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Gastroesophageal Reflux: Human

In human: a long term condition Iin which
stomach contents rise up into the esophagus
(acid reflux)

Resulting In either symptoms or compli-
cations

Causing reflux esophagitis, esophageal
strictures, intestinal metaplasia in esopha-
gus (Barretts), esophageal carcinoma

Kahrilas PJ, Shaheen NJ, Vaezi MF. American Gastroenterological
Association, Institute; Clinical Practice and Quality Management, Committee
(October 2008). "American Gastroenterological Association Institute technical
review on the management of gastroesophageal reflux
disease". Gastroenterology. 135 (4): 1392-1413,



Gastroesophageal Reflux: Laboratory Animals

‘...After oral gavage dosing of rats, reflux
may occur, resulting In serious respiratory
effects and mortality...’

..Increased Incidences of such “gavage
acmdents ” however, might be an alert that
the underlying pathogenesis Is more
complex than just a result of technical error,
in particular iIf encountered only in treated
animals...’

Damsch S, Eichenbaum G, Tonelli A, Lammens L, Van den Bulck K, Feyen B,
Vandenberghe J, Megens A, Knight E, Kelley M (2011). Gavage-related reflux
in rats: identification, pathogenesis, and toxicological implications (review).
Toxicol Pathol. 2011 Feb;39(2):348-60.



Aspiration or Reflux?

‘....even In the cases of correct oral dosing a
small amount of the compound may be
Inadvertently deposited at the laryngeal
orifice and would be inhaled during
Inspiration...’”, ...many compounds ...,
although well tolerated orally, may be highly
toxic to pulmonary tissue..’

Gopinath C, Prentice DE, Lewis DJ (1987):
Atlas of Experimental Toxicological Pathology, MTP Press Limited,
Lancaster, England: 41



Misgavage

Accidental instillation into trachea or lungs
Perforation of esophagus

Traumatic insult on esophagus or stomach
due to inadequate gavage probes

Irritating effects to parasympaticus (N.vagus)



Indicators of Misgavage: Esophagus
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Misgavage and Reflux: Irritation, Stomach

Possible technical issues due to inadequate

gavage probe material
Possible technical issues due to too long

gavage probes
Example: Oily Test Item in Hamster, Reflux

and Mlsgavage by Stress




Silicone Probe-Related Irritation and Reflux




Changing Commercially Available Probes

« Silicone Ring
« Killer probe




Stomach Irritation and Reflux: Hamster, Oily TI




Simple Aspiration Must Not Reflect Reflux (Dye
Stuff)




But it could be Reflux.....or even, Misgavage....
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Reflux by Changing the pH in Stomach

« Caustic test item
 Causes pH 0.6 bei release of HCI



ing the pH in Stomach
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Consequences: Trachea, Lung (Reflux)

tv’. 1 il =l e P %
56 4




- R v
T e N




Reflux by Changing Viscosity: CMC

Vehicle for pharmaceutical
Vehicle in toxicity studies

Usually used as sodium salt in concentrations of 1-
2% w/v to maintain good suspending properties

Sodium carboxymethylcellulose solution usually at
approximately pH 10

Incompatible with some acidic drugs

Weber K, Thio T, Iwata H (2009). Compounds causing local intolerability:
Carboxymethylcellulose. Classic Examples in Toxicologic Pathology, 3™
Edition 2009, Eds: Drommer W, Karbe E, Germann PG. ISBN: 978-3-00-
028588-2.



Reflux by Changing Viscosity: CMC

B-1,4-glycosidic ligation of

2 3(1,4)-D-glucopyranose
molecules that are turned -
for 180° at the B-1,4-glycol-
sidisic ligation
(2,6-di-O-compounds)
(3-O-compounds)

GRo- COO- COO-
I
fT“Hz CH, CH,
CH,OH O cHoH O CH,OH
o 0 o O O 0
OH OH OH O OH OH
—0 ') 9] —
@ CHOH QO CH,OH O CH,OH
I
CH, CH, CH,
COO0- COO COO-

Substitution mainly by linkage to 2-O- and 6-O, resulting in 2,6-di-
O-compounds (followed by 3-O-, 3,6-di-O-, 2,3-di-O- and 2,3,6-tri-Q-
linked)



Reflux by Changing Viscosity: CMC, Structure

Slightly shorter than native cellulose

Different preparations with different degrees of
substitution

Generally 0.6 - 0.95 derivatives per monomer unit
Best extension at low concentration

Overlap and coil up leading to a gel
(thermoreversible) at higher concentrations

Viscosity increases with decreasing pH values or
Increasing ionic strength (both cause increased
coiling)

At low pH, CMC may form cross-links through
lactonization between carboxylic acid and free
hydroxyl groups.



Reflux by Changing Viscosity: CMC, Changes in
Structure

* Pseudoplastic when hydrophoby of CMC increases
= increased viscosity

« Generally with concentration

* Lower substitution causes tixotrophic behaviour



Reflux by Changing Viscosity: CMC, Examples

26-week oral gavage study
Vehicle: 1% CMC solution: 0,01 N HCI solution

(pH 2)
Viscosity of 500m Pa.s, 50:50 v/v

104-week oral gavage studies in rats and mice
Vehicle: 1% CMC solution: viscosity of 15-50mPa.s

thereafter
(PH 2)

1Pa=1kg/m-s>=1N/m?



Reflux by Changing Viscosity: CMC, Examples

Laboured respiration and breathing noises
Lungs of some decedents were not or
iIncompletely collapsed

In some animals: lungs with gray white foci and
dark red discoloration

Inflammation, necrosis and perforation of the
esophagus



Reflux by Changmg Viscosity: CMC, 26-W, Rat




Reflux by Changing Viscosity: CMC, 26-W, Rat
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Reflux: Consequences in Other Organs

Reflux-Related Otitis Media and Meningitis in Rats after Gavage Dosing
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Reflux: Consequences in Other Organs
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Reflux: Consequences in Other Organs




Reflux: Consequences in Other Organs




Summary

Exclude misgavage, i.e., pharyngeal, esophageal and
gastric irritation/perforation due to incorrect
technique or caustic test items

Reflux might be test item or vehicle-related (CMC,
Oils etc)

Stress

Passive reflux if excessive material was administered
Pneumonia if test item was injected into the trachea
or accidentally aspirated

Check: thymus, heart, lungs, larynx, nasals,
esophagus, stomach
Consider other organs that might be affected



CHEBEHYNESITETVELL:




