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Abstract

Introduction:

Laryngopharyngeal reflux is a common condition caused by exposure of the upper aerodigestive tract
to gastroduodenal content, resulting in inflammation to the area. Despite the condition being well
documented in the human population, the literature on animal models for laryngopharyngeal reflux is
currently limited. The aim of this study is to create a non-invasive model of laryngopharyngeal reflux
using rats to investigate changes in IL-6 expression in the laryngeal and laryngopharyngeal regions.

Materials and Methods:

Male Wistar rats, ranging from ages 10-14 weeks, were exposed to 0.5% bovine pepsin dissolved in
artificial gastric juice three times daily for 5-15 days via a modified IV cannula in several volumes
(0 mL, 0.1 mL, 0.15 mL, and 0.2 mL) according to the treatment groups. Subsequently, laryngeal and
laryngopharyngeal tissue IL-6 concentrations were measured through ELISA on allotted days of
sacrifice.

Results:

Significant differences in laryngeal and laryngopharyngeal tissue IL-6 concentration were measured
(p = 0.005 and p = 0.020 respectively). Laryngeal expression of IL-6 was related to the volume
administered (p = 0.007) but not to the duration of exposure (p = 0.338), with no significant interaction
between duration of exposure and administered volume (p = 0.515). On the other hand,
laryngopharyngeal expression of 1L-6 was related to the duration of exposure (p< 0.001) but not to the
volume administered (p = 0.521) with significant interaction between duration and volume (p < 0.001).

Conclusion:

The study established the feasibility of using a non-invasive rat model for studying laryngopharyngeal
reflux. Additionally, the study demonstrated the differential responses of IL-6 to the addition of the
acid-pepsin insult, with dose-dependent IL-6 responding more in laryngeal tissue and time-dependent
IL-6 responding in laryngopharyngeal tissue.
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Introduction

Laryngopharyngeal reflux is a condition
marked by upper aerodigestive tract damage
due to exposure to gastroduodenal refluxate.
Clinically, laryngopharyngeal reflux is
commonly marked by hypersecretion of mucus
and inflammation-associated mucosal damage
1,2).

Laryngopharyngeal reflux is also called silent
reflux (i.e. not associated with heartburn or
regurgitation) (1), although patients may
complain of globus sensation, hoarseness,
increased mucosal secretion, postnasal drip,
laryngitis and pharyngitis, laryngeal erythema,
and diffuse laryngeal edema (3,4).

Laryngopharyngeal reflux is also known to
cause DNA damage because of chronic
exposure to activated pepsin (5).

Nevertheless, the current animal model of
laryngopharyngeal reflux is sorely lacking. Rat
models used by Shimazu et al. were created by
invasive laparotomy and subsequent placement
of pyloric ligation (6).

In this study, we aimed to create a non-
invasive rat model of laryngopharyngeal reflux
and elaborate on changes in IL-6 expression in
the laryngeal and laryngopharyngeal regions.

Table 1. Animal grouping
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Materials and Methods

Male Wistar rats, with ages ranging from 10-
14 weeks and weights ranging from 175-250
grams, were exposed to either 0.5% bovine
pepsin (HIMEDIA®No. RM10942) dissolved
in sterile artificial gastric juice (Solarbio No.
AT7921) with pH of 1.5 or sterile physiological
saline as control. For the purposes of this study,
the IV cannula was modified through removal
of the needle and cutting of the cannula 2 cm
from the proximal end to allow direct
application of pepsin-gastric juice mixture or
physiological saline in the posterior pharyngeal
region.

The pepsin-gastric juice mixture (given at
volumes of 0.1 mL, 0.15 mL, and 0.2 mL) and
physiological saline (0.1 mL) were applied
three times a day for 5-15 days through the
aforementioned modified IV cannula with the
aid of a 1 mL syringe.

The animals were housed in communal cages
of appropriate size, adjusted to a standard 12-
hour light/dark cycle with temperatures ranging
between 20-25°C. All animals were housed at
the Research Animal Laboratory, Faculty of
Medicine, Sriwijaya University. The grouping
of animals is shown below in Table 1.

Volume

Days 0.1 mL normal saline
(n =5/group)

0.1 mL pepsin-gastric
juice (n = 5/group)

0.15 mL pepsin-gastric 0.2 mL pepsin-gastric
juice (n = 5/group) juice (n = 5/group)

5 A D
10 B E
15 Cc F

G J
H K
| L

On each of the allotted days, the animals from
each application group were sacrificed and
dissected. The laryngeal and
laryngopharyngeal tissue was removed for
analysis by tissue IL-6 ELISA (Elk
Biotechnology ELK1158) in accordance with
the instructions provided in the kit. The ELISA
was performed at the Biomedical Laboratory,
Faculty of Medicine, Sriwijaya University.
Subsequent data analyses were conducted
through Stata 16.1SE and Microsoft Excel.
These analyses were conducted through one-
way ANOVA and two-way ANOVA with

interaction terms as appropriate. All values
have been presented as a mean + standard
deviation range along with the level of
statistical significance. This study has been
approved by our Institutional Review Board
(Certificate No. 036-2025).

Results

Animal weight ranged from 191.2 + 42.01
grams (group L) to 282.2 + 10.03 grams (group
E). No significant weight differences were
observed, shown in Table 2 below.
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Table 2. Baseline body weight

Group Body weight (gram)

p-value

258.2 + 35.57
2454 + 4461
225.0+£22.21
255.8 + 36.26
282.8 £10.03
239.8 £ 14.48
257.6 +43.42
255.8 +42.51
229.8 +25.24
260.4 +51.89
252.8 £43.34
191.2 +42.01

rX«e—IOTmMOO®>

0.052

Laryngeal IL-6 concentration ranged from
203.48 + 83.87 ng/gram (group C) all the way
to 468.93 = 183.33 ng/gram (group J). On
average, the highest laryngeal IL-6
concentrations were observed in the groups
belonging to day 5 (groups D, G, J) and the

Table 3. Laryngeal IL-6 concentration

lowest laryngeal IL-6 concentrations were
observed in the groups belonging to day 10
(groups E, H, K). Statistically significant
differences (p=0.005) were observed between
groups. All relevant data is presented in Table
3 below.

Group Laryngeal IL-6 (ng/gram) p-value

277.51 £ 142.45
211.89 +108.57
203.48 £ 83.87
454.16 +£177.55
234.03+111.08
259.50 + 85.85
478.96 + 95.82
262.93 +116.88
357.71 +195.82
468.93 +183.33
319.62 +119.03
246.34 + 116.27

rxXe—TITOTMOO®m>

0.005

The  highest laryngeal IL-6  tissue
concentrations occurred on day 5 and day 10
when 0.2 mL of pepsin-gastric juice was
applied. However, the relationship flipped on

day 15, where IL-6 concentration was lowest in
group L (0.2 mL) instead, as shown in Figure 1
below.

Laryngeal IL6 Time Series

600
400
200

\f——

DAYS DAY10

() ML e—(0.1mL

0.15mL e==——0.2mL

DAY15

We found there was a significant effect of
pepsin-gastric juice volume on laryngeal 1L-6
concentration (p = 0.007), whereas day of

Figurel. Laryngeal IL-6 concentration as time series

exposure did not have a significant effect on

laryngeal IL-6 concentration (p = 0.338). A
detailed presentation of the results of the
statistical analysis can be seen in Table 4.
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Table 4. Laryngeal IL-6 concentration as effect of volume and day

Variable Partial SS df F p-value p-value
Volume 134361.38 1 7.83 0.007
Day 38021.78 2 111 0.338
<0.001
Day#Volume 23052.186 2 0.67 0.515
Residuals 926955.07 54

Laryngopharyngeal IL-6 concentration ranged
from 159.52 + 117.59 ng/gram (group A) all the
way to 916.23 £ 664.11 ng/gram (group C). In
the treatment group, the lowest
laryngopharyngeal IL-6 concentration was
observed in the 5-day, 0.1 mL pepsin-gastric
group (group D), while the highest
laryngopharyngeal concentration of 485.29 *
178.38 ng/gram was observed in the 15-day, 0.1
mL pepsin-gastric group (group F).

Table 5. Laryngopharyngeal IL-6 concentration

On average, the highest laryngeal IL-6
concentrations were observed in the groups
belonging to the 15-day cohort (groups F, I, L),
and the lowest laryngeal 1L-6 concentrations
were observed in the groups belonging to the 5-
day cohort (groups D, G, J).

Significant differences (p = 0.020) were
observed between groups. The
laryngopharyngeal IL-6 concentration is
presented in Table 5 below.

Group Laryngopharyngeal IL-6 (ng/gram) p-value

rxXe—TITOTMOO®m>

159.52 + 117.59
297.31+£191.98
916.23 £ 664.11
22212 +116.26
293.86 +235.25
485.29 +£178.38
362.08 + 225.50
394.35 + 57.68
399.01 +172.63
441.33 + 356.42
423.72 £ 268.73
325.67 +181.88

0.020

Regarding time series data, the change in
laryngopharyngeal IL-6 levels possessed a
time-dependent association. While the 0.1 mL
and 0.15 mL pepsin-gastric juice groups

showed approximately linear increase, the 0.2
mL  pepsin-gastric juice group showed
approximately linear decrease of IL-6 with
respect to time, as shown in Figure 2 below.

1000
800
600
400
200

Laryngopharyngeal IL6 Time Series

DAY10 DAY15
0.1mL 0.15mL e=—0.2 mL

Figure 2. Laryngopharyngeal IL-6 concentration as time series
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In contrast to laryngeal 1L-6 concentration
being primarily affected by volume
administered, laryngopharyngeal IL-6
concentration changes were mainly affected by
time (p < 0.001). Beyond these findings, we
discovered significant interaction between day

and volume (p < 0.001), although administered
volume itself did not significantly affect
laryngopharyngeal IL-6 concentration (p =
0.521). Relevant analysis is presented in Table
6 below.

Table 6. Laryngopharyngeal IL-6 concentration as effect of volume and day

Variable Partial SS df F p-value p-value
Volume 28877.459 1 0.42 0.521
Day 1834098.3 2 13.25 <0.001
<0.001
Day#Volume 1233327.4 2 8.91 <0.001
Residuals 3737408.2 54
Discussion exposure to acid has been known to cause direct

In our model, we aimed to bypass highly
invasive, stressful, and risky pyloric ligation as
utilized by Shimazu et al (6). Our study serves
a twofold purpose: to create a new model for
ligation and to prove the existence of
inflammation in said model. Inflammatory
processes increase the infiltration of several
inflammatory cells in the submucosal region
(6). Although laryngeal and pharyngeal regions
are generally at approximately neutral pH,
gastric content refluxates contain activated
pepsin that is able to cause widespread tissue
damage (7,8). Exposure to acid can result in the
breakdown of epithelial tight junctions (9),
which could serve as a possible port-of-entry
for pepsin to further aggravate the subepithelial
tissues and result in the observed inflammatory
changes (10). We aimed to simulate this direct
acid-pepsin insult through the direct application
of pepsin-gastric juice to the upper
aerodigestive tract via the modified IV cannula.
Our data suggested the existence of
inflammation in the laryngopharyngeal and
laryngeal regions after direct application of
pepsin-gastric juice to the pharyngeal region. In
our model, normal saline served as the baseline
inflammation profile of the model. Higher
laryngeal and laryngopharyngeal tissue IL-6
concentration was observed in treatment groups
(groups D-L, p = 0.005 and p = 0.020
respectively; Table 3 and Table 5, Figure 1 and
Figure 2), which demonstrated the evidence of
successful model creation.

Acid and pepsin exposure in
laryngopharyngeal reflux also contributes to
damage in the mucosal barrier. Epithelial

tissue injury; on the other hand, pepsin is able
to break down the epithelial barrier due to its
proteolytic nature (11,12). This tissue injury
leads to the release of DAMPs and PAMPs that
are recognized by TLRs in monocytes and
macrophages. Binding of DAMPs and PAMPs
to TLRs results in upregulated 116, Tnfa, and
l11b transcription through NF-kB-associated
pathways to promote tissue repair (13,14).
During the inflammatory process, IL-6 is
necessary to promote Th2 and Thl7
differentiation, monocyte infiltration, and
induce the switch between the macrophage M1-
M2 phenotypes. During the proliferative phase,
IL-6 is also necessary to stimulate cellular
migration and proliferation, increase collagen
secretion, and promote vascularization (15,16).
Moreover, chronic tissue damage can result in
a pro-inflammatory environment due to
ongoing tissue damage and necroses and
bacterial colonization preventing normal
cellular migration and proliferation necessary
in tissue healing(16). As evidenced in our
study, sustained inflammatory responses
resulted in a persistent increase of tissue IL-6 in
laryngeal and laryngopharyngeal regions in our
model.

The differential pattern of inflammation
observed between laryngeal and
laryngopharyngeal regions are to be expected
due to the nature of our model and related rat
anatomical  features. Opposite to the
inferosuperior direction of acid-pepsin flow in
clinical laryngopharyngeal reflux (8,17), our
model exposed the rat aerodigestive tract in the
superoinferior direction. Nevertheless, we were

Iranian Journal of Otorhinolaryngology, Vol.38(2), Serial No.145, Mar-2026 121



still able to observe increased inflammatory
responses in both laryngeal and
laryngopharyngeal regions. The
laryngopharyngeal region contains complex
structures, including the aryepiglottic fold,
which has the potential to harbor a significant
amount of irritants for prolonged periods
(18,19). Furthermore, the laryngopharyngeal
region also marks the transition into the upper
digestive tract and air tract, with an associated
epithelial transition. The complex structure of
the laryngopharyngeal region leads to the
region being a common site of tissue injury and
trauma and prevents any effective clearance of
irritating substances. On the other hand, the
pharyngeal region tends to experience direct
insult from the exposure of foreign substances;
however in this case, relatively smooth mucosal
regions of the larynx allow for faster clearance
of irritants (18,20,21). As evidenced in our
study, we discovered significant impact of the
duration of exposure in the laryngopharyngeal
region (p < 0.001), opposite to that of the
pharyngeal region, where the dose serves as the
more significant predictor of tissue damage (p
= 0.007) and evidenced in our time-series
graphs.

Laryngopharyngeal reflux in humans is
known to cause inflammatory-related tissue
changes, including edema, ventricular
obliteration, posterior commissure
hypertrophy, increased mucus secretion, and
tissue granulation (22,23). Human laryngeal
and pharyngeal epithelial culture showed
evidence of increased proliferation of epithelial
cell, presumably as the protective response to
pepsin insult (24-26).

The acute-to-chronic  transition of
inflammatory processes might arise from
impaired tissue healing due to a chronic acid-
pepsin insult in laryngopharyngeal reflux
(11,16,22). Increased tissue pepsin is associated
with an increased grade of vocal cord dysplastic
leukoplakia and laryngeal nodules, showing a
direct relationship between chronic pepsin
insult in laryngopharyngeal reflux and
dysplastic changes in human studies (27-29).

The chronic laryngeal and pharyngeal changes
in chronic pepsin exposure were likely related
to the activation of several oncogenes in a
prolonged inflammatory environment (25,30).
In our model, we provided evidence of
prolonged IL-6 secretion, with differential

Adelien A, et al

pattern of inflammation in the laryngeal and
laryngopharyngeal regions after being exposed
to acid-pepsin. Whether the differential pattern
of inflammation, as evidenced in our model, is
related to the increased susceptibility for
dysplastic and neoplastic changes of different
regions of the upper aerodigestive tract in the
presence of laryngopharyngeal reflux remains
open to further exploration.

Despite the evidence of acute inflammation in
our model, there are several drawbacks. Firstly,
the direct, artificial application of acid-pepsin
into the pharyngeal region through the IV
cannula is notably different from the
physiologic (i.e. inferosuperior) pattern of acid-
pepsin reflux. Secondly, our study only
measured IL-6 expression across a 15-day
period, whereas laryngopharyngeal reflux is
known to be a chronic condition that occurs
over a much longer timespan. Thus, further
studies should continue to explore the different
effects of timing on several acute and chronic
inflammatory ~ markers and  oncogene
expressions involved in laryngopharyngeal
reflux.

Conclusion

In this study, we demonstrated the feasibility
of a non-invasive rat model for
laryngopharyngeal reflux through direct
application of acid-pepsin into the laryngeal
region. We were able to demonstrate the
evidence of inflammation due to acid-pepsin
exposure in the upper aerodigestive tract.
Specifically, we demonstrated dose-dependent
inflammatory responses in the laryngeal region
and duration-dependent inflammatory
responses in the laryngopharyngeal region.
This differential pattern of response is likely
related to the different pattern of exposure and
anatomical differences between the laryngeal
and laryngopharyngeal regions.

These findings offer a novel pattern of
putative mechanisms underlying regional
variation of responses to acid-pepsin insult in
laryngopharyngeal reflux ~ for  further
elucidation in subsequent studies.
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