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Project Inspiration

Why this topic?




Project Inspiration

Pharmacy
« Pharmacy technician role
= Fill and deliver prescriptions to patients

« Pharmacist role
- Patient education
- Knowledge of APAP danger




Project Inspiration

Medical Media Agency

o Visual Science Specialist Role
- “MOA and MOD/3D animations

Zzveno HOME

MT. ANIMATION

-mm mmmm Wnimation we tum
ffes 20,250 and 50

http://www.eveo.com/



Project Inspiration

Warnings on acetaminophen in the
e 2009 FDA recommendations
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Los San Diego!

FDA recommends
acetaminophen warnings o oo

S8
New report calls for dose limits to help reduce risk of liver damage

il

NEW YORK — A Food and Drug / stration 1 se ¢ s stro warnings

and dose limits on drugs containing the painkiller acetaminophen, citing an increased risk of liver injury.

The recommendation covers both prescription doses and over-the-counter medication, of which Johnson &

Johnson's Tylenol is the most well-known. Acetaminophen is also widely available as a generic over-the-

http://www.msnbc.msn.com/id/30969044/




Research Questions

« How can the APAP metabolic pathway and its
potential for hepatotoxicity be visually
explained to an audience of healthcare
providers?

Could a short medical animation be created
that represents the APAP metabolic process?

Can the production roles and steps from a
professional medical animation workflow be
consolidated and done by one researcher
rather than a team of people?




Information Research

Drug Facts

Active ingredient Purpose
(in each caplet)

Pain reliever/
Acetaminophen 500 m . fever reducer
Uses Temporarily relieves minor aches and pains due to:

B headache ® muscular aches
ACETAMINOPHEN m backache ® minor pain of arthritis

| the common cold W toothache

m premenstrual and menstrual cramps W reduces fever

. Warnings
- Alcohol warning: If Kou consume 3 or more alcoholic drinks every day,
® i ask your doctor whether you should take acetaminophen or other pain
y e n O ru g a e relievers/fever reducers. Acetaminophen may cause liver damage.

Do not use

° AC t_ive _i n g re d _i e n t B with any other products containing acetaminophen

Stop use and ask a doctor if:

® new symptoms occur
B redness or swelling is present

P u rpose & U Ses m pain gets worse or lasts for more than 10 days

W fever gets worse or lasts for more than 3 days
These could be signs of a serious condition.

W a rn 'i n gS If pregnant or breast-feeding, ask a health professional before use.

Keep out of reach of children.
. Overdose warning: Taking more than the recommended dose (overdose)
may cause liver damage. In case of overdose, get medical help or contact
Ove rd Ose Wa rn ] n g a Poison Control Center right away. Quick medical attention is critical
for adults as well as for children even if you do not notice any signs
of symptoms.

http://www.tylenol.com/page.jhtml?id=tylenol/painex/subhowto.inc




Information Research

Tylenol® Professional Product Information (PPI
* Drug facts
MOA AMERICAN HOSPITAL FORMULARY SERVICE
MOD of overdose = B
Overdose treatments

TYLENOL® (acetaminophen)

USAN: acetaminophen ghycerin njo
ether slightly soluble

INN: paracetamol
CASE: 10390-2 5. CHEMICAL PROPERTIES
a. Structural Similarities/Differences of the

. SOURCE OF SUPPLY (Trade Name and Drug to Other Available Compotinds or Groups

M anufacturer)

TYLENOL® (acetaminophen) —
McNeil Consumer Healthcare

. PHYSICAL PROPERTIES OF THE CHEMICAL

ENTITY!

a. Structural Formula

. Molecular Formula
CHNO,
. Molecular Weight
151,16
. Macrescopic Appearance
Acetaminophen is awhite, crystalline powder.

of Compounds

Acetaminophen is a synthetic, nonopiate, centrally
acting analgesic derived from p-aminophenol. The
full chemicalname is N-acetyl-p-aminophenal.

pKa
The pKa of acetaminophen is 9.51 at 26°C.

. Stability of the Drug to Temperature, Light,

and Moisture

Acetaminophen is stable to temperature, light, and
moisture.

. pH Range OverWhich Drug is Stable in Solution

Acetaminophen is stable at a pH between
4and 7 at 26°C.

. pH of Commercially Available Liquid Products

Acetaminophen oral solution (ie, elixir, adult liquid)
hasa pH of 3.8 to 6.1 and the oral suspension (e,
infants' drops, children's suspension) hasa pH of
5410 69.




Information Research

. : sroB
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Information Research
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Animation Workflow

« Based on a professional medical animation
workflow

e Roles

- Science content consultant

-—Medical writer

- VO talent

- /Producer

- Art director One

- Storyboard artist | Researcher?
- 2D artist

- Modeler

- Animator

- Compositor

- QA
e Adaptation for one researcher




Animation Production Steps

e Pre-production
e Design

« Production

e Post-production




Pre-Production

Content development
Science reference deck
Script

- Qutline

- Voice over (VO)

- Animation notes
Storyboards
Animated storyboards




Science Reference Deck

Character Name
(molecular level)

Acetaminophen

Acetaminophen cysteine

Acetaminophen glucuronide
Acetaminophen sulfate

|Acetaminophen glutathione
Acetamincphen mercapturate
NAC

Cytochrome P450

Glutathione

Glutathione transferase

Liver
Hepatocyte

Smooth endoplasmic reticulum (ER)

Golgi apparatus

PDB/
PubChem
CID_1983

CID_83997

CID 83944
CID 83939

CID_83998

CID_539698

CID_12035

2J0D

CID_124886

1ECH

CID_39763

1PRH, 4COX

Also known as/
Type

APAP, paracetamol, Tylenol®
APAP metabolite

APAP metabolite
APAP metabolite
APAP metabolite

APAP metabolite
N-acetylcysteine, overdose antidote

Enzyme, CYP2E1, CYP1AZ, CYP3A4

GSH, tripeptide, cofactor

Enzyme, protein, polypeptide

N-acetyl-p-benzoquinoneimine, APAP
bicactive metabolite

Enzyme, Cyclooxygenase

Organ
Cell

Organelle

Organelle

Size/Weight

151.17 g/mol
254.31 g/mol

327.29 g/mol
231.23 g/mol
327.29 g/mol

312.34 g/mol

163.19 g/mol

Length [A]
a=67.25
b =210.71
c=161.25

307.32 g/mol

Length [A]
a=82.97

b = 84.02

c =236.97
149.15 g/mol

Length [A]
a=179.80
b =133.60
c=118.40

Pronunciation

acetamin o phen 9+ s&-ta-'mi-na-fan,

Sys teine

‘s1s42- én
glucuro mide glii-kyur-o- nid
sul fate 'sol- f3t

gluta thione ghit-o-'thi- an

mer-cap-T U R-ate

acetyl cysteane o s&tl."si1s40- &n

oy to chrome ‘sit-o- krom

gluta thi-one glit->-'thi- on

gluta thi-one glit-a-'thi- on

he pato-cvte hi-‘pat.a- sit

en-do plas-mic  en.do'plaz.muk
reticu lum n'tkeyadam

asata

Not used in the
animation




Script Outline

|Script outline
UICJAK Acetaminophen Metabolism
3-29-10

1. Acetaminophen (APAP)
a. Basic details
i. Drugtype
i. Dosage amounts
b. Absorption
i. Dissociation of tablet in upper Gl (reveal of molecular structure)
i. Entry into bloodstream (by capillary)
c. Function
i. Analgesic
ii. Antipyretic
iii. Inhibition of COX enzyme
2. APAP Metabolism
a. Site of metabolism
i. Gross system level - Liver
Cellular level - Liver cells (Hepatocytes)
Molecular level - Hepatocyte interior (Smooth ER)
ys of metabolism - APAP metabolites in urine {{127 Tylenol 1888; }}
. Conjugation with glucuronide to glucuronide 46.8 - 62.2%
Conjugation with sulfate to sulfate 25.4 - 35.9%
Oxidation to NAPQI "Oxidation via the cytochrome, P450-dependent,
mixed-function oxidative enzyme pathway to NAPQI”
3. APAP hepatotoxicity
a. NAPQI Deactivation {{127 Tylenol 18889; }}
i. To mercapturate 2.7~50%
i. To cysteine conjugate 21-3.0%
ii. Free acetaminophen in urine 34-87%
. Overwhelming of pathways
i. Too much APAP (overdose)
i. Notenough GSH to deactivate NAPQI
Damage...
i. tointracellular structures
ii. to hepatocyte
iii. to liver
Prevention
i. Antidote
i. Prevention of overdose

e Bullet point list

« Names of
characters

e Story order




Script and Storyboards

Storyboards

VO

Characters

Notes

APAP enters the
bloodstream and is carried
to sites of action.

Picture-in-picture cross fades to show
APAP passing though the surface of the
villi.into a blood vessel and swept
away.

The liver metabolizes APAP
and produces metabolites
required for function.

Stomach fades off and liver fades on.

Many metabolic pathways
occur in the liver to rid
excess APAP and other
substances from the body.

Liver Lobule

Cut to interior of liver. Healthy
hepatocytes are arranged ina
symmetrical pattern. Blood cells are
flowing along arrow path.

APAP is metabolized in the
hepatocyte’s smooth

|| endoplasmic reticulum.

Cut to single hepatocyte that nearly
fills the screen. Simple cellular
contents are shown including; nucleus,
endoplasmic reticulum, golgi,
mitochondria etc.

The majority of APAP...

Cut to a simple intracellular space
environment, the same color of the
smooth endoplasmic reticulum. The
APAP molecule structure is shown.
More molecules will be seen in the
background throughout all molecular
shots.




Animated Storyboards - iMovie

® iMovie HD File Edit View Markers Share Advanced Window Help i 4 & (1:37) Tue 6:44PM  Q
UICJAK_storyboards_vO1 (DV-NTSC-Widescreen)

[ Audio | Photos

v & iPhoto
5] Photos
(@ may 13, 2008
[ Last 12 Months
[¥ Last Import
[l Flagged
[l LondonAndwales
[ UICJAK storyboards_vO1

¢
‘@ﬁr

storyimages_v0.

e

storyimages_v0. storyimages_v0.

P

storyimages_v0. storyimages_v0.

oA A0:35: 1255

B e R e e . S e B e o

YO ————O—— > Clip: 1007 [40] 2:17:01 total duration




Design
e Mood Boards

e Concept Art

e 3D Models
- Model Book
- Modeling

e Textures and Lighting

19




oard - Metabolic Pathwa

i I
= Liver Cell Death e @ Q

Glucuronide
‘yw;nmvc P450 2E1

Aheive N }
( Replenen )Glutathione

. F(NAFQ') GSH = Excretion

Glutathione

Cysteine & Mercapturic Acid
~a > Conjugates 5-8%

paracetamol

/©/ \H/ Glucuronidation /©/ \”/

GIcA

Acetaminophen
Toerol, Parscetars

Sulfation T

©

N-Hydroxylation #
and
rearrangement
(CYP-mediated)

ZIN

HO

NAPQI b /
g Y GSH conjugation /©/ Y Glutathione (GSH)

L, ~*~{Celiular s/ Cullular

Toxic reactions with
! proteins and nucleic acids |

These are some of the various metabolic pathways that will be

AP AP Metaboli ¢ P athways shown in the animation. The animation will present them much

more dynamically as opposed to these static illustrations.




Mood Board - APAP

ore MCNEIL CONSUMER

Gelcaps, Geltabs, Caplets, and Tablets

500 mg/15 mL
Adult Liquid

Extra Strength TYLENOL®

(ace}aminouhen)

-

The model of the APAP bottle will resemble a bottle of an

APAP Tablets over the counter product. The modeled tablets will have a

chalky white surface.




Mood Board - Gl Tract Villi

Villus Capillary

vl
z Molecular Movies Tutorial

The scene with the stomach will feature an overlay of a villus

G| Tract V]ll] capillary showing the site of absorption. A tutorial will be
referenced from http://www.molecularmovies.com/learning/index.html




Mood Board - Liver

The model of the liver will be textured in a illustrative style. The
stomach (not shown) will also match this style of representation.




Mood Board - Healthy Hepatocytes

‘ y
. 3 Vel "
3 N .

4 o o

% Liver Lobule 59, o

ToAT S AN EE

.

']

P
<

The interior of the liver (liver lobule) will be healthy and brightly

Hepatocytes - Healthy Cells  coloredstit. Color and surface texture will indicate healthy cells.

These bright colors will also be used for the single hepatocyte.




Mood Board - Damaged Hepatocytes

The interior of the liver (liver lobule) will be damaged and dimly

Hepatocytes - Damaged CeuS colored/lit. Color and surface texture will indicate damaged

cells. These colors will also be used for the damaged hepatocyte.




ood Board - Intracellular Structures

o .

The intracellular structures of the hepatocyte (nucleus, golgi,

Intracellular Structures endoplasmic reticulum, mitochondria etc.) will be stylized and

show translucency. A SSS shader may be developed if time allows.




Mood Board - Metabolites

The small molecules will have a chalky surface that resembles the

APAP / MetabOlite MO leCU leS the initial APAP tablet. The various metabolites will have distinct

colors to indicate different types.




ood Board - Protein Structure

R

] L3
The protein enzymes will have a bumpy surface. The bright colors

Protein Structu res and irregular surfaces of these candies will be used as inspiration.




Concept Art

Liver Lobule




Concept Art

Hepatocyte




Concept Art

Intracellular Structures




Model Book

UNIVERSITY OF ILLINOIS
U I C AT CHICAGO Model Book

Acetaminophen Metabolism and Hepatotoxicity
Model Notes:
The pill bottle will be
modeled with a lathe
technique. A label will be
applied to the outside of
the bottle with UV
mapping.

UNIVERSITY OF ILLINOIS
U I AT CHICAGO Model Book

This is a reference image that will be
used to create the model. The
drawing below is from the

storyboard where the model will be
used. Acetaminophen Metabolism and Hepatotoxicity
F . ] Model Notes:
v | The model for the APAP
4 \ ¥ tablets will be adapted
from a primitive shape in
the 3D program.

APAP Bottle i i This is a reference
AuliaKlein i 1 . . image that will be
used to create the
model. The drawing
below is from the
storyboard where the
model will be used.

Acetaminophen models
e APAP bottle
o APAP tablets

Tablets Julia Klein Page 3 of 21




Model Book

u I UNIVERSITY OF ILLINOIS
AT CHICAGO

Acetaminophen Metabolism and Hepatotoxicity

Julia Klein

Model Book

Purchased models
e« Stomach
e Liver

Model Notes

The stomach model will be
adapted from a purchased
stock 3D model from
TurboSquid.

http:/ /www. turbosquid.com/ 3d-
models/anatomy-3d-3ds/ 432947

U I UNIVERSITY OF ILLINOIS
AT CHICAGO

Acetaminophen Metabolism and Hepatotoxicity

Julia Klein

Model Book

Model Notes:

The liver model will be
adapted from a purchased
stock 3D model from
TurboSquid.

http:/ /www.turbosquid.com/3d-
models/anatomy-3d-3ds/ 432947

Page 8 of 21




Model Book

UNIVERSITY OF ILLINOIS
UI AT CHICAGO Model Book

Acetaminophen Metabolism and Hepatotoxicity

Model Notes

The liver lobule model will
be created as a base shape
in Maya and then sculpted

in Zbrush or Mudbox.

i,

is is a reference image that wi UNlVERSlTY OF ”_LINOIS
I:ed to cre:nte the modg;. !I"he e u I AT CHlCAGO MOdeI BOOk

drawing below is from the storyboard
where the model will be used.

Acetaminophen Metabolism and Hepatotoxicity
Model Notes:

The hepatocyte model will
be a composite of multiple
smaller intracellular

. V . % / CAOYIIE shapes. The individual
" / g ! models of those shapes
2 ..'_ i 3 % will use simple geometry
¥ to represent a stylized

Liver Lobule Julia Klein [ Eida { o interior of a cell.

This is a reference image that will be
used to create the model. The
drawing below is from the storyboard
where the model will be used.

Sculpted models . 2
« Liver Lobule

Hepatocyte Julia Klein Page 10 of 21

e Hepatocyte




Model Book

UNIVERSITY OF ILLINOIS
U I AT CHICAGO Model Book

Acetaminophen Metabolism and Hepatotoxicity U I UN'VERS”Y OF ILUNOB
Model Notes M0d9| BOOk
AT CHICAGO

The Molecul
(http://wwy
vies.com/to
ml) will be v Acetaminophen Metabolism and Hepatotoxicity

a molecular Model Notes

The Molecular Maya plug-in
(http://www.molecularmo
vies.com/toolkit/index.ht
ml) will be used to create
a molecular surface.

Structure Re
Protein Data

£ Structure Reference:
% Protein Data Bank 1EOH
e

Lo
SN

4 o
Cytochrome P450 (CYP1A2) Julia Klein :‘;‘g\\ ,fos

Glutathion Transferase Julia Klein Page 12 of 21

Protein Data Bank models
e Cytochrome P450
e Glutathione Transferase




Model Book

PubChem models
- APAP UICATCHICAGO

« NAPQI

U I c UNIVERSITY OF ILLINOIS
AT CHICAGO

Acetaminophen Metabolism and Hepatotoxicity

Acetaminophen Metabolism and Hepatotoxicity

Julia Klein

Model Book

Model Notes:

The Molecular Maya plug-in
(http://www.molecularmo
vies.com/toolkit/index.ht
ml) will be used to create
a molecular surface.

Structure Reference:
PubChem CID_39763

Julia Klein

Page 13 of 21

Page 14 of 21




Model Book
PubChem APAP Metabolites

Cysteine

Ace ophen Metabolism and Hepatotoxicity
Glucuronide . |EEE
vic i Y
S u l fa te 1 Acetaminophen Metabolism and Hepatotoxicity \ :::;:;: :fl;f;ro;e
L4
Glutathione ' \ |

Mercaptu rate " APAP Mercapturate s ke [T
) &

AT CHICAGO

U l UNIVERSITY OF ILLINOIS Model Book

g

L4
U l UNIVERSITY OF ILLINOIS Model Book

AT CHICAGO AT CHICAGO

U l UNIVERSITY OF ILLINOIS

Acetaminophen Metabolism and Hepatotoxic Acetaminophen Metabo

UIC sy APAP Glucuronide

sm and Hepatotoxicity [ —
Model Note
ATCHICAGO The Motecular Maya plug i
(htp: /1 www.molecularmo
vies.com/toolkit/index.ht
cetaminophen Metabolism ani ml;;;:{l blﬁvme?h:: create
Mode a ular surface.
co Structure Reference:
\ PubChem CID_83998
amole —
U “
‘ .

APAP Cysteine APAP Glutathion Julia Klein |

APAP Sulfate Julia Klein '




3D Modeling
Molecular Maya (mMaya)

http: //www.molecularmovies.com/toolkit/index.html

mMaya v1.0

Molecular Maya Toolkit
v 4 " 4

loaded pdb_39763 edit | all selected _$]

[ import ' main I morph l

display as ~ | tiouu ]

point size 2 —F

opacity

y mesHing

edit | chain_X ?]

E mesh vis

res 0.2000 &

smooths 40

threshold k0.9000 %

blobby rad 1.0200 ==y

| update on demand PDB mOdel




3D Modeling

MUCROX?/SCURPLITS LowResoon
e Liver lobule

e

A e ’_\




3D Modeling

Mudbox® sculpting
» Hepatocyte

Smooth ER e~




3D Modeling

o Golgi apparatus

Primitive shapes

Connection

Smoothing




Texture and Lighting

@ Fle_Edt_Moddy Create Display Windaw Assels Select Mesh _EditMesh Proxy Normals Color Create s EditUVs Muscle Help
10,

Active ingredient Fumposes
n each caplet) d
acetaminophen 500 mg. L
o ot take more than direcizd

Adults and children 12 years and ove
L i t ours

i on
mdonotuseifred r;drmy or kil iner sedl
imper *Sakty Sed®" is brokenor missing

\
wwwivienol.com

W o w0 w
L]
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C 2
I-‘a@ Damaged

Final map paintings

Unwrapping




Production

e Shot List
e 3D Animatic
e Rough Cut




Shot List

Shot humbers
Storyboards
VO Script
Labels
Characters
Shot lengths

The situation changes if an
excessive amount of APAP

..quickly exhausts the GSH
available for NAPQI
deactivation.

NAPQ is toxic to cellular
proteins and nucleic acids.

Damage to intracelllar
structures causes
irreversible harm to the

Spreading hepatocyte
destruction can lead to
hepatic failure and patient

consequences. N
acetykysteine,
e Antidot

Character Animation:
Rotaion in the Y.

N/A

Character Animation:
Rotation

Camera Animation:
Hold

Character Animation:
Stight rotation

Camera Animatios
Slight pan and rotation

Character Animation:

_ UICJAK_shotlist_v03.xls

]
‘l
1]

) ||
| — E—
[ —]




3D Animatic

 First pass movie with 3D models




Rough Cut

o Unrendered movie with final animation




Post-Production

e Rendering

o Compositing

e VO and music

e Final animation




Rendering

Render passes ...for high-resolution




Compositing
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VO Recording -VO Script

¢« Pronunciation
guide

VO

Pronunciation Guide

Acetaminophen or APAP fis a widely used
medication with analgesic and antipyretic
properties.

The FDA recommends a maximum dose of 4
grams of APAP per day. Consuming more APAP
than recommended can potentially cause severe
liver damage.

When APAP istaken orally...
..it absorbs rapidly in the upper Gl tract.

APAP enters the bloodstream and is carried to
sites of action.

The liver metabolizes APAP and produces
metabolites required for function.

Many metabolic pathways occurin the liver to
rid excess APAP and other substances from the
body.

APAP is metabolized in the hepatocyte's smooth
endoplasmic reticulum.

The majority of APAP...
..isconjugated by enzymes into inert sulfate and
glucurenide metabolites.

An enzyme, cytochrome P450, converts the
remaining APAP...
..to NAPQI.

NAPQJ can be combined with GSH...

..to createan intermediate glutathione
metabolite.

Further conjugation resultsin mercapturate and
cysteine forms.
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failure?
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STUDY OBJECTIVE: To compare the reported occurrence of liver
failure in subjects in prospective trials with that in patients in
retrospective reports after repeated use of therapeutic
dosages of acetaminophen. DESIGN: ic review of the
medical literature. DATA SOURCE: MEDLINE and EMBASE
biomedical and pharmacologic databases. SUBJECTS: Adults
who received repeated dosing of acetaminophen 4 g/day or
lower for at least 24 hours. MEASUREMENTS AND MAIN
RESULTS: Articles written in several languages were abstracted
by trained personnel using a structured abstraction form. Data
were categorized by methodology (prospective vs
retrospective), acetaminophen dosage, and type of liver effect.
A total of 791 articles were identified, which included 30,865
subjects in prospective studies and 9337 patients in
retrospective reperts. The prospective studies reported no
cases of fulminant hepatic injury, liver transplantation, or
death due to acetaminophen. Of the 30,865 subjects in these
studies, 129 (0.4%) were identified who had a serum
aminotransferase level that exceeded the upper limit of
normal, including 61 subjects in randomized trials in which
the proportion of serum aminotransferase level increase was
the same as or less than that in the placebo group and 68
subjects in trials without a placebo group. In addition, 4263
(13.8%) received the maximum recommended therapeutic
dosage (3.9-4 g/day). In the retrospective reports, 96 patients
(1.0%) had a serum alanine aminotransferase level that
exceeded the upper limit of normal, one (0.01%) underwent
liver transplantation, and six (0.06%) died. Causality
relationship of acetaminophen for each retrospective case was
assessed with the Naranjo adverse drug reaction probability
scale. The mean +/- SD Naranjo score for all 103 retrospective
cases was 3.2 +/- 1.9, indicating a possible relationship
between the increased aminotransferase levels and
acetaminophen use. Some retrospective reports contained
information suggesting that the patient had ingested an
nuardaca dacnita a hictancaf tharanautic usa CONCILISION -
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Conclusions

o An-animation was created that visually explains the
APAP metabolic pathway and its potential for
hepatotoxicity

Project research provided a level of detail
appropriate for an audience of healthcare providers

Production roles and steps from a professional
medical animation workflow were consolidated and
successfully performed by one researcher
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