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Introduction: Organization of the
human intestine
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Introduction: Intestine in Health and Disease

Intestinal flow

Outer mucus layer Luminal material with bacteria
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Introduction: Intestine in Health and Disease

What is the mechani

All cells respond to
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Modulation of Gut Barrier Functions in Ulcerative Colitis by

Hyaluronic Acid System

Niranjan G. Kotla, Isma Liza Mohd Isa, Swetha Rasala, Secil Demir, Rajbir Singh,
Becca V. Baby, Samantha K. Swamy, Peter Dockery, Venkatakrishna R. Jala,

Yury Rochev,* and Abhay Pandit*

The active stages of Intestinal Inflammation and the pathogenesls of
ulcerative colitls are assoclated with superficial mucosal damage and
Intermittent wounding that leads to eplthellal barrler defects and Increased
permeability. The standard therapeutic Interventions for colitis have focused
malnly on malntaining the remisslon levels of the disease. Monetheless, such
treatment strategies (using antHinflammatory, Immunomodulatory agents) do
not address colitis' root cause, especially the mucosal damage and
dysregulated Intestinal barrier functions. Restoration of barrler functionality
by mucosal healing or physical barrier protecting strategies shall be
conslderad as an Initlal event In the disease suppression and progression.
Hereln, a biphasic hyaluronan (HA) enema suspension, nalve-HA systems
that protect the dysregulated gut epithellum by decreasing the Inflammation,
permeability, and helping In maintaining the epithelial barrer Integrity in the
dextran sodium sulfate-Induced colitls mice model Is reported. Furthermore,
HA-based system modulates Intestinal epithelial Junctional proteins and
regulatory signaling pathways, resulting In attenuation of Inflammation and
mucosal protection. The results suggest that HA-based system can be
dellvered as an enema to act as a barrler protecting system for managing
distal colonic Inflammatory diseases, including colitls.

intestinal microbiome imbalance!™ result-
ing in gul harrier dysfunction*® The
active stapes of intestinal inflammation
fin Crohn's and colitiz) are linked to de
creased transepithelial resistance and in-
creased permeability!” " The elevated lev-
els of reactive oxypen species (ROS) and
metalloproteinases cause tizsue degrada-
tion and necrosis induction "™ Moreover,
the inflammalory medialor elements are
critical causative factors b0 mucosal in
fAamemation and enbance overall permealil-
ity at the gut wall's ulcerative sites ' ™1
Additionally, patients with IRD have de-
creased lewels of tight junctional proteins
(clawding, occludins) and junctional adie-
sion molecubs (cadherin, ctenins), lead-
ing o increased inlestinal permeahility re-
sulting in systemic inflammation extrain
testinal manifestations, "5

The standard  therapeutic  interven-
lions for TRD include anti-inflammatory,
immunosuppressants,  and  hiological
medications, which have focused rmainky
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Modelling Epithelial Geometry and Intestinal Motility

Intestinal flow
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Modelling Epithelial Geometry and Intestinal Motility

Intestinal flow
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Human Colon Histology
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Modelling Epithelial Geometry and Intestinal Motility

Intestinal flow Human fecal and mucosal rheology
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Modelling Epithelial Geometry and Intestinal Motility

Human intestinal pressure waves
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3cm

Geometry and Mesh

5cm
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Boundary Conditions and Domains

Outlet Inlet

Lumen

QIR
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Laminar flow
Structural Ternary-phase field
mechanics Moving mesh
Solid Domain Fluid domain
o Feces (Power LawRuid)
Epithelium Outer mucus (Carreau Auid)
Inner rucus (Carreau Auid)
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Mucus Increases Flow Velocity

Temporal PrdSQQBe-Elongﬁl;%ﬁle - 0.000015
50 — o 6009&3
v
L 0,002 —" - 0.000010
407 = - Vtﬁgo m g<
o "o — 200 )
E 304 3
2 100 =
% 20- 0.001 I -0.000005 —
« ] UucC
0
0 5 01000 —{=—ee , , 0.000000
Time(s) g 5 10 15 20

Time(s)

Two orders of magnitude lower velocity in the inflamed model

Increasing mucus thickness resulted in increased flow velocity
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Mucus reduces shear stress applied on the epithelium
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Mucus reduces shear stress applied on the epithelium

Shear profile Shear stress variance Cumulative fecal output
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Lower shear magnitude on epithelium in mucus models
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Why does this matter?

 Shear stress is known to change cell behaviour in intestine (e.g. division,
differentiation, death, mucus secretion and migration)

* We hypothesize that mucus modulates the shear stress transferred to
the epithelium and its absence may cause crypt damage via increased
mechanical input

 This model could be used for optimizing understanding intestinal biology
and drug delivery applications (e.g. nanoparticles)
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