E Elﬁrfﬂ#ﬂi

NSP for Life !

(REEmMZ"MIEFR"TTE

¥
liml
[T
g
hujy
ar

S*
.-
5
N
FF
8
e
N
m
i
il
i
i
0
FF

NSP For Life!



[RAWRIIRBRAFIEL - 200350 H AR 2508 -- SRR B & i RIE TS
R; 122011~2022F BE S EHERHIR(MIE/FE—/MFRS)RHE
R - #—FRIVWARZEINEE: (1) "VERME"--RAESHREMEARCER
iR) - BARWREBERTSOEAARSERAREEZ] - XERERTFERTK -
oI ARFE"YEEFH IR ERINEIMENTEER - IR SRELE.
REMIESYMEINEG, 2)'ESH"--WREAZLESN  MAEHRMEN -
FEEZERARRENRER - FEUMEVEE, O)'RUK"--WRERBRE
B AFARIEESE  oRVUMGFER"REMSEXRBATE" - BRES
FeENERRRER -

NSP For Life!

K%

=g Ll ﬁﬁﬁ%]

9 R NSP (Natural Silicate Platelets)
7152 22 -JE & al il sl gal LA N4

NSPIiJF{CE2ZEY) - H"E@ S E"INEERH - RBMRWHE
NERRIM  NEEXSUERIREBLIOFL LERE -
ZHER2022EXRFHREUBERMEERTESR - LHEW"EM
EERERN"REMEBEYERZREET - "NSPZYIIEE"
HEMZEREERERMWES  BHEE -

I E(NSPETT) - IZEBATR - IERE - MERGES
WMENERE - RINRK e - B FRE/ BT ERR - LTSN g
RE  BERE  KERKEBWEFE -

=



N S P" 69 ):|I ” - % 'ti & ﬁ == 'ti :ﬂIJ E_t . For feeding to rats, the acute oral toxicity was shown a low lethal dose (LDsg) or greater than 5700 mg/kg body weight for both male
- # nn o Al . and female Sprague-Dawley rats. Overall, the study has demonstrated the safety of the NSP for potential uses in biomedical areas.
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(Lin and Peng, ACS Applied Materials and Interfaces, 2 (6), 2010, 1608)

Evaluation on Cytotoxicity and Genotoxicity
of the Exfoliated Silicate Nanoclay

Pei-Ru Li," Jiun-Chiou Wei," Ying-Fang Chiu,* Hong-Lin Su,® Fu-Chuo Peng,** and
Jiang-Jen Lin*™3

Institute of Polymer Science and Engineering, National Taiwan University, Taipei 10617, Taiwan, Institute of
Toxicology, National Taiwan University College of Medicine, Taipei 10617, Taiwan, and Department of Life Sciences
and Department of Material Science and Engineering, National Chung Hsing University, Taichung 40227, Taiwan

ABSTRACT The concern about toxicity for nanosilicate platelets (NSP) derived from natural montmorillonite clay is addressed. The
NSP nanoclay was isolated from polyamine—salt exfoliation of the layered silicate clay into randomized individual plates, possessing
multiple ionic charges on the surface of silicate plates with an average geometric dimension of ca. 80 x 80 x 1 nm’. The material had
been previously shown to be effective for antimicrobial and tendency for adhering onto the biomaterial surface based on the direct
observation by using scanning electron microscope. The material safety on genotoxic effect was investigated by using three different
test systems: the Comet assay test on Chinese Hamster Ovary (CHO) cells in vitro, micronucleus (MN) assay in vivo and the Salmonella
gene mutation assay on strain TA98, TA100, TA102, TA1535 and TA1537. The Comel assay showed no DNA damage after 24 h of
incubation with NSP of 1000 ug/mL. The MN test indicated no significant micronucleus induction in the CHO cells at the concentrations
tested. With all five strains of Salmonella typhimurium, none of mutations was found. Furthermore, cytotoxicity of the same material
was assayed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate dehydrogenase (LDH) release, showing
a low cytotoxicity on CHO cells below 1000 ug/mL after 12 h incubation period and a dose-dependent effect after 24 h incubation.
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:Ié E3 & EE,ti . — =S BE KEYWORDS: nanosilicate platelets ® cytotoxicity ® genotoxicity ® nanomaterials ® acute oral toxicity
EE\ 7= B8 - = E mm

iEsEtE © < 1000 ppm The safety of NSP with respect to cytotoxicity and genotoxicity
HEASMH : & 1. Alow lethal dose (LDg, > 5,700 mg/kg or similar to NaCl)
AEEAN - (REEEES 2. Low cytotoxicity (1000 ppm on CHO cells) and none/@
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(Journal of Physical Chemistry C (2011) 115, 18770)

THE JOURNAL OF

PHYSICAL CHEMISTRY

Inhibition of Bacterial Growth by the Exfoliated Clays and Observation

of Physical Capturing Mechanism
Jiun-Chiou Wei," Yu-Ting Yen," Hong-Lin Su,” and Jiang-Jen Lin*"

Mnstitute of Polymer Science and Engineering, National Taiwan University, Taipei 10617, Taiwan

*Department of Life Sciences, National Chung Hsing University, Taichung 402, Taiwan

pubs.acs.org/JPCC

ABSTRACT: We observed unexpected antimicrobial behavior
from the silicate platelets, prepared from the exfoliation of
natural clays, for a broad spectrum of microorganisms. The
antimicrobial properties are attributed to the unique structure of |
the exfoliated platelets, which possess an average dimension of |
80nm x 80 nm x 1 nm and polyvalent ionic charges (ca. 18 000
sodium ions/platelet) on the surface of ultrathin platelets. The
thin shape and ionic character of the silicates enables them to
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Nano Silicate platelet (NSP) = *

m-*-

physically adhere to microbe surfaces and be directly observed by scanning electron microscopy. The nanometer-sized thin silicates
with the uniquely combined features of large surface areas and polyvalent charges have potential uses for biomedical treatments.
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Including JEV, dengue and influenza A virus
(Hsu, Lin and Lin, Journal of Virology, 88, 2014, 4218) /
'S

JVI 5 2014 HPER—FEEARX! NSP o] LR /IR MmBHIA R

Surfactant-Modified Nanoclay Exhibits an Antiviral Activity with High JEVorDEN 1d
Potency and Broad Spectrum “im f

Jian-Jong Liang,* Jiun-Chiou Wei,® Yi-Ling Lee,® Shan-hui Hsu,® Jiang-Jen Lin,® Yi-Ling Lin®* _fjl’ )

Can 5 . . . gl ihe F P r Gela s and Enalnaaki. Marsn P C 4
cs Research Center,” Acagemia Sinica, Taipei, Taiwan; Institute of Polymer Science and Engineering, Mational Taivwar P

MIVErsity. lalpel,

5d
ABSTRACT Rt
Nanomaterials have the characteristics associated with high surface-to-volume ratios and have been explored for their antiviral b
activity. Despite some success, cytotoxicity has been an issue in nanomaterial-based antiviral strategies, We previously devel- .
oped a novel method to fully exfoliate montmorillonite clay to generate the most fundamental units of nanoscale silicate platelet - i
{NSP). We further modified NSP by capping with various surfactants and found that the surfactant-modified NSP (NSQ) was g

less cytotoxic. In this study, we tested the antiviral potentials of a series of natural-clay-derived nanomaterials. Among the deriv-

atives, NSP modified with anionic sodium dodecyl sulfate (NSQc), but not the pristine clay, unmodified NSP, a silver nanopar-

ticle-NSP hybrid, NSP modified with cationic n-octadecanylamine hydrochloride salt, or NSP modified with nonionic Triton 1 5 d
X-100, significantly suppressed the plaque-forming ability of Japanese encephalitis virus (JEV) at noncytotoxic concentrations, ’I ’I d

NSQc also blocked infection with dengue virus (DEN) and influenza A virus. Regarding the antiviral mechanism, NSQc inter- 1 3d

fered with viral binding through electrostatic interaction, since its antiviral activity can be neutralized by Polybrene, a cationic % ”"ﬁ % %

polymer. Furthermore, NSQc reduced the lethality of JEV and DEN infection in mouse challenge models. Thus, the surfactant- - X "’—‘

modified exfoliated nanoclay NSQc may be a novel nanomaterial with broad and potent antiviral activity.

7d

9d

1. 5E5INSP, B RBRER ZER, T(0-20%) 25 F (80-100%).
2. FREISH: NSPH T Wi Ze 2 Mol - fmig =2

Y E R NSPTERERIRRI S & BRE o RERAEZE 2T R B MHESES0-100% !
M/ MENSPEES"AEEE" (therapeutic index), BlZ & 43 fEE 14!
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(Surfactant- modified nanoclay exhibits an antiviral activity with high potency
and broad spectrum, Journal of Virology, 88, 4218-4228.)
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NSP4DEHimsE 2 EARIRE--(GEEE 1)
(the basic principle of NSP anti-virus)

NSP high surface area &R H &

Positive/Negative charge neutralization IE E &5 1 [ /m & (IE B M8 R)
NSP high mobility in water and in air [RiFEEZ L m S (REREAEES)
In vitro and in vivo (JEV, DEN and influenza A virus) iii/& - BRI S - EE2 3@ RBEAENE
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JJ Lin, Yi-Ling Lin*et al. 2074. Surfactant- modified nanoclay exhibits an antiviral activity with high potency and broad spectrum,
Journal of Virology, 88, 4218; (Taiwan Patent 1546080 (2013)
J Lin et al, 2071. Inhibition of Bacterial Growth by the Exfoliated Clays and Observation of Physical Capturing Mechanism, Journal . . .

of Physical Chemistry C, 115, 18770181. & % W W s
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(International Journal of Nanomedicine, 7, 2012, 2421-2423)

Salmonella-infected chick

International Journal of Nanomedicine Dove s

s /
(Non-treated <10%)
A
i

3 ORIGINAL RESEARCH

Efficacy and safety of nanohybrids comprising 2
silver nanoparticles and silicate clay + P ¥4 -
for controlling Salmonella infection

~75%

- NSP and AgNP/NSP, but not AgNPs alone, were

This article was published in the following Dove Press journal:
International Journal of Nanomedicine

1 May 2012 . .. . .
Number of mes tis aiclehas ben viewed potential antimicrobial agents for controlling
Shu-Her Chiao'* Abstract: Developing effective and safe drugs is imperative for replacing antibiotics and enterlc ba Ctel‘la| InfeCtIOn.
Siou-Hong Lin'* controlling multidrug-resistant microbes. Nanoscale silicate platelet (NSP) and its nanohybrid,
Ching-1 Shen* silver nanoparticle/NSP (AgNP/NSP), have been developed, and the nanohybrids show a strong . In contrast to the Cons|dera ble Ag deposrts the
1
Jiunn-Wang Liao? and general antibacterial activity in vitro. Here, their efficacy for protecting Sa/monella-infected
|-Jiuan Bau' chicks from fatality and septicemia was evaluated. Both orally administrated NSP and AgNP/ . H H H .
Jiun-Chiou Wei* NSP, but not AgNPs alone, effectively reduced the systemic Salmonella infection and mortality. Ag accumu Iatlon In d IgeStlve tlssu €s from Ag N P/
Li-Ping Tseng' In addition, quantitative Ag analyses demonstrated that Ag deposition from AgNP/NSP in the . oo .
Shan-hui Hsu? intestines was less than that from conventional AgNPs, indicating that the presence of NSP for N S P was Slg n Iflca ntly decreased, S hOWI ng
Ping-Shan Lai’ immobilizing AgNPs reduced Ag accumulation in tissue and improved the safety of AgNPs. . . .
Shinn-Zong Lin>’ These in vivo results illustrated that both NSP and AgNP/NSP nanohybrid represent potential Im proved Safety over conventiona | Ag N PS N
Jiang-Jen Lin* agents for controlling enteric bacterial infections.
Y 1.8 At i ihility infaction o C
Hong-Lin Su Keywords: silver, nanoparticle, biocompatibility, infection, cytotoxicity anima |S
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AGRICULTURAL AND
FOOD CHEMISTRY

Evaluation of Efficacy and Toxicity of Exfoliated Silicate Nanoclays as /

a feed. Add+|+t|ye for Funz::am;m petom!icgtpn . ) . NSP(40 ppm) S = b SR EEREY (bY 10%)
Chiao-Wei Yuan, " Jie-Ting Huang,"* Ching-Chin Chen,” Pin-Chi Tang,”™" Jenn-Wen Huang,

Jiang-Jen Lin,” San-Yuan Huang,*;"&'”'v and Shuen-Ei Chen* "%/ ° NSPB]‘E{E?&E{{%;&[% (by 10.4%)

nL'Depa.rl'ment of Animal Science, §Agricu]tura_l Biotechnology Center, !Center for the Integrative and Evolutionary Galliformes

Genomics (iEGG), J‘Depa_rtment of Plant Pathology, and %yResea.rch Center for Sustainable Energy and Nanotechnology, National ¢ I n the Stu dyl d ieta ry inc' u Sion Of N S P eﬁ:eCtively

Chung Hsing University, Taichung 402, Taiwan

#Institute of Polymer Science and Engineering, National Taiwan University, Taipei 10617, Taiwan im proved the g rOWth pe rfO rmance a nd d mel iorated
© Sepporting Information FB1 toxicosis, including oxidative stress, SA/SO ratio,
ABSTRACT: The efficacy of nanosilicate clay platelets (NSCP), exfoliated silicates from natural montmorillonites, as a feed oA
additive for a.melioratingcyﬁmlonisin Bl t(PBl}; lt:'oxtioclstis (was evlluated. t:['oxic:c»lo;ica] mechanisms by tlr\lnSCP wetrre examined d nd AST aCtIVIty'

through proteomic and biochemical analyses. Dietary supplementation with NSCP at a low level of 40 mg/kg of feed improved . . .
growth performances in chickens with respect to FB1 toxicosis. Other issues of ameliorated symptoms including serum and/or L G rOWth pe rfo rmances an d tOX| CcoO | Og ICa | ana |yS IS

hepatic aspartate aminotransferase activity, oxidative stress indicators, and sphinganine/sphingosine ratio, a hallmark of FB1

toxicosis, were considered. Chickens with NSCP inclusion alone at 1000 mg/kg of feed exhibited no changes in hepatic histology, con Cl u d ed N S P as a Safe an d eﬁ:e Ctive a g e nt fo r F B ']

oxidative status, and serum parameters and even had a higher feed intake. Proteomic analysis with liver tissues identified 45
distinct proteins differentially affected by FB1 and/or NSCP, in which proteins involved in thiol metabolism and redox

regulation, glycolysis, carcinogenesis, and detoxification by glutathione S-transferase were promoted by FB1, whereas NSCP d etOXiﬁ Catio n. P rOteo m iC an d fu n Cti Oon ana |yses

caused differential changes of protein abundances related to methionine/cysteine and choline/glycine interconversion for

glutathione synthesis, redox regulation by peroxiredoxin, toxin/metabolite delivery by albumin, glycolysis, tricarboxylic acid cydle, Su g g e Sted an en h anceme nt Of m et a bo I iC p rocesses

adenosine triphosphate (ATP) synthesis, and chaperon escort for endoplasmic reticulum stress relief. Functional analyses

confirmed the enhancement of hepatic metabolic processes for ATP and NAD(P)H production to meet the need for H H o
detoxification, antioxidative defense, and toxin/metabolite clearance by FB1 or NSCP ingestion. On the basis of the amelioration fo r AT P an d N A D (P) H p rOd u Ctl on fo r d etoxrﬁ Catlo n
of FB1 toxicosis, global profile of hepatic protein expressions, and validated toxicological mechanisms, NSCP were concluded as a

safe and effective agent for FBI detoxification. and antioxidative mechanisms, following
KEYWORDS: nanosilicate platelets, fumonisin, detoxification, liver, proteomics . . . .
toxin/metabolite clearance by NSP inclusion.
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The disease of Coccidiosis (Chickens)—the cleaning and moisture of
floor hygiene and odor of ammonia
(NSP reducing the sporulation of coccidial oocysts in the life cycle)
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Livestock

NSP-formulated
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Powder product
Registered in Taiwan Government
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Liquid product Registered
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