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Chronic Inflammatory Response in the Rat Lung to Commonly Used
Contrast Agents for Videofluoroscopy

Rumi Ueha, MD, PhD ©@; Nogah Nativ-Zeltzer, PhD ©©; Taku Sato, MD; Takao Goto, MD;
Takaharu Nito, MD, PhD; Koichi Tsunoda, MD, PhD ©; Peter C. Belafsky, MD, PhD ©;
Tatsuya Yamasoba, MD, PhD

Objectives: Contrast agents (CAs) are essential for upper gastrointestinal and videofluoroscopic swallow studies (VFSSs).
Recently, we reported that small amounts of Ba aspiration caused severe acute lung inflammation in a rodent model. However,
the underlying molecular biological mechanisms of chronic response to CA aspiration remain unclear. The aims of this study
were to explore the underlying molecular biological mechanisms of the chronic response to three kinds of CA aspiration on
the lung.

Study Design: Animal model.

Methods: Eight-week-old male Sprague Dawley rats were divided into five groups (n = 6, each group). Three groups
underwent tracheal instillation of one of three CAs: barium sulfate (Ba), ionic iodinated contrast agent (ICA), and nonionic
iodinated contrast agent (NICA). A sham group was instilled with air and a control group was instilled with saline. All animals
were euthanized 30 days after treatment and histological and gene analyses were performed.

Results: No animal died after CA or sham/control aspiration. Ba particles remained after 30 days and caused histopatho-
logic changes and inflammatory cell infiltration. lodinated ICA and NICA did not result in perceptible histologic change. Expres-
sion of Tnf, an inflammatory cytokine was increased in only Ba aspirated rats (P = .0076). Other inflammatory cytokines and
fibrosis-related genes did not alter between groups.

Conclusion: Aspirated Ba particles did not clear from the lung within a month and caused mild chronic pulmonary
inflammation. ICA and NICA did not cause any inflammatory responses in the lungs, suggesting that ICA and NICA may be safer

CAs for VFSS than Ba.

Level of Evidence: NA

Key Words: Contrast agents, chronic response, lung, inflammatory cells, inflammatory cytokines.

INTRODUCTION

The use of swallowing function tests for evaluating
patients with dysphagia is prevalent.! Contrast video-
fluoroscopic swallow studies (VFSSs) are an essential
part of the diagnostic checkup for persons with a
suspected swallowing disorder.? Radiographic contrast
agents (CAs) are essential in VFSS and upper gastroin-
testinal studies. Barium sulfate (Ba), ionic iodinated con-
trast agent (ICA: diatrizoic acid), and nonionic iodinated
contrast agent (NICAs: iohexol, iodixanol) are the most
common agents currently used for VFSS and upper gas-
trointestinal investigations.?
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CA aspiration is a well-known complication and pre-
sents a risk of increased morbidity and mortality.*® The
consequence of CA aspiration must be considered, because
these studies are frequently performed on people with risk
of aspiration. Basic science studies examining the effects of
aspirated CAs on the respiratory system are limited?® and
have focused solely on morphological and histological
examinations. Recently, we histologically and biologically
demonstrated that small amounts of Ba aspiration caused
more acute lung inflammation in a rodent model than ICA
and NICA on day 2 following aspiration and suggested
that immunological responses may be induced due to insol-
uble Ba particles being identified as foreign. In addition,
we revealed that ICA aspiration induced a high expression
of transforming growth factor beta 1 [Tgfb1], implying that
ICA may cause pulmonary fibrosis in the chronic stage. To
gain a further understanding of the effects of aspirated
CAs on the respiratory system, detailed investigations of
chronic stages following CA aspiration are desirable.

To date, only a few reports have mentioned chronic
pulmonary complications due to Ba aspiration, such as
pulmonary fibrosis and bronchial granuloma.”® The
underlying molecular biological mechanisms of the
chronic response to Ba aspiration in the respiratory
organs remain unclear. Furthermore, pulmonary compli-
cations at the chronic stage following ICA and NICA
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aspiration have not yet been well elucidated. The purpose
of this investigation was to explore the underlying molec-
ular biological mechanisms of the chronic response to
three kinds of CA aspiration on the respiratory organs
and to clarify the differences in chronic responses to the
different agents.

MATERIALS AND METHODS

Rats

Eight-week-old male Sprague Dawley rats (CLEA Japan,
Inc., Tokyo, Japan) were housed in a temperature-controlled
environment under a 12-hour light—dark cycle with access to food
and water ad libitum. All animal experiments were conducted in
accordance with institutional guidelines and with the approval of
the Animal Care and Use Committee of the University of Tokyo
(No. P17-126).

Contrast Agents

We prepared three formulations of CAs; Ba suspension
(Barytgen HD, 60% wt/vol, FUSHIMI Pharmaceutical, Kagawa,
Japan), ICA (diatrizoate sodium solution: Gastrografin, iodine:
370 mg/mL,  Osmolality: 1,940 mOsm/kg H,O,  Viscosity:
8.9 mPa s, Daiichi-Sankyo, Tokyo, Japan), and NICA (iohexol:
Omnipaque, iodine: 300 mg/mL, Osmolality: 640 mOsm/kg H5O,
Viscosity: 6.1 mPa s, Daiichi-Sankyo).

Experimental Protocols

The CA instillation procedures were conducted in accor-
dance with the method described in our previous study.® Rats
were allocated to the following five groups (n = 6, Fig. 1). Group
1 received an air injection and served as a sham model. Group
2 received saline injection (60 pL) and served as a control model.
Group 3, 4, and 5 received administration of 60 pL of Ba suspen-
sion (60% wt/vol), ICA, and NICA, respectively. The aspirated
amount of 60 pL in a rat is comparable to 10 mL for 50 kg in
human.

Saline and CAs were administered via the larynx to the tra-
chea under direct laryngoscopy under ketamine hydrochloride
and xylazine hydrochloride anesthesia (50 pg/g body weight and
10 pg/g body weight, respectively, ip). Sham and control rats

(A)

Direct intratracheal administration of CAs or saline

Y

6 0 30 (days)
L L
N

A Tissue collection for
«IHC - qgPCR

Group 1: Air 60ul
Group 2: Saline 60ul

received air injection and saline administration according to the
same schedule as CA-treated rats. All rats were sacrificed on day
30 after the intratracheal procedures. Survival rate of rats was
calculated in each group. Chronic responses after each treatment
were examined by histological and gene analyses and compared
among groups 1-5.

Tissue Preparation

The left and right lobes of the lung were harvested for his-
tological and quantitative real-time polymerase chain reaction
(qPCR) analyses on day 30 after intratracheal administration of
CA as described previously.® Histological samples and gPCR
samples were obtained from the same rats.

Histological Analyses

Histological analysis was performed on the inferior lobe of
the right lung. After fixation in 4% paraformaldehyde for
24 hours, the tissues were dehydrated in a series of graded etha-
nol solutions, then embedded in paraffin. Serial paraffin sections
were cut in 4 pm thick and prepared for hematoxylin and eosin
staining (for evaluation of whole tissue structure) or immuno-
staining (for inflammatory cells).

Before immunostaining, antigen-retrieval was performed
using antigen retrieval solution (S1700; Dako, Tokyo, Japan) and
sections were treated with 3% hydrogen peroxide to block endoge-
nous peroxidase activity. The sections were then incubated
with Blocking One (Nacalai Tesque, Tokyo, Japan) for
30 minutes at room temperature to block unspecific binding of the
antibodies. Primary antibodies against CD3 (1:300 dilution; rabbit
monoclonal, Nichirei Corporation, #413601; Tokyo, Japan), and
Myeloperoxidase (MPO, 1:300 dilution; rabbit polyclonal, Abcam,
ab9535; Cambridge, UK) were detected with peroxidase conjugated
appropriate secondary antibodies and a diaminobenzidine sub-
strate. Images of the lungs were captured using a digital micro-
scope camera (Keyence BZ-X700) with x4 and x20 objective lenses.

Quantitative Real-Time Polymerase Chain
Reaction

Total RNA was isolated from the left lobe of the lungs using
TRIzol reagent (Life Technologies, Tokyo, Japan) on day 30, then
reverse-transcribed into ¢cDNA using ReverTra Ace qPCR RT
Master Mix with gDNA Remover (Toyobo, Osaka, Japan),

(B)

Group 3: High concentration of barium sulfate suspension (60% w/v) 60ul
Group 4: lonic contrast agent (Omnipaque®) 60ul
Group 5: Non-ionic contrast agent (Gastrograffin®) 60ul

Fig. 1. (A) Experimental timeline. Rats were administered intratracheally CAs or air or saline. Subsequently, the lungs were collected for ana-
lyses by IHC and gPCR on day 30. (B) The endoscopic view of intratracheal administration. A white star shows the airway lumen. CAs = con-
trast agents; IHC = immunohistochemistry; gPCR = quantitative real-time polymerase chain reaction.
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TABLE |. Statistical Analysis

Primers and Probes Used for Real-Time PCR. The significance of the results was calculated using one-
way analysis of variance with post hoc Tukey’s tests for compar-
Gene Sequence (5'-3) Dye ing multiple groups. Statistical analyses were performed using

GraphPad Prism software (version 6.0; GraphPad Software,

Tnf Forward  TGTGCCTCAGCCTCTTCTC FAM probe Inc.). qPCR data were subjected to logarithmic transformation
Reverse ~ GAGCCATTTGGGAACTTCT before analysis. P values <.05 was considered to be statistically
I11b Forward ~ TGTGATGAAAGACGGCACAC significant.
Reverse CTTCTTCTTTGGGTATTGTTTGG
Actb Forward CTAAGGCCAACCGTGAAAAG SYBR green
Reverse  ACCAGAGGCATACAGGGAGA RESULTS
s Forward ~ CCTGGAGTTTGTGAAGAACAACT Mortality
Reverse GGAAGTTGGGGTAGGAAGGA No animals died in any group.

Ifng Forward TGAAAGCCTAGAAAGTCTGAAGAAC
Reverse CGTGTTACCGTCC GC

Tgfb!  Forward ~ CATTGCTGTCCCGTGCAGA Barium Particles Are Not Cleared from the Lung
Reverse  AGGTAACGCCAGGAATTGTTGCTA and Induce Histological Changes over 30 Days
Pdgfa  Forward CTGAGGATGCCTTGGAGACAAAC In group 3, Ba particles stayed in alveolar cavities

and induced prolonged pathological changes in the lung
such as thickened bronchiolar and alveolar walls, and
PCR = polymerase chain reaction. granulation of the alveoli even on day 30 after tracheal
administration of Ba suspension. However, these Ba par-
ticles were not phagocytosed by many inflammatory cells

Reverse TCTTGCAAACTGCGGGAATG

according to the manufacturer’s instructions. qPCR analysis was comparing with those at the acute stage of the previous
performed in duplicate using THUNDERBIRD SYBR qPCR Mix study.® In contrast, saline, ICA, and NICA did not cause
(Toyobo) and an ABI 7500 sequence detection system (Life Tech- pathologic changes in the lung. The persistence of Ba par-
nologies). Gene expressions of inflammatory cytokines (tumor ticles in the lung may continue to induce chronic patho-
necrosis factor [Tnf], interleukin-1beta [I[15], interleukin-6 [116], logic responses (Fig. 2).

and interferon gamma [Ifng]) and fibrosis-related factors (Tgfb1
and platelet derived growth factor subunit A [Pdgfa]) were evalu-
ated. From various inflammatory cytokines, we selected Tnf,
111b, Il6, which are common proinflammatory cytokines, and
Ifng, a T cell and macrophage-related cytokine. The gene specific

The Majority of Inflammatory Cells Induced by
Barium Aspiration in the Chronic Stage Were

primers and probes used were rat Actb as endogenous control, Lymphoc.y te_s . .
rat Tnf, rat 111b, rat 116, rat Ifng, rat Tgfbl, and rat Pdgfa. The To dlscrlmln?lte the t}fpe of 1n.ﬂammat.or'y cells, we
gene-specific primers and probes are shown in Table I. The next performed immunohistochemical staining. MPO*
expression levels of each gene were normalized to the level of and CD3" cells were rarely detected in the lungs of air-
Actb expression for each sample. sham, saline-control, ICA-treated, and NICA-treated groups.
(A) Air Saline Ba ICA B NICA
/ ? ~ '/ N \
Ve / ,/( \
) 29 =
,r‘ f < ) T
</
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100um

Fig. 2. Representative images of hematoxylin and eosin-stained sections of the lungs from all groups (A, x40 magnification; B, x200 magnifi-
cation). Barium particles were diffusely found in alveolar cavities with inflammatory cells (white stars). Triangles indicate thickening of the alve-
olar ducts in the Ba-treated rats. ICA = ionic iodinated contrast agent; NICA = nonionic iodinated contrast agent.
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Fig. 3. Representative images (x200 magnification) of tissues stained with antibodies against myeloperoxidase (MPO, red arrow heads) and
CD3 (yellow arrow heads) were shown. In Ba-treated group, MPO™ granulocytes and macrophages were rarely found in the alveolar walls, and
CD3" lymphocytes infiltrated in the walls of bronchioles and aggregated in granulation tissue. ICA = ionic iodinated contrast agent; NICA = non-
ionic iodinated contrast agent.

In the Ba-treated group, however, MPO" granulocytes and been well examined. In this study, we performed histolog-
macrophages slightly infiltrated in the alveolar walls, and ical and molecular-biological examinations of the lungs at
CD3" lymphocytes infiltrated in the walls of the bronchioles the chronic stage (day 30) using a clinically representa-
and aggregated in granulation tissue (Fig. 3). On the other tive animal model with the same dose contrast aspiration
hand, there were no detectable MPO" and CD3" inflamma- as our previous study. We obtained the following results:
tory cells in any other group. Ba existed in the lungs 30 days after aspiration, and

induced thickening of the bronchioles, CD3* lymphocyte
infiltration, and an increase in expression of Tnf, an

Only Barium Sulfate Increases Expression of Tnf inflammatory cytokine. ICA and NICA did not cause any
in the Lung on Day 30 Following Aspiration histological changes and increases in gene expressions of
To determine the molecular background of chronic inflammatory cytokines and fibrosis-related factors.
respiratory inflammation by CAs aspiration, we analyzed As is well known, Ba particles are insoluble, but both
the expression of inflammatory cytokines and fibrosis- ICA and NICA are water-soluble agents. Thus, the mecha-
related genes in the lungs. qPCR analyses revealed that nisms of possible pulmonary complications by aspiration
the expression level of Tnf in the Ba-treated group was may be different depending on the type of aspirated
significantly higher than the air-treated (sham) and chemicals. In Ba-treated rats, chronic findings such as

saline-treated (control) groups (Tnf: P = .0076, .0497) thickened bronchiolar and alveolar walls, granulation for-
(Fig. 4). The expression levels of fibrosis-related genes did mation in the alveoli, mild infiltration of CD3* lymphocytes,

not increase significantly in the Ba-treated group, though and significant increase of Thf expression were recognized
histological analyses revealed scattered granulation tis- on day 30 after aspiration, but the expression levels of other
sue in the lung. In the ICA and NICA groups, there were inflammatory cytokines (1115, 116, Ifng) did not show signifi-
no significant differences in expression of inflammatory cant changes. Considering these results, immunological
cytokines and fibrosis-related genes in comparison to the responses that identified insoluble Ba particles as foreign in
sham and control groups (P >.05). These results were the acute stage® may weaken with time.

consistent with the results from histologic analyses and Ba-induced pulmonary reactions can be quantity-
suggest that Ba aspiration-induced pulmonary inflamma- dependent or vary depending on the volume of aspira-
tion persisted at least for a month, and both ICA and tion.®> Cases of incidental diagnosis of Ba aspiration have
NICA caused no chronic inflammatory responses in the been reported in asymptomatic individuals long after the
lungs. aspiration event.®!! Therefore, small quantities of Ba

may not have negative pulmonary consequences despite
existence of the particles in the lung, either due to an ini-

DISCUSSION tial weak immune response to Ba particles or the acquisi-

We previously reported on acute pulmonary changes tion of immune tolerance. However, persistence of Ba
due to CA aspiration, including infiltration of inflamma- particles and formed granulation tissue may lead to pul-
tory cells and pulmonary congestion, and elucidated the monary fibrosis and dysfunction after a long period of
background molecular biological mechanisms of acute time, and may induce synergistic negative effects on the
responses to CA aspiration.® The results were histologi- pulmonary system, particularly in individuals with other
cally concordant with many other studies.®'° However, pulmonary diseases. Moreover, it is reported that large
the wunderlying molecular biological mechanisms of quantities of Ba aspiration can cause airflow obstruction
chronic responses to CA aspiration in the lungs have not due to its viscosity and the difficulty to clear its particles
Laryngoscope Investigative Otolaryngology 4: June 2019 Ueha et al.: Chronic Lung Inflammation by Contrast Agents
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Fig. 4. Tumor necrosis factor (Tnf), interleukin-1beta (//1b), interleukin-6 (//6), interferon gamma (/fng), transforming growth factor beta 1 (Tgfb1),
and platelet derived growth factor subunit A (Pdgfa) expression levels in the lungs were quantified by quantitative real-time polymerase chain
reaction, and are expressed relative to the expression of the endogenous control gene Actb. Data represent the mean, minimum, and maxi-

mum (n = 6, *P < .05; **P < .01, one-way analysis of variance).

from the lung, which can lead to hypoxemia and respira-
tory failure.>'? Hence, confirmation of the amount of
aspirated Ba is important for the prediction of pulmonary
complications after Ba aspiration, as the extent of lung
damage by Ba aspiration has been shown to be directly
proportional to the amount.® However, the critical
amount of aspirated Ba to cause symptoms is unknown
and host factors likely also play a role in determining the
onset of illness.

Aspiration of saline, ICA, and NICA did not cause
any pathological pulmonary changes and immunological
responses in the chronic phase. The high-osmolality of ICA
has been associated with pulmonary congestion in the
acute stage,? and pulmonary congestion and edema after
ICA aspiration are improved within a few days after aspi-
ration.®® In the chronic stage, it is reported that the reac-
tions to ICA aspiration considerably decreased by the 42nd
day,® and a similar result was obtained in this study. In
addition, NICA induced little acute inflammation
responses in the lung when aspirated in small quantities,’
and the same volume of NICA did not cause any chronic
pulmonary reactions. Thus, in the chronic stage, small
quantities of ICA and NICA aspiration may not cause pul-
monary inflammation and fibrosis, even if some acute
inflammatory responses occur after aspiration.

As for limitations of the present study, the evalua-
tion was performed on young rats, which does not reflect
the majority of the current clinical population at risk for
aspiration. Considering that CA aspiration often occurs
in the elderly population or in unhealthy individuals,
detailed investigations using aging animal models or

Laryngoscope Investigative Otolaryngology 4: June 2019

disease animal models such as smoking, asthma, and pul-
monary fibrosis would be desirable.

CONCLUSION

Using a rodent model of pulmonary aspiration, this
study demonstrated that aspirated Ba particles did not
clear from the lung within a month and caused mild chronic
pulmonary inflammation. ICA and NICA did not cause any
inflammatory responses in the lungs, suggesting that ICA
and NICA may be safer CAs for use in VFSS than Ba sul-
fate. This study utilized both histopathologic and gene ana-
lyses to elucidate the underlying mechanisms of chronic
inflammatory responses to different CAs.
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