (Figure 1). The effects included high
frequency of heart beat, pericardial edema and lack of
embryo blood circulation. The adverse effects
continued to happen in 96 hpf and 144 hpf increase
with other abnormality such as scoliosis and lateral
recumbency especially in the highest test concentration
group (Figure 2 and 3).

Regarding to the heart effect, average heart
beat at 30 and 48 hpf of the embryo in negative control
group were 152 and 172 beat/min, respectively but the
heartbeat of the embryo exposed to MSG at 1,500 ppm
was higher than that the control group significantly.
The effect also significantly visible in every MSG tested
group when observed at 144 hpf.

In the positive control group, which embryo
was exposed to 3, 4-dichloroaniline, 100% lethal effect
within 48 hpf was noted.

At 26°C, average embryo hatching number is
not significant different in all MSG exposed and
negative control group. All tested solution has the
same range of pH at 7.4 the conductivity and total
dissolved solid in MSG concentration was elevate in
range.
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Figure 1

Mortality (M), malformation (MF) and sublethal response (S) of zebrafish embryo exposed to difference concentration of

MSG at 24, 48, 96 and 144 hpf (* mean significant difference from control)
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Figure2  Number of zebrafish embryo showed signs of heart defect including tachycardia, pericardial edema and coagulation, after
exposed to difference concentration of MSG at 30, 48 and 144 hpf (* mean significant difference from control)
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Figure 3  Hatching zebrafish embryo show significant abnormality of scoliosis, lateral recumbency (A) and pericardial edema (B

arrow) Bar =2 mm.

Discussion

Exposures to MSG are unavoidable since it is
used increasingly in large amount worldwide as food
additives (He, 2011). Unfortunately, the potential
hazards of MSG are not completely identified. Hence,
in this study we have investigated the toxicity of MSG
using zebrafish as a model to assess multiple
toxicological =~ endpoints  including  lethality,
cardiotoxicity and external phenotypic abnormalities.
We conducted the test with six MSG two-fold serial
dilutions between 5,000 ppm - 160,000 ppm. Our study
demonstrated that the LC50 of MSG were 15,200 ppm
and 10,300 ppm for 48 and 96 hpf, respectively.

These results are in agreement with the per
oral LD50 of MSG in rats and mice (15,000-18,000
mg/kg body weight), suggesting a very low acute
toxicity of MSG to the tested animals. In human, FDA
have affirmed that MSG at levels normally consumed
by the general population is safe and there is no
evidence linking MSG used in food to any serious, long
term medical problems in the general population
(Walker and Lupien, 2000).

Zebrafish embryonic developmental study is
a very sensitive tool to demonstrate the morphological

and developmental abnormalities at a very low toxicity
of chemical concentration. In this study, we did not
find adverse effect of MSG within the test level upon
early development stage of the zebrafish (24 hpf) by the
observation technique. The observation endpoint used
in this study could not measure the early response of
the embryo to MSG.

Although we did not see any different
response between MSG exposed and unexposed group
within 24 hpf, we have found that MSG has certain
impact on the embryo cardiac function causing
tachycardia at the time the heart develops which is
later than 24 hpf. These results are similar to
cardiotoxic effects that has been described in zebrafish
exposed to ftriclosan  (Alisha, 2016) and
hexabromocyclododecane (Wu, 2013).

Another reversible response included lateral
recumbency, head tilt and upside down of the hatching
larva was also noted. A progress example of
malformation effect was lacking blood circulation, the
appearance of abnormal body curvature, pericardial
edema, yolk edema or abdominal edema.

Similar to the results of our study,
Mahaliyana, et al. (2016) found that their zebrafish
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embryos had normal embryonic development after
exposure to the low concentrations of MSG such as 10,
30, 50 ppm and after exposure to MSG at high
concentrations between 100 ppm - 500 ppm, the
observable deformities occurred, such as growth
retardation, shrinkage of chorion, yolk sac edema, lack
of pigmentation, tail deformities and scoliosis.

Mahaliyana described that their acute toxicity
experiment was performed for a 4-day period but did
not specify the exactly the time point (in hpf unit) in
which the abnormalities of the embryonic
development occurred, while we reported the
observed abnormalities at 24, 48, 96 and 144 hpf.
Therefore, it is difficult to precisely compare our results
and their results, since the degree of toxicity of
chemicals varies according to embryonic phase.

Our results on abnormal embryonic
development are also similar to the effects of ethanol
on zebrafish embryo reported by Merkel et al. (2014).
They found that after zebrafish embryos exposed to
alcohol, some fishes had abnormal longer tails, and
some fishes had developed kinks near the tips of their
tails. These abnormalities that occurred to the zebrafish
embryos after exposure to MSG and ethanol proved
that these substances which seem to be safe, actually
have negative impact to the physical development of
fish embryos.

MSG at high concentration has been shown to
produce the endocrine dysfunction and malformation
in zebrafish embryo including elongate heart,
pericardial edema and spinal kyphosis (Tamer, 2012).
Kurnianingsih et al. (2016) also demonstrated that
prolonged exposure of MSG at 10 pg/mL increased
apoptosis of brain cells, stereotypic behavior and
decreased locomotor activity of zebrafish larvae at
early developmental stages.

In the present study, MSG induced
cardiotoxic effects in zebrafish embryo was observed.
We found that after 48 hpf, MSG exposure at the
concentration of 15, 150 and 1,500 ppm, induced
cardiotoxic effects including abnormal heart rate,
pericardial edema and lack of embryo blood
circulation.

Researchers acknowledge that the zebrafish is
an excellent model for testing drug-induced
cardiotoxicity (Brown, 2016). The first organ to develop
in zebrafish embryo is the heart. By 22 hpf the heart
starts beating and is fully functional by 48 hpf. The
development of the cardiovascular system requires a
coordination of tightly regulated expressions of ion
channels and complex metabolic processes. At present
the precise mechanisms of cardiotoxicity of MSG is not
known. It is possible that MSG as an excitotoxin may
interfere with the neurotransmission, the conduction
system, and the cardiac function. The first proof that
amino  acids could work as  excitatory
neurotransmitters in animals emerged from the
experiments in 1950s (Hayashi, 1954) in which
topically applied MSG to motor cortex resulted in tonic
convulsions. Nowadays the excitatory amino acid
receptors are generally accepted as an important
receptor that mediate synaptic excitation in the
vertebrate central nervous system.

The cardiovascular system is very important
for the survival and health of all living creatures,

further study on the impacts of MSG exposure to
zebrafish’s cardiovascular system and the mechanisms
of cardiac toxicity is warranted. If the result like what
we have found also occur in mammal, parent should
be concern of limit amount MSG consumption to
avoidance the malformation of their offspring. The
results from previously mentioned studies and our
present study strongly indicated that MSG exposure
had negative impacts on zebrafish embryo model,
especially on the early developmental stages. It is also
possible that in human, children may be more sensitive
to MSG compared to adults therefore MSG should be
used with caution in this population.

Acknowledgements

We thank Dr. Alisa Wangnai for assistance
with chemical substance (3, 4-dichloroaniline) This
work was funded by Faculty of Veterinary Science
grant number RG8/2559.

References

Alisha S, Megan H, Kelsey M, David H and Tisha CKH
2016. Cardiac toxicity of triclosan in developing
zebrafish. Zebrafish. 13(5): 399-404.

Beyreuther K, Biesalski HK, Fernstrom JD, Grimm P,
Hammes WP, et al 2007. Consensus meeting:

monosodium  glutamate - an  update.
Monosodium glutamate. Eur J Clin Nutr. 61(3):
304-313.

Braunbeck T and Lammer E 2006. Fish embryo toxicity
assays. Germany Federal Environment Agency:
Umwelt Bundes Amt contract. No. 203 85 422: 298

p.

Brown DR, Samsa LA, Qian L and Liu ] 2016. Advances
in the study of heart development and disease
using zebrafish. ] Cardiovasc Dev Dis. 3(2): 13-38.

Carlsson G and Norrgren L 2004. Synthetic musk
toxicity to early life stages of zebrafish (Danio
rerio). Arch Environ Contam Toxicol. 46(1):102-
105.

Filer L] 1979. Glutamic acid: advances in biochemistry
and physiology. 1st ed. New York: Raven Press.
400 p.

Langsrud O. Fisher's Exact Test. [on line]. Available:
http:/ /www .langsrud.com/fisher.htm Accessed
October 12, 2016.

Hayashi T 1954. Effects of sodium glutamate on the
nervous system. Keio ] Med. 3(4):183-192.

He K, Du S, Xun P, Sharma S, Wang H, Zhai F, and
Popkin B. 2011. Consumption of monosodium
glutamate in relation to incidence of overweight
in Chinese adults: China Health and Nutrition
Survey (CHNS). Am ] Clin Nutr. 93(6): 1328-
1336.

Hill AJ, Teraoka H, Heideman W, Peterson RE. 2005.
Zebrafish as a model vertebrate for investigating
chemical toxicity. Toxicol Sci. 86(1):6-19.

Husarova V and Ostatnikova D. 2013. Monosodium
glutamate toxic effects and their implications for
human intake: a review. JMED Res. 2013:1-12.

ISO. 1999. Water quality-determination of toxicity to
embryos and larvae of freshwater fish. Semistatic
method. 1ISO12890.


http://www.langsrud.com/fisher.htm

Suthamnatpong N. and Ponpornpisit A. / Thai | Vet Med. 2017. 47(4): 523-530. 529

Kawakita T. 2000. L-Monosodium glutamate (MSG).
In: Kirk-Othmer encyclopedia of chemical
technology. 3rd ed New York: Wiley-Interscience.
p- 410-421.

Kirk O. 2007. Encyclopedia of chemical technology. 5t
ed. New York: Wiley-Interscience. 1,084 p.

Kritsunankula O and Jakmuneeb J. 2011. Simultaneous
determination of some food additives in soft
drinks and other liquid foods by flow injection
on-line dialysis coupled to high performance
liquid chromatography. Talanta. 84(5): 1342-
1349.

Kurihara K. 2015. Umami the fifth basic taste: history
of studies on receptor mechanisms and role as a
food flavor. Biomed Res Int. 189402:1-10.

Kurnianingsih  N. 2016. Monosodium glutamate
exposure at early developmental stage increases
apoptosis and stereotypic behavior risks on
zebrafish (Danio rerio) larvae. Indonesian J pharm.
27(3): 74-79.

MacRae CA and Peterson RT 2015. Zebrafish as tools
for drug discovery. Nat Rev Drug Discov.
14(10):721-731.

Mabhaliyana AS, Fasmina MFA, Alahakoon AMTB and
Wickrama GMGMM. 2016. Toxicity effects of
monosodium glutamate (MSG) on embryonic
development of zebrafish (Danio rerio); a
promising model to study excitotoxins. Int J Sci
Res. 6(3): 229-234.

McCann D, Barrett A, Cooper A, Crumpler D, Dalen L,
Grimshaw K, et al. 2007. Food additives and
hyperactive behavior in 3-year-old and 8/9-year-
old children in the community: a randomised,
double-blinded, placebo-controlled trial.
370(9598):1560-1567.

Merkel N, Nash T and Xiong O. 2014. The effects of
ethanol on zebrafish. WInNSTEP SEPA student
research journal. [Online] Available:
https://www4dev.uwm.edu/cehsc/community/te
en_connections.cfm. Accessed December 16,
2016.

Oliveira R, Domingues I, Grisolia CK and Soares
AMVM. 2009. Effects of triclosan on zebrafish
early-life stages and adults. Environ Sci Pollut
Res. 16(6): 679-688.

Organisation for Economic Cooperation and
Development (OECD) 1992. Guideline for testing
of chemicals. Guideline 210: Fish, earlylife stage
toxicity test. Paris, France: OECD Publishing.

Organisation for Economic Cooperation and
Development (OECD) 2007. Test guideline 203,
Fish acute toxicity test and test guideline 210, Fish
early-life stage toxicity test. In: Full list of test
guidelines. OECD guideline for testing of
chemicals. Paris, France: OECD publishing 11 p.

Orn S, Holbech H and Norrgren L. 2016. Sexual
disruption in zebrafish (Danio rerio) exposed to
mixtures of 17a-ethinylestradiol and 17(3-
trenbolone. Environ Toxicol and Pharm. 41: 225-
231.

Ponpornpisit A, Pirarat N, Suthikrai W and Binwihok
A. 2013. Effect of wild cape gooseberry (physalis
minima linn.) on zebrafish (Danio rerio) embryo.
Thai ] Vet Med. 43(1):143-148.

Tamer SA, Chang SN, Kim TH, Song J, Kim D and Jae
HP. 2012. Teratogenicity and brain aromatase-
induction of monosodium glutamate in estrogen-
responsive mosaic transgenic zebrafish Danio
rerio. Afr ] Biotechnol. 11(48):10816-10823.

Veronika H and Daniela O. 2013. Monosodium
glutamate toxic effects and their implications for
human intake: A review. JMED Res. 2013 (2013).
Article ID 608765. DOI: 10.5171/2013.608765.

Walker R and Lupien JR. 2000. The safety evaluation of
monosodium glutamate. J Nutr.
130(Suppl):1049S-1052S.

Whitney EN and Rolfes SR. 2015. Consumer concerns
about foods and water. In: understanding
nutrition. 14th ed Whitney EN and Rolfes SR (ed)
Florida: Cengage Learning 648 p.

Williams AN and Woessner KM. 2009. Monosodium
glutamate ‘allergy’: menace or myth?. Clin Exp
Allergy. 39(5): 640-646.

Wu M, Zuo Z, Li B, Huang L, Chen M and Wang C.
2013. Effects of low-level
hexabromocyclododecane (HBCD) exposure on
cardiac development in zebrafish embryos.
Ecotoxicology. 22(8): 1200-1207.

Xiaoshan Z, Lin Z, Yan L, Zhenghua D, Wei C and
Pedro JJA. 2007. Developmental toxicity in
zebrafish (Danio rerio) embryos after exposure to
manufactured  nanomaterials:  buckminster
fullerene aggregates (nC60) and fullerol. Environ
Toxicol and Chem. 26(5):976-979.

Yamaguchi S and Kimizuka A. 1979. In: Glutamic acid:
Advances in biochemistry and physiology. 1st ed.
Filer L], Garattini S, Kare MR, Reynolds WA,
Wurtman RJ (eds) New York, USA: Raven Press
p. 35-54.

Yang WH, Drouin MA, Herbert M, Mao Y, and Karsh
J. 1997. The monosodium glutamate symptom
complex: Assessment in a double-blind, placebo-
controlled, randomized study. J Allergy Clin
Immunol. 99(6):757-762.


https://www4dev.uwm.edu/cehsc/community/teen_connections.cfm
https://www4dev.uwm.edu/cehsc/community/teen_connections.cfm

530 Suthamnatpong N. and Ponpornpisit A. / Thai | Vet Med. 2017. 47(4): 523-530.

UNANED

navadlululeifsungniundadnsinisiiuvasinlanazsimuIn1svesflgaulantiany

wasad gsuurawey' a3y wawswag”

nsuilanemnsdsagudssalyiuilnalduamsusssaiinaegluomsdingny  wazervdwmadeguamldlnaamsly
Wnuazdaeeny  swAdeludninaasmuinarhareianumsnganiiozisnlddulnnansfnwmsnuiiviner  Tasawy
og9BIsAnuiRLTsiuRansEUMUgUIINI1INB YRy WE uarn1smevauBIamsdNamsRulFsuTuUulies
nsfnniiinguszasdifiofnmanuduivuaskavosasarmelululefoungauun  densduvesidlauasiannisuesi
goutanhane fseuaihaenguiildsulululnfeungaiuadl 40,000 uag 80,000 ffidx figasnsae 100 % nnelu 48 hpf
uay 96 hpf Falauuansnsegsditodfyymeaifulefisuiundguauauay (p < 0.05) nuseduaududuivinlimeeunie
fifopazinau (LD 50) fiian 48 Faluawindy 15,200 RSy uazfiaan 96 Haluawiniu 10,300 fifda Tasnsiiasesisng Probit
analysis ﬂ1mfuv‘hmwmaaumaszJaaIquI*zJLﬁam@mLmﬁmmLﬁﬁu%'u 15 AMdu 150 AP waz 1,500 WD AednsINSIHU
voslauaginnnnsvesnseulaihaenageuiiszduanuituduiivinit LD 50 (7 48 #alue) 10 wih Tnsdunamnufinund
szdusg o saudsnnuAaunfvesiannnindusyey 9 mmeluna 144 Flus wudﬂﬂu‘mﬁamqmLumﬁmmLSﬁwﬁu 150 Lo
way 1,500 RSy viliilavessseuainatewiuitu wasdvanmsvessneinund navessmidfoiadsarumseun
RenfusansgmuannnslasulullmfoungaiussoRaunisvedsditinioseu uenanimshnmsAnuuiienumuan
UaenfbuasiiielivsuneaziBonvenalniiviliisnalsifisusrasdvestululafoungaumdeld

o

ArdAey: naysa Wluladeunganun Yardhane anuduiiv

o U

"mATvuadyine) pausdnunmemans 9W1ainTalunIane1ae Unudi ngaunm 10330
MR IAIANT AL WNNEMITNT WIAINTAINIINGIAE UnaTu namm 10330
*g?’?uﬁmwauuwmw E-mail: aranyap@hotmail.com



