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OTOPATHOLOGY IN TWO LINES OF THE DIABETIC 
CHINESE HAMSTER, CRICETULUS GRISEUS

Jo  A. O ostveen, M.S.

W estern M ichigan U n iv e rs ity , 1983

Recent evidence su g g es ts  th a t  a  b i l a t e r a l ,  p ro g re ss iv e  s e n s o r i­

n e u ra l h e a rin g  lo s s  i s  a s s o c ia te d  w ith  d ia b e te s  m e ll i tu s  in  humans. 

The m icroangiopathy presumedly le a d in g  to  t h i s  lo s s  seems to  be sim­

i l a r  to  m icrovascu la r changes le a d in g  to  r e n a l  and r e t i n a l  d e te r io r ­

a t io n .  A t o t a l  o f tw en ty -fo u r p a i r s  o f tem poral bones from two 

d ia b e t ic ,  and one n o n -d ia b e tic  l i n e s  o f  th e  C hinese ham ster were 

p rocessed  and evaluated  f o r  t h e i r  t o t a l  a u d ito ry  h is to p a th o lo g y . 

Hematoxylin and eo s in  s e r i a l  s e c tio n s  dem onstrated  a  mean o topatho- 

lo g ic a l  involvem ent 5*6 tim es g r e a te r  f o r  d ia b e tic  an im als compared 

to  n o n -d ia b e tic  an im als . C a p illa ry  basement membrane th ic k e n in g  was 

observed in  th e  a u d ito ry  and v e s t ib u la r  system s 5*5  tim es more o ften  

f o r  d ia b e t ic s .  The Chinese ham ster appears  to  be an  adequate anim al 

model f o r  s tu d y in g  th e  o to p a th o lo g ic a l e f f e c t s  o f th e  d ia b e tic  s t a t e .

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 .



ACKNOWLEDGEMENTS

Many in d iv id u a ls  c o n tr ib u te d  in  a  v a r ie ty  o f ways to  th e  culm in­

a t io n  o f t h i s  s tu d y . I  am g r a te f u l  no t on ly  to  th e  Awards and Fellow ­

sh ip s  Committee f o r  t h e i r  f in a n c ia l  a s s is ta n c e ,  bu t a ls o  to  my g rad ­

u a te  com m ittee, Dr. C e c il L. Me I n t i r e ,  D r. Leonard C. G insberg, and 

D r. Jaim e T . B en itez , f o r  t h e i r  guidance and encouragement. In  p a r ­

t i c u l a r ,  I  am in d eb ted  to  The Upjohn Company f o r  supp ly ing  th e  C hinese 

ham sters and th e  s l id in g  microtome f o r  s e c tio n in g . In  a d d i t io n  a  

s p e c ia l  thanks to  D r. George G e rr its e n  f o r  te c h n ic a l ad v ice  abou t th e  

an im a ls , and to  Mr. B i l l  B urr f o r  h is  a s s is ta n c e  in  th e  h is to lo g y  la b . 

S t a t i s t i c a l  e v a lu a tio n  was p rov ided  by th e  S t a t i s t i c a l  C ounselling  

S e rv ice  of W estern M ichigan U n iv e rs ity , and D r. Gerry S ie v e rs  a lo n g  

w ith  th e  g rad u a te  departm ent o f  m athem atics.

F in a l ly ,  thanks to  my p a re n ts  and f a th e r - in - la w  f o r  t h e i r  sp u r 

o f th e  moment b a b y s it t in g  s e rv ic e s ,  w ithou t which I  could  no t have 

com pleted my M a s te r 's  work. Most im p o rtan tly , a  s in c e re  thank you 

to  my husband, Don, f o r  h i s  e d i to r i a l  a s s is ta n c e ,  and h is  p a tie n c e  

w ith  my p reoccupation  w ith  t h i s  p ro je c t .

Jo  A. Oostveen

i i

R e p ro d u c e d  with pe rm iss ion  of th e  copyright owner. F u r th e r  reproduction  prohibited w ithout perm iss ion .



INFORMATION TO USERS

This reproduction was made from a copy o f a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality o f the reproduction is heavily dependent upon the 
quality o f  the material submitted.

The following explanation o f  techniques is provided to help clarify markings or 
notations which may appear on this reproduction.

1.The sign or “target” for pages apparently lacking from the document 
photographed is “Missing Page(s)”. If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity.

2. When an image on the film is obliterated with a round black mark, it is an 
indication o f either blurred copy because o f  movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image o f  the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame.

3. When a map, drawing or chart, etc., is part o f the material being photographed, 
a definite method o f “sectioning” the material has been followed. It is 
customary to begin filming at the upper left hand comer o f a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete.

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department.

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed.

University
Micrcjfilms

International
300 N. Zeeb Road 
Ann Arbor, Ml 48106

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



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1320630

00STVEEN, JO ANN

OTOPATHOLOGY IN TWO LINES OF THE DIABETIC CHINESE HAMSTER, 
CRICETULUS GRISEUS

WESTERN MICHIGAN UNIVERSITY M.S. 1983

University
Microfilms

International 300 N. Zeeb Road, Ann Arbor. MI 48106

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 .



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLEASE NOTE:

In all ca ses  this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V

1. Glossy photographs or pages.

2. Colored illustrations, paper or print______

3. Photographs with dark background______

4. Illustrations are poor copy

5. Pages with black marks, not original copy.

6. Print shows through as there is text on both sides of page.

7. Indistinct, broken or small print on several pages

8. Print exceeds margin requirements. _

9. Tightly bound copy with print lost in spine

10. Computer printout pages with indistinct print.

11. Page(s) ___ _________ lacking when material received, and not available from school or
author.

12. Page(s) _________seem  to be missing in numbering only as text follows.

13. Two pages numbered_____________ . Text follows.

14. Curling and wrinkled p ages______

15. Other

University
Microfilms

International

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 .



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . .  i i

LIST OF TABLES.     . .     . . . v

C hapter

I .  INTRODUCTION  ....................... . i

The Problem . . . . . . . .  .................... . . . .    3

S ig n if ic a n c e  . . . . . . . . .  ..................... . 9

I I .  REVIEW OF SELECTED LITERATURE. ..............................  i i

I I I .  DESIGN AND METHODOLOGY

Animals  ........................... ............................... 18

M a te r ia ls  and Methods . . . . . . . .  ......................  . . .  23

IV . RESULTS

G eneral O topathology . . .  .....................     .   28

C a p illa ry  Basement Membrane T hickness . . . . . . . . .  45

S t a t i s t i c a l  A ssessm ent. . . ..............  . . . . . .  48

D iscu ssio n .  ..........................    49

V. CONCLUSIONS AND RECOMMENDATIONS .  .....................   . . . . . 62

APPENDICES

A. Hematoxylin and E osin  P rocedure . . .  ..........................  66

B. P e r io d ic  Acid S c h if f s  -  Allochrome Procedure . . . . . . .  68

C. Sample, Q u a li ta tiv e  Assessment o f S e r ia l  S e c tio n s  (H&E). . 70

D. Sample, Q u a n tita tiv e  O to p a th o lo g ica l Form (H&E). . . . .  . 79

E. Samplei Q u a li ta tiv e  Assessment o f S e r ia l  S e c tio n s  (PAS). . 80

F . Sample, Q u a n tita tiv e  C a p illa ry  Basement Membrane T h ick n ess , 
Form . . .  • > * * >     .     * • 83

i i i

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



GLOSSARY OF OTOPATHOLOGICAL TERMS . . .  . . . . . .  . . . . . . . 84 

BIBLIOGRAHIY . . . . . . . . . .  . . . .  . . . . . .  . • • . . . 87

i v

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



L I S T  OF TABLES

Page
1. Age D ata f o r  Chinese H am sters.  ......................   19

2 . C h a ra c te r is t ic s  of C hinese Hamster L ines . . . . . . . . .  20

3 . Number o f Animals Which E x h ib ite d  each
O to p a th o lo g ica l C ondition  . . . . . . . .  .....................   31

4 . T o ta l O to p a th o lo g ica l Involvem ent and Degree
of C a p illa ry  Basement Membrane Thickening  .  ..................... * 3 6

v

R e p ro d u c e d  with pe rm iss ion  of th e  copyright owner. F u r th e r  reproduction  prohibited w ithout perm iss ion .



CHAPTER I  

INTRODUCTION

D esp ite  th e  c o n tr ib u tio n  o f  more th an  a  h a l f  a  cen tu ry  o f  i n ­

te n s iv e  in v e s t ig a t io n ,  d ia b e te s  m e ll i tu s  i s  s t i l l  a  poo rly  understood 

and h ig h ly  d e s tru c t iv e  d is e a s e . D ia b e te s , and i t s  a s s o c ia te d  com­

p l i c a t io n s ,  s t i l l  ranks a s  th e  s ix th  most common cause o f m o r ta li ty  

in  th e  U nited  S ta te s  (F a ja n s , 1976). C onsidering  i t s  h igh  in c id en ce , 

m o r ta li ty  r a t e s  and socioeconomic im pact on th e  w orlds p o p u la tio n , 

d ia b e te s  i s  a  m ajor p u b lic  h e a lth  problem .

D iabetes m e lli tu s  i s  c h a ra c te r iz e d  p r im a r ily  a s  a  m etabo lic  

d is o rd e r .  In  r e a l i t y  d ia b e te s  may be a  group o f  d ise a se s  w ith  h e te ro ­

geneous e t io lo g ie s .  The main u n ify in g  c h a r a c te r i s t ic  i s  th e  develop­

ment of an  im paired  g lucose  m etabolism . D iab e tes  i s  caused by e i th e r  

in s u f f ic i e n t  in s u l in  l e v e l s , o r  th e  p roduction  o f  incom petent i n ­

s u l in ,  o r  t a r g e t  organ re c e p tio n  d i f f i c u l t i e s .  These have th e  e f f e c t  

o f in c re a s in g  blood g lucose le v e ls  (E lle n b e rg , 1970). I n s u l in  i s  a  

p a n c re a tic  hormone produced by th e  b e ta  c e l l s  o f th e  I s l e t s  o f Lan- 

g e ran s . I t  fu n c tio n s  to  low er blood g lucose  le v e l s .  T h e re fo re , in  

i t s  f u l ly  developed c l i n i c a l  ex p ress io n , d ia b e te s  i s  c h a ra c te r iz e d  

by continuous o r  f a s t in g  hyperglycem ia ( excess g lucose  o r  sugar in  

th e  b lood ).

Long range com plica tions of d ia b e te s  u su a lly  m an ifes t in  one of 

th re e  fo rm s t 1) m acrovascular d ise a se  i s  u su a lly  expressed  a s  a th e r ­

o sc le ro se s  o f th e  m ajor v e s s e ls ,  o r 2) m icrovascu la r d ise a se  (m icro­

angiopathy  o r  d ise a se  of th e  c a p i l l a r ie s  and connecting  v e s s e ls ) ,  o r

1
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. 2

3) neuropathy , o r  im pairm ent o f nerve conduction (Tepperman, 1981).

A ll  o f th e se  m a n ife s ta tio n s  can be found in  most t i s s u e s  o f th e  

body. R enal d ise a se  le a d in g  to  kidney f a i l u r e  and d e a th , a s  w ell a s  

r e t i n a l  d e te r io r a t io n  le a d in g  to  b lin d n e s s , a re  th e  most commonly 

a s s o c ia te d  m a n ife s ta tio n s  o f th e  d ia b e t ic  s t a t e .  As in te n s iv e  i n ­

v e s t ig a t io n s  in to  th e  v a r io u s  c l i n i c a l  ex p ress io n s  o f  d ia b e te s  evo lve , 

i t  i s  being  dem onstrated  th a t  th e  d ia b e t ic  s t a t e  a f f e c t s  more th an  

j u s t  th e  h e a r t ,  k idneys, and eyes.

O to la ry n g o lo g is ts  a re  aware t h a t  up to  4($  o f d ia b e t ic  p a t ie n ts  

develope a  h e a rin g  lo s s  ( S t a t l o f f ,  1978). The type o f h e a rin g  lo s s  

which i s  a s s o c ia te d  w ith  d ia b e te s  m e l l i tu s ,  i s  b i l a t e r a l l y  p ro g re ss iv e  

and s e n so r in e u ra l in  n a tu re  ( S t a t l o f f ,  1978). The e tio lo g y  seems to  

be s im i la r  to  th a t  of r e t i n a l  desease  (Q uick, 1973)*

Because o f  th e  in c re a se d  in t e r e s t  in  h ea rin g  lo s s  a s s o c ia te d  

w ith  th e  d ia b e t ic  s t a t e , s tu d ie s  have been and a r e  being  conducted 

in  an  e f f o r t  to  exp lore t h i s  r e la t io n s h ip .  Accum ulation o f human 

d ia b e t ic  tem poral bones f o r  th e  purpose o f s tudy ing  th e  a u d ito ry  and 

v e s t ib u la r  system s i s  a  le n g th y , expensive and somewhat d i f f i c u l t  

u n d ertak in g . The a c q u is i t io n  o f human tem poral bones can occur only 

a f t e r  a  com plete autopsy has been g ra n te d . T h is i s  even more d i f f i c u l t  

w ith  young ju v e n ile  o n se t d ia b e t ic s .

S ince  th e  v e s t ib u la r  system  and coch lea a re  so d e l ic a te  (composi­

t io n  i s  approxim ately  93$ w a te r ) , th e  tim e d e lay s  which a re  in ­

c u rred  in  a c q u ir in g  th e  specimens r e s u l t  in  a u to ly se s  o f some p a r ts  

o f  th e se  organs (Schuknecht, 197^0 • Because o f th e se  problems w ith  

human tem poral bones, i t  has become necessary  to  search  f o r  an  •
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anim al model.

U n ti l  r e c e n t ly ,  th e  m a jo rity  o f s tu d ie s  o f th e  e f f e c t s  o f  d ia ­

b e te s  in  an im als was l im ite d  to  m etabo lic  a l t e r a t io n s  a s  a  r e s u l t  o f j 

l )  pancreatectom y, 2 ) chem ical damage to  th e  i s l e t  c e l l s  by a llo x a n  

o r  o th e r  chem ical a g e n ts , 3 ) p h y s ic a l in te r f e re n c e  o f  th e  r e le a s e  o f 

in s u l in  from th e  b e ta  c e l l s ,  o r  4) in te r f e re n c e  w ith  th e  e f f e c t  o f 

in s u l in  on th e  ta r g e t  o rg an s. These methods d id  n o t ,  however, always 

produce a l t e r a t i o n s  which c lo se ly  resem bled th e  e a r ly  m etabo lic  

changes o f  spontaneously  develop ing  d ia b e te s  in  man (S ire k  and S ire k , 

1970).

An a l t e r n a t iv e  approach i s  to  u t i l i z e  th e  d ia b e t ic  g e n e tic  l i n e  

o f th e  C hinese ham ster which develops spontaneous d ia b e te s  s im i la r  to  

th e  c o n d itio n  in  humans. The Chinese ham ster (C r ic e tu lu s  g r is e u s )  

h as  proved to  be an  a p p ro p r ia te  model f o r  e v a lu a tin g  many a s p e c ts  o f 

th e  long range com plica tions  o f  d ia b e te s  m e lli tu s  (S ire k  and S ire k , 

1970). E a rly  s tu d ie s  have shown th e  Chinese ham ster to  be an  e f f e c ­

t i v e  model f o r  th e  study  o f a u d ito ry  lo s s  r e s u l t in g  from th e  d ia b e t ic  

s t a t e  (M c ln tire  and B e n ite z , 1981).

The Problem

D iab e tes  m e ll i tu s  i n  humans and an im als has been a  to p ic  o f f a s ­

c in a tio n  f o r  hundreds o f  y e a rs . I t  has been th e  s u b je c t o f books, 

p re s e n ta tio n s ,  s c h o la r ly  works, and much a t te n t io n  in  g e n e ra l.  With 

a l l  o f th e  re se a rc h  th e  d e t a i l s  o f how th e  p a n c re a tic  b e ta  c e l l  i s  

abnormal i n  i t s  s e c re t io n  of in s u l in ,  o r  i f  i t  i s  in  f a c t  abnorm al, 

a r e  no t known. One of th e  main reasons f o r  th e  s p a rc i ty  o f d e ta i le d
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knowledge I s  th e  su b tle  n a tu re  o f d ia b e te s .  C lin ic a l  ex p ressio n s  

which e v en tu a lly  a re  f a t a l  a re  u su a lly  n o t p re se n t a t  th e  o n se t of 

th e  c o n d itio n . Knowledge i s ,  however, increasing-, ab o u t th e  long  term 

com plica tions and trea tm e n t o f  d ia b e te s .

M an ife s ta tio n s  o f th e  d ise a se  range from th e  unrecogn i2a b le  

( s i l e n t  com plica tions) to  th e  reco g n izab le  (k e to a c id o s is ,  a c u te  hyper­

osm olar coma). D iabetes i s  a  syndrome w ith  a  number o f  f a c to r s  

(g e n e t ic ,  environm ental, v i r a l ) .  Among th e se  f a c to r s  a re  a  g e n e tic  

p re d is p o s it io n  o r  in h e r i te d  s u s c e p t i b i l i t y , environm ental a g e n ts , 

chem ical ag en ts  and in fe c tio u s  ag en ts  in  th e  environm ent, a s  w ell as 

n u t r i t io n ,  p h y s ica l a c t i v i t y ,  and p sy ch o lo g ica l s t r e s s  on th e  i n ­

d iv id u a l .  The exp ression  o f  th e  d ia b e tic  syndrome in  any p a r t i c u la r  

in d iv id u a l i s  an  in te g ra te d  response to  th e se  m u ltip le  f a c to r s .  A 

com bination of any o f th e se  f a c to r s  cou ld  le a d  to  p a n c re a tic  b e ta  

c e l l  in ju ry  and decom pensation e v en tu a lly  le a d in g  to  m a tu r i ty  o r  

ju v e n ile  onse t d ia b e te s .

D iabetes m e lli tu s  i s  one o f th e  most complex d is e a s e  s ta t e s  

(F a ja n s , 1976). Long term m acrovascular d is e a se  (u su a lly  a th e ro ­

s c le r o s is )  has a  prem ature o n se t in  d ia b e t ic s  and i s  n o n d is tin g u ish -  

a b le  from th e  nond iab e tic  form . A th e ro sc le ro s is  i s  a  v a sc u la r  change 

a f f e c t in g  th e  la rg e r  blood v e s s e ls ,  and i s  a s s o c ia te d  w ith  an in c re a se  

in  co ronary , c e re b ra l ,  and p e r ip h e ra l v a s c u la r  d is e a s e . I t  i s  ch ar­

a c te r iz e d  by a  th ick en in g  o f th e  in n e r l in in g  o f th e  a r te r y  ( tu n ic a  

in t im a ) , and a trophy  o f th e  a r t e r i a l  w all w ithou t e n d o th e lia l  p ro ­

l i f e r a t i o n  (N aufal and Schuknecht, 1972).

A nother common m acrovascular d ise a se  a s s o c ia te d  w ith  d ia b e te s  i s
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a r t e r io s c l e r o s i s .  H ypertension  r e s u l t s  from a r t e r io s c le r o s i s  and  i s  

th e re fo re  no t a  d i r e c t  consequence o f  th e  abnormal m etabo lic  s t a t e .  

The m ajor r e s u l t  o f m acrovascular changes i s  coronary  a r te r y  d is e a s e . 

T h is  com plica tion  accoun ts f o r  up to  42# o f  th e  d ea th s  r e la te d  to  th e  

d ia b e t ic  c o n d itio n  (F a ja n s , 1976).

The second long  range com plica tion  o f  d ia b e te s  i s  m icro v ascu la r 

d is e a s e .  Due to  th e  r e s u l t s  o f  th e  p re se n t s tu d y , and many o th e rs ,  

th e  prim ary cause o f h ea rin g  lo s s  seems r e la te d  to  changes in  th e  cap­

i l l a r y  basem ent membrane m a te r ia l  which i s  th e  hallm ark  o f  m icroangio­

pathy  . Narrowing o f th e  lumens o f sm all a r t e r i o l e s , c a p i l l a r i e s , and 

venu les supp ly ing  v a rio u s  t i s s u e s  occur because o f e i th e r  an  in c re a se  

i n  p ro d u c tio n , o r  a  decrease  in  normal breakdown r a t e s  of th e  basement 

membrane l in in g  th e se  v e s s e ls .  T h is  m icroang iopath ic  v a sc u la r  d is e a s e  

i s  most o f te n  d e te c te d  a s  an  in c re a s e  in  c a p i l la ry  basement membrane 

m a te r ia l .

Many experim ents concern ing  th e  i n i t i a l  phases o f  development 

o f basement membrane th ic k e n in g  have shown th a t  i t  i s  normal a t  th e  

o n se t o f  th e  d is e a s e . T h is  i s  u su a lly  when i t  i s  f i r s t  observed 

c l i n i c a l l y  i n  young d ia b e t ic s .  The basement membrane i s  normal in  i t s  

p r e -d ia b e t ic  s t a t e ,  bu t o ver y e a rs  o f  a  d i a b e t i c 's  l i f e ,  what were 

normal basement membranes become th ick en ed , and can f i n a l ly  le a d  to  

dea th  due to  organ damage in  th e  k idney, h e a r t ,  o r  b ra in .  The 

m a jo rity  o f th e  knowledge and in fo rm atio n  on basement membrane 

m orphological changes accum ulated has been from s tu d ie s  i n  th e  k idney , 

r e t i n a ,  and m uscle.

Before one can understand the morphological changes manifested
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in  th e  c a p i l la r y  basement membrane o f th e  d ia b e t ic ,  i t  i s  n ecessary  to  

understand  th e  morphology in  th e  normal, p re -d ia b e t ic  c o n d itio n .

The basement membrane i s  th e  continuous sh ee t o f m a te r ia l  which 

i s  p e r io d ic  a c id  s c h i f f s  (PAS) p o s i t iv e  underly ing  e p i th e l ia  o r  endo- 

t h e l i a  c e l l s .  I t  i s  a ls o  c a l le d  b a sa l lam ina o r basement lam ina.

Most im p o rtan tly  f o r  understand ing  th e  p re se n t s tu d y , th e  basement

membrane i s  found u nderly ing  th e  en d o th e lia  o f c a p i l l a r i e s .
0

The basement membrane i s  ty p ic a l ly  200 to  500 A in  th ic k n e s s ,

and i s  se p a ra te d  from th e  e p i th e l i a l  o r  en d o th e lia  c e l l  la y e r  by a
0

l i g h t e r  e le c tro n  lu c id  zone approxim ately  100 A th ic k .  T his a re a  i s  

composed o f  g ly c o p ro te in . The membrane i t s e l f  i f  composed o f  t i g h t ly  

m atted  a r ra y s  o f f in e  (30 to  40 A) f i b r i l s  embedded in  a  f in e ly  granu­

l a r  m a tr ix . The PAS techn ique  s ta in s  th e  basement membrane i t s e l f ,  

th e  lu c id  g ly c o p ro te in  zone, and some o f th e  r e t i c u l a r  f ib e r s  on th e  

connec tive  t i s s u e  s id e .

Basement membranes belong to  th e  co llag en  fam ily  o f  p ro te in ,  

bu t a re  amorphous, u n lik e  c l a s s i c a l  c o lla g e n s . They do, however, g ive 

d i f f r a c t io n  p a t te rn s  s im i la r  to  c o lla g e n s . The basement membrane i s  

r ic h  in  m ucopolysaccharides and p o sse sses  a  high type  IV co llag en  

c o n te n t. N inely  p e rce n t o f  th e  basement membrane i s  p ep tid e  and te n  

p e rc e n t i s  carbohydrate  (g lu co se  and g a la c to s e ) .

The basement membrane se rv es  to  d e - l im i t  th e  a re a  o f connec tive  

t i s s u e  and p rov ides a  b a r r i e r  between i t ,  and a re a s  o f  non-connective 

t i s s u e  elem ents and thus m a in ta in s  o rd e r ly  o rg a n iz a tio n  o f organs 

and t i s s u e s .  The basement membrane a ls o  re p re se n ts  a  b a r r i e r  which 

se rv e s  to  p ro te c t  passage o f  plasma p ro te in s .  The basement membrane
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i s  th e  main f i l t e r  f o r  both  s iz e  and charge o f p a r t i c l e .  M icro- 

v a sc u la r  d is e a s e  thus a l t e r s  th e  morphology and fu n c tio n s  o f  th e  

basement membrane and th e  t i s s u e s  they  supply (M arquhar, 1978).

The th i r d  f e a tu r e  of long  term  d ia b e t ic  com plica tions i s  neuropa­

thy  which encompasses any abnorm al c o n d itio n  o f th e  nervous system . 

D iso rdered  nerve fu n c tio n  r e s u l t s  in  senso ry  im pairm ant. T h is  ab ­

normal c o n d itio n  and fu n c tio n  may be due to  a  ch ro n ic  m etabo lic  d i s ­

tu rb an ce  o f  th e  n e rv es . I n  th e  case o f  d ia b e te s ,  th e  nerves a re  

exposed to  h igh c o n c e n tra tio n s  o f  g lucose  from th e  blood over a  long  

tim e span .

P a th o lo g ic  exams have re v e a le d  sm all blood v e s s e l  changes 

o ccu rrin g  in  th e  a u d ito ry  and  v e s t ib u la r  systems o f  an im als , very  

s im i la r  to  th o se  found in  th e  k idney , b ra in ,  and m uscle t i s s u e s  

( S t a t l o f f ,  1978). A lso a th e ro s c le ro s is  o f th e  la rg e  blood v e s s e ls ,  

p o s s ib ly  from e le v a te d  serum c h o le s te ro l  and g lu co se , seem to  de­

velop  w ith in  th e se  systems p rem atu re ly . V ascu lar d is e a s e  and  p o ly ­

neuropathy a re  w e ll a s s o c ia te d  w ith  p ro g re ss iv e  h e a rin g  lo s s  

(Makishima and Tanaka, 1971). These v a sc u la r  changes r e s u l t  in  com­

prom ised oxygenation and fu n c tio n  of th e  su p p lied  t i s s u e  (DeLorenzo, 

1973). The b ra in  i s  p a r t i c u l a r i t y  v u ln e ra b le . S im ila r  e f f e c t s  o f 

v a sc u la r  changes in  th e  in n e r  e a r  may be r e la te d  to  c e re b ra l v a s c u la r  

d is e a s e .

C o rre la tio n s  between d ia b e te s  and a  h ea rin g  lo s s  depend on many 

f a c to r s ,  such a s  l )  d u ra tio n  o f th e  d ia b e t ic  c o n d itio n , 2 ) s e v e r i ty  

o f  th e  c o n d itio n , 3) sex , ^) ag e , 5 ) b lood  p re s s u re ,  and 6 ) v a s c u la r  

s ta tu s  (M artin , 1981). .
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At th e  p re se n t tim e, th e re  i s  co n s id e ra b le  evidence th a t  th e  

m ajor reason  f o r  h ea rin g  lo s s  a s s o c ia te d  w ith th e  d ia b e t ic  s t a t e  i s  

bo th  m acrovascular and m icro v ascu la r d is e a s e  (M artin , 1981). Mani­

f e s ta t io n s  of th e se  d is e a se s  in c lu d e  th ick en in g  o f th e  v e s s e l  w a lls  

w ith in  th e  c a p i l la ry  network supp ly ing  th e  in n e r  and m iddle e a r .  The 

lumens become p ro g re s s iv e ly  more narrow le a d in g  to  a  decreased  blood 

supp ly . I n  a d d i t io n  to  d ecreased  blood supply and r e s u l t in g  ischem ia 

to  th e  t i s s u e  th ey  se rv e , ch ro n ic  h igh  g lucose le v e ls  supp ly ing  th e  

n erves  le a d  to  p a th o lo g ic a l changes in  th e  nervous system  o f th e  e a r  

(Schuknecht, 197*0 • A l im ite d  blood supply and a  p ro g re s s iv e  s e n s o r i­

n e u ra l h ea rin g  lo s s  a re  o f te n  found to g e th e r . E f fe c ts  o f d ia b e t ic  

neuropathy have been documented w ith in  th e  human e a r  in  th e  s t r i a  

v a s c u la r i s , th e  m odio las, and th e  e ig h th  n e rv e , a l l  a s s o c ia te d  w ith  

a  th ick en ed  v a sc u la r  c a p i l la ry  w all supp ly ing  th e  n e rv a tio n  to  th e se  

a re a s  (M artin , 1981). As th e  lumen o f th e  in te r n a l  co ch lea r  a r te r y  

becomes p ro g re s s iv e ly  more narrow le ad in g  to  a  decreased  blood supp ly , 

th e re  i s  ev idence o f lo s s  o f  a  p ercen tage  o f neurons o f th e  s p i r a l  

g an g lia  o f  th e  co ch lea , and  th e  m yelin sheath  o f  th e  s ta to - a c u s t ic  

p o r tio n s  o f th e  V III c r a n ia l  n erv e .

In  a d d i t io n  to  th e  v a sc u la r  o r  neu ro p a th ic  changes (se n s o r in e u ra l)  

h ea rin g  lo s s  a s s o c ia te d  w ith  th e  m etabolic  a l t e r a t i o n  of d ia b e te s  may 

r e s u l t  from an in c re a se d  in c id en ce  of chron ic  in f e c t io n  o f  th e  m iddle 

e a r  ( o t i t i s  m edia)*■ I t  i s  a  w idely h e ld  axiom th a t  th e  d ia b e t ic  

in d iv id u a l  i s  more su sc e p tib le  to  b a c te r ia l  and fu n g a l in f e c t io n  

( J .E .  Johnson, 1970). D ia b e tic s  have a  more d i f f i c u l t  tim e coping 

w ith  in fe c t io n  o f  any type in  any t i s s u e .  In c rea sed  g lucose  le v e ls ,
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k e to a c id o s is ,  v a sc u la r  in s u f f ic ie n c y ,  and neuropathy a l l  c o n tr ib u te  

to  changing th e  h o s t d efense  mechanisms o f th e  d ia b e t ic .  The d e f in i t e  

p a th o lo g ic  mechanisms o f d ia b e te s  m e ll i tu s  which p red isp o se  th e  in ­

d iv id u a l to  re c u r re n t  o r  ch ro n ic  in f e c t io n s  have a  profound e f f e c t  on 

th e  a u d ito ry  and v e s t ib u la r  system s o f th e  in d iv id u a l .

By u sin g  th e  Chinese ham ster a s  a  model to  re p re s e n t  spon tane­

o u sly  develop ing  d ia b e te s  i t  i s  th e  purpose o f th e  p re s e n t s tu d y  to  

determ ine to  what e x te n t d ia b e te s  a f f e c t s  th e  v e s t ib u la r  and a u d ito ry  

system s in  t h i s  anim al model.

S ig n if ic a n c e

There a r e  a t  l e a s t  s ix  m ill io n  d ia b e t ic s  in  th e  U nited  S ta te s  

p re s e n t ly ,  and th e  number grows by &f<> each y e a r  ( S t a t l o f f ,  1978). 

D iab e tes  i s  a  more common d is o rd e r  t h a t  o rd in a r i ly  supposed, and 

g r e a te r  p u b lic  a t te n t io n  i s  being g iven  to  i t .  Because o f th e  in ­

c rea sed  re c o g n itio n  o f i t s  p rev a len ce , th e re  i s  more i n t e r e s t  i n  i t s  

w idespread co m p lica tio n s .

With tim e th e  fundam ental b iochem ical, p h y s io lo g ic a l ,  and  p a th ­

o lo g ic  concep ts o f d is b e te s  a re  becoming c le a r e r .  Even though many 

f a c e ts  o f th e  d ise a se  a re  now com pletely  understood , many changes 

which occur in  th e  d ia b e t ic  s ta t e  a r e  s t i l l  u n c le a r . One o f th e se  

changes i s  th e  p a thogenesis  o f c a p i l la r y  basement membrane th ic k e n in g . 

I t  i s  ev id en t th a t  th ick en in g  does o ccu r, and th a t  th e  e f f e c t s  on th e  

fu n c tio n  o f t h i s  membrane a r e  profound. D ia b e tic  changes have been 

observed in  v a rio u s  lo c a tio n s  o f th e  body such a s  th e  k idney , h e a r t ,  

b ra in ,  p e r ip h e r ia l  nervous system , m uscles, s k in , r e t i n a ,  i r i s ,

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



p an c re as , l i v e r ,  p la c e n ta , and th e  in n e r  e a r  (O sterby  and Lundbaek, 

1970; Schuknecht, 197^; S ta ry  1966).

These and o th e r  consequences o f th e  long term  co m p lica tio n s  of 

t h i s  m etabo lic  d iso rd e r  a re  g r e a t .  The s ig n if ic a n c e  o f th e  e f f e c t  o f 

d ia b e te s  on th e  a u d ito ry  and v e s t ib u la r  fu n c tio n  o f th e  in d iv id u a l  

i s  c le a r ly  e v id e n t. I t  has a lre a d y  been shown th a t  e f f e c t s  on 

d i f f e r e n t  p a r ts  o f th e  body from th e  r e t i n a  o f th e  eye, to  th e  

glom erulus o f th e  kidney a re  s im i la r .  The knowledge gained  o f  th e  

pathophysio logy  o f d ia b e te s  may w ell a s s i s t  in  th e  management o f  th i s  

s e r io u s  d is e a s e .
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CHAPTER I I  

REVIEW OP SELECTED LITERATURE

Reviewing th e  h is to ry  o f  d ia b e te s ,  in s u l in  and i t s  e f f e c t s ,  i s  

n o th in g  l e s s  th a n  a  m in ih is to ry  o f  b io logy  and m edicine (Tepperman,

1981). In  th e  y e a r  c . a .  2QA.D. th e  name "d ia b e te s "  was f i r s t  i n t r o ­

duced by A re ta e u s . Many in v e s t ig a to rs  fo llo w in g  A re ta e u s , a l s o  noted 

symptoms o f th e  d ia b e t ic  s t a t e .  I n  1679 Thomas W il l is  d e sc r ib e d  a 

d is e a s e  c h a ra c te r iz e d  by a  "sweet t a s t e  o f u r in e " .  I t  w a sn 't  u n t i l  

1788 th a t  Crawley acknowledged th e  pathology o f th e  pancreas i n  

a s s o c ia t io n  w ith d ia b e te s  m e l l i tu s .  A cen tu ry  l a t e r  in  1869,

Langerhans f i r s t  d escrib ed  th e  p a n c re a tic  i s l e t  c e l l s  (Tepperman, 1981). 

Almost a t  th e  same tim e th a t  Langerhans was d e s c r ib in g  and  determ in ing  

th e  fu n c tio n  o f th e  v a rio u s  i s l e t  c e l l s  of th e  p an c re as , Jo rd ae  (1857) 

in  P a r i s ,  sug g ested  a  r e la t io n s h ip  between d ia b e te s  and a  h ea rin g  

lo s s  (G ladney, 1978). J o r d a e 's  t r e a t i s e  was th e  f i r s t  o f  many to  

su g g es t such a  r e la t io n s h ip .  The main f e a tu re s  o f  th e  v a s c u la r  supply 

to  th e  in n e r  e a r  were w ell known a t  th e  end o f  th e  180 0 's  s in c e  

Siebenmann p u b lish ed  h i s  monograph on th e  human e a r  in  189^ (DeLorenzo,

1973).

About th e  tim e o f Jo rd a e , Langerhans, and Siebenmann, two o th e r 

in v e s t ig a to r s ,  Todd and Bowman, f i r s t  d e sc rib e d  th e  n a tu re  o f  th e  

basement membrane (K e fa lid e s , 1978). F o r o v e r 'a  hundred y e a rs  know­

ledge  and i n t e r e s t  in  t h i s  e x t r a c e l lu la r  membrane rem ained dorm ant.

The basement membrane was is o la te d  and dem onstrated  to  be an

11
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e x t r a c e l lu la r  m a trix  co n ta in in g  co llagenous and noncollagenous g lyco­

p ro te in  components (Krakower and Greenspon, 1951).

Knowledge o f th e  m etabo lic  d is o rd e r  o f  d ia b e te s  was in c re a s in g  

ra p id ly  in  th e  e a r ly  190 0 's  when B anting  and B est i n  1921 p u b lish ed  

th e  famous a r t i c l e  'The In te r n a l  S e c re tio n s  o f th e  P an creas" , u sing  

th e  dog a s  a  model f o r  th e  d isco v ery  o f in s u l in  (Tepperman, 1981).

I t  seemed a s  i f  th e  r e la t io n s h ip  between th e  p a n c re a tic  i s l e t  s e -  

c re a tio n s  o f  in s u l in  and th e  d ia b e t ic  s t a t e  was f i n a l ly  cem ented.

D uring th e  1930 's  young d ia b e t ic s  began to  su rv iv e  due to  supplem ented 

in s u l in  in je c t io n s  (O sterby  and Lundbaek, 1970). L a te r  i n  th a t  decade 

th e  im portance and s e v e r i ty  o f v a sc u la r  d is e a se  in  d ia b e te s  became 

ap p a re n t.

In  1955 Sanger rece iv ed  th e  Nobel p r iz e  f o r  h is  e lu c id a t io n  of 

th e  s t r u c tu re  o f in s u l in .  S an g e r 's  work re p re se n te d  th e  f i r s t  tim e 

th a t  th e  amino a c id  sequence o f a  p o ly p ep tid e  was a c c u ra te ly  d e te r ­

mined. I n s u l in  has s in c e  been shown to  be e s s e n t i a l  f o r  th e  syn­

th e s i s  and co n serv a tio n  o f  body ca rb o h y d ra tes , f a t s ,  and p ro te in s  

(Tepperman, 1981).

S h o rtly  a f t e r  Sanger rece iv ed  h is  Nobel p r iz e  f o r  th e  amino 

a c id  s t ru c tu re  o f in s u l in ,  two o th e r  re s e a rc h e rs ,  M eier and Y erganian 

( 1 9 5 9 ) p u b lish ed  th e  f i r s t  r e p o r ts  abou t in b reed in g  producing d ia b e te s  

in  th e  Chinese ham ster. The anim als were cap tu red  n ear Peking and 

tra n sp o r te d  to  Y erganians la b o ra to ry  in  Boston in  o rd e r to  use t h e i r  

cheek pouches f o r  s tu d ie s  of c e l l  im p lan ts  (S ire k  and S ire k , 1970). 

Because of s e v e ra l s t r e s s  f a c to r s ,  m ainly th e  new u n n a tu ra l env iron­

ment o f th e  la b  and th e  confinem ent, a s  w ell a s  s e v e ra l g en e ra tio n s
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of in b re e d in g , th e  d ia b e tic  s t a t e  f i n a l l y  r e s u l te d .  F u r th e r  i n -  

b reed ing  o f th e se  ham sters would have r e s u l te d  in  th e  lo s s  o f th e  

d ia b e tic  t r a i u ,  so  th e  ham sters were re b re d  in to  new l i n e s  o f  th e  

Upjohn Company colony in  1967* T h is  work was c a r r ie d  ou t by L . B u tle r , 

a  g e n e t ic i s t  from th e  U n iv e rs ity  o f  T oron to . A j o i n t  program c a r r ie d  

out by G e rr its e n  and D ulin  a t  th e  Upjohn Company and  B u tle r  in  Canada 

produced what i s  regarded  a s  th e  most com plete a n a ly s is  o f  th e  g e n e tic s  

invo lved  in  th e  d ia b e t ic  C hinese ham ster (S ire d  and S ire k , 1970).

S ince  th a t  tim e , i n  th e  l a t e  s i x t i e s ,  th e  colony o f  C hinese ham sters 

have been c h a ra c te r iz e d  in to  s e v e ra l d i s t i n c t  t r u e  b reed in g  g e n e tic  

l i n e s .  Spontaneous d ia b e te s  in  th e  C hinese ham ster has been w e ll 

d e sc rib e d  and p rov ides a  v a lu ab le  model f o r  d ia b e t ic  re s e a rc h . In  

many re s p e c ts  th e  Chinese ham ster c lo se ly  approxim ates th e  human 

c o n d itio n .

I n  th e  e a r ly  1 9 6 0 's , much l a t e r  th a n  J o rd a e 's  i n i t i a l  work, o to - 

p a th o lo g is ts  once ag a in  became in te r e s te d  in  th e  r e la t io n s h ip  between 

d ia b e te s  and a  p ro g re ss iv e  h ea rin g  lo s s .  Sparking th e  i n t e r e s t  was 

a  r e p o r t  by C o jazz i and B otner (1950). T h e ir  work w ith  a l lo x a n  in ­

duced d ia b e te s  i n  ra b b its  showed s ig n i f i c a n t  changes in  th e  s t r i a  

v a s c u la r is  and  d eg en e ra tiv e  changes in  S c a rp a 's  g an g lia  and  th e  

v e s t ib u la r  n erves  in  a s s o c ia t io n  w ith  d ia b e te s  (Schuknecht, 197*0*

I n  1961 Jorgensen and Buch p u b lish ed  a  paper w ith  e x c e lle n t  

docum entation of th e  o to p a th o lo g ic a l c o r r e la t io n  w ith  d ia b e te s .  They 

examined 60  d ia b e t ic  p a t ie n ts  and found th a t  28 had a  h ea rin g  lo s s .

In  t h i s  e a r ly  re p o r t  they  found no d i s t i n c t  c o r r e la t io n  between the  

d u ra tio n  o f th e  d ia b e tic  s t a t e  and th e  degree o f h ea rin g  lo s s ,  .
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However th e  lo s s  was more sev e re  in  th e  o ld e r  p a t ie n ts ,  and in  those  

w ith  d ia b e t ic  re tin o p a th y . I n  t h e i r  p a t ie n ts  u n d e r  40 y e a rs  o f  age 

th e re  was a  d i s t i n c t  r e la t io n s h ip  between in c re a se d  h e a r in g  lo s s  and 

nephropathy . No re la t io n s h ip  was found between d ia b e t ic  neuropathy , 

h y p erten sio n  and th e  degree o f h ea rin g  im pairm ent. H earing  lo s s  was 

b i l a t e r a l  and p ro g re ss iv e . Of th e  28, th re e  had sudden o n se t h e a rin g  

lo s s  and n in e  experienced v e r t ig o  s im i la r  to  M en ie re 's  d is e a s e .

In  1961 Jorgensen  noted h is to p a th o lo g ic  lo s s  o f  g a n g lia  c e l l s ,  

and changes in  th e  s t r i a  v a s c u la r is .  He a ls o  showed th a t  th e re  were 

PAS p o s i t iv e  ( c a p i l la ry  basement membrane) th ic k e n in g s  in  th e  cap­

i l l a r y  w a lls  of th e  s t r i a  . .which s to o d  o u t i n  some p re p a ra t io n s  a s  

th ic k  cab les  having w alls  10-20 tim es th ic k e r  than  n o r m a l . . . . " .  In  

h is  o b se rv a tio n s  o f 32 m an ifes t d ia b e t ic s  (no p r e -d ia b e t ic s )  th e se  

m icrovascu la r changes were n o t age r e la te d  changes, only  changes r e ­

la t e d  to  th e  d u ra tio n  o f th e  d ia b e t ic  s t a t e .  In  th e  aforem entioned  

paper w ith  Buch, Jorgensen found no c o r r e la t io n  o f h e a r in g  lo s s  and 

d u ra tio n  o f th e  d ia b e tic  s t a t e  w ith  l iv in g  in d iv id u a ls ,  b u t when 

h is to lo g ic a l  s tu d ie s  were ev a lu a te d , th e re  was a  d e f in i t e  r e la t io n s h ip  

o f in c re a se d  o to p a th o lo g ica l f in d in g s  w ith  in c re a se d  d u ra tio n  o f th e  

d is e a s e .  I t  seemed th a t  th e  observed pathology d id  n o t r e f l e c t  th e  

degree  of h ea rin g  lo s s  observed . Jo rgensen  d id  dem onstrate  severe  

PAS p o s i t iv e  th ick en in g s o f th e  c a p i l la ry  basement membranes o f th e  

s t r i a  v a s c u la r is  and p o s tu la te d  th a t  th e re  were hemodynamic changes 

secondary to  th e  m icroangiopathy o f  the  d ia b e t ic  s t a t e .  C osta (19&7) 

found th a t  a llo x a n  induced d ia b e te s  in  r a t s  a l s o  produced s t r i a  v as­

c u la r i s  c a p i l la ry  basement membrane changes which were s im i la r  to  .
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Jo rg e n se n 's  r e p o r t  abou t human in n e r  e a r s .

A f te r  Jo rg e n se n 's  r e p o r ts  many o th e r  in v e s t ig a to r s  subsequen tly  

dem onstrated  basement membrane th ick en in g s  in  v i r t u a l l y  a l l  t i s s u e s  o f 

human d ia b e t ic s  (ey e , b r a in ,  k idney , e t c . ) ,  however p rev a len ce  and 

m agnitude o f  th ick en in g  v a r ie d  g r e a t ly .

C ontroversy  continued  a s  to  w hether c a p i l la r y  basement membrane 

th ic k e n in g  was a  r e s u l t  o f th e  d ia b e t ic  s t a t e  o r  o ccu rred  a s  a  co­

e x is t in g  p a th o lo g ic a l c o n d itio n . In  1968 S ip e r s te in  showed an  in c re a se  

in  c a p i l la r y  basement th ic k e n in g  in  muscle c a p i l l a r i e s  in  50$  of  p re ­

d ia b e t ic  in d iv id u a ls  ( th o s e  w ith  two d ia b e tic  p a re n ts  and w ithou t 

g lucose  in to le r a n c e ) .  He th e re fo re  concluded th a t  basement membrane 

th ic k e n in g  was a  c o -e x is t in g  ab n o rm a lity , and n o t a  com plica tio n  of 

d ia b e te s .  S h o rtly  th e r e a f te r ,  W illiam son and K ilo  dem onstrated  th a t  

basement membrane th ick en in g  was no t ev id en t i n  new ju v e n ile  d ia b e t ic s ,  

bu t developed l a t e r  in  d i r e c t  r e la t io n s h ip  to  d u ra tio n  o f  th e  d ia b e t ic  

s t a t e .  They concluded th a t  basement membrane th ic k e n in g  was r e la te d  

to  d u ra tio n  and in te n s i ty  o f  d ia b e te s , and n o t to  a  c o -e x is t in g  in ­

h e r i te d  abn o rm ality . Many re c e n t s tu d ie s  in c lu d in g  t r a n s p la n ta t io n  

experim ents of normal k idneys in to  a  d ia b e t ic  an im al and r e s u l t in g  

basement membrane th ic k e n in g , p o in t to  th e  f a c t  th a t  t h i s  th ick en in g  

e s p e c ia l ly  in  th e  re n a l glom erulus i s  a  consequence o f d ia b e te s  m e ll i -  

tu s .  The m u l t i f a c to r ia l  pathogenesis:', o f  c a p i l la r y  basement membrane 

th ic k e n in g  i s  c le a r ly  ev id en t a s  w ell a s  th e  f a c t  th a t  t h i s  th ic k ­

ening fo llo w s r a th e r  th an  preceeds th e  onse t o f m e tab o lic  a b n o rm a litie s  

a s s o c ia te d  w ith in s u l in  in s u f f ic ie n c y .

S ev e ra l in v e s t ig a t io n s  in  th e  1970 's  a l s o  dem onstrated  a  cau sa l
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r e la t io n s h ip  between in s u l in  d e f ic ie n c y  and a u d ito ry  d y sfu n c tio n .

Gladney and Shephard (1970) showed th e  in te r r e la t io n s h ip  between th e  

m etabolic  and v a s c u la r  components of d ia b e te s .  The biochem ical mech­

anism s a r e  o p e ra tiv e  p r io r  to  th e  development o f th e  m a n ife s t d ia b e tic  

s t a t e .  L ab y rin th  d y sfu n c tio n  c o r re la te d  w ith  d ia b e te s  was re p o r te d  

in  19 c a se s . Working w ith  fo u r d ia b e t ic  In d iv id u a ls  Makiskima and 

Tanaka (1971) found a  sev ere  lo s s  o f co ch lea r  neurons most pronounced 

in  th e  b a sa l tu rn .  The blood v e s s e ls  in  th e  in t e r n a l  a u d ito ry  c a n a ls , 

m o d io li, and s t r i a  v a s c u la r is  showed h y a l in iz a t io n  and narrow ing.

There was dem yelina tion  in  2Qfo o f th e  nervous supp ly . S evere atrophy  

o f th e  s t r i a  v a s c u la r is  was th e  most common f in d in g . They concluded 

th a t  th e  v a sc u la r  le s io n s  were though t to  be one o f th e  most im portan t 

c a u s i t iv e  f a c to r s  f o r  neuronal d eg en e ra tio n  le ad in g  to  h e a rin g  lo s s .

In  a d d i t io n  to  Makiskima and Tanaka, d u rin g  th a t  same y e a r ,

Korczyn s tu d ie d  130 p a t ie n ts  w ith  B e l l ’s  p a ls y ,  and found 88 of th e  

p a t ie n ts  were d ia b e t ic s .  B e l l 's  p a lsy  in v o lv es  a  prim ary inflam m ation 

o r  neuropathy o f th e  VII c r a n ia l  nerve which in c lu d e s  th e  chorda 

tympani nerve and th e  main tru n k  o f th e  com plete f a c i a l  n e rv e . Korczyn 

s ta t e d  th a t  B e l l 's  p a lsy  may be th e  f i r s t  m a n ife s ta tio n  of d ia b e te s  

and th e  high in c id en ce  of B e l l 's  p a lsy  in  d ia b e t ic s  had been c le a r ly  

e s ta b l is h e d .

In  1972 Ig a ra s h i re p o rte d  a u d ito ry  d y sfu n c tio n  observed in  about 

50^ o f d ia b e t ic s .  PAS p o s i t iv e  th ick en in g  o f  c a p i l la ry  w a lls  in  th e  

s t r i a  v a s c u la r is  was ty p ic a l .

More re c e n tly  T ay lo r and Irw in  (1978) com pleted a  study  in  which 

th e  h ea rin g  o f 38 d ia b e t ic  l i s t e n e r s  was compared to  th e  h ea rin g  of
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39 n o n -d ia b e tic  l i s t e n e r s .  They showed th a t  th e  d ia b e t ic  group had 

a  g r e a te r  p ro p o rtio n  o f  h e a r in g  im pairm ent.

In  1981 M cln tire  and  B en itez  u s in g  a s s o r te d  l i n e s  o f th e  

C hinese ham ster a s  an an im al model showed th a t  th e  summation o f 

q u a l i t a t iv e  and q u a n ta tiv e  a sp e c ts  o f  th e  o topatho logy  re v e a le d  a  

mean p a th o lo g ic a l involvem ent th re e  tim es g r e a te r  f o r  th e  d ia b e t ic s  

th a n  th e  n o n -d ia b e tic s . The o to p a th o lo g ic a l assessm en t inv o lv ed  over 

28 ty p es  of m iddle e a r , v e s t ib u la r ,  and c o c h le a r  a b n o rm a lit ie s .

The p re s e n t study i s  an  a tte m p t to  s o r t  o u t th e  k inds o f o to -  

p a th o lo g ic a l m a n ife s ta tio n s  t h a t  a re  c h a r a c te r i s t i c  o f  each o f th e  

d i f f e r e n t  g e n e tic  l in e s  o f  th e  C hinese h am ster. The h is to p a th o lo g y  

o f  th e  m iddle e a r , co ch lea r , and v e s t ib u la r  system s was a s se s se d  in  

hopes o f  showing th e  p a th o lo g ic a l m a n ife s ta tio n s  which a r e  c h a ra c te r ­

i s t i c  o f  each of th e  th re e  g e n e tic  l i n e s  o f th e  Chinese ham ster.
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CHAPTER I I I  

DESIGN AND METHODOLOGY 

Animals

Temporal bones from tw en ty -fo u r C hinese ham sters were p ro cessed  

and p rep ared  f o r  l i g h t  m icroscopic e v a lu a tio n . The anim als were s a c ­

r i f i c e d  in  fo u r groups o f s ix  anim als each over a  fo u r  month p e r io d . 

Each group con tained  two n o n d iab e tic  ham sters and fo u r  d ia b e t ic s . The 

t o t a l  number o f anim als c o n s is te d  o f e ig h t  normal n o n -d ia b e tic  and 

s ix te e n  d ia b e t ic  an im als. A ll  an im als were m ale, which eq u a lized  any 

d if fe re n c e s  due to  sex  of th e  an im al. W ithin  each o f th e  fo u r  groups, 

th e re  were two an im als from, each o f  th e  th re e  g e n e tic  l i n e s .  There­

fo re  , th e re  were a  t o t a l  o f  e ig h t an im als from each g en e tic  l i n e  o f 

th e  C hinese ham ster. Two o f  th e  d ia b e t ic s  were a ls o  k e to t ic .  T able 

one g iv es  age r e la te d  in fo rm atio n  f o r  each an im al, In c lu d in g  age in  

months a t  th e  tim e of s a c r i f i c e , and le n g th  o f  d ia b e t ic  and k e to t ic  

co n d itio n  in  months f o r  each anim al.

The C hinese ham ster i s  c h a ra c te r iz e d  by in a p p ro p r ia te  hyper­

glycemia in  which a  minimum of fo u r  gene p a i r s  o r  a l l e l e s ,  a l l  

re c e s s iv e ,  a re  in v o lv ed . A t l e a s t  two gene p a i r s  have to  be homo­

zygous abnormal f o r  g lu c o su ria  and in a p p ro p r ia te  hyperglycem ia to  

occu r. Three abnormal homozygous p a i r s  must be p re se n t f o r  a  k e to t ic  

in d iv id u a l .  D if f e re n t  g e n e tic  l i n e s  (o r  syndromes) a re  produced 

acco rd ing  to  which 2 o r  3 o r  th e  4 p o s s ib le  homozygous abnormal genes 

a re  invo lved  (S ire k  and S ire k , 1970). Age o f  o n se t of d ia b e te s  i s

18
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TABLE 1

AGE DATA FOR CHINESE HAMSTERS

Animal S a c r i f ic e  
Number D ate

B ir th
D ate

Age in  
Months a t  

tim e o f  
S a c r i f i c e

D ia b e tic
D ate

Time in
Months
D iab e tic

1 . M 26-01tf 7 -21 -81 9 -5 -8 0 9 .5
2 . M25-133 9 -4 -8 0 9 .5
3 . XA25-142 5 -1 -8 0 1 4 .7 7 -8 -8 0 1 2 .4
4 . XA25-133 a 4 -2 4 -8 0 1 5 .0 7 -8 -8 0 1 2 .4
5 . AC22-086 6 -1 0 -8 0 1 3 .4 8 -5 -8 0 1 1 .5
6 . AC23-025 4 -2 4 -8 0 1 5 .0 7 -1 1 -8 0 1 2 .3

7 . M24-58 8 -14 -81 1 -2 5 -8 0 18 .7
8 . M2tf-57 1 -2 5 -8 0 18 .7
9 . XA25-24 1 -2 5 -8 0 1 8 .7 3 -4 -8 0 1 7 .3

10 . XA25-31 1 -2 5 -8 0 1 8 .7 3 -4 -8 0 1 7 .3
11 . AC21-94 2 -7 -8 0 1 8 .2 8 -4 -8 0 0 .3
12 . AC22-26 1 -3 0 -8 0 1 8 .5 4 -3 -8 0 4 .3

13 . M26-31 9 -23 -81 1 1 -6 -8 0 1 0 .6
14 . M26-45 11 -24 -80 1 0 .0
15 . XA26-217 1 1 -4 -8 0 10 .6 5 -7 -8 0 4 .5
1 6 . XA26-118 b 8 -2 7 -8 0 1 2 .9 1 0 -7 -8 0 11 .5
17 . AC22-133 1 0 -8 -8 0 1 1 .5 12 -10 -80 9 .4
1 8 . A C 2 3 -H 0 11 -26 -80 9 .9 3 -1 1 -8 0 6 .4

19 . M 2 5 -H 8  10-16-81 8 -4 -8 0 1 5 .4
2 0 . M25-117 8 -4 -8 0 1 5 .4
21 . XA26-189 10 -15 -80 1 3 .0 1 1 -5 -8 0 1 2 .4
2 2 . XA26-233 1 1 -18 -80 12.1 1 -7 -8 1 1 0 .3
2 3 . AC22-134 1 0 -8 -8 0 13 .3 12 -10 -80 1 1 .2
24 . AC 23-55 7 -3 -8 0 1 6 .4 1 0 -7 -8 0 1 3 .3

N ote: Mean Age in  months a t  tim e o f  S a c r i f ic e  = 1 4 .1 5  
Mean tim e in  months D ia b e tic  XA ham sters -  12.26
Mean tim e in  months D ia b e tic  AC ham sters = 8 .59
Mean tim e in  months to  o n se t o f  D iab e tes  XA ham sters = 2 .2
Mean tim e in  months to  o n se t o f  D iabetes AC ham sters = 5 * 9

a  K e to tic  d a te  6-4-81 tim e i n  months k e to t ic  = 1 . 6  
b K e to tic  d a te  7-6-81 tim e i n  months k e to t ic  = 2 .6
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a ls o  v a r ia b le .  C a p illa ry  basement membrane th ic k e n in g  has a l s o  been 

observed in  v a rio u s  t i s s u e s .

The C hinese ham sters a r e  c l a s s i f i e d  on th e  r e s u l t  o f g lu c o su ria  

e v a lu a tio n s  w ith  Tes Tape, and u r in e  ketone le v e l s  from th e  K e to s tix . 

A ll  an im als a r e  te s te d  tw ice  monthly from 15 days o f ag e . A non­

d ia b e tic  anim al has never had a  p o s it iv e  t e s t  f o r  g ly c o su r ia . A d ia ­

b e t ic  has had a  p o s i t iv e  g lu c o su ria  ev a lu a tio n  o f  4+ f o r  two o f fo u r 

t e s t s  w ith in  a  two month p e r io d . A k e to t ic  d ia b e t ic  a ls o  has a  4+ 

g lu c o su ria  r a t in g  and a  k e to n u ria  r a t in g  o f  " la rg e "  f o r  over a  month 

(G e rr its e n  and D ulln , 19&7)•

Three g e n e tic  tru e -b re e d in g  l i n e s  o f th e  C hinese ham ster were 

ev a lu a te d . Each l i n e  has d i f f e r e n t  c h a r a c te r i s t i c s ,  a s  shown in  

ta b le  two.

TABLE 2

CHARACTERISTICS OF CHINESE HAMSTER LINES

G enetic  l in e s  m

C h a ra c te r is t ic s

D ia b e tic  no

In s u l in
le v e ls  normal

A cid G lycohydrolase
a c t i v i t y  normal

Basement Membrane
th ic k n e ss  normal

O nset o f
d ia b e te s  none

XA

yes

low

th ick en ed

4-6
weeks

AC

yes

low

d ecreased  e le v a te d

normal

8-10
weeks
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The"M " i s  a  normal n o n -d ia b e tic  l i n e ,  which served  a s  th e  c o n tro l ,  

"XA" and "AG" a r e  two d i s t i n c t  tru e -b re e d in g  l i n e s  of d ia b e tic  an im als . 

The "XA" anim als a re  c h a ra c te r iz e d  by low in s u l in  le v e ls  ( d ia b e t ic ) ,  

decreased  a c id  glycohydxolase a c t i v i t y ,  a  markedly th ickened  basement 

membrane, and o n se t of th e  d ia b e t ic  s t a t e  in  4  to  6 weeks. C onversely , 

th e  "AC" l i n e  has low in s u l in  le v e ls  ( d ia b e t ic ) ,  e lev a te d  a c id  g lyco - 

h yd ro lase  a c t i v i t y ,  normal c a p i l la r y  basement membrane th ic k e n in g , and 

o n se t o f  d ia b e te s  in  8 to  10 weeks (G e r r l ts e n , F eb ruary , 1983)*

Except f o r  a c id  g lycohydro lase  a c t i v i t y ,  a l l  o f  th e  o th e r  ch ar­

a c t e r i s t i c s  a re  s e lf - e x p la n i to ry .  The a c id  g lycohydro lases a re  p a r t  

o f th e  g ly co d isases  (3 * 2 ). These h y d ro lases  a c t  on g ly co sy l Compounds 

and e f f e c t iv e ly  t r a n s f e r  g ly c o sy l re s id u e s  to  o l ig o sa c c a r id e s , T here­

fo re  they  have a  prom inent r o le  i n  g ly c o p ro te in  d eg rad a tio n  o r 

ca tab o lism . The g en era l r e a c t io n  f o r  th e  a c id  g lycohydro lases i s  a s  

fo llo w si g lu co sid e  (d isa c c h a rid e )  + H^O —>  g lucose  + a lco h o l 

(Enzyme nom enclature 1975)*

According to  th e  work o f  A.Y. Chang of th e  Upjohn Company, th e re  

a re  fo u r  prim ary enzymes in c lu d ed  in  th e  a c id  g lyco h y d ro lases , each of 

which has a  s p e c if ic  fu n c tio n  w ith in  th e  c a p i l la ry  basement membrane.

0 (  -  g lu co sid ase  (3 .2 .1 .2 0 )  hydro lyzes th e  te rm in a l 1 ,4  lin k ed  

C{ -  D -  g lucose re s id u es  w ith  th e  re le a s e  o f  f r e e  g lu co se . Spec­

i f i c a l l y  i t  exohydrolyzes th e se  g lu c o s id ic  lin k a g e s  and th e re fo re  

hydro lyzes o lig o sa c c a rid e s  r a p id ly .  The h y d ro ly s is  o f -  D -  g a l -  

a c to s id e s  to  r e l e a s e ^  -  g lucose  i s  accom plished by t h e ^  -  g lu co d isases  

(3 .2 .1 .2 1 ) .  Two g a la c to s id a s e s ,o ( -  g a la c to s id a se s  (3 .2 .1 .2 2 )  and

-  g a la c to s id a se  ( 3 . 2 . 1 . 2 3 ) c a ta ly z e  th e  fo llo w in g  g en era l re a c tio n s
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g a la c to s id e s  + H gO -^ a lc o h o l + g a la c to s e .

The "XA" ham sters fo llo w  a  more ty p ic a l  d ia b e t ic  r e a c t io n j  namely, 

a l l  fo u r  o f th e  re n a l a c id  g lycohydro lases d ec rease  sh a rp ly  w ith an  

in s u l in  la c k . & 0  -  g a la c to s id a s e  le v e ls  i n  th e  k idney , l i v e r ,  

and sp leen  were a l l  low er i n  th e  "XA" an im als th a n  th e  n o n d iab e tic  

"M " ham sters (Chang, 1 9 7 8 ). The d ecreased  le v e l  o f th e se  enzymes le a d s  

to  a  decreased  c a ta b o lic  a c t i v i t y  o f th e  d is a c c h a r id e  u n i t s  i n  th e  

g ly c o p ro te in s  o f th e  c a p i l la r y  basement membranes. The depressed  

enzyme le v e l  may be one o f th e  c o n tr ib u tin g  f a c to r s  le a d in g  to  th e  

accum ulation  o f th e  d isa c c h a rid e  u n i t  in  th e  basement membrane.

T here fo re  low ered enzyme le v e ls  may p lay  a  r o le  in  th e  development of 

m icroangiopathy in  d ia b e te s  (Chang, 1 9 7 8 ).

The "AG" Chinese ham sters a r e  an  o d d ity  (Chang, 1 9 7 8 ). They a re  

a  h ig h ly  in b re d  l in e  and e x h ib ite d  th e  h ig h e s t le v e ls  ofG ( & 0  g a l -  

a c to s id a s e s .  T heo ( & 0  g lu c o s id ase  le v e ls  a re  a ls o  e le v a te d . S ince  

th e  a c id  g lycohydro lase le v e ls  a r e  h ig h , th e re  i s  an in c re a se d  le v e l  

o f g ly c o p ro te in  d eg rad a tio n  o r  ca tab o lism . The a c id  g lycohydro lase  

a c t i v i t i e s  o f th e se  an im als a re  h igh  presum able f o r  one o f th e  fo llo w ­

in g  re a so n s . E i th e r  th e  mechanism by which hyperglycem ia induces de­

p re ss io n  o f th e se  enzymes f a i l s  to  o p e ra te  in  th e  "AC" l i n e , o r th e  

"AC" anim als a r e  g e n e t ic a l ly  p red isp o sed  to  produce e x c e ss iv e ly  h igh  

le v e ls  o f th e  a c id  g ly co h y d ro lases . T h is would r e s u l t  in  masking th e  

hyperglycem ia dependent d ep ress io n  o f th e se  enzymes le v e l s .  There a re  

s e v e ra l o th e r  l in e s  o f th e  Chinese ham ster and a l l  show some l in e  

dependent v a r ia n c e s . A ccording to  Chang and G reenberg (1 9 7 8 ) , th e  

re n a l  a c id  g lycohydro lases le v e ls  a re  h ig h ly  v a r ia b le  in  th e  Chinese
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ham ster colony and have obvious ro le s  in  g ly c o p ro te in  d eg rad a tio n .

There a r e  two p r in c ip a l  ways th e  l i v e r  s e c re te s  g lucose  in to  the 

b lood. G lycogenolysis which i s  th e  breakdown o f  e x is t in g  glycogen 

to  g lucose-6 -phosphate , and , second ly , g luconeogenesis which i s  th e  

u t i l i z a t i o n  o f pyruvate to  make g lucose-6 -phosphate  (Tepperman, 1981). 

A cid g lycohydro lase  i s  needed i n  g lycog en o ly sis  f o r  th e  fo rm ation  of 

g lucose-1 -phosphate  and f r e e  g lucose  from th e  h y d ro ly tic  c leavage of 

1 ,6  g lu c o s id e s . D ecrease in  g lucose  use by th e  p e r ip h e r ia l  t i s s u e s ,  

m ainly muscle and ad ipose  t i s s u e ,  w i l l  r e s u l t  from a  la c k  o f  in s u l in .  

T h is in  tu rn  le ad s  to  an e le v a tio n  o f  l i v e r  and muscle g ly c o g en o ly sis , 

a s  w ell a s  g luconeogenesis. Both add to  th e  in c re a se  in  blood su g ar. 

These pathways tend  to  exaggera te  th e  hyperglycem ia s t a t e .  An e l ­

evated  a c id  g lycohydro lase a c t iv i t y  would fa v o r  th e  g ly co g en o ly sis  

pathway, in c re a s in g  th e  g lucose  o u tp u t. L ikew ise , a d ecrease  in  

g lycohydro lase  a c t iv i t y  would fa v o r  th e  g lyconeogenesis pathway. 

T herefo re  w ith e r  h ig h e r o r  low er g lycohydro lase a c t i v i t y  le a d s  to  an 

exaggerated  hyperglycem ia s t a t e .

These c h a r a c te r i s t ic s  of th e  Chinese ham ster l in e s  were known a t  

th e  o n se t of th e  p r o je c t .  An o b je c tiv e  was to  see  i f  th e se  charac­

t e r i s t i c s  h e ld  tru e  in  th e  a u d ito ry  h is to p a th o lo g ic a l e v a lu a tio n .

M a te r ia ls  and Methods

The method used to  p rep a re  th e  tem poral bones, co n ta in in g  th e  

au d ito ry  and v e s t ib u la r  system s, i s  e s s e n t i a l ly  th e  same a s  has been 

used  to  h is to lo g ic a l ly  p repare  o th e r  t i s s u e s  f o r  over a  cen tu ry , namely 

t r e a t in g  th e  t i s s u e s  by f ix a t io n ,  d e c a lc i f i c a t io n ,  d ehydra tion ,
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i n f i l t r a t i o n  w ith an  embedding m edia, s e c tio n in g , s ta in in g  and mount­

in g  on g la s s  s l id e s .

The anim als were exsangu inated  through th e  o r b i t a l  s in u s .  S ince 

many o f th e  t i s s u e s  were used in  v a rio u s  o th e r  s tu d ie s ,  i n t r a v i t a l  

p e rfu s io n  f o r  a  f a s t  and com plete c i rc u la to ry  d e liv e re d  f ix a t io n  was 

n o t p o s s ib le .  Temporal bones were removed in  b lock  and p laced  in  

H eidenhein-Susa f ix a t iv e  w ith in  15 m inutes of d e a th . A f te r  24 hours 

th e  tem poral bones were changes to  10$ n e u t ra l  b u ffe red  fo rm a lin , 

where they  rem ained u n t i l  f u r th e r  p ro c e ss in g . P ro cessin g  was com­

p le te d  by a  s p e c ia l  n o n -d is to r t io n  h is to lo g ic a l  embedding techn ique  

( c e l lo id in ) ,  so th a t  s e r i a l  r e p re s e n ta tio n  was p o s s ib le  and anatom ical 

s p a c ia l  r e la t io n s h ip s  were m ain ta ined  in  th e  n a tu ra l  p o s i t io n .

B efore d e c a lc i f ic a t io n ,  th e  bones were washed f o r  one hour to  

c l e a r  th e  ex cess iv e  f i x a t iv e .  The bones then  were d e c a lc i f ie d  i n  a  

m ix tu re  o f e ig h t p a r ts  o f  h y d ro ch lo ric  a c id ,  te n  p a r ts  form ic a c id  

and 82 p a r ts  d i s t i l l e d  w a te r. T his d e c a lc i f ic a t io n  s o lu tio n  was 

m ain tained  a t  a  co n s ta n t tem peratu re  o f 38°C f o r  approxim ately  e ig h t 

hours ( th e  tim e re q u ire d  f o r  tem poral bone d e c a lc i f i c a t io n ) .  A f te r  

d e c a lc i f ic a t io n ,  th e  bones were washed in  runn ing  w ater f o r  15-30 min­

u te s ,  and th e n  p laced  in  %  sodium s u l f a t e  f o r  12 hours to  n e u tra l iz e  

th e  re s id u a l  a c id  th a t  rem ained in  th e  bones. D ehydration was c a r r ie d  

o u t w ith  in c re a s in g  co n c e n tra tio n s  o f  e th a n o l. One to  two m i l l i l i t e r s  

o f  a  s a tu ra te d  s o lu tio n  o f  io d in e  was added to  th e  7<$ and 80$ a lco h o l 

changes fo r  th e  purpose o f  removing th e  mercury which rem ained in  

th e  specim ens as  a  r e s u l t  of having used H eidenhein-Susa a s  th e  p r i ­

mary f ix a t iv e .  I n f i l t r a t i o n  took p la c e  w ith  in c re a s in g  c o n ce n tra tio n s
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of c e l lo id in  (5&, 1 ($ , and 1% ) .  A ll  d eh y d ra tio n  and i n f i l t r a t i o n  

changes took  p la ce  in  se a le d  j a r s  a t  5 5 °  T o ta l tim e e la sp ed  f o r  th e  

p rocess was approxim ately  two weeks p e r  group o f  hones.

The f i r s t  group o f hones (an im als #1 -#6) were exposed to  tem­

p e ra tu re s  o f ?0tfC f o r  48 hours d u rin g  th e  d eh y d ra tio n  p ro cess  due to  

a  m alfun tion  in  th e  d ry in g  oven. The h igh  tem pera tu re  caused th e  

hones to  s h r in k  in  s iz e  and in c re a se d  th e  amount o f h is to lo g ic a l  

a r t i f a c t .

A f te r  th e  specimens had heen in  th e  l a s t  c e l lo id in  change (15$) 

f o r  a  p e rio d  o f  48 h o u rs , they  were then  tra n s fe re d  to  th e  f r e e z e r  

which was s e t  a t  approx im ately  -15*C. A t t h i s  tim e th e  specim ens 

were p laced  in  cone shaped p ie c e s  o f f i l t e r  paper f o r  th e  purpose of 

maximizing th e  ev ap o ra tio n  s u r fa c e . The e th e r  and a h so u lu te  e thano l 

th e re fo re  evapora ted  more q u ick ly  th an  could  he ach ieved  through 

a llo w in g  evap o ra tio n  only  to  occur through th e  to p  su rfa c e  which 

would have r e s u l te d  from rem aining in  th e  j a r s .  The specim ens h ard ­

ened f o r  two to  th re e  days and then  each bone was trimmed and mounted 

on a  wooded b lo ck . They were then  exposed to  chloroform  f o r  24 hours 

to  com plete hardening  o f th e  c e l lo id in  mounting medium. The tem poral 

hones were s to re d  in  8($ e th an o l u n t i l  s e c tio n in g .

S ec tio n in g  was accom plished on a  s l id in g  m icrotom e. S e r ia l  

s e c tio n s  were c u t  a t  20 m icrons. The f i r s t  and s ix th  s e c tio n s ,  and 

every f i f t h  th e r e a f te r  was saved and s ta in e d  w ith  hem atoxylin  and 

eo sin  (H&E) f o r  g en e ra l h is to lo g ic a l  e v a lu a tio n . The second, seven th , 

and every f i f t h  s e c tio n  th e r e a f te r  was saved f o r  p e r io d ic  a c id -S c h if f s  

(PAS) reag e n t (allochrom e) to  dem onstrate any in c re a se s  in  g ly c o p ro te in
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m a te r ia l  i n  th e  c a p i l la ry  basement membranes. An a d d i t io n a l  s e c tio n  

from each s e t  o f f iv e  was saved f o r  fu tu re  use i f  needed. The fo u r th  

s e c tio n  o f every s e r ie s  o f f iv e  was a ls o  saved f o r  p o s s ib le  a u to ra d -  

io lo g ic a l  t e s t s  in  th e  f u tu r e .  T h e re fo re , f o r  every f iv e  s e c tio n s  

c u t , fo u r  were saved and th e  f i f t h  was d isc a rd e d . Appendix A (hema­

to x y lin  and eosin ) and appendix  B (p e r io d ic  a c id -S c h if f s )  g ive  th e  

s ta in in g  procedures used in  th e  p re s e n t s tu d y .

S e c tio n s  were saved beg inn ing  a t  o r  n e a r  th e  c r i s t a e  o f th e  

s u p e r io r  s e m ic irc u la r  c a n a l. A f te r  s ta in in g ,  and m ounting th e se  

s e c tio n s  on g la s s  s l i d e s , each s l id e  had a  w eight p la c e d  upon th e  

c o v e rs lip  and was allow ed  to  d ry  in  t h i s  p o s i t io n  f o r  two weeks. A 

study o f th e  v e s t ib u la r  and a u d ito ry  system s which cou ld  be seen in  

p a r t  on any g iven s l id e  were s tu d ie d  and p la ced  in  s e r i a l  o rd e r from 

most s u p e r io r  to  most i n f e r i o r .

Q u a li ta t iv e  and q u a n t i ta t iv e  a sp e c ts  o f  s e v e ra l p a th o lo g ic a l con­

d i t io n s  f o r  th e  m iddle e a r ,  and v e s t ib u la r  and co ch lea r  system s were 

ev a lu a te d . A ll  assessm en ts were b l in d . When e v a lu a tin g  th e  s l id e s ,  

th e  anim al number and l i n e  was n o t known. F o r H&E assessm ent each 

an im a l’s s e r i a l  s e r ie s  was e v a lu a te d . Appendix C g iv e s  a  sample q u a l­

i t a t i v e  s e r i a l  assessm en t. From th a t  a ssessm en t, th e  in fo rm atio n  was 

q u a l i f ie d  to  th e  form in  appendix  D. From th e se  form s th e  com pleted 

o to p a th o lo g ic a l quanta t iv e  assessm en t was made. S im ila r ly ,  for'"PAS 

basement membrane assessm en t, each s e t  o f  tem poral bones was b lin d ly  

e v a lu a te d . Appendix E g iv e s  a  sample PAS q u a l i t a t iv e  s e r i a l  a s s e s s ­

ment. The in fo rm atio n  on c a p i l la r y  basement membrane th ick n ess  was 

then  tra n s fe re d  to  th e  form in  appendix  F . When th e  PAS basement .
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membranes were ev a lu a ted  an  In d iv id u a l s e p a ra te  from th e  s c o re r  was 

ta u g h t th e  I d e n t i f i c a t io n  o f  th e  p a r t i c u la r  s t r u c tu r a l  f e a tu r e s .  He 

th e n  p laced  each s t ru c tu re  to  be ev a lu a te d  in  th e  f i e l d  o f  view. In  

t h i s  way th e  s c o re r  d id  n o t scan  any o th e r  p a r ts  o f th e  specim ens 

b e fo re  e v a lu a tin g  th e  s p e c i f ic  c a p i l la ry  basement membranes.

S im ultaneous confidence in te r v a ls  were c o n s tru c te d  by th e  Bon- 

f e r r o n i  method f o r  mean H & E o topa tho logy . W elch 's T a n a ly s is  o f  

v a r ia n c e  was used because th e  v a ria n ces  were n o t th e  same f o r  each 

ty p e  of ham ster. S t a t i s t i c a l  s ig n if ic a n c e  a t  p .05 was determ ined  

between mean H & E m iddle e a r  pathology o f  d ia b e t ic  and n o n -d ia b e tic  

an im a ls . I n  th e  case o f  mean basement membrane th ic k e n in g , a  s ig ­

n if ic a n c e  o f p .05 was determ ine between a l l  th re e  ham ster l i n e s .
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CHAPTER IV 

RESULTS 

G eneral O topathology

The hem atoxylin  and eo s in  s e t  o f  s e r i a l  s e c tio n s  f o r  each tem poral 

hone, dem onstrated  a  s ig n i f i c a n t ly  h ig h e r  t o t a l  o to p a th o lo g ic  in v o l­

vement f o r  th e  two d ia b e t ic  l i n e s  o ver th e  n o n -d ia b e tic  l i n e  of 

C hinese ham ster.

Follow ing.Is a  s h o r t  d e s c r ip t io n  o f each o to p a th o lo g ic a l condi­

t io n  a s  i t  a p p l ie s  to  t h i s  s tu d y . A g lo ssa ry  o f  a u d ito ry  term s i s  

in c lu d ed  fo llo w in g  th e  ap p en d ices . A com plete understand ing  of th e se  

c o n d itio n s , and  how they  r e l a t e  to  th e  study  i s  e s s e n t ia l  to  ev a lu a te  

th e  r e s u l t s .

M iddle E ar C ond itions

1 .)  Round C e ll I n f i l t r a t i o n ! c o l le c t io n s  and p o ck e ts  of 
th e  fo llo w in g  i n  any p e rce n tag e ; lym phocytes, macro­
phages, plasma c e l l s ,  and polym orphonuclear leu k o cy tes

2 .)  F ib ro b la s ts  and C h o le s te ro l C r y s ta ls ! c o l le c t io n s
of f i b e r  producing , la rg e ,  f l a t ,  sp in d le -sh ap ed  c e l l s .  
C h o le s te ro l c r y s ta l s  a r e  dem onstrated  a f t e r  p re p a r­
a t io n  a s  empty need le  shaped c l e f t s .  C h o le s te ro l 
c r y s ta l s  a r e  alw ays a s s o c ia te d  w ith  f ib r o b la s t s ,  bu t 
f ib r o b la s t s  may occur w ithou t th e  p resence o f  ch o les­
t e r o l  c r y s ta l s .

3*) Tympanic Membrane T h icken ing> th ic k e n in g  o f  th e  mucosal 
and submucosal la y e rs

k .)  F ib rous A ttachm ent to  th e  Tympanic Membranet mucosal 
la y e r  o f th e  tym panic membrane i s  continuous w ith  
f i b r o s i s  in  th e  m iddle e a r  c a v ity

5 .)  F ib ro s is  Around O s s ic le s : f i b r o s i s  around o r  a tta c h e d
to  th e  m a lleu s , in cu s  a n d /o r  s ta p e s  .
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6 .)  Polyp Form ation In  th e  M iddle E a r: po lyps o r
c o l le c t io n s  o f g ra n u la tio n  m a te r ia l  w ith  o r 
w ithou t i t s  own blood supply  throughout th e  
m iddle e a r  excep t f o r  th e  round window n iche

7 .)  C h o le s te ro l Granuloma: dense c o l le c t io n s  o f
c h o le s te ro l  c r y s ta l  g ra n u la tio n  m a te r ia l  w ith in  th e  
m iddle e a r . Granulomas a r e  u su a lly  s p h e r ic a l  and have 
a  d e f in i te  s t r u c t u r a l  shape in  c o n tra s t  to  pockets
o f ex traneous c h o le s te ro l  c r y s ta l s .  The granulomas 
a re  a  more advanced s ta g e  th a n  in d iv id u a l c o l le c t io n s  
o f c h o le s te ro l  c r y s ta l s

8 .)  New Bone Growtht ex traneous bone grow th, shown h i s to ­
lo g ic a l ly  a s  hav ing  g r e a te r  hem atoxylin  uptake

9 .)  New Gland F orm ation ; n o t a c tu a l ly  new g lan d , but 
an  in c re a s e  in  s e c re to ry  fu n c tio n  o f th e  u su a lly  low 
cubo idal c e l l s  o f  th e  l in in g  o f th e  m iddle e a r .
C e lls  in c re a se  to  h igh colum nar, afld~also ta k e  on an  
a c t iv e  se c re to ry  appearance. These columnar c e l l s  
form in  c o l le c t io n s  around an  a r te r y  w ith in  th e  m iddle 
e a r .

10 .) Hemorrhagei any n a tu re  of hemorrhage o r  ly sed  red  
blood c e l l s  w ith in  th e  m iddle ea r

11 .) S ta p e d ia l C avity  Inflam m atory C e l l s i c a v ity  c o n s is ts  
o f th e  a rea  between th e  o s s ic le  w a lls  and inflam m atory 
c e l l s  a re  b a s ic a l ly  round c e l l s

12 .) F ib ro u s  A ttachm ent w ith in  th e  S ta p e d ia l C a v ity : 
f i b r o s i s  i s  con tinuous w ith th e  i n t e r i o r  o f th e  c ru ra ,  
f o o tp la te ,  o r  head of th e  s ta p e s

13 .) Thickened F o o tp la te  o r C rura 1 new bone growth le a d ­
in g  to  th ick en in g  o f th e  s ta p e s  fo o tp la te  an d /o r 
c ru ra .  This growth i s  u su a lly  a s s o c ia te d  w ith  a re a s  
o f bone e ro s io n  o r  re a b so rp tio n

1 4 .) F ib ro u s  A ttachm ent to  th e  S ta p e d ia l A rte ry  1 th e  
tu n ic a  a d v e n tic ia  i s  continuous w ith  th e  f ib ro u s  
m a te r ia l  w ith in  th e  s ta p e d ia l  c a v ity

15 .) Thickened S ta p e d ia l A r te ry i th ick en in g  o f  th e  
tu n ic a  in tim a w ithou t e n d o th e lia l  p r o l i f e r a t i o n

1 6 .)  F ib ro b la s ts  in  th e  S ta p e d ia l C a v ity > f ib r o b la s t s  
a lo n e  o r  f ib r o b la s t s  and c h o le s te ro l  c r y s ta l s  w ith in  
th e  s ta p e d ia l  c a v i ty ,  u su a lly  continuous w ith  th e  
o s s ic u la r  su rface
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17 .) F ib ro u s  A ttachm ent to  th e  Round Window Membrane»
th e  round window membrane i s  con tinuous w ith  f i b r o s i s  
i n  th e  n iche

18 .) Inflam m atory C e l ls  in  th e  Round Window N iche» round 
c e l l  i n f i l t r a t i o n  l im ite d  to  th e  n iche  a re a

19 .) F ib ro b la s ts  in  th e  Round Window N iche> c o l le c t io n s  
o f f ib r o b la s t s  a lo n e  o r  f ib r o b la s t s  and c h o le s te ro l  
c r y s ta l s  in  th e  round window n iche

2 0 .)  Polyp Form ation in  th e  Round Window N iches polyp 
o r  c o l le c t io n s  o f  g ra n u la tio n  m a te r ia l  w ith o r  
w ithou t i t s  own blood  supply o r  inflam m atory c e l l s  
in  th e  round window n iche

C o ch lea r-V estib u la r  C ond itions

1 .)  S t r i a l  A trophy> a trophy  o r  d ec rease  i n  s iz e  and 
r e s u l t a n t  narrow ing o f th e  s t r i a  v a s c u la r is

2 .)  P r e c ip i t a t e I inflam m atory c e l l s  and  p ro d u c ts  of 
t h e i r  inflam m atory r e a c tio n  in  th e  perily m p h atic  
a re a s  o f th e  c o c h le a r  and v e s t ib u la r  system . This 
in c lu d e s  f ib ro u s  o r  g ra n u la r  connec tive  t i s s u e  p ro ­
l i f e r a t i o n ,  and p o s s ib le  p ro te in  coag u la te  due to  
f ix a t io n

3 .)  Hemorrhages hemorrhage w ith in  th e  s c a la  tympani 
o r  s c a la  v e s t ib u l i  (p e rily m p h a tic  a re a s )

.4-.) Round Window Membrane T h icken ings in c lu d in g  those  
areas which showed e p i th e l i a l  th ic k e n in g  a s  w e ll a s  
cases  in  which th e  connec tive  t i s s u e  la y e r  showed 
in c re a se  th ick en in g

5 .)  R e ls s n e r 's  Membrane T hickening

6 .)  Sensory E pithelium  Changess changes in c lu d e  a  sw e llin g  
o f th e  h a i r  a n d /o r  su ppo rt c e l l s  o f  th e  v a rio u s  c r l s t a e  
o r  maculae a s  w e ll a s  lo s s  i n  p o p u la tio n  number of 
th e se  c e l l s

T ab le th re e  shows th e  number o f an im als in  each group ( e ig h t 

t o t a l  f o r  each group) which p re se n te d  th e  p a th o lo g ic a l co n d itio n  

in d ic a te d . Shown in  t h i s  ta b le  a re  th e  g en e ra l o to p a th o lo g ic a l d i f ­

fe re n c e s  between th e  th re e  l i n e s .  In  th e  n o n -d ia b e tic  "M" l i n e ,  th e
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TABLE 3

NUMBER OF ANIMALS WHICH EXHIBIT 
EACH OTOPATHOLOGICAL CONDITION

C ondition  -  M iddle Ear

Round C e ll I n f i l t r a t i o n  
F ib ro b la s ts  & C hoi. C ry s ta ls  
Tympanic Memb. Thickening 
F ib ro u s  A tta ch , to  T, Membrane 
F ib ro s is  Around O ss ic le s  
Polyp Form ations in  M.E. 
C h o le s te ro l granuloma 
New Bone Form ation 
New Gland Form ation 
Hemorrhage
S ta p e d ia l Cav. In flam . C e lls  
F ib ro u s A tta c h , w ith in  S . C?v. 
Thickened F o o tp la te  o r  C rura 
F ib ro u s A ttach  to  S . A rte ry  
Thickened S ta p e d ia l A rtery  
F ib ro b la s ts  in  S . C avity  
F ib ro u s A tta ch , to  th e  R.W.M. 
In flam . C e l ls  i n  th e  R.W.ffc. 
F ib ro b la s ts  in  th e  R.W.N.
Polyp Form, in  th e  R.W.N.

C ondition  -  C ochlear & V e s tib u la r

S t r i a l  Atrophy
P r e c ip i ta te
Hemorrhage
R e is s n e r 's  Memb. Thickened 
Sensory E pithelium  Changes 
Round Window Memb. Thickened

XA Animals AC Animals M Animals
SI Mo Se SI Mo Se S I Mo Se

4 1 3 1 1 6 0 0
1 0 0 1 2 4 0 0 0
2 1 3 1 4 3 0 0
1 1 3 1 2 5 1 0 0
1 3 2 1 1 6 0 0 0
0 2 1 1 1* 2 G 0 0
0 0 0 3 0 2 0 0 0
1 2 0 2 2 1 0 0 0
1 2 0 2 2 2 0 0 0
1 2 2 1 2 2 1 3 0
2 3 3 1 1 6 0 0 0
1 2 3 1 1 6 0 0 0
3 0 3 3 3 1 0 0 0
2 1 3 2 1 5 0 0 0
0 3 3 1 1 6 0 0 0
0 1 0 5 0 2 0 0 0
1 1 2 1 2 k 0 1 0
2 2 2 1 0 6 3 0 C
2 0 0 2 3 1 0 0 0
1 0 0 2 1 2 0 0 0

0 1 0 0 2 0 0 0 0
2 0 3 2 2 b 3 0
Ip 0 3 3 1 2 3 2 1
2 0 0 1 0 1 0 0 0
6 0 0 8 0 0 8 0 0
2 2 2 1 2 5 2 1 0

Note* S I = s l i g h t
Mo = moderate
Se = sev ere

8 anim als t o t a l  in  each group
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most s ig n i f i c a n t  f in d in g  was hemorrhage and inflam m atory c e l l s  w ith in  

th e  co ch lear system . Inflam m atory c e l l s  in c lu d e  round c e l l s  and 

t h e i r  p ro d u c ts , u su a lly  p ro te in  c o a g u la te . A ll  o f th e se  f in d in g s , 

excep t th e  sm all round c e l l  i n f i l t r a t i o n , could  be due to  f ix a t io n  and 

p re p a ra tio n  o f  th e  bone. The o th e r  m ajor f in d in g , sensory  ep ithe lium  

changes, occurred  a c ro ss  a l l  anim al l i n e s  and was observed a s  edema 

o f th e  h a i r  c e l l s  and su p p o rt c e l l s .  S ince t h i s  c o n d itio n  was found 

i n  a lm ost a l l  an im a ls , excep t two "XA" an im als , p o ss ib ly  i t  was a  

r e s u l t  o f h is to lo g ic a l  te ch n iq u e . Three "M" an im als  had a  s l i g h t  in ­

flam m ation in  th e  round window n ic h e . S ince  t h i s  p a r t i c u la r  a re a  i s  

i n  th e  most i n f e r i o r  re c e s s e s  of th e  m iddle e a r ,  a  s l i g h t  accum ulation 

o f  inflam m atory m a te r ia l i s  n o t uncommon. Hemorrhage which i s  o f te n  

seen i n  th e  m iddle e a r  p ro p e r may be due to  d is ru p tio n  o f blood v e s s e ls  

a t  th e  tim e o f removal o f th e  tem poral bones. I t  shou ld  a ls o  be noted 

th a t  th e re  were fo u r  an im als w ith s l ig h t  o t i t i s  m edia, and a s  would 

be expected th e se  fo u r  cases  a ls o  had a  s l i g h t  th ick en in g  o f th e  

tym panic membrane. I n  c o n s id e ra tio n  o f th e  fo reg o in g  f a c to r s  which 

r e p re s e n t an account o f th e  o to p a th o lo g ica l assessm en t o f th e  "M" l i n e ,  

i t  can be s ta t e d  th a t  th e  n o n -d ia b e tic  l i n e  o f  an im als in  th i s  study  

were r e l a t iv e ly  f r e e  o f m iddle e a r  and in n e r  e a r  pa tho logy .

In  th e  "XA" d ia b e tic  l i n e  a  somewhat in te rm e d ia te  degree o f 

s e v e r i ty  o f o t i t i s  media was seen a lo n g  w ith  i t s  a s s o c ia te d  com plica­

t i o n s .  A ll e ig h t  anim als had  o t i t i s  m edia, and they  seemed to  show a  

broad range from s l i g h t  (50% of th e  an im als) to  sev e re  (ap p ro . 40% of 

th e  a n im a ls ) . The most c h a r a c te r i s t i c  f in d in g  in  th e  "XA" l in e  was 

th e  absence o f  c h o le s te ro l c r y s ta l s .  Only one an im al (#9 XA25-24)
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dem onstrated  any occurrence o f c h o le s te ro l  c r y s t a l s . T h is  anim al w il l  

be d isc u sse d  f u r th e r ,  b u t th e  tem poral bones o f  an im al #9 (XA25-24) had 

a  mean t o t a l  o to p a th o lo g ic a l involvem ent o f  48, w ell above th e  28 .4  

average o f th e  "XA" l i n e .  T h is va lu e  o f 48 c le a r ly  shows th a t  anim al 

#9 had a  sev ere  form o f o t i t i s  m edia. C h o le s te ro l c r y s ta l s  g e n e ra lly  

a r e  a s s o c ia te d  w ith a  ch ron ic  m iddle e a r  in f e c t io n  (N ager, 1972).

The p resence o f tympanic membrane th ic k e n in g  in  th e  "XA l in e  

and f ib ro u s  a ttachm ent to  th e  tym panic membrane was seen  in  conjunc­

t io n  w ith  o t i t i s  media. The inflam m atory round c e l l s  seemed to  occur 

in  a s s o c ia t io n  w ith polyps in  th e  th re e  sev e re  "XA" c a se s . These 

th re e  sev e re  cases a ls o  had new bone fo rm atio n  and an in c re a se  i n  th e  

se ro u s  g land  a c t iv i t y .

The s ta p e d ia l  c a v ity  was th e  second most common s i t e  f o r  in ­

flam m atory c e l l s  w ith in  th e  m iddle e a r  o f th e  "XA" l i n e .  Only th e  

su p e r io r  a s p e c ts  to  th e  s ta p e s  had a  g r e a te r  in c id e n c e . The s ta p e d ia l  

c a v ity  r e f le c te d  alm ost th e  same p ic tu r e  a s  th e  r e s t  o f  th e  m iddle 

e a r  f o r  t h i s  l i n e  o f Chinese ham ster. The same th re e  an im als showed 

sev ere  inflam m atory p r e c ip i ta te  w ith in  th e  s ta p e d ia l  c a v i ty ,  a long  

w ith  changes to  th e  s ta p e s  due to  sev ere  ch ro n ic  o t i t i s  m edia. The 

rem ain ing  f iv e  anim als dem onstrated  s im i la r  changes to  a  l e s s e r  ex­

t e n t .

Two anim als each o r twenty f iv e  p e rc e n t o f th e  t o t a l  "XA" group 

showed a  n o n -e x is ta n t, o r  s l i g h t ,  o r  m oderate, o r  sev ere  case  of 

o t i t i s  media in  th e  round window n ic h e .

P r e c ip i ta te  and hemorrhage w ith in  th e  p e rily m p h a tic  spaces o f 

th e  co ch lea r o r  v e s t ib u la r  system s were s l ig h t ly  more severe  in  th e
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diabetic strains than the non-diabetic strains. Associated with the 
three cases of severe hemorrhage were two cases of slight thickening 
of the Reissner's membrane.

Possibly the most significant correlations between the diabetic 
state and otopathological involvement were evident in the "AC" animals.
A chron ic s t a t e  o f  o t i t i s  media and  i t s  a s s o c ia te d  com plica tions was 

c o n s is ta n tly  observed in  th e s e  an im als . The main h is to lo g ic a l  f in d ­

in g  a s s o c ia te d  w ith  th e  "AC" l i n e  was th e  ev idence o f c h o le s te ro l  c ry s ­

t a l s .  F i f ty  p e rc e n t o f th e  an im als had a  sev e re  c h o le s te ro l  c r y s ta l  

c o n d itio n , w hile  f o r ty  p e rc e n t dem onstrated  e i th e r  m oderate o r  s l ig h t  

accum ulations o f th i s  sev e re  m a n ife s ta tio n  o f ch ro n ic  o t i t i s  m edia. 

C h o le s te ro l granulomas which a re  one o f th e  f i n a l  s ta g e s  o f  c h o le s te ro l 

’c r y s ta l  involvem ent (D ota, Nakamura, S ahek i, and Sasaka, 1963) occurred  

to  some degree  in  over 62# o f  th e  "AC" an im a ls .

F ib rous a ttachm ent to  th e  tym panic membrane, a s  w ell a s  a sso ­

c ia te d  o s s ic u la r  f i b r o s i s  and p o ly p s, were expressed  in  alm ost 100# o f 

th e  "AC" an im a ls . Severe s ta p e d ia l  in flam m ation and e ro s io n  a ls o  occur­

re d  in  *1% o f  th e  "AC" an im a ls . C h o le s te ro l c r y s ta l s  were ev id en t in  

both th e  s ta p e d ia l  c a v ity  and  in  th e  round window n ic h e . These anim als 

e x h ib ite d  more severe  ca se s  o f o t i t i s  media i n  th e  round window niche 

than  an im als o f o th e r  l i n e s .  Severe round window membrane th ick en in g  

was a s s o c ia te d  w ith  inflam m atory p r e c ip i t a t e  over 60#  o f th e  tim e.

To summerize ta b le  th r e e ,  th e  '71V l i n e  was e s s e n t ia l ly  normal in  

o to p a th o lo g ic a l assessm en t. Both d ia b e t ic  l i n e s  dem onstrated  acu te  

to  chron ic  inflam m atory s t a t e s  and t h e i r  a s s o c ia te d  p a th o lo g ic a l 

co m p lica tio n s . The "XA" l i n e  had a  m oderate inflam m atory d e s tru c t io n ,

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



35

w hile "AC" e x h ib ite d  sev e re  o to p a th o lo g ic a l c o n d itio n s  which inc lu d ed  

th e  accum ulation o f c h o le s te ro l  c r y s ta l s  in d ic a t iv e  o f  a  ch ro n ic  I n ­

flam matory s t a t e .

T able fo u r  g ives  cum ulative v a lu es  o f  th e  o topatho logy  f o r  each 

s p e c i f ic  anim al in c lu d in g  both  H & E and PAS p re p a ra t io n s .  Looking 

s o le ly  a t  th e  H & E v a lu e s , each p a th o lo g ic a l c o n d itio n  was g iven  a  

va lu e  o f  1 , 2 , o r  3» f o r  a  f in d in g  o f s l i g h t ,  m oderate, o r  s e v e re , 

re s p e c t iv e ly .  T h is was an  a ttem p t to  q u a n t i ta t iv e ly  an alyze  each 

an im al.

N ondiabetic "M" anim als had a  mean o to p a th o lo g ic a l average o f 

6 .75  w ith  a  range o f  2 to  14. T o ta l d ia b e t ic  an im als ("XA" and "AC") 

had an  average value o f 37*62  (ran g e  4 to  6 0 ) o r  a  5*6 tim es g r e a te r  

p a th o lo g ic a l involvem ent th an  th e  "M" an im als .

When co n sid e rin g  th e  two d ia b e t ic  l i n e s  s e p a ra te ly  th e  "XA" l i n e  

had a  mean o to p a th o lo g ic a l involvem ent o f  28.34 and range 4-t54. T h is 

re p re s e n ts  4 .2  tim es g r e a te r  Involvem ent over th e  "M" l i n e .

The "AC" anim als had a  mean va lu e  o f 46 .9  and had a  range of 

I 7- 6O, o r a  7 tim es g r e a te r  p a th o lo g ic a l involvem ent over th e  non­

d ia b e t ic  an im als . A s ig n i f i c a n t  f in d in g  showed th a t  th e  v a lu es  o f 

"XA" and"AC" anim als v e rse s  "M" an im als were c o n s is te n t  w ith  th e  

f in d in g s  in  ta b le  th re e .  Namely, f o r  th e  d ia b e t ic  an im als th e  in te n ­

s i t y  and th e  frequency o f  occurrance was g r e a te r  th an  th e  n o n -d ia b e tic  

an im als .

Age in fo rm ation  i s  g iven  in  ta b le  one. The range o f ag es  was 

from 9*5 to  18.7 months a t  th e  tim e o f s a c r i f i c e .  The average l i f e  

span o f a  n o n -d iab e tic  Chinese ham ster i s  approx im ately  30 months and
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TABLE .4

TOTAL OTOPATHOLOGICAL INVOLVEMENT AND PERCENT OF MAXIMUM 
POSSIBLE CAPILLARY BASEMENT MEMBRANE THICKENING

Animal Sum of Sum of T o ta l H&E Sum f o r Maximum % o f I
Number H&E f o r H&E f o r Pathology E x ten t o f P o s s ib le  f o r  B1

M iddle E ar C och lear- BMT BMT Sum
V e s tib u la r

1 . M26-014 2 5 7
2 . M25-133 2 4 6
3 . XA25-142 43 11 54
4 . XA25-133 41 11 52
5 . AC22—86 8 9 17
6 . AC23-025 27 9 36

7 . M24-58 4 5 9 6 38 16
8 . M24-57 9 5 14 2 38 5
9 . XA25-24 42 6 48 23 40 57

10 . XA25-31 15 2 17 22 40 55
11 . AC21-94 51 5 56 26 40 65
12. AC22-26 50 ? 57 31 40 77

13. M26-31 0 2 2 4 38 10
14 . M26-45 2 3 5 5 38 13
15. XA26-217 3 1 4 25 40 62
16 . XA26-118 23 4 27 26 40 65
17. AC22 133 45 1 46 34 38 89
18 . AC23-110 50 6 56 32 38 84

19. M25-118 4 4 8 7 38 18
20 . M25-117 0 3 3
21 . XA26-189 3 6 9
22 . XA26-233 13 3 16
23 . AC22-134 39 8 47 28 36 77
24 . AC23-55 47 13 60 26 38 68

Notei Mean Non-diabetic Total H&E Pathology = 6 .7 5  % °f Max. CBM = 12 .4
Mean Diabetic Total H&E Pathology = 37.62? % of Max. CBM = 68.1
Mean Total H&E Pathology for XA Animals = 28.37 % of Max. CBM = 59.7
Mean Total H&E Pathology for AC Animals = 46,87 % of Max. CBM = 76.6
BMT = Basement membrane thickening
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f o r  th e  d ia b e t ic  ham ster i t  i s  up to  25 months (G e r r i ts e n ,  F ebruary , 

1983) • The average age in  months fo r  th e  24 anim als in  t h i s  s tudy  was 

1 4 .2 , w hile th e  average d ia b e t ic  age f o r  a l l  16 d ia b e t ic  an im als in  

th e  study  was 10.42 months. T here was no c o r r e la t io n  between age and 

s e v e r i ty  o f p a th o lo g ic a l involvem ent.

Average age of onse t o f  th e  d ia b e t ic  s t a t e  was 2 .2  months fo r  th e  

7XAV an im als , and 5*9 months f o r  th e  "AC" a n im a ls . T his in fo rm atio n  i s  ■ 

b a s ic a l ly  c o n s is ta n t  w ith th e  c h a r a c te r i s t i c  in fo rm atio n  l i s t e d  in  

ta b le  two. The age in  months o f th e  an im als in  t h i s  study  to  th e  

s t a r t  of th e  d ia b e t ic  s t a t e  was g r e a te r  th a n  th e  average f o r  each l i n e  

in  ta b le  two. The delayed  age o f  o n se t o f th e  "AC" an im als over th e  

"XA" anim als in  th i s  study was c o n s is te n t  w ith  d a ta  from a l l  an im als 

m onitored in  th e  Upjohn colony.
»

The fo llow ing  anim als e x h ib ite d  s p e c i f ic  p a th o lo g ic a l f in d in g s , 

which need f u r th e r  d e s c r ip t io n .

Animals #  1 through # 6  ( th e  f i r s t  group) were su b jec ted  to  ex­

c e ss iv e  h e a t du rin g  d ehydra tion  (70 C v e rse s  55 C normal) f o r  48 hours 

due to  equipment m a lfunction . The r e s u l t  was sh rinkage o f  th e  t o t a l  

bone, c e l lu la r  d is ru p tio n , and v a ry in g  amounts o f h is to lo g ic a l  a r t i f a c t .  

Uptake q u a l i ty  o f th e  s t a in  v a r ie d  w ith  each of th e se  "heat d is ru p te d "  

bones. Assessment was c a r r ie d  o u t even though i t  was d i f f i c u l t .

Animals #1 and #2 (M26-014 and M25-133 re s p e c t iv e ly )  were f r e e  

from o topatho logy . Animal #3 (XA25-133) had abnorm ally high p a th o lo g ic a l 

involvem ent in  term s o f th e  average p a th o lo g ic a l involvem ent le v e l  f o r  

a l l  24 an im als . Animal #4 (XA25-133) (one o f  th e  two k e to t ic  an im als) 

was s im i la r .  The o t i t i s  media was sev ere  i n  th e se  two an im als .
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U n ila te ra l ly  th e  fo o tp la te  was bowed tow ard th e  v e s t ib u le ,  p o ss ib ly  

being  secondary to  th e  o t i t i s  m edia. Both e x h ib ite d  polyp fo rm ations 

and  o th e r  co n d itio n s  in d ic a t iv e  o f a  ch ron ic  inflam m atory s t a t e .  Char 

a c t e r l s t i c a l l y  n e i th e r  an im als #  3 o r  had any c h o le s te ro l c r y s ta l  

fo rm ations o r  f ib r o b la s t s .  In  an im al #3 a l l  o s s ic le s  were eroded to  

some deg ree . Animal #3 a t  th e  le v e l  o f th e  su p e r io r  can a l c r i s t a  on 

th e  r ig h t  had a  polyp a t ta c h e d  to  th e  w a ll of th e  osseus p o r tio n  of 

th e  coch lea . A reas of new bone fo rm ation  were a ls o  shown b i l a t e r a l l y  

i n  both an im als although  some a s p e c ts  o f th e  new bone growth were 

a ty p ic a l .  Animal #3  co n ta in ed  a  polyp  in  th e  round window n ic h e , and 

anim al a l s o  th a  b i l a t e r a l  polyps s im i la r  to  th o se  observed in  

an im al #3  on th e  r ig h t  s id e  of th a t  an im al.

Animals #5  (AC22-086) and #6 (AC23-025) had a  s l ig h t  degree of 

o t i t i s  media u n lik e  th e  r e s t  o f  th e  an im als from th i s  s t r a i n .  These 

two bones were damaged by th e  h e a t more se v e re ly  th an  th e  o th e r  fo u r ,  

and  a s  m entioned e a r l i e r ,  t h i s  s i tu a t io n  could  have a l t e r e d  c e r ta in  

a sp e c ts  o f th e  o r ig in a l  p a th o lo g ic a l c o n d itio n . Animal #6 d id  p o ssess  

a s  a rea  o f new bone fo rm ation  on th e  r ig h t  m edial to  th e  m alleus and 

in c u s  head.

In  th e  second group, an im als #7 (M24-58) and #8 (M2^-57) both  

"M" an im als , had l i t t l e  o r  no inflam m ation o r  o th e r  p a th o lo g ic a l de­

fo rm i t ie s .  Animal #7 had a  s l ig h t  hemorrhage on th e  r ig h t  s id e  and 

round c e l l  i n f i l t r a t i o n  around th e  m a lleu s . Animal #8 a lthough  

b a s ic a l ly  f r e e  o f inflam m ation d id  have sev ere  hemorrhage in  th e  p e r i ­

lym phatic a re a s  o f th e  coch lea in  th e  l e f t  e a r  m id-m odiolar a re a .  

Hemorrhage a ls o  e x is te d  on th e  same s id e  occupying between 20 to  7<$
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of th e  space on e i th e r  s id e  of th e  round window membrane. The round 

window membrane in  t h i s  a re a  above th e  p o s te r io r  se m ic irc u la r  can a l 

c r i s t a  was ru p tu red  w ith  some w hite  blood c e l l s  on both s id e s  o f th e  

membrane.

Hamster #9  (XA25-24) b i l a t e r a l l y  had a  ch ro n ic  s t a t e  o f m iddle 

e a r  inflam m ation . T h is  in c lu d ed  o s s ic u la r  e ro s io n  and th ic k e n in g .

The in cu d o -m alleo la r j o i n t  was a ls o  eroded . Polyps a t  th e  p o s te r io r  

c r i s t a e  were a l s o  e v id e n t. There were some a re a s  o f  new bone form­

a t io n  on th e  l e f t  and th e  beginning  o f a  unusual la rg e  s p h e r ic a l  polyp 

which occupies approxim ately  3 o f th e  t o t a l  m iddle e a r  space j u s t  

p a s t  th e  m id-m odiolar a r e a .  C e lls  w ith in  th e  polyp were sw irle d  in  

c o n ce n tr ic  c i r c l e s .  The a re a  o f new bone fo rm atio n  i n f e r i o r  to  t h i s  

polyp  con ta in ed  some f ib r o b la s t s  in  th e  p ro cess  o f  changing to  chon- 

d ro b la s ts .  The polyp which was lo c a te d  ju s t  s u p e r io r  to  th e  s ta p e s  

was observed to  co n ta in  some c h o le s te ro l  c r y s ta l s .  T h is m a te r ia l  was 

con tinuous w ith  f ib r o b la s t s  w ith in  th e  c ru ra  a re a  o f th e  s ta p e s .

Going through th e  n ex t few se c tio n s  (from  su p e r io r  to  in f e r io r )  i t  

was seen th a t  th e  new bone form ation  con tinued  m edial to  th e  head 

o f th e  s ta p e s .  There was a  f ib ro u s  c o n tin u ity  between th e  new bone 

fo rm ation  a re a  and th e  head of th e  s ta p e s ,  th e  fo o tp la te  o f th e  

s ta p e s  was a ls o  eroded.

In  c o n tra s t  an e a r ly  s ta g e  of inflam m ation was ev id en t in  anim al 

#10 (XA25-31) a l s o  o f th e  "XA" l i n e .

Rounding o u t th e  second group, th e  two rem aining anim als #11 

(AC21-9^) and #12 (AC22-26), dem onstrated  severe  b i l a t e r a l  o t i t i s  

m edia, w ith f u l l  com plica tions . C h o le s te ro l c r y s ta l s  were sev ere
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th roughout both bones b i l a t e r a l l y .  A t th e  s u p e r io r  c r i s t a  le v e l  

r ig h t  s id e , sev ere  f i b r o s i s  around th e  o s s ic le s  was observed a s  w ell 

a s  th e  beg inn ing  of new bone fo rm atio n  between th e  incudom alleo la r 

jo i n t  and th e  osseus p a r t  o f  th e  am pulla ted  s u p e r io r  se m ic irc u la r  

c a n a l.  F ib ro b la s ts  a r e  in  t r a n s i s t io n  to  s u rfa c e  type chondrocytes 

( f l a t ) .  The n ex t s l id e  in  s e r i a l  o rd e r  s t i l l  a t  th e  su p e r io r  c r i s t a  

le v e l  dem onstrated  a la rg e  a re a  o f th e  same new bone fo rm ation  w ith 

a  g r e a te r  amount o f f ib r o b la s t s  i n  t r a n s i t i o n .  I t  was approxim ately  

2($ o f th e  s iz e  o f th e  in cu s  and m alleus h eads. The n ex t s l id e  in  

sequence on th e  r i g h t  showed c o n tin u ity  of th e  new bone mass ly in g  

a d ja c e n t to  th e  m a lleu s . There was no connection  to  th e  m edial w a ll .  

The fo u r th  s l id e  in  th e  s e r ie s  from th e  s u p e r io r  on th e  r i g h t  con­

ta in e d  an e x c e lle n t  example o f a  c h o le s te ro l  granuloma in  th e  su p e rio r  

m iddle e a r .  The space between th e  c ru ra  o f th e  r ig h t  s ta p e s  was f u l l  

o f Inflam m ation and approx im ate ly  6 ($  f i l l e d  w ith  c h o le s te ro l  c r y s ta l s  

The n ex t f i v e  s l id e s  i n  sequence on th e  r i g h t  showed th e  co n d itio n  

o f th e  round window membrane and n ic h e . C h o le s te ro l c r y s ta l s  f i l l e d  

up to  QQfo o f  th e  n ic h e . The n iche  a ls o  co n ta in ed  po ly p s. Some of 

th e  s l id e s  on th e  l e f t  a t  th e  round window membrane lo c a tio n  showed 

e x c e lle n t examples o f s p h e r ic a l  po lyps w ith a re a s  o f new in te r n a l  

c a p i l l a r i e s  supply ing  th e  p o ly p s . F ib rous a ttachm en t to  th e  round 

window membrane was sev ere  on th e  l e f t ,  and some p r e c ip i ta te  had 

cro ssed  to  th e  perily m p h atic  a re a s  o f th e  coch lea ( sc a la  v e s t ib u l i  

and sc a la  tym pani).

Hamster #12 (AC22-26) had sev ere  o t i t i s  m edia. I t  showed 

c h o le s te ro l  c ry s ta ls  i n  th e  m iddle e a r  and new bone fo rm ation  in  thie
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s u p e r io r  m iddle e a r , m edial to  th e  tympanic membrane. A t th e  mid- 

m odio lar a re a  o f  th e  l e f t ,  R e is s n e r ’s  membrane was th ick en ed . The 

round window n iche  a ls o  co n ta in ed  c h o le s te ro l  c r y s ta l s .

Both an im als #13 and #14 (M26-31 and M26-45 re s p e c t iv e ly )  were 

normal n o n -d ia b e tic  h am ste rs . Animal #13 from th e  "M" l i n e  had a  

normal c o n d itio n  o f th e  m iddle e a r ,  in c lu d in g  th e  tympanic membrane, 

and th e  normal cuboidal s e c re to ry  c e l l s .  The s ta p e d ia l  a r te r y  was 

normal i n  th isa n im a l. Animal #14 , a l s o  from th e  "M" l i n e  e x h ib ite d  

normal organs o f  C o rti a t  th e  l e f t  m id-m odlolar a re a  even though th e re  

was some com pression o f  th e  osseus p o r tio n  o f  th e  cochlea due to  

p re p a ra t io n . The round window n iche in c lu d ed  some p r e c ip i t a t e ,  

probably  p ro te in  co a g u la te .

The "XA" bones #15 (XA26-217) and #16 (XA26-118) had m oderate 

involvem ent. Animal #15 had p a r t  of th e  l e f t  e a r  m issing  and both 

s id e s  showed a  la rg e  amount of h is to lo g ic a l  a r t i f a c t .  The o to p a th -  

o lo g ic a l q u a n t i ta t iv e  involvem ent m ight have been d i f f e r e n t  i f  th e  

t o t a l  tem poral bone had been a v a i la b le  f o r  assessm en t. T his anim al 

d id  show a  very  e a r ly  s ta g e  o f c t i t i s  media.

Animal #16 from th e  ’9CA" l i n e  was th e  second k e to t ic  ham ster.

Even though i t  was k e to t i c ,  i t s  q u a n t i ta t iv e  e v a lu a tio n  was abou t 

normal f o r  th e  "XA" an im als  (27 a s  compared to  an  average o f 28 .37 ' 

f o r  "XA" an im a ls ) . T h is i s  p a ra d o x ic a l, s in c e  a  k e to t ic  anim al 

should  show s ig n i f i c a n t ly  h ig h e r  p a th o lo g ic a l involvem ent, even over 

o th e rs  i n  i t s  same "XA" l i n e .  U n fo rtu n a te ly , none of th e  "AC" anim als 

were k e to t ic .  Animal #16 d id  show inflam m ation around th e  m a lleu s , 

and some macrophages. Some h is to lo g ic a l  te a r in g  was ev id en t on th e
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l e f t  th roughou t t h i s  bone.

The two "AC" anim als o f group th re e  #17 (AC22-133) and #18 

(AC23-110) were c o n s is ta n t  w ith  g en era l f in d in g s  of th e  chron ic  o t i t i s  

media f o r  t h i s  l i n e .  A pproxim ately 80$ o f  th e  m iddle e a r  o f anim al 

#17 con ta in ed  f ib r o b la s t s  and c h o le s te ro l  c r y s ta l s .  A reas o f new bone 

fo rm atio n  and m alleus e ro s io n  were e v id e n t on th e  r i g h t  a s  w ell a s  

a c t iv e  s e c re to ry  c e l l s .  These c o l le c t io n s  o f  columnar c e l l s  were seen 

th roughou t th e  bone. F ib ro b la s ts  f i l l e d  th e  s ta p e s .

Animal #18 e x ib ite d  a  sev e re  b i l a t e r a l  ch ron ic  s t a t e  o f in ­

flam m ation. Two d i s t i n c t  po lyps were lo c a te d  between th e  o s s ic u la r  

heads and  th e  m edial w all a t  th e  am pulla ted  p o s it io n  o f  th e  s u p e r io r  

s e m ic irc u la r  c a n a l. T ogether th e  a re a  o f  th e  polyps occupied approx­

im ate ly  4($  o f th e  a re a  o f  th e  heads o f th e  m alleus and  in c u s . They 

co n ta in ed  a r t e r io l e s  and ven u les  which were continuous w ith  th e  

f ib ro u s  m a te r ia l  th a t  l in e d  th e  m edial w a ll .  In  a d d i t io n  on th e  

r ig h t  s id e  th e re  were s e v e ra l a re a s  o f c h o le s te ro l  c r y s ta l  fo rm atio n , 

and areas of round c e l l  i n f i l t r a t i o n ,  in c lu d in g  lym phocytes, macro­

phages, plasma c e l l s ,  and polym orphs. S evere tympanic membrane th ic k ­

ening on th e  r i g h t  and f ib ro u s  a ttach m en ts  compressed th e  tympanic mem­

brane n e a r  th e  m edial w all o f th e  m iddle e a r .  A djacen t to  th e  beginning 

o f th e  l a t e r a l  p rocess o f th e  m alleus la y  a  bony sp u r. The tym panic 

membrane e x h ib ite d  extreme w aviness to  i t s  co u rse . C ontinu ing  in -  

f e r i o r l l y  through th e  sequence o f  s e c tio n s  o f  th e  r ig h t  s id e ,  th i s  

anim al a l s o  had areas o f c o l le c t io n s  o f  columnar s e c re to ry  c e l l s ,  many 

o f which surrounded a r t e r i e s .  The s ta p e s  o f  t h i s  an im al on th e  r ig h t  

was extrem ely d is ru p te d . One hundred p e rc e n t o f th e  s ta p e d ia l  c a v ity
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was f i l l e d  w ith  round c e l l s .  The c ru ra  and fo o tp la te  were s ig n if ic a n t ly  

th ickened  w ith  f ib ro u s  a ttachm en ts  which were continuous w ith th e  

tu n ic a  a d v e n tic ia  and inflam m atory p r e c ip i t a t e .  The l e f t  s id e  con­

ta in e d  a  much sm a lle r  number o f c h o le s te ro l  c r y s ta l s  u n lik e  th e  more 

sev e re ly  d is ru p te d  r ig h t  s id e .  The round window n ich e  o f  th i s  anim al 

showed e x ten siv e  p a th o lo g ic a l involvem ent g re a te r  than  seen in  any o f 

th e  2k an im als . I t  was 100^ f i l l e d  w ith  round c e l l  i n f i l t r a t i o n  and 

pockets o f columnar c e l l s .  The round window membrane was sev e re ly  

th ick en ed . Inflam m atory c e l l s  were a ls o  in  th e  p erilym phatic  a re a  o f 

th e  cochlea w ith  some f ib ro u s  m a te r ia l  and p ro te in  coag u la te .

In  th e  l a s t  group of s i x  an im als (#19 to  #2k) some o f th e  bones 

were poorly  trimmed a t  th e  tim e o f  rem oval. As a  r e s u l t  p a r ts  o f th e  

a u d ito ry  and v e s t ib u la r  system s o f some anim als were m issing . Animals 

#19 (M25-118) and #20 (M25- 11 7 ) were normal n o n -d iab e tic  an im als and 

th e  only o to p a th o lo g ic a l involvem ent observed was on th e  l e f t  s id e  

o f  #19 which had some hemorrhage in  th e  s c a la  tym pani. Animal #20 

was badly trimmed, bu t had normal m alleus and m iddle e a r  co n d itio n s  

a s  w ell a s  th e  co n d itio n s  o f  th e  s ta p e s  and round window membrane.

Animals #21 (XA26-189) and #22 (XA26-233) both "XA" ham sters had 

beginning s ta g e s  o f o t i t i s  m edia. Animal #21 was th e  most sev ere ly  

trimmed and had hemorrhage throughout th e  p erilym phatic  a re a s  o f th e  

cochlea on th e  r i g h t .  Animals #21 and #22 , both "XA" anim als were 

a lm ost equal to  th e  average age (l^f.2  months average f o r  d ia b e t ic s ) ,  

and th e re fo re  had equal tim e to  develope any com plica tions of th e  

d ia b e tic  s t a t e .  I t  i s  tem pting to  conclude th a t  a  g e n e tic  component 

could  be a  f a c to r .
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Animal #23 (AC22-134), an  "AG" anim al had a  l e f t  e a r t h a t  showed 

f ib r o b la s t s  and c h o le s te ro l  c r y s ta l s  th ro u g h o u t, w hile  th e  r i g h t  e a r 

was 100^ f u l l  o f round c e l l  i n f i l t r a t i o n .  Some beginning c h o le s te ro l  

c r y s ta l s  on th e  r ig h t  were noted  a t  th e  le v e l  o f  th e  m id-m odiolas.

One unusual f in d in g  in  t h i s  bone was f ib ro u s  a ttachm en t in  th e  l e f t  

s c a la  v e s t i b u l i  to  R e is s n e r 's  membrane. T h is a ttachm en t o r  f ib ro u s  

m a trix  was ev id en t th roughout th e  p erily m p h a tic  a re a s  o f th e  s c a la  

v e s t ib u l i  and sc a la  tym pani. Polyp fo rm ations e x is te d  in  th e  round 

window n iche on th e  l e f t .

The l a s t  bone #24 (AC23-55) from th e  "AC" l i n e  had th e  h ig h e s t 

q u a n t i ta t iv e  sum f o r  p a th o lo g ic a l involvem ent (60) o f any o f  th e  24 

anim als e v a lu a te d . M assive ch ron ic  inflam m ation f i l l e d  th e  m iddle 

e a r  spaces of th e  bone b i l a t e r a l l y ,  I n  th e  su p e r io r  a s p e c ts ,  ch o les­

t e r o l  c r y s ta l s  and f ib r o b la s t s  made d e f in i t e  changes i n  th e  o s s ic le s .  

C h o le s te ro l granulom as were a p p a re n t. Hemorrhage in  th e  r i g h t  e a r  

w ith in  th e  cochlea was sev e re  (10($) a t  th e  le v e l  o f th e  l a t e r a l  canal 

c r i s t a .  The b a s i l a r  membrane was s l ig h t ly  th ickened  on th e  r i g h t .

The s c a la  tympani was f i l l e d  w ith  a few macrophages and damage to  th e  

cochlea was ev id en t ( r i g h t  m id-m odiolar a r e a ) .  I n  th e  c r i s t a  o f th e  

l a t e r a l  can a l th e re  was d is ru p tio n  between h a i r  and support c e l l s .  

Hemorrhage was v is ib le  in  both th e  b a sa l and m iddle tu rn s  o f th e  

s c a la  tym pani. On th e  r i g h t  a t  th e  m id-m odiolar le v e l ,  a m iddle e a r  

polyp was a tta c h e d  a d ja c e n t to  th e  osseus p o r tio n  o f th e  co ch lea .

There were d e f in i te  a re a s  o f new bone fo rm atio n . The s ta p e s  fo o tp la te  

was eroded and bu lg ing  in to  the  v e s t ib u le .  Inflam m atory p r e c ip i ta te  

was seen in  a l l  p e rily m p h atic  a re a  ( s c a la  tympani and sc a la  v e s t ib u l i )
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w ith  p o s s ib le  a re a s  o f R e is s n e r 's  membrane th ic k e n in g . T h is  th ic k e n in g  

could have been due to  s e c tio n in g  in  a  ta n g e n tia l  p lan e  r a th e r  than  

a t  r ig h t  an g le s  to  th e  membrane. S ta p e d ia l c a v ity  inflam m ation and 

f ib ro u s  a ttachm en ts  w ith  c h o le s te ro l  c r y s ta l s  was observed , and th e  

s ta p e d ia l  a r te r y  was s ig n i f i c a n t ly  th ick en ed  in  th e  tu n ic a  in tim a  and 

m edia. New bone a re a s  were e v id e n t. The l e f t  s id e  (m id-m odiolar) 

had one m ajor a re a  c o n s is tin g  o f  a  very  th ic k  band o f  lym phocytes 

surrounding  hemolyzed re d  blood c e l l s .  The i n t e r i o r  o f t h i s  ag g reg a te  

seemed to  be f u l l  o f co ag u la ted  p ro te in .  On th e  l e f t  th e  round window 

membrane was se v e re ly  th ick en ed , and th e  co ch lea r perilym ph was f i l l e d  

w ith f ib ro u s  m a te r ia l .

C a p illa ry  Basement Membrane Thickness

One com plete s e t  o f  s e r i a l  s e c tio n s  from 15 Chinese ham sters 

was s ta in e d  w ith  p e r io d ic  a c id  S c h if f s  (PAS) and examined f o r  v a s­

c u la r  basement membrane th ic k e n s s . The basement membrane g lycopro ­

te in  component i s  s tro n g ly  PAS p o s i t iv e  and appears  a s  a  band o f dark  

p ink  m a te r ia l th e  th ic k n e ss  of which can be a s se s se d .

A f te r  th e  g en e ra l o to p a th o lo g ic a l assessm ent w ith  th e  H & E s e t  

o f s e r i a l  s e c tio n s  was an a ly zed , a  d e c is io n  no t to  e v a lu a te  n in e  ou t 

o f th e  Zk t o t a l  f o r  c a p i l la ry  basement membrane changes was made (se e  

ta b le  h) . The f i r s t  group o f  a n im a ls , #1 through # 6 , s u f fe re d  v ary in g  

amounts o f h is to lo g ic a l  a r t i f a c t  due to  h igh  h e a t d u rin g  p re p a ra tio n . 

Even though g en era l s t r u c tu r a l  a b n o rm a litie s  could  be e v a lu a te d , i t  

was f e l t  th a t  any In fo rm ation  o b ta in ed  from th e  PAS s ta i n  would be 

q u e s tio n a b le . L ikew ise an im als #20 through #22 were obm itted  because
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o f trim m ing d i f f i c u l t i e s .  T h e re fo re , ou t o f  th e  24 t o t a l  an im a ls , 15 

were s ta in e d  w ith  PAS and ev a lu a ted  f o r  c a p i l la ry  basement membrane 

changes. Out o f th e se  15 h am ste rs , th e re  were f iv e  "M", fo u r  "XA", 

and s ix  "AC" an im als .

A ll 15 p a i r s  o f tem poral bones were s ta in e d  w ith  PAS f o r  c a p i l l ­

a ry  basement membrane changes. Then a l l  anim als were b lin d ly  a sse sse d  

a s  a  group to  g ive  a  q u a l i t a t iv e  e v a lu a tio n . Appendix E g iv es  a  sample 

q u a l i t a t iv e  r e p o r t  o f one an im al. From t h i s  p re lim in a ry  b lin d  a s s e s s ­

ment a  c o n s id e ra tio n  o f th e  range o f basement membrane changes was 

o b ta in ed . Basement membranes from many normal non-study an im als were 

a ls o  observed in  an e f f o r t  to  be a b le  to  a s s e s s  th e  basement membranes 

a s  " th in n e r"  o r  " th ic k e r" . T h is was n ecessary  s in c e  s o p h is t ic a te d  

q u a n ta tiv e  measurements o f a c tu a l  basement membrane th ic k n e ss  was not 

p o s s ib le .  Follow ing th i s  p re lim in a ry  assessm ent a  second b lin d  e v a l­

u a tio n  w ith  th e  h e lp  o f an  in d iv id u a l o th e r  than  th e  s c o re r  was made. 

Four o r  f iv e  s l id e s  p e r anim al which con ta in ed  th e  s p e c if ic  s t ru c tu re s  

to  be ev a lu a ted  were s e le c te d  in  advance o f  th e  f i n a l  assessm en t. I t  

was d u rin g  th i s  f i n a l  b lin d  assessm ent th a t  q u a n ta tiv e  v a lu es  were 

a ss ig n ed  a s  shown in  th e  sample in  appendix F .

I t  can be seen in  appendix  F th a t  c a p i l l a r i e s  from s p e c if ic  lo ­

c a tio n s  w ith in  th e  a u d ito ry  and v e s t ib u la r  system s were ev a lu a te d . The 

s e le c t io n  c r i t e r i a  was in  accordance to  th e  l i t e r a t u r e  i n  r e l a t i o n  to  

th e  emphasis which i s  p laced  on s p e c if ic  c a p i l la ry  beds, th a t  i s  th e  

c a p i l la r y  beds supply ing  p a r t i c u la r  s t r u c tu r e s .  In  th e  s t r i a  v a s c u la r is  

12 t o t a l  c ro ss  s e c tio n s  ( s ix  from each e a r)  were a s se s se d . A ll cap­

i l l a r i e s  were from a  m id-m odiolar s e c tio n  o f  th e  coch lea and from the
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m iddle tu rn  of th e  co ch lea . One m odio lar c a p i l la r y  from th e  same 

m id-m odiolar s e c tio n  was evaluated, from each e a r .  In  th e  th re e  semi­

c i r c u la r  c a n a l c r i s t a e  ( s u p e r io r ,  l a t e r a l ,  and p o s te r io r ) ,  one cap­

i l l a r y  in  c ro ss  s e c tio n  was a s se s se d  from e i th e r  e a r ,  w hichever gave 

th e  c l e a r e s t  view of a  c a p i l la ry  c ro ss  s e c t io n .  One c a p i l la ry  was 

a ls o  a s se s se d  from  th e  macula o f e i th e r  th e  u t r i c l e  o r saccu le  from 

e i th e r  s id e .  The m acular c a p i l la r y  was tak en  from th e  same s l id e  

which con tained  th e  a s se s se d  l a t e r a l  can a l c r i s t a e .  Two c a p i l l a r i e s  

from th e  c e n t r a l  nervous system  were a ls o  in c lu d e d , one from th e  pons 

and one from  th e  cerebellum . C a p illa ry  s e le c t io n  c r i t e r i a  was the  

f i r s t  c l e a r  com plete basement membrane c ro ss  s e c tio n  o f a  c a p i l la ry  

(n o t in  ta n g e n tia l)  in  each lo c a t io n .  T h is was a  b lin d  e v a lu a tio n .

In  a l l  cases  a  normal c a p i l la ry  was d is tin g u is h e d  by a  very  th in  

basement membrane. The c a p i l l a r i e s  were d i f f i c u l t  to  se e  because o f  

the  sm all amount o f basement membrane m a te r ia l  i n  th e  c a p i l la r y  w a lls . 

The m oderately th ick en ed  c a p i l l a r i e s  were th ick en ed  over t h e i r  normal 

c o u n te rp a r ts  by about tw ice  th e  amount o f basement membrane m a te r ia l . 

These c a p i l l a r i e s  were e a s i ly  d is t in g u is h e d  and stood  ou t n ic e ly . The 

sev ere ly  th ickened  c a p i l l a r i e s  were even more ev id en t due to  th e  

la r g e r  amount o f  PAS p o s i t iv e  m a te r ia l  in  t h e i r  w a lls , and co n ta in ed  

approxim ately  th re e  tim es th e  amount o f  basement membrane m a te r ia l 

over t h e i r  normal c o u n te rp a r t. No occluded c a p i l l a r i e s  were found, 

and a t  no time were they  a s  th ickened  a s  re p o r te d  in  may s tu d ie s  

(C osta , 1 9 6 7 j Jo rgensen , 1961). The lumens became sm a lle r  in  volume 

acco rd in g  to  th e  e x te n t o f  th ic k e n in g . The c a p i l l a r i e s  in  th e  p re ­

se n t s tudy  were a ss ig n ed  a  d e s c r ip t io n  o f norm al, m oderate, o r  sev ere

with perm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



48

depending on th e  ex ten t o f th ick en in g  ev id en t in  a l l  o f  th e  an im als .

A normal th ick n ess  c a p i l la r y  was g iven a  v a lu e  o f ze ro , moderate 

a  va lu e  o f one, and sev ere  c a p i l la ry  basement membrane th ic k e n in g  a  

v a lu e  o f tw o. Maximum t o t a l  number o f  c a p i l l a r i e s  a sse sse d  from 

each anim al was 20. I n  m ost cases  th e re  were l e s s  th a n  th e  t o t a l  

number o f 20 to  ev a lu a te  f o r  a  v a r ie ty  of re a so n s . To compensate f o r  

th i s  d if f e re n c e ,  the  va lu e  g iven f o r  c a p i l la ry  basement membrane th ic k ­

ness was based on th e  p e rc e n t o f maximum p o s s ib le  f o r  each an im al. In  

some an im als a l l  20 c a p i l l a r i e s  were ev a lu a te d  g iv in g  a  maximum p o s s ib le  

sum o f  40 (20 tim es a  sev ere  va lu e  o f tw o), w hile  in  o th e rs  only 19 

c a p i l l a r i e s  were a ssesse d  g iv in g  a  maximum p o s s ib le  sum of 38, e t c .

T o ta l v a lu es  f o r  each anim al were th e re fo re  converted  to  a 

p e rce n t va lu e  o f maximum p o s s ib le  c a p i l la ry  basement membrane th ic k ­

n e ss . The average f o r  th e  f iv e  ’M" an im als was 1 2 . . f or  th e  fo u r  

"XA" anim als i t  was 59 ‘7%t and f o r  th e  s ix  "AC" ham sters i t  was 7 6 . 6$ .

S t a t i s t i c a l  A ssessm ent

Sim ultaneous confidence in te r v a ls  were c o n s tru c ted  f o r  mean H&E 

otopatho logy  by the  B onferron i method (N e te r and Wasserman, 1974) to  

a s su re  fam ily  confidence c o e f f ic ie n t  was a t  l e a s t  .95 and th a t  th e  

jo i n t  s e t  of comparisons was e x a c tly  c o r r e c t ,  W elch 's T a n a ly s is  

of v a r ia n c e  (Johnson and Leone, 1977; Welch, 1938), a  tw o - ta i le d  t e s t  

was used because th e  v a ria n ces  were n o t th e  same f o r  each type  o f 

ham ster. S t a t i s t i c a l  s ig n if ic a n c e  a t  p .05 was determ ined between 

mean H & E  m iddle e a r  pathology o f d ia b e t ic  and n o n -d ia b e tic  an im als.

No s ig n if ic a n c e  between c o c h le a r -v e s t ib u la r  mean pathology was found.
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In  th e  case  o f mean basement membrane th ic k e n in g , a  s ig n if ic a n c e  

o f  p .05 was determ ined between a l l  th re e  C hinese ham ster l i n e s .  The 

v a r ia n c e s  were abou t equal f o r  a l l  th re e  ham ster l i n e s  so a n a ly s is  of 

v a ria n c e  fo llow ed p a irw ise  com parisons between each o f th e  th re e  g e n e tic  

l i n e s .

D iscussion

M icrovascu lar changes a r e  one o f  th e  most s p e c if ic  m ajor v a s ­

c u la r  d is e a s e s  in  d ia b e t ic s .  The lumens become narrowed because of 

hypertrophy  o r  p r o l i f e r a t io n  o f  th e  c a p i l la ry  basement membrane m ater­

i a l .  T h is  occurs by ex cess iv e  d e p o s itio n  o f p o ly sa c c a r id e s  and l i p i d s .  

T h is  r e s u l t  was shown to  some e x te n t in  th e  a u d ito ry  and v e s t ib u la r  

system s o f a t  l e a s t  te n  ham sters i n  th e  p re s e n t s tu d y .

As no ted  th e se  broad v a sc u la r  changes e f f e c t  th e  r e t i n a ,  re n a l 

g lom eru lus, a s  w e ll a s  a l l  o th e r  m ajor organ sy stem s. They may proceed 

th e  appearance o f th e  c l i n i c a l l y  re co g n izab le  m etabo lic  ab n o rm ality .

The b ra in  i s  p a r t i c u la r ly  v u ln e ra b le . There i s  s tro n g  c irc u m s ta n tia l  

ev idence th a t  th e  abnorm al v a sc u la r  pathology w i l l  a ls o  in v o lv e  th e  

a u d ito ry  and v e s t ib u la r  system s.

I t  i s  p o s tu la te d  t h a t  th e se  v a s c u la r  changes le a d  to  s p e c if ic  

a u d ito ry  lo s s .  The h e a rin g  lo s s  g e n e ra lly  a s s o c ia te d  w ith  d ia b e te s  

i s  s e n so r in e u ra l ,  p ro g re s s iv e , and b i l a t e r a l .  I t  i s  f i r s t  no ted  in  

th e  h igh  fre q u e n c ie s , g ra d u a lly  ex tend ing  in to  th e  m id-frequency range. 

N euronal d eg en e ra tio n  in  o th e r  s tu d ie s  h as  been shown in  th e  b a s a l 

tu rn  o f th e  co ch lea , which accoun ts  f o r  th e  lo s s  o f h e a r in g  in  th e  

h ig h  frequency  range . Some in d iv id u a ls  have experienced  u n i l a te r a l
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h earin g  lo s s  o r  permanent low frequency  lo s s  a s s o c ia te d  w ith sudden 

o n se t d ea fn e ss . T his sudden o n se t type  lo s s  and I t s  r e la t io n s h ip  to  

d ia b e te s  has  n o t been proven.

The v e s t ib u la r  system may a ls o  be a f fe c te d  my m icrovascu la r 

d ise a se  a n d /o r  neuropathy. D izz in ess  i s  a  com plaint o f  many d ia b e t ic s .

A syndrome s im i la r  to  th e  symptoms o f M enieres d is e a s e  may a l s o  be 

a s s o c ia te d  w ith  d ia b e te s . These symptoms in c lu d e  f lu c tu a t in g  s e n s o r i­

n e u ra l h ea rin g  lo s s ,  p e rio d s  o f  v e r t ig o ,  and t e n n i t i s .  C oats (1978) 

determ ined  th a t  th e re  a re  no s p e c if ic  ENG f in d in g s  w ith  d ia b e te s ,  but 

p e r lp h e r la l  v e s t ib u la r  symptoms a re  g e n e ra lly  d e te c te d .

A ll o f  th e se  com plica tions to  th e  a u d ito ry  and  v e s t ib u la r  systems 

ten d  to  be p ro g re ss iv e  in  s p i te  o f adequa te  a n t id ia b e t ic  the rapy  and 

tre a tm e n t.

M icrovascu lar changes ( c a p i l la r y  basement membrane th ick en in g ) 

were the  most s ig n i f ic a n t  f in d in g  o f th e  p re se n t study in  th e  c a p i l la ry  

networks supp ly ing  th e  end organs o f th e  a u d ito ry  and v e s t ib u la r  

system s. P re se n t day knowledge o f th e  morphology, s y n th e s is ,  m aintenance, 

and breakdown o f  th e  normal basement membrane i s  l im ite d ,  and th a t  of 

th e  abnormal basement membrane i s  even more so .  The main morphologic 

change a s s o c ia te d  w ith d ia b e te s  i s  an  in c re a se  th ic k e n in g  o f basement 

membrane m a te r ia l , and r e s u l t s  to  some degree in  lo s s  o f  th e  fu n c tio n  

of f i l t r a t i o n  and  anchor o f  c e l l  p o p u la tio n s . I n s u l in  and in s u l in  

a n ta g o n is ts  a o ts  d i r e c t ly  on c e l l  membranes and th e re fo re  t h e i r  d i r e c t  

a c t io n s  on th e  basement membrane in  th e  a u d i to ry , v e s t ib u la r ,  and 

c e n tr a l  nervous system must be co n sid ered .

To u nders tand  th e  r e s u l t s  on c a p i l l a r i e s  a sse sse d  in  th e  p re se n t
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s tu d y , I t  i s  necessary  t o  have an a p p re c ia t io n  o f th e  b iochem ical changes 

i n  th e  d ia b e tic  s t a t e  which le a d  to  t h i s  th ic k e n in g . B iochem ical changes 

no ted  i n  a d d i tio n  to  m orphological changes d esc rib e d  in  th e  d ia b e t ic  

s t a t e  a re  very  l im ite d . F ind in g s  in c lu d e » 1 .)  an  a l t e r a t i o n  o f amino 

a c id  a n d /o r  carbohydrate  com position , 2 . )  an  in c re a se d  a f f i n i t y  f o r  

serum p ro te in s ,  3*) an d ec reased  c y s te in e  c o n te n t, and ^ ,)  a  d is tu rb e d  

r a t i o  o f  d isa c c h a rid e  t o  h e te ro p o ly sacch a rid e  u n i t s .

I n  th e  p rev ious re fe re n c e s  to  th e  d if fe re n c e s  i n  th e  s p e c if ic  

l in e s  o f  th e  d ia b e tic  C hinese ham ster, th e  basement membrane th ic k e n ­

in g  ap pears  to  be a t t r i b u t a b l e  to  a  d is o rd e r  o f th e  b io sy n th e s is  in  

th e  m a trix  macromolecule o f t h i s  c o lla g e n  a n d /o r  a s s o c ia te d  g lyco­

p ro te in  components. The g ly c o p ro te in s  them selves co n ta in  s u b s ta n t ia l  

amounts of g ly c in e , hyd rox y p ro lin e , h y d ro x y ly s in e , g lucose  and g a l­

a c to se  a s  m entioned e a r l i e r .  Chang (1978) found th a t  p o s t - t r a n s la t io n ­

a l  m o d ifica tio n  o f  p ro te in s  in c re a se d  in  d ia b e t ic s  due to  th e  exces­

s iv e  g lucose  le v e ls .  T here a r e  two ty p e s  of carbohydrate  u n i ts  p re ­

s e n t .  One i s  a  h e te ro p o ly sacch a rid e  w ith  no g lu c o se , s im ila r  to  

o th e r  g ly c o p ro te in s , w hile  th e  o th e r  one i s  a  d isa c c h a r id e  u n i t  con­

s i s t i n g  o f g lucose  and g a la c to se  lin k e d  to  th e  hydroxy lysine  re s id u e s  

i n  th e  p e p tid e  ch a in . Chang a ls o  found a n  in c re a se  in  hydroxylysine 

linkedoC - g lu co sy l -g a la c to s e  d isa c c h a r id e  u n i t s  in  th e  glomeru­

lu s  basement membrane. Assembly o f th e  basement membrane re q u ire s  

s e v e ra l s te p s  because o f  I t s  complex s t r u c tu r e .  F i r s t  i s  th e  sy n th e s is  

o f th e  p ep tid e  ch a in  fo llow ed by h y d ro x y la tio n  o f p ro lin e  and ly s in e .

The a ttachm en t o f th e  m onosaccharide re s id u e s  to  form both  ty p es  of 

th e  carbohydrate  u n i t s ,  th e  h e te ro p o ly sacch a rid e  and th e  d isa c c h a rid e
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u n i t s .  F in a l ly  c ro ss  l in k s  a r e  formed to  e s ta b l is h  th e  end p roduct. 

Changes in  th e  carbohydrate  u n i t s  w i l l  le a d  to  th e  observed r e s u l t  o f 

c a p i l la r y  basement membrane th ic k e n in g  in  th e  p re s e n t s tu d y 's  an im a ls .

The d isa c c h a r id e  u n i t  seems to  be a l te r e d  th e  most i n  th e  d ia b e t ic  

s t a t e .  A decrease  i n  th e  a c id  g lycohydro lases found in  most d ia b e t ic s  

le a d s  to  an  in c re a se  in  th e  amount o f th e  d isa c c h a rid e  u n i t  r e l a t iv e  

to  th e  h e te ro p o ly sacch a rid e  u n i t .  T h is i s  due to  th e  d ecrease  in  

c a to b o lic  a c t i v i t y  o f  th e  enzymes. In  summary th e  a c id  g lycohydro lases 

se rv e  to  degrade th e  d isa c c h a rid e  u n i t .  Two o th e r  enzymes se rv e  to  

assem ble th e  d isa c c h a rid e  u n i t .  These two h ig h ly  s p e c i f ic  g ly c o sy l-  

t r a n s fe ra s e s  (2 .4 )  b u ild  th e  d isa c c h a r id e  u n i t  by t r a n s f e r in g  a  sugar 

from an o lig o sa cch a rid e  to  a n o th e r  carbohydrate  u n i t .  S p e c i f ic a l ly ,  

th e se  two g ly c o sy ltra n s fe ra s e s  re sp o n s ib le  f o r  th e  a ttachm en t o f 

carbohydrate  u n i ts  a re  1 .)  g lu c o sy ltra n s fe ra s e  which t r a n s f e r s  g lucose  

to  g a la c to se , and!'2 .)  g a la c to s y l t r a n s f e r a s e .  Many s tu d ie s  have shown 

an e le v a te d  le v e l  o f kidney g ly c o s y l tra n s fe ra s e  a c t iv i t y  in  th e  

normal d ia b e t ic  s t a t e  a s  w ell a s  in  th e  a l lo x a n  and s tre p to z o to c in  

induced hyperglycem ia. These both  le a d  to  an in c re a se d  basement 

membrane sy n th e s is . T here fo re  c a p i l la ry  basement membrane th ick en in g  

can occur through an  in c re a sed  sy n th e s is  o f  th e  d isa c c h a rid e  u n i t  

( g ly c o sy ltra n s fe ra s e )  a n d /o r  a  d ecrease  i n  th e  d eg rad a tio n  of th e  

d isa c c h a rid e  u n i t  (a c id  g ly c o h y d ro la se s ) . In  a d d i t io n ,  th e  decreased  

c y s te in e  c o n te n t : (no ted  above) to  le s s  th a n  normal le v e l  may in ­

d ic a te  an  a l t e r a t i o n  in  c ro s s lin k in g  of th e  p ro te in  i n  th e  basement 

membrane.

S tu d ie s  o f th e  metabolism o f d ia b e t ic  k idneys i n  experim ental.
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an im als , u s in g  c o r t i c a l  homogenates and i s o la te d  g lo m eru li, have 

dem onstrated  h ig h e r a n a b o lic  and low er c a ta b o lic  enzyme a c t iv i t y  which 

would f i t  th e  a c t io n  o f th e  two enzyme ty p e s . B iochem ically , bo th  

an in c re a s e  in  g ly c o sy ltra n s f  e ra s e  a c t i v i t y  and a  decrease  i n  c a ta ­

bolism  r a t e  (d ec rea se  in  a c id  g lyco h y d ro lase  a c t i v i t y )  would bo th  le a d  

to  basement membrane th ick en in g  observed i n  th e  p re se n t study  u ltim a te ly  

le a d in g  to  v a sc u la r  changes in  th e  a u d ito ry  a n d /o r  v e s t ib u la r  system s 

o f th e  C hinese ham sters.

The conclusion  i s  c l e a r  a s  to  th e  mechanism o f a l t e r in g  th e  

v a sc u la r  w a lls  c o n s t i tu t in g  d ia b e tic  m icroangiopathy . The morphologic 

le s io n  o f th e  d ia b e t ic  v e s se ls  ap p ea rs  a s  an  in c re a se d  th ic k n e ss  of 

th e  basement membrane m a te r ia l .  As no ted  th i s  th ic k n e s s  could  a r i s e  

from in c re a sed  s y n th e s is ,  d ecreased  breakdown, o r  both  a c t io n s  o ccu rrin g  

s im u ltan eo u sly . S ince th e  basement membrane i s  a  g ly c o p ro te in  s t r u c ­

tu r e  , and c a p i l la ry  basement membrane th ic k n e ss  in c re a se d  by a  d i s ­

tu rbance  i n  th e  metabolism of th e  carbohydrate  c o n ta in in g  p o r t io n , 

b io sy n th e s is  o f  th e  basem ent.membrane i s  undoubtedly r e la te d  to  g lucose 

m etabolism .

I t  i s  ev id en t th a t  g lucose  p la y s  a  c e n t r a l  r o le  i n  th e  b io syn the­

s i s  o f th e  monosaccharide component o f  g ly c o p ro te in s . Glucose i s  the  

only  f r e e  sugar in  th e  b lood  and th e re fo re  th e  only  m onosaccharide 

which can be used  f o r  th e  sy n th e s is  o f  o th e r  su g ar components and 

g ly c o p ro te in s  ( in c lu d in g  basement membranes).

Because th e  tu rnover r a t e  o f  basement membranes i s  very  slow , th e  

o v e r u l i t i z a t io n  of g lucose le ad s  to  an  in c re a se  i n  accum ulation over 

tim e . T h is  in c re a se  in  m a te r ia l  in t e r f e r e s  w ith  normal fu n c tio n  and
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would le a d  to  th e  c l i n i c a l l y  reco g n izab le  sm all blood v e s s e l le s io n s  

in  th e  in n e r  e a r .  Because o f th e  slow tu rn o v er r a t e ,  c a p i l la r y  b ase­

ment th ick en in g  would no t be r e v e r s ib le  upon low ering o f  blood g lucose 

le v e ls .  A f te r  basement membrane i s  l a i d  down i t  cannot be q u ic k ly  

m etabolized  and th e re fo re  even s p o ra t ic  hyperglycem ia over tim e w i l l  

le a d  to  c a p i l la r y  basement membrane th ic k e n in g .

F u n c tio n a l changes from m orphological and biochem ical a l t e r a t io n s  

in  th e  d ia b e tic  s t a t e  le ad  to  fu n c tio n a l  changes in  f i l t r a t i o n .  An 

in c re a se  i n  c a p i l la ry  basement membrane th ick en in g  le a d s  to  a  de­

crease  in  th e  c a p i l la r y  su rfa c e  a re a  and th e  a rea  a v a i la b le  f o r  

f i l t r a t i o n .  A lso  i f  o cc lu sio n  i s  com plete, ishem ia to  th e  t i s s u e s  

r e s u l t s .

Some s tu d ie s  suggest th a t  long  term  d ia b e t ic  v e s s e ls  a r e  more pen­

e tra b le  th an  normal v e s s e ls ,  and in  a c t u a l i t y  become "leaky" (e sp ec ­

i a l l y  in  th e  k idney ). The whole q u es tio n  o f  c o r re la t io n  between 

morphology and fu n c tio n  (b e fo re  o cc lu sio n ) aw a its  f u r th e r  in v e s t ig a t io n .

Impairment o f h earin g  a s s o c ia te d  w ith  d ia b e te s  m e ll i tu s  has been 

p rim arily  a s s o c ia te iw ith  c a p i l la r y  basement membrane th ic k e n in g  w ith in  

the  a u d ito ry  and v e s t ib u la r  system s. There a re  s e v e ra l major c a p i l l ­

ary  beds which supply th e  in n e r  e a r .  These a re a s  a re  found in  a sso c ­

ia t io n  w ith  th e  s p i r a l  prom inence, th e  upper s p i r a l  ligam ent a d ja c e n t 

to  th e  s c a la  v e s t i b u l i ,  th e  s c a la  tym pani, and th e  s t r i a  v a s c u la r is .

The s t r i a  v a s c u la r is  c o n s is ts  o f a  band o f t i s s u e  ly in g  on th e  in te r n a l  

su rface  o f  th e  s p i r a l  ligam en t. I t  ex tends from th e  s p i r a l  prominence 

to  R e is s n e r 's  membrane. The s t r i a  i s  very  dense w ith numerous c a p i l ­

l a r i e s  p ass in g  m ainly in  a  lo n g itu d in a l  d i r e c t io n .  I t  i s  considered
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a  v a sc u la r  ep ith e liu m  and th e  m ajor blood supply  o f  th e  co ch lea r d u c t. 

I t  i s  f o r  t h i s  reason  th a t  th e  s t r i a  v a s c u la r is  was th e  prim ary s i t e  

f o r  assessm en t o f  c a p i l la r y  basement membrane th ick en in g  in  th i s  

p ro je c t .

The c a p i l la r y  network o f  th e  s t r i a  i s  in te r s p e r s e d  among th re e  

d i f f e r e n t  c e l l  ty p e s . The basement membrane se p a ra te s  th e  c a p i l la ry  

w all from th e  s t r i a l  c e l l .  The chrom ophilic  c e l l s  a re  m arg inal c e l l s '  

and l i e  on th e  endolym phatic s u r fa c e . They have la rg e  b a sa l ex- • 

te n s io n s  which l n t e r d l g i t a t e  w ith  th e  second c e l l  ty p e , th e  chromo­

phobic in te rm e d ia te  c e l l s .  The th i r d  c e l l  type  (b a s a l c e l l s )  l i e  

a d ja c e n t to  th e  s p i r a l  lig am en t. The w idth  and depth  o f  th e  s t r i a  

v a s c u la r is  d ec rease s  g ra d u a lly  tow ard th e  apex .

Oxygen comsumption s tu d ie s  by Chou (1962) show th e  s t r i a  v a s -  

c u a l r i s  to  be th e  most m e ta b o lic a lly  a c t iv e  t i s s u e  in  th e  body. There 

i s  an  abundance o f  m itochondria  i n  th e  c e l l  ty p e s . The s t r i a  no t 

only se rv es  as  a  m ajor v a s c u la r iz a t io n  t i s s u e ,  b u t a ls o  se rv es  to  

m ain ta in  th e  b iochem ical p ro p e r t ie s  o f th e  endolymph.

Mendelsohn and Roderiq.ues (1977) showed th a t  an  in c re a s e  in  

in s u l in  le a d in g  to  hypoglycemia had a  d i r e c t  e f f e c t  on th e  p o ta ss iu m / 

sodium r a t i o  in  th e  endolymph. Normal co ch lea r endolymph has a  h igh  

potassium  and low sodium c o n c e n tra tio n . No o th e r  e x t r a c e l lu la r  f l u i d  

has such a  r a t i o .  R e su lts  show th a t  g lu co se  i s  e s s e n t i a l  f o r  main­

tenance o f a c t iv e  t r a n s p o r t .  Hypoglycemia le a d s  t o  a s h i f t  i n  endo­

lymph c o n c e n tra tio n  to  low potassium  and h ig h  sodium. Again g lucose  

le v e ls  have a  d i r e c t  e f f e c t  on th e  coch lea .

One a s p e c t o f  t h i s  s tu d y  which deserv es  f u r th e r  a t t e n t io n  i s  th e
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h igh  inc id en ce  o f in f e c t io n  ( o t i t i s  media) in  th e  d ia b e t ic s  over th e  

n o n -d ia b e tic s . T his le a d s  to  a  q u e s tio n  a s  to  th e  r e la t io n s h ip  o f 

in f e c t io n  to  c a p i l la ry  basement membrane th ick en in g  o r  m etabo lic  

a l te r a t io n s  o f d ia b e te s  d i r e c t ly .

I t  i s  g e n e ra lly  b e lie v e d  th a t  d ia b e t ic s  have more in f e c t io n s  than  

n o n -d ia b e tic s , and th a t  In fe c t io n s  in  d ia b e t ic s  a re  severe  and d i f f ­

i c u l t  to  manage (S ilv a  and P ekety , 19?6 ). D iabetes i s  a ls o  more 

sev ere  in  th e  p resence o f an  in f e c t io n  because th e  Inflam m ation in ­

flu en c es  th e  a v a i l a b i l i t y  and u t i l i z a t i o n  o f th e  s u b s t r a te .  T herefo re  

in fe c t io n s  must be g iven  a  prom inent p la c e  a s  a  f a c to r  which a f f e c t s  

carbohydrate  to le ra n c e .

There a re  c o n f l ic t in g  s tu d ie s  a s  th  d ia b e te s  a f f e c t  on th e  body 's  

c e l lu la r  and humeral immune system , however i t  does seem th a t  d ia ­

b e t ic s  have a  g re a te r  s u s c e p t ib i l i ty  t o  in fe c t io n s  o f v a rio u s  k in d s .

An in fe c t io u s  s t a t e  in c re a s e s  th e  in s u l in  requ irem ent and th e re fo re  

m agnifies th e  d ia b e tic  s t a t e .

A g en era l overview o f th e  in f e c t io u s  s t a t e  i s  n ecessary  befo re  

th e  com plica tions o f th e  d ia b e t ic  s t a t e  can be understood . These 

com plica tions can then  be r e la te d  to  th e  a u d ito ry  system .

The normal h o s t d efen se  mechanism beg ins w ith  th e  a c u te  re a c tio n . 

T h is  in c lu d es  th e  re le a s e  » o f a n t ib o d ie s  and o th e r  chem ical substances 

such a s  h is tam in es  and p ro s ta g la n d in s . Phagocytic leu co cy te s  such as  

g ran u lo cy tes  (polym orphonuclear n e u tro p h ils )  and macrophages invade 

th e  a re a . These ameboid type connec tive  t i s s u e  c e l l s  must be a b le  

to  move f a s t .  T herefo re  any in te r f e r e n c e  w ith  t h e i r  movement w il l  

a l t e r  th e  h o s t defense  mechanism. A cute even ts a r e  an  e le v a tio n  in . th e
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v a sc u la r  b lood flow , an  in c re a s e d  v a s c u la r  p e rm e a b ility , and i n f i l t r a ­

t io n  of th e  t i s s u e  by le u k o cy te s .

The ch ron ic  inflam m atory s t a t e  can a r i s e  d i r e c t ly  from th e  a c u te  

s ta g e ,  o r  a r i s e  w ithou t th e  a c u te  s ta g e . The two main f e a tu re s  o f 

th e  ch ron ic  s ta g e  a r e  th e  p resen ce  o f  g ra n u la tio n  t i s s u e ,  and mono­

n u c le a r  c e l l s  which predom inate . These a g ra n u la r  leu k o cy tes  a re  

e i th e r  lymphocytes o r  monocytes. Monocytes which account f o r  3 to  8$ 

o f th e  le u k o cy tes  can be d is tin g u is h e d  by t h e i r  kidney shaped n u c leus. 

More im p o rtan tly  lym phocytes accum ulate i n  th e  s i t e  o f a  chron ic  i n ­

flam m ation and com prise 20-3%  o f  th e  w hite  blood c e l l s .  Lymphocytes 

can change to  plasma c e l l s  d is tin g u is h e d  by a  cartw heel n u c leu s. As 

th e  ch ro n ic  s t a t e  co n tin u e s , f ib r o b la s t s  a r i s e  a s  w ell a s  granulom as. 

Granulomas a re  ag g reg a tes  o f  inflam m atory c e l l s ,  u su a lly  a rran g ed  

c o n c e n tr ic a lly .  Components in c lu d e  macrophages, lym phocytes, and 

f ib r o b la s t s .  F ib ro b la s ts  p ro g re s s iv e ly  la y  down co llag en  which can 

d i s t o r t  o r  occlude th e  lumen o f any d uct o r  f i l l  a  space .

In  th e  e a r  th e  inflam m atory s t a t e  may be caused by abnormal 

p h y s ic a l f o rc e s ,  a l le r g y ,  o r  d i r e c t  in f e c t io n ,  a s  w ell a s  m etabolic  

im balances such a s  d ia b e te s .

The a c u te  o r  in v a s iv e  s t a t e  o f s e c re to ry  o t i t i s  media i s  ch ar­

a c te r iz e d  by th e  sudden appearance o f n o n -p u rlen t exudate . Transuda­

t io n  i s  an  osm otic fo rc e  which fo rc e s  th e  f l u i d  component o f the  blood 

out o f  th e  v e s se ls  in to  th e  m iddle e a r .  The leu k o cy tes  escape in to  

th e  m iddle e a r  to  form th e  exudate . The mucosa and th e  tympanic mem­

brane becomes edematous and th ick en ed , and macrophages a re  ty p ic a l ly  

seen . The c e l l  po p u la tio n  which com prises th e  exudate changes from
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predom inatly  macrophages to  a  p o p u la tio n  o f lym phocytes and. plasma 

c e l l s .  The exudate which ten d s  to  o r ig in a l ly  be se ro u s , may a ls o  be 

hem orrhagic, mucoid, o r  p u r le n t  depending upon th e 'n a tu r e  o f th e  

inflam m atory p rocess and ten d s  to  accum ulate in  th e  v a rio u s  a re a s  o f 

th e  m iddle e a r  (N ager, 1972).

Time a lo n e  does n o t make an a c u te  In fe c t io n  in to  a  ch ron ic  in ­

flammatory s t a t e .  C hronic means th a t  th e  in flam m atio ry  p ro cess  has 

no t been re so lv e d  and p a th o lo g ic  changes which occur i n  th e  m iddle 

ea r  may be i r r e v e r s ib le .

The o r ig in a l  f l a t  cubo idal ep ith e liu m  o f th e  m iddle e a r  i s  t r a n s ­

formed in to  high columnar ep ith e liu m  (an  a c t iv e  s e c re to ry  s t a t e ) .

T h is  was d ra m a tic a lly  shown in  most o f th e  "AC" C hinese ham sters s in c e  

th e se  anim als e x h ib ite d  th e  most sev ere  s t a t e  o f o t i t i s  media. In  

p a r t i c u la r  anim al #18 had is la n d s  o f  columnar ep ith e liu m  which served  

to  in c re a s e  s e c re t io n  due to  an  in c re a se  in  su rfa c e  a r e a .

P a r t i a l  r e s o rp tio n  o f th e  o s s ic le s  a s s o c ia te d  w ith  an in c re a se  

in  o s te o c la s t ic  a c t iv i t y  may occur even though few o s te o c la s ts  were 

observed i n  th e  Chinese ham ste rs . F ib ro u s  p r o l i f e r a t i o n  was char­

a c t e r i s t i c  in  th e  p re se n t s tu d y , and was found in  th e  an im als w ith  

ch ron ic  o t i t i s  media.

C h o le s te ro l granulomas were observed in  62j£ o f th e  "AC" C hinese 

ham sters, and were always a s s o c ia te d  w ith  a  ch ron ic  s t a t e  o f inflamma­

t io n .  A keratom a r e s u l t s  from th e  accum ulation  o f  k e r a t in  from 

squamous ep ith e liu m  from th e  a u d ito ry  c a n a l. T h is  i s  n o t th e  same 

co n d itio n  a s  th e  c h o le s te ro l granulom as seen  in  th e  p re s e n t s tu d y .

The c h o le s te ro l granuloma i s  ch ron ic  g ra n u la tio n  t i s s u e  c o n ta in in g
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c h o le s te ro l  c r y s t a l s • I n  th e  p resence  o f  a ch ron ic  in f e c t io n  a  cho l­

e s te r o l  granuloma may develope r a p id ly .  T his type o f  t i s s u e  can 

in c re a s e  th e  e ro s io n  o f th e  bone by e x e rtin g  p re s su re  a s  i t  e n la rg e s . 

A lso a d d i t io n a l  enzymes a re  l i b e r a te d ,  and g ra n u la tio n  m a te r ia l  can 

accum ulate and become a  polyp (N ager, 1972). S ev era l polyps were 

found i n  th e  ham sters.

C h o le s te ro l granulom as, p o ly p s , and g ra n u la tio n  m a te r ia l may 

f i l l  th e  m iddle e a r  c a v i t ie s  a s  w e ll as cause o s s ic u la r  e ro s io n .

Bone d e s tru c t io n  by o s te o c la s ts  can occur sim ultaneously  w ith 

new bone fo rm atio n . Many tim es th e  o s s ic le s ,  round window n ich e , and 

f o o tp la te  become c o n s tr ic te d  o r  f ix e d .

In  th e  p resence o f c e r ta in  u nderly ing  d is e a s e s ,  such a s  d ia b e te s  

m e l l i tu s ,  a  m iddle ea r in f e c t io n  may tak e  an unusual cou rse . The 

h igh  blood g lucose  le v e l  may f a c i l i t a t e  th e  growth o f  c e r ta in  m icro­

organism s. K eto ac id o sis  can a d v e rse ly  a f f e c t  th e  h o s t defense  mech­

anism s by im pairm ent o f phagocy tic  movement o f leu k o cy tes . Keto­

a c id o s is  in t e r f e r e s  w ith  th e  b a c te r ic id a l  a c t io n  of th e  blood and may 

le a d  to  a  d ecrease  of h o s t  an tib o d y  p roduction  ( J .E . Johnson, 1970).

The in c re a se  in  c a p i l la r y  basement membrane th ic k e n in g  has pro­

found e f f e c t s .  In  the  kidney th e  in c re a s e  in  basement membrane ma­

t e r i a l  a c tu a l ly  allow s f o r  an in c re a se  i n  f l u i d  flow , and in  a  sense 

they  become le a k y . R enal basement membranes a r e  d i f f e r e n t  in  many 

re g a rd s , such a s  a llo w in g  f o r  an  in c re a se  in  f lu i d  p assag e , but the  

basement membrane th ick en in g  in  most o th e r  lo c a tio n s  such a s  th e  ea r 

a c tu a l ly  decrease  f i l t r a t i o n .  T h is decreased  blood flow  to  the  

t i s s u e s  w il l  hamper g ran u lo cy te  movement and d ecrease  t i s s u e  v i a b i l i t y
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The t i s s u e s  supplied  w i l l  become p o o rly  p e rfu se d  and re c e iv e  le s s  

oxygen. T his a llow s c e r ta in  m icroorganism s to  ga in  a  fo o th o ld  i n  

t i s s u e s  which would norm ally n o t be su cep tab le  ( j .E .  Johnson, 1970).

I t  i s  reaso n ab le  to  assume th a t  an in c re a s e  in  c a p i l la ry  basement mem­

brane th ick en in g  wdthihj. th e  a u d i to ry  and v e s t ib u la r  system s le a d  to  

an  acc en tu a tu io n  o f th e  inflam m atory s t a t e ,  u lt im a te ly  le a d in g  to  

h ea rin g  lo s s .

The th i r d  long range com plica tion  a s s o c ia te d  w ith  d ia b e te s  

i s  neuropathy , o r  im pairm ent o f  nerve  conduction . As to  w hether th i s  

com plica tion  i s  secondary to  th e  v a sc u la r  in s u f f ic ie n c y  from c a p i l la ry  

basement membrane th ic k e n in g , o r  w hether neuropathy r e s u l t s  d i r e c t ly  

from th e  m etabolic  in f lu e n c e s ,  i s  s t i l l  a  c o n tro v e rs ia l  m a tte r . 

U nfo rtunate ly  neuropathy i s  th e  l e a s t  understood  and l e a s t  s tu d ie d  

com plica tion  o f  d ia b e te s .  N europathy was no t no ted  in  th e  p re se n t 

s tu d y , b u t i t s  im portance in  human d ia b e t ic  a u d ito ry  and v e s t ib u la r  

systems seems to  be s ig n i f i c a n t .

Some s tu d ie s  show a  m oderate amount o f  a trophy  o f th e  s p i r a l  

gan g lia  i n  th e  cochlear m odiolus. I n  a d d itio n  dem yelina tion  of th e  

e ig h th  c r a n ia l  (v e s t ib u la r )  nerve h a s  been n o te d . V ascu lar in s u f f ic ­

iency  has been thought to  be one o f th e  most im po rtan t ca u sa tiv e  

f a c to r s  le a d in g  to  neuronal d eg en e ra tio n . In  th e  p re se n t study no 

lo s s  of s p i r a l  g an g lia  neurons was found.

An im portan t c o n s id e ra tio n  i s  to  what degree does th e  g e n e tic  

component of d ia b e te s  a f f e c t  th e se  long  range co m p lica tio n s . There 

a r e  se v e ra l known g e n e tic  syndromes which l in k  g e n e tic  d eafness to  

d ia b e te s  m e ll i tu s ,  such a s  A lstrom  syndrome (Konigsmark and  Gorlin*, 1976).
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The Chinese ham sters used in  t h i s  s tudy  dem onstrated  s ig n if ic a n t  

d if fe re n c e s  i n  c a p i l la ry  basement membrane th ic k e n in g  between a l l  o f 

th e  g en e tic  l i n e s ,  and between th e  m iddle e a r  patho logy . The patho­

lo g ic a l  c o n d itio n s  of th e  m iddle e a r  were due to  frequency  a n d /o r 

s e v e r i ty  of th e  inflam m atory s t a t e .  Both o f th e se  c o n d itio n s  i f  

s im i la r  to  humans would be expec ted  to  le a d  to  a u d ito ry  a n d /o r  

v e s t ib u la r  lo s s .
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CHAPTER IV 

CONCLUSIONS AND RECOMMENDATIONS

C a p illa ry  basement membrane th ick en in g  a s s o c ia te d  w ith  d ia b e te s  

appears to  be a  co m plica tion  o f th e  in s u l in  d e f ic ie n t  s t a t e .  The 

m icrovascu la r d ise a se  i s  a  long  range com plica tio n  o f d ia b e te s  m e ll i tu s  

and has been shown in  th e  c a p i l la r y  netw orks of th e  Chinese ham sters 

evaluated  in  th e  p re se n t s tu d y . The th ic k e n in g  narrow s lumens o f th e  

c a p i l l a r i e s  and le ad s  to  a  d ec rease  in  v a s c u la r iz a t io n  to  th e  t i s s u e s  

su p p lie d . A c o r r e la t io n  was found in  th e  p re s e n t  study  between th e  

an im als w ith  c a p i l la r y  changes and  inflam m atory r e a c t io n .  S ig n if ic a n c e  

was shown between d ia b e t ic s  and n o n -d ia b e tic s  f o r  c a p i l la ry  basement 

membrane th ic k e n in g  and  m iddle e a r  p a th o lo g y . A l l  o to p a th o lo g ic a l 

c o n d itio n s  a sse sse d  i n  t h i s  s tu d y  were r e la te d  to  th e  inflam m atory 

s t a t e  and i t s  chron ic  co m p lica tio n s . Evidence su g g es ts  a  c o r r e la t io n  

between th e  th ick en in g  o f th e  basement membrane observed in  th e  

s t r i a  v a s c u la r is  and o th e r  in n e r  ea r c a p i l l a r i e s ,  and th e  inflam m atory 

re a c tio n  observed in  th e  e a r .

The "M" ham sters dem onstrated  normal n o n -d ia b e tic  c a p i l la ry  

basement membranes and th e re  was a  very  l im ite d  amount o f inflam m atory 

re a c tio n  observed  in  t h i s  l i n e .  The "XA" in d iv id u a ls  were m oderate in  

t h e i r  o to p a th o lo g ic a l involvem ent, even though t h e i r  c a p i l la r y  base­

ment membrane th ick en in g  was n o t very d i f f e r e n t  from th e  sev ere  "AC" 

l i n e  o f th e  Chinese ham ster (59»7^ o f maximum c a p i l la r y  basement 

membrane th ic k e n in g  f o r  "XA" v e rse s  ?6 .6$  f o r  "AC" an im a ls). The ,
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"AC" ham sters d id  have extrem e o to p a th o lo g ic a l Involvem ent even though 

th e se  an im als have been shown to  have elevated- le v e ls  o f th e  a c id  

g lycohydro lases (Chang, 1978). I n  th e  "AC" an im als c a p i l la ry  basement 

membranes would be p o s tu la te d  to  be norm al even though th e  p re se n t 

study  dem onstrated sev ere  th ick en in g  o f a u d i to ry , v e s t ib u la r ,  and 

c e n t r a l  nervous system c a p i l la r y  basement membranes in  th e  "AC" l i n e .  

As o f  t h i s  d a te  no o th e r s tu d ie s  o f th e  c a p i l la r y  basement membranes 

o f th e  "AC" l i n e  i n  th e  c e n t r a l  nervous system o r  elsew here in  th e  

body have been re p o rte d  (G e r r l ts e n , March 30, 1983). A study  a t  th e  

Upjohn Company i s  p re s e n tly  in  p ro g re ss  to  look  a t  t h i s  a sp e c t o f 

d ia b e te s  in  "AC" an im a ls . U n ti l  f u r th e r  evidence sug g ests  d i f f e r e n t ly  

th e  p re se n t s tudy  i s  th e  only  known r e p o r t  o f th e  p o ss ib le  a f f e c t s  

o f c a p i l la ry  basement membrane th ic k e n in g  in  th e se  "AC" an im a ls .

The age o f  onse t o f th e  d ia b e t ic  co n d itio n  was s im ila r  to  known 

c h a r a c te r i s t i c s  l i s t e d  in t a b le  two ( i e  th e  "AC" ham sters ta k e  longer 

to  a r r iv e  a t  th e  d ia b e t ic  c o n d itio n  th an  th e  "XA" an im a ls ) . However, 

th e  tim e in te r v a l  was lo n g e r f o r  bo th  d ia b e t ic  l i n e s  o f an im als used 

in  th e  p re s e n t s tu d y .

The o to p a th o lo g ica l assessm ent dem onstrated  g e n e ra lly  more 

sev ere  ch ron ic  inflam m atory re a c tio n  in  th e  "AC" l i n e  w ith  charac­

t e r i s t i c  c h o le s te ro l c r y s ta l  granulom as, a re a s  o f  new bone fo rm ation , 

and o s s ic u la r  e ro s io n .

These conclusions su p p o rt th e  o r ig in a l  hyp o th esis  o f g re a te r  

o to p a th o lo g ic a l involvem ent o f d ia b e t ic  over n o n -d ia b e tic  Chinese 

h am ste rs .

A lthough th e re  a re  d i f f i c u l t i e s  invo lved  in  o b ta in in g  and
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p rep a rin g  human tem poral bones, h o p e fu lly  o to p a th o lo g ic a l s tu d ie s  o f 

d ia b e t ic s  w il l  con tinue  and be expanded. There i s  a  g re a t  d e a l o f  

room fo r  f u r th e r  work and th e  C hinese ham ster appears  to  be a  very  

u se fu l anim al model.

In  c o n s id e ra tio n  o f f u tu r e  re s e a rc h  u s in g  th e  d ia b e tic  Chinese 

ham ster and a s se s s in g  th e  a u d i to r y /v e s t ib u la r  system s i t  w i l l  be 

advantageous to  have a  com parison m icroscope a v a i la b le  so t h a t  d i r e c t  

s id e  by s id e  com parisons and  photography o f  th e  c a p i l la r y  basement 

membranes o f normal and d ia b e t ic s  can be made. A d d itio n a l d a ta  could 

be ob ta in ed  from f r a c t io n a te d  basem ent membranes, a  procedure which 

has been c a r r ie d  ou t f o r  s e v e ra l  a re a s  o f th e  body, b u t no t i n  th e  

a u d i to ry /v e s t ib u la r  system s.

A utoradiography s tu d ie s  to  fo llo w  th e  amount o f g ly c o p ro te in  

m a te r ia l in c o rp o ra ted  in to  th e  basement membrane could  a ls o  be used .

T his procedure w i l l  encoun ter p re p a ra tio n  d i f f i c u l t i e s  s in c e  th e  

tem poral bones a re  embedded in  c e l lo id in ,  and au to rad iography  te c h ­

n iques w i l l  need to  be a l te r e d  to  acco u t f o r  t h i s .

I t  would be o f va lue  to  a s s e s s  a  k e to t ic  "AC" an im al. Both 

k e to t ic  in d iv id u a ls  i n  th e  p re se n t study  were "XA" h am ste rs , and d id  

no t dem onstrate any g r e a te r  o to p a th o lo g ic a l involvem ent g r e a te r  than  

th e  average "XA" an im al. O ther l in e s  o f th e  Chinese ham ster colony 

could  a ls o  be ev a lu a te d .

S ince many o f th e  ’M" anim als were among th e  o ld e s t  an im als a t  

th e  tim e o f s a c r i f i c e ,  t h i s  seems to  su p p o rt th e  conclusion  th a t  

th e  changes observed were n o t age  r e la te d  changes, bu t only changes 

due to  d u ra tio n  o f th e  d ia b e t ic  co n d itio n . T his p a r t i c u la r  age c o n tro l
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i s  worth n o tin g  i t  i s  commonly known th a t  ag in g  changes In

th e  c a p i l la r y  basement membrane appear to  be very  s im i la r  to_ c a p i l la ry

basement membrane th ick en in g  r e s u l t in g  from d ia b e te s .

A lthough no co ch lea r  neuronal a trophy  was ex h ib ite d  in  th e  

p re se n t s tu d y , f u r th e r  s tu d ie s  examining th i s  a s p e c t ,  u s in g  v a rio u s  

n e u ro lo g ic a l s ta in s  and e le c tro n  m icroscopic techn iques may dem onstrate 

some changes, which a r e  beyond th e  scope of th e  p re se n t in v e s t ig a t io n  

methods.
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APPENDIX A

Hematoxylin and E osin  Procedure

1 . Tap w ate r- -  ■—  -  —  — ■ -  r in s e
2. Tap w a te r- -  —  -  —  _ _ _ _ _ _  —  _ —  _ _ _ _  r in s e
3 . Lugols Io d in e -        — • -     : -  -  -  10 m inutes
4 . 2 .5$  Sodium T h io s u lfa te    -   -------------—  -   -------  5 m inutes
5 * Tap w ater  ------   -  -  - ---------------  —  -  r in s e
6 . Tap w ater -  -  - ----------------- . -  _ _ -----------------    r in s e
7 . H a rr is  Hematoxylin  -----------    -        8 m inutes
8 . Tap w a te r-        ---------- _ _ _ _ _ _  —  _ _ _ _  r in s e
9. Tap w ate r -----------------  _ _ _ ------------------- r in s e

10. 70$ A cid  A lcohol     -   ------- -  -  -  —  -  —  -  15 seconds
11 . Running Tap w a t e r -    -   ------- _ _ _ _ _ _  —  _ 30 seconds
12. 0.3$ Ammonium Hydroxide-               2 m inutes
13 . 0 .3$ Ammonium H y d ro x id e -------------- ------ --- -  -   -------  2 m inutes
14. 0.5$ Ammonium H y d ro x id e -------------- ------ --- —  -  ■—  -  2 m inutes
15 . Tap w ater  --- ------ --- -  - -- ---------- --- -  -  -  —  -  2 m inutes
16. Tap w a te r-  -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  2 m inutes
17. E osin  Y- - - - - - - - - - - - - - - - - - - - - - -  30 seconds
18. 80$ E th an o l- ■—    _ _ _ _ _ _ _ _ _  —  _ _ _ _  1 m inute
19. 8C$ E t h a n o l - ----------------------       1 m inute
20. 8C$ E thano l------------ ----------------        1 m inute
21. 93$ E th an o l- — :   -----------  ■—  —   ------------ -  -  30 seconds
22. Chloroform & A bsolute E thano l 1 : 1 - -----------   - _ - -  1 m inute
23. Xylene & T erp in eo l 1:1  --- --------- --------- —  -  —  -  may leav e
24. C o v ers lip  w ith  permount
25. Weight s l id e s —     ------- _ _ _ _ _ _  —  _ 2 weeks

S o lu tio n s
1 . L u g o l's  Io d in e : d i s t i l l e d  w ater -  --------  _ _ _ _ _  400 ml

potassium  io d id e -      -  ■—  8 ml
io d in e  c r y s ta l s  -  -  -  -    - - -  4 ml

Mix potassium  io d id e  and d i s t i l l e d  w a te r. Add io d in e
c r y s ta l s  with h e a t .

2 .  H a r r i s 's  Hematoxylin:
hem atoxylin  c r y s ta l s -  -  —    1 gm
a lc o h o l,  95$ -  -  -      -  -  —  5 cc
Ammonium o r  potassium  alum -   20  gm
d i s t i l l e d  w ater -  -  -  -  — - 200  cc
M ercuric oxide -  -  -  -  —  -  —  0 .5  gm

D isso lv e  the  hem atoxylin  in  th e  a lc o h o l, th e  alum in  
th e  w ater by th e  a id  of h e a t .  Mix th e  two s o lu tio n s .
B ring  th e  m ixture to  a b o i l  a s  ra p id ly  a s  p o s s ib le  and 
th e n  remove from th e  h e a t ,  and add th e  m ercuric ox ide .
Reheat th e  s o lu tio n  u n t i l  i t  becomes a  d ark  p u rp le , 
about- 1 m inute, and prom ptly remove th e  c o n ta in e r  from
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th e  flam e and p lunge I t  In to  a b a s in  o f co ld  w ater.
The so lu tio n  i s  ready  to  use  when c o o l. Add 2-4cc o f 
g la c ia l  a c e t ic  a c id  t o  iOOcc o f  s o lu tio n  i f  d e s ire d .

3 . 7 ($  A cid A lcoholi
70$  a lc o h o l-   ---- -  -  - --------  100  cc
h y d ro ch lo ric  a c id ,  co n cen tra ted —  1 cc

4 .  E osin  Y» E osin  Y, w ater so lu b le   ----------- -  0 .5  gm
d i s t i l l e d  w ater— ---------   — -  40 cc
a lc o h o l,  93$ -  -  -  —  -  — ---- — 160  cc

D isso lv e  E osin  Y in  d i s t i l l e d  w a te r . Add 93$ a lc o h o l.  
One drop o f a c e t i c  acid/lO O cc o f  s o lu tio n  may be added 
to  deepen shade.
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APPENDIX B
P e rio d ic  Acid S c h if f s  -  Allochrome Procedure

1 . Tap w ater   —  -  -   --------—  -   -------------- —  r in s e
2 . Tap w a t e r - ------------       -  -  —  -  -  - -------------- r in s e
3 . Lugols Io d in e -      —     —   --------- ---- ------ 10 m inutes
4 . 2 .3^  Sodium T h io su lfa te -  -  -  - -  —  -  -  -     5  m inutes
5 . Tap w a t e r -  -----------------------   _ _ _ _ _ --------- r in s e
6 . Tap w a te r-  - - - - -  ----  - -----  -  - - - - - - - -  - -  r in s e
7 . P e r io d ic  a c i d -   ----------------- —   ------   —  10 m inutes
8 . Running ta p  w ate r-  ---------   - ----------- ------ --------- --- 5 minutes-
9 . S c h if f s  re a g e n t ------        -  -  7 m inutes

10. 0.3?S Sodium M e ta b is u lf i te -   ------     -  30  seconds
11. 0 Sodium Meta b i s u l f i t e -  —   ------      -  -  2 m inutes
12. Q.jfo Sodium M e ta b is u lf ite    -   -------- --------- ------ 2 m inutes
13. O.jfo Sodium M e ta b is u lf i te     -------- -------------------  2 m inutes
14. Running ta p  w ate r- -  -  -  -    _ _ _ _ _ _ _    -  -  5  m inutes
15. W eigerts I ro n  H em atoxy lin -  -------  “ ------------ 3 m inutes
16. Running ta p  w ater-  -------- ------ ---  — - -  -— -------- ------ 4  m inutes
17. P ic r ic  A cid      -  -    1 .5  m inutes
18. 3%  E thano l--------------------------------      -  -  ---------- ----------1 d ip
19. 3%  E thano l------------------ ------------ --------- --------- ----------------  1 d ip
20. 10($ E thano l      -  - ---------  1 d ip
21. lOCpS E thano l  -------------------    -  -  _ -  1 d ip
22. Choloroform & A bsou lte  E thanol l i l  ----------------------- 1 d ip
23. Xylene & T erp in eo l  ----------- ------ ---------------------- --------- may le av e
24. C o v ers lip  w ith permount
25. Weight s l id e s     -------- ------ --- —  _ _ _ _  —  _ _  2  weeks

S o lu tio n s
1 . P e rio d ic  Acid S o lu tio n  0 .%

P e rio d ic  A cid-  --------------    —  -  0 .5  gm
D is t i l l e d  w a te r-  —  -  -  -  -  —  -  100 cc

2 . S c h i f f 's  S o lu tio n
Weigh 1 gm o f b a s ic  fu ch in  and 1 .9  gm o f sodium 
m e ta b is u lf i te .  D isso lv e  th e se  in  100ml o f 0.15N 
h y d ro ch lo ric  a c id .  Shake th e  above a t  in te r v a ls  
u n t i l  c le a r  o r  yellow  to  ta n  c o lo r . I f  th e  s o lu t io n  
i s  n o t th e  p ro p er c o lo r , a llo w  i t  to  s ta n d  o v e rn ig h t 
in  a  dark  p la c e . Add 500mg o f f re s h  a c t iv a te d  
ch arco a l and shake w ell f o r  1 to  2 m inu tes. Using a  
double la y e r  o f No. 1 f i l t e r  paper, f i l t e r  s o lu tio n  
in to  a  b o t t l e .  The f i l t r a t e  should  be c le a r .  Wash 
th e  re s id u e  w ith  d i s t i l l e d  w ater to  r e s to r e  th e  
o r ig in a l  100ml volume. S to re  in  r e f r i g e r a to r .
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3 . W e ig e rt 's  I ro n  H em atoxylini
S o lu tio n  At
H em atoxylin- —   --------—  -  -  -  1 gm
A lco h o l, 93# e th y l  -------------- --- -  100 ml

S o lu tio n  Bt
F e r r ic  C h lo rid e , 29# aqueous so ln . k ml
D i s t i l l e d  w ate r—  ---------    95 ml
H ydroch lo ric  a c id ,  co n cen tra ted —  1 ml

S tock  s o lu tio n s  o f S o lu tio n  A & B may be p repared  and 
s to re d  s e p a ra te ly  a t  room tem p era tu re . J u s t  befo re  use 
combine equal p a r t s  o f S o lu tio n  A and S o lu tio n  B. F e r r ic  
s a l t s  o x id ize  hem atoxylin  im m ediately and th e  m ix ture w i l l  
tu r n  a  deep b la c k . Mixed s o lu tio n  i s  good f o r  approx im ate ly  
30  m inu tes.
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APPENDIX C

Sample, Q u a li ta tiv e  Assessm ent o f S e r ia l  S e c tio n s  (H&E)

J .  Oostveen Animal #9 7~9~82

S lid e  #36 Approximate m id-m odiolar s e c tio n . R igh t and l e f t  a r e  not 

in  th e  same p la n e . M id-m odiolar in  th e  r ig h t  o n ly . The bone i s  w ell 

p rese rv ed  and a  n ic e  s e c tio n  w ith  no a i r  b ubb les. Looking a t  th e  

coch lea  and n u c le i o f a l l  c e l l s  in  th e  organ o f  G o rti a l l  s ta n d  out 

w e ll .  The organ o f C o rti i t s e l f  had h a i r  and su p p o rt c e l l s  normal in  

number. The s p i r a l  ligam ent and s t r i a  v a s c u la r is  a l s o  look  g ro s s ly  

norm al. R e is s n e r 's  membrane does n o t appear to  be markedly th ick en ed . 

The s p i r a l  g an g lia  a lso  s ta n d  ou t w ell w ith  no d ecrease  in  c e l l  num­

b e r s .  A t th e  he lico trem a le v e l  th e re  does appear to  be a  c i r c l e  o f 

c e l l s  p re s e n t ,  which i s  p robab ly  R e is s n e r 's  membrane. The bone con­

n e c tin g  th e  middle tu rn  and th e  h e lico trem a le v e l  i s  b en t and d i s t o r t ­

ed. The organ of C o rti a t  th e  a p ic a l  end i s  a l s o  d is to r te d  a s  w ell 

a s  th e  bone. S c a rp 'a  g an g lia  i s  w e ll seen w ith no gaps. F ib e r  t r a c t s  

a r e  p re se n t and appear to  be g ro s s ly  norm al. There i s  very  good p re ­

s e rv a tio n  o f th e  bone in c lu d in g  a l l  c e l l  types throughout th e  co ch lea . 

The cerebellum  and pons a re a  does co n ta in  some gaps between many of 

th e  c e l l s  due to  lo s s  o f c e re b ra l  sp in a l f l u i d  du rin g  p re p a ra tio n .

The g l i a l  c e l l s  them selves look  g ro ss ly  norm al. B a s i la r  membrane i s  

normal except f o r  th e  d i s to r t e d  c o n f ig e ra tio n  o f th e  e n t i r e  co ch lea , 

in c lu d in g  a l l  membranes and  bone. The s ta p e s  i s  p re se n t w ith  f o o t ­

p la te ,  one c ru ra  and head, and does show a  s ig n i f i c a n t  amount o f 

o t i t i s  media surrounding  th e  e n t i r e  c a v ity  w ith lym phocytes, plasma
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c e l l s  and polym orphs. T here a r e  f ib ro u s  a ttach m en ts  to  th e  s ta p e d ia l  

a r te r y  which i s  somewhat th ick en ed . There a re  some la rg e r  w hite 

blood c e l l s  w ith in  th e  a r t e r y  i t s e l f  and a t ta c h e d  to  th e  w all o f  th e  

a r te r y  a s  w ell a s  hemolyzed re d  blood c e l l s  w ith  invad ing  macrophages. 

The fo o tp la te  o f  th e  s ta p e s  i s  th ickened  i n  one a re a  and d e f in i t e ly  

eroded i n  th e  o th e r .  The a n n u la r  lig am en t on th e  more su p e r io r  s id e  

does appea r to  be norm al, bu t on th e  in f e r i o r  s id e  i s  no t normal and 

appears  to  be continuous w ith  th e  bone. T h is  could  be due to  o r ie n ta ­

t i o n  o f th e  s e c t io n .  The ligam ent ap p ea rs  to  be rep la ced  by bone.

The f i b r o s i s  i s  a tta c h e d  to  th e  fo o tp la te  a s  w e ll a s  head. . Both macule 

o f  th e  u t r i c l e  and sa c c u le  a re  p re s e n t w ith  h a i r  c e l l s  normal i n  num­

b e r .  O to l i th s  a re  p re s e n t .  The beg inn ing  of th e  c r i s t a  o f  th e  l a t ­

e r a l  can a l i s  p re s e n t .  The m iddle e a r  c a v ity  does n o t appear to  have 

a  s ig n i f i c a n t  amount of o t i t i s  m edia, bu t a t  th e  mocre in f e r io r  end 

th e re  i s  amorphous hemolyzed r e d  blood c e l l s ,  w ith  some inv ad in g  

macrophages. A lso i s  ev idence o f  f i b r o s i s  covering  th e  m edial a s ­

p e c ts  o f th e  c a v i ty ,  more tow ard th e  a n te r io r  end. The tympanic mem­

brane i s  com plete and i s  somewhat th ick en ed  along  th e  p ars  t e '

B as ic ly  th e  m iddle e a r  c o n d itio n  i s  c l e a r ,  except f o r  some c e l l s  

a lo n g  th e  in f e r i o r  and m edial s id e s .

L e f t  -  shows two tu rn s  o f..th e  co ch lea . The organ o f  C o rti 

ap pears to  be normal in  th e  most a p ic a l  p o r t io n . The m iddle e a r  con­

d i t io n  shows a  m assive amount o f  inflam m atory c o n d itio n  throughout 

th e  e n t i r e  c a v ity  d is s im i la r  to  th e  c o n t r a la t e r a l  s id e .  C e ll ty p es  

in c lu d e  lym phocytes, some plasma c e l l s  and polymorphs as  w ell a s  

o th e r  round c e l l s .  The m alleus i s  p re s e n t w ith s e v e ra l eroded c a v i t ie s
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I n  the  c e n te r  of th e  o s s ic le  which a r e  f i l l e d  w ith th e  same ty p e  of 

f i b r o s i s .  The m assive e ro s io n  i s  p re s e n t and th e re  i s  no incudo- 

m a lle o la r  j o i n t .  The s id e s  o f  th e  m a lleus in  some p la c e s  show f i b ­

ro u s  a ttachm en t d i r e c t ly  to  th e  m alleus i t s e l f  w ith  e ro s io n  in  some 

a r e a s .  The tym panic membrane i s  com plete and somewhat th ick en ed  

w ith  f ib ro u s  connective t i s s u e  a ttach m en t. J u s t  a n te r io r  to  th e  

l a t e r a l  p ro cess  o f th e  m alleus i s  an  a re a  of bone, p robab ly  an o s s ic le  

s e c tio n e d  in  a  d i f f e r e n t  o r ie n ta t io n .  There i s  f ib ro u s  a ttachm en t 

to  th i s  a re a  and i s  a ls o  c lo se ly  a t ta c h e d  to  th e  tympanic membrane 

i t s e l f .  There i s  no c h o le s te ro l  need le  fo rm atio n  on th e  l e f t .

S lid e  #  1 R igh t s id e  shows th e  beg inn ing  o f th e  coch lea w ith  two 

tu rn s  and  the m alleus. The m alleus i t s e l f  does have some o t i t i s  

media and  f ib ro u s  attachm en t surrounding  th e  bone i t s e l f  and i t s  l a t ­

e r a l  p ro c e ss . No in cu d o -m alleo la r jo i n t  i s  p re s e n t .  In  th e  m iddle 

o f  th e  m a lleus i s  a  c a v ity  f i l l e d  w ith  th e  same type o f f ib ro u s  c e l l s  

making up th e  middle e a r  c a v i ty .  I t  does not have th e  la rg e  amount 

o f  inflam m atory re a c tio n  a s  th e  c o n t r a la te r a l  s id e ,  b u t does have 

more of th e  hemolyzed re d  blood c e l l s  w ith  invad ing  macrophages.

Tympanic membrane s t i l l  ap pears  to  be somewhat th ick en ed  in  i t s  

co u rse . The v e s t ib u la r  system s have not been se c tio n e d  y e t .

The l e f t  s id e  has no s t r u c tu re s  a v a i la b le  f o r  assessm en t.

S lid e  #  6  R igh t does show th e  beginning o f th e  am pullated  and non- 

am pulla ted  end of th e  s u p e r io r  c a n a l. The cochlea i s  continued  w ith 

two tu rn s .  The m iddle e a r  co n d itio n  i s  th e  same a s  p re v io u s ly  d e s ­

c r ib e d . The Y-shaped in cu d o -m alleo la r j o i n t  i s  e a s ie r  to  s e e , b u t ’
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s t i l l  has  a re a s  o f e ro s io n  w ith in  i t .  N othing l e f t  s id e .

S lid e  # 1 1  R ig h t i s  a  c o n tin u a tio n  o f  a l l  p rev io u s ly  d e sc r ib e d  s t r u c ­

tu r e s  a s  w ell a s  th e  beginning  o f  th e  c r i s t a  o f th e  s u p e r io r  c a n a l.

H a ir  and su pport c e l l s  appea r norm al. The most a p ic a l  p o r tio n  o f th e  

cochlea has  one organ of C o r ti  which i s  buldged ou t w ith  some a t ta c h ­

ment in  th e  endolym phatic space below i t .  T h is  could be due to  p rep ­

a r a t io n .  N othing l e f t  s id e .

S l id e  # l 6  R ig h t -  lo o k in g  a t  th e  same organ of C o r ti  a s  p rev io u s ly  

d e sc rib e d  s t i l l  shows th e  R e is s n e r 's  membrane w ith  th e  a ttachm ent to  

i t  i n  th e  s c a la  m edia. I t  i s  a  b e t t e r  s e c tio n  through th e  s u p e r io r  

c r i s t a .  The h a i r  c e l l s  a r e  somewhat sw o llen , a lth o u g h  normal in  

number. Looking a t  th e  m iddle e a r  c a v i ty ,  shows th e  m a lleu s . The a re a  

p re v io u s ly  d e sc rib e d  a s  new bone fo rm ation  s t i l l  seems to  be f u l l  of 

lo o se  connec tive  t i s s u e  c e l l s  su rround ing  th e  o s s i c l e s . There i s  

s t i l l  f ib ro u s  a ttachm en t to  th e  typmanic membrane which i s  somewhat 

th ick en ed . Good s e c tio n  showing th e  n e u ra l connec tions d i r e c t ly  to  

th e  c r i s t a  o f th e  s u p e r io r  c a n a l.

L e f t  -  shows th e  m iddle e a r  c a v ity  i s  com pletely f u l l  

w ith  inflam m ation w ith  a l l  ty p es  of c e l l s .  A lso th e re  i s  a ttachm en t 

to  th e  tympanic membrane and does appear to  be m arkedly th ickened  in  

some a re a s .

S lid e  #  21 R ig h t -  lo o k in g  a t  th e  a p ic a l  tu rn  o f  th e  cochlea shows 

R e is s n e r 's  membrane. The s t r u c tu re  .ju s t below th e  membrane i s  w ell 

seen  and appears to  be th e  t e c t o r i a l  membrane which has  been broken
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o f f  and ly in g  ju s t  m edial to  R e is s n e r 's  membrane. The organ o f  C o r ti 

i n  th e  m iddle tu rn  does show a  good organ o f  C o r ti  w ith  a l l  s t r u c tu r e s  

appea ring  to  be norm al, in c lu d in g  R e is s n e r 's  membrane. The on ly  ques­

t io n  o f any problem i s  t h a t  th e  bone i t s e l f  su rround ing  th e  d i f f e r e n t  

tu rn s  o f  th e  cochlea i s  d i s to r t e d .  There i s  c o n tin u a tio n  o f th e  

s u p e r io r  c an a l c r i s t a  and th e  m iddle e a r  c o n d itio n  i s  much th e  same 

w ith  th e  in c u s  p re se n t.

S lid e  #  26 R igh t shows a  n ic e  s e c tio n  through th e  v e s tib u le  w ith  

th e  macule o f  th e  u t r i c l e  and saccu le  p re s e n t .  C ondition  i s  th e  same 

a s  p rev io u s ly  d e sc rib e d .

L e f t  shows th e  beginning  o f th e  organ o f  C o r ti  w ith in

th e  co ch lea .

S lid e  #  31 R igh t -  C o n tinuation  o f th e  macule o f th e  u t r i c l e  and 

saccu le  and th e  l a t e r a l  can a l c r i s t a  i s  seen in  ta n g e n t ia l .  Large 

se c tio n  of th e  cochlea w ith  a l l  tu r n s .  A ll  sensory  ep ithe lium  a re  

norm al, excep t f o r  th e  s t r u c tu re s  p rev io u s ly  no ted .

L e f t  -  i s  a  c o n tin u a tio n  and enlargem ent o f th e  co ch lea . 

The middle e a r  co n d itio n  i s  th e  same a s  p rev io u s ly  d e sc rib e d  w ith  a  

m assive amount o f o t i t i s  media th roughou t. No v e s t ib u la r  system shown.

S lid e  #  k l  On th e  r ig h t  th e  R e is s n e r 's  membrane shows some q u es tio n  

a s  to  w hether i t  i s  th ick en ed  in  t h i s  anim al over p rev io u s an im als .

The s ta p e s  i s  j u s t  beginning  to  come in to  view w ith  th e  fo o tp la te ,  

one c ru ra ,  and head. The head shows th e  same co n d itio n  a s  p rev io u s ly  

d e sc rib e d .
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L e f t  does show a  la rg e  m alleus w ith  a  c o n d itio n  s im i la r  to  

th e  c o n t r a la te r a l  e a r .  T here i s  a  m assive amount o f  c e l l u l a r  m a te r ia l  

w ith  polym orphs, plasma c e l l s ,  and some lym phocytes, com pletely 

surrounding  th e  o s s ic le s .  A lso th e  s e c tio n  shows th e  beginning  o f 

th e  most s u p e r io r  p o r tio n  o f  th e  s u p e r io r  c a n a l.

S lid e  #  46 L e f t  look ing  a t  th e  m alleus shows th e  Incudo -m alleo lar 

j o i n t .  The dem arcation i s  n o t very  d i s t i n c t  and w ell d e fin e d  due to  

th e  chron ic  inflam m atory c o n d itio n .

S lid e  #  51 On th e  l e f t ,  th e  coch lea and th e  organ o f C o r ti  appears  

to  be norm al. The h a i r  and  su p p o rt c e l l s  a r e  norm al in  number. The 

b a s i l a r  membrane and R e is s n e r 's  membrane a r e  a ls o  g ro s s ly  norm al. 

R e is s n e r 's  i s  no t a s  th ick en ed  a s  i n  th e  c o n t r a la te r a l  s id e .  S t r i a  

v a s c u la r is  appears  to  be normal under th e se  H & E p re p a ra tio n s . The 

d i s to r t io n  o f  th e  co ch lea r bone i s  n o t a s  ev id en t a s  in  th e  c o n tra ­

l a t e r a l  e a r .  Also th e  c r i s t a  o f  th e  s u p e r io r  can a l i s  f i r s t  seen .

H a ir  and suppo rt c e l l s  look  good in  terras o f number, bu t th e  h a i r  

c e l l s  do ap p ea r to  be more sw ollen  than  th e  c o n t r a la t e r a l  e a r .  The 

n e u ra l connections a r e  n ic e ly  shown a s  w e ll a s  th e  g an g lia  su p p o rtin g  

th e  su p e r io r  c r i s t a .  M iddle e a r  and o s s ic le  c o n d itio n  i s  unchanged.

The tynpanic membrane i s  somewhat th ick en ed .

S lid e  #  56 R ig h t i s  th e  end o f th e  co ch lea r system , b u t i t  i s  a

good s e c tio n  showing n e u ra l connections to  th e  coch lea , through th e

habena p e r fo r a ta .  O therw ise m iddle e a r  c o n d itio n s  rem ain th e  same.
 ̂ *

B es t s e c tio n  on th e  l e f t  showing a  com plete organ o f C o r ti  and c r i s t a

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



o f s u p e r io r  cana l w ith  n e u ra l co n nec tions and c o n d itio n  o f  th e  m iddle 

e a r .

S lid e  #  61 L e f t -  shows th e  macule o f both  th e  u t r i c l e  and saccu le  

w ith  o t o l i t h s .  H a ir  and su p p o rt c e l l s  appear to  be normal in  term s o f 

number and d o n 't  appear to  be a s  edematous a s  in  p rev ious s e c tio n s .

S lid e  #  71 R igh t shows what ap p ea rs  to  be th e  end o f  th e  coch lea and 

th e  beginning  o f th e  round window membrane which does appear to  be 

somewhat th ick en ed  and h as  a  la rg e  amount of o t i t i s  media i n  th e  round 

window n ic h e , bu t no t d i r e c t ly  a t ta c h e d  to  th e  membrane i t s e l f .  The 

c o ch lea r  s id e  appears to  be m ostly  c l e a r ,  excep t f o r  p o s s ib le  hemo­

ly zed  re d  b lood  c e l l s  o r  p ro te in  c o a g u la te . The c r i s t a  o f th e  pos­

t e r i o r  can a l i s  c u t in  ta n g e n t ia l ,  b u t th e re  i s  some h is to lo g ic a l  

a r t i f a c t  which d i s to r t s  th e  p ic tu r e .

L e f t  shows th e  c r i s t a  o f th e  l a t e r a l  c a n a l. O ther con­

d i t io n s  rem ain th e  same. P a r ts  o f th e  s ta p e s  a r e  shown w ith  th e  head, 

and  th e  s ta p e d ia l  a r t e r y .  The a r te r y  does co n ta in  hemolyzed red  

blood c e l l s  w ith  a  few m acrophages. There i s  a  s ig n i f i c a n t  amount o f 

f ib ro u s  attachm en t to  th e  fo o tp la te  and surround ing  th e  s ta p e d ia l  

a r t e r y .  In  th e  middle e a r  c a v ity ,  j u s t  s u p e r io r  to  th e  head i s  a  very  

rounded s w ir l  o f o t i t i s  m edia, t i g h t ly  packed in to  a  s p h e r ic a l  shape.

I t  i s  d i f f e r e n t  than  th e  o t i t i s  media above th e  s w ir l  o f c e l l s .

S l id e  #  76 L e f t  shows th e  c r i s t a  o f  th e  l a t e r a l  c an a l c u t in  

ta n g e n t ia l  a s  w ell a s  th e  macula o f both th e  u t r i c l e  and sa c c u le .

A ll  sensory  e p i th e l ia  ap p ea r to  be norm al. The s w ir l  o f c e l l s  p re se n t 

i n  th e  middle e a r  c a v ity  j u s t  a n t e r io r  to  what now appears  to  be a  c ru ra .
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S lid e  §  81 R ig h t shows a  b e t t e r  s e c tio n  through th e  p o s te r io r  canal 

c r i s t a  and th e  round window membrane. There i s  o t i t i s  media in  th e  

round window n iche  w ith  no f ib ro u s  a ttach m en ts  to  th e  somewhat th ic k ­

ened membrane.

L e f t  s t i l l  shows th e  s w ir l  o f c e l l s  in  th e  m iddle e a r  

w ith  much th e  same c o n d itio n  f o r  th e  s ta p e s ,  e t c .  There i s  some e ro ­

s io n  o f th e  fo o tp la te  n e a r  th e  a n n u la r  lig am en t. The tympanic mem­

brane i s  s ig n i f i c a n t ly  th ick en ed .

S lid e  #  86  R ig h t shows a  f u l l  s e c t io n  through th e  c r i s t a  o f  the  

p o s te r io r  c a n a l. H a ir  and support c e l l s  appea r to  be normal w ith 

none m issing  excep t th a t  th e  h a i r  c e l l s  seem to  be somewhat more 

th ick en ed  th an  in  p rev io u s c r i s t a e .

S lid e  #  91 R ig h t -  b e t t e r  s e c tio n  through th e  c r i s t a  o f th e  p o s te r io r  

c a n a l. The s t a i n  i s  d a rk e r  and i t  i s  e a s ie r  to  see th e  edema of th e  

h a i r  c e l l s  and th e  c o n d itio n  o f th e  su p p o rt c e l l s .

L e f t  s id e  ap p ea rs  to  be n o th ing  changed except th a t  th e  

s w ir l  o f c e l l s  in  th e  m iddle e a r  c a v ity  i s  gone.

S lid e  #  106 L e f t shows th e  end o f th e  cochlea and th e  beginning o f 

th e  round window membrane which i s  somewhat th ick en ed . There i s  some 

o t i t i s  media i n  th e  n ic h e . Appears to  be more i n  s tra n d s  th an  seen  on 

th e  c o n t r a la te r a l  s id e .

S l id e  #  111 L e f t  -  fo llo w in g  th e  round window n iche  and c r i s t a  o f th e  

p o s te r io r  can a l shows t h e i r  c o n d itio n . The o t i t i s  media i s  seen in  

cords o f  c e l l s .  •
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S lid e  # 116 L e f t  -  n ic e  s e c tio n  th rough  th e  c r i s t a  o f th e  p o s te r io r  

can a l and i t s  c o n d itio n  a s  w ell a s  th e  end o f  th e  round window mem- 

Irane and n ic h e .

S lid e  #  121 L e f t -  e n t i r e  r e s t  o f  th e  middle e a r  com pletely f i l l e d  

w ith  o t i t i s  media and th e  end o f  th e  p o s te r io r  c a n a l . '
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APPENDIX D

Sample, Q u a n ti ta tiv e  O to p a th o lo g ica l Form (H&E)

CONDITION-MIDDLE EAR

Round C e ll I n f i l t r a t i o n  
F ib ro b la s ts  & C h o le s te ro l c r y s ta l s  
Tympanic Membrane T hickening  
F ib rous A ttachm ent to  T. Membrane 
F ib ro s is  Around O ss ic le s  
Polyp Form ations in  M.E.
C h o le s te ro l granuloma 
New Bone Form ation 
New Gland Form ation 
Hemorrhage
S ta p e d ia l C av ity  Inflam m atory C e lls  
F ib rous A ttachm ent w ith in  S .  C avity  
Thickened F o o tp la te  o r  C rura 
F ib ro u s  A ttachm ent to  S . A rte ry  
Thickened S ta p e d ia l A rte ry  
F ib ro b la s ts  in  S . C avity  
F ib rous A ttachm ent to  th e  R.W. Memb. 
Inflam m atory C e lls  in  th e  R.W.Niche 
F ib ro b la s ts  in  th e  R.W. Niche 
Polyp Form ations in  th e  R.W. Niche

T o ta l

CONDITION-COCHLEAR VESTIBULAR

Round Window Membrane T hickening
S t r i a l  Atrophy
P r e c ip i ta te
Hemorrhage
R e is s n e r 's  Membrane Thickened 
Sensory E p ithe lium  Changes

Animal #9 ("XA" l in e )  

SLIGHT MODERATE SEVERE

X
X

X

X

X

X
X
X
5 (5)

T o ta l

X
X
X
X
4 (4 )

X
X
X
X
X

5 ( 1 0 )  9 ( 2 7 )

 t  (2)

T o ta l M iddle E ar 
C & V

42
_6
48

79
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APPENDIX E
Sample, Q u a li ta t iv e  Assessm ent o f  S e r ia l  S ec tio n s  (PAS)

J .  Oostveen Animal #  18 PAS 10-8-82

G eneral overview i E x c e lle n t s ta in  q u a l i ty ,  in c lu d in g  PAS, hem atoxylin 

and a llochrom e. The l e f t  s id e  has m assive d e s tru c t io n  due to  a i r  

bubbles in  th e  v e s t ib u la r  and  co ch lea r system s. R ig h t has  a i r  bubbles 

bu t n o t to  th e  same degree a s  th e  l e f t  e a r .

S lid e  #  51 R igh t -  Cochlea does p re s e n t se v e ra l tu rn s .  The most 

s u p e r io r  l e f t  hand s t r i a  h as  s e v e ra l c a p i l l a r i e s  i n  c ro ss  s e c tio n  and 

lo n g itu d in a l  s e c tio n . The c a p i l la r y  basement membrane seems to  be 

somewhat th ick en ed  over th e  normal c o n d itio n . O ther s t r i a  a ls o  p re ­

se n t a  s im i la r  p ic tu r e . The f a r  r ig h t  s t r i a  has approxim ately  7 

c ro ss  s e c tio n s  o f  c a p i l l a r i e s .  The s ta p e d ia l  a r te r y  shows a  d e f in i te  

th ick en in g  o f th e  tu n ic a  in tim a . The f ib ro u s  m a te r ia l i s  continuous 

w ith  th e  tu n ic a  a d v e n t ic ia .

L e ft -  A lthough th e re  i s  l i t t l e  l e f t  o f  the c o ch lea , one 

f a r  l e f t  s t r i a  does have s e v e ra l c ro ss  s e c t io n s .  They p re se n t a  sim­

i l a r  p ic tu r e  as  th e  c o n t r a la t e r a l  s id e  w ith  a  th ickened  tu n ic a  in tim a .

S lid e  #  6 L e f t -  C r is ta  o f  th e  s u p e r io r  cana l w ith  a t te n d e n t blood 

supp ly . T here a r e  some examples o f  c a p i l la ry  blood supply to  th e  

coch lea , and they  a re  somewhat more d i f f i c u l t  to  d is t in g u is h .

S lid e  #  11 R igh t -  beg inn ing  of th e  c r i s t a  o f  the  s u p e r io r  c a n a l.

L e ft -  B e t te r  p ic tu r e  o f  th e  c r i s t a  of th e  s u p e r io r  canal 

w ith s e v e ra l c a p i l l a r i e s  supp ly ing  i t .

80
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S lid e  #  16 R igh t -  B e t te r  s e c tio n  through th e  c r i s t a  o f  th e  su p e r io r  

can a l w ith  s e v e ra l c a p i l l a r i e s .  The s ta in  i s  somewhat d a rk e r  than  

id e a l .

S lid e  #  21 L e ft -  Macule o f  th e  u t r i c l e  and  th e  c r l s t a e  o f th e  

l a t e r a l  c a n a l. Very good examples o f s l i g h t  th ick en in g  to  th e  b ase­

ment membrane m a te r ia l  in  th e  blood supply to  both th e  v e s t ib u la r  and 

co ch lea r system s.

S lid e  #  26 L e ft -  C r is ta  o f  th e  l a t e r a l  can a l and th e  macule o f th e  

u t r i c l e  and saccu le  w ith  a  b e t t e r  example o f  th e  c a p i l la ry  netw ork. 

The pons and cerebellum  a ls o  show se v e ra l good examples f o r  c a p i l la r y  

basement membrane th ick en in g  in  th e  c e n t r a l  nervous system . The 

c a p i l la ry  basement membrane i s  g r e a te r  than  in  th e  normal s t a t e .  No 

occluded v e s s e ls  a re  seen , (Photo  exam ple).

S lid e  #  ^1 R igh t -  Extreme s u p e r io r  tu rn  o f  the  coch lea has one 

s t r i a  w ith an e x c e lle n t example o f  c a p i l la ry  basement membrane th ic k ­

ening a long  a  lo n g itu d in a l co u rse . The c a p i l l a r i e s  in  o th e r  s t r i a  

a lso  show th e  th ick en in g  over th e  normal s t a t e .

L e ft -  P re se n ts  an  id e n t ic a l  p ic tu re  f o r  th e  c o n tra ­

l a t e r a l  s i d e .

S lid e  #  46 R igh t -  Again s u p e r io r  tu rn  of th e  cochlea c o n ta in s  a  

s t r i a  w ith a  c ro ss  s e c tio n  showing s ig n i f i c a n t  th ick en in g  of th e  

c a p i l la ry  basement membrane.

L e ft -  P re se n ts  id e n t ic a l  p ic tu r e  fo r  th e  s t r i a  in  th e  

su p e r io r  tu r n .  There i s  l i t t l e  l e f t  to  th e  i n t e r i o r  o f th e  coch lea
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and v e s t ib u la r  system to  a s s e s s .

S lid e  #  56 R igh t -  The m odiolas c a p i l la r y  system  lends credence to  

th e  id e a  of p o s s ib le  th ick en ed  c a p i l la ry  basement membrane m a te r ia l 

o f  th i s  an im al. The s t r i a  v a s c u la r is  in  t h i s  p a r t i c u la r  s l id e  p o in ts  

to  a  th ick en ed  c a p i l la r y  basement membrane.

L e f t -  The most s u p e r io r  s t r i a  i s  a  good s e c tio n  o f  a  

lo n g itu d in a l  c ro ss  s e c tio n  through a  c a p i l la ry  w ith a  th ic k n e ss  to  th e  

c a p i l la r y  basement m a te r ia l .  (Photo  exam ple).

S lid e  #  71 R igh t -  S u p e rio r  a s p e c ts  o f th e  cochlea show one p a r t i c ­

u la r  c a p i l la r y  which can be fo llow ed  from one s id e  o f  th e  f i e l d  of 

view to  th e  o th e r  and does show s ig n i f i c a n t  th ick en in g  throughout 

i t s  co u rse . I t  i s  no t com plete ly  occluded, b u t i s  th ick en ed  over 

th e  normal c o n d itio n .

S lid e  #  76  L e f t  -  C r is ta  o f th e  p o s te r io r  c a n a l. Good p ic tu re  

through s e v e ra l c a p i l l a r i e s  which can be-fo llow ed  throughout t h e i r  

course w ith in  th e  i n t e r i o r  o f th e  c r i s t a .

S lid e  #  81 R igh t -  C r is ta  o f th e  p o s te r io r  can a l w ith  much th e  same 

p ic tu r e  as  .d escribed  in  th e  c o n t r a la t e r a l  c r i s l a e .  , L e t t e r .f o r  .p o ss ib le

photo o f  c a p i l l a r i e s  to  th e  p o s te r io r  c r i s t a .

S lid e  #  91 Top o f  both th e  co ch lea , have many good examples o f

c a p i l la ry  basem ent membrane th ick en in g .
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APPENDIX F

Sample, Q u a n ti ta tiv e  C a p illa ry  Basement Membrane Form

S t r i a  v a s c u la r is  6 p e r  s id e  
m id-m odiolar 12 t o t a l

M odiolas 1 p e r  s id e

Normal
4L
5R

1L
m id-m odiolar 2 t o t a l

S u p e rio r  C r ls ta e  1 p e r  bone
1 t o t a l

L a te r a l  C r ls ta e  1 p e r  bone
1 t o t a l

Macule o f  th e  U tr ic le  
o r  Saccu le  1 p e r  bone

1 t o t a l
P o s te r io r  C r ls ta e  1 p e r  bone

1 t o t a l

Pons -  Cerebellum  2 p e r  bone
2 t o t a l

T o ta l

T o ta l assessm en t V

T o ta l C a p i l la r ie s  a s se s se d  19/20

IS

IP

15 (0)

L = l e f t  s id e
R B r i g h t  s id e
S B saccu le
U = u t r i c l e
P B pons
C = cerebellum

Animal #13 ( 'M"

Moderate Severe 
2L 
1R

1C

k ( 1) 0 (2 )

83

l i n e )

S l id e  # 
36L 
21R

36L

16L

36l

36l

6lL

21
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GLOSSARY OP OTOPATHOLOGICAL TERMS

A nnular lig a m e n tt a  c i r c u la r  ligam en t which a t ta c h e s  th e  f o o tp la te  
o f th e  s ta p e s  to  the  in n e r  su rface  o f th e  round window

B asal Turn o f th e  Cochlea i th e  l a r g e s t  tu rn  of th e  cochlea

B a s i la r  Membranei forms th e  boundary between th e  s c a la  media and the  
ro o f  of th e  s c a la  tym pani, and a ls o  su p p o rts  th e  organ of C o r ti

Bony la b y r in th  i houses a l l  of th e  in n e r  e a r  s t r u c tu re s

C a n a lic u la r  System : th re e  osseus and membranous se m ic irc u la r  can a ls
( s u p e r io r ,  l a t e r a l ,  and p o s te r i o r ) . They a r e  o r ie n te d  a t  r i g h t  an g les  
to  each o th e r  and  respond to  an g u la r a c c e le ra t io n  and d e c e le r a t io n , ',

C r is ta  a m p u lla r is : an  e le v a tio n  p ro je c tin g  in to  th e  lumen o f  th e
am pulla o f  a s e m ic irc u la r  c a n a l, c o n ta in in g  the senso ry  end o rgans.
I t  i s  s tim u la te d  by movements o f  th e  endolymph.

Cochlea: A c a v ity  o f  the  in n e r  e a r  resem bling  a  sn a il- .-sh e llj i t  con­
ta in s  th e  end organ o f  h ea rin g  (a c o u s tic  a n a ly z e r)

Endolymph: th e  f lu id  th a t  f i l l s  th e  membranous la b y r in th  o f  th e  e a r
low in  sodium and h igh  in  potassium  a s  compared to  perilym ph

H elico trem a: opening a t  apex  o f  cochlea which a llo w s f o r  communication
between th e  s c a la  v e s t i b u l i  and th e  s c a la  tympani

Incudom alleal a r t i c u l a t i o n : d ia r th r o d ia l  jo i n t  b in d in g  th e  incus and
m alleus a t  t h e i r  a r t i c u l a r  su rfaces

In c u s : a n v i l  shaped o s s ic le  o f th e  m iddle e a r

L ab y rin th : th e  in te rn a l  e a r ,  c o n s is tin g  o f  the osseus la b y rin th
( s e m i-c irc u la r  c a n a ls , v e s t ib u le ,  cochlea) w ith in  which l i e s  the 
membranous la b y r in th  ( s e m ic irc u la r  d u c ts ,  u t r i c l e ,  saccu le , and 
co ch lea r duct)

M acule: te rm in a tio n  o f th e  au d ito ry  nerve i n  th e  spoon shaped sensory
ep ith e liu m  c o n ta in in g  h a i r  c e l l s  which a re  s tim u la te d  by th e  movement 
o f o to l i th s  i n  th e  o v e rly in g  o to l i t h i c  membrane (sen so ry  end organ of 
th e  u t r i c l e  and  saccu le)

M alleus: the  hammer shaped o s s ic le  o f  th e  m iddle ear

Membranous la b y r in th : fo llow s th e  con tours  of th e  bony la b y rin th  and
in c lu d e s  th e  se m ic irc u la r  d u c ts , u t r i c l e  and  saccu le  and  co ch lea r duct

M id-m odiolar: th e  m id sec tio n  o f  th e  coch lea  g iv in g  m irro r haves •
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M odiolusi th e  c e n t r a l  p i l l a r  o r a x is  o f  the  co ch lea , around which th e  
s p i r a l  c a n a l makes two and one h a l f  tu rn s

Organ of C o r t i i the  end organ  o f h e a rin g  o r  th e  senso ry  p a r t  o f th e  
c o ch lea r d u c t

O t i t i s  m ediai in flam m ation o f th e  m iddle e a r

O to l i th i one o f  the  ca lca reo u s  c o n c re tio n s  w ith in  th e  membranous
la b y r in th  o f  th e  ea r

O to l i th ic  Membranes a  g e la tin o u s  substance on th e  su rfa c e  o f th e  macula
in to  which th e  h a i r  c e l l s  p r o je c t .  C ontains th e  o to l i t h s  which when 
moved s tim u la te  th e  h a i r  c e l l s

O tologyi th e  sc ien ce  o f th e  e a r ,  i t s  anatom y, fu n c tio n , and d is e a s e s

O to lo g is t! one v e rsed  in  o to logy  

O topathologyi s tudy  o f  th e  d is e a se s  o f  th e  e a r

Oval windowi le a d in g  to  th e  v e s tib u le  o f th e  in n e r  e a r ,  and i s  lo c a ­
ted  between th e  re c e ss  of th e  f a c i a l  nerve can a l and  th e  co ch lea r 
promontory

Perilym ph! f l u i d  in  th e  e x te r io r  o f th e  membranous la b y r in th  w ith 
chem ical p ro p e r t ie s  s im i la r  to  c e r e b ra l - s p in a l  f l u i d ,  h ig h  in  sodium 
and low in  potassium , and s e p a ra te s  th e  membranous from th e  osseus 
la b y r in th  o f  th e  ea r

R e is s n e r 's  membrane! s e p a ra te s  th e  s c a la  media from  th e  s c a la  
v e s t ib u l i

Round Window Membrane! membrane le a d in g  to  th e  s c a la  tympani o f th e  
coch lea , l i e s  i n  a  p lane  which i s  p o s te r io r  and i n f e r i o r  to  th e  coch­
le a r  promontory

Round Window Niche i cup shaped d ep re ss io n  i n  th e  m edial w all of th e  
m iddle e a r  which forms a c a n a l t h a t  ends a t  th e  round window membrane

S accu le ! th e  sm a lle r  of th e  two v e s t ib u la r  sacs  o f  th e  membranous 
la b r in th  o f  th e  e a r  and a l s o  houses a  macule o r senso ry  organ

S c a la ! a  su b d iv is io n  of th e  c a v ity  o f th e  c o c h le a , e s p e c ia l ly  one o f 
the  p e rily m p h a tic  spaces

S ca la  m edia! a n o th e r term f o r  th e  co ch lear duct which c o n ta in s  th e  
endolymph

S ca la  tympani i th e  p e rily m p h a tic  space below th e  osseus s p i r a l  lam ina 
and th e  b a s i l a r  membrane
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S ca la  v e s t l b u l l ; th e  perily m p h atic  space above th e  osseus s p i r a l  
lam ina and th e  R e is s n e r 's  membrane ( v e s t ib u la r  membrane)

S c a rp a 's  g a n g lia i g an g lio n  of th e  v e s t ib u la r  nerve

S p ira l  lig am en t; th ick en ed  o u te r  a ttachm en t of th e  b a s i l a r  membrane 
which i s  covered w ith  th e  s e c re t in g  ep ithe lium  o f  th e  s t r i a  v a s c u la r is

S ta p e s i th e  s t i r r u p  shaped bone of th e  m iddle e a r  a r t i c u la t in g  w ith
th e  in cu s  and th e  f e n e s t r a  o v a lis  (o v a l window). I t  i s  composed o f 
th e  capitu lum  (h ead ), c ru ra  ( le g s )  and th e  fo o tp la te .

S t r i a  v a s c u la r i s i v a s c u la r  ep ith e liu m  ly in g  on th e  in t e r n a l  su rface  
o f th e  s p i r a l  ligam ent

T e c to r ia l  membrane: a  g e la tin o u s  s t r u c tu r e  extending from th e  v es­
t i b u l a r  l i p  o f  the  lim bus over th e  organ o f  C o r ti  and which has c o n ta c t 
w ith  th e  h a i r  c e l l s  o f th e  organ of C o r ti

Temporal bone; bone form ing a  p a r t  o f  th e  s id e  and b ase  o f th e  cranium
housing th e  a u d ito ry  and v e s t ib u la r  system s

T i n n i t i s ; a  r in g in g  n o ise  in  th e  e a r

Tympanic membranei e a r  drum which c lo se s  th e  e x te rn a l a u d ito ry  meatus

U tr i c l e ; a d e l ic a te  membranous sac communicating w ith the  se m ic irc u la r  
c a n a ls ; a  p a r t  of th e  v e s t ib u la r  system

V e rtig o ; a  profound form o f d iz z in e s s  c h a ra c te r iz e d  by a p erce iv ed  
c i r c u la r  m otion of th e  environm ent

V e s tib u le ; th e  oval c a v i ty  of th e  in n e r  e a r  which forms th e  en trance 
to  th e  coch lea

The G lossary  was compiled from th e  fo llo w in g ;

D o rla n d 's  i l l u s t r a t e d  m edical d ic t io n a ry . 24th ed . P h ila d e lp h ia ; 
W.B. Saunders Company, 1965.

Schuknecht, H .F. P atho logy  of th e  e a r . Cambridge, M assachusetts; 
Harvard U n iv e rs ity  P re s s ,  1974.

Stedm an 's m edical d ic t io n a r y , 22nd ed . B a ltim o re ; The W illiam s & 
W ilkins Company, 1972.
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