Models of visceral inflammation and pain

Antonio Avelino



Inflammation is a response characterized by pain, swelling, redness and stiffness:

Like many, while it may have a role in healing, it becomes a question of balance
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Methods to induce visceral inflammation and pain
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Methods to induce visceral inflammation and pain

TABLE 2 Inflammatory models for the s tudy of visceral pain

Animal Inflammatory agents Injection site

Rat THBS in 50% ethanol Colon

Rat Di butyttin dichloride, 10% Tail vein injection, crally
athanod

Mice Zymosan Colon

Guinca pig. THBS Nzal lumen

Purpose of the study

To deveop a simple and reproduc ible
miadd of chronic ¢ olonic inflammation by
thve [ mtrabkeminal instillation of a solution
cont sining abamier breaker and a hapten

Nociception in persistent pancreat itk and
responsivity of Morphine

Examination of contributions of 2 proteins,
TRPVL and ASICE, on development of
ehavioral iy perenditivity and siesament
of the function of colon mec hanoreceptors
of hypersensitive mice

Morphol ogical and functional changes in
newrons projecting to the leal mucesa at the
earky stage after inflammatory damage

Findings References

The combined administration of TMBS
and ethanol resulted in the d evelopment
of severe, transmural. granulom atous
inflarmmation of the dittal colon which
miary b s ful for the study of the
etiopathogenesis of chronicintestinal
Iinflammation as well as providing an
inexpensive model suitable for assessing
potential treatments

Aniim als w ith the di butyltin dichl oride-
Iinduced experimental pancreatitis
expressed senum, histologic, and
behavioral characteristics similar in
duration to those present during acute
attacks experienced by patients with
chronic pancreatitis and pain-related
measures wene found to be abrogated by
mor phiine

Momis et al™

‘Vera-Portocarrero et af*?

Zymosan sensitized the colondc Jones etalf
machanoneceptors a¢utely in vitre and

chronie behavioral hypersenditivity (27 wh)

in the quisscent inflammation. TRPV]

and ASIC3 proteins may be important

peripheral med istors for development of

func tional visceral hypersensitivity

Inflammation may be an important Murgali et al™
contribarting fac tor to the newronal
Iryperexcitability at the acwbe stape of

inflammation

pContinues)
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TABLE 2 (Continued)

Animals Inflammat ory agents Injection site/stimuli  Purpose of the study Fin dings References
Wild mriice Intraburminal distension Colorect al To identify the extrindic nerve pathwayis) The visceral pain pathway activated by Kiylhod et =
(100-120 mmHg) undedies nociception from the colorectum to the acute noxdonrs distension of the terminal

spinal cord of rodents 15 mm of mouse colorectum is transmitted

predominantly. if not solely. through
rectal/pelvic afferent nerve fiers to the
spinal cord. The sensory neurons of this
spinal afferent pathway e primarily in
e bumibo sacral reglon of the spinal cord,
betwesn L, and 5

Male rat Balloon Colon Balleon distension of colen to investigate Metamizole, desketoprofen and mekoxicam Bashon et al?
neodnstenod dal antl-inflamma tory drug's show antl nockc epthve ef fect with dif ferent
ef fect veness in CRD-induc ed visceral pain model duration of action on CRO-Induced visceral
pain medal
Rat Intra-codonic infusion of 0.5% Intra-colonic Ta investigate whether NO - mediated colonic The mean pressure values of spontaneous Temizetalf®
aceticackd o ity was aftered inrat 185 model. using contractions and KCL{BD mmeoliL) responses

diiff er ent forms of NO-synthase (NOS) inhibitors of distal ¢ olonic segrments were dmilarin
normal and |B5 rats. L-MAME and ARL-17477
dgnificantly increased the mean presmre of
spontanesus cobond ¢ contractions in normal
Faits ver i o Date values (P < 10 5] but
this increase did not significant by different
when compared to 1BS ats

Rat THBS e Investigation of the visceral hyper senditivity Tranamural ileitis including granuloma and WVH  Shah e o'
provoked by THBS-induc ed ibeitis rats

Rat 0.5% acetic ackd Intra =colonic Ta inwestigate in vitro effects of varenicline on Warenddline significantly decreasad the Kaya Temiz
spontanecus contrac tile responses of proximal mean pressure of spontaneocus colonic et al*!
and di gtal eolon smoot h rmuscs in control and contractions in both contrel and 1BS
IBS rats rats compared to their baseline values in

only distal colon (P < 105). The relaxation
responses of distal colons were not

4 gni fic antly dii fferent between |BS and
controd growps (P > 05)

Goat THBS llewm Ta testify the effect of electroacupuncture (EA) on EA attenuates WH probably through inhibiting ‘Wan et al’
leitis provoked VH, and to ¢ onfirm whether E& K 2FETATS signaling, pat hnweay in the PAG-
attenustes VH through L8 K2/STATS) signaling RA-50H axis
pathway in the PAG-RVM-50H axis

Abtreviations: ASICE. Add sensing lon channe -3 CRD, Colorectal Distension: EMG. electromyography; IBD, inflammat ory bowel disease; 1BS, mitab be bowel syndrome; IL-18 Interdeukin-1 beta; L4
Invtereukin-g: JAK, Janus Kinase: NO, Mitrc Ondde; PAG, periagueductal gray: RV, rostral ventromedial medulla: SDH, spinal dorial hom: STAT, S gnal transduc ers and activators of trandoription; THES,
24 &-trinit robenzene sulfonic acikd; THNFa, Tumor Meorosis Factor-alpha; TRPY L, Transient Receptor Potential Vanilloid Type 1 UBD, urinary bladder distention; VH, visceral hypersensitivity.

Anim Models Exp Med. 2020,3:215-228.



Methods to evaluate visceral inflammation and pain

TABLE 1 Different methods used to gquantify visceml pain in bbomatory animals
Animal  Animal model et hoad Purpen sa of the study Findings References
Mice Expermental study Tdemetry Tao stud y post laparotomy pain in laboratory Realtime telemetric recordings of heart rate and Arras et al®
mic ¢ by telemetric recording of heart rate and heart rate variability found to be indic ative of
heeart rate var labd ity milkd to moderate post laparctomy paln wihich
cannot easily be detected by direct observation
Rat Inflammatory Intracoloni c manometry Tao test the efficacy of pregabalin on visceral Pregabalin reduced the viscerosomatic and Ravnefjord et o
paln responses and colonk: compliance awtonomic responses assocated with CRD
Iinduced visceral pain and increased colondc
compl anos
Mice Inflammatory Automated behavior analysis To automate analysis of abdominal licking The newrokinin-1 rec eptor antagonist GRA051T1A  Hayashi ot afd
behavior assodated with intrackenkc caps akdn dose dependentty inh ibited capsaldn induced
induced vidoaral pain licking which was automatically detected by
applying commerdially availla ble image analysis
softwarne
Mice Inflammatory Busrronw ing Ta investigate whether a change in bumowing Changes of 1pont aneows burrawing behavior Jirkod et al™?
ehaviorn is a sengitive messune of animal comelate with the onset of | nf lam mation in acute
wielfare in murine modes of colitis DO induc ed ¢ olitis
Rat Inflarmmatory Elec trophvysiology & behavioral To stud v the reactive oxygen species mediated RS contribute to visceral pain related Jietal?
studies vigceral pain related amygdala plasticity and hyperactivity of armygdala neurons and armypd ala
behaviors dependent behaviors through a mechanism that
imvolves inoreased excit atory transmission and
axcitability of Ced newons
Rat Siress EMG T study M5 induced visceral hypersensitivity Visceral ypersenditivity of MS rats i more Lietar?
pronounced in the post-weaning period and
slighthy restored In adults. Thus, visceral
hyparsensitivity in the post-weaning period might
plany & more meaningful pathophysiclogic role in
the formation of adult irftable bowd syndrome
Rat Inflamimatory RGS, burrowing. CBS To amess whether the RGS, CBS and bumowing  RGS inoreased as DAl scones increased during Leungetar*?

could identify pain in an acute and chronic
colitis mode

ot b sewbe and chronic phases. Burrowing only

decreased durdng the acute phase but CBS scores

did not increase significantly during efther colitis
phase

Abbreviations: CBS, Composite Behavior Score; Ced, Central Armygdals; CRD, Colorectal Distenson: DA, Diseate Activity Index (asdesing fecal blood, steol consistency and wel ght lossl DDS, dextran
sulfate sodium; EMG, electromyography; M5, maternal separation; RGS, rat grimace scale



Models of Inflammatory diseases:

+++++

Isolation of factors

Mechanistic insights
(GMOs)

Therapy assays

Multifactorial

Interspecific diferences

(anatomical, biochemical)

Self-healing



Advantages and Disadvantages of Techniques for Measuring Visceral Pain in Animal Models.

Method to Induce Visceral Pain
for Measurement

Description

Advantages

Disadvantages

Colorectal Distension (CRD)

Response to Colonic Instillation of
Algesic Substances

Technique for Measuring Visceral
Pain
Electromyography

Manometry

A balloon is inserted via the anus to the distal colon of the
rodent under sedation and then pressure is applied in an
ascending stepwise fashion via a customized barostat.
Repeatable air inflation and pressures can be applied to the
distal colon region.

Algesic compounds such as acetic acid, capsaicin, mustard oil,
or zymosan are applied intracolonically

Quantifies magnitude of abdominal contractions in response to
CRD or colonic instillation of algesic substances

Measures pressure and pattern of muscle contractions in
visceral organs in response to CRD or to evaluate analgesic
substances. In CRD, monitors pressure changes within the
descending balloon (Arvidsson et al., 2006).

Closely replicates human experience
of visceral pain (Christianson and
Gebhart 2007}

Used for high throughput studies
Relatively simple

Widely accepted

Simple to administer

Used for high throughput studies

Quantifies the visceromotor response
Non-invasive

Reliable noninvasive, non-surgical
method in mice (Arvidsson et al.,
2006).

Poor reproducibility
Questionable relatdonship to
human pathelogy
Long-lasting and
inescapable pain

Brain Imaging in Response to CRD Examination of pain processing in the brain in response to CRD Non-invasive Expensive
(microPET, fMRI (Lazovic et al., 2005; Johnson et al., e Requires specialized
2010; Wouters et al., 2012) equipment/expertise

+ Allows examination of the brain in

Abdominal withdrawal Reflex and
other visually assessed rodent
pain behaviours

AWR is an involuntary motor reflex in response to CRD. The
animal is graded on a scale ranging from immobility, to mild
contraction of the abdomen to severe contraction including
body arching and lifting of the pelvis (Al-Chaer et al., 2000)

live animals

+ Does not require surgery like some

measures of the visceromotor reflex
(O’Mahony et al., 2012)

Labour intensive

Time consuming

Lacks objectivity and
reproducibility (Regmi and
Shah 2020)




MEW RESEARCH IN Physical Sciences - Social Sciences - Biological Sciences -

i ! Article Alerts #* Share
Mice are not men -]
= Email Article
H. Shaw Warren, Ronald G. Tompkins, Lyle L. Moldawer, Junhee Seok, Weihong Xu, @ Citation Tools

Michael N. Mindrinos, Ronald V. Maier, Wenzhong Xiao, and Ronald W. Davis

PMNAS January 27, 2015 112 (4) E345; published ahead of print December 24, 2014 https:idoi.org10.1073
lpnas. 1414857111

© Request Permissions 22 Mendeley

This article has Replies. Please see:

Reply to Warren et al. and Shay et al.. Commonalities across species do exist and are potentia

3D human neuron cultures

Iy important

Current Issue

Genomic responses in mouse models greatly mimic human inflammatory diseases

Genomic responses in mouse models poorly mimic human inflammatory diseases Submit

See related content

Genomic responses to inflammation in mouse models mimic humans: VWe concur, apples to

Sign up for Article Alerts

oranges comparisons won't do - Jan 27, 2015

Info & Metrics B PDF

A vibrant discussion of the merits and limitations of animal models is long overdue. The

Enter Email Address Sign up

JUMP TO SECTION

limitation of space precludes addressing many of the questionable approaches and

statements by Takao and Miyakawa (1). O Adicl
icle

Despite the different approaches used by Takao and Miyakawa (1), their results actually E Footnotes
References

support the conclusion that “Genomic responses in mouse models poorly mimic human



