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Introduction

Osteophagia is a habit observed in wild herbivores, where they consume bones to obtain
essential minerals such as calcium (Ca) and phosphorus (P) from nutrient-deficient
environments and enhance the immune system and support healthy digestive functioning
due to their nutritional composition. Bones consumed by animals enter the acidic
stomach environment and then move into the small intestine, where they are neutralized
by alkaline bile. Hydroxyapatite (HAp), a calcium phosphate (CaP) crystal that is the
main mineral component of bone, can dissolve under acidic conditions and re-precipitate
under alkaline conditions. Therefore, as the bone moves through the gastrointestinal (GI)
tract, HAp dissolves in the acidic stomach and re-precipitates as crystalline or
amorphous CaP in the small intestine after neutralization with the bile, which has
beneficial environment in binding toxins. Previous studies showed that bone-eating or
bone meals supplementation has been shown to be effective in detoxifying organic
toxicants through encapsulation or adsorption, the detoxification of inorganic toxicants
has not been investigated. Notably, Ca ions in CaP can be exchanged with heavy metal
ions and co-precipitation can form heavy—metal—ion—substituted CaP from mixtures of
those ions bydissolution/co-precipitation under GI tract. In this study, we investigated the
effect of HAp dissolution and co-precipitation with Cd along the GI tract, comparing it
to a commercial antidote, activated charcoal (AC), using both in vitro and in vivo oral
administration studies. By mimicking the pH levels in the stomach and intestine, we
demonstrated that HAp dissolution/co-precipitation enhances Cd removal in vitro.
Furthermore, we proved that oral administration of HAp significantly prevents Cd

accumulation in tissues and enhances Cd excretion in feces compared to AC.




Methods:

In vitro and In vivo studies were conducted in this study by mimicking pH levels

under simulated GI tracts and using 6-week-old ICR male mice's GI tracts for Cd
removal by dissolution/co-precipitation of calcium phosphate (CaP), respectively.
Specifically for in vivo experiments, the study employed various dietary interventions
especially normal diets, diets containing 2 wt% AC, diets with 20 wt% AC, diets with 2
wt% HAp, and diets with 20 wt% HAp. During the treatment, we simultaneously
exposed the drinking water to 0 ppm (control group) or 100 ppm of Cd (Cd-treated
groups). We systematically recorded the mice's daily feces excreted, food and water

intake, and their weekly body weight during a four-week treatment period.

Results and discussions

The study's findings indicate that HAp has a maximum Cd-removal capacity of 410.06
mg/g, compared to AC (201.71 mg/g) by in vitro study. Our in vitro studies showed that
co-precipitation of CaP from HAp in the GI tract model is significantly more efficient at
removing Cd than AC under GI tract model. Acidic conditions increase Cd solubility,
making Cd more accessible to HAp in the GI tract model. The dissolution of HAp in the
GFM enhances surface complexation, leading to rapid HAp dissolution in highly acidic
conditions and subsequent co-precipitation with Cd ions upon neutralization in the IFM.
Co-precipitation of CaP from HAp thus attracts Cd ions, resulting in a higher adsorption
capacity than HAp at neutral pH.

Similarly, for the in vivo studies, a co-precipitating CaP system in mice effectively
prevented Cd accumulation in tissues and increased fecal Cd excretion compared to AC.
Oral administration of HAp leads to CaP reformation in the intestine, improving the
intestinal environment and increasing Cd excretion in feces, thereby reducing intestinal
Cd absorption. Co-precipitating CaP acts as a blocking agent for Cd absorption,
preventing Cd accumulation in tissues by decreasing Cd solubility in the stomach and
inhibiting Cd absorption in the intestine. In contrast, orally administered AC removes
toxins in their dissolved form through direct contact and may strongly acidify gastric
pH, damaging the gastric epithelium. This damage increases Cd influx via Ca channels,
promoting prolonged Cd accumulation in the stomach and higher Cd levels in
surrounding tissues, such as the lung and spleen. The study also found that the AC-diet
groups had noticeable changes in their plasma biochemical properties, which were
linked to damage in the liver and kidneys, including serious cell death in the kidney

tubes and disorganized kidney structures.

This study is the first to report a treatment that prevents heavy metals accumulation in



mice model by co-precipitating CaP along the GI tract using orally administered HAp.
As a detoxifying agent, co-precipitating CaP from HAp shows promising results. It helps
maintain plasma biochemical parameters, potentially acting as an antioxidant.
Histopathological results also indicate that co-precipitating CaP protects liver and kidney
tissue from Cd toxicity by modulating ALP and ALT levels, acting as an antioxidative

defense system.

In summary, the co-precipitating CaP system in the GI tract is significantly more
effective at removing Cd in vitro and in vivo than the commonly used antidote, AC.
Furthermore, these findings are essential for designing new functional detoxification

materials and potentially aiding disease treatment.
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