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I GENERAL, IN TRODUCTION

Disease of the middle and inner ear of the albino rat has
been recognilzed as a problem for many ye ars in laboratories
where these animals are employed. The condition 1s a chronlc
infection to .which the albino rat seems to have an inherent
susceptibility. It is probably bacterisl in origin with sev-
eral varieties of micro-organisms playing a primary or se-
condary role.

The condition was present in a colony composed of ap~
proximately 5000 albino rats, the property of the laboratory
of the Food end Drug Division of the Department of National
Health and Welfare. This colony was used as an experimental
unit in this study. Several aspects of the disesase were
considered., Detection of the condltim in the asymptomatic
animal was a problem as was the determination of a sultabls
method of eradicating the disease. The gross and micrdscopic
pathology and the reasons for the peculisr symptoms required
investigation; also the effect of antibiotics on invading
agents., No attempt was made to determine why albino rats are un=
usually susceptible nor was any attempt made to rule out a
virus as a possible etiologic factor. This study has been con-
fined to the}various'factors mentioned above in relationship to

this particular strain of rat.




IT HISTORICAL REVIEW

In‘1914 Casmajor (1) discussed an infectious ear diseasé
of rodents in which the affected animals exhibited symptoms of
disturbed vestibular function. He suggested that the symp-
toms occurrea as the result of infection of the inner ear and
the vestibular and cochlesr nerves, He mentioned destruction
of the ganglia of these nerves with degeneration of the nerve
roots to their central terminations. The disease was des-
cribed under natural or experimental conditions by a number
of subsequent investigators (2-13).

The etiology of the condition has been extensively in-
vestigated. Daniels Armstrong and Hutton (%) called attention
to the prevelance of middle ear disease in young rats fed a
diet lacking in vitamin A.

In 1925 Sherman and Storms (6) conslidered vitamin.a
deficiency as an etlologlc factor in mlddle ear disease when
they found the middle ear infected in 75 per cent of a group
of 134 rats dying of vitamin A deficiency. Bradford (7)
studied a group of 31 rats dying from avitaminosis A in wrich
the incidence of otitis was 100 per cent, The possibility of
the infection being bacterial in nature was suggested by
Bradford (7))when he isolated an encapsulated bacillus of the
mucosus group from the middle ears of his rats,

Turner (8) studied the bacterlal aspects of the dlsease
more extensively. He produced a fatal septicemia in rabblts

by injecting ofganisms isolated from the suppuration of the
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upper resplratory tract end middle ear of albino rats suffer-
ing from 2 vitamin A dsficiency. The organisms from these rats
were princlipally Gram-negative coccl though Gram-positive or-
ganlsms also were 1solated. Gram-negative bacilli appeared 1n.
hls experiments to have a hlgher psrcentage incidence in the
control group.

Nelson (10) studied the bacterial flora of the infected
middle ear in adult rats, 1solating 9 different species of
bacteria from adult rets and 6 different specles from young
rats., He identified e varlety of organisms from cases of mid-

dle ear disease in rats over one year old and in rats three

to four months o0ld. In older rats, Baclllus actinoldes oc-

curred in 43.7 per cent, an unidentified streptococcus 1in 32.5
per cent, and diptheroilds in 23.7 per cent. In the young
rats, diptheroclds were present in 26 . 4 per cent, streptococcus

in 20.5 per cent, and Bacillus actinoides in 14.7 per cent of

the cases., His findlngs dld not ilmplicate a speciflc caus-
ative organism. slthough he mentioned the fact that Bacillus

actinoldes 1s particularly well adapted for devebpment in

the middle ear of rats, HNelson (11) later reported on the
Infective capaclty of three bacteria commonly encountersd
during a study of natural middle ear disease by direct intra-
aural injection in young rats. Ons week after introduction

of Bacillus sesctinoides, 75 mr cent of the rats had a puru-

‘lent exudate; with hemolytic and non-hemolytic streptococel,

75 per cent showed a serous or mucoid exudate; with dipth-
eroids, 18 mr cent gave a gross reaction.,

Until 1932 1t had been suggested that middle ear diseass



was probably assoclated with a vitemin A deficilency. At this
time, however, Freudenberger (12) published a paper on the
Incidence of mlddle ear dlsease in normal rats fed a balanced
diet. He found the percentage incidence to be 60 per cent in
a group of 99 one year old rats suggesting that infection was
probably not related to a lack of vitamin A in his rats,
Other workers mentioned the incidence of the disease in their
colonies. Donaldson (5) stated tmt only 1 per cent of the
animals in his colony were affected,

_% In 1930 Nelson and Gowen (9) reported that the incidence

of middle ear infection 1n adult and young albino rats and in

w1ld Horway rats in their colony was as is shown in Table I,

TABLE I
‘ Incidence of iiiddle Ear Infection in Albino and Norway
éé Rats

f Cases of %

; Class Number of Rats Midd@ie Ear Infection Incldence

; |
Adult Albino 75 52 693
Young Albino 70 23 32,8

, Wild Norway 58 1 1.7

? Pathologlcal charges were described by several workers. Fortuyn

(2) described’ the pathology in three rats with symptoms of

alteration in vestibular function, He utilized the degener-
ative changes produced by the otitls in the VIII nerve and 1lts
ganglia for the purpmse of studying the tracts of the nerve., He

noted in particulsr that the deg eneration of the medullary
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sheaths of the root-fibres of the VIII nerve in the brain bore
no relationship to that in the medullary sheaths of the fibres
of the VIII nerve in the auditory organs, the latter greatly
overshadowing the former,

McCordock and Congdon (4) also described a type of in=-
flammatory process observed microscoplically in the tympanilc
cavity. They noted a dense leucocytic exudate in ths lumen of
the middle ear and on 1ts mucosa, with marked destruction of
the latter and replacement by granulation tissue, They mention-
8d also an ostelitls of the bony ear with extensive bone ab-
sorption and excessive new bone formation. They notliced a
diffuse inflammetory infiltratiom of both leucocytes and small
cells in and about the vestibular and cochlear nerves.

The first method of control of middle ear disease was
described by Nelson and Gowen. Their method was one of sel-
sctive brseding with removal of infected animals., In 1939
King, in discussing labyrinthitis in the rat and a method for
its control, suggested that in all probability mlddle ear
disease was a non specific infection in which a number of 4if-
fsrent organisims were involved. King's (14) method of contrdl
was one of selective breeding and substitution of wild Worway
rats as foster mothers, King, in the same paper, described
the symptoms of animals with labyrinthitis associated with
middle ear disease: "The clinical signs of labyrinthitis are
definlite and distinctive, The first indicatlion of its presence
is a slight tilting of the head to ome side. Subsequently the
rat holds its head continually close to the floor of the cage

with the nose pointing awey from the medial line. When sus-




pended by the tail the body invariably rotates rapidly”.

The results of recently reported irmwestigations from the
Laboratory of the Food and Drug Division of the Department of
National Health and Welfare (15) have supported the findings
of these various groups of workers., Teble II from this paper
of Matheson, Grice and Connell (15) indicates that by 30 days
of age over 90 psr cent of the rats in thelr colony were found

to be suffering from thlis ear condition,

TABLE IT

Age of Onset of Infection of Middle Ear Disease in Albino Rats

Age in days Number of Swabs % Positive Bullase
1 30 0
7 30 0
14 30 3¢5
18 30 16.6
25 30 36.5
30 30 93.3

Pasteurella multocida was the most prevalent organism followed

by Diplococcus pneumoniae, Streptobacillus monlliformis,

diptheroids, Microccus aureus and Microccus albus. The three

most common organisms isolated alone and in comblnation were

Pasteurella multocida, Diplococcus pneumonia and Streptobacillus

moniliformis.,,

The present study, with vwhich this thesis is oncermed,
represents a continuation and extension of this earliier in-
vestigation, It deals with other aspects of the problem, more

particularly with the gross and microscoplc pathology of the

< e i




disesase and with the nature of the disturbed equillibrium in
the affected ratse

During the course of the study a mathod of detecting the

disease in the living animal was developed, which on application

in the rat colony appeared successful in reducing the incidence

‘s of the dlsease very appreclably therein,




III MATERTALS AN D METHODS

Standard materials ard recognized methods were employed in
this investigation as far as possible. Therefore, in discuss~-
ing the materials and methods, & detailed description is given
only in those instances where modifications or alterations of

the standard and recognized procedures were made.

| 1, ANIMALS - The majority of animels used in these investi-
gations were slbino rats of the Wistar strain which have been
bred in this colony for 16 years., In the studies on the di=-
agnosis of middle ear disease, rats from two other sources
were used as well as rats from this colony.

2e APPARATUS - The apparatus employed in these investigations
is listed below. '

General Electric Model D Type III X-ray machine
Wielch Allyn otoscope

Cornwall syringe

Emesco No. 90 dental drill

Orthophot microphotographlc camera (Silge end Kuhne)
Super Penchro - Press, Type B Flim { Kodak)

DK 50 developer

Zelss - Winkel microscope

Martin Sweets ionic bone decalcifler

Autotechnicon

Spencer NMicrotome




GENERAL LABORATORY METHODS

A. Bacteriological Methods

(1) Hedla

Standard bacteriological media (Difco) and equlp-
menﬁ wore available for use at this laboratory. Sheep's
blood and horse serum was obtained from the Animal Di-
sease Research Institute, Hull, P. Q.
(11) Procedure

In 21l bacteriologlical studles the rats were
killed with ether and the rami of the mandibles were
split with heavy scissors, the lower and upper jaws be -
ing separated past the level of the tympanic bulla,
The bulla was then exposed by blunt dissection of the
overlying muscles and was sesred with a hot spatula. A
sterile number "11" Bard Parker blade was inserted in
the bulla and by spplylng lsverage to the blade handle,
the internal surface of the bulla was exposed. A small
sterile swab dipped in sterile physiological saline was
inserted into the internal portion of the bulla and then
streaked on petri plates of veal infusion agar containing
10 per cent sterile horse serum. Slides were prepared
from each swab, stalned by Gram's method and examined
microscopically.

After four days aeroblc incubation of the petril
plates et 37 degrees C. in a moist atmosphere the organ-
isms were counted and grouped according to colony form
and the results of microscopic investigation, Represen-

tative colonies were further identified by the vse of
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differential media.

During the early part of thils investigation liver
veal sgar plates (incubated anaserobically} and MacConkey's
agar plates (incubated aerobically) were also lnoculated,
Sinée no anaerobes or enteric organisms wers found, these
were discontinued in later studles, Furthermore, as
several types of organisms appeared to be assoclated
with infection, 1t became the practice to identify the
organisms by macroscopic and stereoscoplc examination of
the colonies and by smears of the colonies stalned by

Gran's method,only reserving differential media for

doub tful cases,

Histopathological technlgue

Tissues for histopethological study were prepared In the

following manner:

(a) Fixation - 10% formalin in normal saline

(p) Decalcification

(¢) Imbedding - Autotechnicon

Schedule 50% ethyl alcohol 4 hr,
70 " n 13 hr.
80 " " 2 hrs,
90 " " 2 hrs,
95 " " 2 hrse.
100 " " 1% hrs.
100 " " 4 hrs,
xylol 2 hrs,
xylol 2 hrs,




Paraffin 60 degrees C,
Paraffin 60 degrees C.

(d) Sectioning - 4 - 6 mlcrons

1l hr,

3%‘ hrs,.

(o) Stalning - Heamatoxylin and Eosin (16)

He idenhains (17)
Thionine (18)

() Miﬁroscopic exemina tion
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IV GENERAL INVESTIGATION

1 LESIONS

Gross and Microscoplc Pathology of Middle and Inner

Ear Dlseasse

Introduction

Gross pathological descriptions are derived from obser-
vetions made at autopsy over a four-year period including an-
imals on genersl projects as well as animal s on mlddle and inner
sar disease studies.

Microscoplc examination was made on over 5000 sections of
tissuss. The mlcroscopic descriptims are derived from the

observations made on studying these tlssues.

A MNiddle Ear

(1) Gross Pathology

The anatomical relationships of the structures of the
middle ear of the rat are such that inflammatory processes
affecting one structure sre coexistent and identical wlth in-
flemmatory change in another structure. It was felt that under
these circumstences it warld be adequate as well as convenient
to describe the inflammatory change in the bulla and tc consider

these changes as representative of inflammation in the middle
ear in toto.

The normal dissected bulla viewed from below 1is seen to
have a semitranslucent ventral portion and an opaque lateral

portion with e definlte line of demsrcation between the two
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portions at the internsl attachment of the tympanlic membrane.
The remaining surfaces of the bulla form the points of
attachment to the bones of the skull. If ths dissected bulle
i1s held to the light it may be seen to enclose an apparently
hollow cavity. Another feature of notable interest is the
fact that the dissected bulla floats in water. These fea-
tures serve as dlagnostic criteria inasmuch as they are pec-
uliar to the non-inflamed bulla.

Wwhen infection first takes place the bulls loses 1its
translucency, becomes somewhat dulled and the cavity con-
tains milky purulent ms teriael, As the Inflammatory process
progresses the bony bulls becones chalky in appearance, in-
creasingly opaque and somevwhat roughened. The bulla is even-
tually irregular and quite thickened, appearing to be a solld
bony masse.

The contents of the inflamed bulla vary considerably
depending generally on the type and stage of inflammatioﬁ.
One may observe varieties of inflammatory change from a
light, liquid, purulent materlsl to a dense psrchment-like
sac of fibrous tissue. Various types of inflemmatory exud-
ates between the two above described types are encountered
and these again depend essentid 1y on the type and stage of
inflammation. ~ Table III summarizes the types of Inflammation

that were seen in a group of 43 of our rats with middle ear

disease (15).
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TABLE ITII

Types and Incldence of Inflsmmation of Infected Bullas

Type of Inflammation Number of Bullae % Total
Abnormal Bullae

Purulentesecseescecsoe 2
MucopuruleNtecesssees
Serous.......‘..lO..OO
SercsangulneousSeseses
SangulineousSssceecesese
FlbrinouScescecesosss
Fibrinopurulenteoceess

HNOGROUoOH

RSN
WS O s O
- O o & @& o o
A-JORMMO O

TO‘PAL.O..Q...C.'..O.. 43 10000%

(11) NMicroscoplc Pathology

The gross pathology of the middle ear suggested that the
histopathology might be expected to present much varlety., Ni-
croscoplc examination of sections of the diseased middle ear
confirmed this expectation,

When infection first talkes place In rats of about 30 days
of age a number of polymorphonuclear lsucocytes are to be noted
in and on the rmecesa of the mlddle ear more particularly on the
tympanic membrane, Occasiondl 1y a serum-like material 1s preé
sant on the mucosa in which these leucocytes ars imbedded. Therse
usually aeppears to be a paucity of red cells In the Inflamma-
tory cellular assembly even though sangulneous exudates ers an-
countered in the gross. There may be some oedematous separa=-
tion of the mucosa from the underlying membranes of the bulla
and in most instances the tympanic membrane 1s quite swollen and

oedematous, Filgures I to V 1llustrate these early changes,
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As the infection progresses the bulla becomes fllled
with purulent material varying greatly in 1ts inflammatory
composition., This acute phase may either subside, as occa-
sionally an inflammation of a subacute nature is observed, or
it may pass on to a chronic stage in which there is much pro=-
liferation of fibrous tissue and in some instances the form-
ation of a grénulation type tissue within the bulla. When
this stage is reached the bulla has slready undergone consid-~
erable chenge, with bone destruction and new bme formation
taking place, the latter process usually overshadowing the
former. Feirly frequently one encounters a bulla W th greatly
thickened walls conteining a dense fibrous sac vhich 1is ad-
herent to the walls of the bulls and which may or may not
contain purulent materiasl. This latter picture represents
the usual end result of a typlcal unbomplicated infection of
the middle ear. It appears reasonable to suggest that struc-
tures contained in the middle ear such as the auvditory ossi-
cles would be subjected to the inflammatory processes that
are described as ocaurring in the bulla (Figures VI and VII),

B Inner Ear

(1) Gross Pathology

A small percentage of animals with middle ear disease are

also affected with disease of the inner ear, In our colony

the percentage varies seasonsally, usually ranging around 4

per cent of the rats affected with middle ear disease. In-

fection in the inner ear in all probaebility occurs by ex-

tension from the middle ear either through the round or oval
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window or by erosion of the bones separsting the two portions
of the ear,

The bones contalning the component s tructures of the in-
ner ear present an irregular shape and are small being roughly
2 mm, in dismeter. Because of 1its minute size 1t 1s difflcult
to appreciate the condition of the inner ear by gross exam-
ination, but generally the bones are denser than normal,
usuelly with a few areas tha t appear as irregular, chalky,
white spots. Aside from these two features, in order tc de-
tect inflammation, it 1s necessary to examine the €ar micro-
scoplcally.

(11) Microscoplc Pathology

In describing the gross pathology of the inner ear it
was stated that inflammation varies,‘being approximately 4
per cent. This percentage indicates the number of living
animals that exhibilt clinical symptoms of & labyrinthltis.
In reality the percentage inclidence 1s higher, for 1t is not
uncommon to observe signs of inflammation in the ampulla,
utricle, saccule, semicircular canals or the cochlea of the

labyrinth in a rat that shows no disturbed equilibration.

a labyrinthitis are not brought into play.

In animaels described in the literature as "“twisters"
the deviation'from the normal histology of the component inner
ear structures 1s usuelly marked, so much so, that morpho-
logical identity of individual structures is often impossible,

In the mild case, that is a ret exhibiting only a minor dis=-

Apparently in such animals the mechanisms producing symptoms of
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Figure I




Figure I

Normal tympenic membrane
from a 16-day old rat,
200 x magnification Hema-

toxylin and eosin staine
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Figure II




Figure II Photomicrograph of a cross section
of tympanic membrane from a 16 day
0ld rat. Early imflammation with
odematous separation of the membrane.
A few leucocytes embeded 1In serum
are seen on the inmr surface of the
membrane,b400 x magnification.

Hematoxylin end eosin stain,
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Figure III




Figure III

Photomicrograph of a section
of tympanic membrane from a
rat 18 days of age, The In-
flammatory process 1is slightly
more advanced than in figure
IT, At this stage the gross
tympenic membrane would e
opaque, 400 x magnification.

Hematoxyliin and eosin staine.
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Flgure IV




Figure 1V

Tympanic membrane from a rat 30
days of age. Only a small por-
tion of the membrane can be lden-
tified., This is seen at the lower
right hand portlon of the photo-
micrograph., The membrane 1s
heavily invaded with whlte blood
cells; A layer of serum containing
white blood cells 1is present on the
inner surface of the membrane, 400
x magnification,

Hematoxylin and eosin stain.
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Flgure V
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Figure V Photomicrograph of an infected tympanic
bulla from a rat 30 days of age. The
bulla contains considerable purulent
material, The bony portion of the bulls
1s being invaded by white blood cells,
The gross bulle at this stage would have
lost 1ts glossy seml-transluscent ap-
pearance, 400 x magnification,

Hematoxylin and e osin stain.. ‘
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Figure VI
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Figure VI

Photomicrograph of a cross section
of the tympanic bulla of a 60 day
0ld rat infected with middle ear
disease, Bone destruction, form-
ation and replacement by f ibrous
tissue 1s taking place., There 1s
1ittle active inflammation in this
section, 100 x magnificatlon.

Hematoxylin and eosin staln.
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Figure VII




Filgure VII Photomlcrograph of a cross section of the tym-
ranic bulla from a rat 200 days of age. This
1s typlcal of the usual uncompllcated end
result of infection of the middle ear. The
bone of the bulla 1s thickened the internal
eplthellium is obliterated. The internal i
portion of the bulla is occupled by a2 fibrous
tissue sac. There 1s obliterstion of the

structures of the middle ear such as the

malleus Jincus and stapes., A few neo=-

capilleries are noted in the walls of the fib-
rous tissue sac at the left hand side of the »
i
photomicrograph., 100 x magnification. %
|

Hematoxylin and eosin staln.
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Flgure VIII

Photomlicrograph of a cross section
of the inmer ear of a rat. The

spiral ganglion 1s seen on the lowerz
right. In the middle upper left harfy
portion a few whits cells can be séﬁg
in the neuro-epithellsl layer.

100 x magnification. Hematoxylin

gnd eosin staln,
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turbance of vestibular function, structural preservation of
neuro-epithelial cells, the crista and macula, is commonly
observed. Cross section may show area erosion of cells but
more often there are only occasional cells missing with a few
inflammatory cells adhering to the mucosa or epithelium of

the vestibular structures, Figure VIII. Animals with advanced
microscopic change usually exhibit symptoms of marked alteration
from normal vestibular function. They revolve in a longitud-
inal axls, their heads are tilted laterally and if held by

the tail they spin quite violently. These rats experience
considerable difficulty in prehension and rapidly lose weight
and die in a few weeks after symptoms of disturbed equilibrium
are first noted.

C Nature of the Disturbed Eguilibrium

Introduction

At the time studies were being carried out on the path-
ology of the inner ear, the question concerning the nature -
and cause of the disturbed equilibrium presented itself. It
was felt advisable to inquire into the nature of this dis-
turbed functicn because of the close association between
altered functicn and observed patholcgy.

There was a possibility that the disturbed functicn was
brought about by excessive stimulation of nerve endings which
resulted in abnorﬁal overactive vestibular function. The
excessive stimulation could occur as the result of toxic or
mechanical inflammatory irritation. A second and more likely
possibility was that impulses from the affected side were

greatly reduced because of the erosion of nerve endings.
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Impulses from the oprosite and normal side would then be pro-
portionately in excess of those frcm the affected side, with
resultant diseguilibrium from ccmparative over stimulation.
Either possibility could be proved or disproved exrerimentally
by stopping'impulses from one side of the animal and observing
its behaviour,

Method

dnesthetized nofmal animals were utilized for experimen-
tal purposes. A number 90 Emesco dental drill with a No. 10O
bit was used. The dental bit was introduced, at an angle pre-
determined by dissection, intc the ear canal and thrcugh the
tympanic membrane. The inner ear was then carefully drilled
away, small pcrtions being obliterated at a time, so that
different degrees of disequilibrium might be observed.

WVhen the animals revived, varying degrees of altered
vestibular functicn, depending on the extent of obliteraticn
of the inner ear structure, were noted, These ranged from-
animals that tilted their heads only slightly to animals that
revolved horizontally so rapidly that when held by the tail,
the skin of the tail would tear away from the underlying
coccygeal vertebrae, The spinning tendency cculd be altered
or abolished by drilling away porticns of the opposite inner

ear, In a like manner it was rpossible experimentally to

increase the spinhing effect in the rats with inner ear disease

by drilling cn the affected side and to decrease and reverse

the effect in mild cases by drilling on the normal side,.
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Conclusions

The symptoms of altered vestibular function occurring as
the result of disease process and developing over a period of
weeks may thus be produced in a period of a few minutes by
selectiveldestruction of the inner ear of a normal rat. The
complete train of symptoms elicited by a rat affected with
inner ear disease, from the slight tilting of the head to the
violent twisting in a horizontal plane, are observed in an
experimental animal that has had a portion of its inner ear
destroyed. The symptoms observed in both experimental and
diseased rats may be altered or eliminated by selective des-
truction cf the inner ear cn the opposite side cf the rat.
The altered vestibular function in such rats results from an
imbalance in the number of nerve impulses from the opposite
side of the inner ear with a decre:se in the number of im-
pulses frcm the diseased or destrcyed side. In the infected
or experimental animals the impulses from the non-affected
side are in excess of the impulses from the affected side and
the degree of excess determines the extent of vestibular
alteration,

D. Inner Ear Organs of Hearing

No comprehensive consideration was given to Inflammatory
change in the organs of hearing, primarily because this phase
of the study waé concerned essentially with the pathology of
organs of the vestibular appraratus and the correlaticn of the
lesions with the observed symptomatology. Furthermore in

animals with middle ear disease the tympanic bulla along with
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the malleus, incus and stapes, are subjected to such destruc-
tive inflammatcry change it is very unlikely that sound waves
would pass through the bulla to reach the inner ear and frcm
this standpoint is quite probable that the majority of anim-
als are deaf before the inner ear becomes infected.

The changes occurring in the cochlear portion of the
labyrinth of the animals studied were of essentially the same
nature as those decscribed for the vestibular portion. Pus
cells may be present in the scala vestibuli, and scala tympani,
and the cochlear duct. Generally speaking, changes in the
cochlea accompanied those in the other porticn of the inner
ear but only in the most advanced cases of disease of the
irner ear was there obliteration of structures to the pcint
where morphological identity was lost.

E VIII Nerve

Histopathology

No study was made of the changes occurring in the VIII
nerve but these have been deccribed in detail by Fortuyn (2).

F Central Nuclei and Tracts

Intrcduction

There is nothing in the symptomatology in these diseased
rats that would lead one to believe that there would be al-
terations in the central porticn of the vestibular arparatus.
Nystagmus, a common symptom of inner ear disease in the rabbit,
has never been observed in our rat colony. The lateral de-
viaticn cf the heads of infected animals and the tendency to

spin when held by the tail can be explained on the basis of

R . )
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injury to the peripheral vestibular apparatus. Nevertheless
for sake of completeness secticns of the central divisions
of the vestibular apparatus were examined,

(i) Vestibular Nuclei

Thionine stained serial sections which included the lat-
eral, superior, medial and spinal vestibular nuclel did nct
reveal any degenerative or inflammatory change or any alteration
from the normal histological picture in these nuclei (Figures

IX to XII).

(ii) Lateral Vestibular Spinal Tract. liedial Longitudinal Bundle

Serial sections with Heidenhain's stain did not reveal
any change or alteration from the normal histological picture
in the fibres of the lateral vestibular spinal tract or the
medial longitudinal bundle,

G lMeninges

4 rare and fatal complication of infection of the inner
ear is an inflammation of the meninges. Rats with meningitis
seccndary to a labyrinthitls exhibit few obvicus symptoms
other than complete lethargy and ancorexia. They die within
a few days after infection of the meninges sets in or at least
after the condition becomes apparent.

Grossly there is a purulent patch of liquefaction nee-
rosis. Microscopically an acute purulent meningitis is ob-
served with liquefaction necrosis of the brain and the prod-

uction of purulent material.,
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Figure IX

Photomicrograph of a section through the
medial and lateral vestibular nuclei cf
a ncrmal rat at about the level of the
facial nerve, 1CC x magnification.

Thionine stain.







Figure X
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Figure X

Photomicrograph of a secticn through

the medial and lateral vestibular

nuclei of a rat with labyrinthitis taken

at the level of the facial nerve. There

is no cellular alteration from the normal
histolecgical picture. 100 x magnificaticn.

Thicnine stain.
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Figure XI




Figure XI Photomicrograph enlargement of vest-
ibular nuclei of figure IX to illus-
trate cellular detail (normal).

Thionine stain, enlargement apnrox-

imately x Y,
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Figure XII
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Figure XII Photomicrograph enlargement of the
vestibular nuclei shown in figure
X to illustrate cellular detail.
Thionine stain, enlargement

approximately x 4,
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Conclusions

The lesions of middle and inner ear disease follow the
general pattern of inflammation in any tissue. Acute to chronic
types were noted with the chronic type of response generally
prevailihg.

In the middle ear the inflammatory forces were of such a
nature that the animals were undoubtedly rendered deaf as
there was much destruction and obliteration of anatomical
structures to the point that the bulla became a mere bony shell
containing the products and results of inflammation.

In the inner ear erosion or destruction of the neuro-
epithelial cells in the vestibular porticn of the labyrinth
leads to a progressive disequilibrium. Lesions were not ob-
served in the vestibular nuclei or nerve tracts in the central
nervous system. Lesions were found however in the central
nervous system when there was an extension of infection along
the VIII nerve to the brain with the production of a fatal
purulent meningitis. |

2 DIAGNOSIS

Detecticn of Middle and Inner Ear Disease in the

Asymptomatic Animal

Introducticn

There are no clinical signs of middle ear disease, the
condition being recognizable only when there 1is inveclvement
of the inner ear with an asscciated disturbance of vestibular
function. In the Food and Drug laboratory colony approximately

four per cent of the animals exhibited symptoms of disturhbed
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equilibrium, the remainder being asymptomatic. It was de-
cided to attempt to develop a method of detecting the disease
in these asymptomatic animals.

Methods

A White Blood Cell Counts

Two series of white cell counts were made on a grcup of
fifteen rats with middle ear disease at one week intervals to
establish if a diagnostic difference existed betweén rats with
middle ear disease and non-infected rats. Table IV gives the
white cell counts of the rats.

TABLE IV

White Cell Counts of Rats with Middle Ear Disease

lst. Reading 1l week Later
1 14,150 18,400
2 13,750 ' 13,350
3 9,280 11,450
L 11,850 22,900
5 12,000 12,250
6 9,320 10,200
7 11,9C0 74300
8 13,750 13,350
9 10,750 11,950
10 9,320 10,200
11 10,200 11,900
12 10,700 11,900
13 11,800 12,3C0
14 8,280 9,800
15 9,900 12,150
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Mean 11130 12456 .6
t =« 4,552 = 3.901
P = 1/5000 = 1/1250

The white blood cell count in the normal adult rat ranges
from 6,000 to 18,000, with an average of 9,000 (19). Although
the individual readings given in Table IV fall within this
"normal" range, on comparing the means by Student's t test, a
significant increase over the 9,000 average value can be shown
in this group of rats. Such an observation may suggest the
presence of a chronic infection in a group of animals, but it
does not allow detection of middle ear disease in the indivi-
dual animal.

B Otescope Examination

It was noted on autopsy that when initial infection

takes place the tympanic membrane bec¢omes infected and somewhat
opaque losing its pearly semi-translucent appearance. This
finding suggested that detection cf the condition in the living
animal could probably be made by viewing the tympanic membrane
and assessing the nature of any observed change.

Experimental

Attempts were made to devise an otoscopic speculum which
would permit visual observation of the tympanic membrane,
Several specula were designed with elongated tips and narrow
lumens that were adaptable to the Welch Allyn otoscope. It
was found, however, that it was necessary to use a speculum of
such a small bore (less than 1.5 mm.) that insufficient light

passed through the lumen from the sovrce to permit a satis-
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factory examination of the merbrane. Consequently this aponroach
to the problem was abandcned as impractical.

C X-ray Examination

In examining the tympanic bulla of normal and infected
rats it was observed that the bulla of the normal rat is quite
thin and has a pearly translucency. An infected bulla, however,
loses this translucency, becomes thickened, somewhat roughened,
cpaque and whitish, while the cavity contains considerzble pus.
These observations suggested that the diseased bulla would
filter sufficient x-rays to permit an x-ray plate differen-
tiation between the infected and the normal bulla. Preliminary
plates of rats' skulls were very encouraging in that infected
and non-infected bulla were readily differentiated.

X-ray films were taken of the skull with the rat lying
in various positions on the X-ray cassette. The rat was
placed so that the rays passed either in & dorso-ventral,
ventro dorsal, lateral, or tangential plane through the_skull.
The proper time, killivolt and milliampere settings, were
determined by emplcying various combinations of the different
factors. The time factor was varied from 1/8 of a second to
o seconds. Killivolt settings were made from 30 to 50 killi-
volts and milliampere settings ranged from 1C to 20 milliamperes.
The following technique was finally adopted in taking roent-
genograms of rat skulls to detect infecton of the middle ear.
Technigue

The rat, under ether anesthesia, was placed in a hori-

zontal positicn with the head slightly extended so that the
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incident rays passed dorso-ventrally through the skull, the lip
of the machine cone being 1/8" from the head of the rat. The
equipment used was a General Flectric Model D type 3 machine
with a cone 13" long and 3" in dlameter., The other factors
were approximately 17 millismperes, 65 killivolts with an
exposure of + second. The rat was properly placed in the true
dorso-ventral position and held so that its head was lmmob-
11ized., TIn this way, detail and excellent contrast were ob-
tained as is shown in Figures XIIT and XIV.

In the infected ear the thickened bone of the bulla to-
gether with the purulent materisl flltered out a considerable
number of ths ravs as shown in Flgures XITI and XIV. It will
be seen that the bulla sppearsd irregular and hazy, while the
normal bulla which filtsred out very few rays appeared as a2
black spot on the X-ray plate.

This procedure has been esmployed successfully Iin detsct~

ing the disease in over 100 animels from this and other colonies,

Table V shows the X-ray dlagnosis and the sutopsy findings in

a group of 60 rats from three colonles, In the two doubtful
cases the head was not held in ths true dorso-ventral position
which resulted in & super-imposition of the post tympanic

hook and to a lesser extent the squamosal bones. In both cases
the bullae appear irregular, hazy and resemble the infected

bullae,

e
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TABLE V.
X-ray Detection of Middle Ear Disease and Autopsy Findings
in Tympanic Bullae of Rats
Colony No. of X-ray Findings Autopsy Findings
Rats Positive Negative Doubtful Positive Negative
Food and 30 28 1 1 29 1
Drug
Industrial 20 3 16 1 4 16
Health
A.D.R.TI. 10 9 1 9 1

Total = 60 L0 18 2 4o 18




.
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A = X-ray plate of & rat!s skull. This animal

was free of middle ear disease, The tympanic
bulla appears as a dsrk spot. Bulla en-~

circled,

X-ray plate of a rat's skull, Thils animal
had mlddle ear dlsease, The tympanic bulla

appears as a hazy spot., Bulle encircled,
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Figure X1V




Pigure X1y

Photographs of X-rays of rat's skulls
The arrow points to the tympanic bullse,
The normal bulla (left) appcars as a
black spot, The infected bulla (right)

1s hazy and indefinite in outline,
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Roentgenograms of rats' skulls serve as reliable diag-

nostic criteria of middle ear dlsease in that they reveal the
condition of the middle ear in the living animal, It is pos-
sible to detect accurately the presence or absence of inflam-
matory products in the middle ear. There are selected cases
of middle ear disease that appear to recover spontaneously and
the reliasbility of roentgenogrems might be questioned in such
cases. It has been noted in these animals that although re-
,é sorption of inflammstory debris is completse, restitution part-
fcularly of the bullase 1is never complete, The bulla never
returns to its original, thin, semi-translucent state., The
bone remeins sufficiently dense to filter out rays to the
extent that differentiatlion between a recovered animals and a
non-infected animal is possible.

| 3. Control

The Application of the X-ray Method of Detecting

:% Middle Ear Disease to the Control of the Disease
i

i Intrcduction

p Other investigators (13, 14) have met with difficulty in
£ establishing an albino rat colony free from middle ear disease

in that they have been unable to diagnose the condition in the

1living animal and consequently have had to rely on chance mating
in their breeding programs. The primary objective of this

study was to establish a colony free of middle ear disease In

a shorter tims period than prescribed methods and with less

expenditure of breeding animals, The X-ray method of detecting

P
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the condition in the 1living animal seemed to offer a practical

solution to the problem,

Me thod

Breeders that were negative for middle ear disease on X-
ray plates formed the nucleus of the breeding program. In the
initial phases of the program the perents from any mating were
sacrificed and the ears examined as a safety precaution. This
practice was soon discontinued and the X-ray plates served as
the sole disgnostic criteria. Roentgenograms were teken be-
fore matings and after parturltion. The young from all matings
were checked by X-ray at weaning and periodic X-ray checks
were made untll the breeding time,

All aminals positive by X-ray were destroyed. Although
conditions were unsulteble for strict isolation procedures
and senitary measures, the animals were kept in a room separ-
ate from the main colony. Two men were assigned duties per-

taining to the care of the animals in the isolation room,
Rubber boots and clean uniforms were avallable for use by the
attondants at all times and no personnel other than the atten-
dants were allowed entry to the isolatlon room., The room was
sprayed with a 3 per cent Dettol aercsol twice g wesk and the
animal cages were frequently steam sterilized.

Results

Ten months have elapsed since the initiation of this
method of selective breeding for the control and elimination
of middle ear disease. During this period, the number of
affected animals has been reduced from over 90 per cent %o

less than 4 per cent.
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Discussion

It 1s not possible to state whether or not the sanitary
measures and isolation procedures employed in conjunction with
the X-ray for selecting negative breeders were of benefit in
reducing the incidence of the dlsease as thers was no control
group. Nevertheless the incildence of the disease in the an-
imals kept in the main colony remained at over 90 per cent.
These latter animals have now been replaced with non-infected
animals,

It is interesting to note that in addition to the reduc-
tion in the incidence of middle ear disease in the colony there
has been a decrease in cannibalism from 21,9 per cent to 4.5
per cent. Furthermore, there has been a reduction in death
rate of nursing animals from 5.0 per cent to 1.8 per cent, and
the incidence of pneumonia has dropped from 10 per cent to
1.4 per cent., Whether these assoclated conditions can be
attributed to an improvement in the health of the animals as
result of the elimination of the chronic infection, to the san--
1tary and precautionary measures employed, or to the fact that

animals inherently resistant to infection were used for breed-

ing, 1s undecided.

é Conclusions

] The mthod of selecting breeders through employment of
!Z the X-ray method for detectlon of the presence of disease, com=-
bined with sanitary measures and isolation procedures has re-

duced middle ear disease in this rat colony from over 90 per cent

A R i

to less than 4 per cent. In addltion to this there has been a

reduction in cannibalism and pneumonia, and a lowering of thse
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death rate in nursing snimals,

4 THERAPEUTICS

The Efficacy of Antlbilotlcs In Middle Ear Disease

in Albino Rats

Introduction

A review of the literature did not reveal any informetlon

concerning the use of antiblotics 1n middle ear disease in rats,

Several trial experiments were carried out to assess theef-
ficacy of antiblotics for use in conjunction with the controlled
breeding experiments, Bacterial sensitivity dilscs were not
employed because of the mixed bacterial flora and because an
extensive Investigation of therapsutic agents was not intended.
Antibiotics that are reported to be sffective against the
bacteria encountered in middle ear infectlon were used in this
studye.

A Streptomycin and Aureomycin

Twenty=-four rats, twenty-one days old, were diviéed into
three groups of eight each. One group received 400 mcg. of
aureomycin at weekly intervals for a total of five weeks, A
second group received 18 u, of streptomycin at weekly inter-
vels for a total of five weeks, The third contrcl group re-
celved no treatment,

Method

Ansesthetics were not used. The rats were held by one
operator while injection was made by Inserting a 22-gauge needle
in the outer ear canal and through the tympanic membrane which

gave a characteristic click when 1t was punctured by the needle.
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The antiblotic in agqueous solution was then injected into the
bulla. It was not possible to be sure that the injection
always entered the bulla because of difficulties encountered
in trying to inject the solutlion and restrain the animal at
the same time. One week after treatment the animal 3 were
sacrificed ;nd the bullae were examined bacteriologlcally.

Results

The results are given in Table VI

Discusslon

The results indicate an absence of Staph., aureus and some

decresse in other bacteria in the ears of the treated animals,
suggesting that streptomycin and aureomycin might be employed
as adjuncts to breeding method for the control of middle ear

disease.

B Combired Antibiotics

Introductlion

The results of the previous trial experiment seemgd pro -
mising enough to justify sa second trial experiment using
higher dosage levels of the antibiotics and incorporating.
other sntibiotics with streptomycin and sureomycin, It was
noted in the previous experiment that it wes not always pos-
sible to determine whether the antibiotic had been deposited
in the bullae. The slightest movement of the animal's head
disrupted ghe injection technique. It was also difficult to
steady the head, make the injection and keep the needls In the
bulla all at the ssme time. The technique was greatly simp-
lified by modifying the fornwall syringe for injection pur-

peoses in the manner indicated in Figwe XV. These modific-
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ations made it possible for one operator to control the in-
jection while a second operator introduced the needle, main-
tained its position in the ear and steadied any head move-
ments on the part of the animal.

Experimental

Thirty mature animals were divided into two groups of
15 animals.' A mixture of antibioties in the following pro-
portions: 1500 I.U. procaine penicillin, 0.25 gm. streptomycin,
2.5 mg, aureomycin, and 0,025 gm. of terramycin in distilled
water, was injected through the tympanic membrane. The
injection was continued until the antibiotic solution was ob-
served at the nasal orifice indicating that the antibiotie
had traversed the eustachian tube and was emerging from the
nasal sinuses. Fifteen animals received no treatment.

The animals were sacrificed three weeks after the in-

jection and bacteriological examinations of the tympanic
bullae were made.

Results

The results are given in Table VII and VIII.

S . ... .
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Figure XV




Flgure XV illustrates the modifications of the Cornwall
syringe which simpiified the injection of antiblotics in-
to the middle ear through the tympanic membranse,

A - polyethylene tubing leading to solution for injectilon,
B - polyethylene tubing from injection msedle to glass rod,
C - glass rod from polyethylene tubing tc rubber hose,

D.~ rubber hose connecting tﬁbe C with injection needle E.
E - injection needle, Thls needle ls passed through the

tympanic membrane by one operator, a second operator

controls the injection,

l
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Discussion

The most significant finding in this group of animals 1is
the 50 per cent reduction in the number of animals affected wlth
middle sar disease, Considering the fact that only a single
injection had been glven and this thres weeks previous to exam-
ination of the bullase, it 1s apparent that this method gave pro-
mise as an adjunct to control measures, particularly for treat-
ment in enzootlcs, This method has, however, the disadvantage of
raquiring traimd personnel for injection procedures.

The posslibllity of ceusing permanent ear damage to the rats
by injectling the solution into the bulla has not been considered,
There 1s an open passageway from the bulle through the Eustach-
ian tube so that pressure damege is unlikely., No obvious sign or
symptom of temporary or permanent damage was recorded in any of
the rats that received an iInjection, and in any event it is not
likely that the damage resulting from such an injection would

affect the animals as asdversely as would a bacterial assault on

the middle sar.,

Conclusions

The results of these trial experiments suggest that anti-
bilotics, when properly employed, would prove effective as ad-
juncts to a controlled breeding program or for treatment of di-

sease outbreaks In a colony free from middle ear diseass,
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V SUMMARY

1l Gross and microscopic e xamina tions have been made of the
leslons in some 1000 cases of mlddle and inner disease in rats,.
The lesions observed were typical of acute and chronic inflamma-
tion of non-specific bacterial origin. The lesions were princi-
pally confined to the middle ear with occasional involvment of

the inner ear and VIII nerve,

2e The symptoms were restricted to animals wlth a complicating
labyrinthitls end in these instances these symptoms were dis-
tinctive and diagnostic in tha t they were correlated with ob-
vlously disturbed vestibular funection,

3 The disturbed equilibrium has bsen shown to result from a
destruction of nesuro-epithelial cells. in the infected inner ear
wlth e subsequent decresse in the rumber of impulses from the
diseased side and & comparative over stimulation from the non-
affected side, This imbalance in the numher o impulses from the
two sides bring about a disecuillibrium on the part of the animal.-
The disequilibrium could be produced experimentally in the nor-
mal animal by erosion of the neurc-epitheliasl cells in the inner
ear., The effect could be altered or abollished in the experimen-
tal or dlseased animal by destroying ths nsuro-epitheliasl cells in
the Imner ear of the opposite side,

4. A method of detecting mlddle esar disease in asymptomatic

animals using recentgenograms of the rat's skull has been devel-

nped,

ST
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Se The X-ray method of detecting middle ear dlsease has been
appllied to select animals for breeding purposes Iin a dilsease-
control program,

6. Antibiotics were found to be effective to a degree sug-
goesting their applicabllity as therapeutic agents for use in

conjunction with disease control p rograms,

P g 5t



1.

4,

—ATErTe

54

VI CLAIMS TO ORIGINAL RESEARCH
The detection of middle ear disease in rats by the
appearance of the tympanic bulla on X-ray plates.
The gross and microscopic pathology of mlddle and
inner ear disease as found in the Food and Drug
Colony.
The natuire of the disturbed equilibrium in the rat
with disease of the inner ear.
A method of control for the eliminatlion of middle
ear disease,
The use of antibiotics as therapsutic sgents in

mliddle ear disease in ratse.
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