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Bioperformance is the assessment or

BlO‘BlO‘BlO measurement of the intended outcomes

after a drug has been administered to

. . e e h b' | . | t. .t
* Bioavailability leads to enhance biological activity

bioperformance S .
Bioavailability is the proportion of a

* Bioperformance leads substance that enters an organism
to bioactivity BIOAVAILABILITY and is able to have an active effect.
Bioactivity is just Bioactivity is any effect on,
another way to interaction with, or response
describe toxicity from living tissue.

BIOPERFORMANCE BIOACTIVITY

By | Baylor University



Advanced

Material
Physicochemical

Properties

* There are plenty of
material properties to
measure

* The physicochemical
properties of a material
that potentially contribute
to induced bioactivity are
well understood

Formulation
Size
Performance (pristine and
hydrodynamic)
Bioavailability,
Bioperformance, &
Bioactivity
Morphology Surface
(shape and (coating and
crystallinity) charge)
Solubility &

Concentration
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Integrated
Methodology

* Indicators of bio-bio-bio
can be measured in ex
vivo and in vitro test
systems

* Results from material
characterization, ex vivo
studies, and in vitro
toxicology can inform in

vivo hazard assessments (

(6) Partner materials
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Integrated Methodology
Step 1. Material Characterization

By | Baylor University



Integrated Methodology
Step 1. Material Characterization — SEM of Fibrils

No preparation vs.
embedded in epoxy

Fibrils are more easily characterized with SEM with sample preparation ’




Integrated Methodology
Step 1. Material Characterization — TEM of Fibrils

Transmission Electron Microscopy of cellulose fibrils after varying dispersion methods

As-received Just Stirring Disruptor Genie Ultrasonic Bath
(no agitation) (stir, 12 hrs) (vortex, 10 min) (vibration, 10 min)

By | Baylor University

Fibrils are sensitive to sample dispersion methods



Integrated Methodology
Step 1. Material Characterization — SEM of Crystals

Representative scanning
electron micrographs of
cellulose nanocrystals
forming sheets when
prepared for SEM imaging.

Scale bar: 10 um, 1 um

Crystals are difficult to characterize via SEM %|BﬂY101'Univel‘SitY



Integrated Methodology

Step 1. Material Characterization — TEM of Crystals

Stains
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Controd Uranyl Lead PTA Indium Carbonr Gold Titanium
Sample Preparation Melhod

Crystals are more easily characterized via TEM %|BﬂY1°fUnivefsitY
with sample preparation ’



Integrated Methodology
Step 2. Ex Vivo Studies
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Integrated Methodology

Step 2. Ex Vivo Studies

Simulated digestion protocol
Assessment of potential physical and

chemical

changes in conditions representative of the
human gastrointestinal tract is considered a key

first step in the stepwise approach

Example: Citrate-stabilized silver nanoparticles

Pristine

Surfactant

R

I It
i (I

Digested

Oral Phase

Solid or solid
liquid

liquid
optional

Mince, Grind, Mill

Mix simulated saliva fluid with
amylase

Gastric Phase

Mix simulated gastric fluid with pepsin and
phospholipids

!

Intestinal Phase

Mix simulated intestinal fluid
with enzymes

v

v

List of enzymes

(ex vivo, formulated)
Trypsin, Chymotrypsin,
Pancreatic lipase, Colipase,
Pancreatic amylase
Bile

List of enzymes

(in vivo, harvested)
Pancreatin
Bile

Sample storage
Snap-freeze in liquid nitrogen
Add protease inhibitor
Freeze-dry

By | Baylor University
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Integrated Methodology

Step 2. Ex Vivo Studies. Properties before vs. after digestion
Polydispersity Index

Crystals have lower Pdl indicating

more monodispers

Fibrils have higher Pdl indicating

more polydisperity

Digested materials have lower Pdl
than the pre-digested materials

Sample ID Pdl
Digested Fibrils 0.72+0.17
Fibrils 0.80+0.19
Digested Crystals 0.49 £ 0.02
Crystals 0.53 £ 0.08
Observations

ity

Zeta potential (mV)

Surface Charge
10

0 | =
-10
-20
-30

_40 e

-50
-60

Digested Fibrils Digested Crystals
Fibrils Crystals

Crystals’ zeta potential is strongly negative
indicating the surface charge is negative and
suspension is stable

The zeta potential of the digested fibrils is
neutrally charged

Diameter (nm)

and crystal properties

3,500
3,000
2,500
2,000
1,500
1,000
500

0

The digestion process changes some of the fibril

Hydrodynamic Diameter

[ | [ .
Digested Fibrils Digested Crystals
Fibrils Crystals

Crystals have lower overall hydrodynamic
diameter

The HDD does not change significant
either material from before vs. after

digestion
By | Baylor University
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Integrated Methodology
Step 3. In Vitro Toxicology
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Integrated Methodology

Step 3. In Vitro Toxicology

Components of Toxicological Characterization

Assess potential risks
for humans & the
environment

o e

In vitro models:
Extrapolate between Primary cells vs. transformed
species Human vs. rodent
Cell type vs. organ type

Characterize toxicity results
from in vivo (animal) model
(i.e. to determine ADME)

Consider the exposure
metrics

Characterize toxicity results
from in vitro (cell) model
(i.e. to determine MOA)

In vitro methods are useful in hazard assessments %'Bﬁﬁmuni"efﬁt?
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Integrated Methodology
Step 3. In Vitro Toxicology — Model Development

Most common methodology is to use

single cell-type cultures
APICAL _ HT29-MTX
COMPARTMENT | (Goblet cell) Tri-culture Assembly:
TRANSWELL Caco-2 * HT29-MTX cells are human mucus
MEMBRANE ¢ (Enterocyte) secreting intestinal cells
@ * Caco-2 cells are immortal human
@@ @@ @O @ . dCo-Z cells are ortal numa
BASOLATERAL{ 006206 ©) 56 @® @@'\ Raji B colon cells
COMPARTMENT R CIAC IS ACER (€T (Lymphocyte)
* Raji B cells are human immune cells
SIDE VIEW OF WELL PLATE derived from the B-lymphocytes
Hypothesis
Caco-2/HT29-MTX/Raji B tri-culture models can better
predict intestinal and colonic permeability %|Bay10rUniversitY

15

compared to Caco-2 monoculture



Integrated Methodology

RED: MitoTracker (oxidative stress); BLUE: DAPI (nucleus);
GREEN: F-actin (cytoskeleton)

Step 3. In Vitro Toxmology — Ce” Health PINK indicates cellular stress, while GREEN

Caco-2 cell characterization before exposure indicates healthy cell population

Fluorescence Microscopy (60x)

HT29-MTX
(Goblet cel)

Caco-2 »

(Enterocyte)

3.00,00/0G Raji B
) @ OOG (0] GOG OO {Lymzjf:ocyre}

Tri-Culture Model (side view)

By | Baylor University
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Caco-2 confluency must be optimized before exposure



Fluorescence Microscopy (60x)  Fluorescence Microscopy (20x)

RED: MitoTracker (oxidative stress);
BLUE: DAPI (nucleus); GREEN: F-
actin (cytoskeleton)

PINK indicates cellular
stress, while GREEN
indicates healthy cell

population

HT29-MTX and Raji B cell
characterization before
exposure

HT29-MTX
(Goblet cell)

Caco-2
(Enterocyte)

3. 00,0006 RajiB  wllp
066%0 GOGOO\ Pl el

Tri-Culture Model (side view)

By | Baylor University

HT29 and Raji B are less sensitive to confluency 17



Metabolic Activity (ABS)

Integrated Methodology
Step 3. In Vitro Toxicology — Metabolic Activity

O Control mFibrils [ODigested fibrils M Crystals [ Digested crystals

N

Treated cells exposed to 2% cellulose per volume over time

) WWWWWWWW T w

1 hr 6 hr 24 hr
Post-exposure Timepoint

A 50% decrease in metabolic activity wasn’t observed
at even the highest dosing concentrations

=
(0

HT29-MTX
Raji B
Caco-2
Tri-culture
HT29-MTX
Raji B
Caco-2
Tri-culture
HT29-MTX
Raji B
Caco-2
Tri-culture
HT29-MTX

thi*ﬂw

(an] (O]
5 8 5
<
48 hr
%|BaylorUmver51ty

=
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Integrated Methodology

Step 3. In Vitro Toxicology — Metabolic Activity (2% cellulose per volume)

Control 01 hr Fibrils Crystals
2
@6 hr 2 2
1.5 @24hr | 15 1.5 +
W48 hr 1 1
1
e Wl ol ] | mer T Iﬂ
05 “l
0 Fl_- HT29-MTX  Raji B Caco-2  Tri-culture HT29-MTX  RajiB Caco-2  Tri-culture
HT29-MTX Raji B Caco-2  Tri-culture . o .
Digested fibrils Digested crystals
2 2

Observations

* Slight inhibited growth of cells
exposed to digested cellulose

* 2-way ANOVA confirms statistical

1.5 1.5
1 1
significance between 05 05 H—'
* Fibrils vs. Digested fibrils in [-
. Ol ol . TEll el

HT29 & Tri-culture cells @ 24 &

48 hr pe HT29-MTX  RajiB Caco-2  Tri-culture HT29-MTX  RajiB Caco-2  Tri-culture
* Crystals vs. Digested crystals in % . .
HT29 & Tri-culture cells @ 24 & BaYlorUﬂNeISItY

48 hr pe 19



Integrated Methodology

Step 3. In Vitro Toxicology — Cytokine Response

0.6

Exposure concentration was 2% cellulose material by volume @ 24 hr pe
0.5

——

o
(N

IL-6 Expression
o
w
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HT29-MTX Caco-2 Raji B Triculture

In general, digested versions of cellulose material produced %|Bﬂ?1°fUnivefsitY
more inflammatory response than untreated and pristine version 0



Conclusions and Future Work

FooD SAFETY STUDY DATA DEVELOPMENT STRATEGY

* Related forms

* Novel assays

* Ex vivo/ in vitro

* Phys/chem data

* Pilot — range finding 14 day

» Detection/ quantitation
» Physical/chemical testing
* Digestion assays
o Cell cultures

 Alternative testing
strategy

Methods
Develop-
ment

Supporting
Data

N
A / Good

Laboratory
Practice
Animal
Studies

Read Across

~® GLP Studies

1. Toxicokinetics

2. 90 day feeding
study

3. Others as needed

* Conventional forms

* Fibrillated forms

* Nanocrystalline forms

* Methods for testing
other novel forms

N

Slide courtesy of Dr. Jo Anne Shatkin

This data shows significant progress
made in the overall FOOD SAFETY STUDY

e Material characterization offers useful
information in safety testing

* Appropriate controls should be
included in all aspects of study design

e Data sets should be measured at least
2 different ways

* Tri-culture toxicity models result in
different responses as compared to
single cell monolayers

By | Baylor University
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