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Lecture objectives

Why do we need animal models?

Types of animal models

Humanized mice

Allometric dose scaling

Basic techniques applied in animal models (H&E,
fluorescence, bioluminescence)

Animal handling: processes, indications,
regulations, rules



Why do we need and use animal models?

= Ethical and legal reasons against human studies
without substantial evidence or justification from
animal models (exception: Ebola crisis).

=  Animal models help to understand the normal
physiology and diseases conditions (pathology)
(targets).

=  Animal models are crucial for toxicology studies,
dose estimation, efficacy assessments and
pharmacology (PK and PD).

(drug candidates)



Institutional Animal Care and
Use Committee (IACUC) 1986

Identification of the species and approximate number of animals to be used.

Rationale for involving animals, and for the appropriateness of the species and
numbers used.

A complete description of the proposed use of the animals.

A description of procedures designed to assure that discomfort and injury to
animals will be limited to that which is unavoidable in the conduct of scientifically
valuable research, and that analgesic, anesthetic, and tranquilizing drugs will be
used where indicated and appropriate to minimize discomfort and pain to
animals.

A description of any euthanasia method to be used.



Invertebrates

Drosophila Melanogaster (fruit fly)
Caenorhabditis elegans (round worm)

Cost effective
Short life cycle
Great for genetics, pathway dissections



Vertebrates

Fish
Frogs
Chicken, birds

Rodents (Mice, Rats)
Rabbits

DOgS

Cats

Pigs

Monkeys




Mice

Availability

Size

Low cost

Ease of handling

Fast reproduction rate
Genetic manipulability



Non-human primates

Closeness to human in so many ways

Their brains share structural and functional
features with human brains. They feel pain
similar to humans

Many ethical concerns (decreased NIH
funding is expected in the future)

Studies:

— Infectious disease
— Toxicity

— Organ transplants
— Etc.




Animal models Strengths

* Investigators control environments, genetics, diets
* Independent variable(s) can be manipulated at will

* Gene/Genetic approaches can be used to establish functions
and targets, cause-effect

« Shorter experimental cycle, cost-less than human studies



Animal studies Weaknesses

 Models do not always correspond to human metabolism and
disease

» Dose ranges are often extreme and unrealistic for human
translation

* Routes of exposure and testing not practical for humans



Need for a new preclinical model

Real incident:

1993, NIH: Small phase 2 trial of Eli Lilly’s
“fialuridine” (experimental hepatitis B drug) fails:

From 15 patients, 5 died and two required
emergency liver transplants

Reason??

Toxicity testing in mice, rats, dogs and non-human
primates had shown no ill effects

Years later... Drug uptake via transporter expressed
In human mitochondria, but not in other organisms



Need to improve translation from animal models to
the clinic

|

To make lab mice more “human’”
(genetically engineer mice to express human
proteins or implant human cells or tissues)

“Humanized mice”. Mice genetically engineered to
express human proteins or to implant human cells or
tissues.



Types of “humanized” mice

Nude mice: Abnormal hair growth and
defective development thymus. Deficiency
of mature T cells and partial deficiency of B

cells.
SCID mice: Mice with Severe Combined
ImmunoDeficiency (SCID). No mature T ¥ .
and B cells. Generated in 1983 and
tested for HIV in 1988 (Science, 241;1632-9). -

NOD SCID mice: SCID combined with NOD (non-obese diabetic;
autoimmune diabetes due to impaired immune system; defective
macrophages and dendritic cells).

NOD SCID NSG or NOG: NOD SCID with non-functional IL-2
receptor gamma chains (no functional NK cells). For implantation
of human immune cells. http://www.iax.org/




Top of the line...

The NOD SCID NSG were

. For research on infectious agents:
used as recipients for orres 9

implantation of human bone ; HIV
marrow, liver and thymus —— ) engue
tissues (Bone Marrow Liver erpgg\(;:;uses

Thymic mice: BLT
mice)(robust human
hemato-lymphoid system).



Humanized for what?

Development of mice with implanted human:
Livers
Tumors
Pancreatic cells
Immune cells
Glial cells

Which diseases can benefit from the “humanized” mice
research?

 Infectious diseases
« Cancer (cancer cells, patient-derived xenografts)

* Transplantation
« Autoimmune diseases (lupus, rheumatoid arthritis,

multiple sclerosis)



Humanized mice (examples)

g
1. Mice with chimeric livers

(hepatocytes of mouse and
human origin) were used as the
first model to study hepatitis C.

2. Immune-deficient mice with chimeric livers
(hepatocytes of mouse and human origin) were
treated with fialuridine: Mouse livers failed, showing
pathology similar to humans. PLOS Med; 2014.




3. Models for human metabolic diseases (familial
hypercholesterolemia). Transplanted liver cells from 7-
year-old girl with disease. Mice suffered from reduced
ability to metabolize LDL, treated with LDLR gene
therapy. Nat Commun 6:7339, 2015.

4. Diabetes model



5. “"Humanizing” the brain: Progenitors of human glial
cells into the brains of newborn mice: Human glia

matured and expanded through mouse forebrain. J
Neurosci, 34:16153-61, 2014.

6. Models for drug metabolism and toxicity testing.

l

Decrease failure rate of clinical trials (time, money
and human lives).



Of mice and man: Allometric dose scaling

http://www.slideserve.com/oren/allometric-scaling-to-predict-pharmacokinetic-and-pharmacodynamic-
parameters-in-man

« Allometry: aterm coined by Huxley & Tessier 1936: The

study of size and its consequences. (Greek “alloios”: different)

« Dosage does not extrapolate linearly from animals to human

based on body weight (BW)

« Scaling correctly by “metabolic weight” and “Body Surface

Area (BSA)”

Reference: Sharma and McNeill British Journal of Pharmacology (2009) 157, 907-921.



Is allometric scaling important?

Example 1. Asiatic elephant at Lincoln Park Zoo In
Oklahoma city, in 1962. Was given lysergic acid
diethylamine (LSD), based on mg*kg-! dose
previously tested in cats. Status epilepticus 5 min
later and death 95 min later.

Example 2. Resveratrol concentration: Based on
mice (22.4mg/kg) the human dose would be
1344 mg/day. Correct extrapolation is 109mg/day.

Larger animals require smaller drug doses
(with exceptions).



Considerations for dose scaling

1. Differences in pharmacokinetic phase

Transport and metabolizing systems vary
I.e. Faster drug distribution and elimination (glomerular filtration rate,
number of nephrons) in smaller animals.

2. Differences in pharmacodynamic phase

Target cells, systems and metabolites vary

« Antihistamines effective in humans, guinea pigs and dogs but not in
cattle.

« CNS distribution of neurotransmitters: opioid analgesics induce CNS
depression in primates, rats, dogs, rabbits and CNS excitation in horses,
cats.

Differences in receptor affinity

 Na+/K+ ATPase transporter: sensitivity in sheep and human is 1000
greater than mice and rats




Rules for dose scaling

1. Allometric dose scaling should be applied among
species, not within species.

2. Allometric dose scaling should be derived from
species whose weight differs by at least three
orders of magnitude.

Calder, 1981



“Dose-by-factor” approach

The approach that the No-Observed Adverse Effect Level of a
drug (NOAEL) is identified by simple allometry based on the
body surface area to obtain the "human-equivalent dose” (HED)
(USFDA, 2005).

Formula for Dose Translation Based on BSA

Animal Km
Human Km

HED (mg/kg) = Animal dose (mg/kg) multiplied by

BSA: Body surface area.

For safety reasons the HED is divided by a “safety factor”,
usually it is 10.

Important: This approach assumes that the drug shows similar
pharmacokinetics and pharmacodynamics in both species.




TABLE 1.

Converston of animal doses to HED based on BSA

=)

Species Weight (kg) BSA (m”) K, factor
Human

Adult 60 1.6 i

Child 20 0.8 25
Baboon 12 0.6 20
Dog 10 0.5 20
Monkey 3 0.24 12
Rabbit 1.8 0.15 12
Guinea pig 0.4 0.05 5
Rat 0.15 0.025 6
Hamster 0.08 0.02 5
Mouse 0.02 0.007 3

Many mathematical models available

Mouse/human
~ 12X

Rat/human
~B6X




“Dose-by-factor” approach: Example

Species: Rat
NOAEL (mg/kg/d): 50
HED: ?

Formula for Dose Translation Based on BSA

Animal Km
Human Km

HED (mg/kg) = Animal dose (mg/kg) multiplied by

HED = 50 mg/kg x 6/37 = 8.1 (mg/kg)



H&E staining

» Hematoxylin and eosin stain
» Primary staining method in histology
» Used for pathology reports and diagnosis

The basic dye hematoxylin stains the acidic cell
compartment structures with blue-purple hue
(primarily nuclei of the cells).

The alcohol-based acidic eosin Y, stains the

basic cell compartment structures bright pink.
Eosinophillic areas are:

» Cytoplasm Actual image

« Collagen
 Muscle fibers
+ RBCs




Fluorescence

Electromagnetic spectroscopy that analyzes fluorescence from a sample. The
susceptible molecules emit light from electronically excited states created

either by a physical (light absorption), mechanical (friction) or chemical
mechanism.

Fluorescence is governed by three important events:

1.
2.

3.

Excitation of a susceptible molecule (in femptoseconds)

Vibrational relaxation of excited state electrons to the

lowest energy level (in picoseconds)

Emission of a longer wavelength photon and return of the lrsernat]
molecule to the ground state (in nanoseconds) L : R

(Invisible) i (Invisible)
300nm 400nm 500nm 600nm 700nm 800nm

~ Excitation and Emission Spectral Profiles

Relative Intensity

300

www.scigine.com

400 500 600 700
Wavelength (Nanometers)



Immunofluorescence

Primary Antibody Direct '
%ﬁ'wnﬂuumscenca
P Fluorochrome
Indirect
Immunofluorescence

Secondary Antibody

tissues




GFP

GFP: Green Fluorescence Protein

27kDa protein, comprised of 238
aminoacids.

Comes from the jellyfish Aequorea victoria
that fluoresces green when exposed to
wavelengths of light of ~480nm,

Has an 11-strand B-barrel with a single
alpha helical strand.

The barrel shape permits the chromophore
to be in the center and protect it from
quenching be the surrounding environment.

Typically the GFP is used as a reporter of
expression.

Minimal to no toxicity or alterations in cell
biology.




GFP

Nobel Prize in Chemistry 2008

Studied the

bioluminescent jellyfish

Aequorea victoria Used jellyfish’s GFP on
(~1960s) cells (1990s)

\-

Osamu Shimomura Martin Chalfie

Made new variants of
GFP that shine more
strongly and in quite
different colors (2007)

Roger Y. Tsien



Live cell imaging




Fluorescent proteins can be expressed in entire organisms




...or in specific tissues

= CdhS

loxP loxP

>

loxP loxP

Tomato

s




Evaluation of promoter efficiency




3-D Images in fixed tissues

Calibration x:0.41 pm, y:0.41 pm, 2:1.00 pm
Width:212.13 pm Height:212.13 pm Depth:19.00 pm




3-D images for live cell imaging

Calibration x:0.99 pm, v:0,99 pm, 2:2.29 pm
Width:509,12 pim Height:509. 12 um Depth: 181,00 pm




Bioluminescence

» The emission of light by a living organism.

» Typically a result of a chemical/enzymatic reaction.

» Firefly luciferase is a very common one (requires luciferin to produce light).
» Gene coding the firefly luciferase can be inserted into other cells. Stable or

reporter based expression systems result in expression in cells of interest.

Advantages of luciferase-based luminescence:

1. No excitation light required for activation
(enzymatic reaction; requires ATP, oxygen and VAN

luciferin). _ e
. . . C-terminal F 1) ,a A L
2. Enhanced signal-to-noise ratio (lack of natural domain 1
bioluminescence background in mammalian il e
models). -
3. Can be quantified temporally and spatially N pm—

domain

(proper imaging systems are required).

/
62kDa \a’iviar}f@. Mol. Life Sci. 2002




Bioluminescence

Tumor
expressing ludiferase

Subcutaneous
tissue

\

Blood/Plasma "™’ Peritoneum

(Primary Routes of Luciferin Administration)

Bioluminescence can be used to approximately quantify tumor mass
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Bioluminescence

*  (Caliper) Perkin-Elmer IVIS Lumina XR system available in
basement of ARB



Mowoug cupBouAelopatl OTaV XPELOOTEL

Avaloya pe tn $uon tou tpoBANUATOC:

e Emiotnuovikoc urtevBuvoc (PI1)
e Texvikoc oto {wWoOoTACLO
e Ktnviatpoc



AVTILETWIILON TGVOU Kol AyXou¢ Ttou {wovu

OL pUEC OTOV TIOVAVE:

1. Xavouv Bapoc (yLa LoKpOoXpOVLEC
Stadkaoiec)

2. Aev kouviouvtol oAU (A KkouviovvTal
uTtePBOALKA TTOAD)

3. Aev avtdpouv AmOTEAECUATIKA OTA

epediopata

MNeplepyo mepnatTnua

Kaumoupa otnv MAATN EVW TIEPTIATAEL.

Molepevn oupa

Kokkwva (epeBlopéva) patio

Tpopog

To Tpliywpa eivat tooAakwuévo r/kat oxL Asio

(apudatwon)

10. Avolyouv oTtopa aVOTTVEOVTOC, EKTO.ON TOU
Bwpaka.

11. Autotpavpatilovtal

O 0N U B




AVTLLLETWTILON TTOVOU KOlL AlyXOUC Tou {WOoU

Aev gipol olyoupoc: Avoilyw armo dimAa eva kAouBi pe pucloAoyika
TTOVTLKLOL KOlL CUYKPLVW.

AvTlUETWTILON:

e Xopnynon navoimovng ovoiag (r.x. Kapmpodaivn, (Carprofen:
Rymadil) 5 mg/kg umodopia (66on 1 popd npepnoiwe yia 5
NUEPEC), AAAO: KeToTpOodaivn Kal pravapivn) — MoAu mio
dUokoAn n xopnynon omostdbwv (Buprenorphine hydrochloride).

 EuBavooia

References:

» Semenova S, Kuzmin A, Zvartau E: Strain Differences in the Analgesic and Reinforcing Action of Morphine
in Mice. Parmacol. Biochem. Behav. 50: 17-21, 2005.

» 0Ong CK-S, Lirk P, Seymour RA, Jenkins BJ: The Efficacy of Preemptive Analgesia for Acute Postoperative
Pain Management: A Meta-Analysis. Anesthesia and Analgesia. 100(3): 757-773, 2005.



‘Exoupe e€avtANoEL TIC EVAAAOKTLKEC YLOL TN MEAETN LLOLC

[LOTL TTPETIEL VAL KAVELG TIELpOpATA LE (WO

EPatec tn BLBALoypadia yia eVOAAAKTLKEC;

[Molec databases (m.x. pubmed);

[OTE €EyLve 0 EAEYXOC;

ATIO TIOTE;

Motec Ae€elc-kAeldua; EBaAec Aeén “alternatives”;
Screenshots

-



XELPOUPVIKEC EMEUBACELC

OAEC OL XELPOUPVYLKEC eTEUBAOCELC O AONTITEC CUVONKEC:
e ATOOTELPWHEVA UALKA ] ATTOCTELPWMEVA ULAC XPRONC
 Maoka

e XELPOUPYLKA YAVTLA

ATootelpwon UE Tieon:
e 15 otoug 121°C

10’ otoug 126°C

3’ otouc 134°C



XELPOUPVIKEC EMEUBACELC

YrioBepuia: Ot poec pmopouv va yaoouv 1°C ava 5°. H Bepuokpaocia
npenetL va dtatnpeital. (Mpoocoxn: oxtL OEpUACTPEC Kol OXL TTAVW OTTO
39°C)

Eduypavon patiwyv: Me eldko gel.

EAAeWn Tpodnc (starvation) mpLv To XElpoupyeio: TA TPWKTLKA HEV
TO XpeLalovtat yloti 6ev Umopouv val KAVOUV ELLETO AOYW TNC
duololoyiac tou olocodpayou TouC.



Xepoupyvikec enepBaocesic (references)

* Banerjee, Kasinath, and Paul N. Cheremisinoff. 1985. Sterilization Systems. Lancaster, PA: Technomic
Publishing Company Inc.

e Bennett, B. Taylor, Marilyn J. Brown, John C. Schofield, National Agricultural Library, and University of
[llinois at Chicago. 1994. Essentials for Animal Research: A Primer for Research Personnel. Beltsville, MD:
National Agricultural Library.

e Callahan, B.M., K.A. Hutchinson, A.L. Armstrong, and L.S. Keller. 1995. “A Comparison of Four Methods
for Sterilizing Surgical Instruments for Rodent Surgery.” Contemporary Topics in Laboratory Animal Science
34(2):57-60.

* Gardner, Joan Forrest, and Margaret M. Peel. 1986. Introduction to Sterilization and Disinfection.
Melbourne: Churchill Livingstone.

e Knecht, Charles D., Algernon Allen, David J. Williams, and Jerry H. Johnson. 1981. Fundamental
Techniques in Veterinary Surgery. Philadelphia, PA: W.B. Saunders.

e Lang, Carl Max. 1976. Animal Physiologic Surgery. New York: Springer-Verlag.

e Leonard, Ellis P. 1968. Fundamentals of Small Animal Surgery. Philadelphia, PA: W.B. Saunders.

e McCredie, John A., and Gerald P. Burns, eds. 1986. Basic Surgery. New York: MacMillan Publishing
Company.

* National Research Council. 2011. Guide for the Care and Use of Laboratory Animals, Eighth Edition.
Washington, DC: National Academies Press.

e U.S. Department of Agriculture (USDA), Animal and Plant Healthlnspection Service (APHIS). 2017.
“Animal Welfare Act.” Accessed February 23, 2018.



Meta To XElpoupyeio: Emtipnon

Eéetalovtol oL akoAouBol 5 mapapeTpoL:

1.

2.
3.
4

Yuumnepldopa

Kokkiviopa

2TAON OCWMOTOC KoL TUXOV AAAOLWOELG TNC

Bapoc (ewg 10% tou ocwHATIKOU BAPOUC ETITPETMETAL VO
XALoOoUV)

Katavalwon tpodnc (opeén)

2e mepimtwon adpudatwonc pmopolv va Yivouv EVECELC UE
duololoyiko opo (otoug 37°C):

 3ml/25 g/nuépa yrar HUEC

15 ml/250 g/nuEpa yia apouvpaiouc

Lab Animal 29:5, 40-45, May 2000



QPuowkn e€€taon

Y& KAOe meipapa yIVETAL O€ TAKTA XPOVIKA dLaoThpota
(utoxpewTikal).

T eéetaletal:

1. Zuumneplpopa

BAapoc cwuatog

MANYEC OTO CWUA KoL TUXOV AAAOLWOELC
Aduvdatwon

OepUOKPOAOLO CWIOTOC

Napapetpol tou aipatoc (uno availcbnoia)

o Uk wN

H kataotaon tTwv Melpopatolwwy TOPATIEUTEL 0TOV €peuvntn!!



BApog cwuoTtoc

BC1

Mouse is emaciated.
+ Skeletal structure extremely prominent;

iittle or no flesh cover,
+ Vertabrae distincily segmented.

BC2

Mouse is underconditioned.
- Segmentation of verlebral column avidant,
- Dorsal peivic bones are readily palpabie,

BC 3

Mouse is well-conditioned.
sVertebrae and dorsal pelvis not prominent;

palpable with slight pressure,

BC4a

Mouse is overconditioned.
+Spine is a8 continuous column.
« Veriebrae palpable only with firm pressure,

BCS

Mouss is obese,

«Mouse is smoath and bulky.

«Bone structure disappears under flesh and
subcutaneous fat.

A "+" or a "-" can be added lo the body condition score
i additional increments aré Necessary (L& .2+ 2, 2-.)




ATTOLOVWON OLLOTOC

Volume recommendations (ml) for acute intravenous fluid administration

and blood collection in adult mice (average 20 g):

IV Fluid Total Safe Tot. Bleed-
Volume Blood Bleeding out
(ml) Volume Volume Volume
max. acute (ml) (ml)2 (ml)®
admin.
0.2 1.0-24 0.1-0.2 0.6-14

>0,1 ml/10g of body weight: hypovolemic shock. To i6to pe
entavadapBavopevec Anec. Atadikaoia vno avatcOnoia.




Atopovwon oiLMaToC

4,000 gram
rabbit

-

20 gram mouse

»

-

N

D

40 ml (0.01 x
4,000) could be

safely collected
J

4 I

0.2 ml (0.01 x
20) could be
safely collected

& 4




Single housing

Behavioral

Health

Single Housing
Considerations

Scientific




Single housing

Apoevikol pvec C57BL/6 kat BALB/c 6ev pnopoulv va Umouv oTo
(610 KAOUBL av bev €xouv peyoAwoel pall (toakwvovtol).

Av €xouv tpofAnpata vysiag dev umopoulv va avTaywvioTouV
10 dal n to vepo.

Av €xouv rtpoBAnpata vyeiag Kot Ba 6exBouv EATOULKEUUEVEC
Oepareiec.

Erttotnuovikot Adyot: Metpapato cupunepltdopac, EAEYXOC

KATAVAAWONC VEPOU, TIELPAMATO LETABOALOHOU KATT.



Antodektec uEBodol evBavaotoc (HMNA)

* BapBttoupika (IV injection)

e Ewomveopeva avalocOntikd (loodAoupavio) (meploplopotl yia to
TIPOCWTILKO)

* CO,

e CO

* Auxevikn e¢apBpwon

e AnokedpaAloUOC

* AvtlvoBoAiec cuvtovVIopHOU PE HLKPOKU HOTOL

e KCl pall pe avoodbnoia

2 ueBodol uTtoxpeWTLKA yLa va e€aodaAloBel o Bavartoc



Kavoviopuot otic HMA (CITI Program and Database)

https://about.citiprogram.org/

Biomedical Investigator

Responsible Conduct of Research

Conflict of Interest

Working with IACUC

Reducing Pain and Distress in Laboratory Mice & Rats
Working with Mice in Research Settings

Aseptic Surgery

Working with Animals in Biomedical Research
Post-Approval Monitoring (PAM)

Animal Care and Use

Biosafety/Biosecurity (BSS) — NIH Recombinant DNA Guidelines

Kata tnv eknaidevon oag oto {wotpodeio umtoxpewTikd OAoL HE epyaoctnplaky pouna!l!



Questions?

QUESTIONS




