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Summary: This study seeks to determine the ability of enzyme-linked immu-
nosorbent assays (ELISAs) of vocal fold secretions to detect and describe the
acute tissue response to injury in a rabbit vocal fold model. Vocal fold
secretions were collected before the induction of a unilateral surgical injury
to the vocal fold and at 6 timepoints after injury (1, 5, 7, 10, 14, and 21
days). Secretions were then subjected to ELISAs to assess concentrations of
interleukin-1 beta (IL-1β) and prostaglandin-E2 (PGE-2). The results indicate
that ELISAs may be useful in documenting fluctuations in these markers
associated with the wound healing process in the rabbit model. The temporal
expression of both IL-1β and PGE-2 was consistent with their proposed roles
in the wound healing cascade in other systems, pointing to the potential that
surface secretions may be at least partial indicators of wound healing events
within the tissue.

Key Words: Larynx—Vocal folds—Injury—Secretions—Cytokines—Wound
healing.

Accepted for publication April 26, 2004.
Presented at the Steven Gray Memorial Session of the Voice

Foundation’s 32nd Annual Symposium: Care of the Professional
Voice, Philadelphia, PA, June 2003.

Supported in part by NIH DC 005643 (NIDCD).
From the *Department of Communication Science and Disor-

ders, University of Pittsburgh, Pittsburgh, PA; †Department of
Otolaryngology, University of Pittsburgh, Pittsburgh, PA; ‡Uni-
versity of Pittsburgh Voice Center, University of Pittsburgh,
Pittsburgh, PA; §Otolaryngology Wound Healing Laboratory,
Department of Pediatric Otolaryngology, Children’s Hospital
of Pittsburgh, Pittsburgh, PA; ||McGowan Institute for Regen-
erative Medicine, University of Pittsburgh, Pittsburgh, PA;
¶Department of Cell Biology and Physiology, University of
Pittsburgh, Pittsburgh, PA.

Address correspondence and reprint requests to Katherine
Verdolini, PhD, Communication Science and Disorders, School
of Health and Rehabilitation Sciences, 4033 Forbes Tower,
Pittsburgh, PA 15260. E-mail: kittie@csd.pitt.edu

Journal of Voice, Vol. 19, No. 2, pp. 283–289
0892-1997/$30.00
� 2005 The Voice Foundation
doi:10.1016/j.jvoice.2004.04.003

283

INTRODUCTION

Wound healing in the skin requires a highly orga-
nized series of events including hemostasis, in-
flammation, re-epithelialization, cell proliferation,
matrix deposition, angiogenesis, and wound contrac-
tion. A general timeline for such events and key
mediators of each stage have been described in the
skin and result in the resolution of epithelial defects
as well as the reconstitution of functional tissue.
The long-term sequelae of wound healing in the vocal
folds, specifically, the formation of vocal fold scar
and the resultant alteration in biomechanical func-
tion, have been described.1,2 However, the acute
response to vocal fold injury has not yet been
investigated. Insight into the sequence of events as-
sociated with the acute response to injury in the
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vocal folds might yield important information about
critical periods for intervention as well as prognostic
indicators for outcomes of treatment. The current
study is a component of a long-term research pro-
gram in our laboratory addressing the acute wound
healing response in the vocal folds, as well as
wound healing itself.

A description of the sequence of wound healing
events in the skin serves as a foundation for the
current study. Initially, after acute injury, the in-
flammatory response orchestrates the cascade of
events associated with wound healing, and it ensures
immune competence after injury.3 The inflammatory
response is initiated by the extravasation of blood
constituents from damaged vessels. Chemoattrac-
tants, cytokines, and growth factors are released that
recruit neutrophils and monocytes to the injury site
and directly stimulate keratinocytes and fibroblasts
to initiate the repair process by assuming the repair
phenotype.4 Macrophages continue to clean and de-
bride the wound, in addition to releasing numerous
cytokines key to fibroblast chemotaxis and prolife-
ration. Those cytokines include platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF),
and transforming growth factor-beta (TGF-β).
In addition, macrophage-derived cytokines such
as interleukin-4 (IL-4) are responsible for tissue
formation (ie, collagen production in fibroblasts).5

The re-establishment of a functional epithelium
at the site of the wound is a key aspect of wound
healing. Clinically, a dermal wound is re-epithelial-
ized when a water-impermeable seal is present over
the wound.4 Keratinocyte migration into the site of
injury from the periphery is stimulated by epidermal
growth factor and fibroblast growth factor released
by both inflammatory cells and tissue fibroblasts.
This process typically begins 24 to 48 hours after
injury.6–8 Wound contraction begins 4 to 5 days
after injury.9 Contraction is characterized by the cen-
tripetal movement of the wound edge toward the
center of the wound. Both myofibroblasts and fibro-
blasts are thought to be responsible for this
process.10,11 Scar remodeling is the final stage of
wound healing. The accumulation of collagen be-
comes stable at approximately 21 days after
injury.9,12 However, remodeling, involving the syn-
thesis and degradation of collagen, may continue for
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several months, and it contributes to the gradual
regain of tissue tensile strength.

As noted, the sequence of events is relatively well
documented in the skin, and little is known about
acute wound healing activities in the vocal folds.
Because the vocal fold has a unique subepithelial
structure and highly specialized biomechanical func-
tions, the study of the processes associated with
acute wound healing in the vocal folds is warranted.
This issue is addressed in this present study.

Before the introduction of the experimental ques-
tions, background information regarding the meth-
ods used in the current investigation is relevant.
Previous investigation has suggested that analyses of
biochemical markers associated with wound healing
extracted from secretions collected from the vocal
fold surface may serve as a noninvasive means to
document the wound healing process in human vocal
fold injury.13–15 In short, dramatic shifts in pro-
inflammatory markers such as interleukin-1β (IL-1β),
tumor necrosis factor-alpha, and matrix metallopro-
teinase-8 were noted in a single adult subject after
a 1-hour period of intense vocal loading that induced
prominent vocal fold edema and dysphonia.15 In
another study, differential profiles of both IL-1β and
PGE-2 were noted in surface secretions of patients
with various lesions of the vocal folds.14 The current
study seeks to build on the previous ones by investi-
gating the time-dependent expression of key bio-
chemical markers in vocal fold secretions acutely
after vocal fold injury, and to assess the extent to
which such expression might reflect processes with-
in the tissue. To that end, two biochemical markers
were selected based on their known temporal regu-
lation in the wound healing response in other tis-
sues: interleukin-1β (IL-1β) and prostaglandin-E2
(PGE-2).

Interleukin-1β is a prototypical pro-inflammatory
cytokine. It is the secreted isoform of the IL-1
family. It is produced by macrophages, monocytes,
dendritic cells, and tissue epithelial cells as an acute
response to injury and an initiator of the inflamma-
tory process.16,17 PGE-2 is involved in several as-
pects of the wound healing cascade and is produced
by inflammatory cells, epithelial cells, and fibro-
blasts.18–20 PGE-2 is a key inflammatory mediator,
but it is also involved in later processes of wound
healing, including inhibition of fibroblast migration,
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