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Editorial on the Research Topic
Trace element chemistry and health

There are about 70 trace elements in human body that account for 0.005-0.01 wt
% of body weight (1). Some trace elements are essential components of large molecules
that have biological activities; therefore small variations in the levels of trace elements
could significantly affect the activities of the relevant molecules (Figure 1). For example,
as cofactors, copper, zing, iron are essential in maintaining the activities of oxido-redox
enzymes (2). Copper is an important component of ceruloplasmin and copper-zinc
superoxide dismutase, and it can affect the activities of antioxidant enzymes such as
catalase and glutathione peroxidase, and is closely related to the antioxidant process
of the body. Trace elements could also negatively impact on human health (3). For
example, imbalanced serum Zn and Cd can interfere with glucose levels, potentially
leading to cardiovascular diseases. Elements such as As, Pb, Cd and Cu have also been
associated with increased risks of cardiovascular disease and coronary heart disease.
One indicator for assessing nutritional status and diagnosing malnutrition caused by
elemental imbalance could be serum albumin level as epidemiological studies have found
a relationship between its level and trace element concentrations. Long-term being
exposed to hexavalent chromium may reduce serum albumin levels, and the research
by Li et al. showed that albumin level had negatively correlated with the concentrations
of Co, Cr, Cu, Fe, Mn, Se, Zn, Pd and other elements.

The various elements in the body do not work independently and can therefore
have antagonistically or synergistically effects (4, 5). Iron and manganese can interfere
with each other’s absorption in the digestive tract, while they also have the synergistic
effect on hemogenesis. Appropriate dose of Se can mitigate the inhibition effects of as
on antioxidants. And an animal study showed that the high selenium diet increased
the excretion of arsenic in urine and feces, reduced the residual arsenic in kidney,
improved the antioxidant level and reversed the immunosuppression caused by arsenic
(Bai et al.) (6).
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FIGURE 1
Trace elements in human nutrition and health.

Both insufficient and excessive intake of trace elements
could result in diseases. For example, Chinese adults safe
intake of iron is 12-42 mg/d for men and 20-42 mg/d for
women. While iron deficiency leads to anemia, excessive iron
in the body causes damages to heart, liver and pancreas (7,
8). Similarly, long term insufficient intake of zinc in adults
(below 12.5 mg/d for adult men and 7.5 mg/d for adult
women) can lead to decreased immunity, decreased digestive
function and other symptoms. For infants and young children,
it will compromise the cell growth, division and differentiation
(5). While excessive zinc (above 40 mg/d) is associated with
acute renal failure, atherosclerosis, hypertension, and coronary
heart disease. There is a close relationship between selenium
deficiency and Kaschin-beck disease (KBD). Se could improve
cell aging and strengthen lipid peroxidation, which played a key
role in articular cartilage damage in patients with KBD (9). Kang
et al. found that the selenium levels of all subjects in Kaschin-
Beck disease area were lower than normal after stopping the
selenium supplementation. And they also found that excessive
fluorine significantly inhibited the hydrolysis of T-2 toxin by
inhibiting the expression of CES1 gene and protein and their
hydrolytic activity, thus affecting patients with KBD (Jia et al.).

In addition to the amount of intake, the chemical state
of trace elements also matters in terms of their toxicity and
bioavailability. The existing state of elements can be divided
into inorganic, organic or biological state (10). Inappropriate
supplementation of trace elements (such as the use of inorganic
salts) and environmental pollution cause elements to accumlate
in the body as ions, which could adversely affect human health
(5). Excessive Ni*t causes damage to kidney; Cu®t causes
damage to the gastrointestinal tract; Pb>* causes damage to
the hematopoietic system and so on. Organic trace elements
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are those that combine trace elements with ligands (such as
amino acids, protein, polysaccharides, and the like) in the
form of salts, complexes, or chelates, such as Metal-MHA
chelate, Selenium yeast, metal polysaccharide complex, Zn or
Cr propionate and so on. While the biological state can only
be synthesized through biotransformation and can be directly
absorbed and utilized, with the highest bioavailability. Foods
with higher contents of trace elements are currently a better
utilization mode of biological trace elements. Comparing to
inorganic state, trace elements in their organic or biological state
are more readily absorbed by human body with less side effects,
presumably because these are closer to their natural structures
(5). For example, zinc gluconate, an organic zinc drug, has more
curative effect and less side effect than the inorganic zinc drug
(e.g., zinc sulfate). For the same reason, the greater toxicity of
inorganic salt forms of selenium and chromium can be reduced
by converting them into selenium yeast or chromium yeast (11).

In addition to understand the effects of elements on
human health, how to develop analytical methods, basing on
element chemistry, to monitor the elements concentration in
the environment and in human body is equally important.
Leng et al. synthesized a novel Ny-based fluorescent probe that
responds quickly, selectively and sensitively to Cu®T in water.
The probe has low cytotoxicity and good biocompatibility.
Moreover, although it is already known that long term excessive
or insufficient intake of trace elements leads to physiological
abnormalities or diseases, it still remains unclear on the
relationship between many elements and disease pathogenesis.
Lastly, it is also crucial to better understand how to scientifically
get trace element intake from diet and/or supplements. For the
healthy development of mankind, these are the problems we
need to face and solve in the future.

frontiersin.org


https://doi.org/10.3389/fnut.2022.1034577
https://doi.org/10.3389/fnut.2022.862639
https://doi.org/10.3389/fnut.2022.935112
https://doi.org/10.3389/fnut.2022.932826
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Wang et al.

Author contributions

All authors listed have made a substantial, direct,
and intellectual contribution to the work and approved it

for publication.

Funding

This work was supported by the National Natural Science
Foundation of China (21602169 and 81803490), and Xi’an
Jiaotong University (334100038).

Acknowledgments

We deeply thank all the authors and reviewers who have
participated in this Research Topic.

References

1. Singer P, Manzanares W, Berger MM. What's new in trace elements? Intens
Care Med. (2018) 44:643-45. doi: 10.1007/s00134-017-4955-1

2. Iyengar GV. Human healt and trace element research: problems and prospects.
Sci Total Environ. (1981) 19:105-09. doi: 10.1016/0048-9697(81)90001-2

3. Zheng W. Systemic impact of trace elements on human health and
diseases: nutrition, toxicity, and beyond. J Trace Elem Med Biol. (2020)
62:126634. doi: 10.1016/j.jtemb.2020.126634

4. Nordberg M, Nordberg GF. Trace element research-historical and future
aspects. | Trace Elem Med Bio. (2016) 38:46-52. doi: 10.1016/j.jtemb.2016.
04.006

5. Salgueiro M]J, Zubillaga MB, Lysionek AE, Caro RA, Weill R, Boccio JR.
The role of zinc in the growth and development of children. Nutrition. (2002)
18:510-19. doi: 10.1016/S0899-9007(01)00812-7

6. Magalhdes HIF, Wilke DV, Bezerra DP, Cavalcanti BC, Rotta R, de
Lima DP, et al. (4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone
inhibits tubulin polymerization, induces G2/M arrest, and triggers

Frontiersin Nutrition

03

10.3389/fnut.2022.1034577

Conflict of interest

Author XW was employed by Zhejiang Huayu Food
Co., Ltd.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

apoptosis in human leukemia HL-60 cells. Toxicol Appl Pharma. (2013)
272:117-26. doi: 10.1016/j.taap.2013.06.001

7. Lakhal-Littleton S. Iron deficiency as a therapeutic target in cardiovascular
disease. Pharmaceuticals. (2019) 12:125. doi: 10.3390/ph12030125

8. Cacoub P, Choukroun G, Cohen-Solal A, Luporsi E, Peyrin-Biroulet L, Peoch
K, et al. Iron deficiency screening is a key issue in chronic inflammatory diseases: a
call to action. J Inter Med. (2022) 292:542-56. doi: 10.1111/joim.13503

9. Hammad G, Legrain Y, Touat-Hamici Z, Duhieu S, Cornu D, Bulteau
A-L, et al. Interplay between selenium levels and replicative senescence
in WI-38 human fibroblasts: a proteomic approach. Antioxidants. (2018)
7:19. doi: 10.3390/antiox7010019

10. Fairweather-Tait SJ. The importance of trace element speciation in nutritional
sciences. Fresen ] Anal Chem. (1999) 363:536-40. doi: 10.1007/s002160051242

11. Wang X, Yang Y, Zhang H and Liu J. Safety assessment and comparison of
sodium selenite and bioselenium obtained from yeast in mice. BioMed Res Inter.
(2017) 2017:3980972. doi: 10.1155/2017/3980972

frontiersin.org


https://doi.org/10.3389/fnut.2022.1034577
https://doi.org/10.1007/s00134-017-4955-1
https://doi.org/10.1016/0048-9697(81)90001-2
https://doi.org/10.1016/j.jtemb.2020.126634
https://doi.org/10.1016/j.jtemb.2016.04.006
https://doi.org/10.1016/S0899-9007(01)00812-7
https://doi.org/10.1016/j.taap.2013.06.001
https://doi.org/10.3390/ph12030125
https://doi.org/10.1111/joim.13503
https://doi.org/10.3390/antiox7010019
https://doi.org/10.1007/s002160051242
https://doi.org/10.1155/2017/3980972
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Editorial: Trace element chemistry and health
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


