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' l synthetic toxicants created by artificial processes are thus excluded.

% ¥=Toxicant is any toxic substance.
# % Toxin

A toxin is a poisonous substance produced within living cells or organisms;

d Toxickm4 @ &k > B d G R F % 1° § 7ludwig Brieger(1849-1919) ¢ * o

’ ' Toxins are biomolecules produced by bacteria, fungi, insects, plants, vertebrate

I , and invertebrate animals, mainly for defensive purposes. These molecules

induce detrimental effects in other organisms by inhalation, injection, ingestion
I ’ or absorption.

Dorner, B.; Rummel, A. Preface Biological Toxins—Ancient
Molecules Posing a Current Threat. Toxins 2015, 7, 5320-5321.
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* Toxins have been determined to have the potential to pose

| a severe threat to both human and animal health, to plant
health, or to animal and plant products.
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1. Botulinum neurotoXins

(BoNT)
ERE FIES

* f & 1% @ (Clostridium botulinum)
* 3 7 53 (A-G)
1895 p & & /¢ & (botulism)

Block Acetylcholine release, muscle
paralyzed

1980 BONT T/ i *
1996 % % * 4 % 4

Singh, Bal Ram & Kukreja, Roshan. (2015). The botulinum toxin
as a therapeutic agent: molecular and pharmacological insights.

Research and Reports in Biochemistry. 2015. 173.
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Fig. 3. Survival curves of mice treated i.p. with 150-kDa BoNT/A holotoxin (A) or
crude BoNT/A (B). Percent survival was plotted over time. Mice were dosed as
follows: 20 pg/mouse (squares), 10 pg/mouse (triangles), 5 pg/mouse (circles), and
2.5 pg/mouse (diamonds).

Cheng LW, Onisko B, Johnson EA, et al. Effects of purification on

the bioavailability of botulinum neurotoxin type A. Toxicology.

2008;249(2-3):123-129. doi:10.1016/].tox.2008.04.018

TABLE 6
Toxicity of BoNTs in mice upon i.p. injection expressed as LDgy (ng/kg)

Toxin Type LDy, Reference
BoNT/A1 1.15¢ Duff, et al., 1957a

0.45 Nakamura et al., 2010

0.38 Pier et al., 2011

0.40 Whitemarsh et al., 2013

0.40 Pellett et al., 2015b

0.25 Azarnia Tehran et al., 2015
BoNT/A2 0.11 Pier et al., 2011

0.39 Whitemarsh et al., 2013
BoNT/A3 0.35 Whitemarsh et al., 2013
BoNT/A4 400-500 Whitemarsh et al., 2013
BoNT/A5B 0.35 Whitemarsh et al., 2013
BoNT/B1 1.93 Lamanna and Glassman, 1947

1.23% Duff, et al., 1957b

0.41 Nakamura et al., 2010

0.45° Azarnia Tehran et al., 2015
BoNT/B2 0.40 Fan et al., 2016
BoNT/C1 5.00 Notermans et al., 1982

2.30 Tsukamoto et al., 2005

1.65 Morbiato et al., 2007

0.92 Nakamura et al., 2010
BoNT/CD 1.42 Notermans et al., 1982

1.80 Matsuda et al., 1986

1.92 Tsukamoto et al., 2005

0.80 Nakamura et al., 2010
BoNT/D 0.15 Tsukamoto et al., 2005

0.18 Nakamura et al., 2010

0.83 Eleopra et al., 2013

0.43 Pellett et al., 2015b

0.02° Azarnia Tehran et al., 2015
BoNT/DC 0.05 Nakamura et al., 2010
BoNT/E1 0.65 Pier et al., 2011

0.84 Chatla et al., 2012

1.00 Meunier et al., 2003
BoNT/F1 2.50 Oishi and Sakaguchi, 1974

10.0 Meunier et al., 2003

BoNT/FA 2.20 Fan et al., 2016

1.30 Maslanka et al., 2016
BoNT/G 5.00 Schiavo et al., 1994

“BoNT complexed as PTC.
*Toxins produced by recombinant methods.



Therapeutic Uses
for BONT

OnabotulinumtoxinA

US Tradename Botox®

AbobotulinumtoxinA

Dysport®

IncobotulinumtoxinA

Xeomin®

NDC 10454 -712-10
™ Botulinum
. ToxinType B
. MYOBLOC®

INUECTABLE SOLUTICN
_ FORINTRAMUSCULAR USL

8 10,000 /2 mL \

RimabotulinumtoxinB

Myobloc®

Ipsen Inc./Medicis

Merz Pharmaceuticals

Solstice Neurosciences
Inc. /Eisai Co., Ltd.

Active substance BoNT-A complex

BoNT-A complex

BoNT-A free from
complexing proteins

BoNT-B complex

Molecular weight 900 kDa

Target protein SNAP-25

Units per vial 50 or 100

BREE > ABH

ELENEE-NEIRGI M Powder

500-900 kDa 150 kDa 700 kDa

SNAP-25 SNAP-25 VAMP

300 or 500 100 2500, 5000, or 10000
Powder Powder Solution

AFE5 R -
B ER R

US FDA-approved Blepharospasm, cervical
Indications dystonia, glabellar lines,
hyperhidrosis, chronic
migraine

Blepharospasm, cervical
dystonia, glabellar lines

Blepharospasm,
cervical dystonia,
glabellar lines

Cervical dystonia

(Regulatory Exemptions)

2-8°C/2-8°C

Storage temperature
before and after
reconstitution

2-8°C/2-8°C

«<25°C/2-8°C

2-8°C/2-8°C




2. DAS

Diacetoxyscirpenol (DAS), also called
anguidine(®% A # %), is a mycotoxin(
e f?]i % ) from the group of type A
trichothecenes 43 F+ % . Itisa
secondary metabolite product of

fU ngl Of th e ge nus F usa ri um ﬁ}é *E;]‘ Trichothecene Abbreviation | R1 | R2 | R3 | R4 RS
and may cause toxicosis in farm 0COCH,
) T-2 toxin T-2 OH |OAc |OAc | H
animals. CHCH),
, OCOCH,
HT-2 toxin HT-2 OH | OH |OAc| H

CH(CH,)
‘ Diacetoxyscirpenol DAS OH |OAc |OAc | H H \

Neosolaniol NEO OH |OAc | OAc | H OH




PUBCHEM > DIACETOXYSCIRPENOL > NON-HUMAN TOXICITY VALUES

CID 91518

Diacetoxyscirpenol

Non-Human Toxicity Values

LD50 Rat ip 750 ug/kg
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 235

» Hazardous Substances Data Bank (HSDB)

LD50 Rat oral 7 mg/kg
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 235

» Hazardous Substances Data Bank (HSDB)

LD50 Rat iv 1300 ug/kg
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 235

» Hazardous Substances Data Bank (HSDB)

LD50 Mouse oral 7300 ug/kg
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 235

» Hazardous Substances Data Bank (HSDB)

LD50 Mouse ip 7839 ug/kg
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 235

» Hazardous Substances Data Bank (HSDB)

LD50 Mouse iv 10 mg/kg bw
WHO; Environ Health Criteria 11: Mycotoxins (1979). Available from, as of July 19, 2004: http://www.inchem.org/documents/ehc/ehc/ehc011.htm

» Hazardous Substances Data Bank (HSDB)



4.T-24%7 # A+ % (T-2 trichothecene)

c ¥ AN Ao F v F 2K s FE K SFREEE EE > FFusarium

poae ~ F. sporotrichioides » m ///forme » F. culmorum % F. graminearum % 2_ =
BRFAP o T2 2 €3 FA K KA P AN n A FEHEST ALK LER
ko

* The general co-occurrence of T2 and HT2 led to a group tolerably daily intake (TDI)
of 100 ng/kg body weight/day that was established by the European Food Safety
Authority’s Panel on Contaminants in the Food Chain (EFSA 2011) and recently
amended to 20 ng/kg body weight/day (EFSA et al. 2017).

-~

T-2 toxin (LD50 in mice: 2—4 mg kg™)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6061246/#CR8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6061246/#CR9

3. Staphylococcal enterotoxins
(Subtypes - A~B~C~D % E) 557 %5+ 2

Antigen Presenting Cell —> NFkB—> IL-1, IL-6, TNF-a

Superantigens to bind to class I| MHC molecules on antigen
presenting cells and stimulate large populations of T cells that a2 p2

. . . . MHCClassll —>
activate a cytokine bolus leading to an acute toxic shock.

ol Bl

DOMAIN B Foreign Peptide—> . f < StaphEnterotoxin
\

\

\

av pv !
TCell 3 \

Receptor

at pc
DOMAIN A -) !

TCell
Signaling —> IL-2, IFN-y

Pinchuk 1V, Beswick EJ, Reyes VE. Staphylococcal enterotoxins.
Toxins (Basel). 2010 Aug;2(8):2177-97. doi:
10.3390/toxins2082177.



Table 1. Unique features of some common SEs.

S::thet:)t::;;al Feature Binding to Class II MHC
SEA :fa‘:;;l‘; B tg:;‘ ;::::;:i il Alpha and beta chains [12]
SEB Studied as a biological weapon Alpha chain [13]
SEC Commonly isolated from animals [14] ::;ii;‘;t::“b:“f‘:g: i':’zvfhg:’nt?f .
SED Food poisoning [16] Alpha and Beta chains [17]
SEE Food poisoning [9] Beta chain [18]
SEF Associated with toxic shock syndrome [8]  Binds to alpha and beta chains [19]
SEG Minor role in food poisoning [10] SEB-like interaction with a chain [20]
SEH Food poisoning [10,11] Alpha chain [21]
SEI Minor role in food poisoning [10] Beta chain [22]

In the case of SEB being ingested into the body other
than through food, for example by inhalation, it can
trigger a septic response throughout the organism.
The toxicity parameters for this type of poisoning are
LD50 20 pg /kg and ED50 400 ng/kg.

Fisher EL, Otto M, Cheung GYC. Basis of Virulence in Enterotoxin-
Mediated Staphylococcal Food Poisoning. Front Microbiol. 2018 Mar

13:9:436.

Enter Genetic el t Superantigenic Emetic activity Type Phylogenetic
activity group
Monkey Shrew
SEA Prophage Yes Yes (Bergdoll et al., Yes (Hu et al., 2003) Classical SEA
1965)
SEB Chromosome, SaPl, Yes Yes (Bergdoll et al., Yes (Hu et al., 2003) Classical SEB
plasmid (pZA10) 1965)
SECH1 SaPl Yes Yes (Schlievert et al., nd' Classical SEB
2000)
SEC2 SaPl Yes Yes (Bergdoll et al., Yes (Hu et al., 2003) Classical SEB
1965)
SEC3 SaPl Yes nd Classical SEB
SED Plasmid (plB485) Yes Yes (Hu et al., 2003) Classical SEA
SEE Prophage Yes Yes (Bergdoll et al., Yes (Hu et al., 2003) Classical SEA
1971)
SEG egel, ege2, ege3, Yes Yes (Munson et al., Yes (Hu et al., 2003) New SEB
egcd 1998)
SEH Transposon Yes Yes (Su and Wong, Yes (Hu et al., 2003) New SEA
(MGEmw2/messad76 1995)
seh/Dseo)
SEl egel, ege2, ege3 Yes <100 pg/kg (Munson Yes (Hu et al., 2003) New SEl
et al., 1998)
SEM Plasmid (pIB485, pFb) Yes nd nd New SEA
SEK Prophages, SaPI1, Yes Yes (Omee et al., 2013) Yes (Ono et al., 2017) New SEI
SaPI3, SaPIs,
SAPIbov1
SEL Prophages, SaPin1, Yes Yes (Omoe et al., 2013) Yes (Ono et al., 2017) New SEI
SaPIm1, SaPimw2,
SAPIbov1
SEM egel, ege2 Yes Yes (Omoe et al., 2013) Yes (Ono et al., 2017) New SEI
SEN egel, ege2, ege3, Yes Yes (Omoe et al., 2013) Yes (Ono et al., 2017) New SEA
egcd
SEO egel, ege2, ege3, Yes Yes (Omoe et al., 2013) Yes (Ono et al., 2017) New SEA
egced, transposon
SEP Prophage (Sa3n) Yes moe et al., 2013) Yes (Omoe et al., 2005) New SEA
SEQ Prophage, SaPlt, Yes Yes (Omoe et al., 2013) Yes (Hu et al., 2017) New SEI
SaPI3, SaPI5
SER Plasmid (plB485, pF5) Yes <100 pg/kg (Ono <100 pg/kg (Ono New SEB
et al., 2008) et al., 2008)
SES Plasmid (pF5) Yes <100 pg/kg (Ono <100 pg/kg (Ono New SEA
et al., 2008) et al., 2008)
SET Plasmid (pF5) Yes <100 pg/kg (Ono <100 pg/kg (Ono New SEX
et al., 2008) et al., 2008)
SEU ege?, ege3 Yes nd nd New SEB
SEW (SEIV2) egcd Yes nd nd New SEB
SEV eged Yes nd nd New SEI
SEX Chromosome Yes nd nd New SEX
SerY Chromosome Test nd Yes (Ono et al., 2015) New SEX
cell-dependent

nd, not demonstrated.
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T-2 toxin

1 mg

10,000 mg
100 mg

10,000 mg

LD50 In
mice
1 ng/kg

7.3 mg/kg
20 ug/kg

2-4 mg/kg
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Species/ . Effective molar doses
administration  Cnapoint/dose range relative toxicity)® el atamon
Ducklings/s.c. Minimum emetic dose/dose T2: 0.21 pmol/kg bw (1) Ueno et al. (1974)
range not reported HT2: 0.24 umol/kg bw (0.88)
NEO: 0.26 umol/kg bw (0.81)
Broiler chicks/p.0. LDsq/7 doses per dose range T2: 10.7 umol/kg bw (1) Chi et al. (1978)

Male mice/i.p.

6.2-18.7 umol/kg bw
7.1-32.5 ymol/kg bw
26.2-127 umol/kg bw
26.2-110 pymol/kg bw®
33.6-235 umol/kg bw

LDso/dose range not reported

HT2: 17.0 umol/kg bw (0.63)

NEO: 65.1 umol/kg bw (0.16)
T2-triol: 79.0 yumol/kg bw (0.14)
T2-tetraol: 113 umol/kg bw (0.094)

T2: 11.2 umol/kg bw (1)

HT2: 21.2 pmol/kg bw (0.53)
NEO: 38.0 umol/kg bw (0.29)
T2-triol: 283 umol/kg bw (0.04)

Ueno et al. (1986)

Female mice/i.v.

Induction of apoptosis in
thymus cells (%DNA

T2 (3.35 pmol/kg bw): 22% (1)
HT2 (3.68 umol/kg bw): 3% (0.14)

Islam et al. (1998)

fragmentation above negative
control (2%)/dose of 1.56 mg
toxin/kg bw

19-HO-T2“ (3.24 umol/kg bw):
24% (1.1) 19-HO-HT2©

(3.55 pmol/kg bw) 4% (0.2) NEO
(4.05 pmol/kg bw): 0.5% (0.023)
T2-tetraol (5.23 umol/kg bw): 0%

bw: body weight; i.p.: intraperitoneal; i.v.: intravenous; p.o.: per 0s; s.C.: subcutaneous; LDsq: median lethal dose; NEO:
neosolaniol.

(2): Relative toxicity (doses have been converted from weight to moles and the effective molar dose has been set as 1 for T2).
(b): Only three doses tested.

(c): In the original paper (Islam et al., 1998), these compounds were designated as 3'-HO-T2 and 3'-a)HO-HT2 due to a differe

Appropriateness to set a group health-based guidance value for zearalenone and its modified forms.
EFSA journal. 14. 4425. 10.2903/j.efsa.2016.4425.
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[] R1
T-2 glucoside
CH,OH
o\
HO" “'OH
OH
Analyte R, R, R, a-D-glucopyranoside
T2 H Ac Ac or
Masked mycotoxins HT2 H H A
o g e, T2 triol H H H
- T2 glucoside Glcp® Ac Ac an
HT2 glucoside  Glep H Ac B-D-glucopyranoside
y " T2 triol glucoside Glcp H H or
. | 15-de§cetyI-T2 Glep A . y A\
i glucoside

AGlcp = glucopyranoside

Do Plant-Bound Masked Mycotoxins Contribute to Toxicity?Gratz SW Toxins (Basel). 2017 Feb 28; 9(3)..
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Reciprocal Log, Titer

Toxoids #f# %
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Chemically detoxified BONT remains a viable approach towards the production of a vaccine
stock for personnel at risk. For example, a tetravalent BONT serotype /A, /B, /E, and /F toxoid
vaccine has been engineered derived from progenitor M toxin. Vaccinated human volunteers
did not show serious clinical adverse events from toxoid vaccination and antisera collected 1
month after a primary vaccination and three boosts neutralized low amounts of BONT .

26 . AEE

18

ol
3%

-
=]

14

-
-

10 Torii, Y.; Tokumaru, Y.; Kawaguchi, S.; Izumi, N.;

Maruyama, S.; Mukamoto, M.; Kozaki, S.; Takahashi, M.
Ig61 IgG2a IgG2b lga3  Production and immunogenic efficacy of botulinum
tetravalent (A, B, E, F) toxoid. Vaccine 2002, 20, 2556—
2561.
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* Centers for Disease Control and Prevention (CDC) Division of Select
Agents and Toxins & Animal and Plant Health Inspection Service
(APHIS) Agriculture Select Agent Services, Select Toxin Guidance, 2017.
Available at:
https://www.selectagents.gov/resources/Select Toxin Guidance.pdf



https://www.selectagents.gov/resources/Select_Toxin_Guidance.pdf
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attention.






