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THE EFFECTS OF PROSTAGLANDIN E g ON THE
HEALING PROCESSES OF RAT PERFORATED TYMPANIC MEMBRANES

Diane Sue S ay lo r, M.S.

Western Michigan U n iv e rs ity , 1983

Prosta&Landin Eg (PGEg) was to p ic a l ly  ad m in iste red  to  p e rfo ra te d  r a t  

tym panic membranes in  an attem pt to  f a c i l i t a t e  regrow th o f th e  membranes. 

Every 24 hours f o r  th e  f i r s t  fo u r  p o s tp e rfo ra tio n  d ay s , two groups o f  

tym panic membranes were p rocessed  and examined h is to lo g ic a lly  fo r  d i f ­

fe re n c e s  between PGEg t r e a te d  and c o n tro l anim als.

At 24 hours p o s tp e rfo ra t io n  g ranu locy te  i n f i l t r a t i o n  a t  th e  p e r­

fo r a t io n  s i t e  was g re a te r  in  th e  t e s t  an im als. By 48 hours blood c lo ts
r

were l a r g e r  in  th e  PGEg t r e a te d  an im als. F in a l ly ,  th e  ep ithelium  was 

th in n e r  in  t e s t  anim als than  in  c o n tro l anim als a t  96  hours.

S lig h t ten d en c ie s  f o r  th e  t e s t  anim als to  develop mature co llag en , 

sm a lle r p e r fo ra t io n  s iz e s ,  and in c re a sed  v a s c u la r i ty  were noted a t  48 

hours. The PGEg tr e a te d  anim als dem onstrated s l ig h t ly  th in n e r  regrowing 

membranes by 72 hours and la rg e r  blood c lo ts  by 96 hours. No d e f in i t iv e  

conclu sions could  be drawn from th e  r e s u l t s ,  however PGEg may s l ig h t ly  

a c c e le ra te  h e a lin g  o f th e  p e rfo ra te d  tympanic membrane.
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CHAPTER I

. INTRODUCTION

Chronic p e r fo ra t io n s  o f  th e  tympanic membrane are  long  s tand ing  

problems in  th e  f i e l d  o f o to laryngo logy . F requen tly  th e se  p e r fo r ­

a t io n s  f a i l  to  heal spontaneously  o r  com pletely in  o ld e r perso n s. The 

rem aining d e fe c t in  th e  tympanic membrane causes hearing  lo s s  in  

a f fe c te d  in d iv id u a ls  and i s  an access  ro u te  fo r  m icroorganisms and th e  

m ig ra tion  o f c o rn if ie d  ep ithe lium  in to  th e  middle e a r  (cho lesteatom a)

( Schuknecht, 197*0 •

D uring th e  p a s t f i f t e e n  y ea rs  numerous techn iques and procedures 

have been ev alua ted  in  an a ttem p t to  overcome th e  problems o f  chronic  

tympanic membrane p e r fo ra t io n s .  The success r a t e s  w ith  th e se  methods 

have been l im ite d .  T op ica l a p p lic a t io n  o f  p ro s tag lan d in  Eg to  th e  

p e r fo ra t io n  s i t e  may o f f e r  an a l te rn a t iv e  approach to  trea tm en t i f  th e  

p ro s tag lan d in  i s  found to  f a c i l i t a t e  regrow th o f  th e  tympanic membrane.

P ro s ta g la n d in s  a re  d e riv ed  from arach idon ic  ac id  (2 0 :U) which i s  

d eriv ed  from membrane p h o sp h o lip id s. PGEg i s  an au taco id  w ith  numerous 

and d iv e rse  e f f e c t s  and has been te s te d  f o r  use in  th e  trea tm en t o f 

g a s t r i c  u l c e r s ,  b ro n ch ia l asthm a, and as  an e a rly  a b o r t i f a c t  (Behrman &

Anderson, 197*0. I t s  pharm acologic p ro p e r t ie s  make i t  a  good cand ida te  

f o r  th e  trea tm e n t o f p e r fo ra te d  tympanic membranes.

1
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CHAPTER I I

REVIEW OF SELECTED LITERATURE

The tympanic membrane i s  composed o f th re e  la y e r s  o f  t i s s u e :  th e

m eatal ep ithe lium , th e  connective t i s s u e  la y e r  (a lso  known as  th e  co l­

lag en  la y e r ) ,  and th e  m iddle e a r  ep ithelium  (Schuknecht, 19?^-). McMinn 

and T ay lo r (1966), experim enting w ith g u in ia  p ig s , found th a t  w ith in  

a  few hours p o s tp e r fo ra t io n  blood c lo ts  and g ran u lo c y te s , m ainly poly­

m orphonuclear le u k o cy tes , g a th e r  a t  th e  s i t e  o f  th e  p e r fo ra t io n .

Blood v e s s e ls  d i l a t e  in  response to  th e  in ju ry , th e  m eatal ep ithelium  

h y p e rtro p h ie s , and th e  connec tive  t i s s u e  la y e r  a d jacen t to  th e  d e fe c t 

i s  punctuated  w ith  lo o se  co llag en . F ib ro b la s ts  a lso  in c re a se  in  number 

a t  th e  wound s i t e .  W ithin a few days th e  hypertroph ied  m eatal e p i th ­

e l i a l  la y e r  r e tu rn s  to  p re p e rfo ra tio n  th ic k n e ss , and th e  co llagen  

m atures to  a denser than normal s ta te .  M cln tire  and B enitez (1970) 

p e rfo ra te d  th e  tympanic membranes o f c a ts  and dem onstrated th e  fo llow ing  

regrow th  p a t te rn .  G enera lly , th e  meatal ep ithelium  h y p ertro p h ies  a t  

th e  edge o f  th e  gap, and i t  i s  u su a lly  t h i s  e p i th e l i a l  la y e r  th a t  i s  

th e  f i r s t  to  c lo se  th e  d e fe c t .  The o th e r  la y e rs  fo llow  th e  course  o f 

th e  m eatal ep ith e liu m  to  reg e n e ra te  th e  in t a c t  tympanic membrane.

D uring th e  regrow th p ro cess  th e  connective t i s s u e  la y e r  u su a lly  r e ta in s  

i t s  normal th ic k n e ss  except f o r  a "cu rlin g  e f f e c t"  a t  th e  edge o f  th e  

d e fe c t ,  and th e  middle e a r  ep ithelium  rem ains la rg e ly  unchanged except 

a t  th e  margin o f  th e  p e r fo ra t io n  where i t  in te rm in g le s  w ith  th e  hyper­

tro p h ie d  m eatal e p ith e liu m . A ll o f th e  th re e  la y e rs  o f  th e  tympanic

2 '
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membrane may in te rm in g le  w ith  each o th e r . M cln tire  and B enitez (1979) 

found co n sid e rab le  v a r ia t io n  in  th e  f in a l  th ick n ess  o f th e  healed p e r­

fo r a t io n  but could no t dem onstrate any d iffe re n c e  in  th e  th re sh o ld  of 

h earin g  w ith  th e  d i f f e r e n t  th ic k n e sse s  of tympanic membranes.

The f a i l u r e  o f th e  p e rfo ra te d  tympanic membrane to  heal spontan­

eously  o r  adequately  can be a problem in  th e  e ld e r ly . Several te c h ­

n iques have been developed and te s te d  to  encourage new growth in  th e  

p e r fo ra te d  a rea  (Shambaugh & G lasscock, 1980). S u rg ica l ex c is io n  o f 

th e  t i s s u e  d i r e c t ly  p e r ip h e ra l to  th e  p e rfo ra tio n , ac id  burning o f  th e  

a d ja c e n t t i s s u e ,  and m yringoplasty  a re  th re e  methods developed to  

enhance h ea lin g  o f  th e  p e r fo ra te d  tympanic membrane. None o f  th e se  

methods a re  w ithou t problem s in  th e  e f f e c t iv e  management o f th e  d e fe c t .  

S u rg ica l ex c is io n  and a c id  burn ing  re q u ire  ca re fu l and freq u en t a p p l i ­

c a tio n  over a lo n g  p e rio d  o f tim e. M yringoplasty i s  not always success­

f u l  and can be com plicated  by in f e c t io n  (Shambaugh & G lasscock, 1980). 

T h e re fo re , an a l t e r n a t iv e  and noninvasive trea tm en t f o r  th e  in ju re d  

tympanic membrane was sought.

P ro stag la n d in  PGEg was chosen as th e  t e s t  th e ra p u tic  agent because 

i t  i s  endogenous to  th e  m iddle e a r  (Jung, Juhn, & G errard , 1981) and 

because i t  p o ssesses  many p ro p e r t ie s  which may f a c i l i t a t e  more ra p id  

and complete h ea lin g  o f th e  p e r fo ra te d  membrane. PGEg i s  a  known vaso­

d i l a t o r .  (Nakano, 1973) and may in c re a se  blood flow to  th e  tympanic 

membrane. I t  has a lso  been dem onstrated th a t  th e  ad d itio n  o f  PGEg to  

polym orphonuclear leu k o cy tes  p rev en ts  th e  re le a se  o f  the  lysosom al 

h y d ro lases  (Weissmann e t  a l . ,  1971) and thereby  l im it in g  

the. d e s tru c tio n  o f  h ea lth y  t i s s u e  d u ring  i n f i l t r a t i o n  by th e se  gran­
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u lo c y te s . In  a d d itio n , PGEg in c re a se s  c a p i l la ry  p e rm eab ility  (Mody, 

1972). F in a l ly ,  p l a t e l e t  aggregation  i s  enhanced by PGEg (A llen & 

V a le r i ,  1974) and the reby  f a c i l i t a t e s  a  resum ption o f normal blood flow 

in  v e s s e ls  damaged by th e  p e rfo ra tio n  and p ro v id es  th e  framework fo r  

f ib r o b la s t s  to  r e p a i r  th e  p e rfo ra tio n  (Guyton, 1976).

The exac t mechanisms o f a c tio n  o f  p ro s tag lan d in s  a re  s t i l l  a  mat­

t e r  o f  c o n je c tu re . I t  i s  b e liev ed  th a t  th e  m etabolic fu n c tio n s  o f  

p ro s ta g la n d in s  a re  somehow r e la te d  to  c y c lic  AMP and calcium  le v e ls .

I t  i s  suggested th a t  p ro s tag lan d in s  produce th e i r  m etabo lic  e f f e c ts  

by e i th e r  s tim u la tin g  o r  in h ib i t in g  th e  accum ulation of c y c lic  AMP. 

Calcium le v e ls  a lso  appear to  have an e f f e c t  on th e  mechanisms o f  

p ro s ta g la n d in s  b u t how th e  two a re  involved rem ains u n c le a r  (Goodman &

Gilman, 1975).

Based upon th e  above c h a r a c te r i s t ic s ,  to p ic a l  ad m in is tra tio n  o f 

FGEg was te s te d  in  a  p i l o t  study to  determ ine i t s  e f f e c t s  on p e rfo ra te d  

r a t  tympanic membranes (Appendix A). The r e s u l t s  o f  the  study demon­

s t r a t e d  an in c re a se  in  th e  s iz e  o f  blood c lo t s  in  t e s t  anim als 

compared to  c o n tro ls .  A ctive f ib r o b la s t s  appeared to  be more abundant 

in  th e  PGEg t r e a te d  an im als. The rem aining gaps in  th e  t e s t  anim als 

were sm a lle r  in  a re a  than  th e  c o n tro ls . A lso, the  new co llagen  

appeared to  be more o rganized  in  th e  PGEg t r e a te d  tympanic membranes. 

A fte r  co n sid e rin g  th e  f in d in g s  o f  th e  p i l o t  s tudy , a  f u l l  s iz e  exper­

iment was designed to  t e s t  PGEg a s  a  p o s s ib le  agent to  f a c i l i t a t e  th e  

h ea lin g  o f  p e rfo ra te d  tympanic membranes.
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CHAPTER I I I

MATERIALS AND METHODS 

Animals

F o r ty -e ig h t n ine  week o ld  Sprague-Dawley male r a t s  were d iv id ed  

by random s e le c tio n  in to  e ig h t groups o f s ix  anim als p e r  group. Four 

o f  th e  groups c o n s is te d  o f  t e s t  an im als, and th e  rem aining fo u r  groups 

were used as c o n tro l an im als. A ll anim als were housed in d iv id u a lly  in  

m etal cages w ith  w ire mesh bottom s. Water and P urina  R at Chow were 

g iven ad l ib i tu m . The housing room was th e rm o s ta tic a lly  c o n tro lle d  a t  

a  tem peratu re  o f 72° F ah ren h e it. The l ig h t  p e r io d ic i ty  was automated 

a t  tw elve hours o f l i g h t  fo llow ed by twelve hours o f d a rkness.

P e rfo ra tio n s

Due to  lim ite d  housing space and to  th e  le n g th  o f  tim e necessary  

to  p e r fo ra te  th e  tympanic membranes, th e  experim ent was run in  two 

equal segments w ith  a  tim e sep a ra tio n  o f  e x a c tly  one week. In  each 

segment th e  anim als had t h e i r  tympanic membranes p e rfo ra te d  on day 

zero  and were subsequen tly  t r e a te d  over the fo llow ing  fo u r  days.

Thus on day z e ro , each r a t  underwent b i l a t e r a l  tympanic membrane 

p e r fo ra t io n s .  While under l i g h t  chloroform an e s th e s ia  each r a t  was 

p laced  on i t s  s id e  under an American O ptical d is s e c t in g  scope w ith  

overhead il lu m in a tio n . Curved Molony fo rceps were in s e r te d  in to  th e  

o u te r  p o r tio n  o f th e  e x te rn a l au d ito ry  canal and m anipulated s u f f ic ie n t ly  

to  re v e a l th e  tympanic membrane. Due to  th e  c o n to rtio n s  o f  th e  e x te rn a l

5 ■
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au d ito ry  c a n a l, v is u a l iz a t io n  o f  th e  tympanic membrane was d i f f i c u l t  

and th e re fo re  th e  r a t  had to  be a lig n ed  w ith  th e  l i g h t  so th a t  th e  

membrane r e f le c te d  th e  maximum l i g h t  to  th e  le n s  o f  th e  d is s e c t in g  

scope. The p i l o t  study (Appendix A) dem onstrated th a t  t h i s  o r ie n ta t io n  

could be achieved w ith  each animal and th a t  c o n s is te n t p e r fo ra t io n s  

could be o b ta in e d ,

The fo rcep s  were l in e d  up along th e  manubrium o f th e  m alleus so 

th a t  th e  end o f  one tong o f  th e  fo rc e p s  la y  a t  th e  end o f  th e  quadran t 

l i n e  which se p a ra te s  th e  a n te r io r  su p e r io r  quadrant from th e  p o s te r io r  

i n f e r i o r  quad ran t. (The quadrant system used f o r  th e  p re se n t study  i s  

th e  same system th a t  i s  used c l in ic a l ly  f o r  humans.) A 1 .5  inch  18 G 

need le  was hand fe d  between th e  tongs o f  th e  fo rc e p s , and a  p e r fo ra t io n  

was made in  th e  p a rs  te n s a  a re a  o f  th e  p o s te r io r  su p e rio r  quad ran t.

The d iam eter o f  th e  need le  was used a s  a  measurement guide f o r  p la c in g  

th e  p e r fo ra t io n  two "d iam eter u n its "  p o s te r io r  to  th e  umbo (F ig u re  l ) .

A n te rio r  S uperio r 

M alleus *.

_. Umbo 

Manubrium 
Forceps Tong 

P a rs  F lac c id a  

P o s te r io r  S uperio r 
Tympanic Membrane

Tympanic P o rtio n  o f  
Temporal Bone

A n te rio r  I n f e r io r

Forceps Tong

Needle D iam eter U n its

P e rfo ra tio n  S i te

P o s te r io r  I n f e r io r
P ars  Tensa

F igu re  1. Placement o f  th e  p e rfo ra tio n

The angle o f  approach to  th e  tym panic membrane was kep t co n stan t 

by m ain ta in ing  th e  needle in  a p lane which was p a r a l le l  to  th e  tongs o f
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th e  fo rc e p s . The tongs were p o s itio n ed  a t  an e ig h ty  degree ang le  to  

th e  f ib ro u s  annulus o f  th e  p a rs  te n sa . With th e  p o in t o f  th e  need le  

d ire c te d  toward th e  p o s te r io r  most a sp ec t o f th e  p e rfo ra tio n  s i t e ,  th e  

need le  was in s e r te d  th rough  the  tympanic membrane and pushed a c ro ss  th e  

m iddle e a r  fo s sa  u n t i l  i t  co n tac ted  th e  medial w all o f th e  m iddle e a r . 

The need le  was then  r o ta te d  360° clockw ise . P e rfo ra tio n s  perform ed in  

t h i s  manner produced d e fe c ts  which measured 1 mm in  d iam eter. P i lo t  

s tu d ie s  (Appendix A) showed th a t  p e r fo ra t io n s  o f  c o n s is te n t s iz e  w ith  

minimal d is to r t io n  due to  ragged edges could be produced (F ig u re  2 ) .

Forceps Tong r i \  Forceps Tong

D iam eter o f N e e d l e - ■»_» D ire c tio n  o f  R o ta tio n
P o in t o f N eed le   ------
A ctual p^-rf,-wn.v* ,»» i

F igure  2 . D iam eter o f  th e  p e rfo ra tio n  

Drug Treatm ent

Im m ediately fo llow ing  th e  p e r fo ra t io n  procedure and w hile  th e  r a t s  

were s t i l l  a n e s th e tiz e d , a 0 .2  cc so lu tio n  o f  0 .5  mg/kg body w eight 

PGEg, an e f f e c t iv e  to p ic a l  dosage to  e l i c i t  p h y sio lo g ica l response 

(American M edical A sso c ia tio n , 1980), mixed in  iso to n ic  s a l in e  (pH 6 .95) 

was made up. The so lu tio n  was adm in istered  to p ic a lly  th rough  a  long  

nosed 1 cc p ip e t te .  The d e liv e ry  end o f th e  p ip e t te  was in s e r te d  two- 

th i r d s  th e  le n g th  o f th e  e x te rn a l ac o u s tic  m eatus. The p ip e t te  was 

then  evacuated o f  i t s  c o n te n ts  w ith  g re a t ca re  to  prevent f u r th e r  dam­

age 'to  th e  membrane. The r a t s  were p laced  on t h e i r  s id e s  and kep t
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im mobilized during  th e  PGEg a d m in is tra tio n  and were m ain tained  in  th a t  

p o s it io n  f o r  two m inutes to  a ssu re  adequate time fo r  th e  so lu tio n  to  

cover th e  p e r fo ra t io n  a re a . Subsequent a p p lic a tio n s  o f  th e  p ro s ta g la n ­

d in  were adm in istered  w ithou t th e  use o f a n e s th e tic  bu t in  an o th e r ­

w ise s im ila r  manner. P i lo t  s tu d ie s  (Appendix A) dem onstrated th a t  

a p p lic a tio n  o f  PGEg in  t h i s  manner was f e a s ib le  and d id  no t cause 

damage to  th e  p e r fo ra tio n  s i t e .  S ince unabsorbed p ro s tag lan d in  may 

become in a c tiv e  a f t e r  24 hours o f i t s  make up, th e  p ro s tag lan d in  was 

re a p p lie d  b i l a t e r a l l y  every  tw elve hours u n t i l  s a c r i f i c e  (Table l ) .

Table 1

A pp lica tion  and s a c r i f i c e  schedule fo r  t e s t  anim als

(HOURS) 0 12 24 48 60 72 84 96
GROUP 1 P P S
GROUP 2 P P P P S
GROUP 3 P P P P P P S
GROUP 4 P P P P P P P P S

P = PGE2 adm in is te red  S = S a c r if ic e

P i lo t  s tu d ie s  showed th a t  tympanic membrane c lo su re  was com plete 

by 72 hours p o s tp e r fo ra t io n  in  co n tro l anim als. A maximum o f 96 hours 

p o s tp e r fo ra t io n  was used in  th e  p re sen t study because h is to lo g ic a l  

assessm ent d isc lo se d  th a t  c lo su re  occurred before th e  r e p a i r  p rocess  

was complete ( Appendix A).

The co n tro l anim als were given b i l a t e r a l  a p p lic a tio n s  o f 0 .2  cc 

o f  is o to n ic  s a l in e  ( th e  v e h ic le  fo r  th e  PGEg) in  th e  manner p re sc rib e d
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9
f o r  th e  t e s t  an im als. The schedule fo r  th e  co n tro l groups was id e n t­

ic a l  to  th a t  o f th e  PGEg tr e a te d  anim als.

H is to lo g ic a l Assessment

At th e  end of th e  trea tm en t perio d , anim als were a n e s th e tiz e d  

w ith  chloroform  and s a c r if ic e d  by c e rv ic a l d is lo c a t io n .  Follow ing 

s a c r i f i c e ,  th e  tympanic r in g s  ( f ib ro c a r t i la g e n o u s  r in g s  to  which th e  

tym panic membrane a t ta c h e s )  were s u rg ic a lly  removed and ra p id ly  f ix e d  

in  IQffo fo rm alin .

Two re fe ren c e  measurements o f  each observed tym panic membrane 

d e fe c t were made a t  t h i s  tim e. The su p e rio r  most p o in t o f  th e  t i s s u e  

was p laced  a t  th e  bo rd er o f  a  s t r a ig h t  edge. The s t r a ig h t  edge was 

o r ie n te d  p a r a l le l  to  a  l i n e  which b is se c te d  th e  in f e r i o r  h a l f  from th e  

su p e r io r  h a l f  o f  th e  tympanic membrane (F ig u re  3) • The d is ta n c e  from 

th e  s u p e rio r  most p o in t o f  th e  d e f i c i t  to  th e  s t r a ig h t  edge was measured 

w ith  a r u le r  and reco rded . The d is ta n ce  from th e  i n f e r i o r  most p o in t 

o f  th e  d e f i c i t  to  th e  s t r a ig h t  edge was a lso  measured and recorded .

Since th e  t i s s u e s  were embedded in  p a ra ff in  so th a t  th e  su p e r io r  most 

p a r t  o f th e  tympanic membrane would be c u t ' f i r s t ,  th e  re fe re n c e  measure­

ments were used to  e s tim a te  th e  dep th  o f th e  beginning  and th e  ending 

o f  th e  d e f i c i t  in  th e  b lock  o f t i s s u e .  The re fe re n c e  measurements were 

u se fu l f o r  more e f f e c ie n t  lo c a l iz a t io n  o f  th e  d e f i c i t  in  th e  t i s s u e s  

to  be c u t .
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S ta ig h t Edge
ympanlc Membrane

S u p erio r Most P o in t 
o f T issu e S uperio r Most P o in t 

o f D e f ic i t
D is tan ce  from S ta r t

o f T issu e  to  ^  
S ta r t  o f  D efic it*

I n f e r io r  Most P o in t 
o f D e f ic i t

D istance from S ta r t
of T issue  to  End 
of D e f ic i t

F igure 3 . R eference measurements

A fte r  f ix a t io n  th e  t i s s u e s  were d e c a lc if ie d  in  a  m ixture of form ic 

and h yd roch lo ric  a c id s ,  dehydrated  i n  e thy l, ..'alcohol, d ie a re d  .in. x y le n e , 

and embedded in  p a r a f f in .  The r e s ta t in g  b locks o f  t i s s u e  were sec tio n ed  

s e r i a l l y  a t  s ix  m icrom eters. One hundred m icrom eters befo re  reach ing  

th e  dep th  o f th e  b lock where th e  p e rfo ra tio n  began ( a s  noted  by th e  

re fe re n c e  m easurem ents), th e  f i f t h  and s ix th  se c tio n s  o f each te n  

s e c tio n  rib b o n  were saved f o r  s ta in in g . T issu e  se c tio n s  were c o lle c te d  

in  such a  manner u n t i l  one hundred m icrom eters beyond th e  ending o f  the  

d e f i c i t  in  th e  t i s s u e .  The f i f t h  sec tio n s  were s ta in e d  w ith  hematox­

y l in  and eo s in  ( f o r  c e l l u l a r  d e t a i l ) ,  and th e  s ix th  s e c tio n s  were 

s ta in e d  w ith  M a llo ry 's  connective  t i s s u e  s ta in  ( to  dem onstrate c o lla g e n ) .

The s ta in e d  h is to lo g ic a l  s e c tio n s  were ev a lu a ted  using  a  random 

number, b lin d  paradigm to  determ ine any d if fe re n c e s  in  th e  r a te  o r  

com pleteness o f  th e  h ea lin g  p ro cesses  between th e  p ro s tag lan d in  t r e a te d  

an im als and th e  co n tro l an im als . E valuations were based on sev e ra l 

c r i t e r i a :  th e  degree o f  c lo su re  observed by h is to lo g ic a l  measure­

ments o f th e  rem aining gaps in  th e  t i s s u e ,  m a tu rity  o f  co llagen  a t  th e  

p e r fo ra t io n  s i t e  a s  a ssessed  by th e  degree o f o rg an iz a tio n  and d e n s ity ,
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th e  q u a n tity  o f f ib r o b la s t s  a s  an in d ic a tio n  o f  a c tiv e  co llagen  growth, 

th e  degree o f e p i th e l i a l  hypertrophy, v a s c u la r ity  and th e  e x te n t o f  

b lood c lo t  form ation  a t  th e  p e r fo ra tio n  s i t e ,  th e  th ic k n e ss  o f  th e  

regrow ing membrane r e l a t iv e  to  th e  th e  ad jacen t u n perfo ra ted  membrane, 

th e  q u a n tity  o f exudate in  th e  middle e a r ,  and th e  i n f i l t r a t i o n  o f 

g ran u lo cy tes  in to  th e  m iddle e a r .

S t a t i s t i c s

D ata from th e  p reced ing  c r i t e r i a  were recorded  in  num erical form 

u s in g  th e  key found in  T ab le  2 . The raw d a ta  (Appendix B) were 

analyzed s t a t i s t i c a l l y  u s in g  a  tw o - ta i le d  S tudent T t e s t .

Table 2

Key f o r  num erical assessm ent o f  d a ta

Exudate q u a n tity :  1 (no exudate in  middle e a r  c a v ity )  to  ^  (m iddle
e a r  f i l l e d  w ith  exudate)

E pithelium  th ic k n e ss  o f regrow ing p e rfo ra tio n : 1 (ep ith e liu m  th ic k n e ss
same a s  ep ithe lium  th ick n ess  a t  one mm a n te r io r  to  
th e  umbo) to  4 (ep ithelium  th ick n ess  a t  l e a s t  fo u r  
tim es th e  th ic k n e ss  as th e  ep ithelium  th ic k n e ss  a t  
one mm a n te r io r  to  th e  umbo)

R e la tiv e  th ic k n e ss  o f  regrow ing p e rfo ra t io n : 1 ( e n t i r e  regrow ing tym­
pan ic membrane th e  same th ick n ess  as  tympanic mem­
brane one mm a n te r io r  to  umbo) to  4 ( e n t i r e  regrow ing 
tympanic membrane a t  l e a s t  fo u r  tim es as  th ic k  as 
tym panic membrane one mm a n te r io r  to  umbo)

. D iam eter o f rem aining gap in  m icrom eters: d iam eter in  m icrom eters o f
opening in  tympanic membrane
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Vascularity of perforation: 1 (quantity and s ize  o f blood v esse ls
le s s  than quantity and s ize  of blood v esse ls  one 
mm anterior to  umbo) to 4 (quantity and s ize  of 
blood v esse ls  at le a s t  four times quantity and s ize  
o f  blood vesse ls  at one mm anterior to umbo)

Collagen regrow th  a t  p e r fo ra t io n : 1 ( lo o se  and d iso rg an ized  f ib e r s )
to  4 (m ature, compact, and maximum o rg a n iz a tio n )

G ranulocyte i n f i l t r a t i o n  a t  p e rfo ra tio n : 0 (no g ranu locy tes p re se n t)
to  4 (a re a  f i l l e d  w ith  g ranu locy tes)

F ib ro b la s t  i n f i l t r a t i o n  a t  p e rfo ra tio n : 0 (no f ib r o b la s t s  p re se n t)
to  4 (a re a  f i l l e d  w ith  f ib r o b la s ts )

Blood c lo t  q u a n tity : 0 (no blood c lo t  p re se n t)  to  4 (p e r fo ra tio n
se a le d  w ith  blood c lo t)
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CHAPTER IV

RESULTS

G enerally  both  th e  co n tro l and. th e  t e s t  p e rfo ra tio n s  healed  in  a 

manner th a t  Has c o n s is te n t w ith  th e  f in d in g s  o f McMinn and T ay lo r ( 1966) 

and M cln tire  and B enitez (1970). Gaps appeared to  c lo se  in  a concen­

t r i c  fa sh io n  over tim e, and by day fo u r  most o f  th e  gaps had been 

f i l l e d  w ith  t i s s u e .

The p a t te rn  o f h ea lin g  u su a lly  began H ith  a marked i n f i l t r a t i o n  o f 

g ran u lo cy tes , an in c re a se  in  v a s c u la r i ty ,  and enlargement o f  blood ves­

s e l s .  A blood c lo t  was u su a lly  p re se n t a t  th e  p e rfo ra tio n  s i t e ,  and th e  

m eatal ep ithe lium  hypertroph ied  and formed in to  sev e ra l la y e r s .  T his 

ep ithe lium  Has u su a lly  th e  f i r s t  to  span th e  d e f i c i t . The co llagen  

la y e r  and middle ea r ep ithe lium  la y e r  had u su a lly  regrown by th e  fo u r th  

day. The re g ro n th  o f  co llag en  nas  ch a ra c te rized  by loose  and d is o r ­

ganized f ib e r s  w ith  many f ib r o b la s t s .  T h is newly formed co llag en  l a t e r  

m atured in to  a  denser co llag en , a lthough by fo u r  days, i t  s t i l l  was 

n o t as dense as  th e  co llag en  in  th e  nonperfo rated  a re a  o f th e  tympanic 

membrane. By th e  end o f  day fo u r , th e  m eatal ep ithelium  a t  th e  p e rfo r­

a t io n  s i t e  had no t y e t re tu rn e d  to  th e  th ick n ess  o f  th e  ep ithe lium  in  

th e  nonperfo ra ted  a re a , and consequently  th e  tympanic membrane remained 

th ick en ed  a t  th e  p e rfo ra t io n  s i t e  p as t th e  end o f th e  study p e rio d .

The re s o lu t io n  o f  th e  blood c lo t  began by day fo u r, bu t f ib r o b la s t s  

and g ran u lo cy tes  were s t i l l  p re se n t in  h igh numbers a t  th a t  tim e 

(F ig u re  4 ) .

. 13
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Exudate q u a n tity  1 to  4 
4
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2
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Epithelium  th ickness o f  regrow ing 
p e rfo ra tio n  1 to  4

4 "  ' '

3

2

1

(Day) 1 (D ay)1

R e la tiv e  th ic k n e ss  o f  regrow ing Diam eter o f remaining gap in  m icro­
p e r fo ra t io n  1 to  4 m eters
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V a sc u la r ity  o f  p e r fo ra tio n
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Collagen regrowth a t  p e r fo ra t io n  
1 to  4

3

2

1

x = mean va lue  f o r  PGE? t r e a te d  anim als f o r  sp e c if ie d  day 
o'** mean va lue  f o r  c o n tro l anim als f o r  sp e c if ie d  day

F igu re  4 . G raphical r e p re s e n ta tio n s  o f  mean v a lues

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .



15

G ranulocyte i n f i l t r a t i o n  a t  
p e r fo ra t io n  0 to  4 

4

F ib ro b la s t i n f i l t r a t i o n  a t  p e rfo r­
a tio n  0 to  4 

4

3 

2 

1

°(Day) 1 2 3 4

Blood c lo t  q u a n tity  0 to  4
4

3

2

1

(Day) 1

(Day) 1 2 3 4
x = mean value  f o r  PGEg tr e a te d  anim als f o r  s p e c if ie d  day 
o = mean value  f o r  c o n tro l anim als f o r  sp e c if ie d  day

F igure  4 . continued

In  comparing th e  PGE^ t r e a te d  anim als w ith  th e  s a l in e  tr e a te d  

an im als, sev e ra l s t a t i s t i c a l l y  s ig n if ic a n t  r e s u l t s  were noted (W inkler 

& Hays, 1975). F i r s t ,  a t  24 hours g ranu locy te i n f i l t r a t i o n  a t  th e  

p e r fo ra t io n  was g r e a te r  f o r  th e  PGEg tr e a te d  an im als. L arger blood 

c lo ts  were noted  48 hours p o s tp e rfo ra tio n  in  th e  t e s t  an im als. F in a lly , 

th e  ep ith e liu m  was th in n e r  96 hours a f t e r  th e  p e r fo ra t io n  procedure in  

th e  PGEg t r e a te d  anim als (Appendix c ) .

C erta in  r e s u l t s  in d ic a te d  tendencies  f o r  PGE^ to  be c o rre la te d  

w ith , enhanced h ea lin g  o f  th e  p e rfo ra te d  tympanic membranes, although th e  

d if fe re n c e s  were n o t s ig n i f ic a n t  a t  th e  p = .05 l e v e l .  These r e s u l t s

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .



in c lu d ed  th e  fo llo w in g  f in d in g s . At 48 hours p o s tp e r fo ra tio n , the  

t e s t  groups dem ontrated more m ature co llagen  regrow th a t  th e  s i t e  o f 

th e  p e r fo ra t io n s .  In  a d d itio n , th e  a re a  o f th e  rem aining gaps in  th e  

p e rfo ra te d  tympanic membranes was sm alle r on th e  second day compared 

to  th e  a rea  rem aining in  th e  c o n tro ls . The v a s c u la r i ty ,  determ ined by 

th e  number and s iz e  o f b lood  v e s s e ls ,  d id  in c re a se  s l ig h t ly  a t  24 and 

48 hours in  th e  t e s t  anim als over th e  v a s c u la r ity  o f  th e  c o n tro l a n i­

m als. At 72 hours th e  th ic k n e s s  o f  th e  regrowing p e r fo ra t io n s  o f  th e  

tympanic membranes showed ten d en c ie s  to  be th in n e r  in  th e  t e s t  anim als. 

F in a l ly ,  mean blood c lo t  s iz e  a t  96 hours was s l ig h t ly  la r g e r  in  th e  

t e s t  group. No d if fe re n c e s  were noted in  th e  mean i n f i l t r a t i o n  v a lues  

f o r  f ib r o b la s t s  between th e  t e s t  and th e  c o n tro l an im als i.-i any o f th e  

fo u r  days o f  th e  study .
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CHAPTER V

DISCUSSION AND RECOMMENDATIONS

In  an a n a ly s is  o f  th e  r e s u l t s  o f  th e  experim ent, most o b servations  

o f  d if fe re n c e s  between th e  t e s t  and co n tro l anim als occurred  48 hours 

fo llow ing  th e  p e r fo ra t io n s .  At th e  end o f  th e  second day, th e  blood 

c lo t s  were s ig n i f ic a n t ly  la r g e r  in  th e  t e s t  anim als than  in  th e  c o n tro ls  

( a  r e s u l t  th a t  was rep ea ted  a t  96 h o u rs ) . The in c re a se  could be th e  

r e s u l t  o f PGEg's p ro p e r t ie s  to  in c re ase  c a p i l la ry  p e rm e ab ility  and 

cause v a so d ia la tio n . The in c reased  s iz e  o f  th e  blood c lo t s  could 

in d ic a te  an in c re a se  in  b lood  flow to  th e  t r e a te d  a re a  which could be 

b e n e f ic ia l  to  th e  r e p a ra t iv e  p rocesses by c a rry in g  more hem atologic 

f a c to r s  to  th e  a f fe c te d  a re a . A s l ig h t  in c re a se  in  th e  number and 

s iz e  o f  blood v e s s e ls  in  th e  t i s s u e s  surrounding th e  p e r fo ra tio n  could 

a lso  be dem onstrated in  th e  t e s t  anim als a t  48 hours ( a s  w ell as a t  24 

hours) p o ss ib ly  in d ic a tin g  an in c re a se  in  blood flow to  th e  p e rfo ra t io n .

The mean gap d iam eter was sm a lle r a t  48 hours in  th e  t e s t  anim als, 

b u t th e  d if fe re n c e  was n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  The decrease  in  

th e  gap s iz e  could  be due to  th e  s l ig h t ly  more m ature co llag en  th a t  

was d ep o sited  a t  48 hours in  th e  t e s t  anim als as  compared to  the. 

c o n tro ls .  By 72 hours th e  d if fe re n c e  between th e  s iz e  o f  th e  gaps in  

th e  t e s t  and c o n tro l an im als was no longer dem onstrable, and most o f  

th e  gaps in  th e  tympanic membranes had c lo sed . Thesobservations a t  48 hours 

suggest th a t  th e  PGE  ̂ may f a c i l i t a t e  th e  c lo su re  o f th e  d e fe c t s l ig h t ly  

sooner than  trea tm en t w ith  only s a l in e .

17

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .



I t  was a lso  noted  th a t  a t  72 hours p o s tp e rfo ra tio n  th e  th ick n ess  

o f  th e  regrow ing p e rfo ra te d  tympanic membranes was s l ig h t ly  th in n e r  

in  th e  t e s t  an im als. At 96 hours the  t e s t  anim als dem onstrated s ig ­

n i f i c a n t ly  th in n e r  m eatal ep ith e liu m  a t  th e  regrowing p e rfo ra tio n  s i t e .  

Based on th e  f in d in g s  o f McMinn and T aylor ( 1966) th a t  re s o lu tio n  o f 

th e  h e a lin g  o f th e  p e r fo ra te d  tympanic membrane was c h a ra c te riz e d  by 

th in n in g  o f th e  membrane back to  th e  p re p e rfo ra tio n  th ic k n e ss , i t  may 

be suggested th a t  PGE^ f a c i l i t a t e s  the  re s o lu tio n  o f  th e  hea ling  p ro ­

c e ss  o f th e  in ju re d  a re a  over th a t  o f th e  s a lin e  tre a tm e n t.

I t  was a lso  noted th a t  g ranu locy te  i n f i l t r a t i o n  in to  th e  t i s s u e s  

surrounding  th e  p e r fo ra t io n  was s ig n if ic a n tly  g re a te r  in  t e s t  anim als 

th an  in  c o n tro ls .  T h is  could  be th e  r e s u l t  o f in c reased  v a so d ila tio n  

and c a p i l la ry  p e rm e a b ility  c a rry in g  more o f  th e  g ranu locy tes to  th e  

a f fe c te d  a re a .

There was a lso  a  s l ig h t  in c re a se  in  th e  amount o f  exudate (o f  

m ainly g ran u lo cy tes) in  th e  m iddle ear c a v ity  a t  72  hours in  th e  

PGE2 t r e a te d  an im als. T h is  to o  could be explained  by an in c re a se  in  

v a s o d ila tio n  and c a p i l la ry  p e rm e ab ility .

W ithin th e  param eters o f  th e  p re sen t study i t  i s  no t p o ss ib le  to  

s t a t e  th a t  th e  m ajor c h a r a c te r i s t i c s  o f tympanic membrane r e p a i r  a re  

s ig n i f ic a n t ly  c o r re la te d  w ith  to p ic a l  a d m in is tra tio n  o f  PGEg. However 

w ith  th e  te n d e n c ie s  th a t  th e  t e s t  anim als dem onstrated f o r  s l ig h t ly  

f a s t e r  regrow th , i t  rem ains p o s s ib le  th a t  PGEg may a c c e le ra te  h ea lin g  

under optim al co n d itio n s .

I t  i s  suggested  th a t  a  m odified  re sea rch  design  which u t i l i z e s  

d i f f e r e n t  dosage le v e ls  o f PGEg be considered . Since th e  use o f PGE^
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to trea t perforated tympanic membranes had not been previously eval­

uated, the selected  dosage was based upon recommendations fo r  top ical 

delivery of PGEg fo r  the treatment o f other pathologies. I t  i s  there­

fore possib le  that an e ffec tiv e  dosage could be greater or smaller

than what was used in  the present study. I t  i s  a lso possib le that

given a longer study time (beyond four days) or the use of a d ifferen t

veh ic le , more d ifferences between the groups could have been demonstrated.

Another consideration which would make the study r e f le c t  more 

c lo se ly  the human condition would be to  use older ra ts  (e .g .  three 

years or older) instead o f the nine week old rats u t iliz e d  in  th is  

study. The older ra ts  would better typ ify  the reaction of the chronic 

tympanic membrane'lSerf oration in  the older person. However, care 

would have to  be taken to eliminate animals with preexisting o t i t i s  

media ( a common ailment in  older rats) since in fection s of the middle 

ear may a lter  findings by masking s ign ifican t differences with previous 

pathologies.
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APPENDIX A 

• P i lo t  Study

In tro d u c tio n

Chronic p e r fo ra t io n s  of th e  tympanic membrane p re se n t s ig n if ic a n t  

problems to  aging peo p le . F requen tly , th e se  p e r fo ra t io n s  r e s u l t  in  

h earin g  lo s s  in  a f fe c te d  in d iv id u a ls . The fo llow ing  p i l o t  study was 

designed to  t e s t  th e  th e ra p e u tic  e f f e c t s  o f  p ro s ta g la n d in  Eg on th e  

h ea lin g  p ro cesses  o f  m echanically  induced p e r fo ra t io n s  o f  th e  tympanic 

membrane in  r a t s .

M a te r ia ls  and Methods

Nine r a t s  were e th e r iz e d  and given p e n to b a rb ita l I . P . .  While 

under a n e s th e s ia , th e  r a t s  were p laced  on t h e i r  s id e s  so th a t  th e

tympanic membranes could be seen through a  d is s e c t in g  scope, The 

membranes were prom ptly p e r fo ra te d  b i l a t e r a l l y  in  th e  p a rs  te n sa  a rea  

by r o ta t in g  th e  end o f  an 18 G needle j 6 o ° . The p unctu res  measured 

approxim etely  1.0 mm in  d iam eter. Six r a t s  were then g iven  30 /ig /kg  

body w eight PGEg d is so lv e d  in  100% e th an o l. The PGEg was adm inistered  

by p u t t in g  1.0  ml o f  th e  so lu tio n  in to  a  sy ringe  (w ith o u t th e  need le  

a tta c h e d ) and app ly ing  i t  in to  th e  deep p a r t  o f th e  e a r  can a ls  o f  both  

e a rs  o f  each r a t .  The r a t s  were he ld  on t h e i r  s id e s  d u rin g  a p p lic a tio n  

o f  th e  so lu tio n  and f o r  two m inutes th e r e a f te r  to  a ssu re  adequate expo­

sure o f  th e  tympanic membranes to  th e  t e s t  agen t. The o th e r  r a t s  were 

used as  c o n tro l r a t s  and were given 1.0  ml o f 100%.ethano l in  th e  same man­
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n e r  th a t  th e  p ro s tag lan d in  was adm in is te red . A pplication  o f th e  PGEg 

and o f th e  100% ethano l were rep ea ted  every tw elve hours u n t i l  s a c r i f i c e  

o f  th e  an im als. Two t e s t  anim als and one c o n tro l animal were s a c i l f ic e d  

every 2k hours p o s tp e r fo ra tio n . T h ere fo re , a l l  animals were s a c r i f ic e d  

by th e  end o f  ?2 hours p o s tp e r fo ra tio n .

A fte r  s a c r i f i c e  (th rough  exposure to  e th e r ) ,  th e  tympanic membranes 

were s u rg ic a l ly  removed w ith  th e  surrounding  r in g s  a tta ch e d . The 

membranes were then f ix e d  in  10% fo rm alin , dehydrated in  a lco h o l, 

c le a re d  in  xylene, and embedded in  p a ra f f in .  Sections o f  t i s s u e  were 

c u t s e r i a l l y  a t  6 m icrom eters. Two o f every f i f t e e n  se c tio n s  were 

mounted on s l id e s .  One o f  th e  s e c tio n s  was s ta in e d  w ith  hem atoxylin 

and e o s in , and th e  o th e r  se c tio n  was s ta in e d  w ith  M a llo ry 's  connective 

t i s s u e  s ta in .  The s e c tio n s  were examined f o r  d if fe re n c e s  in  th e  

h ea lin g  p ro cesse s  between th e  t e s t  and th e  co n tro l an im als.

R e su lts

At 2k hours t e s t  r a t s  dem onstrated la rg e r  blood c lo t s  than  th e  ' 

c o n tro ls .  The c lo ts  a lso  tended to  be more lo c a liz e d  in  th e  reg io n  o f 

th e  p e r fo ra t io n  in  th e  PGE^ t r e a te d  an im als. More a c t iv e  f ib r o b la s t s  

were observed in  th e  t e s t  an im als. At th e  edges o f th e  p e r fo ra t io n s ,  

more co llag en  had been l a i d  down in  th e  PGE^ animals thereby  making 

th e  rem aining gaps sm a lle r, A s im ila r  decrease in  th e  s iz e  o f th e  

p e r fo ra t io n s  o f  th e  c o n tro l tympanic membranes was n o t dem onstrable. 

G ranu la tion  t i s s u e  was p re s e n t in  b o th  t e s t  and co n tro l e a r s ,  b u t d i f ­

fe re n c e s  were no t d is c e rn ib le .

At 48 hours, p re e x is t in g  o t i t i s  media caused much d is to r t io n  in
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th e  in te r p r e ta t io n  o f  r e s u l t s .  However, g r e a te r  o rg an iz a tio n  of 

co llag en  was noted in  th e  t e s t  anim als. TheiPGE^ tr e a te d  p e rfo ra t io n s  

were c lo sed  o r  n e a rly  c lo sed  w ith  new co llag en  t i s s u e .  The co n tro l 

p e r fo ra t io n s  dem onstrated new co llagen  a ls o ,  bu t th e  new t i s s u e  was 

u su a lly  l im ite d  to  th e  periphery  o f  th e  gap and had not y e t spanned 

th e  p e r fo ra t io n . Blood c lo ts  in  both  t e s t  and co n tro l anim als appeared 

to  be d is s o lv in g  by th e  second day p o s tp e rfo ra tio n .

By 72 hours, th e  co llagen  appeared to  be more m ature in  the t e s t  

g roups. P e rfo ra tio n s  appeared to  be c lo sed  in  bo th  th e  t e s t  and co n tro l 

an im als. F in a l ly ,  r e s o lu t io n  o f g ran u la tio n  t i s s u e  appeared to  be 

a c c e le ra te d  in  th e  t e s t  anim als over th a t  in  th e  c o n tro l anim als.

D iscussion  and Recommendations

Based on th e  r e s u l t s  o f  t h i s  p i l o t  s tu d y , a  deeper in v e s t ig a tio n  

in to  th e  m e rits  o f PGE^ therapy  f o r  th e  tre a tm e n t o f p e rfo ra te d  tym­

pan ic  membranes i s  w arran ted . However, s e v e ra l problems were noted 

w ith  th e  mechanics o f  t h i s  study . For fu tu r e  s tu d ie s ,  p o r tio n s  o f 

t h i s  experim ent need to  be redesigned .

The prim ary problem was w ith  th e  r a t s  used . S ix  month o ld  r a t s  

were used in  t h i s  p r o je c t .  However, th e se  r a t s  p resen ted  chronic 

o t i t i s  media. The p resence  1 o f  e ffu s io n  in  th e  m iddle e a r  in te r f e re d  

w ith  in te r p r e ta t io n  o f  th e  h is to lo g ic a l  s e c tio n s .  O lder r a t s  

a re  th e re fo re  deemed u n su ita b le  and should be rep laced  w ith  younger 

r a t s  in  fo llow ing  s tu d ie s .  Younger r a t s  (n in e  week o ld ) a re  s ig n i f i -  . 

c a n tly  l e s s  l i k e ly  to  have developed o t i t i s  media.

The 1.0 ml o f  f lu id  ap p lied  to  each e a r  appeared to  be in  excess
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o f th e  cap a c ity  o f th e  e a r  can a l. A volume o f  0 .2  cc o f f lu id  would 

be b e t t e r  f o r  th e  a p p l ic a t io n  o f  th e  t e s t  and co n tro l a g e n ts . T h is  

volume i s  approxim ately  equal to  th e  volume o f space beyond th e  end 

o f th e  sy rin g e  and to  th e  tympanic membrane.

A nother problem i s  th e  f a c t  th a t  100$ e thanol w il l  cause some 

damage to  th e  margin o f th e  p e r fo ra t io n , and th e re fo re  i t  should be 

rep laced  by a nono ffensive  v eh ic le  such as  iso to n ic  s a l in e  ( in  which 

th e  p ro s ta g la n d in  w i l l  d is s o lv e ) .  The PGE^ i s  l a b i l e  in  so lu tio n  

(co n v e rtin g  to  PGAg)» bu t th e  PGE2 i s  u su a lly  s ta b le  i f  used 

w ith in  24 hours. To a ssu re  th a t  an e f f e c t iv e  dosage o f  PGE„ reaches 

th e  tympanic membrane, th e  p ro s tag lan d in  should be prepared  preceding  

each a p p lic a tio n  and used im m ediately.

The p e n ta b a rb ita l  used in  t h i s  study was found to  be u n su ita b le .

The use  o f  t h i s  a n e s th e tic  re s u lte d  i n  anim als t h a t  were n o t re la x ed  

s u f f ic ie n t ly  to  allow f o r  th e  necessary  im m obilization f o r  p e r fo ra t io n  

o f  th e  tympanic membranes. Chloroform o r  e th e r  cones were found to  be 

more e f f e c t iv e  in  im m obilizing th e  anim als. Although chloroform  may 

cause some l i v e r  damage, i t  i s  o f  value as  an a n e s th e tic  in  s tu d ie s  o f 

t h i s  n a tu re  because th e  exposure tim e i s  sh o rt.

The dosage o f  PGE^ used  in  t h i s  study was recommended by th e  

Upjohn Company. However, review s o f  th e  l i t e r a t u r e  suggest more 

e f f e c t iv e  dosages f o r  to p ic a l  d e liv e ry  o f PGEg. Thus, th e  dosage 

should probably  be changed in  subsequent s tu d ie s .
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APPENDIX B 

Raw Data

Animal C on tro ls  (Day) PGEg T ested  (Day)

Exudate Quantity 1C 2C 3C 4C IT 2T 3T 4T

. .  (1 ) 2 2 1 3 3 3 1 2
(2) 2 4 3 4 4 4 4 3
(3) _ 3 _ 4 2 3 4 4 1 *

(4) 3 . 3 4 .  3 3 3 3 4

(5 ) * 2 2 .3 2 3 3 2
(6 ) 2 3 3 3 2 2 4 4

(7 ) 2 4 2 2 2 3 4 3
(8 ) 3 4 3 4 3 4 3 _  3
(9) 3 . 3 3 3 * 2 4 3

(10) 3 3 2 4 3 4 4 2
( U ) 2 4 2 4 1 3 3 _ _3
(12) 2 * 4 2 3 3 4 3
Mean 2 .5 3 .3 2 .6 3.2 2 .6 3-2 3 .2 2.9

Epithelium Thickness o f Regrowing Perforation

(1) * 4 4 4 4 4 * 3
(2 ) 4 3 4 3 4 3 2 2

(3 ) * 4 * 4 * 2 3
(4 ) * 3 4 3 3 4 3 3
(5 ) 2 3 4 4 3 4 3 3
(6) 3 4 3 3 3 3 4 3
(7 ) * 4 3 * * 3 4 1
(8 ) 3__ 3 3 * 4 3 3 3
(9) 3 3 3 4 3 4 * 3

( 10) 3 * 3 3 3 * 4

(11) 3 3 2 * 4 3 * 3
..........(12) 4 * * 3 3 3 4 3

Mean 3 .3  3 .4  3-3 3-^ 3 -^  3*3 3-3 2 .8

In fo r m a tio n  u n av a ilab le  due to  h is to lo g ic a l a r t i f a c t
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A n im a l C o n t r o l s  (D a y )  PGEg T e s t e d  (D a y )

R e la tiv e  Thickness 1C 2C 3C 4C IT 2T ?T 4T
o f Regrowing ( l ) 2 3 3 4 4 3 2 3
P e rfo ra tio n  (2) 4 2 2 2 ,3 2 2 2

(3 ) 4 4 3 1 * 1 2 *
(4) * 2 2 2 4 2 3 2

(5 ) 2 1 3 4 4 2 1 2
( 6 ) 1 3 4 1 2 3 3 3
(7) * 2 2 * 2 2 2 4

( 8 ) 3 4 4 * 4 4 2 2

(9) 3 3 4 2 3 3 * 1
( 10) 4 2 * 2 3 2 2 4

( 11) 2 2 2 * 3 2 * 4

( 12) 2 * * 2 2 3 4 2
Mean 2 .7 2 .5 2 .9 2 .2 2 .8 2.4 2 .3 2 .6

D iam eter o f Remaining Gap in  M icrometers

( 1) * 60 300 6p 60 0 * 120
( 2 ) 240 0 0 0 240 0 0 0

(3) * 180 * 0 * 0 0 *

(4) * 180 0 0 660 0 0 0

(5) 960 0 480 0 240 0 0 0

( 6) 0 0 0 0 60 0 0 420

(7) * 420 0 # * 0 240 0
( 8 ) 60 0 0 * 240 0 0 0

(9 ) 180 120 480 0 420 300 * 0

( 10) 120 120 * 0 600 0 * 0

( 11) 0 0 0 240 0 * 0

( 12) 420 * * 0 0 0 720 0
Mean 24? "W PtO T  2?S 25 120 59

In fo rm ation  u n a v a ila b le  due to  h is to lo g ic a l  a r t i f a c t
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A n im a l C o n t r o l s  (D a y ) PGEg T e s t e d  (D a y )

V a sc u la r ity  o f 1C 2C 30 4c IT 2T ?T 4T
P e rfo ra tio n  ( l ) 1 3 4 4 4 4 4 4

( 2) 4 4 3 . 4 4 3 1 2

(3 ) 3 4 4 4 4 1 3 *

(4) * 4 2 2 * 4 3 2

(5) 2 1 4 2 3 4 3 2
( 6 ) 4 4 4 2 4 4 2 4

(7) * 3 3 * 4 4 3 2
( 8 ) 4 2 4 * 3 3 2 3
(9) 4 3 4 4 4 4 * 3

( 10) 3 l * 3 3 4 4 4

_  . .  ( H i 4 3 1 * 4 4 * 3

( 12) 3 # * 3 ’ 4 3 4 2
Mean

Collagen Regrowth a t

3 .2  2.9 

P e rfo ra tio n

3-3 3 .1 3-7 3-5 2.9 2.8

( 1) * 2 2 2 2 2 * 2

. (2) 1 1 2 2 3 2 2 2
(3) * J * 2 1 1 4 *

(4 ) * 2 3 2 * 1 2 2

(5) 2 2 2 3 2 4 1 3
( 6 ) 1 1 2 2 1 3 2 2

(7 ) * 2 4 * 1 1 4 2
( 8 ) 1 1 2 * 4 4 4

(9) 1 2 2 4 1 2 * 2

( 10) 1 2 * 2 2 2 * 2

( 11) 2 2 2 * 2 2 * 2

( 12) 2 * * 2 1 2 2 2
Mean 1 .4 1.6 2 .3 2 .3 1 .6 2.2 2 .6 2 .3

In fo rm ation  u n a v a ila b le  due to  h is to lo g ic a l  a r t i f a c t
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A n im al C o n t r o l s  (D a y ) PGEg T e s t e d  (D a y )

G ranulocyte I n f i l ­ 1C 2C 3C 4C IT 2T 3T 4T
t r a t i o n  a t  ( l ) 2 2 0 2 4 1 3 3
P e rfo ra tio n  (2 ) 0 1 0 2 3 0 0 2

(3 ) 0 4 0 3 3 0 *

(4) * 3 2 0 4 3 3 1
(5 ) 1 0 2 0 4 4 0 4
( 6) 0 0 0 1 1 3 0 4

(? ) .... ... * 0 2 3 4 4 0 0

( 81_ 4 0 0 * 4 2 4 0
(9 ) 4 3 1 * 3 0 0 0

( 10) 3 2 * l 0 0 * 2
( 11) 0 0 1 0 4 0 0 1
( 12) 2 * * * 2 0 * 0
Mean l . 6 1.4; 0 .8 1 .3 3.0 1.7 1.0 1 .5

F ib ro b la s t  I n f i l t r a t i o n a t P e rfo ra tio n

( 1) 4 2 '3 2 3 3 2 3. .
( 2 ) 4 3 2 4 3 4 2 3
(3 ) 3 4 4 3 * 2 1 *

(4 ) * 2 2 3 2 2 1 2

(5 ) 2 1 2 4 4 2 2 3
( 6) 3 4 0 2 2 3 2 4

(7 ) * 3 2 2 2 2 2 1
( 8) 2 3 4 * 0 2 3 2

(9 ) . 4 2 1 * 2 2 3 4

( 10) 2 2 .* 0 2 1 * 3
( 11) 2 4 1 1 2 3 2 l

( 12) 1 * * * 2 l * 2
Mean 2 .7  2 .7  2 .1  2 .3  2 .2  2 .3  2 .0  2 .5

*
In fo rm ation  u n av a ilab le  due to  h is to lo g ic a l  a r t i f a c t
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A n im a l C o n t r o l s  (D a y ) PGEg T e s t e d  (D a y )

Blood C lot Q uan tity 1C 2C 3C 4c IT 2T 3T 4T

( 1) 4 3 3 3 4 4 4 3
( 2 ) 4 3 2 1 4 4 2 4

(3) 4 4 0 3 2 2 1 *

(4) 2 4 4 4 4 4 4 2

. . . . .  (5) 1 1 4 1 4 4 3 4

( 6) 2 1 1 4 4 4 0 4

(?) * 2 4 3 4 4 0 3
( 8 ) 4 1 4 -* 4 3 4 4

(9) 4 4 4 *. 3 4 3 3
( 10) 4 4 * 0 3 4 * 4

( 11) 4 4 1 0 2 4 1 3
( 12) 4 * * * 4 4 * 1
Mean 3 .4 2 .8 2 .7 2 .1 3 .5 3 .8 2 .2 3 .2

In fo rm ation  u n a v a ila b le  due to  h is to lo g ic a l  a r t i f a c t
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APPENDIX C

S t a t i s t i c a l  A nalysis o f  Data 

Two-Tailed S tudent T T est

(nl Si * n2S2 ^ ni + n2̂

( \  + n2 " 2 ) ( n !n2 )

Wheres

M. = mean o f c o n tro l d a ta  
1

Mg = mean o f t e s t  d a ta

dQ = 0 (h y p o th es is  th a t  th e re  i s  no d if fe re n c e  between th e  means) 
2

S^ = v a rian ce  o f  sample c o n tro l data .
2

S2 = varian ce  o f  sample t e s t  d a ta  

n^ = sample s iz e  o f c o n tro l d a ta  

ng = sample s iz e  o f t e s t  d a ta  

v = degrees o f  freedom

T value a t 24 hours 48 hours 72 hours 96 hours
Exudate Q uan tity -0 .364 0.323 -1 .352 0.832

E pithelium  T hickness o f 
Regrowing P e rfo ra tio n

-0 .228 0.459 0.227 2.003

R e la tiv e  T hickness o f  
Regrowing P e rfo ra tio n

- 0 .26l 0.339 1..497 -0 .827

D iam eter o f  Remaining 
Gap in  M icrom eters

- 0.210 1.556 0.164 -0 .933

V a sc u la r i ty  o f  P e rfo ra tio n -1 .454 -1 .324 -0 .826 0.688

C ollagen Regrowth a t  
P e rfo ra tio n

-0 .715 -1 .479 -0 .567 - 0.188

G ranulocyte I n f i l t r a t i o n  a t  
P e r fo ra tio n

-1 .993 -0 .436 -O .32O -0 .314

F ib ro b la s t I n f i l t r a t i o n  a t  
P e r fo ra tio n

1.106 1.165 0.207 -O .38 I

v = n. + n9 -  2 

<* = 0.05
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T value a t
Blood C lo t Q uantity

24 hours 48 hours ?2 hours_  96 hours
-0.322 -2.087 ~oTS55“  -1.731

x> value a t  • 2k hours 48 hours 72 hours 96 hours
Exudate Q uantity .6 0 -.7 5 .6 0 -.7 5 •9 0 -.95 .75-.60

E pithelium  T hickness o f  
Regrowing P e rfo ra tio n

. 60- .7 5 . 60 - .7 5 < : .6o •95-.975

R e la tiv e  T h ickness o f 
Regrowing p e r fo ra t io n

.6 0 -.7 5 .6 0 -.7 5 .9 0 -.95 .75-.80

D iam eter o f  Remaining 
Gap in  M icrom eters

< .6 0 .9 0 -.9 5 < ,6 6 .75- .6 0

V a sc u la r ity  o f P e r fo ra tio n .9 0 -.95 .9 0 -.9 5 .75-.80 .75

Collagen Regrowth a t 
P e r fo ra tio n

. 75- .3 0 .9 0 -.9 5 .6 0 -.7 5 < . 6 0

G ranulocyte I n f i l t r a t i o n  
a t  P e rfo ra tio n

.95-.975 .6 0 -.75 .60- .7 5 .6 0 -.7 5

F ib ro b la s t  I n f i l t r a t i o n  
a t  P e rfo ra tio n

. 85-.90 .85-.90 <  .60 . 60-.75

Blood C lo t Q uantity .6 0 -.7 5 .975-.99 . 60-.75 ,9 0 - .9 5
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APPENDIX D

G lossary

A rachidonic Acid: a  l i p i d  compound derived  from membrane p h o spho lip id s.

A utacoid: an o rg an ic  substance made in  one organ in  th e  body and
c a r r ie d  to  o th e r  organs where th e  substance a c t s .

Cholesteatom a: a  c y s t - l ik e  mass o f  k e ra tin iz e d  ep ithe lium  o ccu rrin g
commonly in  th e  middle e a r  a re a .

C yclic  AMP: c y c l ic  adenosine monophosphate, a  chem ical which d i r e c t s
many c e l l  fu n c tio n s .

E x te rn a l A coustic M eatus: th e  o u te r  e a r  can a l. -

F ib rous Annulus: th e  f ib ro c a r t i la g in o u s  r in g  surrounding  th e  tympanic
membrane.

M alleus: one o f  th e  au d ito ry  o s s ic le s  and th e  o s s ic le  which i s  a ttach e d
to  th e  tym panic membrane.

Manubrium: th e  lo n g e s t p ro cess  o f  th e  m alleus.

M yringoplasty: to  s u rg ic a l ly  c lo se  a p e rfo ra te d  tympanic membrane
w ith  a g r a f t .

O t i t i s  Media: in fla m a tio n  o f th e  middle e a r .

P ars  F la c c id a : sm all p o r tio n  o f  th e  tympanic membrane a t  th e  margin
and in  th e  a re a  o f  th e  l a t e r a l  p ro cess  o f  th e  m alleus.

P ars  Tensa: th e  la rg e  a re a  o f th e  tympanic membrane exclud ing  th e
a re a  o f th e  p a rs  f la c c id a .

P e tro u s  Bone: a  p a r t  o f  th e  tem poral bone.

PGEgi a  p ro s ta g la n d in  w ith  oxygen double bound to  th e  n in th  carbon
and two double bonds in  th e  carbon chain .

P ro s ta g la n d in : a group o f  n a tu ra l ly  o ccu rrin g , long  chain  hydroxy
f a t t y  a c id s  th a t  a re  d e riv ed  from arach idon ic  a c id .

Tympanic Membrane: a  th in  p a r t i t i o n  between th e  e x te rn a l au d ito ry
canal and th e  middle e a r .
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Tympanic R ings: th e  f ib ro c a r ti la g e n o u s  r in g s  to  which th e  tympanic
membrane a t ta c h e s .

Umbo: th e  t i p  o f  th e  manubrium a t  th e  c e n te r  o f  th e  tympanic membrane.
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