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We sincerely appreciate the thorough review and insights of Dr. Huichia Chao and
colleagues [1] concerning our recent publication [2].

First, it is important to clarify that the MSG intake of 1.5 g/kg/day used in our rat
models is not equal to 90 g/60 kg BW/day as mentioned in the comment [1] because the
animal dose cannot be extrapolated to human equivalent dose (HED) by body weight. In
fact, an acceptable conversion dose from animal species to another should be normalized by
the body surface area (BSA) [3], and this suggests that the dose used in rats (1.5 g/kg/day)
in our study equals to 14.6 g/day in humans (Figure 1). Based on the bound form and free
form dietary glutamate intake estimated at 15 g/day [4] and the data on a single oral 10 g
MSG in healthy human [5], we are convinced that 14.6 g/day is not an unrealistic dose
in humans. As a highly polar material, one would anticipate the first-pass excretion and
sequestration of MSG. Scaling based on heart rate is a second commonly used technique
to compare doses. This method similarly suggests that the rat dose of MSG used is not an
unrealistic as a human comparison.
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Second, the work by Insawang et al. is a cross-sectional human study that did not
evaluate the gut microbiota, but it remains one of very few epidemiological studies available
for daily MSG consumption [6], in which 2 g/day, about a half teaspoon/day, of MSG was
classified as a low dose of MSG consumption for Thailand. We agree with Peng et al. that
the effect of MSG on the human gut microbiota is limited by individual factors and should
be applicable only to the small number of participants consuming MSG at 2 g/day [7] and
should not be speculated for higher amounts of daily MSG intake [6]. Moreover, the same
authors reported the time dependent decline of phylum Verrucomicrobia over 4 weeks
of 2 g/day MSG consumption (Table 2) [7]. While we cannot accurately quantify the
impact of MSG on the gut microbiota, we are intrigued by the observation that Akkermansia
muciniphila within the phylum Verrucomicrobia accounts for 1–5% of the gut microbiota [8]
and plays a role in the gut barrier protection in obesity and diabetes [9–11], both associated
with MSG consumption in our previous works.

Third, we believe that MSG dietary glutamate is not involved in the biosynthesis of
TMA in the colon but may increase serum TMAO, the byproduct of TMA metabolism, as
reported in rats that received moderate and high salt intake [12] and in mice receiving a
high dose of MSG consumption corresponding to 17 g/day for a 70 kg man [13]. While this
evidence should not be overinterpreted, TMAO and TMA adversely impact the heart and
kidney health, and the possible role of high-dose prolonged MSG consumption should be
further investigated.

Fourth, we were probably unclear in describing the effects of high dose of dietary
glutamate on the liver metabolites and pointed to the 1971 work by Prosky and Odell.
While no major effects were observed in rat liver metabolites such as glutamate, lactate,
malate, and alpha-glycerophosphate, a significant change was demonstrated in aspartate.
We believe this supports our hypothesis [14]. On the same ground, changes in liver metabolites
after MSG consumption were observed in a classical kinetic experiment using 14 C tracing
and the data illustrated that the carbon-skeleton of MSG is converted to serum glucose,
lactate, aspartate and other amino acids [15]. We cannot rule out the possibility that
the observation in the 1971 work by Prosky and Odell of unchanged glutamate, lactate,
and malate may be due to the kinetic changes, since ingested glutamate increased in
serum and reached the peak at 30 min and started to decline and finally disappeared after
2 h. Although Stegink et al. in 1973 did not address liver tissue metabolites, it is well
documented that the hepatic gluconeogenesis is the major source of serum glucose.

Fifth, the argument that “long-term toxicological data at doses of up to 4% in the diet
for up to 2 years show no adverse effects of MSG/glutamate on every organ” based on
Owen et al., 1978 also warrants a deeper discussion. In this study rats received MSG mixed
with diet in different concentration (1, 2, 4 g%, w/w) for 104 weeks and the manuscript
includes only limited hard data to support the conclusion. On the other hand, Table 2
shows a higher incidence of focal mineralization beneath the epithelium of the renal pelvis
in the 4 g% MSG (male, 15/27; female, 29/32) compared to controls (male, 0/8; female,
3/8) at 104 weeks’ timepoint [16]. The same group investigated the effects of MSG on
the fitness of dogs based on body weight, behavior, ECG, ophthalmology, hematology,
blood chemistry and organ weight by mixing the MSG in their diet (2.5, 5, 10 g%, w/w) for
2 years [17]. Because limited data and no figures are available (except for the conclusion
in the text mentioning no obvious abnormal findings), we can only comment on the data
from Table 1 in Owen et al., 1978 [17]. Based on the data at 26 weeks, the 24 h urine volume
of MSG-treated animals was relatively higher compared to controls and started to decline
over time with exposure, especially in the 10% MSG group (Figure 2), thus suggesting that
10% MSG used for 2 years may indeed have an effect on kidney function.



Nutrients 2022, 14, 4387 3 of 4

Nutrients 2022, 14, x FOR PEER REVIEW 3 of 4 
 

 

of dogs based on body weight, behavior, ECG, ophthalmology, hematology, blood chem-

istry and organ weight by mixing the MSG in their diet (2.5, 5, 10 g%, w/w) for 2 years [17]. 

Because limited data and no figures are available (except for the conclusion in the text 

mentioning no obvious abnormal findings), we can only comment on the data from Table 

1 in Owen et al, 1978 [17]. Based on the data at 26 weeks, the 24 h urine volume of MSG-

treated animals was relatively higher compared to controls and started to decline over 

time with exposure, especially in the 10% MSG group (Figure 2), thus suggesting that 10% 

MSG used for 2 years may indeed have an effect on kidney function.  

  

Figure 2. Urine output and sodium excretion in dogs fed with 10 g% MSG for 2 years compared to 

the controls, modified from Owen et al., [17]; (A) urine output (B) sodium excretion in male com-

pared to control groups (n = 5, each), (C) urine output (D) sodium excretion in female compared to 

control groups (n = 5, each). 

In conclusion, we are again thankful for the very insightful comments that allowed 

stimulated discussion on data extending from the origins of this MSG study and possibly 

added some helpful insight to the arguments. We remain convinced that, albeit human 

data are still awaited, low-dose MSG consumption may alter the gut barrier protective 

bacteria and high dose with long-term MSG consumption should be re-evaluated for the 

safety, especially when there is a high risk for kidney disease.  
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Figure 2. Urine output and sodium excretion in dogs fed with 10 g% MSG for 2 years compared to
the controls, modified from Owen et al., 1978 [17]; (A) urine output (B) sodium excretion in male
compared to control groups (n = 5, each), (C) urine output (D) sodium excretion in female compared
to control groups (n = 5, each).

In conclusion, we are again thankful for the very insightful comments that allowed
stimulated discussion on data extending from the origins of this MSG study and possibly
added some helpful insight to the arguments. We remain convinced that, albeit human
data are still awaited, low-dose MSG consumption may alter the gut barrier protective
bacteria and high dose with long-term MSG consumption should be re-evaluated for the
safety, especially when there is a high risk for kidney disease.

Author Contributions: Conceptualization, U.C.; Data curation, K.N., M.S. and U.C.; Methodology,
J.V.L., J.P., A.S. (Atit Silsirivanit), R.T., A.S. (Amod Sharma), S.A. and U.C.; Writing—original draft,
K.N., M.S. and U.C.; Writing—review and editing, C.S., B.D.H. and U.C. All authors have read and
agreed to the published version of the manuscript.

Funding: Thanks to The Royal Golden Jubilee Ph.D. Program (RGJ-Ph.D. Program) (PHD/0124/2558)
co-funding with Khon Kaen University (2559/4), Thailand, for giving the scholarship to KN and
UC. Thanks to Faculty of Medicine, Khon Kaen University for providing the Preclinical Scholarship
(2/2565) to U.C., while working at Hammock laboratory. Partial support was provided by NIH-
NIEHS (RIVER Award) R35 ES030443-01.

Conflicts of Interest: The authors declare no competing interest.

References
1. Chao, H.; Yoshida, S.; Kohmura, M. Comment on Nahok et al. Monosodium Glutamate Induces Changes in Hepatic and Renal

Metabolic Profiles and Gut Microbiome of Wistar Rats. Nutrients 2021, 13, 1865. Nutrients 2022, 14, 4386. [CrossRef]
2. Nahok, K.; Phetcharaburanin, J.; Li, J.V.; Silsirivanit, A.; Thanan, R.; Boonnate, P.; Joonhuathon, J.; Sharma, A.; Anutrakulchai, S.;

Selmi, C.; et al. Monosodium Glutamate Induces Changes in Hepatic and Renal Metabolic Profiles and Gut Microbiome of Wistar
Rats. Nutrients 2021, 13, 1865. [CrossRef] [PubMed]

3. Reagan-Shaw, S.; Nihal, M.; Ahmad, N. Dose translation from animal to human studies revisited. FASEB J. 2008, 22, 659–661.
[CrossRef] [PubMed]

4. Schmidt, J.A.; Rinaldi, S.; Scalbert, A.; Ferrari, P.; Achaintre, D.; Gunter, M.J.; Appleby, P.N.; Key, T.J.; Travis, R.C. Plasma
concentrations and intakes of amino acids in male meat-eaters, fish-eaters, vegetarians and vegans: A cross-sectional analysis in
the EPIC-Oxford cohort. Eur. J. Clin. Nutr. 2016, 70, 306–312. [CrossRef] [PubMed]

5. Chevassus, H.; Renard, E.; Bertrand, G.; Mourand, I.; Puech, R.; Molinier, N.; Bockaert, J.; Petit, P.; Bringer, J. Effects of oral
monosodium (L)-glutamate on insulin secretion and glucose tolerance in healthy volunteers. Br. J. Clin. Pharmacol. 2002,
53, 641–643. [CrossRef] [PubMed]

http://doi.org/10.3390/nu14204386
http://doi.org/10.3390/nu13061865
http://www.ncbi.nlm.nih.gov/pubmed/34070818
http://doi.org/10.1096/fj.07-9574LSF
http://www.ncbi.nlm.nih.gov/pubmed/17942826
http://doi.org/10.1038/ejcn.2015.144
http://www.ncbi.nlm.nih.gov/pubmed/26395436
http://doi.org/10.1046/j.1365-2125.2002.01596.x
http://www.ncbi.nlm.nih.gov/pubmed/12047489


Nutrients 2022, 14, 4387 4 of 4

6. Insawang, T.; Selmi, C.; Cha'on, U.; Pethlert, S.; Yongvanit, P.; Areejitranusorn, P.; Boonsiri, P.; Khampitak, T.; Tangrassameeprasert,
R.; Pinitsoontorn, C.; et al. Monosodium glutamate (MSG) intake is associated with the prevalence of metabolic syndrome in a
rural Thai population. Nutr. Metab. Lond. 2012, 9, 50. [PubMed]

7. Peng, Q.N.; Huo, D.X.; Ma, C.C.; Jiang, S.M.; Wang, L.S.; Zhang, J.C. Monosodium glutamate induces limited modulation in gut
microbiota. J. Funct. Foods 2018, 49, 493–500. [CrossRef]

8. Derrien, M.; Collado, M.C.; Ben-Amor, K.; Salminen, S.; de Vos, W.M. The Mucin degrader Akkermansia muciniphila is an
abundant resident of the human intestinal tract. Appl. Environ. Microbiol. 2008, 74, 1646–1648. [CrossRef] [PubMed]

9. Everard, A.; Belzer, C.; Geurts, L.; Ouwerkerk, J.P.; Druart, C.; Bindels, L.B.; Guiot, Y.; Derrien, M.; Muccioli, G.G.; Delzenne,
N.M.; et al. Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity. Proc. Natl.
Acad. Sci. USA 2013, 110, 9066–9071. [CrossRef]

10. Depommier, C.; Everard, A.; Druart, C.; Plovier, H.; Van Hul, M.; Vieira-Silva, S.; Falony, G.; Raes, J.; Maiter, D.; Delzenne,
N.M.; et al. Supplementation with Akkermansia muciniphila in overweight and obese human volunteers: A proof-of-concept
exploratory study. Nat. Med. 2019, 25, 1096–1103. [CrossRef]

11. Xu, Y.; Wang, N.; Tan, H.Y.; Li, S.; Zhang, C.; Feng, Y. Function of Akkermansia muciniphila in Obesity: Interactions With Lipid
Metabolism, Immune Response and Gut Systems. Front. Microbiol. 2020, 11, 219. [CrossRef]

12. Bielinska, K.; Radkowski, M.; Grochowska, M.; Perlejewski, K.; Huc, T.; Jaworska, K.; Motooka, D.; Nakamura, S.; Ufnal, M. High
salt intake increases plasma trimethylamine N-oxide (TMAO) concentration and produces gut dysbiosis in rats. Nutrition 2018,
54, 33–39. [CrossRef] [PubMed]

13. Xu, J.Z.; Tang, M.Q.; Liu, Y.N.; Xu, J.H.; Xu, X.X. Safety assessment of monosodium glutamate based on intestinal function and
flora in mice. Food Sci. Hum. Wellness 2022, 11, 155–164. [CrossRef]

14. Prosky, L.; Odell, R.G. Effect of Dietary Monosodium L-Glutamate on Some Brain and Liver Metabolites in Rats. Proc. Soc. Exp.
Biol. Med. 1971, 138, 517. [CrossRef] [PubMed]

15. Stegink, L.D.; Brummel, M.C.; Boaz, D.P.; Filer, L.J. Monosodium Glutamate Metabolism in Neonatal Pig-Conversion of
Administered Glutamate into Other Metabolites in-Vivo. J. Nutr. 1973, 103, 1146–1154. [CrossRef] [PubMed]

16. Owen, G.; Cherry, C.P.; Prentice, D.E.; Worden, A.N. Feeding of Diets Containing up to 4-Percent Monosodium Glutamate to Rats
for 2 Years. Toxicol. Lett. 1978, 1, 221–226. [CrossRef]

17. Owen, G.; Cherry, C.P.; Prentice, D.E.; Worden, A.N. Feeding of Diets Containing up to 10-Percent Monosodium Glutamate to
Beagle Dogs for 2 Years. Toxicol. Lett. 1978, 1, 217–219. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/22681873
http://doi.org/10.1016/j.jff.2018.09.015
http://doi.org/10.1128/AEM.01226-07
http://www.ncbi.nlm.nih.gov/pubmed/18083887
http://doi.org/10.1073/pnas.1219451110
http://doi.org/10.1038/s41591-019-0495-2
http://doi.org/10.3389/fmicb.2020.00219
http://doi.org/10.1016/j.nut.2018.03.004
http://www.ncbi.nlm.nih.gov/pubmed/29705499
http://doi.org/10.1016/j.fshw.2021.07.016
http://doi.org/10.3181/00379727-138-35930
http://www.ncbi.nlm.nih.gov/pubmed/5118460
http://doi.org/10.1093/jn/103.8.1146
http://www.ncbi.nlm.nih.gov/pubmed/4719726
http://doi.org/10.1016/0378-4274(78)90052-8
http://doi.org/10.1016/0378-4274(78)90051-6

	References

