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Animal behavior
VS.
Behavioral laboratory work

Behavior (ETHOLOGY) is the science that studies animal behavior:
communication, social structure, aggression, activity patterns,
mating, etc ...

Ethology is based on the observation, interpretation and
guantification of spontaneous behavior, commonly in natural
conditions, without human intervention.

Most of the laboratory work in neuroscience
is not ethology
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Animal behavior
VS.
Behavioral laboratory work

Behavior in laboratory work is usually something very different:
we use not spontaneous behavioral responses as measurable
indicators for parameters that are noncommunicable otherwise
(ex: memory, anxiety, vision, pain ...).

We cannot forget what - ultimately - what is evaluated
experimentally, are always MOTOR RESPONSES
We do not observe the mental states of memory, fear, pain...

We only observe the motor responses that we use to quantify
memory, fear, pain.
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Animal behavior
VS.
Behavioral laboratory work

The goal of this class is to alert to the problems that ALWAYS exist
when we use motor responses to evaluate something more
complex.

We have to ask ourselves:

Is the motor response of this test adequate to evaluate what | want
to study (ex: memory, fear, pain)?

Is the motor response affected only by what we want to evaluate
(ex: memory, fear, pain)?
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Take-Home Messages

Repeat, Repeat, Repeat

Observe, Observe, Observe

Question, Question, Question
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Recommended reading for those starting
studies based in animal models

Addresses laboratory protocols, principles of ethology and even
veterinary care for animal welfare
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Problems and Pitfalls
in Behavioral Experiments

cautions in the planning,
execution and interpretation of
behavioral experiments
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Caution #1

Observe the behavior of EACH animal:
locomotion, attention, excitement ...

Are the GROUP changes
also observed at the INDIVIDUAL level?

Be on the lookout for
FALSE-POSITIVE or FALSE-NEGATIVE
effects of the experimental protocol...
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The problem of false positives

The most common type of false positive is an incorrect attribution
of an observed behavioral change.

“if all you have is an hammer, everything looks like a nail”

For example, interpreting change in task performance as a change

in motivation or in stress, when in fact it is only a change in motor
behaviour...
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The problem of false positives

A good example of incorrect E
interpretation of results is Karl R
Lashley’s conclusion that navigation
memories are distributed in the cortex;
it is now known that in over-trained \_,
animals the cortical memories are

transfered to non-cortical areas.

Another exemple is that the hippocampus is crucial for fear
conditioning, but it is irrelevant to other types of conditioning
such as the eye-blink that is dependent on the cerebellum.
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False negatives and group variability

|s each animal strain homogenous, or there may be variability
within a group of similar animals?
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Variability within a supposedly homogeneous group can hide
real differences between groups of individuals

Cocker et al (2012) Neuropsychopharmacology
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Caution # 2

Uncontrolled communication
between animals,
may change their behavioral responses
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Effect of Direct Communication

Do animals exchange learning information?

15+

10+

Mean ultrasonic vocalizations

Familiar diet Unfamiliar diet
Figure 1. Mean number (£SE) of short (20—80 ms) 50-kHz
ultrasonic vocalizations produced by pairs of reunited Norway rats
when one member of a pair had eaten an unfamiliar food or both
pair members had eaten the same familiar food while pair members
were separated.

Pairs of two animals in the same cage
were kept separate and individually
exposed to two types of food: the usual
(normal diet) or a novel diet based on
corn starch or milk protein.

During the three minutes immediately
following their meeting in the usual
cage, the type of ultrasonic vocalizations
made by the two animals coded the type
of diet they had been exposed to.

Galef & Jeimy (2004) Animal Behav
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Effect of Direct Communication

Do animals exchange learning information?

15+

10+

Mean ultrasonic vocalizations

Familiar diet Unfamiliar diet

Figure 1. Mean number (£SE) of short (20—80 ms) 50-kHz
ultrasonic vocalizations produced by pairs of reunited Norway rats
when one member of a pair had eaten an unfamiliar food or both
pair members had eaten the same familiar food while pair members
were separated.

Adult mice/rats produce two types of
vocalizations:

- Long ultrasonic vocalizations:
low frequency (0.3-3 sec, 22 kHz)

- Short ultrasonic vocalizations:
high frequency (20-80 ms, 50 kHz)

Slow vocalizations are commonly associated
with negative experiences, while short
vocalizations typically signal positive
experiences and social interaction.

Galef & Jeimy (2004) Animal Behav
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Effect of Indirect Communication

Is there indirect transmission of anxiety among animals?

The exposure to samples of
volatiles taken from the air
during noxious stimulation of
an animal, affects the
exploratory behavior of a
second animal.

Inagaki et al (2014) PNAS
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Caution #3

Test the reproducibility of the results

repeat tests under various conditions,
with various groups of animals,
with various experimenters.



Evaluation of Animal Behavior: Problems and Pitfalls

Clara Monteiro

()

501

304

204

Latency to Hindpaw Lick/Flutter (s)

10~

304

Latency to Hindpaw Withdrawal (s)

FVIUP

Effects of Genotype

HP - 53°C Hot-Plate Test of Baseline Thermal Sensitivity
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HT - Hargreaves' Test of Baseline Thermal Sensitivity

129

A

AKR BALB/c C3H/He C57BL/6 C58 CBA DBA2 RIIS SM

(d)

% Hypersensitivity

Latency to Tail Withdrawal (s)

100+

80+

604

404

204

Analysis of 11 mouse strains in pain response tests

PNIy¢ - Peripheral Nal;ve Injury (Mechanical Hypersensitivity)

129 A AKR BALB/c C3H/He C57BL/6 C58 CBA DBA22 RIS SM

TW -49°C Tail-Withdrawal Test of Baseline Thermal Sensitivity

T 129 A AKR BALB/c C3H/He C57BLU6 C58 CBA DBA22 RIS SM

Mogil et al (1999) Pain
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Effects of Genotype

How different genotypes may explain pain testing variability?

Characteristics of peripheral nerve transmission?
Characteristics of central nervous transmission?
Differences in anxiety?

Cognitive differences: learning, memory, attention?

Differences in the organization of the social hierarchy?
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Effect of Animal Behavioral State

“Behavioral State” is the overall level of awareness

Table 1. Percentage Agreement and
Confidence of Behavioral State Coding
Among Observers

Behavioral State % Agreement* Confidencet
Deep sleep 943 47 =01
Light sleep 88.0 41 =01
Resting 725 40=02
Alert 815 43x02
Grooming 933 49 = 0.04
Locomotion/exploring 956 47 01

*For each measurement (n = 5) on each mouse (n = 12), the percentage
agreement among the 5 observers was calculated; 100% = all in agreement;
80% = 4 of 5 in agreement; 60% = 3 of 5 in agreement. In only 1 case, was
there less than 3 of 5 in agreement.

Figure 1. Prototypical appearance of mice in 5 behavioral thean (=5EM) confidence of the coded behavioral state, on a scale from 1

states. From top to bottom: Grooming, Alert, Resting, Light y :
Sleep, Deep 5,§§p_ . . ino confidence) to 5 (full confidence).

Callahan, Gil, Levesque & Mogil (2008) Journal of Pain
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Effect of Animal Behavioral State

Does it affect pain scores?

A. Radiant Heat Paw-Withdrawal Test C. Von Frey Test (Esg)
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Grooming has a strong analgesic effect (“painkiller”)

Is grooming analgesic because of a neurobiological mechanism (calming
effect that releases endorphins, tactile stimulation of sensory fibers, etc),
or simply because it alters the latency of motor response?

Callahan, Gil, Levesque & Mogil (2008) Journal of Pain
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Effect of Animal Behavioral State
Laboratory conditions affect behavioral state?
A. Glass Floor B. "Grid" Floor
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80 - 80~ Grooming
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2 g £ 60 s B P ] [ Resting/Light
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Testing conditions alter the behavioral state of the animal
(grooming is reduced while the animal is in a cage
with metal grid floors).

Callahan, Gil, Levesque & Mogil (2008) Journal of Pain
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Experimental variability
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Experimental variability
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Fig. 1. Frequency histogram of responses
on the 49°C tail-withdrawal assay of 8,034
mice tested from 1993 to 2001. Mice were
individually removed from their home cage
and introduced to a cloth/cardboard
‘pocket’, which they freely entered. Thus
lightly restrained, the distal half of its tail was
immersed in water thermostatically con-
trolled at 49 £ 0.2°C. Latency to a vigorous,
reflexive tail withdrawal was measured to
the nearest 0. s with a handheld stopwatch.

He tested if that experimental
variability was correlated with
uncontrolled factors of the
experimental protocol:

Hour of testing time

- Day of the year

- Investigator

- Humidity in the room
- Number animals / box
- Order test

- Sex of animals

- Genotype of animals

Jeq Jad uoiuodoud

Chesler (...) & Mogil (2002) Nature Neuroscience
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Experimental variability

Table |. Factor importance rankings
computed by CART.

Factor? Number of Score®
factor levels
Experimenter I 100.0
Genotype 40 78.0
Season 4 358
Cage density 7 204
Time of day 3 17.4
Sex 2 4.6
Humidity 44 12.0
Order of testing 7 8.7

The effect "researcher" is a larger cause of experimental variability
than the genotype or the sex of the animals (even among
researchers from the same laboratory trained by the same persons).

Chesler (...) & Mogil (2002) Nature Neuroscience
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Mouse grimace Scale (0-2)

Researcher Gender
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The presence of MALE researchers within half meter from the animal

cage, alters pain response after injection of Zymozan

("analgesic" effect is rated by facial expression - Mouse Grimace Scale) in male and

female mice.

Sorge..., Mogil (2014) Nature Methods
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Researcher Gender
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The introduction of a previously used t-shirt by a male
researcher, placed half a meter from the testing cage,
reduces pain response (“analgesic” effect).

Sorge..., Mogil (2014) Nature Methods
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Researcher Gender
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The same effect is observed after placing sponges
impregnated with male volatile compounds.

Sorge..., Mogil (2014) Nature Methods
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Researcher Gender
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... or after placing "bedding” exposed to other males, either mice
or other species.

"Bedding“ exposed to castrated animals (T) or "cagemates"(CM),
did not affect the pain response.

Sorge..., Mogil (2014) Nature Methods
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Researcher Gender
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test
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This "analgesic" effect is observed in several tests of

nociception.

Sorge..., Mogil (2014) Nature Methods
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Effect on stress indicators
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This "analgesic" effect is accompanied by an increase in
stress indicators.

Sorge..., Mogil (2014) Nature Methods
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What is the effect of stress
in pain testing?

We have seen that stress immobilizes the animals ...
Is the analgesic effect of stress
just an experimental artifact:
decreased motor response / divided attention?

or is there a modulation of the nociceptive
system during periods of stress?
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Stress Induced Analgesia
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The "analgesic" effect also affects the expression of
c-fos spinal cord and is reversed by administration of
blockers of opioid receptors (naloxone) and CB1
receptors (AM-251).

Sorge..., Mogil (2014) Nature Methods



Evaluation of Animal Behavior: Problems and Pitfalls
Clara Monteiro FIVIUP

On the other hand there is also
Stress Induced Hyperalgesia

Table 1 Table 1 (Consnued)
Summary of commanly used animal models of stress-incuced yperalgesia.

Specien, sex and strain Frequemcyjduration Pain et Fain behaviour oimervations  Referenes
Speses, sex and strain Frequencyduratan Pain st Pain behaviour atervations  Reference Male Srague-Dawley rats Over thiee days- tones played aver four | Rardall Sclitto te”, Miechanical and viseral Whaar o ol (2008
Forced swim stres fequendes aver 30min time period  cokarartal distensian® Typeralgesia 20057 and Green st L
Msie Sprague- Dawley rat Day 1: 10min Yormslin test and hot plste Inflammatiry snd thermal  Quintern etal (201 (2011abF
1o yperal 003, 2000,
perlaE o Chromic mild stres
B ——— Male Wisar rass Unpredicsble Chronic s fr von frey and hot platein Incressed mechamicaland  Shiet 3l (20103)
(2006a5) Gwesks; ol e camplete thermal threshokds and
Day 2-3: 20min s intra-muscular  Meclanical hyperalgesiaas  Suares Rocaet al Freund’ adjuvant c inflammamry hyperalgesia
et elloved by gep | desermied by redtied gp  (20062) uin e and Tormaiin
rength
Miale Swris dlnine mice T i stress semions H,,‘,s,',,, o Iyperslgesia I Male Wistar rats Unprediciable dhranc stress for ik plate e v Frey tests Increaend thermad and Shi et 2l (20108)
min dhuration, 8 b apart Certentin (2000) Gwesks in naive and SNL rats inflammatory p
Ml Wistarrats S min i dily fo 5 days Tai ik st Therml Iypersigesia Ferexdani et 2L (2007) threhokis fr bath rormal
Ak ale and female 515 ar 30min en Vomin for 2 days  Tail ick st and grip Thermal and mechomical  Abeiehamed ot 51 and SNL 12t
Swis Webster mice srength Typeralgesia (20122k) tion st
Male alhing mice 6min sessions daily for 15 days Tail immersion test Thermal hyperalgesia Dhir and Kulkarni Male (BAJ mice Rootioral movementin spinning cges  Formalin test Inflammamnry hyperalgesia Bocalon et al (200
200 2t 45 rpm for 1 Omsin ev ey howrdlaily far
Repeated cold stressSART 2mesics
Maie 4 weck old ¥ mice Over 7 days: Mandall Séito sppastis  Mechamical yperslgesia Ohara el (1997) N
Alternating 24 “/4°C every hor far (days 5-7) Veermh scparsgiociicprhatioefPary Me stress § A § N
e Wisar e ras” Pups separated fram mather far Cabrectal dimersian Viseeral hyperalgesia Chuung et al (20075
Male Spragus Dawley am Over 5 days: Randall sdm ﬂnmd the  Mechamical myperalgesia Nasu et al. (2010) Sprague Dawley” male rats 180 min from days 2 ta 14 ‘}“’(ﬂ:‘sﬁ(‘é.‘,
:ng;ﬁnuq ™ Frey b ff‘“"“] 47C group than Long- Bvams rats Pups separates from mather far Calarectal distersion Visceral hyperalgesia van den Wingaard
b o 180 i fram days 2 10 14 etal (2012 Wouters
Male Wistar Rats Over 5 days: Randall- Seitto wst Mechanical yperalgesia Fujisawa ot al (2008) =tal (2012) and
it 473 vy v wielting et 3L 2005
et e 5 Wisar msle and fendersts  24h MD an PND 9 Hot Plate, vom Prey, acetone  Thermal hyposlgesis, Burke =t 31.(2013)
Male Wistar rats ver 5 days Footshack an cne of twa Decressed excape lsency  Kawanishiet al (1997) vest and prior toand aftr mechanical dlladynia in
Altermating24°C/_3Cevery Zhforh;  flears nal nerve ligatian femies
AC for v emaring 185 Sprague Dawley rats Mother and pus are placed in cages Digital B tramehucer Mechunical Iyperalgesia Alvares et sl (2013)
fited with 3 sinles ezl mesh and Green et &
ke e bortam an past-natal day 2-9 (2011ab)
Maie and femdle Daily 1h restraint for 40 days Tail ik st Thermsal hyperslgesia in Camar et a1 (1998)
(mixes] mtrenss phases) msles, w0 effect in females e seress
Wistarrats Male Sorague Dawley rats 10548 Ene of mixed fequendes Paw-vidraval threshol Enhanced inflmmatary pain  Khasar o al (2009
Male Wistar rats Acuk: 15min, 0minr 1 hrestraint Yormalin injecton into e ncreases! inflxmm tory pain | Cameiro et al (200 ranging from 11 ta 19kHz over 30 min 2008)
Subchronic 1 h restraint Br3 sy temporomandddar oint  inchronic restraint stree rats aver 3.4 days
e . day per ek (M) dveation stress
Male Sprague Dawley 1as Daily 1 h restraing for 4 days overfor  von Frey, Randal-Selinta, ail  Inflammamry, thermal and  Bardin e al (2009) Male and female Wistarrats Iz applied i restraint tube for Smin - Tail flick tet :‘mg’;‘fﬂz’;ﬁﬁ: :j:::;:";‘ ‘-xf‘""‘;-‘“"
5 wes immersian test amtane ‘mechanical hyperalgesia
it vniny yperalpe s Themalhyperalgesia (2010
il and femaie respancing vas
Adult male Wistar rats 1h daily restraints for 5 days perweek  Tail flick est* Thermal and inflamumatary ~ da Silva Torres et al aestrus dependent
over § wesks Formalin injecton inta TP hyperalgesia (007 G Whiskeer pad stimultion
etal. (2005 Male Sorague Dawley rats Light tactile whisker pad semalaion:  van Frey test Mechunical yperalgesia Keynolset al (2011)
Male Sprague- Dawley ra 6 hrestraint once or aver 1, 2or Sweeks  Tail fick st Thermal Iyperalgesia Imbe ot al (2004) 10 applicationyjsession, 4 sezsianyh in
fallowing 2 and 3 wedk 1 day. sessions an days 1-5 and 8- 12
resraing
Msie Spraguet Dawley rats  Acute restraint fr 2hin restsint age  Colorectal distemsion Visceral hyperalgess Ohashi-Dloi et 3L A stress
Misie and female Wistar rats® (20707 and Eutamene Male Sorague Dawley rats Continuows 3tream of i at room von frey test Mechunical hyperalgesia Wagner ot 2L (2013)
etal (a10p mperatre was divected at theface far
Misie Sprague Dawley rats 2 restaint stress 4 days Colorectal distension Visceral hyperalgess Shen 2L (2010) i
Misie Wistar rats hrestraint days 3 week for 11 weeks  von Frey Testand hotplae Mechanical dlodynis and  Speria Adachi e 1 .
thermal hype dgesis (2012) PISD madel
Male Sorague Dawley rats 2h restraint, 20min swim follwed By van Frey tst and paw Mechunical aliodyina and  Zhang et al. (2012
Immobilistion sres 15 min rest. infalagion of an ether unl  withdrawal to heat stimulus  thermd hyperalgesia
bt male Sprague 0min daily for 7 days Tail Fick st Thermal hypersigeria Conta et a1, (2005 -
Dawdey rats Male Sorague Dawley rats 2N restraint, 20 min swim fllwed By Calrectal distension Viseeral hyperalgesia Heatal (2013)
Msle 10 mice T daiy far 5 days Formslin test Inflammatnry hyperalgesia e ek al (2006) 15 min rest, infalatiom of an sther unti
Gocial defeat menscious then Biotshack when
Male Sprague Dawley 12t Four dailyintruder sessims divided it ven Frey, Randall-Seftto st Mechanical and Rivat et al (2010) el
(Lomg Evars: rats 25 intrler)  two perinck (see sbove) and farmslin test inflaram gy hyperalgesia
Misie Lomg fyans ras: Resident rats wer e vasertamized prior  Pormalin tes, thermal Inflammsinryand thermal  Andre ot al 20058
to testing. fue daily intrader semions  preference and thermal nyperslgesa anel Marcinkiewer
divided mto twe perinck (see shone]  ecape et etal (0gp
Vester svoidance
Male Wistar rats 1 perday for 10 comsecutivedays Colkorectal distemsion Visceral hyperalgesia Brades et al (2006
2007, 2009, 2005),
Misie Sprague-Dawley rat Thperdayfor Wemmntvedays  von ey e, cnerectl Mechanicsl md viscmal
st nyperslgesa Green et al (201125
Akt e CS7HS mice 1 perday for 10 comcngvedays Colrertl disermion Visceral hyperalgess Hong et 3. (2008) and

Larauche et al. (2010)

Jennings, Okine, Roche & Finn (2014) Progress in Neurobiology
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Afterall, is stress
hypoalgesic or hyperalgesic?

What is currently accepted is that situations of acute
and unpredictable stress have an analgesic effect on
nociceptive tests.

On the other hand, situations of chronic and predictable
stress have an hyperalgesic effect in nociceptive tests.
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This experimenter-related effect of stress
also alters other behavioral tests?

Most certainly yes...

The effect of stress on cognitive and attentional
performance is well documented,
with sometimes opposite effects depending on the
predictable or unpredictable nature of the stressor
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Is there indirect transmission of anxiety
in human experiments?

Chem. Senses 36: 19-27, 2011 doi:10.1093/chemse/bjq087
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Figure 2 State anxiety scores during neutral and anxiety condition after
5 and 20 min of odor exposure (n = 20). State anxiety differed significantly
between neutral and anxiety condition after 20 min but not after 5 min of
odor exposure (*P < 0.05).

Figure 1 Subject during anxiety odor donation session.

Albrecht et al (2011) Chem Senses
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Take-Home Messages

Repeat, Repeat, Repeat

Observe, Observe, Observe

Question, Question, Question
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