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(a) Projection of attapulgite crystal ° g
along the (001) direction(¥ @ !
———— b=17.85A @Al

(b) Basic structural parameters of
attapulgite

500 nm 1 um

(c) Scanning electron microscopy of attapulgite

(d) Transmission electron microscope of attapulgite
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Fig. 1 Projection diagram, basic structural parameters, SEM, and TEM of attapulgite crystals
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Fig.2 Possible mechanism of increased antibacterial activity of ZnO/PAL?
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PAL is Palygorskite. ZnO/PAL is ZnO/Palygorskite. QACOS is Quaternary
ammonium chitosan oligosaccharides. QACOS/ZnO/PAL is Quaternary
ammonium chitosan oligosaccharides/ZnO/Palygorskite.
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Fig. 3 Zeta potential diagram of QACOS/ZnO/PAL nanocomposites
prepared by PAL, ZnO/PAL, (0.1%, 0.5%, 1.0%, 5.0%,
in mass) QACOS™¥
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Table 1 Comparison of attapulgite based composite antibacterial materials

Antimicrobial material Preparation Method

Antimicrobial properties

Monoammonium glycyrrhetinic acid/zinc ~ Precipitation method

oxide/attapulgite antibacterial material

Nano silver/attapulgite antibacterial Metal salt pyrolysis
material

Cobalt/zinc oxide/attapulgite antibacterial ~ Sol-gel method
materials

Silver sulfide/molybdenum disulfide/ Hydrothermal method
attapulgite antibacterial material

Selenium/zinc oxide/attapulgite Plant mediated (Aloe vera)
antibacterial materials

Plant extracts/attapulgite antibacterial Situ bio reduction
coating

Chlorhexidine diacetate/attapulgite Cation-exchange reacation
antibacterial material

Quaternary phosphonium salt/attapulgite Intercalation modification
antibacterial material

Fe/Cu/attapulgite antibacterial material Impregnation method

Zn(OH),/attapulgite antibacterial coating Co-precipitation method

Si0,-NT@Cu antibacterial material Mixed heating method

For Escherichia coli, Staphylococcus aureus, Fecal Enterococcus,
Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus and
extended spectrum bacteria - The MIC of lactam Escherichia coli is 1.00,
0.10, 0.25, 5.00, 0.10 mg/mL and 2.50 mg/mL respectively!*”

The concentrations of the materials were 5 pg/mL, the growth of Escherichia
coli and Staphylococcus aureus was almost completely inhibited!*)!

The materials could inhibit E. coli up to 99%*!

MICs against Escherichia coli and Staphylococcus aureus were 0.3 mg/mL and
051451

MICs against S. aureus and E. coli were 0.625 mg/mL and 2.500 mg/mL,
respectively!®!

It has good antibacterial activity against almost all Almost all (except the highly
resistant Escherichia coli)*”

Diameter of inhibition zone: (0.83+0.05) mm for CA/Pal 0.5, (0.88+0.08) mm
for CA/Pal 1.0 and (0.92-+0.05) mm for CA/Pal 2.0*%

MIC: (0.8+0.05) mg/mL for E. coli and (0.15:0.02) mg/mL for S. aureus™*”

The antibacterial rate against Escherichia coli and Staphylococcus aureus was
99.9%"

Quickly and effectively kill bacteria. This antibacterial effect can last for 5 d*!

Si0,-NT@Cu nanocomposite can inhibit effectively the growth of E. coli and
S. aureus, with the minimal inhibitory concentration (MIC) of 2.0 mg/mL and
0.6 mg/mL>
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Table 2 Additive comparison of three categories of attapulgite based composite feeds

Types of compound feed additives

Preparation process Action effect

Advantages

Plant essential oils attapulgite based ~ Surface modification; Enhancing immunity and antioxidant capacity

composite feed additives Ton exchange process in poultry; Regulates the gastrointestinal

system and improves growth performance
Attapulgite based compound feed

Surface Absorption Improve poultry immunity and modulate the

additives for probiotics balance of intestinal flora leading to

improved growth performance in poultry
Attapulgite based composite feed

Surface Absorption Provide obligatory trace elements for poultry,

additives of metals improve poultry immunity, reduce diarrhea

and thereby improve growth performance

Excellent antioxidant properties,

some antibacterial properties'*!!

Reduces the toxin effect of

mycobacteria and is able to

modulate the gut floral””!

Can provide essential trace elements
for growth, excellent

antimicrobiall’*
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(a) Cumulative release profiles of drugs from composite

hydrogel beads at different pH values

DS is diclofenac sodium. ATP is attapulgite.
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(b) Cumulative release profiles of drugs from different contents

of attapulgite composite hydrogel beads at pH=6.8

Fig. 4 Cumulative drug release curve of attapulgite composite hydrogel beads

ATP

CTAB is Cetyltrimethylammonium bromide. Org-ATP is organic attapulgite. NIPAM is N-isopropylacrylamide. MBA is N, N'-methylene double acrylamide.

SMS is sodium metabisulfite. Org-ATP/PNIPAM is organic attapulgite/pnipaam.
5 PNIPAM/ATP 5 & /Kt 4 7 07

Fig. 5 Scheme of preparation of PNIPAM/ATP composite hydroge
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ATP@DOX is attapullgite/Doxorubicin. ATP@DOX/PLGA is attapulgite@Doxorubicin/Polylactic acid glycolic acid.
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Fig. 6 Preparation of ATP/DOX/PLGA hybrid nanofiberst’”
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BMSCs is mesenchymal stem cells. BMP2 is rabbit monoclonal bone
morphogenetic protein2. p-Smad1/5 is p-Smadl/5 antibody. PLC/ATP is
polycaprolactone/attapulgite. COL1 is rabbit monoclonal collagenl. OPN

is rabbit monoclonal osteopontin. OCN is mouse monoclonal osteocalcin.
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Fig. 7 Schematic of the possible mechanisms of PCL/ATP

scaffolds in stimulating osteogenic differentiation and

bone formation through BMP/Smad signaling pathway™
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Extended Abstract

Attapulgite is a rod like silicate clay minerals with a 2:1 type chain layered nanostructure, and the length of rod crystal is
0.5-5.0 um. It is a non-renewable natural nanomaterial. The layered crystal structure of the attapulgite chain endows it with special
physical and chemical properties, including adsorption, colloidal, and cation exchange properties. Attapulgite is widely used in
agriculture, environmental protection, chemical industry, and other fields due to its superior properties. The breakthrough in key
common technologies for the dissociation of crystal beams in palygorskite rods enables the expansion of palygorskite from
conventional applications to high-tech applications. Attapulgite as a non-toxic natural mineral material has good biocompatibility,
abundant reserves, and low price. It has an enormous application potential in the field of high value-added biopharmaceuticals. This
review summarized recent research work on the application, the structure and properties of attapulgite.

The first part summarized the research progress of the application of attapulgite in the field of biological antibacterial, elaborated
on the possible antibacterial mechanisms of attapulgite composite antibacterial materials, compared the preparation methods and
antibacterial properties of different attapulgite based composite antibacterial materials, and gave that one of the research hotspots for
attapulgite based composite antibacterial materials is to explore a simple and green preparation method.

The second part summarized the application of attapulgite in the field of feed additives, represented the preparation of three
different attapulgite based feed additives and their respective advantages and disadvantages, and pointed out that the relevant products
are used in production practice, and listed some typical production process diagrams of the products.

The third part represented the application of palygorskite in drug carriers. Attapulgite based drug carriers are mainly in the form
of hydrogels and nanofibers. At present, there is no research on the application of attapulgite based drug carriers in vivo. The main
reason is that the safety of palygorskite in vivo is unknown, and it is also stable, making it difficult to enter the blood and urinary
circulation system as a drug carrier. However, the prepared attapulgite sustained-release tablets can be discharged through the
digestive system and have great application prospects.

The fourth part represented the application of attapulgite in composite scaffold materials. Although attapulgite based composite
scaffold materials have a good osteogenic induction in vitro, their osteogenic induction in vivo is still unclear, and the mechanism of
osteogenic induction in vitro is still unclear.

The fifth part summarized the application of attapulgite in wound healing. Attapulgite based wound dressings have a good
usability. Mixed dimensional attapulgite seems to have better usage effects and is expected to become a novel generation of
hemostatic materials.

Summary and prospects 1) In the future, it is necessary to accelerate the technological research on the full dispersion of attapulgite
single crystals. Also, there is still a room for progress in the surface modification technology of attapulgite based composite
antibacterial materials. The more attention should be paid to green and simple physical modification technologies, which can improve
the production efficiency, and reduce the environmental pollution and costs. 2) Further research should be conducted on the
application of palygorskite as a drug carrier on the body surface and digestive system, and pathways and methods suitable should be
found to enable palygorskite to undergo harmless degradation in the blood and urinary systems. 3) It is necessary to accelerate the
research on surface modification technologies of palygorskite, and make palygorskite based wound dressings into a form similar to
gauze, which can to some extent reduce the risk of its entry into the blood system. 4) The practical application of attapulgite in the
field of biomedicine is still relatively limited. In the future, we should accelerate the clinical research of attapulgite in the field of
biomedicine, while still expanding the research of attapulgite in the field of biomedicine practice. For instance, we could use
attapulgite to adsorb the metabolite of cholesterol-bile acid-to treat hypertension and hyperlipidemia. The adsorption of palygorskite is
used to regulate the intestinal flora and interfere with the occurrence of type 2 diabetes. It is possible for the treatment of tumors to
utilize the stability and biocompatibility of attapulgite to prepare high-performance drug loaded microspheres for embolization. The
antibacterial and biocompatibility of attapulgite are also utilized to prepare alternative products for orthopedics and dentistry.
This review provided a reference for the application research of attapulgite in the field of biomedicine.
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