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Gut remediation: a new approach to reduce the accumulation of
heavy metals by using probiotics
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Abstract: In recent years, heavy metal contamination in China has greatly increased due to the discharge of
industrial wastewater and daily human activities. People living in polluted areas suffer from serious health
problems as a result of long-term ingestion of contaminated crops. Therefore, it is of utmost importance to
repair heavy metal pollution in developing countries. Recent studies have mainly focused on the probiotics
effectively combine with heavy metals in vitro and in vivo, and different mechanisms have been proposed to
explain the functions of probiotics in heavy metals remediation. In view of the current situation, heavy
metals such as cadmium, lead, and chromium have serious impacts on the environment and animal health,
this review analyzes the sources of heavy metals pollution and the control of various heavy metals in the
environment and animal intestines. Meanwhile, the mechanisms of heavy metal remediation processes by
probiotics are summarized, and the utilization of probioctics in alleviating heavy metals' toxicity on human
and the environment in the future.
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Tablel Theadsorb of heavy metalsand hazardous metals by different probioticsin vitro

Helm i A2 T HEBAEARE il pH b ZE iy 1] 22 30k
Heavy metals Probiotics Heavy metal-binding rate (%)  OptimumpH  Optimum reactiontime (h)  References
Cadmium B. lactisBb12 73.0 6.0 1.0 [37]
L. fermentum ME3 65.0 6.0 1.0
L. rhamnosus GG 60.0 6.0 1.0
L. fermentum ME3 92.0 5.0 0.5

Lead B. longum 46 80.0 5.0 0.5 [36-37]
B. lactis Bb12 98.0 6.0 1.0
L. acidophilus MTCC447 100.0 55 6.0

Chromium L. rhamnosus MTCC1408 100.0 5.8 8.0 [38]
L. casei MTCC1423 100.0 6.0 10.0
L. plantarum CCFM 639 64.5 45 2.0

Aluminum L. plantarum CCFM 307 60.0 45 2.0 [39]
L. plantarum CCFM 8661 55.0 45 2.0
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Figurel Threebasic mechanisms of heavy metal adsorption in vitro by probiotics
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Note: (1) To reduce entrance of heavy metal ions, the EPS on the surface of probiotics can bind heavy metal cation M* and M**; (2) The

adsorb of heavy metd cations with membrane and wall phosphoric acid on the cell wall of probiotics; (3) The S-layer protein on the cell
membrane of probiotics can also adsorb a small amount of heavy metal cationsin the intestinal tract.
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Figure2 Four mechanismsby which probioticsrepair heavy metalsin theintestinal tract of mice
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Note: (1) Intestinal sequestration: probiotics adsorb heavy metal ions M? and M*" before intestinal epithelial cells binds them; (2) Probiotics
inhibit intestinal absorption of heavy metals by maintaining the integrity and enhancing the function of intestinal barrier; (3) Probiotics can
aleviate the toxicity of heavy metals by regulating the structure of intestinal flora and by maintaining their homeostasis; (4) The potential
antioxidant capacity of probiotics.
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Table2 Theeffect of probioticsagainst heavy metalstoxicity in vivo

HER i A SEEGARAY ZHLUE A A e HAURI AR Z:75 3R
Heavy metals Probiotics Models Oxidative stress parameters Histopathological alterations References
Cadmium L. plantarum CCFM8610 Kunming mice CAT, SOD, GSH and MDA Alleviated chromatin condensation, [21]
cytoplasmic vacuolization, and nuclear
pyknosisin liver cells
Chromium L. plantarum TW1-1 Kunming mice CAT, SOD, GSH and MDA Alleviated chromatin condensation, [52]
cytoplasmic vacuolization, and nuclear
pyknosisin liver cells
Lead L. plantarum CCFM8661 Kunming mice ALAD, SOD, GSH and Alleviated chromatin condensation, [75]
MDA cytoplasmic vacuolization, and nuclear
pyknosisin liver cells
Aluminum L. plantarum CCFM639 Tilapia CAT, SOD, T-AOC and Alleviated chromatin condensation, [22]

MDA

cytoplasmic vacuolization in liver cells
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