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with a Siemens Elmbkop I clectron micro-
scope at 60 hy Photographs were taken on 23
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d 50 Gevaert Saaentm films with inltial mapni-
ficavons ranging from 1 000 to 40 000 x

Findings

Otolithlc membrane
The otolithic membrane s situated on the sen.
sorial epathcliom showing n wavy free surface,
It comssts of two disunct zones of different
electron density one marpmal and the other
medial. Of these, the latter Is less demse than
the former

The otoliths can be scen 1n the marpnal
ronc and the sensory hair baodles in the me
dial, although occasionally otoliths appear in
the medial zone (Fig. 1 b)

(@) Marginal Zone (MaZ) We pamed it so
because 1t {s uitvated further frem the sensorial
epithelium. It consists of a fibrous network and
an smophous interfibeillar substance  The
otoliths appest to be partally immersed 1n the
margmal zone forming a fint stratum Oto-
liths of the further layers probably rest on pro-
longations of the otolithic membrage. Occa-
woaally In certmn parts of the first stratum
and in praximity to the otoliths it is possible
to observe pranular of vescalar sirocturcs.
They are spherical or hregular o shape en-
closing a substance of similar or grester elec
tronic density than that of the otolithic mem-
brane (Fig. 3 b)

(b) Medial Zone (MeZ) Thus Is the part of the
otolithdc membrane near the sensonal epuhe
Lum. The ltmits which separate it from the
marginal zone are jmprecise for both struc
tures, They are very similar differing only in
that the medial zone contaim kesa amorphous
interfibrillar substance ond its fibrous network
is morc loose We have observed no subcup-
wlar space, because the fibrillar material i
close 10 and enters in contact with the apical
surface of the sensonal and supporting cells
(Fig. 2a) Geverally In the striola this zone B
more dense (Fig. 2 b)

Sensory harr bundles and some otoliths can
be seen withm this zone We have not found 2



Otoliths

They usmally have a cylindrical body with fac
cted and polnted extremities. Their length
tanges approximately from 6 to 20 ym.

{(a) Body Round or oval in shape, it appears to
comlst of two areas of different electronic den-
sty a very denss ouo at the periphery and o
clear one af the centre,

The central area consists of two parts, an
per and an intermediate, both differing tn
density The farmer comsists of & material cim-
ilar to that of the otolithic membrane medinl
ronc (MeZ) However the density of the latter
s reminiscent of that of the marginal rono
(MaZ) (Fig. 15) Both parts differ also In the
ammgement of their constituent material. The
intermedtate part presents a filamentons stroc
tore whoss components are ariented parallel
to the main axis of the otolith. The thick:

Ultrastructiere of otoliths of the macula wtricudf 3

Fig (e) Marginal (MaZ)
ud Medal (f Z) Zooes of
e otolithic The

arca. The elementary components are granmules
having a diameter between 80 to 140 Al

The Lunits between this and the central area
are irregular since the material of one overlaps
and mixes with that of the other In the parts
close to the extremuties of tho otolith, the dark
materal penetrates almost to the centre (juxta-

in the bodies of some otofiths it is possibie
at times to dotinguish fissares recalling images
of fracture lmes. They divide the dense periph-
crul rone in sevenal tragments. The ototithic

(b) Extremdries These are pyramidal in shape,
showing scveral flat or hollow facets.

The extremity itself combsts of & low den-
drymlmunum—llkumbfmmodn'hgnpcr
to the sorface facet.

of the fllaments ranges from 30 to 70 A. In
the immer part a wido spaced filumentous net
wark can be observed (Fig. 4 )

The inner hmits of this materisl are formed by
2 sharp line parallel to the facet sarfxco line.
Both surfaces consist of a layer of dense gran-



Fig 3 () Oeolith showing fisore In s body  (b) Membmoous structurss (pomibly ceflular debeh)
Material of the dense marginal zone of the otelithke panhﬂylmmrdhtbemuhnlmotlhnm-
membrace enters in this fiesure (erow). At the bot  lithic membrane.

tom right, & sensory balr bundle can beseen. 10 000,

ules. Those of the facet surface measure be

tween 80-120 A in dumeter Those of the Otoliths with irregular facets

inner [miting surfoce vary between 60-80 A Ther general armangement s similar to those
n diameter (Fig. 4a) The anghes formed be-  already described. However they bave more
een facet and body surfoce usually measure  frregular facet surfaces and ther bodies show
00-150 However the angles formed b o greater number of fissures (Fig. 45) The

tween the facet surfoces varkes from 90 to  otolithic membrane materinl appears to pene

110 trato through them

v 2

Fl-[l(a)obllqmntcﬂouof an otolith showlng  (3) Otolith presenting severnl body flwares (arrewd
roney of different electron demsity and arrsrgement Its facets have an bregular conformation, 7300
of flamentoms material of B3 facets and body

12500,

Acta Otolery £71



Relationy between the otoliths

Occanonally  comnectfons  between  two  or
more peighbouring otolths can be observed.
The coonections may be as follows (a) facet
o facet, (b) body to body (c) facet to body

Usnlly a strip of the otollthkc membrane
material can be observed between contact sur
faces (Fig. 54) On the other hand, intimate
contact suggesting fmicn zones can who be
found,

It is occaslonally obscrved that the otalithic
membrane material comnecting two or mare
Otolithe seems to contlnoe with the body light
areas of one of them (Fig. § b).

DISCUSSION
Otolithic membrane
The otolittoc membrane was defined by Ret
ros s 2 gelatinous layer” Polyak et al, 1946

Ultrastructure of otoliths of the macula utricidi

otofitin shows an apparent continnity whh the body
ght areas of the cemtrally placed otolhh 20 000.

hairs of the hair cells are embedded™ Igarashi
{1966}, in his work on the squurel monkey
states that “The otolithic zonc itself is almost
flat, except for somo wavy formations, speci-
ally et the edge. At theso wavy pointy rome
spaces between the otolithic and cupular rones
coald be observed

We have secn that the otollthic membrane
has s wavy appcarance, but does pot show
any cmpty space blow the clevation. Igarmhl
& Kanda (1969) distnguith In the otolithic
membrane of the squirrd mookey two zooes
which they depominate cupular rone 1 and
cupular zoos 27 These arc the samo rooes
observed by us and called marginal and medial
zoncs, respectively
Vilstrup (1950) Wersill (1968) Igarmhi &
Kanda (1969) discovered a subcupular space
whose contert B pot known. On tbe other
hand, we have observed that tho medial rone
of the otolithic membrane continues up to the
scmsorial cpithelium, atthough in this area the

P
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filamentous petwork Is very lax. This fact bas
2lso been conflrmed by us in the striola. These
findings were also communicated by holmer
(1927) and by Lindeman (1969a) In the
guinea pig. Morcover Lindeman (1969 o)
found that in the stnola there are *broad
clearings i the gelatinous substance™
Acrording to our observations the medinl
rone contuns scnsory hair bundies and fso-
lated otoliths, whereas in the marginal zone
there are oaly otoliths partially or totally em-
bedded in it This opinion is shared by Lim
(1969) a3 opposed to Johmson & Hawkins
(1967) who express the opmion that In the
human the otoliths tend to adhere to the supe
rior surface of the otolithic membrane. Accord
ing to Rellerhals et al (1970) the otofiths are
embedded 1n the gelatinous ground substance
of the central repion of the utricular macula.
We have not found a direct connection be
tween the otoliths and cilla observed by Turato
& De Petris (1967) and demonstrated by them
in the rat,
The otolithic membrase was described os
early as 1925 by Tenaglla. His findings were
. ' by Brock (1926) in the bird, by
ittmaack (1956) In the guinea pig, rabbit and
og. by Johnuson & Hawkins (1967) In the
human, and by Lindeman (1967 19694,
1969 b) In the guinea plg. Spoendln (1964)
belseves that its fibrlllar appearance may be an
artefact. In our material the presence of flla-
ments bas been confirmed. Ground substance
presentmg o greater density in the marginal
rone and in some arcas of the medinl zone
(in the striole) as described by Werner (1933)
and by Lindeman (1969 a) can oo be found.

Otoliths

Carktrdm & Engstrém (1955) stodied human
otoliths by means of electron microscopy and
X-roy diffraction. They poinied out that these
are formed by small hexagonal platelets so well
oligned that the wbole otolith behaves in \ ray
diffraction as a single enymal of cakite In
most of the images offered by these mnlbors,

Acta Orolaryar 71

the otoliths appear to be formed by a very
dense structure which does not permit the pas-
sage of electrons.

The Images presented by Jarato & De Petrs
(1967) arc also sumflar Igarashi & Kanda
(1969) obtained electron micropbotographs of
high quality permutting the cbservance of zones
with different electronic density As = resuht of
such findings these authors stated that the clec
tronic denuty s very [rregulardy distributed.
Sogiura & Hilding (1970) presented electron
micrographs of otoliths in the adalt Hedlund
mink, However these pictures do not clearly
demonstrate its constitution

Barber & Boyde (1968) were the first fo
describe the caleareous sintolith of Fledone as
a cone-shaped strucrure by means of the scan-
ning electron microscope (SEM ) Afterwards
Lim (1969), Lim & Lans (1969) and Relker
hals et al. (1970) studeed the otoliths of the
guinea pig and showed that they have cylindr-
cal bodies with two polnted extremithes.

Kolmer (1927) describes o oucleus in the
otoliths in which be postulate; the Initlal eryy-
tal formation. Lindeman (1969 a) in the guinea
plg confirmed the existence of such a nuckns
which we belicye correspands to the cleares
central ares.

In our materal we confirm the existence of
rones of different electronte demuty Gener
ally the denmser zones are situated In the pe-
npheral part of the cylindrical surface The
Iighter ones arc situnted at the centre and on
the lateral facets. Therr constituent filamentows
matenal b alwoys armnged perpendicular to
the facet surface However in the body the
filaments are paralie] to thelr main axis. In cer
toln aspects the arranpement of this materizd
recalls the ofpanization of the dental enimel
Inorganic crystals of bovine embryos (Gl
cheretal 1963).

At present we are carrying out microdiffrac
tographic  studies  (Sdnchez Ferndndez &
Rivern-Pomar  1970) in order 10 confirm the
natore and arrmngement of the material within
the Might and datk zones. Hitherto these
studies seem to indicate that both have a mic-



rocrystalline constrtutlon. We bebieve that dif
ferences in density between the otolith centre
and perfphery may be due to thefr uncqual
content of calclum salte
Concerning the genests of the otolhths, VI
strup (1951) in the shark indicates that they
are formed wathin the epithclial cells of the
endolymphatic 1ac, and migrate postenorly to
the lumen. De Vincentiis & Marmo (1966)
supgested that otolith development m the chick
takes place In two stages: 1) An initial phase
charactenzed by foemation of the organic

Ulvaxtnucture of otoliths of the macula utricdi 7
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trix which cousists of potysaccharides
and proteins (thes mathix b secreted In certam
moct of the membranous [labgrinth endo-
lymphatic sac and macolar rooc) 2) a phase
of mincralization characterized by the deposl-
tion of cakium carbonate in the organic ma
trix” Recently Balsamo et al. (1969) in the
chick confirm the hypothesis of the active par
beipaton of the cndolymphatic sac in the mor
phogencsts of the otofiths. They ako claim
that these are formed by a foslon and accretion
procesy, and we src m agreement with them
about this last possibility

However the apparent marphological ien-
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SUBMICROSCOPIC STUDIES OF THE ROUND WINDOW MEMBRANE

T L. Richardson, E, Ishryama and E. W Keels

From the Otologice! Research Laborwories Praskyierian-University of Pexasy trania
Philsdeiphia, Pean., USA

(Received Angust 19 1970)

The exact function of the round window is
still an area of debate. It o generally accepted
that the roand window membrane scts &5 a
felesse mechantsm for the flind pressure that
s crested by the imward movement of the
stapes in the oval window during sound stimo-

lagon. Sellers (1961) presents evidence sggest
ing that the round window membemne might
function as an alternate pathway for the ep-
trance of sound waves to the cochlea, cspecr
ally for higher tones. Anlan (1969) I order
to create a model for Menkres Syndrome,
demonstrated the semipermeability of the
round window membrane to perflymph by
placing & NaCl crystal on the outer surface of
the membrane, He obsctved an outflow of
floid.

The suthors wished to investigate the possi-
bility that the round window membrane might
have a secretory and/oc absorptive function in
addition to having a mechanical fonction.
Though the position, shape and development
of the round wmdow have beca quite socu
rately described by Bast & Amson (1952), to
our knowledge, this Is the first complets study
of the ultrastructure of the round window
membrane. Accordmgly ths stody was under
taken to examine m detail the ultrasiructore of
the round window membrans and to corrclate
morphologic findings with functional possdbil
ithex. This will also scrve sy & bashs for a later
study of the mode of repafr of this membrane
following infary

MATERIAL AND METHODS
The guleea pigs (300400 g) used In this stody
were ap d following t
with ether The ballse were raprdly removed
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and opened to expose the round window mem-
brane. The preparation was then placed in cold
glutaraldehyde solution (5% glutaraldehyds in
01 M phosphate buffer pH 7.35) While in
this fixative solution, most of the bone sar
rounding the round window membrane was
dissected awzy and the intact round window
membrane with o small ring of bone to which
it was attached was isolated.

As a preparation for electron and phase
contrast microscopy the specimens were re
frigerated for 2 hours in cold, fresh glutaralde
hyde solution, followed by a 2 hour post fixa-
tion with Palade’s fixative (1952) (1% osmmlum
tetroxide buffered with acetate veronal buffer)
The specimens were then dehydrated in a se
rles of ethyl alcohol solutiom and embedded
in epon using Lufts procedure (1961) Using
a Sorvall Porter Blum MT 2 ultramicrotome,
sections were cut perpendicular to the plane of
the membrane and stained with toluidine blue
for phase coatrast examination, Ultrathin sec
toas erere then cut and stained with uranyl
acetnte and lead hydroxide and examined with

Teolco JEM 7 electron microscope at 80 KV

order to study the distribation of collapen

W elastin In the round window membrane,
“wmens were fixed with 10% fermalin, em
bedded in paraffin, scctioned on o sliding mic
rotome (10 «— 15 g thick) stalned with Ver
boeff's clastic tissuc stain, and counterstained
in Van Gleson solution (McMarmus & Mowry
1960)

RESULTS AND DISCUSSION

The round window membrano has a stratified
appearnnce and can be differentiated into three
Iayers (1) an external layer which borders the
tympapic cavity and 1s compoased of one to two
layers of cells, (2) an nteroal layer which is
bathed In the perilymph of the scaln tympand
and it onc cell In thickness with extremely long
cytoplasmmic foldmg, and (3) a middle layer
consisting of comncctive tstue, interspersed
with blood vessels. The electron micrograph
in Fig. 1 [llostrates & crost section of the
round window membrane from a central por
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tion. In this region the round window mem.
brane is relatively thin, approximately 8 to 10
4 In thickness and increases to more than 70 g
at the periphery

Tvmpankc Cavity Laver

The epithelum faclng the tympanic cavity i
the peripheral portion of the membrane (Fig.
2) is distinguished by two types of cells, osmo-
phillc (cells with darkly stalned eytoplasm) and
osmophoble (cells with Tighter cytoplysm) In
some portions, this layer ks ooly one cell thick
and 1n other parts teo cells thick (varying from
S to 10 p) (Fig. 2 A, B) The cputhelrum b
separated from the underlying connective layer
by a2 basal lamina (basement membrane) The
cells that make up the cpithelium are squa-
mous with their Jong axis parallel to the men-
brane s surface. In the portions that are one
cell thick, osmiophilic cells line the free surfxe
ond are odjacent to ons another while the o5
muophoblc cells lie beneath them (Fig 2B)
As one proceeds along the membrane from the
peripheral portion to the thinner more central
poction, the epatheltum is made up of only one
layer of extremely eloagated osmiophilc celis.
The epithefhum in this region is only 05 &
in thickness. In Fig 2B the sbundance of
mitochondria and ribosomes in the extensvely
folded cytoplasm of the csmiophilc cells B
evident. The nuclel of these cdls are quite it
regular in shape with crypts of cytoplasm.

The osmfophobic cells of the tympank cav
ity layer are shown in Fig. 2 A, C. Both m-
tochondria and rough-surfaced  endoplasms
reticulum are present, and the nuclews ks kst
uregalar 1 shape than the nucler of the sar
rounding osmiophilic cells. The remnant of 2
kindocilia should be noted. The cell boundaries
between the cpithelinl cells ore not smooth,
but rather contalns numerous finger-like folds
Occasionally a third type of cell was obscrved
resting on the basal lumina (Fig 2 A) Tho
cell is osmiophoble and trrangularly shaped
It has a smooth, spherical nucleus, rongh endo-
plasmic reticul but few chondria

A characteristic common to both the o5
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pear to be resting on top of the free surface of

at

portions of the cell eurface were found to be
coated an amorphous substancs (Fig.
3A) A amilar finding on the tympanic cavity
suriace of the tympenic membrune has been
repocted by Johnson et al. (1968) They sug-
gested that the substance might be a layer of
mucus produced by the middle ear

of the tympanic camity mde and are pscked

the cells. The of the squa-
mous cclls can be wen protreding into the
space between the goblet cefl and the epthelial
surface. It seems that the goblet cells are not &
varlant form of the squamous cells of the tym-
pamc cavity layer but rather a distinct cell

The other type of sccretory cell, the dark
gronulated cell (Fip 5) fs also found most
commonly at the periphery of the membrane,
though they are occasionally also fourd more
centrally The cell shape and position B like
that of the squamous cpithelfum, and it seems
that the dark granulated cell & a modified
tquamous ccll, containing many emafl, dark,
sphencal granules. A polgi wpparatus s usoally
present, and the mrcrovilli that I the surface
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The tympanic cavity layer of the roand win-  the round window membrans and the middle
dow membrane has been described light mic  car mucosa should be expected. Lim et al
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(1967) found the middle ear mucosa covenng
the tympanc bulla In the gulnea pig to be

1 baslcalt
Y q 3

cells are very similar to the osmrophilic cells
& the dark grasulated cells that make up the
tympenic cavity layer of the roand window
membrane. Lim et al,, bowever did not repot
finding amy goblet cells In the epithelium lining
the bulls, though they did find goblet cells in
the epithelium of the Enstschian tube Homsl &
Lim (1969) histochemscally classificd the dark
framnlated cefls of the middle car mucose as
xrous (noo-mocows) snd the goblet cells as
scroarocons. It was their opinion that the dark
gramlated cefls probably aro distinet cells, pot
4 precarsor of the goblet cells.

The sriking similarities to the middle car
MIOCosa suggesty that the tympanic cavity epd-
thellom of the roand window membranc func
tom in confunction with the middle ear mu-

c
oy

:; 7 r_\)& o
G P et s

cosa and is prod
into the cavity layer

and i

14

Scala Tympardc Layer

The cpitbelium on the scala tympani side of
the round window membrame which is bathed
In perilymph, is made up of onc layer of os-
mophilic cells (Fig. 6) and 3 approxmately
2 10 4 p thiek Theso cells are extremely clon-
gawd, as are therr nuclel, with the cells long
axis poralel to the membrancs surface. The
cell membrane and moclear surfaces are rather
smooth. The cytoplaxm of theso cells 1 in the
form of nnmerous long thin layess abundant
in endoplssmic reticelum. Aho, a golgt apps
ratus 3 often vitble. The msert in Fig. 6 B
shows a Knocilia found in an active ccll of the
scala tympanic Leyer

At the more peripheral portions of the mem-
brane capillaries aro scen resting oa the free
surface of the scala tympanic layer (Fig. 7)
The capillancs appear to be beld in place by a
very thin cytoplasmic layer (from the cclls of

—
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TC

Fig 3 (A) Microvili (Af ) ttat liwe the tympanic found at the function of two cells. Noto the hreguisr
cavhy surface of the roond window membrane. The border between the celly R, ribosomer; TC tympanic
wrrow indicates the sadephous sabstsncs which costs  cavity

the surface: (B) Enlargement of the microvilll (Af )

Fig 5 P of & dark cell on tiste layer below the secretory cell BL.
the tympunic cavhy srfaco of the roond window bam! lamine, CF collagen flber; G golgl appar™
membrane. Noto the vesicles cell of the tmsAf microvilll SO secrssory granules.
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Fig 4 Portion of pbhlc:ﬂrm.ln:mthemrﬁa cell and the ouniophllic cefls. B, bun! hmim, G
of the tympamke cavity laye of the round window golgi pparatms, Af  microvill, TC tympanic arhy
umbrane. Note the scparation betwwen the goblet
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6§ A a kinocilia (K) with 2 centriole (C) found
in one soch cell. I grantles (G ) are vhibk
m Flig. 6 B CF collagen fbers EF clastic fibers,
N

small, extremely dark particles (Flg. 6B)
This form is very similar to the alpha form of
glycogen (Faweett, 1966), commoaly found in
the cells of the mammalian liver Lead hydroxi-
de which was used in our preparations,



which is thus secreted into the perllymph. In
additlon, the lang dlender layered cytoplasm
and the thinnews of the scala tympanic layer
itselt wonld greatly facilitate absorption and
secretion.

Middle Connective Tlsnwe Layer
Between the outer and inner surfaces of the
Tomd window membeane s a wde layer of
connective tissue which mereases in size as it
moves from the ceater to the periphery of the

1-70389

rough endoplasm 1 irochoad
end ocextionally a goigi complex. Often fibro-
blast cells can be seen in direct contact with

sue, usually very near the basal lamina of the
tympanc cavity layer in the peripberal re-
goor. The capillary shown in Fig. 9 A is quite
largo relative to the srrrounding cells and i
separated from the osmiophilic cells abore &
by only & very smll area of counectivo thaue,
but tt I not in dircet contact with the cells.
This is in coatrast to the capillades of the
scala tympanic side of the round window mem-

Acta Otolermg 1
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M N
sutoonding the capliary and onderiylty  lumen of apiiary TC tymmme cavity
the cemioghlllc cells wre cearty virlbie. (B) An arcn
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brane winch lie entirely outside the connective
layer on the free surface of the scala tympankc
Unmyelinated nerve fibers have
obterved in closc proximity to the capll-
nshowninFlig. 9B
The distributton of collagen fibers and elas-
tic fibers can be secen clearly In Figx. 1 8
The elmtic fibers appear to be mniformly dn-
tributed throughout the comnective thune layer
for the entire length of the round window
membrane This Is contrary to the histochemi-
cal findings of Hardy (1963) which Indicated
that clastic fibers were found only in the thin
central partion of the round window mem
beane mostly under the epithella. Collagen f
bers are arranged radially and are quite eventy
distributed throughout the connective tissue
lryer except at the peripbery of the round
window membrane where they tend to be more
greatly trated on the tympanc cavity
gide. These findings were coofirmed by the
anthoes histochemically using Verhoefls ela-
te tissne stain combined with Van Giesons

Acta Osoleryng 71

solutio. The radial arrangement of collagen
fibers, together with the presence of elmstec fi-
bers, gives the ronnd window membrane its
necessary strength and flexibility

In conclusion, the epithelia of the round
window membrane bordering the tympank
cavity and the scala tympani both appear to be
metabolically active, The authors, based upon
electron mkroscopkc observations, suggest tho
round window membrane may be bifunctional,
not merely a membrans to prohibit the cscape
of flud and dusipate fluid movement, but may
also be capable of secretion and/or absorp-
ton.
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QUANTITATIVE ANALYSIS OF ACID MUCOPOLYSACCHARIDES IN
THE NORMAL AND hANAMYCIN INTOXICATED COCHLEA

H. Saito? and J F Daly

From the Department of Otolaryngolory New Yordk Untrerdiy School of Medicine
New York AY USA

(Recebred Awgust 7 1970)

Abyrect  Quantitathe ambyshs of acd mocopoly
saccharides in the kanamyein

mucopolysaccharides and it effect an the inper ear
function were discussed.

1953 Belanger reported finding several sul-
compounds in the tectormal membrane,
‘Hrtbtnthmhasbcmugxeatlmcrm
thown I the rols of mucopolysaccharides
(MPS) m the heanng process (Dohlman, 1960~
Vabstrop & Jemsen, 1961) The finding of deaf
213 as & frequent symptom in mucopolysac
charidoses has further stimulated interest m
ther identification and measurement (Turato,
1960 Schubert & Hamerman, 1968 Salto &
Daly 1970) The present sidy is designed to
compare the quantty of MPS in normal
cochleae and in the cochiea of kammyein -
toxicated puinea pigs.

METHOD

The difficuttics of quantitatively measmmng the
amount of acd mucopoltysaccharides (AMPS)
This research wat mpported by PHS gramts NBO183
and NBQ 484

Present addresc The Department of Otolaryngology
kyoto Purisa Unhenidty of Medxine hyoto. Japan.
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in the tectoral membrane and the basal mem-
brane were doe to the small amount of ma-
tenals avallable for the sssay and the rmnute
amount of AMPS contained m these tissocs.
In order to get sufficient amount of tssve the
stma vascolarn with the spiral ligament were
selected for the first quanntative comparison.
To make the assay in other parts of the cochlea,
tissues from several anlmals were collected and
their mean values were determined.

Preperation of Animals

Eighty colored guinca pigs with a normal pinna
reflex, welghing between 250 and 350 gm were
wsed, These were divided into two groups.

(0) Twenty were med for the quanuitative
comparison of total AMPS in the stria vascu-
larts with the spiral ligament, between pormal
and kanpamycin intoxication. Fight were used
for contral, twelve for kamamycin,

(b) Sixty were used for the detafled amalyns
of AMPS in kanamyem intoxication.

Kanamycin fntoricaton was produced by
subcutaneous injection of 400 mg of kapamycin
sulfate (potency 770 pg/mg supplied by Bos-
tol Laboratonies, Syracuse, NY) per kg of
body weight daily (except weekends) for 10
days. Duning the course of injection, 4 ont of
72 ammak died. On the day following the last
jection, ammals were sacrificed by cervical
dsslocation.



Andlysis of mucopolysaccharides in the cochles 23

Preparation of Tissues
The temporal bones were kept In peutral 10%
formalin at room temperature from 1 to 4
days. Dissection was made in absciute akcohol
under a stereoscopsc microscope without stain-
mg. From group (a) ooly the stda vascularh
with the sparal bgament was collected in scc
tonc. They were divided Into five small groups
for five measurements of both control animals
and those recelving kanamydn, The kanamyem
membranous cochkea of group (b) were divided
into three parts, (1) the stria vascularis with
the spiral ligament, (2) the tectorial membrame,
and (3) the basal membranc with the organ of

with the spiral Lhgament was divided into two
Eroups.

Measurement of Dry Weight
A quartz belical balance (Microchemical Spec
inlifles Compamy) whose semsitlvity was 12.7
#g per 1 mm deviation was used, After drying
in & desiccator for over 3 days, dry weight of
the titsucs was meesnred. The mean valoe of
each dned tissue per cochlea of group (b) was
meagared to compare with that of the pormal

fincd techmquoe. Blank tests through the whole
procedure always showed under 005 O.D
However the blank tube and the recovery test
tube ining 100 xg of choondroitin snlfate
A (ChS-A) throughout the procedure were al-
ways prepared to check the technical faflure
and to comrect the blank.
Kamamycin sulfate showed no turtudity at a
concentration from 1% to 001% The oaly
important interferng substance was deoxyr+
bonucleic acid (DNA), which showed about
92*% of turbldity compared with ChS-A a3
100%

Enzymic Analysis
of Acid Mucopolysaccharides
Enzymes employed in this experiment were de
axyribonuclease (DNmsc) and testicular hya!
uromdase (HA23c) The detailed procedure was
the same employed previomly (Sato & Daly
1970) The total amount of genuine AMPS,
HAxse digestive AMPS and HAmseresstant
AMPS was obmined from enzymic analysis.

RESULTS
1 Dry welght of the kamamycin-intoxicated

Extraction of Acid Mucopolysaccharid
{AMPS) from Tissue
The procedure was essenually the same as that
described previoudy (Salto & Daly 1970) The
precipltate,

(PH 6.0) from 0.5 to 2.0 ml acrocding to the
emount. This solutlon, centrifuped if necessary
wis wed for turbhwdbmetric measmrement of
AMPS

Measurement of Acid Mucopolysaccharides
Tbemedndwullrunxudntrcpoﬂaipn-
'hnly(Smn&Dﬂy 1970)

Maximum sensitovity was 1 g#g/ml oc 0.5 sg
per 0.5 mL Recovery tests showed 95 4+2.0%
(meantstandard devistion of 10 determina-
bom) recovered with a fine pipette and a re-

me cochlea

The mean valoe of dry weight of the kana

¥ ous  cochlea of
group (b) was obtained to compare with that
of normal (Salto & Daly 1970). The results
showed that the tectocial membrane per cochlea
weighed 4 4 uy; the basal membrane with the
organ of Corti and limbas sprafis 59 4 xg and
the stda vasculanis with the spiral Hgament
2300 pg. Tho total DW per oos kanamycin
intoxicated membranom cochlea wes 293 8 ug,
while that of pormal was 2939 Resners
membrane wes g0 light that it was comidered
10 be incloded within the range of crror (Salto
& Daly 1970) No change In weight was ob-
scrved at this dossge (400 mg/kg of body
weight for 10 days). The details are shown fn
Table L
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2. Quantitative analysis of add mucopolysac-
charides in kanamycin-intoxicated membranows
cochlea and its comparisor with normal

The total amount of AMPS m the stris vas-
culans with the spiml higament of normal xnd
Ianamyan-intoxicated from group (a) was ob-
tnined  after decompaosition of DNA  with
DNase. The normal contained 0.51+008%
(mean:tstandard deviation) AMPS per dry
weight, while kanamyan Intoxication contalned
031+004% (Table II)

A ¢ test showed 5 03 with 8 degrees of freo-
dom which i atmost at the 0 1% Jevel of sig-
nificance Thus 1t becomes evident that the dif
ference Is stathncally significant  therefore, the
decrease of AMPS in the stria vascularis and
spiral ligament due to kapamycin intoxication
13 highly significant.

The analysis of kanamycin mtoxication from
group (b) showed that the tectorial membrane
contaimed 015% AMPS per dry weight, the
basal membrane with the ocgan of Coril and
lmnbus spiralls 043% and the stria vasculars
with the spiml liggment 039% All of the
percentapges arc the mean of 116 cochleae
Further enzymic analysis of the tectonal mem-

ne was not possible due to the small amount.
jever the decomposition of DNA was not
ssary since it had no cell

arato 1962) Details are shown In Table I

Table 1. Comparison of dry neight of the mem-
branous cochlea of normal and kanamycin-intoxi-

cated guinea pig (body neight from 250 to 350 gm)

D W
Cochles  Cochlen
Past of cocliea Condston &) ()
Tectorial Normal 450 46
roeenbrane Kapaoyem e 44
Basal membraoe Nocroal 418 603
with argan of Kammyas 116 54
Cortl and Hmbus
spinl
Strla vascolarls with  Noemal 2300
spinal Agament Kenxmycts 116 0.0
Norrnal 450 3.9
Kananmycm 116 .38

Table [I. Quantitatice comparison of acid muco-
polpsaccharides in the stria rascudariy with the
splral ligament between normal (N) ond kane-
miyein intoxication (KAL)

AMPS
Masngement D W extracted
no, ) [} "
NI 7511 4.3 0.6
N2 T69.6 s 046
N3 10020 is 055
N4 7531 30 040
N3 7537 41 (&3]
MeantSD 051+008
KM1 5728 30 031
KM2 961 4 23 026
KM o4 30 [:5 o]
KM4 1@ s 037
KM3S 9728 31 02
Mean+8D 0311004

In the normal, the tectorlal membrane con-
tained 0 11% AMPS per dry welght (mean of
480 cochlesc), the basal membrane with the
organ of Cortt and hmbus spiralis 0 49 % (mean
of 356}, and the strla vasculans wath the spiral
Lgament 0 61 % (mean of 291) (Saito & Daly
1970)

Fig 1 shows the comparison of the mean
content of AMPS in the membranous cochlea
between normal and kepamycn fntoxication
of group (b)

The change of total AMPS in the stria vas-
cularn with the spural Ligament fs highly sig-
niflcant as described above. Most of the de-
creased AMPS 1n this part scems to be HAase
digestive AMPS such as hyaluroale acd, ChS-A
or ChS-C. It iy also suggested that the changes
of AMPS In the other parts are not as large
as the stria vascularis and the spiral Ligament

DISCUSSION

It has been reported by Higgmbotham (1958)
and Mora ct al. (1959) thot AMPS in connec
tve thyoe or anionc derivatives of synthetic
polyglucoses reduced tanclty of cationic macro-
molecules, such as polymyrm B streptomycin
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Table 111 Analysis of each part of the k cin intocicated b cochlea
Banal
with organ of Stra vascularis
Textordal Corts and with
Thwucs mamnbrane Mrabus spirals spiral Ilgrment
Tol DW 3093 68923 nsme 15096.3
(1)
CTAB-compict os 36 464 ne
)
AMPS (e a3 86 408 632
( /DW) .15 (0.43) ©3N ©.42)
HAswe digest, - 200 08 32
( [AMPS) n sn )
HAxso resist. - 96 00 X4
{ JAMPS) o) “9) “9
DNA () — 40 36 104
( /DW) ©06) {0.03) @an

or kanamyern. The formation of drug-muco-
polysacchanide and ity digestl

tion. This sugpested that ksnamycin did not

were suggested (Higginbotham  1958)

On the other hand, the reaction between
001% Xanamycla solution and 0 01% ChS-A
wiution or the solotion extracted from the
#na vascularis with the spiral Igament in vitro
thowed no effect upon the complex formation
with CTAB-LI reagent up to 24 hours incuba

O\
1

|3

gr T

ne T T
N KM N L K
SV+SL BHCHLS ™

directly d posc AMPS, and that AMPS
reacted more stroogly with CTAB than with
kamamydn.

Saito (1967) has studied the emrymw sy~
thenis of ChS in the guinca pig cochlea bsmp
& mdionotope. According to that repost, the
activation of solfate, that b, PAPS (3 -phos-
phoad 5 -phosphonulfate)  synthesizmg
enzymic actlvity was decreased m kanamycin
intoxication It bas been reported by Haba &
Holtzer (1965) that poromycin ako inhibis
synthess of ChS coupled with that of protem.
Therefore, the decrease of AMPS in the
present stody was coandered to be due to two
factors. Fint b the formation of drug-muoco-
polysaccharide complexes and its digeshon by
fibroblasts. Second 15 an inhibition of synthetic
process of AMPS coupled with that of pro-
tein, smee both kanammycin and puromycin are
inhibitors of proteln synthests.
Miscbeck & Schitzic (1964) have histo-
chemically ivestigated the behavior of the

in the lanbus spiraks, after dilydrostreptoarycin
pouon was reported, whils a tetracyclin potson-
ing slightly lowered the reaction only in the
[mbus. The decresse of HAase digestive AMPS

Acte Oroleryng 71
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2. Quantitatrve analyns of acld mucopolysac
charldes in karantycin-intoxicated membranous
cochlea and its companson with narmal

The total amount of AMPS in the stria vas-
cularls with the spiral hgament of normal and
kanamyan mtoxicated from group (a) was ob-
tained  after decomposiion of DNA with
DNase. The normal contmned 0.513008%
(meantstondard deviation) AMPS per dry
weight, while kanamycin intaxication contained
0311£004% (Table I}

A r-test showed 5 03 with 8 degrees of free
dom winch is almost at the 0 1% Jevel of ug-
nificance. Thus jt becomes evident that the dif
ference Is statistically significant, therefore, the
decrense of AMPS in the siria vasculars and
spiral ligament due to kanamycm intoxweation
Is highly significant,

The analysis of kenamycem intoxication from
group (b) showed that the tectonal membrane
contalped 015% AMPS per dry weight, the
basal membrane mth the organ of Corti and
limbus spiralis 043% and tho stria vasculans
with the spiral ligament 0.39% All of the
percentages are the mean of 116 cochlesc.
Further enzymic analyns of the tectorlal mem-

an¢ was pot potsible due to the small amount.,

yever the decomposition of DNA was pot
cessary since it had po cell component
furato 1962) Detalls are shown in Table TIL

Table 1 Comparison of dry weight of the mem-
branous cochlea of mormal and kanamiyctn-intoxi-
cated gutnea plg (body weight from 250 to 350 gm)

D W
Cochiea  Cochlen
Part of cochlea Condtion  (x) )
Tectoriml Normal 450 46
Kammycin 1s 44
Basal membrane Normal 417 603
with organ of Ksmmyem 116 54
Corti and Bmbus
spirals
Strie vascularh with  Normal 407 200
116 300
Total membranows  Normal 450 219
cochles Kanamycmn 116 238
Acta Otoloyng 71

Table Il Quantitative comparison of acld muco-
polysaccharides in the sirla casadaris with the
spiral ligament between mormal (N) and kana-
myein tntoxication (KAL)

AMPS
Measurement D W extracted
no. [ ) 3
NI 7331 45 060
N2 TE3 6 33 0.46
Nl 10020 55 Qss
Né 7531 0 0.40
N3 7587 41 054
Mean+38.D 0511008
KM1 9718 0 a3l
KM2 961 4 026
KM3 954 4 10 030
XM4 1an4 s 037
KEMS 9723 1 032
MeantS.D 0313004

In the normal, the tectodal membrans con
tained 0 11% AMPS per dry weight (mean of
480 hleae) the basal with the
orgn of Corti and Iimbus spiralis 0 49% (mean
of 356), and the stria vasculars with the spiral
Nigament 0 61% (mean of 291) (Sato & Daly
1970).

Fig. 1 shows the comparison of the mean
content of AMPS In the membranous cochlea
between pormal and kanamycm intoxication
of group (b)

The change of total AMPS in the stna vas
cularis with the spiral hgement is highly sig-
nificant as described above Most of the de-
creased AMPS in this part scems to be HAase
digestive AMPS such ay hynluronic acid ChS-A
or ChS-C. It is also suggested that the changes
of AMPS in the other parts are not as large
= the stnis vasculads and the spirl lgament.

DISCUSSION

It has been reported by Higginbotham (1958)
and Mora et al. (1959) that AMPS in connec
tve tmwue or anionkc derivatives of synthetic
polyglucoses redoced toxicity of catianic macro-
molecules, such as polymyxm B, streptomycin
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Abetrmct The parpose of this work was to provide

more bky f
Rehmer' membrane. Examinatiom were caried out
chemical componndy labeiled with radiobo-

molecules wer med NaCl, hQL,
NaHPFO NaSO albomin and col-
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Current sclentific methods have pot as yet ex
plained completely the function of Relssner's
membrane. Tho purposo of this work is to ex
aming and determine the permeability of this
membrane foc some particles present in laby

Meyer Mygind citing Rauch (1964), Altmann
& Waltner (1947) Lawrence et al. (1961)
Naftlin & Harrieon (1958} Meyer zum Got
tesberge et al (1963) Rauch et al. (1963)

Rauch (1966) Pretma (19694, b) However
the results of electropt gical inations
npheld the opinion that Rejssner's membranc
s pot parmeable Dawes (1957 1958) Tweaki
& Spyropoulos {1959) Vesteen (1961) and

others consfder the membranc to be completely
mpermeable
Respirometric investigations carried out by
Chou (1963) showed remarkabls consumption
of oxygen by this tusue. Kawata & Hayatn
(1966) found phospharylases in 1t, which most
probable » not found in the vascular stripe.
Autoradiographk examination of Reiwsners
membrane showed cnergetic incorpocation of
leucine (Plester 1960 Meyer zum Gotteaberge
& Plester  1961) Investigations of Rewch &
KBsthn (1962) Ranch et al (1963) Rauch
(1966) showed that thero was an exchange of
sodlum and potexsium between the scla vest
buli and the scala medra They proved that the
jons penetrate Refsaner's membrano after inter
diction of the blood circulation. Wandering of
sodhum and potnssirm jons docs Dot prove that
the membeane it imvolved In the process of
compoaent exchange between the perilymph of
the scala vestibull and endolymph.

igations of other molecules penetrat
ing of Reissper’s membrane could to_
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tent provide more mformation concerning the
function and biologieal propertics of this part
of membranous labynnth,

MATERIAL AND METHODS

Seventy-seven male and female white gninea
pips, weighmg 150-250 g were used In the ex
riments. The animals were divided into eight
ps. In each group the animals were given

_, substance at equal time intervals (always 4
m)toexlminehxpencmuonuflhcmcm
brone. The behaviour of the following eight

0 0

ds and mob
KCl (h-42) NaCl (Na-24) NaHCO, (C 14),
No,HPO (P 32) Na,SO, (§-35) NaJ (J 131)
albumin (J 131) collosdal gold (Au 198)

The animals werc decapitated without pre-
medrcation. The bone case together with the
temporal bone were then separated. The re-
veakd labyrmth wos placed in the miroms-
nipulator Dunng the experiment the tempera-
ture of the Jabynnth was mamntalned at 37 C.
The stapes was moved aside to make the scala
vestibult gccessible. This step was made with
help of stereoscopic microscope PZO MST

w,rm“ Se |

gh

Fix 2 Tbe baalla membrane af

brane B.S apirlh omecs.



V.

130. A callbrated capillary filled wath labelled
solution of the compound was Introduced into
the gap between the stapes edge and penos-

The volume of the Bsotope thus given was a
constant 1 ul. The tme from the moment of m-
trodocing the bsotope to the moment of takmg
sxmples was d and m the

obscrvatioms  concerning  permeability  were
made. A thn steel peedie was used to remove
the bone of tho basal turn covering the scala
tympanl. Then the whole perilymph was r©

Permeabllity of Retssner s membrane 29

Fg 3 Tekng ampicas of eodo-

lymph Q. BP bmilar mem-
| brme X cpieny MP pume

2w of dar besiler memiaase.

moved and the basilar membranc carefully
dried (Fig. 2)

About 10 sec later a sample of endolymph
was taken (Fig. 3) Endolymph was sampled as
deseribed by Aldred et al. (1940) Several sec
oads later a sample perilymph m the scala ves-
%uﬂmuphnmdthmghthccvulopm}ng
(Fig. 4) Quentlties of tbe codolymp! 4

varied, e, 00504 ul Rdsmcr‘tmvmbﬂnc
Wast carefully controlled after taking samples to
Ascertmn possible damage. The activity was
measured by Gelger-Miller counter with elec
tronkc recast type LL 1
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3 ﬁﬁ oy P
L A L L e ST
Fir 5 Gnphial presentation of the endolymph
rehative actreity when ¢xamining penetration of par
thicuhar compounds.

RESULTS

Estimation of permeabllity was based on the
relatree activity of compound on the both sides
of Rebssners membrane. Assuming perilymph
activity in the scala vestiboli to be 100% ono
could estimate endolymph activity in the scala
media as a pereent age magnitude thereod.
Quantities of potnssium K42 found in the
odolymph  were  greatest (36 6120 8%)
nuties of sodmm were nearly the same
$1202%) Significant standard devia
’s dud not allow a determining of the differ
ences 1 the contents of the endolymph tracers,
The quantity of iodine m the endolymph was
three tmes smaller than the quantity of sodium
and potassiom, J 131 (12413 46%) Blear
bonate C 14 had a similar actrvity in the endo-
lymph to lodme (11 6£4 6%) The quantity of
phosphorus was moch smaller (16531 95%)
Samples in which phosphorus was estimated
showed remarkable differences still Iess activ

ity was found in the endolymph contzinmg
sulpbur §-35 (07+017%) When
the permesbility of albumin Iabelled ¥ 131 the
vestigial asctivity of the clement was defer
mined in the endolymph (00510 13%) Cd-
loidal gold was not found m the endolymph of
any of the ears

The small number of measurements in par
ticular proups does not allow statistrcal estl-
matlon of differences In contents of particnlar
compounds In the endolymph. The peritymph
activity of the scala tympani had different va-
ves in each group The differences did pot
shosr any potceable regulanty

DISCUSSION

The purpose of this study was to examine tho
behaviour of chemical compounds preseat in
the labyrinthine fluds. Relative concentra-
tions on both skies of Reissner’s membrane
with identical time mtervals and a comparbkon
of the permeabillty of different substances
through the examined membrane were the ba-
st for the estimation of permeability

The mvestigation was carried oat on isolated
cars 50 a3 to exclude transpoct of molecules by
the blood stream. Migration of molecules be
tween the seala vestibuli and the cochlear doct
should be considered as the result of transport
mainly via Relsoer’s membrane The disad-
vantage of isolating the labyrmth b the dif
ficulty in estimating its function in vivo

To draw conclusions besed on the resulis
obtained from the isolated organ fs rsky It Is
generally known that fsolation of an organ
from the organkm cvokes many different

Table 1 Numericol presentation of the endolymph 1elative actlpity nhen examining the pentetration of

particular compoknds

Investigation
partce

xa NaCy Ny M HCO,

1241346

1646

w6118
T sala 125+202
Modia, %
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Au
Ns,HPO Na, 50 Albomin (coftoldal

165t193 aos1+0.13

a7t017



changes from both physlological and bloche
mical paints of view Yet pot all life functions
come to a standstill during the few minutes
after killmg an antmal.

Accordng to Winnlkow & Titowa (1961)
the labyrimb maintalns most of its life activi-
ties cven an hour after decapitation. Menno et
al. (1965) have demonstrated a remarkable tol-
erance of the Inner ear to changes in tempera-
tore with respect to the gencration of micro-
phoaic potential. Other suthors think that life
functions of the ear dic simultanconsly with
the decreass in body temperature (Gulch &
Cutt, 1962) Wever ct al. (1941) observed a
distipet decrease of micropbonk respontes af
ter the animal's death, winch pevertheless per
shited for several hours. The author sugpests
that the functlon of the hair cells m ndepend-
ent of the oxygen supply (Wever ct al., 1949)
Gubck s opinion (1958) #s more cantous and
be does not correlate the changes in function
of the har cells with moderate Insufficzency of
oxygen.

On the other hand Periman ct al (1959)
thmk that the ear is strctly dependent on oxy
o eapply It b therefore difficult to form
sn adamant opinjon concernlng the changes
In life functioms of the fsolated labyrmth when
different athors have such different opinions.

Hitherto, few papers have been published
dealmg with the problem (Reuch et al. 1963
Iberg & Imsmura, 1966 Pratma, 1969 ab)

theoretically In papers concerning the physio-
logy of labynunthine fluid (Almann & Waltner
1947 Choo & Tabowitz, 1964 1965 Citron
& Exley 1957 Citroa et al, 1956 Kirkaz et
il, 1961 Lawrence et al, 1961 Nafafin &
Harrmon, 1958 Riedy, 1951 Waltoer 1948)
The problem 1 treated and explained differ
ently by different aothory

Some authors think that there fs a strict coo-
nection between ear function and the perme
ability processes taking plsce in membranc
structures of the Iabyrinth (Mistaly et al,
1960) Others such as Lempert et al (1954)
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think that the labynnthine wall has no perme
ability at all Recent studies of Pratma
(1969a b) have proved that there s both active
and pasuve tramsport of umivalent {ons throngh
Relssner s membrane Comparnson of the re
sults of this work with the carber resalls of
Ranch & Kbfstlin (1962), Rauch (1964) Rauch
(1966) shows similtarity in sodinm and potas-
sium penetratson of Relssorer s membrape. But
#t was not possible to determine the quantts-
tve differences in sodlum and potmssiom ex
change. The distinct exchange of fodme found
between the perilymph of the scala vestibul
and the cochlea endolymph contradiets Mis-
rahy et al (1960) Inorganic phospharus and
bicarbonate compounds are compooents of
buffer combinabons 1n organisms. An attempt
to cstimate thelr ability to penetrate Ressners
membrane Is a further means of determining
the membrane 3 properties. Results concerning
bicarbonate transport are msufBcient to draw
really important concluslans. Undoubtedly the
process of oudation of glucose produces car
bon dioxide, which must be expelled somebow
There is no cvidence to deny that Reissner's
membrane 13 mvolved tn hicarbonate exchange
tince carbonke sckd anhydrase s found 1n pen-
lymph (Glcldanowski & Prastowski, 1965)
But the same level of bicarbonate in endo-
Iymph and perilymph suggests that the ex
change is somehow controlled. Bialkahi dibasic
orthophosphorns sodium thowed little ability
to penctrate It slso penetrates slowly across
other barriers (Krochmabia et al, 1966). It
may be suggested then that its penetration of
Refuner s membrane and capillary walls is
stmflar  Expermoents with inorganc suiphate
showed 1ts low penctration of Remssner’s mem-
brane. This shoukd be mecepted as one of the
general procemes taking place m Reissoer's
membrane. Belanger’s (1953)  investgatiom
showed that sulphatc takes part in metabolic
processes of the membranous labyrinth. Or
merod (1960) found that sulphato penctrates
from blood fnto the labyrinth flulds.
Measurements carried oat when labelled al-
bumin was given, provided interesting informa-

Amoanhry},]
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tion concerming the penetraton of Refssners
membrane. Analysis of the results suppests that
such penctration does not occur Slight activity
in some samples was, rather the result of free
10dme which Is always present in the labelled
albumin. In one case the value of O1% is
difficolt to cxplair. Relssners  membranc
seems 1o act Uke the capillary walls of the
labyrinth. Vesscls of the iancr ear even in
pathologleal condition, e.g. histarine shock,
do not show alb peneiration (Bakd: i
& Bonaccorst 1964) It might be thought that
other proteins with greater mokecular weight
than albumuin do not penetraic Remssner’s mem-
brane Experrments with colloidal gold showed
that thus is not so

The actvity of the perilymph of the scaln
tympani showed entirly different valoes.
However it may be explained by the direct
introduction of this compousd through the he
Ticotrema. Transport via this pathway showed
remarkable indrvidual differences.

Gentrally it may be sald that small molke
cules of inofgamce compounds penctrate Rems-
Dper’s membrane  whereas larger molecules,
uch as albumm, do not penctrate. Thrs state-

nt agrees with Coassolo (1956) who exam-

the permeability of the membranous semi-
rculnrwnﬂ.smdobﬁa‘vedlno(gnnk:nmﬂ
molecules.

The character of the presented permeability
of Rexssuer s membeano confirms the theory of
“thc radial flow” of the Iabyrinthinc fluids.
But to prove the theory it is necessary to carry
out further Investigations on the permeability
of Reissner’s membrane and other walls of the
membranous labyrinth in vive.

CONCLUSIONS

1 Small inorganic compounds penetrate
Ressner’s membrane of the isolated lnner

ecar

2. The penctration demonstrates remarkable
variations.

3 Albumin and colloidsl gold do not penc
trate across tho membrane

Acta Orolaryng 71
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UPTAKE OF RADIOACTIVE STRONTIUM (SR-85) IN AN INFLAMED
MASTOID PROCESS

R. A. HErmX, A. Rekonen and § O Suurkan
F om the Department 0f Otolaryagology Kwoplo Cemtral Hospital Kmopto Fimland
(Recelved Avgint 21 1970)

Abstrect Tho activity of Inflammation of the mastold

No reliable quanhtative method heas been found
50 far for evalmtion of the mflammatory ac
tivity fn a mastod process. The patfents sub-
fective symptoms, the sedimentation rate and
leucocytosts are the criteria usually employed.
X-ruy examination reveals the inflammatory
changes In the mastold air cell system, but it
s difficalt to form & clear idea of the activity
of the bflammaten m this way Nor b it
feasible to take samples a3 the inflammation is
intraosseow.

Bauer & Scoccanti (1961) observed the up-
take of redioactive stromtium In the reglon of
the inflammatory bony process m the spine,
Sr-85 was used by Kettunen & Rekonen (1968)
to follow the actvity of tuberculosls of the
booe. Thelr method wras based oo the similanty
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between the metabolkm of strontium and cal-
clum in the bones. A local Inflammatory pro-
cess in the bone of the mastoid process causes
local acceleratlon of the calelum metabollum
which can be measured externally with Sr-85
as tracer Hence 1t seems that the method can
be applied also to studymg the actinty of in-
flammation of the mastold process.

The purpose of our stody was to sscertain
(D —whether the Sr-B5 uptake increnses in in-
flammation of the mastoid process (i)—how
the intemity of the uptake depends of the
mature of the inflammatory process (@) —
whether the metbod Is of practical significance
for the diagnosis of the inflammatory mastold
process.

MATERIAL AND METHODS

The materml consisted of 23 patents with uni-
Interal otitls, Two paticnts had acute mastoid-
itls, the others had chronic otitls media or its
scquela. One patient also had chronic granolat
ing inflammaton in the anditory mestus and
chronic myringitls. Most of the patients with
chronic otitrs media or its after-conditron were
operated on after isotope stody At operation,
the conditions in the mastord process were
verifted grossly and microscopkally from tissne
specimens.

The coatrol matenal comprised 16 persons
with no ear discase An Sr-85 study was per



Table Y Growp I Sr-85 wptake 0-5%
Patient Age Sex
LYJ 12 3
P 8 & 13 3
3EM 3 ?
4L RP 2 é
S EK 45 ?
&P K @ a

L HP ] )

Uptake of rodioactive Sr-85 in a maxstold procers 35

Clinical condhtion,
X-ray exsmination Sargical Imdiogs
Chroaic serom STastic dran tube.
Norral mastold afr cell
sywem,
Chronk dachargiog car Sinple rmastoldectomy and
with central posterior mucos
mm perforation. in the mestold aic ceth
mxstokd alr et wus pormal. Some tickmed
o
thenot In the  tiic.
discharying ear
with birge mangoal The small mastold process
perforation. The messold
procoss very ecall and The few rexmining arr cels
coutamed thickened mocosa.
Cholerseatoma
ioao the entrom.
Dry car with marginal Radical
et The largn mestokd
perforation, and contained awr cells
with normal mocosa n &
farae mastold air cefl Drrted area the cells
systsm partly shatieod.
thwoe or exodate.
Chrodic ear with  scanty Radxal
The con-
contral pans tersa perfors- tained afr celhs with
toa. middie-sred norml mocoss. A few
musiold process nearly ccle
noroal, tion theeue.
mueous mernbrane rw ofled.
Dry our whh an eprtym-
m;fmhmm An attic cholesteatoma. The
process small i mettold poorty
o cratired proraratind, the oo
contalned
tomre,
discharging Radxcal
with large central I‘E"m
senta perforation. rrstold marttodd procom very
proces ammll and mall, scerote; the e
maxing kow cells contained
axudsto wnder pressare.
ar and
with large ceniral pars The antrom sod mesiokd
teosa perforation. ax cxlls werc Roed wich
‘mastold process of ey

{ormed on these patients for the diagnoms of life of the Sr-85 ks 65 days and its radlation

another omeons disease,

13 gamma radiation of 511 keV energy

Tho Botope used in the study was Sr-85 a3 In the majority of the cases the otope meas-
stroatium chlordde. The dose was 25 CY, ad-  uvrements wero made within 24 hours of jo-

tnt by

The half  jecting the tracer. For same patients the meas-
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UPTAKE OF RADIOACTIVE STRONTIUM (SR-85) IN AN INFLAMED
MASTOID PROCESS

R. A. HErmH, A, Rekonen and § O Sourkan
F om the Department of Otolaryngotogy Kuopio Cenmtral Hospita! Kwopl  Finland
{Received Aogest 21 1970)

Abstract, The activity of Inflamomtion of the mastold
prwmmnmmmdlndp-ﬁmnmlh:pthdph
that in tho same
rryncaldnmlnhzﬂamyprmu in the

with no inflami n:dmue‘Th:;ummnd-
Uon emitted by Sr45 in each process wes
measured comting. The resalts
for the disexsed ProcETIes Wetp

No relisble quantitative method has been found
so far for evaluation of the infl y ac
tinity in a mastold process. The patients sub-
jective symptoms, the sedimentation rate and
leucocytosis are the criteria wsually employed
X-may ! reveals the infl y
chrnges in the mastoid air cell system, but it
b difficult to form a clear idea of the activity
of the inflammation in this way Nor b 2
feasible to take samples as the inflammation s
Intracsscots.

Baoer & Scoctuanti (1961) observed the up-
take of radioactive strontium in the region of
the inflammatory bony process m the spine.
Sr-85 was used by Kettunen & Rekonen (1968)
to follow the activity of tnberculosis of the
‘bone, Their method was based on the shmlarity
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between the metabolism of strontium and b
clum in the bones. A local inflammatory pro-
cess m the bone of the mastold process cames
local scceleration of the calcium metabolism,
which can be measured externally with Sr-85
s tacer Henee 1t seems that the method can
be applied abo to studying the actvty of fn-
flammation of the mastold process.

The purpose of our study was to ascertain
(—whether the Sr-85 uptake increases n n
flammation of the mastord process (I)—how
the intensity of the uptake depends of the
mature of the inflammatory process (H)—
whether the method s of practical significance
far the diagnosis of the inflammatory mestosd

process.

MATERIAL AND METHODS

The material comisted of 23 patients with uni-
Interal otitis. Two patients had acute mastod-
ins, the others had chromc otitls media or 1ty
scquela. One patient ako had chronfc granulat
ing inflammation in the auditory meatus and
chrenic myrogits, Most of the patients with
chronte otiby media or ity after-condibon were
operated on after Botope study At operation,
the conditions in the mastodd process were
venfied grosly and micrascopically from thsuce
specimens

The control material comprised 16 persoas
with no car disesse, An Sr 85 stody was per



Uptake of radloactive Sr-85 in a mastold process
Table IIT Growp HI Sr-85 uptake 11-20%

S35 Clmical condition,
Pathent A Sex ) X-ray eoumination Surgical fhdieps
1HP 37 [ n Chronic discharging esr Radical mastosdectomy-
with central The masiokd cell system
perforaton. mastold o(niddhdz:,poo:&
procen of mriddie-sir The
led with granntaton
thwoe.
7 EN ] E} 1" Chronic discharging ear Radical mastoldectony
epitympunic per The mastold cell gystem
foration_ Mastold process of rather small sire,
wrafl and shatered. the cclis fdled with
andats and, or gramuls-
thon theeoe,
IMS 37 3 12 T Dischargs ceased under
wrth large, ceotral pars
s perforation. The The patsert refwncd mm
process shaticred
4 RT paj 16 Chroaic ar
with par tema The cells in the largo
perforahon and chole mastokd proces purtly
extending int the posurnatized, partly fuled
 mpamm. The large mattokd wih retained
m orgarized cxudate.
s VL 37 E} 16 Chroc: discharging ear Radxcal mestosdectomy-
with karps pars ke Limhed
perforation ) system filled whh
perforation with [y
. The Large atticountral
mastold procem af ruiddie
slze, doudy and sclerotic.
Table IV Growp IV Sr-85 uptake ocer 20
Sr-85  Chorca! candion,
FPabeot Ax Sex () X-ay emmmanoa Surgical findngs
1LR 2 L3 2 Chrome secretory mastosd- Sample
duth with mtact eer The martosd eclly coo-
drum. The mastokd axr taned serous fhnd and
el syssem large and pranulepon trwee.
dondy
RN 15 3 n Acwte mastokirts in Coosrvatres reatment,
Iarge mastond axr cell
synem.
LK 13 2 7 Acuic mastosditis m Comervatn  treatment
barge mastosd air cell
Sysieamn.

positive percentage if the nptake in the right  that tho mesanring crror duo to statistical variz
€ar was greater than the sccumulation m the  tion was less than 3%

kft one, and pegative in the contrary cawe The radistion load to the patient from the
So & symmetrical uptake was recorded a3 0 notope doscs sdmmmsiered was lem than 05
Per cent (Fig. 1) ad to the bones.

The counts d were of soch
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Table V Group V Sr-85 uptake greater om the opposite side

S35 (lizcal condition,

Patient Ap Sex () X-rxy caminanon Surgical fndings

1 AH k73 4 -7 Chronke Antrotoary and tympanctomy
myringhts in the nght ear antrum and tympeoum
The eft ear had were pormal, No sigm of
suffered from chrome tnfection In the mastold

in either
The mastold
wero umall,
wherotic bt whh
normal air cootent.
RESULTS cesscs were seen in clther of these 2 cases In

The measurements are tabulated with the cor
responding clinical conditions and the operative
and X-ray findmps.

The uptake of Sr-85 was increased on the
side of the inflamed ear in all but 3 caser. A
symmetrical uptake was recorded in 2 cases.
No inflammatory changes in the mastoid pro-

u:'l.

--l'l.

" Alan.

[} -(xz

O AL
5 MATEMAL
ny
e 0%
- a 13 %
Fig 1 S-35 uptais (U) lo nommal ear and in care
with [nflammatory process (patients).

u-%"x 1005 (patiems)

U=E"5 0% (nocmml metermD)

the X ray examination one of them was fornd
also on operation to have & nommal, ar-con-
taining mastold mir cell system In one case
the uptake of Sr 85 was greater on the sids of
the healthy ear This patient had chronic granu-
lating Inflammation of the avditory meatus and
the tympank membrane. The dlagnosis was
not coafirmed until the operation as the dlindeal
condrtion was difficult to establish because both
the mastold alr cell systems of the patient were
shaitered and sclerotlc as a consequence of &
childhood history of otitis

The mean uptake value in the control ma
tedal was 0% and the standard deviatron
37%

The difference between the patients with ear
inflammation and the control patients wus sta
tstically highly aigmficant (p<001) (Fig. 1)

The results werc practically unchanged in
the counts mads 2-14 days later the count de
creased, but the ratios were nearly the same.

CONCLUSIONS AND DISCUSSION

The resulty obtained warrant the followmg con-
cluslons

(@) The uptake of strontlnm was increased
on the mdo of the inflamed mastold process,
As the uptake wms still Increased 2 weeks
after injecting the tracer the higher count can-
pot be duc solely to the stimulation of circula
tion In the Inflammatary area but must also
be camsed by increased calcrum metabolism.
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(6) The strontium uptake was especially
strong In acute [nflammation of the mastosd

process.

{¢) Inflammation in the extepsive muastoid
air cedl system cxmsed a strong uptake of
strontrom,

(d) The method did pot grve defmite results
In cases with a small mastord ar cell system
(shattered, sclerotle alr cell system) or in cases
with sequelas of chronkc otitis media.

The sotope method seems to offer a com-
pletely mew approach for stodymg the mumeral
metabolism of the mastold process and, in this
way the activity on the Inflammatory process.
However, no definde clums about 1ts valoe In
climeal wse can be made on the basls of oo
stndy though it scems Iikely that the method
could be refined for some measuring tech-
niques. The use of & pubse beight smalyser
woald redoce the background disturbances. The
results might be clearer if the coomt were made
1 few days after adminstration of the bsotope.
In addition, the refiability of the resahs could
be improved by keeping the size of the meas-
uring fild a5 closely commemsurate as pos-
sible to the region of the mastosd process, the
Sr-85 scintumetry metbod of Baver (1968) may
be applicable m thos field, too. Sr-85 I perhaps
not the most suitable hotope for mezstement
of the actreity of both soft tissue and osseoms
nflzmrmation. Te-99m may provide more dis-
mmummmmmd

arthriths (Rek & F

1963). Bat then the disturbing cftect of the

sftvary glands may be difficult to climinate.
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THE HISTOCHEMISTRY OF DARK CELLS IN THE
VESTIBULAR LABYRINTH

F Hiralde

From the Department of Otolaryngology Mavachusetts E ¢ and Ear 1 firmary
and Harvard Medical School Boston Mes, USA

(Received Janmry 5 1970)

Absiract Dark cells m the vestibolar habyrinth from
colored pmoea plgy w re stndled with histechembcal
methods for

Since Iwata (1924) proposcd a secretory func
~ for the vestbular labynmth of the bat,

; ~ has been accumulating to support this

lp in the vardous species (Werstll, 1956
Balrati & Turato, 1960) However the speafic
epithelal structares linng the wall of the ves-
tibular apparatus which take part m the secre
tlon or absorption of endolymph 13 ¢l dis-
puted.

Recently electron microscopre studies have
demoanstrated that dark cclls and the planum
scmilumatum mught play a role in the prodec
tion or absorption of endalymph because they
aro morphologically analogous to the kidncy
parotld gland, chorold plexus, ciliary body and
the stria vasculans (himura etal, 1964 Dohl
man 1965)

“The purpose of this study 8 to observe husto-
chemically the activity of varions enzymes in
the dark cclls of the vestibular labyrinth of

‘This worl was sopported by US. Public Health
Gramt NBO4133-07
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gumes pigs, and to discuss the possibility of
2 secretory or absorptive function m these cells,

MATERIAL AND METHODS

Thirty colored guinea pigs welghing approxi-
mately 250 g were used In this study After
decapstation under light cther anesthesia, ther
moer ears were immediately removed in fofo
The tissus blocks, except for oxidative enzymes,
were fixed 4% peutral formol-calerum of
10% peutral formalin solotron for 24 hours at
4C

All tissues were then decalcfied for 7 to
10 days at 4 C with a 10% EDTA solution at
pH 745 (Balogh, 1962). The decalmfied ms-
sue blocks were frozen on dry ke, mounted and
cut senaily at 10 g with a rotary microtome
In a cryostat (—30 C) The sectons were
mounted on clean cover-glasses, thawed slowly
dried at room temperature for 2 to 3 min,
then d in one of the sub
designed for demomstration of the activity of
the following enzymes: diphosphopyridinenu-
cleotide diapharase (DPNH-dlaphorase), tri-
phosphopyridinenucieotide duaphorase (TPNH
duph ) lactic dehydro malic de
hydrogr succinie dehyd: glucose
6-phosphate dehydrogenase, alkaline and acid
phospitases lencme and alanine amino-pep-
tidases, adenosine triphosphatase  (ATPasc),
non-speafic esterase, g-glocuronrdase and N-
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—_— - -

acetyl-pglocosammidase, Alaan blue stalning
was used o d achd P h

rides (Wanger & Shapiro, 1957) The techni-
ques wed for the demonsimtion of oxdative
emrymes {n the mner car were identical to those
employed by Nomuna & Balogh (1964 ) The
detalls of the techniques for the demonstration
of hydrolytic enrymes are described in Barka
& Andersons handbook (1963) Coatrols for
the histochemical reactions were made by in-
cubuating sectlons in media from which the rc
spective subsirate had been aqutted  All husto-
d::mnlrucbcmmtcrm:mmdbyﬁﬂng
the sectrons m 10% formalin. Finally the ali-
ﬁ:l‘tn:mounlcd'ﬂhglyccd.neyel]yfothﬂlt

examination.

RESULTS

It was pousible to dotingush the dark cell
kxyer from other cell layers Iining the ampullar
or other vestibular wall since the rons of the
dark eells follaws fatrly closely the distribution

All enzymres except the noa-specific esterase
and allaline phosphatase showed modenate to
tense activity in the dark celbs.

Surfkmg activity of DPNH-daphorase, TPNH
dmphorase, glocose-6-phosphate  dehydroge
nase, lactic dehydrogenase and malic dehydro-
genase was seen in the dark cells which showed
diformaran deposition Diformazan depouts in
the dark cells were diffusely  distributed
throughout the cytoplasm, whereas in the seo-
sory cells of the cmstae ampullares, macalac
utriculi and sacculi, cells of the planum semi-
lonatum and transitional cells they were con-
centmuted in the sopranuclear portlon of the
cytoplasm (Figs 1 2) Strong to moderate ac
tivity of suctinic dehydrogenase was also shown
in the dark cells, but ity activity diminished in
the scnsory cplthellal cells. In the dark cells

In the supranirclear and perinoclear areas of the
cytoplaym, There was little histochemucal reac
ton in the transitional cells and tho cells of

of the plgment cell layers in the ibalar la-
bytinth (Kimura etal, 1964 Kimure, 1969)

the ampullar or other vestfbular walls (Fig. 3).
Modenate to strong activity of glutamic dehy-

Acs Ore
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t

the wpper portion of sensory epithetial celly (5) and

drogenme was abo found throughout the cyto-
plasm of the dark celk.

The histochemical distribution pattern of
acld phosphatsse, gglucuronidase and N ace
tyl-f-glocosaminidese activity was basically m-
milar Amorphous or fine granular red azo dye

Fo—-

dark cells, but In the semtory epithelial cells of




tional cells and cclls of the planum semiluns-
tum contamed fewer dye granules, which were
drstributed maunly 1 the supranodear portion
of the cytoplasm Other cells of the ampuollar
r vestibular wall showed a very faint reaction

£ 4).
ij:\b-mnom ATPase activity was strongly
demonstrated m the dark cells and walls of the
capillanies undemneath the dark cell epithelhum
A comiderable degree of ATPase actrvity was
also observed mamly at the surface and apleal
aress of the sensory epithelial cells, transitional
cells and cells of the plamum semilunatum
(Fig. 5)

Alkaline phosphatase actvity was restricted
to the capillaries underneath the dark cell epi-
theliom including those of the entire membra-
nous labyrinth, all hairs and infranoclear arcas
of semory cells of the cristae ampullares and
macnlae utriculi and saccul. None of this enzy
me was detectable in the dark cells, tammtlo-
nal cells and cells of the planum semRlunatom.
The noo-specific esterase showed fecble activity
throughont the cytoplasm ol the dark cclls,
whereas this enzyme was strongly demounstrated
i the semsory epithelial cells, less mod

In the transitional ceils and the cells of the pls-
num semilonatom, especially m the supranu-
clear portions (Fig. 6)

Strong activity of leucine- and alsnine amino-
peptidases was diffusely distributed in the dark
cells as well as the tranutional cells, cells of
the planum semilmatum and sensory cells. The
distribution pattern of both enzymes was atmost
similar Cells of the vestibular wall other than
the aforementioned areas showed weak actv-
ity of these erzymes (Fig. 7).

The dark cells a3 well as the semsory cells,
transttional cells and cells of the planum semi-
lunatum thowed weak staming with acid mu-
copolysacchandes. All conpective tissues un-
derneath tho vestibular epithelia and gelat-
nous membranes covering the maculae and
cristae were remarkably stained.

The coatrol sections fajled to show eny
histochemcal deposits.

DISCUSSION
Under the light microscope, the planum semi-

humatum is difficult to distinguksh from the dark
cell ep Kimura et al. (1964) acd Dahl-

Acsa Otolaryag 71
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man (1964) have shown that the planom semi
lumatom can be distinguished from the dark
cells becanse they differ m fine structure, The
mpllﬂﬂmmﬂmnmmmmlbeuppaulw
the two half-moon staped areas located in the
Lateral walls of each ampulla at cither end of
the costa (Stcifetand, 1835) Dark cells arc
m(n:nrmdto'.hemumn{dxmbut
e 5 to form a Ingh, completo ring around
hwmmymlhmmm
with o dmilar from the

F el N

’ \“v ﬁ erable Toac
tion (F) pigmemt csil Layer
2%t XS’JI x 180,

pullares, macalac utnculi and sacculi, trarsh
thonal cells and cells of the planum semilomatum
as compared with other vestibular epfibelial
cells

The dark cells have abundant oxidatree en-
rymes whose reactions result mostly in mitoch-
ondrial and partially In extrs-mitochondrial for
mazan.

The dark cells are capable of utilizing anae
robic as well as scrobic glycolysis for energy

mdlhemndc.Thhdxﬂchepl&mﬂum
5 2130 located on the canal side i the form of
 wide U band with rts opening facing dorsally
towards the canal, discontinnous from the utrl
cohar side (Kimora etal, 1964 Kimurn 194)

Most of the cuxyres applied in (s sludy
thowed high acthity m the dark cclls sy well
= the sensory epithelial cells of the crisize am-

d and can couple hydrogen with mole
cular oxygen via the cytochrome systemn.

It has been stated that the scoretory cells of
Iheultg.lmdslnhw:r-nhmhmdnrme
rized by the p Ny abund
mlladmdﬂnandh]ﬂ:kvdsdox}dnumm.
rymes (Abel & Ellis 1966)

The fine structore of dark cells also shows &
close similarity to that of the cells of saht-secret

Acta Orodaryns 714
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ing glands. There are numerous finger like
projections with many mitochondria at the
cell borders and even deep within the cytoplasm
which suggest a fluid transporting function.

The fine structore of dark cells also resem-
bles the marginal cells of the stria vasculars
in & simple form. Eoch has a system of compli-
cated folded membranes in the basal portion of
the cytoplam (Nakal & Hilding, 1968 Ki-
murz, 1969) The intense sctivity of oxidatve
enzymes has been demonstrated in the stria
vascularhs (Vosteen, 1961 Nomura & Balogh,
1964 b), which has been regarded as the slte
of endolymph production (Rledt 1951 Smith,
1957), or absorpbon (Rauch, 1963) or both
(Ruska & Rauch, 1967)

In the present study the dark cells showed
almost the same degree of oxidative enzyme
actvity as the stria vasculans.

The dark cells have remarkable lysosomal
enzymes such es acld phosphatase, g-glucuro-
nidase and N acetyl-p-glocosaminidase  which
are probably assoclated with such cell functions
as phagocytosh, pinocytosts, intracellular diges-
Jon or secretion in varfous orgams (Novikoff,
963) In the inmer car Ishii & Balogh (1966)

ve demonstrated strong activity of these
lysosomal enzymes In the stria vasculans, outer
sulcus cells, spural lgament behmd the spimt
prominence and cplthelium of the Tmbus, where
secrctory or absocptive functions have been
previomly considered to take place (Riledi

1951 Smith, 1957 Voldrich, 1967)

The biological significance of alkaline phos-
phatase has not been well imdenstood. In the
cochlea of the guinea plg most alkalme phos-
phatrse activity i3 localized in the walls of
capillanies and arterioles (Nomura & Hiralde,
1968) and in the cfferent nervous system (Hi-
ralde, 1970) However no alkaline phosphatase
activity was shown in the dark eclls, but marked
activity was detectable in the endothehal cells
of blood vessels below the dark cell epltheliom.
It i worth noting that no alkaline phosphatase
actiity Is observed in the salt-secreting glands
cxcept In the blood vessels surrounding the
secretory epithelial cells (Abel & Ellis, 1966)
Acta Otolaryg 71

Histochemical evidence for an active proteo-
Iytic proceas in dark celbs is provided by the
demonstration of marked aminopeptidase acty
vity in these cells. Presumably the proteln mo-
lecules or therr breakdown products eventually
pass into the capillary network underneath the
dark cells as described In epithelial cells of the
md portion of the endolyraphatic sac by Ishil
ctal, (1966)

Membranons ATPase is the most important
cnzyme involved in fluld transportation, Using
the electron microscope, Nakal & Hilding
{1968) have shown ATPase activity on the sor
face of the folded membranes of these cells as
well as of the stria vascolarm. In the present
sindy strong ATPase activity was noted In the
dark cells. Presumably jon and water transport
may take place on the finger-like folded mem
branes at the cell borders and deep wathin the
cytoplazm of dark cells.

While the function of the non-specific este
rase has not been ascertained, its major boca
lization in varous organs suggests that it may
be related to regulation of tssue alre, detoxi-
cation and general Tipid-cster metabolism (Bal-
lantyne & Bunch, 1967) It scem, however
that the dark cells do not require much noa-
specific esterase for mamtenance of thelr own
cell functions became they contain less of this
enzyme than other cell components of the
maculse and cristac,

Mucopotysaccharides have been reported on
the surface between or within the secretory
cells of severnl salt-secreting organs (Abel &
Ellis, 1966) However acld mucopolysaccha-
ndes showed weak staining In the dark cells.
It is mtcrestmg to note that the staa vasculards
also reacted slightly with acid m
rides as Schiitzie & Milsebeck (1963) have re
ported.

Thero was some histochemucal sumilarity be
tween the epithelium of the planum semiluns-
tom and the transihonal cell epithelium suggest
ing that their functional roles may be the 1ame
Their ultrastroctures arc also similar (Kimura
etal, 1964) In many respects the degree of
enzyme sctivities in these two cpithelia f5 al-



Histochemlstry of dark cells in the vextibular labyrinth 47

most similar to that of the dark cell epithehem.
However the localization of enzyme actlvith
in the epithcium of the planum semilunatom
and tramitional eprthelium differed from that
of the dark cell cpithelium genenally tho
histoct 1 1 were scen d ly
throughout tho cytoplasm of dark cells while
they were especially Jocalized in the upper por
tion of the cells of the planum semilunatum and
tnstional celks, Accordingly comsiderable
functional differences mught exlst.

It s apparent from the results of the present
stody and the characternstic findings of previons
uitrastrocteral  studies (Smith, 1956 Kimum
etal, 1964) that the dark cells have higher
sctrvities of vanous enzymes and large mum-
bers of mitochondria which prodoce high eper
£y Dark ceils might contrbute to the sccretfon
and/or absorption of endotymph wmilar to the
st vascularh.

Ballantyne, B & Bunch, G A. 1967 Esteras histo-
chemistry of sebaceous glands. Dermatologics 134
st

Balogh, K. 1962. Decakification with Versene for
axidattve enzyme systemt
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AN ENQUIRY ON THE MORPHOLOGICAL CHARACTERISTICS
AND POSSIBLE CHANGES WITH AGE IN THE OLFACTORY REGION
OF MAN

R. Nacssen

From the Departments of Anatorny and Oworkinclery gology
Untrersty of Gothenburg Goteborg Sweden

(Recetved May 13, 1970}

M. di 4

ficolt to obtain at amy age.
methods,

of the olfactory organ (cpithelmm) In man has
been described (Naessen, 1970 a) Fine dimsec
thon techniques and other methods far the ex
amination of the olfactory epithelium are de
scribed 10 this paper Observations are re
corded to provide data and to [lustrate the
advantages and potentiahities of the techmmques
used.

Structural changes in the olfactory region of
man with ape or disease have received Htthe
notce Obscrvations oa the cellular and struc
tural organizaton of the olfactory epithelium
in homan fetuses and infants arc presented and
a comparison drawn with obscrvatiom made
on clfsctory epithelin in Iater life

MATERIAL

Thrs consists of nasal mocosae obtained from
the olfactory clefts (olfactory regloms) of 7
boman fetoses (12-24 weeks) 3 infants, 2
children (17 months and 2 /5 years) and 13
human adults with ages 30 years to 65 yearns.
In none wero there clinical signs of Intranasal
or miracranial disense.

Guinea pigs and rabbits were aho used for

stuches.

and methods used I conventional histology n
studies of the nasal mocosa have been relatively
meglected, research is mainiy directed towards
ultrastroctare

A shmplo and direct metbod of visualization

i-Torrm

Some Basic Considerstions

Croms sectiom of olfactory epithefia of man
and other mammals arc characterised by a pe
ripherally placed, non-nocicated zone conshsting

Acta Otoleryng 71



the dutal pars of the supportng cells and
tu peripheral roddike extemsions of the cell
bodses of the sensory cells. A sero-mutinous
blanket bearing the surface structures or super

structure (Nactsen 1970 b) of the olfactory
eplthallum & supecimpaed This pact of the

ithellum is relatively T and to an
cxtent may be studied to advantage in suitsbly
prepared epithelinl surface shavings  The rest
of the olfsctory cpithelium, however is nucle-
ated and more cxtensive and thur not snitable
to this latter method of investigation Sections
may then be obimned from embedded thasoe for
examination by phase contrast and clectron
mi

METHODS

Soon after death the olfactory region Is treated
in sity with a 3% solutlon of glutaraldehyde
buffered with 0075 M sodium cocodylate, pH

Acta Oplaryng 71

marginal riep
Lie on a higher

and

op-

thcal plane than those displaying central dots  Phase
micrograph 900,

7.3 (Naessen 1970 ¢) The ethmold bons bear
ing olfactory epithelium 1s then excised off tho
foclal skeleton, Immersed in a chiled solution
of 2% osmic acld buffered with Veronal ace
tate at pH 7.2 and allowed to fix for 2 hours.
U & then fmmenied (@ 70% cthasal, The o
factory cleft Is splayed and the two histological
parts of the nasal mucotn identified (Naessen,
19704) surfzce shavings™ and whole thick
ness blocks of mucosa may then be obtaned
3 specumens from chosen sites

Surface shavings for phase contrast

micrascopn

By flas dissection (using o fine ids knife and
watchmakers forceps) an epithellnl “surfaco
shaving™ is obtained. Thrs includes the non-
nucleated peniphernl zone of the olfactory epl
thelium and ts superimposed transparent fluld
blanket. The specimen is corefully mounted flag
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in glycerine on & shide and a coveralp apphed.
It is then examined by phase contrast micro-
scopy By simply focusing down onto varymg
optical planes throagh the thickness of thrs rela-

Oy Prein N " -
'-?;\"'7 i o "J,?'«‘(]

-
S g Ry

ST g

trely tramsparent reglon of the eplthcliom a
stereoscopic impression of the shape, position
and refationship of the structures on the sudfecs

can be obfained

Fig 4 Otfactory vencle. Humen adalt, 27 yean.
Electron show
of sct of B baxal bodes ( 1 cifac



eplthellom.
Child, 2 / years. Targential section aut throagh the
dhal smangement of cfBa of an olfactory vesdde,

J
mbedding for phase contrast and electron
microscopy

By embryolopical dissection techmques (irls
knife and watchmakers forceps) a plece of
mucosa s resected from its underlying bone
or cartilage 1o that when isolated, its identlty
and orientation with reference to the parent
mucosa and to the reglon es a whole can be
maintained during its preparation for cxamina
tion under higher resolubont. Resection bs ear
1ied out in 70% ethano! in a Petri drsh placed
under an operating mxroscope. Followng de-
hydrton m ethanol the spectmen &5 embedded
in Epon. Sections (1-2 #) are then cut with
an ultramb in any required plane and
examuned by phase contrest.

The procedure allows cutting of ultrathin
sections for examination in the electron mrero-
scope.

Arte Otokoyne 71

OBSERVATIONS

In man, mbint and guinca pig the olfectary
vesicles appear as small rounded refractile or
vesicular bodies and as a general rule are
observed to lie singly jo the interstices and
corncrs of a mosac formed by the polyponal
contour of the free surfaces of the supportmg
cells (Figs. 1 2) The vesicles are seen to coa
tain an osmiophilic “marginal ring™ (Fig. 3)
Thus ring s formed of basal bodles (Fig. 4) that
ghve tise to olfactory cilia, The cilia are strong-
1y osmiophilic and display 2 radial arrapgement
(Fig. 5) Ther short straight coumse can be
traced by sunply focusing and thus altering the
optical plane of a phose coatrast microscope.
When followed proxhmally the cilia arc seen
to comverge onto their “marginal ring” of ongn
1n the vemde.

An osmiophilic central dot (Flg. 1) cor
responding in appearance to that described by
Le Gros Clark (1956) a3 an arpentophil spot
has also been observed. It lies on a Jower op-
tical planc than that of the “margmal ning
and appears within the cytoplasm of a perlpher
al roddike extension of a semory cell at the
surface Its nsture Is unknown.

The freo surface of the supportmg cell in
the olfactory region as seen by a phass contrast
microscope normally appeans smooth. In in
flammatary conditions of the nesal mocosa
the supporting celly have been observed to bear
cilla (Fig. 6) Histopathological modifications
and alteraboos of the cells on the surface of
the mucosa can be casily atsessed and their
extent determined

Whereas the nasal mucosa of the rospiratory
part of the nose is structurally channelled
(Nacssen, 1970 ¢) that in the olfactory regron is
studded with buds (Fig. 7) The latter are,
however not true semory buds ekin to those
subserving taste, but bud-like appearances pro-
duced by crypts leading to the intracplihelial
ducts of Bowman s glands With age, these ap-
peamnces become less comspiuous for  subs
ThH first seen by Lo Gros Clark (1956) in rab-

o
bib, ming mbver stalm, but De Lorenzo (1957) was
urable to conflrm these observatioms.
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sequent 1o losses of its temory cells, the ol
factory epithelium ¥ redoced in thackness and
becomes flat.

Figures 8 and 9 show the light microscopacal
appearances of the cellular organization of al-
factory cpithelin of the experfmental mammals
and man. Perpherally bot at same distance
from the free surface lles a moghe layered zone
of oval nuclel of the supportmg ceils. Baally
there exists a single lyered zone of basal cell
nuckel, Between the two roncs Jies = muhi-
layered middle zone of round muclel contatned
within the cell bodies of the sensory cells of
olfactory neurones. This patiern of nuclear or
gmztion 13 generally found to obtain through-
out the olfactory cpithelia examined

In degenerating epithelia, bowever there oc
curs a disturbance m the ronal dhtribution of
the supporting and sensory cell nucled (Figs 10,
11). An intermingling of nuciel results us the
supportiog cells retract and cooform to the
general reduction jo thickness of the epitbelum
following receptoe peurooe lomses. The regular
monolayered rone of supporting cell nuckd i

. ring the total dlsapp

of the receptor neuroncs. The basal cells re-
main relatively unaflected. Such ephthelia are
scen to consist solely of supporting and besal
celly (Fig. 12) The supporting cells retaln a
reasonably normal appearance in the face of

connderable sensory cell degencration The
gereral surface architecture (mosax) B still
present even though most of the dlfactory ve

omplement oy
wres 10 11 12, 13 Phaso contrent mecrograph 540
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characteristic irregularty (Noessen, 1970 ¢)
Whether the demarcation line between the ol-
factory and respiratory arcas Iy regular or ir
regular the junchon between the two terdiones
as seen in histologren! sections is always abrupt
(Fig 13) such junctions show no mtermixmg
of cell types. An Intermixture of cells, however
doet occur m diseased and degenemating epl-
thelin where dymg peurones lic along epithelial
cells undergoing cillated tramsformation (Fig.
14) Moreover artcfacts mmulating olfactory
vesicles occur in the respiratory and olfactory
parts of the nose and arc particulady conspi-
cuous in areas adjoining the olfactory margm
(Figs. 15 16)

In infancy and early childhood the olfactory

1 ta Otolary g71

epitheltum 15 vascular (Figs. 17 18) The la-
mina propra Upon which it rests s mather
looez and cellular & basement membeane inter
venes (FIE. 19) The basal cells form an Inde-
finite layer of cells. Blood capillaries encroach
upon the basal layers of tho alfactory epithelium

scen jnvested m slesves of coanective thssuc
dertved from the Iamina propria. With age there
oceurs regression of these intracpitbelial ves-
scls and the olfactory epithelium from a morph-
ological point of view thereafter remalns
avascular A definite layer of basal cells forms
and the latter now rat upon an apparently
“amorphous  basement membrane (Fige. 10



Morphology and ageiny of olfoctor® region 35

e e e e e m e e — ey




@m‘%%ﬁ

11 12, 13) the basement membrane, seen
electromicroscopically is interposed
Pigment-grannles constitute a comsprcuons
feature of the supporting cells of olfactory
eprthefia in oduolt man (Figs. 10, 11 12, 13
20) These are made even more compicuous
by their mcreased numbers In the olfactory
plthelia of the aged. These gronules are main-
prescnt in the cytoplasm of the more central

conirast micrograph

parts of the supra-nuclear portion of the sup-
porting cells (Fig. 20) The plgment masies
have an irregular outlme and a highly heter
ogeneous intenor consisting of dense bodies of
varying sze. No pigment granukes have been
scen 1n the olfsctory epithefia of fetuses, infans
and young children nor In the young of the
experimental mammaks.

Fir 12 Olfactocy epithelium. Human
adalt, 61 years. Section shows a tolal
=mory el depletion. Epltbellm con-
sttt solely { supporting and besal celh
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DISCUSSION
A macroscopkc method for the dentification

1970 a) The method bs wseful in the procme
Tocalization of the oltactary epitheliom and {tx
preservation for cxamination in greater detafl
by complementary methods used in this stedy
Data derrved from observations made provide
basis for experimental and quantitative studies
in assessing wuloerability of tims scosory organ
to damage,

The method of studylng cellular detail by
optical scanning” through cells of semory
eputhefia similar to that used here was fint de-
scribed by Neubert (1950, 1952) in studies on
the cochiea. The method was later modified
and used by Engatrdm et al (1966) i studies
oo the fnner car

Fino dhsecton trechniques are used to ob-
taln surface shavings from freshly fixed speci-

mens of nasal mucosa. Observatioms derived

mede on tangentlal sections from embedded

cipitates on the surface and along mterfaces.
No single nlver stam s rellable iIn reprodocing
effet Osmic acid has the advantage of pot
only preserving closely the form of the Fving
stnmmbutulmdingdiﬂmﬂzllyvhhccll
ly these are
lmlhbktonhmmmsmdmlmprmcla
show artefacts Image contrast b greatly lm-
proved when specimens, 30 fixed, are examined
ja conjunction with phase contrast optics
Phase contrast micrographs 7-13 17 18
shown in this text are those of secthons obtained
from specimens embedded in Epon These sec
wons yweld a better resohitfon then the nrach
thcker celloldm sectioms in commeon use. They
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permit a clear study of the deeper parts of
the olfactory eplthellum and observations can
be correlated with those derived from surface
studies described above. One use of a combina
don of these methods provides evidence that
the scasary elements of the olfactory eplithelium
are not all represented on the surface. Alter
natively a surface mosaic devord of olfactory
vesicles does not necessarily fmply that the epl
thelium is devold of sensory cells Thesc ob-
servations arc Impoctant n studies on the devel-
opment, degeneration and regeneration of the
olfactory peurones.

An intermingling of supporting and semery

Acte Oroleryne 71

Flig 14 Otfactory
plg. Section

cell nuclel in man is often fllustrated in current
textbooks of anatomy and histology in descrip-
tions of the olfactory eplthelum. These appear
ances arc common and as shown In this stedy
are characteristic of olfaciory cpithelia in states
of degeneration

Thers are various forms that olfactory sense
cells can adopt at the rurfoce (rod-ike trunc
ated, spheroidal, ellipsoidal) and yarmtions do
oceur in the pattern of thelr internal distribu-
tion of optically vmble components, Technical
factors contribate to producing these incon-
sotencies. It s also posalble that In their reac
tion to the environment the cells are capable



of adopting varlows forms and camse distortion
of the normal amangement of their intracellolar
orgapelles. Such acilvity Is arrested st the mo-

variatlons in fixed preparations can then not
be interpreted m artefacts nor a variety of
stroctures of a different kind.

Artefacts simulsting olfactary vesicks may
have led fight-microscopists tn the past to be
ficve in an intercellular mixture of dlfactory
and respiratory elaments the olfactory margin
v difficit to define The electron micro-
cope reveals the true nature of these artefacts
which fn the majonty of tnstances are dve to
staining precipitates and physico-p
deformuties of the epithelial cells that may oc
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cur at the free surface of the nasal mucosa
in the respiratory and ponrespimatory parts of
the noss (Figs. 15 16)

Except in tho fetus and infant the peripberal
olfsctory neurones have not been seen to con-
tact blood vessels but have supporting cells
interposed. Electron microscopy demoastratey
a closs structural and metabolic relationship
between the olfactory neurencs and these latter
cells (Naessen, 19704) With age, the vessch
m the opitbelum regress. The lamina propria

This then constitutes the basement membrans
of clmscal hotology An incresse In the
smorphony ground  substance of the lamina
propria may limit diffusion

bollc activity (Nasseen, 1970 ). Electron microgmaph
000,

Acte oroﬁg"
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Wheress membrane bounded bodies of de
generated matenial in the young experimentsl
mammal are commonly found in the infrs-
nuclear part or vascular pole of the supporting
cells (Nzessen, 1970) the pigment particles In
adult man appear to accumulate and form de
posits mainly in the supranuclear cytoplasm of
these cells. Pigment aggregates increase in
number with advancing sge as In other cells
of the body particularly those of stable and
permanent character Ons possible explanation

the heteropencity of this class of reskdual
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bodles u that they contaln debns of neurone
depeneration (extraneots) or remnants of de-
generating  organelles (Intmntc) Incorporated
into lysozomes during the normal turnover of
cell components. The accurunlation of these
renidual bodkes in the olfactory supporting cell
with age may sgnify an inability on the part
of the cell to deal effectively with the excretion
of Its own metabollc wastes as well as with
the prodocts of peuronophagie activity (Le Gros
Clark, 1956 Nsessen, 1970 d)

Fig 18 Ollactory eputhelivm. In-
fant, 11 montbs, Tanpemilal sec
tion ihowing the intimais rels-
toeship of the blood capillaries
to the semsory cell penlarya and
their nxons in the basal biyers of
the epthelum. Phase contrast
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RECENT TRIALS IN THE TREATMENT OF MAXILLARY SINUS
CARCINOMA, WITH SPECIAL REFERENCE TO THE CHEMICAL
POTENTIATION OF RADIATION THERAPY

Y Shigematsu, S Sakal gnd H. Fuchihata

From the D partmant | Radicioyy and Otolaryngology Ostla U hermuv Medica!
School Oxale, Japan

(Recetred Juty 3 1970)

Absrecr Foor hundred cescs of M dllary Aotrum

1957 and 1968 Durmg this period, external
radiotherapy was the first step in the treatment

Hospdal doring 195768, were reviewed.  Spechal
emphasts was laid on tho controfled trial  in cvery case, followed by surgery if this were
to cvalmy 2 L d. Since the b

kess than 30% This b a report of spprox-
mately 400 cass of hstolopcally proven
Maxillary Antrum  Carcivoma, whch were
treated at Osaka Unbrersity Hospital between

This etody was sapported by grants from the Wek
fare Mintkstry of J pea

ming of 1967 chem-
cal potcatiation has becn edded to radio-
therapy wsmg inmtra-arterial infusion technique,
23 z controlled trial.

Classificotion

The TNM system of the UICC, whach has been
widely applied to hend and neck cancer still
remains to be established for the dassification
of Maxillary Antrum Carcinoma. In tins study
the leston has been classified Into four stages
on sn amatomica]l basn, according to the tenta
uve TNM system proposed by Sekat &
Hammaki (1967) (Fig. 1)

T 1 indicates a tumor localized within the
maxfllary simus, withoot radiological evadence
of bony involvement.

T 2 mdicates & tumor cansing destruction of
the bony wall, with the extermal periosteom
remaining Intact and the surrounding trsswe not
mvaded but pessibly compressed.

T 3 indicates a tumor Inflitrating decply into
the surrounding tssue through penctration of
tho external penosteom.

T-4 indicates a tumor extending Into the
bess of the skull, the nasopharynx or the max
1lln of the opposite sldo

Concerning metnstases, the UICC classifica-

Acts Otolaryrg 7/
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- PORDER LINEOF T2 1)

——m— PORDER UNEOF TD T4

Fg ! Chaifiaton of maxillary antrom carcinoma
by tumor extension.

ton for caranoma of the buccal cavity was
applicd as follows:
N Reglooal lymph nodes
NO" no palpable lymph nodes
N1 movable homolateral lymph nodes
N2 movable contralateral or bilateral Iymph
nodes
N3 fixed homolateral or bilateral lymph
nodes

M Distant metastases
MO no evadence of distant metastases
M1 distant metastaves

Resilts of the cases freated

during 1957-1966

During the period of 1957-66 there wers
some chaoges in the method of the 200 kVp
X ray apparatos by Cs-137 and Co-60 gamma
ray equipment. Until the end of 1960 o tumar
dose of 4000 to 5000 rad was glven in §
weeks uning a 200 kVp machme through 4 to
6 portals. During the period of 1961-1962,
2 dose of 5000 to 6 000 rad was delivered In
6 weeks ming & Cesiom-137 Unit with one
antertoc and two lateral oppoamyg fields Since
1963 a dose of 7000 to 8 000 rad hos been

Acta Otolaryne 71

Table] 3-year novical rates of maxillary antrum

Sape n ot v Total
RT+OP

1957~ 62 17136 10/32 15 413
(22 kVp) 47 kil 0~ 3
1963~ 63 10/23 - 15031
(Co-60) 4 4
RT

1957~62 824 2447 o17 10738
(200 kVp) 3 4 ] n.
1963~ 63 518 6731 215 13764
(Co-60) P 19 ne~ 2

gven in 8 weeks using a Cobalt-60 unit with
3 portals as in case of Cs-137 In the past,
until the end of 1966 en block surgical resec
tion of the maullary antrom if possible was
performed within 4 to 6 weeks after the com-
pletion of radwotherapy with the agreement of
the patient.

The survival flgures of the cases treated dur
ing this period are shown in Table I and Fig.

i

L]

(1957 ~ 1687 )

0

sTAGe U
- ~sﬂ0!l) Rr+or
SUOE X
@ suoe x) M

13

2

1 2 3 i st
Fir 2 Sorvival fipmres of madllary astrum carcino-
mas (1937 1967)



2. The group which reccived surgery appeared
to bave a better rexnlt thon the grovp which
recetvred radiotherapy only even when we take
into sccount tho fact that this s not & nn~
domized study and there conld be a real possi-
bility that poor msk cates may have been dellb~
crately excinded from surgery The difference
in the results s most remarkable in the ad-
vanced Group T 3 As can be imagined, there
has been soms improvement in the results since
the ute of Cobalt-60 Unit has become routine
still the locally advanced cases of Maxillary
Antrum Carcinoma appeared difficalt to coo-
trol with radiation alone

Chemical potentiation since 1967

(a conatrolled trial)

At the end of 1966, a controlled trial was
planned to evaloate the chemical potentiation
to radiotherapy Beginning in January 1967
casex of Maxillary Antrum Carcinoma have
been randomuzed by even and odd case number
oo admission to the study Patents of pooc
gencral condition and those having regional or
distant metastases were cxcinded, but the age
has not been taken into sccount

the cases to be discossed in this paper afl of
tho treatable casey of N-0 and M-0 were in-
volved without comsidering the stage by T
daxdfication. However Jt was declded to ex
clude very carty cases of T1 and very ad-
vanced cases of T-4 at the end of 1968 Strati-

Every czse in this program was planned to
receive a twmor dase of 8 000 rad in 8 weeks
taing a Cobalt 60 Unit and a wedge pair tech-
oique. Prior 10 tho begmning, or within the
first week of madiotherspy  Caldwell-Luc
Antrogtomy was dooe for drainags and for
convenience of examination. Since the pro-
gam started, the radical operation has not

S=7emv40
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sFu | oe {8 | e |
led o | s |
s i
TR I
contrn | 7| e} 12 .

i
2 ~a CSe-w oJe~
Fig 3 Caso distrfbution by age fn each trial group.

been performed until the recurrencs or tmmor
residual was conflrmed.

The drugs, which were examined in ths pi-
lot study were S-Floorourecil (Jesse, 1969
Scotte Dogpett et al, 1967 Vermund et al,
1969) Cyclobexanol succimate (Scolari et al,
1965) aad Ametobcpazone (Nfbe ct al,
1967 Tobo et aL, 1967) (Fig. 5) The former
two drugs have been already faidy often dns-
cussed in America sand Europe. Ametohepe-
rooe is not & drug recognired as a sensitizer
bat in Japan has been said to be effective for
pam reffef m advanced cancer patients, Bleo-

which was recently discovered In
Japan and hes been expected to bo an efectivo
drug for the control of squamous cell carci-
noma, was abo intended to be examined. It has

[l

T oMl AT

c/n T—n —/wu

Fig 4 Cue dhtribution by T-chasdficrion In each
trial groop.
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5FU

CYOLMEXANOL  SUCCINATE
~CHa

e
—DO./

-
ol

Fig 5 Moteculsr formola of S-Floorouracil, Cyclo-
bexanol snccinate and Ametohepmzon.

been rather sporadically msed, bat not in this
program.

The drugs were administered by the contin-
nous intra arterial infunon method wing a
portable roller pump through a superfictal tem-
poral artery or superior thyroid artery Cyclo-
hexanol succinate was examined by oral ad-
ministration as well a3 by infusion. The periods
dunng which each of the various drugs was
used are shown wn Fig. 6 The dose of each
drug administered is shown in Table IL The
dose has been modified depending on the side
effects, esperislly tho mucosal reschon. The
drug wns intended to be administered for as

w w Ll
5FU

CHX
CHX

e -
AMH

CONTROL
CHI CTOMOLOL MXCwTE
A TOHEPRION

Fig 6 Period of trial In each drug
Act Oswleryng?1

Table IT Giren dase of each dng

CHX
5-FU CHX (per O%) AMH

mgkgidey  S~10 10~20 30~40 12

gday/perion  0L5~0503~1  15~2 005~0|
Touldose/ 5§/ 25~30§ 0y 283
pertod ~Tw [ISw jOd 718
CHX ~aydl  succinate. AMH

long as possible during the courss of radc-
therapy

Results of the cases

of the controlled study dnce 1967

For the first step of the stody [t was latended
to evaluate the effect of the drugs doring the
course of radictherapy from the peocbeal pont
of view~ one, from the speed of tmmar regrey
mon and, two from the mucosal reschoe
Needless to say long term results arc modt
important. From our mpression during tht
coune of radiotherapy 5-Fluorourscil seess
to give faster tomor regression than Cyclober-
apol succmate, but the mucosal reaction b
cases treated with 5 Fluorouracll tended #
develop severely at an esrly date, which oiied
mede 1t fmpossible to deliver the planncd do
of radintion. Some serrous complications wert
encountered in  the 5 Fluorourscll £Io9p
which will be dscussed later I.uth:Cy'dObﬂ]
anol group, there has not been any difhcks
in giving the planned dose of 8000 rad m §
weeks,

The resilts so far obtained at ths momed |
may be best illustrated in fhe histogrums &
ng7—ll'[‘b:sch.{nogmms:hcrvmd‘“1
what happened m the individual pabent £
redlotherapy

In Tablex 1T and IV the survival rate 8
recurrence free rate of each trial groop &
summarired by obscrvation period A3 P
shown in Table ITL, there hos not beea %
any difference In the survival rate between &7
of the chemcal potentiation grops 2ad &
control grovp
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CYCLOHEXANOL SUCCINATE GROUP
(INFUSON )

o 1 i3 2 -] 3 Y
" oy
i = "
ATENT) F
TTmn et o
VIR ——————
HeamT2
Hi %72 e »t
TH I T2 et
- T2 —————

-

ASwOT2
l.kw’!——r“—
H P T4
R
s -
TTERTA—h—
ilm']m
F.HY%T2
WM T4

(Casm Uy OR 1 3)
Crewy o FTEOT  DEOOE
¥ IO N [ O Ot T
MOyAE  CTE M S e

Fig 8 Histograms show what fappened In the indi-
vihml pabeat afwr radiothernapy  (Cycloberanol
succinate (nfosion grovp).

seven cases of the inhial trial ln Cyclobhexano!
succinate intra-arterfal infesion groap revealed
surprisingly good rewults, this was sgam put
into the program for further evaluation as ks
shown in Fig. 6. The result, while not statls-
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vidaal patlent afier radiotherapy (Ametobeparon in-
fusion group).

tically significant, still Jeads us to be hopeful.
The cases given Cyclohexanol succinate,

CONTROL GROUP

orally and the infusion group of A hep
2ouc did noe behave differently than the con-
trol group

The cases under considerytion are still hm-
ited in mumber and in observation perfod It Iy
still oncertain at this time whether the differ
tnces, which have been found in the recor
rence free rates, still are related to a posalble
improvement of permanent tumor control or
only represent prolongation of the mterval be
tween radwtherapy and recurrence,

Needless (o say  further cxperience and
longer observation are needed. However it may
bo concluded that the continuous intra-arterial
infuslon of 5 Fluorouracll or Cyclohexnnol
succinate durmg the course of radiotherapy has
possibilities of improving the control rate in
the Maxillary Antrum Carcizoma.

DISCUSSION

Anumbcra(repm‘uhnvcnppcumddaaﬂng
with chemb of diotherapy

(Oaba v 920 1 JU

SRy 0 N ¢ T
o1 CED W Reon 4 D P I oL
MOACT (B T Ot MO
Fig 11 Hitograms show what happened in the ind
vidaa| patient after radiotherapy (Coatrol groop)

“this combined approach™ In addition to that

Hawever mtypoo{u'l:mmcmum}mnvn—
riety of problems. It remains undetermined
whether there “B™ of "8 to be™ any merit In
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optimbxation of the dose and mode of sdmin
fstrntion of the drug still requires refmement
Of the two drugs which appearcd effectis



in this pilot stody S5-Flooroaracll resulted 1n
faster tomor regression  than  Cyclohexanol
socomate, bowever the mds effects of 5-
Floorourecll were much more severe tham
those of Cyclobexanol. It has been our general
e that the drug should be continmed as long
a3 ponible dunng the courss of radrotherapy
withoat redocing total dose of radlation. At the
begmming of the program, in the 5-Fleoro-
wacll study a doso of approximately 250 mg
was glven cach day throupgh the superficial
temporal artery or the superior thyroid artery
In some cascs of the senes, a senous reaction
of the skin or mucous membrane made it im
pouible to grve more than 5000 rad m §
‘eeh.lnwcm:hm.'hthhadmnltd
picto tumor disap
umctrtumcd'hhin3muu1tn|ndﬂrmb—
sequent operatoa fafled to salvage the case.
In another case, catheterization of the superror
thyrold artery with subsequent chemotherapy
wat followed by paralyus of a recurrent laryn-
ge2l nerve on that side. This complication took
plece when the patent recerved 7 000 rad fn 7
weeks with a total doss of S g of 5-Fluoro-
uracil. In spite of having this problem, the pa-
tent Is now fairly well doing without recur
rence afier 2 years observation. The voice has
shown improvement by compensation of the
oppostie vocal cord. Since soch complications
were encountered, the dose of 5 Floorourscil

Table TN, Crade surciral rates of maxillary antrum

carcinoma of each trial Growp

(Oaka Uskv 1970,131)
0sY

1Y 2Y

S-FU W2 AT 14 3
Gofwon) 96 7% & L'
CHX s nm 3
¥ (ol omdcm) 4 100 i‘g 7
G b &7 3 3n
(er 05 100 % 77 9
AMR 1910 7710 59 01
(ol mion) 100 ™ 56 0
¢ Comtrol H3 200 Mm 17
P ® . 67 61 5

£ CHX cycobersnol taccinaw AMH  emciobeparon
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Tablke IV Recurrencs free rates of manllary an-
trem carcinoma of each trial growp
(Omka Univ 1970 131)

Y 13Y

13728
&

(Gfoston) ) E)
wis  am n 37
(nfogion) 43 H. O
cHx hY 1 177 1177
{per O5) 4. 14 14 11
AMH yo o 29 ] a1
(ofosion) 30 n b4 0.
Cootrol 32 ™ s30T
u g n 5.

P<0Ol
scomase. AMH

was reduced up to the level of 100 mg a day
and the infusion through a superdor thyroid
artery bas been given up. Although the serions
complications have been avolded m later pa-
tents, after the schedule of the Infusion was
modified, the results are still too early for
evalnation,

In the Cyclohexsnol succimats infusion
group, no senoms complications have been en
coutered. Becanse of the enconraging result
of the first series of the study this drug has
again been put into the program after am inter
ruption for further evatuation.

The group, oral sdministration of Cyclo-
hexanal sucanate™ fafled to show any better
results, possibly becamse of smaller coocentra-
tion in the blood supplied to the tumar
Cases of Maxfllary Stoms Carcinoma often
develop a recurrence at a long interval follow
ing radiotherapy Although there has been
thown som¢ improvement In coutrol at 6 to 24

rate of the contral group, which hay thown
nearly the same a3 the trial groap, scems to
supporisd by the surgically salvaged

Acs
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AMETOHEPAZON INFUSION GROUP
(.- SR U N S LI T

{Casba Uy 1999 1 31)

Ve O TN DOChewT
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Flg 10 Hirograon ehow what kappened In the Indl-
vidmal patient afier radiotberapy (Ametobepazon lo-
fusion group).

tically significant, stll leads us to bo hopeful.
The cases given Cyclohetanol soccinate,
orally ond the infoson groop of Ametohepa-
zous did not behave differently than the con-
trol group

The cases under comsideraton are still Lim-
{ted in number and In observation period. It s
still oncertam at this time whether the differ
,cncu,w}dchhnvtbccnfmmdintbcreun
rence-free mmtes, still are related to a possible
improvement of permanent tumar control or
only represent prolongation of the interval be
tween radlothernpy and recurrence

Needless to say further experience ond
longer observation are needed. However it may
be concloded that the continuous intra-arterial
infuslon of S-Fluorouracil or Cyclohexanol
sucoinate during the course of radiotherapy has
possibilities of improving the control rate In
the Maxfllary Antrum Carciroma

DISCUSSION

A mumber of reports have appeared dealing
with chemical potentiation of radiotherapy
However thit type of treatment still has a vo-
ricty of problems. It remams undetermined
whether there 8™ of s to bt any ment In

Acta Otolaryug 71
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optmization of the dose and mode of admi
istration of the drug still requires refinemet

Of the two drugs which appeared effectr
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METHODEN DER QUANTITATIVEN EIWEIEBESTIMMUNG IM
MENSCHLICHEN PAROTISSPEICHEL

A. Skurk, G Miymsk und k. Fendel
Axs der Unh ersiedre-Hals.\ asere-Oheenklot Jema, DDR

(Elopegangen am 1 Joy, 1970)

(1968) beschnebenen Modifikatron der Craby
Rapsel fsohert. Surmulrert wurde der Spexchel-
fluf durch orale Gaben von Ascorbimimre oder
Zitronensdure Die Spexcbelproben worden bei

tnchledicher  Methoden amgewendet.  Dre
Lowry Methode (Danghadey of al, 1952) wird
well me fitr die geringe Konrentra
ton des Speickrel die te Empfind

bt ad 14
& Taylor

Welf (1969

2-¢ Grad anfbewatrt tnd vor der Eiweifibe
stimmunyg zentnfuglert,

1 Biuret Bestimmunyg bei 334 mm

Dre voa Bl et al. (1967) beschrithene Me-
thade der LiquorerwelBbestimmung mit elnem
modifiderien Bluret Reagenz im UV warde

2. Biwret-Bertimanotg nech Eiweiffdllung
Aot 0,5 ml Parotisspeschel wird mit 1 0 ml cis-
Ialter 0,66 N Perchlorsture das Eiwelf ampe-
fillt und der abrentrifogerte Niederschlag In
10 ml Burt Reagenz (Richterich, 1968) anf
grldst. Dre Messung der Extmktion erfolgt nach
30 min gegen Bumet Reagenz als Leerwert bei
546 nm.

9 Nephelometrische Bestn

it enem

modifiderten Exton-Reagen:
Nach Awsfiilen des Proteins mit Solfesalbri-

sdure/Natriv iMut wird die scheinbere Extink
ton der trifben Lsong bei 470 nm besummt
(Gerpandt & Hakk, 1966)

4 Lowry-Methode
Wir verwendeten dwe von Zsk & Cohen (1961)

G g, die sich durch
griere Bestindigkelt ausreichnet, 4 0 m} dieser

Acta Ot0
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Tabelle 1 Gesamtetwel In mg/100 ml bel 14
Personen  bestimmt mit —wel Bhuret Methoden,
der Lowry Methode und der Ausfallung mit Sulfo-
sall.ylsdure

Salfo-
Bluret/ nlink
Bloret HQO~ shre
uv Flllung Fiftang Low.
Nr (Mom) (H#5om)  (4Paom) (578 nm)
1 Y. 493 58 776
161 934 116 178
3 123 418 510 191
4 18 36,0 836 208
3 63,6 26, 437 79,0
6 218 133 10t 306
7 36,6 p: 53 14
1] 19 163 152 I
9 261 13 974 1
10 16 47 79 195
11156 551 389 183
12 paal 142 183 05
n 1 101 140 123
11 B 404 ant 0,5

Gebrauchsldsung werden mut 01 ml Parotis-
speichel gemischt und pach 10 mm mit 0,5 m!
Phenolreagenz versetzt. Das Abkesen der Ex
tinktion erfolgt nach 30 min bel 578 nm gegen
cinen mit NaCl-LBsung analog hergestellten
Perwert

V Durekee Biuret Bestimmung bel 546 nm

Dn: von Maurer (1968) beschriebens Scimell

des proteins  im  Liquor
wurde flr die Spddlckmrlﬁbcﬂh:nmunz in
folgender Webse gefindert.

Reagenz: 0,3 g CuSo, 5 H,O n 50 m!
H.O AuffUllen mit 60 TL 2 N NaOH/40 T1.
Athylenglykol auf 100 ml.

Flir dic Besttmmung werden 0,5 m! Bluret
Reagenz mit 0,5 ml Spexchel gemischt und die
Extinktion mach 15 min gegen den aus 0,5 ml
Bruret Reagenz und 0,5 ml NaCl-L3sung her
gestellten Leerwert bei 546 nm besummt.

foll,

6 Biuret Beati nach A bel
346 rom

Durch Zosatz voa 0,5 m! Speichel zu 2,0 ml
3% Esigfiure In Aceton wird das Protein
amgeft (homarov & Stavraky 1940) Nach
Abzentrifugeren und Aofidsen des Rickstan-

Acta Otolaryee 1

des in 1 0 ml Bluret Reagenz wird die Extink
ton bel 546 nm gemessen.

Bei allen Methoden wurds ein durch Verdin-
nen cines kAuflichen Kontrollserums herpestell-
ter Standard verwendet, dessen ElweBpgehalt
nach Kjeldahl bestimmt worden war

ERGEBNISSE

Tabelle I gibt das {Or 14 Proben nach den Me
thoden 14 ermuttelte Gesamtproteln in mg/100
ml an.

Die angepebenen Werte wurden aus 3 MeB-
werten berechnet. Flir die Proben 9 10 und 1
wurden 20 Bextl fn Senc p
um Aussagen ilber mdgliche horrelationen ge-
winnen zu kSmnen. Daber ergibt der ¢ Test
sigmifkante Unterschiede zwischen den elnzel
nen Mecthoden, ausgenommen davoa sind nur
dre Werte der Probe 10 flir die Methoden 2
uod 3 huer bestecht kein signifikanter Unter
schied. Der VarmtionskoefTizient kst fiir die UV
Biuret Methods mit 2 » am niedrigsten Dle
Varlatlonskoeffizienten der anderen Methoden
Gepen rwischen 5 und 8% Korrelationen be
stehen zwnchen den Methoden 1-4 nicht, da
dic Angabe einer Regressionsgeraden nicht
mdglich st

Dre Ergebnisse der flir die Spelchelprotein

Tabelle I G eif in mg/100 m! b
mil der Biure: Schneilmethode und nach Acelon-
Sy

Buuret Schoell Bluret Aceton-
flllung
Nr (546 nm) {546 nm)
1 193 110
2 n7 247
k] 6 »
4 a2 248
5 754 0
6 137 2
7 0.5 430
s T4
9 95 530 Lery
(578 om)
10 L8 m 6 278 230 2
11 404 405 450 474 313 D0
12 60 s m 50 19 46
13 168 178 1 1857 153 145
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Eh

cdchel T3

im hlichen F .

bestimmmg geAnderten Blaret Methoden 5 und
6 gibt Tabelle I an. Dic Proben 10-13 wurden
pochmats mit der Folin-Mcthode nach Lowry

verglichen.
Fiir dic Proben 14 wurde durch 20 Bestim

aoch vom Gehalt an den aromatrchen Amino-
s¥uren Tyrostn und Tryptophan ab, Dies fhrt
rwanpsliulig m einer AbhXoglgkeit der Farb-
intensitit von der Art des Proteins. Da such
die Technik dieser Methode anspruchsvoll ist,

mmgnlnScﬂedchurnmmkoefﬁz!mtu halten wir sle mnr Routinebestimmung von Pa-

mrttelt, Er Legt fir die Schnellmeth bel forelB fir wenig geelgnet.

34% fﬂrdiaAl:ttonﬂﬂlmgbd40% Dne Dee P k im P peichel
terbarkeit belder Metbod hingt nach Dawes (1969) sowohl von der FluB-

(Proben
10—13) st got, Dis Lambert-Beersche-Gesetz
ut bis zu cinem EfweiSgehalt yon 500 mg/
100 ml erflilit.

Dic Fillungsmethode ergibt signifikant ha-
here Werte als die Biuret Schrellmethode und
als die Lowry Methode Zwischen den belden
Biurct-Methoden besteht eme horrelation (r—
0999), der Unterschied Ist signifikant (p<
0.001)

DISKUSSION

Dic Bioret Reaktion erflillt im Hinhlick aof
Spenfitht und Haltbarkeit der Reagenzien die
gestelten Anfordenmgen. Besonders fUr die
Bestimmung des in peringer Komrentration ver
Begenden Parotaproteing bst aber dio Emplind-
Bichkeit zu gering. Die Messung beim Absorp-
tommaximum des Cu-Biuret Romplexes im
UV (Mcthode 1) steigert zwar die Empfind-
E:hl:di,e:dﬂhtﬂhcrm)chdkstﬂmnpldurdl
niedermodeknlare Verbud, grn. Flno M

menge als anch von der Daoner der Stimulabon
-b 50 daB die Angabe von Normalwerten ohne
dicser P nicht sinn-
vo{] bt. Mdglicheraeise Endert sich withrend
der Sekretion nkht mar die Proteinmenge, son-
danlnch&rcnluanms.chlck

horett Auf g von P
g&mﬂﬂProbnndmzdgihnutnIbdﬂdmxl—
nen Fraktionen betrSchtlrche Schwankungen.
Hinzru kommt im Verglekch zit Senum und Ld
quor der hithere Anteil an den Enzymen Amy
1ase und Lysozym, der anch in weiten Grenzen
schwanken kann. Dhe qualitativen Unterschieds
der einzelnen Proben bedingen die Schwierlg-
kriten bei der quantitativen Bestimmung des
Proteins, denn keine der Methoden 1-4 scheint
m jeder Probe den Totalprotemrwert anzugeben.
Fehlerhaft smd besonders dle Resultate der Fil-
lungumethoden, da hier offenbar die Enzyme
nicht erfaBt werden, Schon durch die Unter

h voa Windeler & Shannon (1966) war

hnSldnbnrminmd:vvrhcﬂmFﬁ]]un;(Mc
thods 2) miglich. Dro AnafNllung mit Perchlor
sure licfert im Verglcich mit der UV-Methode
br viel nleddgere Werte, die durch umvoll-
sthodige Fallung des Proteins bedingt smd. Dre
Ausfiltung mit Sultosalizybslinre (Metbode 3)
It tn der Durchfiihrung am elnfach:

bekannt, daB die meisten Fallmngamethoden fir
die ti des fles ungeeig-
mﬂnd.dnmmduh{dnumduEman

Die A out
Essigslure/Aceton (Methode 6) nach Komaroy
& Stxvraky (1940) 1t zwar fur dic Reststick
mcht gecignet, da das organk-

Gegranatz zor l.mIJquor
versagt wlo im vordiegenden Fall, weil die Aus-
fillung unvollsindig ist und avch durch Zu-
miz voo Harndoff (Kraose & Seidier 1969)
der Kalloid d mkht sabilislert werden

sche Lsungrmitte]l dlo Aufarbertimg erscirwert;
das Elweld wird aber vollstindly gefallt, ohne
daf betm angepebenen Verhlltnms niedermole
hnhmVerblnd\mw:uludlllm.DlnmdaNk

lag benBtigt wird, stbrt das arganische

kann. Die E der FEllmgamethoden 2

I P

‘md3ﬁ=v=nhn:1dcmeadch,ohnede
cioe Korrelation rwischen [men besteht. Die
lll'b!ﬂdmdeRnh.lmdcer""" “)

h’nlimbmdunVodng:ndanmnﬂﬂMmg

5b ritt G der UV
Methode (l)wh'ddi: ErhShung der Efwelf-
m durch Zugabe el

ner gréBeren Menge Speachel bei glelchzettiger

Acta Otolarymf 71~



Almgrist & Wiksells
BPOKTRYCKIR] AKTIEROLAG
UPPLALA 1971



Chers Collégues, Mesdames, Messicurs,

Je b p les Membres du Colle-
ghom qm ont chom Palerme pour la sexsion
Onlas du 1970 et qui sout venn kel Jo remercre
suwd les Dames, lesquelley rendent aimable Ix
réunlon avee keur présence. Mes salntations
tris Jes aux Membres du Col
legitm, ils premnent ke flambeau de TOfym-
pisde sclentifique et sont I'espolr de I'évchution
de 'Oto-Rhmo-Laryngologle A tous les cok-
Rgues Jo souhaite bon travail et sejour heu
reux.

Meme Herren, Meine Damen,

Den Mitgliedern des Collegtums wnd den gnd
dlgen Damen, danke ich bestens, fir die Tell-
mbme an dicser Versammlung des Colleginm

gutc Arbeit und einen angenchmen Aufenthalt.

Dear Coll Ladies and Genth

1 wish to thank the Members of the Collegium
for having chosen Palermo for the Orlas ro-
union and for coming here In such nombers
and to extend a special welcome to the Ladies
whose presence will Lighten the seriousness of
our mecting.

To the President of the Siilisn Government
and to the President of the Regiomal Assembly
to the Mayor of Pakrmo to the Presidents of
the Local Comnclls my gratitnds for thelr co-
operation in this cultiral event.

It is a great plexsure to have bere the world's

Acks Ovolary
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most illastnious representatives devoted to oto-
laryngology and pure science

1 feel bound to recall, with sadness but with
gratitude, those Members who have departed
for ever For them ket uws have a moments
silence.

Today we arc opening the series of the meet
ings of the seventies on this ocenston 1 should
Tike to express the hope that we may all meet
again at the end of the decade, to record the
progress of our sclence I assume this progress
will be considerable in view of ever improving
research techniques, and, above all, as a result
of the work of the younger Members who have
recently joined our Collegrum. They Inhent a
specinl Olympsc tarch, the Olymplcs of sclence,
which s a contest without victors or van-
quished, representing an act of faith In the con-
timity of an Ideal whose scope Is the search for
truth in human biology and pathology In wel
coming our new Members, 1 express the wish
that they may attam the ideals they have set
themselves.

Last August, in Mexico Clty when you did
me the honour of entrusting me with the organ-
ization of this meeting In my City I wondered

1 should be equal to the task but I was

Q:cdh:t:ly encouraped when I realized that
*Sur choice wus a sign of friendship and 1
gecepted with pleasure becanse ones friends
are tolerant of such failings as cannot always,
for one reason or another be avolded

Today you are assembled on an island which
differs from all others in Its peographical utua-
ton, the fertility of its sofl and it chimatic
conditions, All these elements have keft thelr
mark on its complex history

Sicily i surrounded by a sea, which links
three continents with ther great, anclent clvil-
zatfons and in the course of centuries ths sea
has been used by many matlons who one after
the other were tempted to conquer this island,
whaose Iife history dates from the early paleo-
fithic age

Prehistoric man has left graphites of preat
expresave power in caverms on Mount Pelle
grino. In the cighteenth century B¢ Siclly was
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populated by the Sican] and the Siculs later on
they mixed with the Phoenleians and with the
Aegean peoples. These last have piven rise to
o superb civillmtion, while the Punics, after
conquering the west of Slefly have left only
ruins, In the third century B ¢, the Punles were
driven away by the Romans and towards the
fourth century A.D., after the rauds of the Van-
dals and the Goths, the Romans keft the domuin
lon to Byrantum. This donunlon was then
Lept by the Arabs, by the Normans and the
Swablans to them succeeded the Angevins, the
Aragoneses, the Spaniards, the Skcillan Barons
and at last the Bourbons. In 1860 Skily was
united to the relgn of Italy and since 1947
after the establishment of the Republic, Skcily
became a Regron with a special statute

All down the ages, this hland has produced
men of keen Intellect among them one thinks
of Archimedes for matk ics, G da
Lentini, Clelo d Alcamo Meli, Quasimodo for
poctry Antonello da Messina and Novelll for
their panting, Bellin! ond Scarlatti for their
muse, Verga, Cesareo and Pirandello for it
erature  Michele Amarl for history Juvara,
Carnalivari and Basile for architecture, Anto-
nello Gagini, Rutell: and Civiletti for sculpture,
Glacomo Serpotta who excelled in the art of
stucco, Pitrd in philology and folklore Can-
nizzaro in chemistry and Majorans in physics.
Palermo, which the Phoenlclans  called
ZIZ" which meant flower and the Greeks
called Panormo which meant  all of it 2 port
was involved for many centuries in the fate of
the bland and went through periods of strupgle
and deesdence especially under the Vandals,
and pertods of great splendour especilly vo
der Fredric IL, who made of the City one of the
greatest cultural centres of Europe In this pe-
riod the Italicn languape began to substitute
Latin, Today Palermo has many museums, fine
churches, ancient palaces, an ancient Acadenty
of Scence and Letters, an Academy of Fine
Arts and 2 Umvensity The City with lts six
handred th is dominated by
Mount Pellegnno and stretches in the Coota
d'Oro the Golden Valkey™

q inhabl:




The course of time and the numerons con
querors leave thelr mark on the character of
nations, and the people of Sicily by reason of

the formation of & character whose prevailing
featnres arc: pride, distrust of the wnknown, a
strong attachment to the family ond a great
capacity for fiendship Thus the dual concept
of family-fricndship has become g refuge and
comfort in the human relations, which are in
this country alwxys showy and colourful In
Sicily welcoming relations and friends bs a res-
son for a celebration, In the company of Sun,
Alr and Barth,

All thesc elements combine to attack the
senses and seem to inbibit action, while stimm-
lating the mind to fantasy contemplatfon, me
ditation. In comequence, a conflict arises here

™

between the duty towards sclentific tasks and
the pleasure of receiving friends. Such coaflxt
can be resolved provided work is considered
a necesnity of life and not & dredgery

Your attendance at this meeting m Palermo
gives me not only pleasure bat abo the wel-
come mpression that, in addition to the scen-
tific reasons for your comlng, you whhed to
viut this patch of carth for the sake of its own
great nichness, philosophy and ethics.

This has led me to try to fulfll all your de
sires and I have tned to bring oll the strands
together so that Sicania, once Trinacria or Tri-
quetra and now Sicly may remun mo your
minds as one of your happicst memories. En-
couraged by this bope, I wnh all a happy stay
and to my colkeagues a period of profitable
work,

I now have the plkeasure of showing you,
by courtesy of Esso Standsrd, a panoramk
film of Skcily as a land of dreams. Thank you

Amoﬂ.yuav
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AUFBAU UND UMBAU DER KNOCHERNEN LABYRINTHKAPSEL
DES MENSCHEN
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hend ermchtet wurde, Um Entstehungstheonen
der Otosklerose ru untermasern, haben Rins
& Mendara (1961) das Fehlen dex Osteocyten
in Lakupen und das Vorhandenseln von Fett

i
|
i
i

pfchen in dicsen angefUThrt. Gussen (1867)
vermelnte In den . globull interossel eln Zet
chen von Knoch pthon — mepti Ne-
krose — erkennen m kbanen. Obwoh! schon
Meyer (1933) daranf verwicsen hat, daB

d.crhhyrh:rd:hpd.knocbmnnrthp:dnl

werden kann, bedienten

sich mur E & Risckert (1962) der Po-
larjsatjon und des Mikro-RSatgenogramms
und  Mikro-Radiographie, sowie Chevance
(1961) der Elektronen-Mikreskopre und Del
Bo (1961) und Ricel (1962) Mucopalysac
charld-Reaktion am foctalen Felsenbein Costa
& Covell (1965) Gussen (1968) um nur cinlge
u nconen, verwendeten immer poch hacma-
lnxﬂln—cuﬂn—g:ﬂrbm?rl;nnmmﬂmndhge

bechtung: Gerade einc peclgncte
pr ive Technlk er umt, Elnblck

Mumarsey haben vor allem Siebenmann (1894)
Mayer (1917) Eckext M&i\n (1924) und Bui
{1930) ganz

m crhalten in dis Biologic der menschlichen

Meyer  (1933) seine bh beute

oitig pealtert brw aus totem Knochen beste

bau nach dem rweiten Lebensiahr hat nicht
statt. Lamellen-Systems im Sinne osteonartigen
Knochens fehlen, eine Knochen-Breccie ent
steht nicht. Hnupdnucl:mcm der Knpsel bt
der Strihnenknochen, der

hEl, wis sic schon Manasse (1897)b::dn:ic-
ben hat. Dics alles war Meyer (1933) berauts
bekannt uad es bedorfte verbesserter Entkal
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kungxmethoden, besserer Fixierung und mo-
derner husto-morphologischer und histo-chemi-
scher  Methoden, um  entschaxdende  Fort
schritte zn erdelen.

MATERIAL UND METHODIA

Probleme 1n der \erarbeitung menschlicher
Fehkenbeme Depen neben elner guten zewge
rechten Fiderung in efner schonenden Entkal-
kung. Wir fixieren mit gepuffertem neutralem
Formol, wobel noch Formalin ins Mittelohr
ewmngebracit wird, Nicht nur an den Sinnesend-
stellen machen mch postmortale Verinde
nmgen bemerkbar wir sehen uie ebenso an den
Osteocyten und der  Grundsubstanz. Schon
Remagen & Stolpmann (1962) haben darauf
vernlesen, diaB postmortale VerSnderungen
und Siureentkalkung dicselben Schiden et
e, inshesondere an den MPS der Grundsub-
stanz. Wir entkalken mach Gussen & Donahne
(1965) mut EDTA, Verscne oder Titnplex und
rwar bel emem py von 735 und ciner 07
molaren Ldsung. Dre Vorteile dieser Chelie
runps-Methode zeigen sich m der auspezeichne
en Anfirbbarleit der Priparate und aoch in
Moglichket der Betrachtung im polarmer
YLicht Die Entkalkung nmu8 sehr pewche-
schonend semn. Wertere Schwierigkeiten erge
ben auch aus dem Elnbettungsverfahren, wel
ches die Schomtdicke ganz entscheidend beem-
fluBi. Uns hat sich die Celloldin Elnbertung als
onersetdich erwicsen, obwoh! 18 4 dicke Se
nenschnue das Op des Erziclbaren wz
ren. Unseren Untersuchungen lLiegen swebdgp
menschliche Felsenbempaare aller Ahtersgrup-
pen u Gruede. Da die Haematoxdln-Eosron-
Flisbung — Meyer (1933) hat schon dar
suf hingewiesen — nur beschewdene Resultate
gibt, haben wrr nach ciner Bindegewcbsfir
bung gesocht. Bahr & Huhn (1952) bhaben ent
nculich zeigen L8nnen. daB gerade dre Grund
mbs!.mz das Flrbeerpebns ber Bindepewebs-
cheldend beemfl Beste

anders firbt, als der lamellire, hat uns veran.
1aBt, besonders der Grundsubstanz umere Aunf
merksamkeit z0 widmen. Thre Bestandreile F-
brillen-Collagen und  Kittsubstanz Mucopoly
saccharide sind chemisch ancinander gebun.
den. Wir benlitzten polansiertes Licht und Mu-
copolysaccharid-Darstellungen (Abb  2-5) S-
cher sollte man nach Lindmer (1965) von
Lombumerten Methoden nie dieselbe Aussage-
kraft erwarten, als von Einrelnachweks-Reak
tionen. Unsere Ergebnisse aber mit der kom-
bmerten MPS Eisen PAS Reaktion nach
Mowry waren bel penauester Beachtung der
\ orschnft sehr gut, da sowohl saure, ols auch
peutrale MPS  deutlich nachwelsbar waren.
Auch das Lacunenkanflchen System hat sich
schr {ibernichtfich dargestellt, sodaB wir die ge
samte orpansche Matnx der Labyrmthkapsel
bearteilen konnten.

UNTERSUCHUNGSERGEBNISSE

Formbedingende und formbevwahrende Schicht
der Labyninthkapsel Bt die mittkere am
Strihnenknochen. Nach innen m liegt elne co-
dostale Belegschicht, ans Bindegewebe durch
primire Osufikation entstanden. Die perio-
stake alles umgebende Schicht besteht aus ci-
nem Maschenwerk geflechtartigen hnochens,
dessen grébere Foserbindel m der Hauptachse
des Felsenbeins gelegen sind. In den Maschen
lregt nm Ted Strihnen- zum Teil lamelldrer
Osteonknochen. Dicsen Aufbau erkennt man
rum Teill berens im HE gefirbten Pripanat,
am deutlichsten in der Schoeckenkapsel, wenk-
g1 in der Bogengangskapsel.

Die endostale Schicht fehht hiufig an der
Schoeckenspltze und Telkn der Bogengangs-
wand. Dhe enchondrale Schrcht wiederum ent
hilt hnorpelreste s fehlen Kiulinien, dic Fa-
sersysieme amd zopfantig mut hootenponbden
Dic periostale Lape st teils durch eine Ansatz-
linfe streckenweise aber auch durch hem mor

Resoltate cmchcn wir mut Pollak s modifider
ter Masson-Trichrom-Flirbung (Abb 6) Dre
Beobachtung, daB sich der Swahnenlnochen
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phologisches Deta] von der enchondralen go
mmundnﬁmtim&lsmbdnhmem.
Dreser komplizlerte Ban lettet sich aus der Ent
wickl hichte her- dle endostale Schycht
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entspricht der Geperal Lamelle die enchon-
drale entstelt ams elnem knorpeligen Block.
Die Osdfikation entspricht der an der Epl-
physc langer RBhrenknochen, nor fehlt dic pe
rimtale und endostale hnochenblldn Knor

und den thefblanen Knorpelresten, dic perio-
stale Lage blau-ritlich mit deuthich roten Be
nrken 10 der Peripheric. Die Grenzschelden
dchcﬂBcdndv‘blm—rotgcﬂrbt,rbemo.w

pelrcste biciben bestehen, da, durch kelne
Knochenmanschette behindert, cine fikchen-
hatte ErSffnung statt hat Aunf die Knorpel-
reste wird felofasenger embryonaler Knochen
abpelagert, wnie ihn Gegenbauer anch am
Rbrenknochen  geschen hat. Die  osteokls-
stirche Modelberung bst kuarz und der Zobau er
folgt olme wesentlikhe Resorption. Knorpel
reste und GefiBte werden mattenartly umgeben
von femfasengem und nach Meyer Bast und
Weber lLamelienlosen Knochen, Hier bleibt dic
Entwickhmg steben zom Unterscined vom gan-
en Obrigen Skelett. Dre periostale Kapsel ent
strht  durch dmekie  Bindegewcbsverkndche
rung,

Mit Hilfe der Pollakachen Trichrom-Fir
bung beobach wir den geschilderten Auf
bau des gut und da sich
nl]c Schichten wnd die  sic d

benrke um die globuli osser und einzelne
ancnimlanx]]]rcn}(nodxn.andcnmf
fallend war aber das bHulich pefirble, m
Striimenkmochen schr dichte Lakunen-Canali
culi-System, welches Osteocyten der verschue-
densten Form enthiclt (Abb. 8) Slc waren
grofl, wanremartig, dwe Lakune fOflend, aber
such spindelig zart mit cinem breiten Hof und
dentlicher Rouget Neumann scher Scheide
anmnm;hologmﬂchnﬂn}wn
dere in der B kapsel. Um
Gcﬂme denen die Grenmscheiden fehlten, fand
sch mantelfmug bifiolicher Knochen mit vio-
Jetten Sigmen (Abb 5) Dicse Areale scheinen
ohne Grenre in Knorpelreste Obermgehen.
Teile dicser Knochenmiintel firben sich r8dich
oder und vollkommen rot (Abb 6) Haltelmien
treonen  drese  Bildungen vom  umliegenden
Knochen,
Dre F

stellen sich am besten 1m

henarten Hed, ficbten (Abb 7)
m:mdmuthcﬁdﬂdncndmmbhﬂgrﬂn
md devtlich dorch ane Linle abpesetzt. Die

ol in derselben Farbe, Die interglobulkren
Riumo blelben ungeflirbe. Die im HE-gef¥rb-
ten, tefblauen Grermcheiden der  GefiBe
(Abb l)lmdmngn.D:pex’mulehphu
en dunkelblan bls scr

riist (Abb 7) in wreiches nach innen m tlirkiser
Stribnenknochen wnd nech anBen roter lamel
Hrer Osteonknochen clugelagert st Knorpel
festo fehien. Ebenso wie 1m HE-gefirbten
Schmitten sind Osteocyten, Lakunen und Ka-
nilchen schlecht zu sehen.

Dw  Mucopolysaccharid-Ehen-PAS-Reak
tion brachte gerade bezigfich letrterer Struktue
ren sehr interessante Informationen. Der Aof
ben der Labyrinthkapet] spxegelt tich auch In
dicser Reaktion wider (Abb 3) Die endostalo
Lege st blan anpefdrbt, dic enchoodrale lm
woentfichen  bilufich mit rodkhen Arcalen

en Licht dar mit und okoe Kompen-
sator (Abb 2) Dle endostale Lage enthilt
mehr minder ungeordnete, kinze femne Faser
biindel Dic enchondrale Lage hat im Strilmen-
knochen feinfaserige, sich ropfartly verflech-
tende Systeme, die durch keine Kittlinien un-
terbrochen sind und Knotenpunkte aufwemsen.
Dic Fasersysteme zelgen weiters eme matten-
artige Struktur (Abb 2, 3) deren Stlhnen
sich, uater dem Gipspiitichen betrachtet, unter
90gradgem Winkel durchdnngen (Abb 2) In
der periostaken Lage fEt besonders das Lamel
len-Systemn des Osteonknochens (Abb. 3) auf,
das m deutlichen Kontrast nm kurdsserigen
Bindegewebsknochen steht.

Besprechung der Erpebnisse
Das K be nt cine Dr
Struktur nach Knese (1963), deren verschic
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Abb I Labyriathlamel HE, Chenicht.

Abb 2. Labtyrimbiapsel un polanierien Licht wod
Qlpapdanichen.

AbS 3 Latyruohlapsel  MPS-Ehen-PAS-Ralum
und polarkiertes Licht.
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Abb 4 Imerglobulirer Rapm. 3{PS-Ehen-PAS-Re-
aktion,

Abb 3 Blne Mumtel mnd foterplobulise Rawme.
MPS-Eisen-PAS-Realtion und polansicrtss Licht.

Abb 6 Roee Mintel, Pollak s Trichrom,
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Grenre
periogtate Lage- Pollaky Trichrom.

phische Beziebunpen und ¢in Verh¥ltmis der
Abhingigkelt der Mineralien vom organmscien
Tell Eger (1963) nimmt sogar an, dad dic

Giblan (1959) BaBd (1962), Lipp (1955)
Wassermann & Jaeger (1965) notriny formstiy
vnd reparatly titig sind und der hochdiffercn-
derien, teils stbrker tells wenlger geform
ten Grand: anz, wekhe vornchmlich der
mechanischen  Leistung  dient, zmsammen.
Dnese Lebtung erbringen nach Knese & Har
nack (1962) vor allem die Fasersysteme  wobel
eine Art Verbandban anzonehmen ist, bel wel
chem die Kitsubstanz aws mehr oder minder

hochnalvr

fuerten  Mucopolysacchard-Pro-
tan-Komplexen eine wichtipe Rolle splelt. Dis
Kittsubstanz erfiillt nech Gibtan (1959) aber

auch efne Speicherfunktion fir extrazellulires
Wasser aber anch Calcium. Al dies gt such
fir das Fehienbeln und die menschlxche Laby
rinthkapsel, wic wir an Hand umerer Befunde
eigen konnten, wodurch wir aber im Gegrnsatz
m Maoase (1897) Slebenmarn  (1394)
Mayer (1917}, Eckert Mobtms (1924), Bast
(1930) Rims & Mendara (1961), Flelscher
(1957) und Gussen (1968) steben. Durch MPS-
Derstellungen koants Ticht werden

| riTE g
RN £

7 -
g,

Abb & Osteocyten jm Strahnenknochen MPS-Eben-
PAS-Reaktion,

daf das Lsconenkyn¥chen-System perade Im

Strihnenknochen besonders P
Es enthilt reichlich Ostcocyten und Grenz
heiden verschreds Funkt fr bet

des nach Wessermann & Jecger (1965) Haupt
wege des Stoftwechsels im Knochen. Sis ver
mtteln auch, wic Batid (1962) zeigen konnte,
rwncben Kapillaren und interzeiinliirer Matrix.
Diese Wege sind im Strihnenknochen eher
kurz, Als weitere Zentren starken Stoffwechsels
peiten bel Graumann (1958 1964) und
Godard (1951) diz basophllen Imseln nach
Zawisch (1927) Sio entsprechen den mterglo-
buldren Rlumen im Strihnenknochen. Wie
Lipp (1955) und Zawisch (1927) koanten wir
ncben  der  morphologusch Ui dtung
auch dic moleknlare Umstellung im Sinne ciner
Depolymerisaton an Hand der PAS-pogtiven
Siume relpem Gussen (1968) hat dicselben
Beobachtungen pemacht. Costa & Corell
(1965) glauben sogar cinc Abnahme der
feststellen mm kibanen, was Kakd-
raki & Altmann (1970) niclt sicher widerlegen
konnten. Dieto Knarpelrests sind nach Lipp
(1955) mcht our Plazhelter soodern soch
Energic Depots.  Auffallend st weiters, da8
der rexchlich niederpol;
saure MPS enthillt, dlo mit Kollagen elne cher
lockers Bindung nach Gibian (1959) clngehen,
was cin  Zelchen gewhser Umrelfe dex

A
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Knochens nach MJr (1962) und v d. Hoofl
(1964) darstellt und im wesentlichen nor ver
kalken, aber nicht mineralisieren, das eine An-
nahme Gussens (1967-68) und die Untensu
chungen Engstrdms & Rockerts  (1962)
beuRtipen.

Wie an allen fbrigen Rnochen zeigt sich
Stoffwechsel-Akuvitdt  an  den  Osteocyten
sclbst an ifhrer Gestalt und der Dicke des
MPS-Mantels z. B aber auch an der Umge

Ebenso schiltzen basophile Schichten, we die
hypermineralisierten  Grenzscherden  der Ge-
fiBe, dic fikchlich als blaue Mintel bereictmet
worden sind, Es sind dies nichts anderes, als
basophile Halte- brw Resorptronsiinien. Der
Stoffwechsel Im Strihnenknochen ist nach all
dem doch sehr vom lamefliren Osteonknochen
unterschicden, da foetake Merkmak wie hohe
Osteocytendichte und hoher Gehalt an sauren
MPS bis ins hohe Alter erhalten bleiben. D

bung, wekhe ruenst Verlast der Basophilie und
dann stark positive PAS-Reaktion reigt. Dies
heiBt cinerseits Wechsel im Polymersations-
grad, sber auch Menpenzunahme der MPS
nach Graumann (1958-64) Morphologisch
SuBert sich dic Osteocyten-Aktivitht nach Lipp
(1955) in intralacun¥rer Resorption, aber auch
Apposition. Dies kann — wenngleich am
Striihmenknochen selten — zum vBllgen Zo
mauern der Lacunen fihren Es emistcht das
Bild der Frostschen Mikropetrons. Echten
Umhau findet man am StrBhocnknochen nur
{sc Lincare Appoution tritt nach
dem rweiten Lebemsjobe in den Hintergrund
Rnese (1963) steht aber auch Zuwauchs durch
Reifung der homponenten, d. h. Abnahme der
MPS 7z Gunsten des hollagens und Zunahme
Polymcnsal.lommda und durch intraos-
bildung. Die Flicbendichte der Osteo-
)Icn olmmt nb und zrwar nicht zu]cm durch
Vol h der inter

Mterungs: ist nleder Mikropetrosis bt scl-
ten cchter Umban findet nur wenig statt.
Trotzdem findet ein stindiper Wechsel in den
MPS und jhrem Polymensationsgrad statt,
nach Lipp (1955) stark energieverzehrende
Prozesse.

Das in allen Detalls bercits von Meyer
(1933) beschrebene Bauprinzp der mensch-
Tichen Labyrinthkapsel findet in den Beobach-
tungen Pedziwintr (1967) cine interessante bio-
mechanische Erginzung dre er In rwei Ver
knBcherungssystemen skeht, der corona radiata
labyrinthi und der intermedifiren Zone Dies
unterstitzt auch die Arordnung zweler Faser
systeme  der Striihnenknochen Aquivalent der
Intermedidren Zone enthilt ein sich mattenar
tig verflechtendes Fasersystem, welches aufer
dem rodidr und cicculir awsperichtet ist. Die
Fasern der periostalen kapsel hingepen sind in
der Liingsachse der Pyramide ausgerichtet. Un-
sere U zeipen welters, warum ge

Dueser AlterungsprozeB verluft am Strihnen
Lnochen sehr langsam und dauvert bis 1ns hohe
Aher

Morphologrsch faBbaren Umbau sahen wir
an den interglobuliren Riumen und zwar in
denselben Form, wie Zawisch (1927) Lipp
(1954) und Ruth (1961) wobcl uns aber Za
sammenhinge mit den Manasse-\\eber schen
Mantelbildungen  sufgefallen sind. Besonders
in der Bogenganpskapse] finden skch diese um
ein GefaB gelagerten hnochenneubildungen ols
blaue gemischte und rote Mantel je nach der
Rnochenart die sie aufbaven. Schutz vor re
gellosem Abbau bllden nach Lipp stark saore
Areake, wie ¢3 im Su¥hmenknochen dre hnoe
pelreste und die Grundsubstanz selbst sind
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rade di  Labyrinthkapsel eine so groBe Fe
stigkeit besitrt, wenngleich der Grad der Mine
ralisation nach Engstrbm & Rickert (1962)
und Gumsen (1967-68) nicht allzu boch ist.
Das Fasersystem und dre Form des Flllistoffs
vermutteln  durch  Elastintit cinerseits  und
Quellbarkeit, sowte Viscositht andererseits Sta
billtit. Gerade der hohe Gehalt der Grundsub-
stanz an sauren MPS entspricht durch Wasser
bindungsfihigheit und lockere Bindung an
Rollagen gut dlesen Voramsetzongen.

SUMMARY

By meam of speanl decalafying mwthad and hiio-
Jogxcal saining techoiques we were able to sudy the
rchtectore of the human labyrinthime capeole The
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hnochens nach Mjdr (1962) und v d. Hooff
(1964) darstellt und im wesentlichen nur ver
kalken, aber nicht muneralisieren, das eine An
nshme Gussens (1967-68) und die Untersu
chungen Enpurdms & Rockerts  (1962)
bestAtipen.

Wi an allken Obrigen Knochen zeigt sich
Stoffwechsel-Aktivitft  an  den  Ostcocyten
selbst, an ihrer Gestalt und der Dicke des
MPS-Mantels z B., aber auch an der Umge
bung, welche zoerst Verlust der Basophilie und
dann stark positive PAS-Reaktion zeigt. Dies
heiBt cinerseits Wechsel im Polymermations-
grad, aber awch Mengenrunahme der MPS
nach Graumann (1958-64) Marphologisch
duBert sich die Osteocyten Aktiviiit nach Lipp
(1955) in intralacumirer Resorption, aber avch
Apposition Dies kann -— wennghich am
Strihnenknochen selten — yum vOiligen Zo-
mauern der Lacupen fOhren Es entsteht dos
Bild der Frostschen Mikropetrosis. Echten
Umbaun findet man am Strihnenknochen nur
auspahmsweise Lincare Apposinon tritt nach
dem zweiten Lebensjabr In den Hintergrund
hnese (1963) sicht aber auch Zuwachs durch
Reifung der homponenten, d. b. Abnahme der

1PS zu Gumsten des Kollagens und Zunahme

Polymerisatlonsgrudes und durch intraos-
Asle Neubildung. Dwe Flichendichte der Osteo-
cyten nimmt ab und zwar nmicht zuletst dorch

Ebenso schiltzen basophile Schichten, wic die
hypermineralisierten  Grenmscherden der Ge-
fiBe die filschlich nls blave Mante! berelchaet
worden sind. Es sind dies nichts andercs, als
basophile Halte bzw Resorptiomlinlen. Der
Stoffwechsel 1m Strthnenknochen st nach all
dem doch sehr vom lamelliren Osteonknochen
nnterschieden da foetale Merkmale, wie hohe
Osteocytendichte und hoher Gehalt an sauren
MPS bis ins hohe Alter erhalten bleiben. Die
Alterungsrate ist nleder Mikropetroals ist sel-
ten, echter Umbau findet nur wenig sttt
Trotzdem findet ein stindiper Wechsel in den
MPS und ihrem Polymerisationsgrad  statt,
nach Lipp (1955) stark cncrgieverzchrende
Prozesse.

Das In allen Detalls bereits von Meyer
(1933) beschritbene Baupnnzp der measch-
lchen Lobyninthkapset findet in den Beobach-
tongen Pedzwiatr (1967) emne interessante bro-
mechanbsehe Erginzung, die er in xwel Ver
kndcherungssystemen sicht, der corona radiata
labyrnthi und der Intermedifiren Zome Dies
unterstlitzt auch die Anordnung zweler Faser
systeme der Str3hnenknochen, Aquivalent der
intermediiren Zone enthiltt em sich mattenar
ug verflechtendes Fasersystem, welches aufier
dem rodiir und elrcullir ausgenchtet st Die
Fasern der periostalen Rapsel hingegen alnd fn
der Lingsachse der Pyramsde nusperichtet. Un-

Volumsmunahme der interzelluliren Scob

sere Ul } reipen welters, warum go

Dueser AlterungsprozeB verliuft am StrBhnen-
Snochen sehr langsam und dauert bis ins hohe
Alter

Morphologisch falbaren Umbau sahen wir
an den interglobuliren Riumen und zwar 1n
denselben Form, wie Zawbsch (1927) Laipp
(1954) urd Ruth (1961) wober uns aber Zu
sammenhinge mit den Manasse Weber schen
Mantelbidunp sind B ders
in der Bopengangskapsel finden sich diese um
ein GeflB pelaperten Rnochenneubildungen als
blaue pemuchie und rote Mintel, j¢ nach der
knochenart, die sie aufbauen Schutz vor re-
pellosem Abbau bikden nach Lipp starl sawre
Arcale wie 3 im Strihnenknochen die Rnor
pelreste und dre Grundsubmanz selbst und

Foalall
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rode di  Labyrinthkapsel eine so grofe Fe
stigkeit besitzt, wennglexch der Grad der Mine
rafisation nach Enpstrdm & Rockert (1962}
und Gussen (1967-68) nmcht allru hoch st
Das Fasersystem und die Form des Filllstofls
vermitteln  durch  Elastirut einerseits und
Quellbarkeit, sowic Viscontdt andererseits Sta-
bilitiit. Gerade der hohe Gehalt der Grundsub-
slanz an sauren MPS entspricht durch Wasser
hindungsfihigheit und lockere Biodung an
hollagen put dicsen Voraussetztnpen,

SUMMARY

By meam of spraal decalalying methods and hnto-
lopca) sain g techmqoes we were  ble 1o study the
rehitecture  { the boman Labyrinthise capsuke The
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THE ATTACHMENT OF THE CUPULAE, OTOLITH AND TECTORIAL
MEMBRANES TO THE SENSORY CELL AREAS

G F Dohlman

From the Defence Rescarch Extabhthment end the Department of Otolaryngolegy
Untrersify of Teronto Toronso Cenada
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of an occaskonal contact of & few hainy with
the fllaments of the tectorial membrans ss seen
In the clectron microscope (Iurato 1960) Ki-
mura (1966) has fn an extemive study of this
problem on several specees of mammals been
able to thow that the longest of the haurs on
the outer halr cells touch of are embedded in
the ground substance of tho tectorial mem
brane for a ahoct distence, The hairy of the
inner halr cells, however were free floating fn
the subtectoral space and showed no comnec
tions with tho tectordal membrane, Mest smrves-
tigators mre, however quite comvinced that
there Is no structural cootmuity of ths hains
with the tectorial membeane (Smith & Demp-
sey 1957 Spoendlin, 1957 Engstrfm & Wer
sill, 1958 Iurato 1961)

When the cupuls was experimentally re-
moved In pigeons (Doblman & Boord, 1964)
it could be shown in Tight microscopy that the
hairs of the sensory cells within a few hours
after the ! ly were unaffected

and were bent in all different directions e
would be expected from unsupported and flex
fbic hair bundles m a fluld ke the endolymph.
This contradicts any sssumption of a firm at
tachment to the cupular ground substance and
raived the question how the bairs on the cristae
are held in position by the cupular stroctures
in tho living snimal, It is well known that the
hair cells respood In a closely coorlated man-
ner to the degree of physlological stimules to
which they are exposed (€ - 1957
Ledoux, 1958 and otf ) Wuiite
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sach a coordmation of stimulation snd re
spomse requires the closest correlatron between
the mechanical events at every step of the stim-
ulatory process in the semicrrenlar canabs and
their ampulla and speafically between the dis-
placement of the cupula and the corresponding
bending of the halrs, if this is the mechanism
by which hatr cell stimulation Is accomplished
as Is gencrally assumed.

In bight microscopy of the cnstae or otolithic
membranes there is always a translucent area
of varying width between the surface of the
har cells and the structure of the cupula or
otolith membrane This has been called the

beupular space™ ituting & slit through
which the hairs are seen to pass into the organ-
ired canallike structures of the cupula. This
arrangement gives tho impeession that there
could be some support to the hurs above the
subcupular space. These structures, the cupula
and probably also the subcupalar space shrink
considerably when subjected to fixatlons and
dehydrating procedares. It is therefore impos-
sible to assess the proper relationship between
the halrs and the structure of the cupulze of
other similar membrane from the histological
picture of these membranes. There i, however

o indication that the cupula is tied to the

EQa.wbcn d In well fixed st
. U when the plane of sectwoning is correctly
chosen. This keaves the impression of a cupuls
free floatng over the surface of the crista scpa
rated from the surface of the hair cells arca by
the cmpty slit of the subcupular space. To
siudy the sub—cupolar space and structurcs
which logically may exist to ve the cupula and
sunilar membranes to the surface of the sen-
sory arca and to visualze the place of the har
bundies in thrs environment has been the pur
pose of this invesugation. Two methods have
been used for an ckectron mucrascopic 1nvestl-
gaton of these areas in the pigron s inner car
the colloxdal fron method by Hale (1946) as
modified by Runchant & Abul Haj (1951) to
stam ecid mucopolysacchandes and the fixa
tion with rotherdum teroude by Gaylarde &
Sarkany (1968)

A taOrolary £71

METHODS

Colloidal iron (Hale, 1946 Rinchart & Abul
Haj, 1951)

The bony ampullary walls were opened with
1/2 mm dentat drill and a pointed scalpel N 11
The bone over the vestibulum was removed in
the same way In the Living or juxt decapitated
pigeon the ampullac were fixed by flashing the
labyrinth with 3-625% glutaraldehyde in ca-
codylate buffer at pH 74 After 2-3 min afl
the canals were sectioned close to the ampal-
lae the lateral comner of the utricular macula
was grasped with fine watchmakers tweezeny
and the herizontal and anterior vertical am-
pullae could 1n this way be removed. After
sectioning the nerve, the posterior vertical am-
pulla could abso easily be hfted out for contin-
ued fixauon In plutarnldehyde for 2-4 hours.
‘Washed in 025 M sucrose Stained in dialyzed
colloidal fron at pH 18 for 6 hours. Ther
washed in distilled water for 15 mun. Dehydra-
ted in ethanol and embedded In Araldite

Fixatlon with ruthenfum tetroxide (Gaylarde
& Sakarmy 1968)

Glutaraldehyde fixation 3% overight (caco-
dylate buffer pH 74) Washed in buffer 430
min Postflxation 1n 0 1% rutheniom tetrovide
in sodiom acetate buffer pH 70 for 1 hour &t
4 C VWashed in buffer dehydrated in cthanol.
Embedded in Analdite or in Spurrs low vis-
cosity embedding medium

RESULTS

The most striling observation with regard to
the subcupular space when wsing these meth-
ods 15 that this space™ Is not as empty a3 It
appears in hght or electron microscopy when
conventional methods are used This fs most
evident in the cochlea of the pigeon wheve the
tectorial membrane is more solid than i
mammals and therefore does not shrink to the
same extent. 1o cross sections through the bay
ilar membrane with fts har cells (the birds
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bave no organ of Cortl, only a layer of hair lght microscopy the denso strocture of the
«lh over tho whole basllar membexne) and tectorial membrane contalning holes and emp-
the tectorn]l membranc es fllustrated in Fig.  ty spaces are demonstrated. In the  subtecto-
1 the resnits of stauning wrth colloida! ron s dlllpaco"tbehxirbmdk:micmpudng
thown. In this 1 & thick section cxamined in through this spece from the surface of the hair
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such a coordination of stimulation and re
sponse requires the closest correlation between
the mechanical events at every step of the stim-
ulatery process in the semicircular canals and
their ampulla and specifically between the dis-
placement of the cupula and the corresponding
bendmg of the hairs, if this is the mechanism
by which hair cell stimulation is accomplished
as is penerally nssumed.

In light microscopy of the cristac or otolithic
membrapes there is alwnys a tramslucent area
of varying width between the surface of the
halr cells and the structure of the cupula or
otolith membrane. This has been called the
“subcupalar space” constituting a slit through
which the hairs are seen to pass into the organ-
ized canaklike structures of the cupula This
arranp pves the impression that there
could be some support to the hairs above the
subcupular space, These structures, the cupula
and probably abo the sobcupular space shrink

1lernbhe

METHODS

Colloidal Iron (Hale 1946 Rinchart & Abul-
Haj 1951)

The bony ampullary walls were opened with
1}y mm dental drill and a pointed scalpel N 11
The bone over the vestibulom was removed In
the same way In the living or just decapitated
pigeon the ampullac were fixed by flushing the
labyninth with 3-6.25% glatarnldehyde in ca-
codylate buffer at pH 74 After 2-3 min all
the canals were sectioned close to the ampul
lae the laternl corner of the utricular maculs
was grasped with fine watchmakers tweerers
and the horizontal and anterior vertial am-
pullac could in ths way be removed. After
sectioning the nerve, the posterior vertical am-
pulla could abso easily be lified out for contin-
ued fixntion in glutaraldehyde for 2-4 hours
Washed in 0.25 M sucrose Stained in dunlyzed

when sub d to fixati and

llotdal iron at pH 18 for 6 hours. Then

dehydrating procedures. It is therefore 1mpos-
sible to assess the proper relatiomhip between
the hairs and the structure of the copulze or
other similar membrane from the histological
picture of these membranes, There Is, however
no indication that the cupula Is tied to the
ta, when ined 1n well fixed sp

yl'nd when the plane of sectionung is correctly
chosen Thrs leaves the lmpresuion of a cupula
free floating over the surface of the crista sepa-
rated from the surface of the hair cells area by
the empty slit of the subcupular space To
study the sub<cupular space and structures
which logreally mav exist to tie the cupula and
similar membranes to the surface of the sen
sory area and to visuale the place of the har
bundles in this environment has been the pur
pose of this investigauon. Two methods have
been used for an clectron microscople investi-
gaton of these areas in the pipeon s inner car
the coflodal iron method by Hake (1946) as
modificd by Rinchart € Abul Haj (1951) 10
stain acd mucopolysaccharndes and the fixa
pon with ruthenlum tetrowde by Gaylarde &
Sarkany (1968).
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vashed in distilled water for 15 min Dehydra-
ted in ethanol and embedded in Araldite

Fixatlon with ruthenium tetroxide (Gaylarde
& Sakarny 1968)

Ghutaraldehyde fixation 3% overnight (caco-
dylate buffer pH 7 4) Washed In buffer 4> 30
min. Postlixation in 0 1% ruthentum tetrodde
in sodium acetate buffer pH 70 for 1 hour at
4 C Washed In buffer dehydrated in ethanol
Embedded In Araldite or in Spurrs low vis-
cauity embedding mediom

RESULTS

The most stnking observation with repard to
the subcupular space when using these meth-
ods is that this space™ Is oot as empty a8 |t
appears n light or electron microscopy when
corventional methods are wsed. This ks most
evident 1n the cochlea of the pigeon where the
tectorial membrane fs more solid than o
mammals and therefore docs not shrink to the
same euent. In cross sections through the bas-
ilar membrane with nts hair cells (the birds
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Lim (KC). Each bak cell b suromnded by the  wap-

microvilli are demse but without = clearly de
fined outer membranc. The surface shows a di-
rect continuation with the fibrik giving the
impression that the fibribs arc split off or shed
by the microvilll, From these structures the
fibrils are arranged in a loose cotton-Tike fabne
mostly m paralle]l stretches continuing to the
fingerilke extenbions of the tectonal b
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porting elh  whh their microvH (M), The talr
bundles are encased o a tnbelile compartment pro-
duced by the cﬂl"(‘i’)trunthmkruﬂ]mh
trcrorhl memboane.

basal lmina to the endolymphatic surface.
They usually carry several microvilli om this
surface.

In the pigeon these cells have developed a
thnck brim of microvilll. The nuclens is irrep-
nlar in form, simated in the Jower part of the
cells. The cytoplasm contains some relatively

It alio seems evident that the fibrils of the
bands arc applied to the surface of thess ex
tentions, Joosely in the peripbery and more
firmly packed when they scem to be attached
to and cresting the ground substance of the
tectarial membrane.

The morphology of the interstitial celly in
clectron microscopy has earlier been described
in & varety of animal species (Smith, 1967
Wenlll, 1956 Flcck, 1965 Spoendlin 1957)
They scem all o be wery similar showing
only minor varmnbons They extend from the

small hoadna, few rough surfaced endo-
plasmic reticula and 2 medium-szed Golg com-
plex, all of these organelics are Jocated 1n the
thin part of the cell not too far from the endo-
Tymphatic surface In the regron closest to the
mcronlt the cytoplasm is of lngher electron
dennty winch grves the impression to be doe to
an incresumg demity of fine fibrils and tubnles,

The “long skender celk™ (Fig. 6) mn the up-
per frontal wall of the cochicar duct are form-
mg a firm support for the broadest and most
compact part of the tectorial membeane They
take part m the creation of this membrane in

v
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From the microvilll h scen the loose fabric of fi
br[l:cw\mmhjlbe veils encadeg the bair bundler,
dehyd tetrotide

tloned muctosilli (3117 from the P

embryonic Tife and are apparently fonctionally
~ d morphologkally cquivalent to the inter
cells on the limbus of the mammalian
/bcbk:.Tbcsc)ougccﬂsindwp‘lgroncochla

sum, the vascularized ndges hangng down
from the ceiling of the cochlear duct over the
whole tectorial membrane The lysotomes o
both types of cells have an electron micro-

have mostly a light cytoplasm, a ded or

scopic apy ce which Is very much the same

oval muckens at varping height, small Golg
complexes and few rough endoplasmic reticula
and relatively few mitochondna. Specific for
these cells is the type of lysosomes, membrane
bounded 1nclusion bodies with electron dense
granula and often onc lo several liphd droplets,

abo of mem-
brancs. Beside the nggrgnuons of dark gran-
ules in the lysosomes there are dark incluston
bodtes of varying sizes in the cytoplasm. There
are abo several pedonculated vesicles™ from
the cell membrane extendung into the tectonal
membrane  Further  they might somctimes

show a larpe cluster of smooth T

It was shown In an eardier Imvestigation (Doh!
man, in prep ) that the Tight cells in tegmentum
vasculosum somctimes expel these organelkes
into the endolymph where they can be formd
on the surface of the tectorial membrane It
was oo shown that the same type of Iyso-
somes either os whole lysosomal bodwes or a3
stualler electron dense pranula passed from the
loag cells into the ground substance of the tec
tonal membrane (Fig. 7) In both cases the
Iysosomes scemed to have an enzymatic de
composing or dsappregating effect on the
ground substance of the tectorial membrane

reticulz Both these types of organclles are also
found in the Light eells of tepmentum vasculo-

Acts Otoleryng 74

festing Hself by producing holes in the
membrane where the lysosomes are expelied
from the long cells and laceraung the wpper
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sum fell down on that surface (D5 ~45 45
prep.) Accordingly all the holsy = 40 vy
brane contain small electrons~ 4 o o~
winch seem to be melting dow- “p 1opy et
ing fitxils. However this &or s oo ¢ 82
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Fig 6. Two alender cell  (SL) and the bese of the
Aectorial

1 . . 1
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kdmbuluﬁn(DH)!hkhlhomfmulhlh:
tectorial asmally ( with boles

membrane (TAf). The cells thow P
o the tectorial membrane (7). They contain dark

does not scem to have been mentioned or ex

Y
The penerat structure of the cupulae otohth
membranes and the tectoral membrane in
mammals as scen in Jight microscopy is well
known from the descniption in every textbook
and paper dealing with different aspects of
these structures, The interpreiatrons of the true
nature of these membranes have varied doe to
the image these structures present when sub-
jected to different methods of fization and
statning. A more clear concept of the structure
constituents and most important the relation-
ship of thewe membranes to the semsory areas,
cannot be cxpected to be gancd without the
greater possibilities offered by electron micro-
scopic mvestipations with different guviliary
1echmiques.

In 1956 Wersall could cvidence a reticulum

DISCUSSION

Ack Otolarynr 71

in Hs substance

of fibrils of obowt 100 A in diameter os
the basic structure of the cupular substance
Spoendlin (1957), Engstrdm & Wersaf] (1958)
Iurato (1960} found the tectorlal membrane
in gulnea pigs and rats to be formed of ex
tremely thin fibrils of about 40 A (Engstrbm
& WersHll, 1958) to 100 A (Ierato, 1960) o
being of irregular thickness (Spoendlin 1957)
From this It is evident that there is peneral
agreement with regard to the natere of the
ground substance of these so called  gelatinous
membranes™ They are composed of tightly
packed fibrils of a uniferm charocter They
might vary to some cxtent in length and thick
ness, but always retaining the fibnflar strue
ture. These  pelatinous membranes™ have
therefore aothing in common with amorphous
gelatinows structures. The chembeal analyxbs of
cupalac and tectonal membranes by lorato
showed that they contained o protein belonpng
to the Leratin group. Thus is what couk! be



Attachment of the cupulae otolith and tectorial membranes 97

xpected when produced by epitbelia of eprer
mal orign as those covenng the inmer walls
of the membranows maer ear

It Is further penerally ngreed that the bend-
ing of the bmrs of the semsory cells is the essen-
tial link for trammitting the mechanical energy
from the cupulae, otolith membrunes or the
tectorial membeane to the sensory cell foc its
exaitation. This 15 the main problem dealt with
in this paper The mechanbm by which the
bending of the hairs stinmulates and inhibits the
actioms of the hair cells on the nerve endings
haxs been a matter of discosnon for a long time
still based on imsuffickent factual data for a
solution, and will not be comsidered m this
connection,

The ground substance of the cupulae pro-
duces an Image of longtudinal canals and in
the ian tectorml t radlal =
well as longltudinal fibres. This image can
chunge to some degree with dufferent methods
of fixation #3 pointed ont by Spoendlin (1957)
bat in the cupolac the general odentation of
the canal Tike meshwork b always the same
(Fig. 9aand b 10 11) In preparations of the
ampullee statned with collokdal iron the sponge
like meshwork of the copulae 13 well fllnstrat
ed. It shows the groumd substance as camal
walls m crop section (Fig. 10) and longh
todmal beams when sectiomed lenpthwese (Fig
11) Ths ground substance may be more of
e and shnumken by the

and dehydrating procedures used, but they are
always present in the same general errange
roent. The tectorial membrane, In the plgeon,
seems to be more stable and less affected by
fixation and dehydration probably doe to the
groster density of the bulk of its ground sub-
stance. At the surface of the tectorial mem-
brane a thin of stained poly
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the endolymph. It therefors seems more likely
that they might be the result of an “mside

beides cam be g 4
whereas the surface of the copular

thways are heavily stained (Figs. 10 11). Mich
of tho endolymphatic flind within the &

po!
aress in the ampullse on the other This differ

of the cupola b abso stained. In the tectordal
membrane, on the other hand, the holes seen
ln the compact ground substance sre wmally

ence in P ck

yxacchmeides
n the endolymph canmet be essential e
Acm u
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fousd {n the Lght cefls of tepmentum vasculosum ou the lacerated amface of the tectochl membrane.

process of hair cell stimulation per se, but
be of Importance only for the mecha-
Ilu’nmminho!lnﬂﬂnlcndolymphmcw-
" o to the copula In the canal-ampulla com-
~plex (Dohlman, in peep) It has been shown by
Hardesty and v d. Stncht that the embryonal
tectorial membrane developes from ths cells
on the anterjor ppper wall of the cochlear duet,
the cells which develop to the long slender
cels™ and from those which differentiate to
the sensory cell area on the basilar membrane.
It may howtver be assumed that no strocture
in the body remains unchangingly the same all
through life That must also apply to the mem-
branous structures ower the sensory arcas.
This has been proven by removal of the copula
in pigeons and stodying the reformation of ths
stroctore with the return of canal function
(Dohlman & Boord, 1964 Dehlman, in prep ).
In the adult animal it might therefore be as-
sumed that the repewnl of thess membranes
may oflginate from the cells which created
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them In early embryonic life From this point
of view the Interstitial cells on the cristac and
the basilar membrance of the cochlea, a3 well a3
the “long slender cells” can be axsaumed to be
the cells producing the bullding stones for the
ground substance of the cupulze and the tec
toral membrane respectively

The specimen stained with colloidal oo
showed a light statning of the “veik™ from the
microvilli of the nterstitial cells to the tectorml
membrane. It cannot be decided from the ap-
pearnnce of the fibrils in the “veils™ If the
fibris themselves are atained 1 which cose
they should be composed of mucopolysaccha-
rides, or if they only mre covered by a faint
layer of saccharides stained covering a fibrillar
ground substance of protens.

When nvestigated with ruthenmam tetroxido
fixation theso “veils showed the netwock of
extremely flne fibrils in direct continuation
with the fibrils of the tectorial membrane
on ont hand and thoe miovill on the
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ground substance of the tectoral membrane.
The gencral occurrence of relatively long finger
like extensions of the tectonal membamne meet
Ing cach section of the “veil” appean to fa-

) |



vour a concept of an application of fibrils to
the strocture of the membranows ground sub-

The fibells at the level of the microvilll of
the 1nterstitial cells are seen to be partly at
tached to the surface of these microvilli and
are, when sectioned kengthwise, giving the 1m-
pression of being spht off from this surface
Thrs has been nterpreted ns a process of
sheddmg the fibrils from the surface of the
dense and bomogeneons microwilli which do
not scem to have any cell membrane The ru
thenfum tetroxide s an exceedingly good flxa
tion for ccll membranes as evidenced for in-
stance in Fig. 5 a at the tight junctrons between
the hair cells and the interstutial cells. If the
mucrovilli shoald have & limtmg membrane in
its proper sense this should be expected to be
visnalized with thos fixaton.

From the kngthwise arrangement of the fi
brils in the “bands” to the tectorial membrane

Acta Otolaryng 71

cxtension 1t might be inferred that they are
bewng subjected to streich. The continvous ex
posure to sound producing an wp and down
movement of the basilar membrane may thos
be the baus for the saretching of these bands.
It is therefore assumed that a continuoes
sbedding of new fibrils, stretched and reloxed
by the sound movements are attached to and
packed together at the surface of the existlng
tectorial membrane Application of new fibeils
may thus contribute to the growmg of the tec
torial membrane as the finger like extensions
mdicate, everywhere in direct cemnection with
the “bands™ in the two-dimensional reprodoc
tion or & “vells”™ In & three-dimensional view
This explanation of a growmg tectorial mem-
brane is conjectural fn need of further suppart
ing ewnidence and is therefore mentloned here
a3 2 working hypotheshs bat is supported by
the cvidence of the new formation of the cu-
pala after expenimental removal.
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methwork (CG) b corered by colloidal froo-statoed
mucopolytaccherides (MP5).

this floid-filled compartment the halr bundle
follows the swaying of the enclosed fluid with-
out the need for any other fixation to the shid-
mg cupula o tectorial membeane.

The bendmng of the cupala as a whole has
experimentally been shown to prodoce a stimu
Iation of the scnsory cpithefium and reactions
from the effector orgams (Stelnhausen, Dobl
mmn  Trincker 1959 Ledoux, 1958) Ex
perments amed at correlating the bending of
the cupula and the responsc as actron potential

wlows the cupular strocture b that of shding.
Sach & movement, within certain fimits over
the sensory area mects only an imignificant
Tesistance and can therefore be perfocmed with
the Jowest energy expenditure compared with
other ways of a mechamscal angolar displace-
mcmollhchahwndlu.lnumeurmsmme-
ment of the cupula, the

freq y fn the amp y nerve have, how
ever fafled dos to the extreme semlthvity of
the hair cells to fled movements in the canal
(Dotlman, in prep.) Tho response scems to
hxve reached ncar maximum valoes already
before a cupular deflection could be recorded.
This scems (o favour 2 mechanism of stinmis-

non, otber than bending of the cupula as a

dthhbmﬁ.lumbcnxnlunlv.wnhin

whole, for lation of the semsory cells at
values within the physwologic range. Therefore

Acsa Ciolaryng 71
-~



102 G F Dohlman

50
7 035 \

30x
Nt {\

Fip 12 Explanation in the text.

the ymportance of the shearing movements of
the cupula must be emphasized also from this
point of view

Fig. 12 s designed to {llustrate the differ
ence between the concept of bending the hairs
due to deviation of the cupula as a whole, ond
that of the hair cell stimulation by means of x
shearmy displacement.

Assuming on one hand a deviation of 45
of the hur bundles performed exclusively by
the rotation of the cupula, the volome of dis-
placed fludd in the canal system is w r3/8x Y
where r 15 the distance from the crista to the
vertex and I the surface of the cupuls. On the
other hand the same 45 deviation of the same
ur bundle can be d to be produced

tem to angular accelerations, whereas the de
viation of the whole cupuls takes up a large
volume of displaced endolymph, thereby pre
venting damage to the hair cell regon in cases
of superncrmal stimulation.

A deflection of the entire cupula without a
shearing movement would farther require that
the cupula 1 flrmly tied to the side walls of
the ecrista with some elastic reinforcements.
Morphologically such structures have pot
been found The cupula ks separated from the
crista everywhere by the “subcupular space™
The presence of the “veib” therefore clearly
facilitates a sliding displacement over the harr
cell area, underhining the importance of the
concept of a sheaning movement o3 requinng
the lowest volume displacement of the endo-
Iymph in the canals consequently giving the
highest senutlvity with the lowest energy ex
penditure

To this can be added the presence of muco-
polysaccharides in the endolymph of the canal
system earlier mentioned. The finding of a gel-
forming compound In the endolymph in  nega
uve stainmg™ (Dohlman & Pimnteric, In prep.)
and a viscosity roughly twice that of water
(Money et al., 1971) indicates that tho cupula
Is sur ded by a floid which b restricting

a purely shearing movement of the cupula
vd‘mgcvcrlhemrhﬁ:cfﬂrcﬂsm.lnlhh
case a displacement of the cupula is performed
of only 1¥2 xrx Y where 2 i tho lenpth of the
har bent m the subcupular space If r is esth-
mated to be 0 78 mm and 2 30 g the relaton-
ship between these two yolumes will amount to
be about 20 trmes greater in case of a deviation
of the whole cupula than with a sheanng move
ment, This is only mentroned to demonstrate
the small endolymph volume needed ond the
high senutivity resulting from a sliding move
ment compared to the bending of the whole
cupula In reality these two functional mechan-
fsmns, sheaning and bending, must be sssumed
to act smmulomeoasty The shearmg

the movements of the cupula and thereby facil-
jtates a shearing movement over the crista
(Dohlman, in prep ).

The observation of harr tips attached to or
even embedded in the tectorial membrane
which was 10 well illustrated by Kimura has
been confirmed in this study If this shoold
have any meanmgful physiologic mplication
it would be pecessary to assume that in the
frving amimal pot only single hatrs should have
this attschment but all tho hairs In the halr
bundle. Kimurn (1966) discussed this problem
tut could not 2dd sny proof for this hypot
bess. However aouming & physiologic attech-
ment of some or severnl hair tps, it appears to

can, however peoduce 2 deviatron of the hair
bundles earlicr and to & great extent explaln
the extremely lgh semsitivity of the canal sy3-

Acta Otoleryng 71

bead arrang: to expose oaly the
uttermost tips of a fragile and presumably not
elastically stretchable har to vibrations of 10
or perhaps 20 000 cycles per sccond when the
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rest of the hairs arc floatng fn a free floid
space Therefoce, I am convmeed that this can-
not be the physiologxc mechansm for bending
the bair bundles.

The armungement of the halr bundles en-
cdosed 1 the clmtc comparments offers a
quitc different stability to the system. Each
harr bandle fs suspended In what can be de-
sexibed a3 a short elastic tube filled with flmd.
When the tube, Le the walls of the “vells Is
bent, the fluid content in the tebe and conse-
quently also the whole hair bundle in this tube
1 beat. This is from a phyucal point of view
the most gentle way m which such & move-
ment can be tramferred to the halr bundle
and it hay, further the great advantage that it
prodices an exact comelaton between the
thearing movernent and the resulting bendmg
of the hair bundle. This ks the most important
consequence of the concept of compartmentali-
notion of the harr bundles. It provides the nec
cusary basis for this exsct correlaton which
could not be achieved by the assumption of
frec floatmg hairy even if some of tho longest
hamrs have a support at thexr extreme end while
others, soch as the haurs of the loner hadr
cells, should have po conncction with the sur
face of the tectorial membrane

Further the fine woven fabric of the “veil™”
extending from the surface of the thin exten-
tans of the cell body of the “intersiial cells
embracing the halr cclls, are of Interest from
the pofnt of vew of & growing tectorhal mem-
beane. There does ot seem to be any differ
ence between the fibers constituting the tec
torial membeans and those of the “veils
There arc all stages of tramutron from the loose
fabric of the “veils and the tightly packed
fibres of the gromd sobstance of the tectorial
membexne. The finger-Tike cxtentlons of the
tectoral membrane, meeting the “vells seems
to indfcate that they are produced by the con-
timoons application of fibrey from the “veils™
& boilding stones for the ground substance of
the membrane.

The sccond source of renewal of the tectordal
membrane seems to be the “long slender cells™

103

They also contafn fibrib resembiing the fibers
of the membrane atteched to thelr surface.
There &s, however no proof that the fibres seen
1n the cytoplesm of these cells are exported m
the resdy-made fashion m which they appear
In the cell. They could represent some peecur
sor substance precipitated by the fixation pro-
cesses. This problem b the same s that of col-
lagen production by the fibroblastx.

Further the process of produchion of fibrils
which build the ground sobstance of the tec
torlal and other vestibular membranes by ap-
plicanon and tght packing of the fbrik sup-
pled by the intersitlal cells, Is balanced by
the action of hysosomes Izcerating the surface
of the tectorial membrane and meltng the
ground substance from within by creating holes
in the membrane.

Mont comspieuous is the sequence of fibrils
and tubules, found first within the cytoplasm
of the supporting cells as well ms the “Jong
slender celk™ then the fibrils shed by the
microvill, and from there as a loose cottony
vell to the felt-like structure of the cupula or
tectorial membrane, This production of “vells
by the interstrtial cells creates “tubes”™ duoe to
the fact that the Interstitlal cells totally sur
round cach single halr cell. It & therefore
acsumed that the growth of these tubes from
the interstitial cells results in the canals which
arc the significant stroctore bulldng the co-
pulse. In the cochlea where the finger-Uite cx
tentions of the tectorial membranc meet the
“veils the same process seems to start bulld-
ing up similar canals The cochlear partition is,
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Neirnerk bikdzt cine um dic Haarzelle
bis 1 der Uberliegenden Membran rekchend. Daderch
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rence, 1966) demonstrated that when the arte
noks of the modlolus radiating towards the
spiral osscous lamina and baesllar membrane
are occluded, the organ of Corti 1n the region
of occlusion depencrates while the sina vas-
culams remains normal. On the other hand,
when the vessels rediating out over the scala
vestibull and extending down to the spiral lige
ment and stria vascularss are occluded, those
structnres degenerate, bat the argan of Cort
remains ustologically normal.

As interest in the roke of these spinal vessels
bas }n d, more therr
mmportant role In the fonchon of the organ of
Corti has been accomulating. Nakni & Hikling
(1967) found that the highest activity of ade
nosine triphosphatase b found in the basement
membrane these vesscls. Hawking

known to prodoce temporary bearing losses
Lawrence ct al. (1967) reported an absence of
erythrocytes m both the stria vasculars and m
the spiral vessels assoczated with small shifis 1n
electrrcal actlvity (decrement) following rels-
trvely moderate sound levels of shmulation m
the gunea pig. Hawkins (1967) has reported
that for adequate dosages of both quane (que-
nlne dihydrochlonide) and salicylates (sodiom
saficylate) there i partial occlusion of the spr-
ral capillary vessels by swollen endothehal cells
whrch block the passage of red blood celhs.
This, of course Is & most unpoctaat observe-
uont, when coupled with the fact that occlusion
of these vencls over an extended period causes
2 degeneration of the organ of Cort.

In sn effort to observe the occlusion of these
vesich by swollen endothelial cells following

(1967) reporting at the Third Symposlum on
the Role of Vestlbular Organs m Space Ex
ploration, showed pictures from his surfsce
Prpanations of the gninea pig, unmyrlinated
berve flbers nmmung to the wmer spral vessels
with nerve endings en passant.

changes have also been demon-
strated in thess vesscls assocuted with factors

b Terses

drug ahon we have developed a
method of cbserving the flow of blood through
the capillaries visually and photographically
throagh the microscope.

Durnng the course of exploring the organ of
Cortl with a microelectrode to determms the
distribution of resting potentials (Lawrence &
Nuttall, 1970) it was noted that the spiral ves-

~
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Spral Lipement

scls of the basilar membrane and of the spirl
osscous lamina could readily be seen. Wih
proper surpcal approach and illumination, it
18 posaible 1o see up through the organ of Corti,
to look up into the tunmel space, to see the
feet of the pillar cefls, the rods of Deters cells,
the striations of the basilar membranc and

6 ¥

rrafis

Artarnls

anesthetized with Dial ! no curare s nsed In
these mnimals becamse this is known to release
histammne which ot only produces a certain
amount of palmmnary edema in the gmnea plg,
but might have an unpredicted reactson upon
the terminal capillanes.

The bulla 15 exposed by a ventral approach

Clandius cells. Subsequently we launched 2
program to invesugate the flow of blood
through these capillaries under normal cond:
Qomandm)dn\\x mfluence of drugs known
produce a temporary threshold shift.
;l'hurepcnumunlytodmfbclbclcd\-
"Jﬂqu:andpltscmlhemm.m pictures made
wrth the lugh-speed motdon prcture camera. The
results of these cbservaibons have been de
scribed earfier following injechion of quimne
dibydrochloride (Laxtence, 1970)

METHODS

At the Kresge Hearing Rescarch Institute we
have a colony of guinea plgs which are bred
specifically for our cxpenmental purposes in
order to minimize the metdence of middie ear
infection and to provide constancy 1n reaction
1o ancsthens and drups. The animabs used for
the purpose of maling these motion prctures
average 450 g at the time of operation, and are

Acss Otcleryxg 71

and the t; membrane and annulus along
with the ossicolar chaln are removed. After
the performance of a stapedectomy a small
wedps of booe is taken from the edge of the
round window and the round window mem-
brage removed m order to expose the basllar
membrane. When the basilar membrane Is 20
exposed, the structures withun the scala media
<an be seen and the spiral vesels on the basijar
membrane are resdily observed.

Fig. 2 shows the exposure ay seen under the
low power mxroscope (Lawrence et al, 1967)
of the spiral osseous ]amma, basilar membrane,
and bomy ledge bencath the spiral figament.
This bony ledge beneath the sphrnl ligament
B a characteristic structure of the basal tumn 10
the gunea pig. The high-power microscope
and motion prcture camera see only the reglon
outlined as the ané view” Indicated by &
rectangle

Disl? and Urcthane molation. Ctbe Pharmaceo-
teal Co, Sammit, New Jersey



Blood flow through the basilar membrane capillaries

The emmal Is mounted with its head an-
chored in a specal b which 11

Ahold

109

are abo orded. The electrocard} h o

“bym:nmnfekcu‘od::ph:e;nnl.h:

clamped to tire tabletop This clamp prabs the
and pletely Immobk-

Fizes the anumal s head.
Two mucroscopes are used, one 13 a binoc
ular mikroscope used for g and has a

chest wall leading through an smpiiffer to a
chanpel of » Grass Recorder This s abo moni-
tored on a cathode—ay oscilloscope 30 that the
conditon of the anuml can be determined coo-

maxdmum magnificaton of about %65 Ths
microseope 8 mounted on an arm which abo
1 anchored to the tabletop so that the mxcro-
scope cant be swung out of the way Another
pe  also d on an

arm can be swung into pesition directly over
the animals bead and the basilar membrase
This microscope has a % 10 occular and the ob-
Jectives can be chanped to sny particolar anc
desired, The ocrulars wsed are the Leltz Wetr
lar UM setics with a Joog working distance.
These are cxtremely fine objectives and con-
tain an urs diaphrogm.

Mounted on a steel rod suspended from the
ceiling s a counterweighted Mitchell 16 pro-
fesslonal camera. This camera can be swung
into position directly over the monocular e
roscope and the animal. Varous mtermuttent
framing rates arc possible and n this particolar
motton pieture, framing rates up to 128 frames
per second have been eniployed.

Two light sources huve been used. The first
wit a fiberoptics light source which gave suf
fickent 1ight for the wse of a % 32 objective and
 framing rate of 32 frames per second. How
ever this Tight, although cool, n quite yellow
and lrcks miensity for the higher framing rates.
Another Tight source, the Chadwick-Helmuth
pomt source strobex, hat the capahlity of be-
ing triggered by the camera frame-drive motor
30 that the strobe flashes at the exposure of
cach frame For the speeds of 0-64 frames per
sccond, the flash duratton s 40 peec wt 128
frames per sccond, the flash deration b 25
pece. This light sourco has good color charac
teristics and because of the short duration of
the flash does not overbeat tho tsue,

Dunag the photography of the blood flow
in the spural vessels, the pulse rate by means of
an electrocardiograph and the blood pressare

b ly The keft carotid artery Is canmulated
for blood pressure measurcments which are
rend o another channel of the Grass Recorder

The anmnal is artsficially respimted with =
rate and air volume that maintains the anmal
In a normal physiological conditron as deter
mined by his ECG and blood peessure over
Jong periods of time,

When the motion pictures are taken, the
peritymph rosting over the basilar membrane
s absorbed with a pledget of coiton and re
placed by Dow Cornmg medscal flusd 360 heat
ed to a temperature of 37 C. Ths not oaly
keeps the basilar membrane and blood vessels
from drylng out bat scems to have optical qual-
ittes that allow a good view of the strectures of
interest A pledpet of cotton is alio placed
within the oval window to absorb the peri-
lymph and Dow Corming fluld 30 23 to permit
the reflection of light up through the organ of
Cortl from the walls of the vestibule When
thls Is successfully accomplished pot only can
the blood flow through the capillartes be clear
1y seen but many of the structures compeising
the organ of Corti are aho visible. As can be
scen i the motlon plctures, the feet of the
onter pillar cells are quite visible as Iy the tun-
nel of Corth. In the basal turn, a3 shown in
Fig. 3 the feet of the wmner piltar rest on the
boue of the spiral osscous Iamina and 30 arc
not vislble The cuticular rods of Delters
cels and the stristions oa the basilar mem-
brane arc also visible, although they do pot
always readily show up In the motion picture
becanse the fickd of focus is on the blood ver
sels.

Desplte the fact that the view of this vemel
o through flid and by a combmation of re
flected and transmitred light, the strectures and
blood flow are very clearly revealed. The inter
est, 30 far has been o the normal blood flow

Acsa O
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Blood flow shrough the basilar membrane capillariex
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and the cffects of a substance, quinine diydro-
chloride, known to produce a temporary hear
fog Joss and which has been shown in surface
Peeparations to cause obstruction to the flow
in thesc small capillanes.
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recording its reaction under varous conditians.
Eventually the goal i3 to assess the functioaal
capacity of the organ of Corti m relation to
these changes. In view of this, these results
describe two thmgs: (1) the view of the normat
spiral vessel, and (2) its reacton to quinine
dibydrochlonde

These resubs are accompanded by 2 moton
picture film In which the flow of blood throagh
these vessels is seen with frammg speeds as
high as 128 frames per second.

Fig 3 A Is a conventomal histological view
of the organ of Corti in the very basal tum
behind the round window membrane. It s 10 be
noted that fn this repon, the basilar membrane
is qmte parrow and the Hensen celbs do not
stand up in 2 mound as they do n the upper
turms. The powtlon of the pillar cells shifis
from that in the upper torns, 5o that the fect
rest on the bone of the spiral osseous hamima.
The spiral vessel lles beneath the foot of the
outer pillar cell, ard the tunnel Bies above the
region of the basllar membrane between the
spiral osseous lamina and the spual vessel. In
the basal turn there is m bony ledge which ex
tends along the underside of the spiral Ega-
ment. This and the spiral osseous lamina out
line the basilar membrane, and under proper
lighting condrtions, the structures of the organ
of Corti can be scen.

As described 1n the procedure, the round
window membrane 11 removed so that the bas-
Nar membrane 18 cxposed directly Fig. 3B
shows the view a3 scen throogh the monocular
microscope and clearly reveals the spoal cap-
llary bordering the tunnel the other side of
winch b the spiral omscons lamim This partl-
cular capillary happens to be sopplied by two
branches coming out from the spral oweons
lamina. The outer pillar cell foot and peri
wascular space around the capillary ert abso
vhible. The tabelled red blood cells aro free
floating cells in the perilymph. Ordmarily
thess arc not present, but m ths particular
ammal, there was some blood flowmg from the
cut edge of the bone that had been removed
to expose the basilar membrane

Acsa Owolaryny 71
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As pearly as can be determined, the rate of
flow through these capillarres, in an animal
in pood phynological condition and having suf
fered very little blood loss duning the course of
the surgery is about 320 4 per second. This
is very mapld and it would appear that what
this blood supply lacks in volume it makes up
in velocity

The diameter of this vessel is fairly constant,
around 10 # The erythrocyte of the guinea
plg averages about 7.5 4 and so only one red
blood cell gets throngh this vessel at o time
Because there Is hardly room in this vessel for
the red blood cells and plasma at the same
ume, there arc gaps of plasma flowing between
groups of red celks.

In monitoring the flow of blood through
these vessels, it was necessary first of all to run
control animals, m which the preparation was
malntamed m the experimental condition, over
long peniods of time to see if the flow continued
at the normal rate The observanans In these
control animals have been reported carber
(Lawrence 1970) When the animal wos arti-
ficully respirated properdy with Little blood
loss during the operation, the blood flow was
mauntuned constantly over a perfod in excess
of B hours.

The motion picture fllms of thus spiral cap-

demonstrate quite clearly the cessation

" of blood flow followwng the injection of tho
quinine  dihydrochloride (250 mg/kg) One
brasch of a “T” junction scems to become

occluded and the blood flow cemsex. Ths 1
not related to the changes that may occur In
blood pressure or pulse rate, and as tlme goes
on, the capillary blood flow becomes normal
ngain as the toxin is metabolired.

Flg. 4 A b a graph reconstructed from the
raw graphic data recording the pubse rate and
blood pressure from an anmmal who was inject
ed with the quimiee dihydrochloride Thrs oni-
mal was & 500 g ammal given 125 mg of the
drug. At the cad of 1 hour after the beginning
of recording, with the antmal nnder stable con-
duson of a blood pressure of 70 mm of mer
curymdupuhemzollﬂtﬂenbowzoomn

Acts Orolaryng 71

graph numbered 1 2, and 3 arc umes when
motion pictures wrere taken of the capilary
flow At the end of 1 hour and 40 mun, the
blood pressure underwent a fairly rapid drop
to 30 mm of mercury and continued a slow
progresuoa downwards. The pulse rate slowed
to about 140 and then remained constant. This
animal went cn to die, 10 in subsequent ani
mals, the desage was spread out over a perfod
of time In this latter imstence, the blood flow
recovered. However in the animal reported
hero the blood flow ceased at position 2, and
the manner of flow is indicated in Fig 4B

Occlmmon seems to srise gt or near ¢ “T™
junction. As the capillary comes out from the



Blood flow through the basflar membrane capillarier

spural oxscous lamina, and turns to flow along
the basflar membrane in both directions, it
scems to develop a swollen endothelial cell in
ooe direction or the other As indicated by the
arrows in Fig. 4 B there is some pumping of
the blood in both directions, whxch Is more

113

graphy at the hreyge Hearing Research Institote, Ul
werlty of Michlgan,

dosely related to respiratory than
pubsc rate. As is shown in the motion plcture
the swollen cell obstrocts the vessel and occa-
siomlly a cell Is able to squecze by but for the
most part, the flow ceases.

Fig 5 thows a typical picture of the cessa-
tlen of the flow due to the blockape in a spinal
capillary In Fig 5 A, the edpe of the spmal
osseous lamina and tunmel are visible, as are
the feet of the lnner pillar cells. The capillary
comes out from the spiral osseous lamina to a
juoction, and then goes in both directions
along the basllar membrane. Hywever i one
direction, the cells are scen singly and the in-
drvidual red cells spread out with plama in
between. In Fig. 5B the swollen endothellal
crll can be scen along wath the cell wall and
now a clear plmma space followmg packed
red cells i visible. It n pomible that this cell
B8 a penicyte. Future clearer photography
should reveal the true nature of these celks.

As this techmque is perfected, it is anncl
pated that the rel hip between occl

of these vessels and the dmg will be moce
clearly portrayed. Motion prctures taken at 128
frumes per sccond are «till not fast enough to
tlow down the normal flow but with adequate
surgical exposure and use of the synchronmed
Chadwick-Helmnth strobe light, t may be
passible to po to somewhat higher speeds.

Future experments are designed to measare
oxygen distribution in the ongan of Corty, the
clectrical potentialy, and the effects of various
other kinds of drogs.
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DISCUSSION

¥ S Spoendiin. Mr Lawrence sccords great Impor
tance 10 the vas spirale for the oxypen sapply f the
o f Cord Howerer In the adult cat the vas
pirale B normally obliterated in the lower basal tum
and I wonder whether it s the entire vascnlar arcade
system of the Osscous spiral lamlima rathor than the
oo¢ m spimbe under the besilar membrane for the
mpply of the orpam of Coni?

Catk  Swmith. Pethman & kimura have stndled
circulztion on the lateral wall f the coch'ear doct
and found flow time in the arteno-senons arcsdes to
be faster than that 1n the stria vascularis I wonder
it Mr Lawrence woukd comment on the relative rate
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ELECTRON MICROSCOPY IN HEAD AND NECK ONCOLOGY

T Friedmann

From the Deparimne t of FPathology Inmitar of Larysgology end Omology U hersity
of Lomdon Landon Englend

dyes synthetized, you might be tuterested to
know by his uncle Weigert (Gardoer 1970)

An emun¢nt English pathologist, Dr Gard
per at s recent symposinm on  Autemation
and data processmg in pathology” has called
for a revolution m histopathologseal technique
to rescuc it from the doldrums.

Ths great Collegrum counts among its Fel
lows many a y who has employed
some of these trchniques with coanderable
surcess, ¢.g. in the advancement of our knowl-
edge of the inner ear

Whether we agree with Gardner or not, as
we can best contribute by the col-

kctmg of basic data, since even a computer
can provide the correct answers only oa the
basis of adequate data processing. We have
carred out, in cooperatron with our surgical
colleagnes at the Royal National Throat, Nose
and Ear Hospital in London and under tho
ampices of the Cancer Campaign for Research,
a systematc study of the ultrmtructoral fes-
tures of neoplrsmsy and other disenses affecting
the bead and neck.

It & worth remembering that twa types of

h leslons may exist, with exuctly the

The methods used In histopathology have
dn:on;ininlbelmommry when the dis-
covery of the ach ! d

same morphologxcal appearance, and one s be
nign, while the other incvitmbly progresses to
frank imvasive cancer It has been suggested
that, to dk them it might be helpful

revolutionized morbid anstomy and indesd
biology In general. We scem to have refted too
Jong on the densturation of peotemn by formal
safine, thar we call fixsthon on paraffin em-
bad*‘]-mtilndt.-ve.nlhes:.n.n}.ngmﬂhcnd.vl:em)t
wllke thosc wsed by Ehrlich, employing the

to deflne cancer in terms of what tumour cells
do rather than of what they look like (Huxley
1958) Ths would include the study of the
chemical and metabolic activity of cells In poc
mal and abnormal cpithefiom. I submit that
clectron mixcroscopy may help to reveal some

Act Otolaryng 21
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of the subtle changes In cclls undergoing neo-
plastic change.

Table Il is a summary albeit incomplete
of our prncipal observatons. It fs followed
by n dual clinfcal and mrcroscopical summary
of 3 panents whose neoplasms we have exam-
ined, illustrating the assistance denved from
clectron muicroscopy

MATERIAL AND METHODS
Tasie I Maverial (1964-1969)
‘Total rumber of neoplasors Inchuding
Squamous crll carclooma

Saitvary gland tumour 1
Adepol ympbooms
Malignant metanoma
Neuorilemoma 11
Granuohar cell myoblestoma
Rhabdomytsarcoma
Glomm Jogulare tumour

CASE REPORTS

Asseciation of ca. larenx and gromular cell
myoblastoma of the trachea
Mrs A. S. (under the care of Prof. Harnson)
50 years of age when admutted complaining of
hosr-eness since August, 1969 She has smoked
20 cigaretics a day
™ Direct laryngoscopy revealed a large ulcerat

m::nnrking from the keft ventricular band,
-Hivolving the left vocnl cord, the left ary-
cpiglottic fold and the base of the emglotth.

Following super voltage irradintion, the le-
aian became much smaller

A totn]l laryngectomy was performed on
14th May 1970

At operauon (Mr A C. Gilchnst) in adde-
tion to a large neoplmm of the eprglotts, &
small granular mass was found on the posterior
wall of the traches, considered to be, also on
{rozen sections, & sccondary carcinoma.

Histology of the laryngeal growth showed
well differentlated squamous cell carcinoma.
The tracheal mass was identified under the
clectron mcroscope as a gramlar cell myo-
blastoma. Fig. 2 shows the charactenstic m
clusnons in two granular cells.

Acts Orolaryng 71

Recurrent rhabdomyasarcoma

Mr A. S (under the care of Prof. Harrkon)
43 ycars of age, presented in 1963 with an
cnlarged mass behind his left ear for 1 month—
not painful, except on head movernent.

Excion bropsy of soft mass 1 x/y lying
wnhin the mmucm of left stermomastosd The

hangi or fibrosar
comn vas mbscqucmly revised to embryonal
rhabdomyosarcoma.

Radiotherapy 6880 given to kft neck
over 6 weeks. The tumour recurred several
times and Tight and ekectron-microscope studics
have been carried out, the last one m July
1970

Histopathology Light microscope dizgnys
caused some difficulty and electron microscopy
was of real diagnostic help to me in this case.

As 1n  expenmental rhabdomyosarcoma
(Friedmann & Bud, 1969) several types of
myoblasts have been Identified. Fig. 3 shows o
well-differentiated (Type 1V) myoblast wath
fully developed striated myofibrils.

Tase 1l Swmmary of certain relevant findings

Squamout cell carcinome

Bawment membrane
Vesiculation and shym of brealdown (Fig. 1)

Cell
Cell

phosytoss

Nucleur  typesm
Orpanclier:

degeneration
Lysosomes: echanced activity
Otber inchusions

lom of i

long-spaced
also Memdre s dbsease

comx; unchiferentisted rinbdommyomrcoma
Live incimboos
Virox maligmant lymphoms
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of the subtle changes in cells undergoing neo-
plastic change

Table Il is a summary afbeit incompiete,
of our prmcipal observations. It i followed
by a dual clinical and mkroscopical summary
of 3 patients whose neoplasms we have exam
wed, illmstrating the assistance derrved from
electron microscopy

MATERIAL AND METHODS

TanLE 1 Material (1964-1969)

Total number of neoplasms including
Squamoas cell carcinoma

Adénocarcmoma 3

Salkrary gland tomoar 1
4

Mallgmant melanoma 3

CASE REPORTS

Asscclation of ca lanvnx and granular cell
mivoblatioma of the trachea
Mn A. S (under the care of Prof. Harrbon)
50 yeans of age when admitted complainmg of
hoarzeness smee Augost, 1969 She has smoked
20 agarcttes & day
* Dusect laryngoscopy revealed a larpe ulcerat
ng mass ansmg from the kft ventricular band,
fovolving the left vocal cord, the left ary
epiglottic fold and the basc of the cpiglottn.

Followmg super voltage iradfaton the le
110n became much smaller

A total laryngectomy was performed on
14th May 1970

At operation (Mr A. C. Gilchrist), in addi
ton to a larpe neoplasm of the epgloths, a
small grapular mass was found on the posterior
wall of the trachea, considered to be, alo on
{frozen sectioms, 2 secondary carcinoma,
Histology of the laryngeal growth showed
well differentiated squamous cell carcinoma.
The trecheal mass was identified under the
electron microscope a5 a granolar cell myo-
blastoma. Fig 2 shows the characteristic in
clusions in two granular cells.
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Recurrent rhabdomyosarcoma

Mr A. S (under the care of Prof. Harrison)
43 years of age, presented in 1963 with an
cnlarped mass behind his keft ear for 1 moath—
not painful except on head movement.

Excislon biopsy of soft mass 1 x1/, lying
within the insertion of left sternomastold. The
diagy g lymphangl or fibresar
coma was subsequently revised to embryonal
rhabdomyosarcoma.

Radlotherapy  6880* given to left peck
over 6 weeks. The tumour recurred several
tmes and light and electron-nucroscope studies
have been carrled out, the last one 1w July
1970

Histopathology Light microscope diagnass
caused some difficulty and electron microscopy
was of real diagnostic help to me 1n this case.

As In  expenmental rhabdomyosarcoma
(Friedmann & Bird, 1969) several types of
myoblasts have been rdentified Fig. 3 shows a
well-differentiated (Type 1V) myoblsst with
fulty developed stnated myofibruls.

Tamte Il Sunmary of certain relevant findings

Vesicolation and sgrs of breakdown (Fig. 1)

Cell
Call low of
Paa0Cy tows
Nockeur  typlsm

Organelles’ degrneration
Lysmomes: enhanced actlvity
Other inclunons

Other mecpiasms
Imert inclosions
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Viruses in a malignant Iy mphoma

121

The virus acticlogy of some 1 15 not
mdouht,bmcondmewdcncemhnmm ;qmﬁm parnculiire & quelques-omes
crses Is sparse

An antigen prepared from cultured cells
from a case of Burkitts lymphoma was used
by OM et al. (1966) 1n serologcal studics. This
tumour was selected because it contalned larpe
mmbers of virus partickes. It 15 clear that ynns
particles should be looked for m ncoplasms of
the bead and neck, e.g. m nasopharyngeal car
cmoma, maltgnant lymphoma.

Vacuolahon of muclel, nocleoll and cyto-
plasm cocurs m malignant cells, but sekdom
comtain wirus partcles. The following case
might, thercfore, be of some mterest (Fried-
mamn, 1969).

The patrent was a woman of 43 years, born
m Guyana. She was referred to this bospital
with the hologik of Iy
of the tomsil, md was exammed by Mr
K. Rotter on August 21st, 1969 At this time
there were hard matted glands on the left side
of the neck, and the keft tomdl was greathy
colarged, with & ceniral pecrotic area After
her sdmhsion to the hospital, the cervical
nodes and both tomils continned to Increase
m size and several enlarged lymph-nodes ap-
peared on the right side of the peck. Biopsy
confirmed the diagnosis of malignant lym-
phooa-reticulosarcoma.

A small prece of tssue was fixed in 3% baf
fered (pH 7.2) glutaraldehyde and embedded
i araldite. On electron-microscopy the cyto-
plam of the neoplastic cells was shown to con-
tain multiple Intraceltolar vecuoles or Inclu
sloo-bodies these contalned large numbers of
vrusey, 60-70 mp m diameter (Fig. 4) The
vires particles have a double membrane and
are surroonded by a coronz of smaller unus.

RESUME

ZUSAMMENFASSUNG
Dicse Mineillnng beruht suf den Ergebnivsca ciner

wiser Tuworen bdgctragen.
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DISCUSSION

J Bersall Was Mr Fri ble to diff

g

een myofibrib and fonoflbrils in temours of, for

N
I3
H
-3

particles [n juvendk layngeal papifiomas. We have
this year In our laborstory identified

cles in two patients under the worl of Dr Willam
Boyle. These particks wero found only fn the very
young, small and new pepillomas, not in the older o
[arger paplllomas. The mrtkla pemare 500 to
900 A and resemble Type A vines particies.
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NASOPULMONARY MECHANICS-EXPERIMENTAL EVIDENCE OF
THE INFLUENCE OF THE UPPER AIRWAY UPON THE LOWER

J H.Ogurasnd J E. Harvey

From the Department of Orolary gology Waskineton Unirersiy School of Medictne
Saint Lowis Mo, USA

Abstract Naml obatroctioa from whatever source,
maomk or infection, carws measurably cressed

of the

Observations of the pulmonary mechames of
the upper and lower alrway systems are sparse
We have felt that the etlology of certain adverse
changes In palmonary function m subjects with
UPPST atrway obstruction can hardly be ex
plained by kocal pathology alone but must be
sudied through an integrated approach to the
entire respiratory system. We have measared
these yanoms parameters of respiration durmg
both natal sod oral breathing, and have docu-
mented measurable changes m the mechamics
ofmpxm}onmmb}ccuwnhmuhdnwer
titway path
htmpihcn:dl.hoﬂghconﬁoﬂtdﬂpcﬂmmn]
lavestigations wn the dog.

In these shixdres we have attempted to relato

Thb work was wpported by N tonal Iestiotes of
Hakh, Grnst 5 RO1 }hlm‘l-b-‘,ﬂﬁh:lil.l!d.

? Tens2

obstructive upper alrway pathology 1ncluding
chronic rhino-smusius, bat without lower akr
way dnexse, to changes In pulmonary mechan-
ks in the human sobject.

REVIEW OF LITERATURE

Prease objective determination of the effects
of upper airwey obstruction upen the dynam-
i3 of respiration has been a fairly recent ob-
servation, The wark of carlier lnvestigators,
sach as Panlson (1882) Lfscher (1930) and
Scrcer (1930) who were among the first to
soggest the respinatary influence of the nose
upon the mechanics of respuration, and Rohrer
(1915) whose & end k, constants for laminar
and turbulent flow still remaln valid, has been
well documented In oer earber publications
(Ogura et al, 1964 1965 Togawa & Oguna,
1966) Although many finc reports have been
made by rhuno-physiologists dealing with the
wwt drway Yrgriffcant doto are oaking 'm e
gard to the relatlomship of upper airwxy ob-
structiom 1o changes in lower airwsy fomction.
Proctor (1964) and Williams (1968) stodied
the physiologic function of the upper airway in
sdditton to air comdoctance. Mning (1967)
reported an fovestigation into the upper abr
way amstream. Gray (1967) dbcomed the
deviated pasal septum and its inflnence oa
the phywology and discases of the noso and
cary, while Brown (1967} measured resht
ance of the nasal pessages to the movement
of air m relation to increased mechanical and
refiex remstance  Drettner (1970) has  dis-

Acta Oto
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Table L Anatontical and physiological classifica-
tion of masal obstruction

Chisafl-
cation Description of the nose

Normal
Do

o Sm}thlr;m,pu{mlym-hy
1 Stralght septom, siight entargement of turbi-
nasal obstroction

no
2 Doviaked septum, whh or without mimimal
obstruction®

Abnormal
DO

3 Mod:ru.dy deslated -cptum, septal

Mintmal naml means mild
cthnh.unl.-.nd mm

h’tqwmu'cuwh un:;nde -ndhm'pkv:md

™ <~ the pathophysolopcal relationship be
m!]xuppcrlmlmum
/Tomnn&“v"ldd.l:mnbe (1968) have reported
on reflexes ebcited by mechameal snmulabon
of the resprratory tract and the co-existance of
upper and lower arway inflimmation has been
discussed by Kartagener & Stakd in 1962, and
by Logan et al in 1965 Some cases of cor
pulmonalke in children due to upper respiratory
tract mfection have been reparted (Menashe et
al, 1965 Luke et al, 1966 Levy et al, 1967)
None of these reports, however deal with the
exact parameters of our Investigations on pal
memary fonction.

METHODS

Wehmproposcdbnshlﬂythatld:ﬁnlmmu—
rophyslologsc relatiomship cxists between tho

Acta Otolaryag 71

upper and lower airway systems, and that cb-
structive pathology of the upper airway wheth-
er by anatomx structore or by chronic disease,
may alter the mechanics of respuration. In order
to establish the validity of thus premise we have
studied various parameters of respimtory me
chemnics n homans and animals,

Our proced isted of (1)
control groups of nocmal subjects (rxeocho(
our successive studies, (2) masking oral and
nasal measurements of pulmonary function 1
subjects with nmn! and laryngeal obstruction,
with postoperative cbservation, In some cases,
for evaluation of changes In respratory mechan
w3 following corrective surgery (3) establish-
g baseline messurement of normal and sb-
pormal pulmonary function in humans, (4)
partitioning of total pulmonary remstance In
humens nnd dogs, and (5) long term observa-
ton of varions modalities of murgcally created
nasal obstruction, as well as expermentally pro-
doced inflammation of the nasal cavitles and
paranasal smuses n dogs, in order to study the
effect of these conditons upon the function or
mechanics of the lower alrway

Qur investigations have been concerned with
mechamres of breathmg mezsurements, with
evaluation made dunng both nasal and oral
breathing. These studies have been performed

fing to the methods of pul. y physio-
logmsts (Mead & Whittenberger 1953), ond con-
st of ventilrtory studses (VC, timed VC and
MVV) p y 1 and rest
measurements using the esophageal balloon
yoethod (Mead ct al,, 1955) functional residual
cnpaaty mcmm'\:lmnu,lndlhelcpamﬂouo(
P t mto ity p
wtymdnsucrcsinnncu.u.dngnvulumetype
body plethysmograph (Dubods et al., 1956) We
have standardized our procedures and results
through control groups, with repetition of stud-
i3 on the same individuals in order to analyzs
day to day varlations, and cvaluation of anthro-
pomorphic differences, as well a5 sex and age
differcnces. Eary in our lnvestigations we es-

I A feal and Physiologcal

an

Chart for clatsifymg various degrees of nasal




obstruction (Table I). We have continued to nse
this chart in all our studics.
Partitoning of total polmonary resstance 1n
the buman is performed in the accepted man-
per Pressure in the subglottrc space i ob-
tained through a square end blunt peedle
(Gauge 17) equipped with a sharp stylus, in-
serted through the crcothyrold cartilage under
local amesthesin. Pleural suriace pressure 1
measnred indirectly mwing an esophageal bal-
Joon.
RESULTS AND DISCUSSION

Nasal obstruction

Ouwr angimal test observations were made on
170 clmical subjects of both sexes, with and

without nasal obstruction. These ecarly investi
gatlons comsisted of ventllatory studies and
1 AL and resl measure

Mawpulmonary mechanics 125

dents. Analysis of the datz conflrmed our ear
Ler findings, and showed also that amway re
shtance was slgnificantly increased during oral
breathuing in sobjects with obstructive posal
pathology (Unno et al, 1968)

Pre- and postoperative measurements of nasal
obstruction

This study was extended to 54 subpcts for
furtker numerical and statistical mgnificance
(Opurz et al. 1968) with particuler emphass
pinced on pre- and postoperative measurements
and results Case hustories were presented
showing favorable reversal of the mechanfes
of breathing In cases with nasal obstruction
within four to fire months following corrective
pasal surgery Total pulmonary resatance, even
when measured orally appears to Increzse with

P y comp
ments, wamg en csophageal balloon, with meas-
urements made dunng both nasal and oral
breathng.  The information  obtained  from
these stirdies was inconsotent due to eary dif
ficultkes in adaptation and technique however
resulls were encouragmg in that we were able
to observe some definlte trend toward changes
in the mechanies of breathmg In subjects with
nasal obstroction es compared with normal
subjects

When experimental error was conndered to
be vefy mmimal we made a serics of advanced
studies 30 13 to mumerically increase our carfier
observations for statistical sccatacy In all our
lovegigations, we bave weird % demree
complunce and an increase in pulmonary re
shtance, doring oral a1 well & nasal breath-
Ing, m the majority of all subjects tested with
relatively severe nasal pathology These values
revert to the pormal range fo approximately
the same number of cases, following seccessful
suryical correction of the obstruction.

In arder to clarify the etiology of these ob-
served changes It became neceszary to scpanate

g degrees of nasal obstruction. The
fact that these values revert to normal range,
in most instances, followlng successfol nasal
surgery would Indicate that reversible changes
occur  Since  measurements during  mouth
breathing are entirely separate from the nose
we suggest that anatomxc or phymologic changes
must ccour In the lower mrway secondary to
pathologre changes in the upper arway

Partiiorung of total resistance In the human
W e have partitioned total pulmonary reshstance
In four persons with normal ooses and two
others with abnormal noses (Shimada & Ogura,
1970) Four of the cases represent what we be
U to be ol malnes of matstance fog theee
alrwny components, during pasal breathing,
Le., the pose, larynx and lower arway and
two compostents during oral breathing, consist
ing of the upper airway (mainly the laryngeal
reglon) end the Jower alrway We found nasat
and upper airwny resistance quite vardsble dur
ing moath breathing and carcful evaluation ks
onecessary  The coatribution of the upper and
lower airways to total pulmorary resistanco

Y rest into ft» alr
w1y and tissoe reshtance A volume type body
picthysmograph was used for these Investiga-
tions on 12 healthy medical and dental stu-

wa d in the 6 cases (Tebles I, IM).
During nasal breathing the percent contriba
thon of each reglon in the normal cases b (1)
nosc 53 7% (2) laryngeal region, 174% and

Acta
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Table I Resistance of each component during nasal breatking

Nox Laryngeal region Lower akrway
Insp. Exp. (=% Exp. Tmp. Exp.

Norme!
B.W 143 101 a4 1A L] [£:] 138
LK. [15.)] on a 038 .57 173
TE 106 053 031 041 60 098
RS 1-5 131 042 025 0720 097
Mean 114 1.00 37 034 061 127
SD 024 0.06 aon? a0s a3s
Percert 837 B34 174 3w 277 4363
Abmormel
G s 250 284 1.37 091 1.3 2,18

(527%) (¥1%.) @49.) (153%) (223 ) (36L.)
GJ 476 667 105 1.64 092 217

M7 ) (837 ) (156.) (156.) (137 ) (207 )

(3) lower airway 28 77% during mspration.
During expiration the contribution is (1) nose,
38.34% (2) laryngeal regron 13 02% =and (3)
lower arrway 48 65%

During moath breathing the contribution of
the upper alrway is 55 % during inspiration and
34 10% dunng cxpiraton. Lower airway coo-
tribuon b 44 01% during Inspiration, and
65 68% during expiration.

Values for nasal and upper airway resistance
are Jower than those reparted by other inves-

tors. e attribate this 1o the careful sclec

and evaluation of our test snbjects from

Table Il Reristance of each compoment dwring
mouth breathing

Upper alrwey Lomer urway
Insp Exp ep Exp.

Narmal
B W 108 04 as7 (-3 23
Lw 054 a43 060 135
TE o 0.5 046 0ss
RS, o4 &2 o070 1.3
Mean on ass 1934
&D [ & 4 az3 o0
Per cent a5 Hio 4101 6358
Abmormd
G s 134 111 1.9 218

@15 ) (337T%) (585 ) (663 )
Gl (¥ 0.59 1.88

@9%) (@3%) ol ) (154
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the standpomt of the degree of anatomic nasal
obstruction. The small population of thes study
is bemg cnlarged. Greater numbers are needed
befare defimite conchinions can be made,

Pre and postoperative studies of laryngeal ob-
Strinction in mon

Simee any investigations into the effects of up-
per airway obstruction must include laryngeal
pathology we have measured changes in resp-
fratory mechanics in & number of cases with
laryngeal obstruction These subjects always
thow cxtemely high preoperathe meamre
ments of pulmonary and atrway resistance dur
ing both orml and nasal breathing, although
nasal anatomy may be quitt normal Post
operanuve studics are being undertaken at thus
time to observe the cffects, over a long term
of radlstion therapy a3 opposed to definitve
procedure. These results are being amalyzed
and will be reported later

Baseline measurements for normal and abror
mal pulmonary function

For some time we have beHeved that functional
baselme messurements for pulmonary function
conld be established and nsed practically for
cvaloating normal and abnormel puolmonary
dynamics since our studses indicate that ob-
yective determination of the work of breathing



Table 1V Changes i1 resistance after surgery
Al symbol of pre and postoperative diffcrercs

Degree of
obstroct.
No. Sobject Sex Age Pre—Pest
1 D L. 4 b: | 1~1
2 Y K ? 4 41
3 wr 3 3 4-+2
4 R.S. g 2 4-2
3 O R. d ig 41
6 I M ? p. ] 4-2
7 P K Q P 41
1} vG 9 pid 42
9 I8 2 23 42
10 LC 3 14 4-+1
11 D W 38 17 52
12 N.Z 3 43 5-+2
13 I K g 4 5-+2
14 C.s. 2 psl 52
15 50 ? kil 54

should be determined throogh mechanics of
breathing  measurements, rather than from
rhinometric evalution atone. In arder to estab-
Lish these baselme measurements we have ex
ammed a total of 97 clinical sobjects (Ognra
et al, 1968) A normal control group was e
tablished, and 15 subjects were tested both pre
and postoperatively (Table IV)

As a reenlt of these studies we were able to
clanify three distinct groupt: (1) normal, (2)
borderline, and (3) naal obstruction, and to
establish bascline messurements for fonction
in each of these categanes (Fige. 1 2) Thess
bave been wed routinely in our clinical Iabors-
tory for evalnating pormal and abpormal pul-
momary function. These meatorements have

”“*/\/\/\
. ON

7] Pty w0 "0 L)
prars

Fig 1 Pulmanary reshstancs In relution to nasal ob-
struction (oose breathing)
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Mootk Nere
AR, AR, ARy AR, AR, ARy
(e ROLPS) (cm HOLPS)

-030 -~040 a0 -1 -098 -0.82
~310 ~112 -188 -260 -036 -.24
-03 -0 -0 -120 -024 -098
-020 -04) +0Q2) 0% 048 018
-0 -~0X 034 -1.30 -085 -044

0% +023 0z7 -050 0 ~0.50
-010 -041 o -0 -08% -o0I)

o ~Q37 617 -100 -07% 021
~020 -~@17 -0 -030 +O071 -1.01
-055 003 -050 ~13D -036 -084
-010 -~043 -037 -620 -516 104
-070 -~09% -0I11 -—450 -06 -421
-020 085 +065 -313 -472 405
~-130 ~048 -0B6 -350 -144 -206
+Q10 -~o19 03 620 -194 -~426
a q L3 v

[

bty
(om0 L)

Fig 2 Pelmovary resistance ja rehution w0 masal ob-
stroction (mowth breathing).

been cxpetually weeful in the borderfine™ cases
of nasal cbstruction. These subjects may oc
may not be candidates for nasal smrgery and
should be carcfully evaluated from the stand-
polnt of siguficant changes m  pulmonary
mechanict In order to determine criterla for

srgery
We arc abo investigating the approximately
15% of the peticnts who appear to get no

mﬂpon!blcrmm:(l)mlnororpnk

A Osolery
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Fig 3 Unfateral obstroction and sewm] resistance
(doga).

changes in the lung, which were not detectable

re or postoperatively at the time from phym-

and roentgenologic examination, (2) persm-

,  jomsal obstruction from other camses (non

Tgic vasomotor obstruction) and (3) bor

mal readings of airway resistance, during oral
breathing,

preoperatively
At thiy polat in our vestgatons data
strongly suggest that measurements of airway
resistance doning month breathmg present fm-
portant criteria for evaluatron of normal and

moath breathing, cven though nasal resistance
is high, surgery for function is usually contra-
Indicated (Ogura et al, 1968) Improvement
in the mechanics of breathing cannot occur in
these cases, since 1t i3 already normal, and
symptomatic complaints persist in spite of a
t ial red in nasal ob-

struction. We are testing the validity of these
Acta Otolaryng 71
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observations on greater pumbers for signifi
cance,

Our objective findings to date strongly indi-
cate that upper airway pathology may be an
tmpartant contributor to carly clronic changes
in the mechanics of respiration, and therefore
significantly affect the pormal fonchion of the
lower airway

Confirmung evidence of our climcal observa-
trons is baing gathered through studies on dogs,
under normml and  experimental situations.
These investigations arc designed to relate spe
afically to amilar conditrons encountered 1n
the human subject, and to emphasize the cli-
mical 13 of our i

Distnbution of alrwav resistance along the
respiratory system in dogs

Usmg dogs, wo have partinoned arwmy resst
ance into ity thres major components, the nose,
larynx and lower airwzy 1n order to observe
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Fiy 4 Biwenl obstrochon and maml resstance
(dog).

the sctnal distribution of mrway resistance

of each scpment to total pulmonary resustance
(Ohnmhi & Ogura, 1969). The resmstance of
the upper airway both nose and laryor,
changes constantly durmy beeathing, due to the
changes in Instantancoms flow rate.
We have cxtablished a method for accurate
of nasal in the dog,
with minmal artifact from the moscular activi-
ties of the soft palate and pharyngeal muscles.
Slmmltaneous measurements of the nose, lar
yox and lower arwsy permit calerdatlon of
values of at each re
spiratory segment. Rohrer’s coastants were cal-
culated for cach segment, and the pressare
flow relatioms were expeessed (m Rohrer s for
mule, As expected, the nxsal pasapes sccount
ed for the greatest source of flow resmance
(M9.2%) of total resistance. Resbstance of the

w: ns

larynxy was 5 9% and that of the ower alrway
149% at mid-flow normal respratory flow
rate In the dog (025 LPS) No sigmficant dif
ferences were noted m & and %, valucs in the
nose durmg the fnspratory and expimtary
phases,

In the larynx, bowever there were signifi-
cant differcnces m the values between the in-
spuratory and cxpiratory phase. The ratio was
cousiderably greater durmyg expation, doe to
the adduetion of tho vocal cords in this phese.
We expect to apply thls knowledge to the m-
man subject, to determine tho distribution of
flow resistance in the normal respiratory tract,
and the disturbance of normal distribution in
the subject with scvere upper airway pathology
Effects of clronic nasal obstruction spon the
function of the hungs in the dog

We have suggested that long standing up-
per airway pathology may cavse disturbance

Acta Orlaryng 71
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Fig 5 Changes in resistive work (dogs).

in normal respiratory performance However
general changes whach may occur in the lower
alreray are not yet clearly understood.

We have proposed to imvestigate whether
chronic upper xirway obstruction causes anmy
change in the functional and mechanical as-
pects of the lungs, and If this is shown to be
true what 1s the natare of the change,

In ocder to stody this we created, srgieally
varfous degrees of masal cbstruction ir foll
grown moagrel dogs, two with umlateral ob-
struction, three with partial bilateral cbstruc
tlon, and onc, with complete obstroction on

side and partial obstruction on the other

observed changes in the mechanical prop-
2t of the lungs in these dogs over a pe
rod of four months (Ohnishi et al, 1970)
Analysis of pressure flow relations m the dogs
with unilateral obstruction showed that though
nanl resistance was elevated immediately fol-
lowmg the creation of the nasal obstruction,
it was P d for in a ly shart
period of time (Fig. 3) These results appear
to correlate well with our borderiine™ type
of nmal chstruction in the human subject. Al
though some difficulty in nasal breathmg may
be present, both human and dog appear to
compensate readily to this degree of obstruc
tron, and little or no adverse effects are poted
upon the mechanics of respiratioa.

However changes in the mechanical prop-
ertics of the lung were obscrved m most of
the cases with high nasal resstance Le bilat

Acta Otolaryng 71

crel obstruction (Fig. 4) It appears that dis-
turbance of the normal physiclogkcal funchion
of the upper zirway does lcad to changes in
normal lung fonction. Longer observation will
be needed.

Effects of chronke inflammation upon the
mechanics of the lung in dogs

Chroaic rhinitts and sinusitls have been pro-
duced in & group of dogs with unilateral nasal
obstruction, who showed no obvious changes
m the mechanics of breathing during the pe
riod of observation. This study Is In progrens
(Ohnisht & Ogura, 1970} and will be reported
later Some observations can bo made at thws
time

In contrast to our findings in the dogs with
nmple nasal obstruction, where nasal resist
ance varied according to the type of created
obstruction, as well as to the extent of compen-
sation on the part of tho nasal structures, the
dogs with nasal and parsnasal inflammation
tended to show greater umform nasal resst
aoce. The type of nasal obstruction created in
these dogs seerns to have little significance m
relation to values in nasal resistence,

Thrs might be attributable to the pear totsl
fallure of the turbinates to compemsate for ele
vated nasal resistance m the presence of severe
pathologic changes in the mucous membrane
and underlying tssues. General changes mdr-
cate to positive increase m resistive wark dor
ing the perfod of obscrvatwon (Fig. 5} bow-

-
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— T T utm
|

b e

Fig 6 Changes In clastic work (dog).
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Fig 7 Charges in total work (doga).

cver the clastic work durmg the same period
was greater (Fige 6), thus total lung work
teoded to decrease with nasal inflammatlion
(Fig. 7). Thus may be interpreted as compensa-
tion for the mcreased work Joad of the respira-
tory muscles In arder to overcome greater nasal
renstance,

We sugpest that changes in the vanables,
followlng sargical correction of the exmstng
pathology s not & mmple function of the de
gres of mechanieal obstruction removed, since
these changes arc scen during oral as well s
nasal breathing. The vanom paramecters may
be changed by x number of factars. Mechant-
cal and neural (nxsopelmonary) reflex mechan-
fsms must be taken into account ss probable
camative cffects.

We aro plannmg advanced studies of the

pressure gradients which are necessary to move
certain amoants of air Into the lmgs to exceed
mcreased nasal resistance may primarily work
= a stimalos to afferent endings, mechano re
ceptors and beroreceptors.

In tho past wo have gathered evidence from
various sources and methods, all directed to-
ward demonstrating the influence of upper ar
way obstruction upon increases in lower ar
way resk The basic in these
pbenomena  remam  largely  uncxplored  We
have sugpested s relatonstup between s

Nasopulmonary mechankes 131

vere upper airway pathology and the pomible
early development of chronk obstructive long
doease. This uniffed concept must be investl-
gated throngh contloued clinfcal studses in
grexter mumber and conflrming neurophysio-
logical studses in dogs, in order to explain dy
namic changes In prosmure-flow and compli-
ance clastance of the alrways, when severe
upper alrway pathology is evident.

RESUME

Noms discricroms les mspects de nos énwdes du nez
obrird dam Taltération do I résistance dw camnal

der oberen Luftwege anf den Widarstand der umteren
Lofrwspe.
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} R & hawanll M 1965 Naml oburuction
and the mechanics of breathing. Arck Owlarvag
(Chic.) &3 135
so, J H, Ume, T & Nehon, J R. 1964 Namal

polmonary
-~ phydologic surpery of the nose. Prelimisary re-
port. Axz Osof 77 367
Otnbhi, T & Ognra, J H 1969 Partitioning of
resistance in the dog. Larywposcope
79 1847

— 1970, Uspoblhbed data.
Obohibl, T Ogura, J H. & Nelson, ] R. 1970, Uz
dam

Panison, E. 1#$3_ Exp t

Foxcope 71
Torard, Z & Wikficombe, J G 1968, Muscuhir
ch and cular reflexes elicited
by tion of the respiratory tract.

o pulmonary
L‘-’l"lraﬂvpr 7 1119

Saixt Lowls, Mo., USA

DISCUSSION

1 Padoven. It would be intrresting to knows

achicved?

fox that et [n the fact thl the ol abrflow s ot the
border betwern laminary flow and  toribulem DAP
In pose that is 100 wikt there b8 eddying end ofien
tarbulence. Whereas in leminary airflow Ohms law
prevails, In torbuolent flow resbstancs varis with the
squere of the airflow & fact that soon keads to
respuratory  difheulties.

IHDm(Rrply)riP-dmnThedemu

fiber die Strommopen der Laft in der Nasenhoble.
Suzngsbericiae der Alademie der Fissenschafion
i Bien 85 35

Proctor D F 1964 of ihe opper airsay
Hendbook of Phsiology Scctiom Il Respiration,

1309
Robwer F 1915 Der Sméqungreidenand in den

Acta Osolaryng 71

from Smborn Co. in Maesa-
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HORMONALE UND ELECTRONENOPTISCHE NASENRACHEN
FIBROM STUDIEN

Rosemarie Albrecht, k. Schubert und K. Kiittner
Axs der Halr-NasewOhrenkiinil der Friedrich-Schiller-Unlversitat und dfr Destschen

Aladesie der Winewschafien pe Berlln Instbut fi

Mbkroblolotie und experimenteile

Therapic Jena Abteflang fir Sweroudforschuny Jema DDR

tchen Akademit der Whacnschaften pemuotzt
und uns als Ziel gesctzt, it allen sinavoll er
schefnenden Mitteln der Klmik und des La
boratoriums zu prilfen, ob bel Fibromtrigern
cine spezifische hormonelle Abwelchung nach-
welshar sci,

Wilong von mbestreit Teflergebnisse wurden von wnt verschiedent
bar wobel Ocsiropene mach cigenen lich mitgeteilt (Albrectt & Schubert, 1965
den Bberlogrn. wind. [hre Wrrkung bt
jedoch lesgreamt begremrr. Dugegen erwies sich das  Schubert & Albrecht, 1963 Schobert et al,
alien Priiparaien 1965) Wenn wir aber erxt beute zm emer ab-
mm:mmw&nm‘mmm 1 Ber tung k ©
bideng it I EinrelfiTien bedemend, so daB e bel 151 €3 Amsdruck der Schwacrigkerten, die Auf
‘Tameren d:hm|ﬂ\1h L gabe befrledigend ru bewiidgen. Die Unachea

Trotz ciner Reibe vou Hormonstuden und
troiz mancher Mittefhingen Uber Therapie-
erfolge mit Hormooey beim jovenflen Nasen-
rachenfibrom erschien uns dis bormooelle Ans-

dosierte Hormontherapie m typlsches Fibrom-
alier ohne Keuntnls der unhchlichen Stfroags-
struktur durchaus anfechtbar

Aus dicsen Grunde haben wir Im verpan-
groen Jahrzehnt gerne die Moglichkeit der Zu-
sammenarbeit mit der Abteilnong fur Sterod-
forwhony des Invifoy for Kimncbe Mokrob

Licgen i der Scltenbeit des Nascmrachen-
fibroms, zumindext in Furopa und 1a der Tat
sache, Hormonstudien gerade in cinem Alters-

tngewdhnhch reich an reitweiligen {ndivadued-
len Abweichmgen ist, so daB Normwerte
kaum existeren.

Der jetzige Bericht hat dic Anfgabe:

1 abschliessend Ober Reifestatus und endo-
crine Lelstung der von uns umtersuchien
Fibromtiriger m informberen,

lope und experimentelle Therapie der Deut
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dung im Harn sowie nach hormoneller Bels-
stung wurden bel 12 Nasenrachenfibramkran
ken verschiedepen Alters sowie elnem Ver
dachtsfall, bei dem sich der Tumor spliter als
ungewdhalicher Choanalpolyp erwies, durch-
gefthrt. Steroidverplelchsanalysen wurden zu
sitzlich an 26 pesunden Koatrollpersonen ver
schiedener Altersgruppen der Pubertt vorge
nommen, Klinisch wurde neben den fiblich

niedriger als bei Gesunden. Bei Belastung mrt
1000 E HCG zreigte sich em Anstleg der Cortl
costeroide, der ber Fibromtrigern durch b3-
here Dotlerung von 6 000 E nicht welter an-
stieg im Gegensatz 1 den Gesunden.

2, Gesamt 17-Ketosterolde
Slo stlegen unter Testosteron bzer Gonadotro-

Aufgaben der Diagnostik und Therapse der
Reifegrad der Patlenten durch Kontrolle des
Skelettsystemns, der sekundfren Geschlechts-
merkmale und bei Klteren Patlenten des Sper
. b Das Knochenalter war
inSmeah:mmtspsmhcnd tomt fand sich
eine Akzeleration dorchschnittlich von 3 J
(Prof. E. Haenaler Univ Kinderklinik, Jena.)
Das ¥uB-re Genlitale zeigte in kemem Fall Be
sonderheiten. Die sckundfren Geschlechts-

pin erwart “"nn,wobddel Hmptm:—
bollien And und Atlochol
nlrbtmnmpmhen_BdErhbhnngdcer
Dosis anf 6 000 E stiegen die Werte bel Ge-
sunden werter an m Gegensatz zu den Flbrom-
patienten.

3 Oestrogene
Es wurden keme besonderen Ausscheidungs-
werte Im Verglach zur gesunden Kontroll

merkmale waren unanffiliy mit A }
eincs Patienten, der angedeutet das Bild eines
pubertalen Eunnuchotdismus bot (Unly Haut
kiinik Jena, Prof. Langhoff) Bei allen Kiteren
Paticnten waren die Spermiogramme regelrecht.
Nur bef cinem 20 jthr Patlenten fand skch cine
Asthenohypospermie  (Unly  Hautklinik Jena,
Prof Langhoff) Ber diesem wurde auch als
~  crinologische Rarltit entmahg cin: groBo
x Prog im Harn nachg

/ Dic Steroidausscheidung wu.rde vor und
nach Testbelastungen mut Testosteron, Chor-
cnponadotropin (HCG) und follikelstimulieren-
dem Hormon (FSH) dorchgefihrt Auf dio
Tcnbclannng Icgtcn wi.r grBB{eu Wert in der

groppe gefunden mit A hme cmnes Patien-
ten, der durch FSH HCG besonders hohe
Oestrogenwerte errcichte,

4 Gonadotropin

Die Gonadotropmausscheidung war nor bel
ewnem Teil der Fibromtriger erhSht.

5 af-ungesintigte Ketosterolde

Die Testosterocnausscheldung migte bel Fi-
bromtriigen  Altersunterschiede, Bel 12-13
Jihrigen waren die Werte altersbedingt nfedng.
Oberhalb 16 J lagen dic Werte mit ca. 30ug
124 Std. viellclcht etwas msedrig. Dre Andro-

Vi dag Stdrungabalder deut
licher 7o Tage treten miissen wumdnEndo—

1d relgte kelno altersmMB:

gen Beriehungen und blieb bel 50 mg Testo-

crinfum  zu  ungewdShnlich L g

zwu.ngl.'nwdrd.

lhel Ober 1 dus  sowi¢
Untersachungstechnilen wurden von Schubert
(1957 1963) In frilberen Arbeiten dargelegt,
10 daB hier nur dic Ergebniste gebracht wer
den

1 Corticosteroide
Dic A te der G

steronbelastung im Vergickeh za Gesanden aof
fallend nledrig.

Die vorgelegten Beobschtungen und Ergeb-
nisse haben trotz groBen Aufwandes und hoher
Kosten keme omstthzenden Erkenntoisse ge
bracht. Wir glauben jedoch einige Details als
gesachert ansehen zu dirfen.

Es reigt der Nasenrachenfibrom Patient
keine Stiirung des Knochenalters. Dic Osifika-
tion ist entweder altersentsprechend oder anch
niemals sber retardiert. Dic aoBe

lagen ben  Fibromtriigern
Acte Otolaryng 71



ren Geschlechtsmerkmale zeigen kelne einden-
tipe Verzligerung Das Spermrogramm bt in
der Regel normal Gelegentliche Auffilligkel
ten, wic in umserem Krankengut, erlauben kel
nen spenfischen Bezug auf das Nasenrachen-
fibrom.

Unter den Hormonbefunden erschernt durch

sichert, daB beim Fihromtriger keme St3emg
der pomdotropen Hypophysenfunktion  be-
steht. Die Auscheldungswerte in Urm wurden
cutweder erhSht (Carbonara & Saloans, 1958
De Jodiclbos, 1961 Maurm, 1963) oder hn
normaler Menge vorgefunden (eipene Unter
suchungen), nlemah dagegen vermindert. Es
steht dieses {n guter Obereinstimmung mut der
Skelettreifung.

Uber die Sterordansscheldung beim Fibrom-
kranken gehen 1m Schrifttum dw Angaben
stark suseinander und leider wird die Tatsache,
daB wir mut 17 Ketosterolden oder «ff Hy-
droxyketosterosden w s £ keine indiidoellen
Sab woadern ‘hied

Ticher Herkunft bestimmen, oft anBer Acht ge
Lassen. Es 1t nicht statthaft, allein ans Werten
der 17 Ketosteroldansschedung im Ham auf
cine Gomd ffidens m sk jmsbe-
sondere owcht In einem hormonell so labilen
Alter der Nusenrachenfitromiriiger

Dennoch besteht kein Zweitel daran, daB e
biite Sterrdwusscheidungswerte bei Fibrom-
patienten miermals gefunden wurden. Dre Du-
kmsion geht um nonmale oder emledngte
Werte (Do Judicibur, 1961 Mighorm:, 1964
Patterson, 1965 Karatay et al, 1963 1969)
Unserc allgemeinen Steroldreslmate Fegen
inoerhalb der phyxlologhchen Schrwankmngs-
breite der jewelligen Jahrpinge vielleicht mehr
in Ruchtung der unteren Grenrwerte Aber vick
Iejcht fst es daB die Cor id
wnd die Gesamt 17 Ketoteroide bel Gonado-
tropinbelasiung ab 6 000 E nkht weiter anstic
ten. Der markanteste Befund amserer vorlle-
peoden Umtermuchmgsrelbe liegt 1 der Gruppe
der af-ongeslittigten hetosterodds bel  den
Androstendionwerten, dio ber 50 mg Testoste

Nasenrachenfibrom-Studien 135

Abk I QroBes
eodocrankelem

it
Elnbroch durch die vorders Schidel-
bacshy,
Dw Abb. migt den Ziytand nach intemsbver Sill

ronbehandlung im Verglesch m Gesunden
obne altersmifBige Benehung acffallend nied
ng bilcben

Imsgesamt mitssen wir aber klar aussprechen,
daB beim juvenilen Angofibrom kelne spen-
fischen Verfindernngen im Sterordhaoshalt vor
Tiegen, die xich mit den gepenwiirtigen Metho-
den der Endocrinclogie aus der Varianten-
IiNe der Pubertdt sgnifikant abgrearen NicBen.
Fine Theorls der Unter oder Dysfunktion der
Gonaden, Bt sich nicht anfrechterhalten
Nach unscren Untersuchungen diirfte man
maximal wenn man wbsolut SchtuBifolgerungen
zichen will — von emem geringfugig veratiper
ten Ansprechen der Gouaden bel Fibrompati-
enten sprechen, das méglicherwelse nur alige-
mewer Ausdruck einer allpemein belastenden
Erkrankung ist, ru denen das Nasenrachen-
fibrom letztlich wohl zu rechnen st
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b5 2 Glekber Fall. Geschwalsriclbilkmg unter
ytomal

)

Zu  Irgendwelche Hinwene fir eine kau-
take Hormontberapie des Nasenrachenfibroms
geben uns Hormonanalysen micht. Wenn wir
dennoch aus khinischer Emprrie wissen, daB so-
wohl Testosteron als auch Ocstrogen eine redu-
nerende Wirkung auf den Tomor haben kin-
nen, so moB drese Wirkung memes Emchtens
als p he A 1
werden.

Im Schrifttum halten sich die Anhlinger des
Testosteron- und der  Oestrogenbehandlung
etwa dic Waage. Einige schr interessante Heob-
achtungen besagen, daB der Tumor unter An-
drogenen aber auch im Wachstum angeregt
werden kann (Boedts, 1940 Johmson et al
1966). Voo Schiff (1959) wissen war daB cr
Qestrogen fir wihsamer hilt

Esm'rmhabcndkagh:hmgduN-

Acta Oroleryag 71

cifung

scurachenfibrom  bormonell m  beemflussen,
bestAngt, wobel Oestrogene wert tberkegen wa-
ren. Es sind die Hormooe jedoch nur ene ge
wisse Zeit und bis zu emer bestimmten Dosite
rung wirksam. Flr das Stiboestrol mdchten
wir die beste Wirkung mit einer Gesamtdoss
von ca. 3 000 mg in 4 Monaten angeben. Uber
drese Zeit und dese Dous hinans haben wir
kewnen sicheren Nutzen mehr pesehen

Fir Fibrome mit exzessiver Wachstumaten-
denz und besonderen hompHkatronen, dic eine
radikale operative Entfernung aoch bed hew-
tigen operativen Moglichkeiten schwrerig oder
wvital bedrohlich erscheinen lassen, mdchien wir
ouf ewn bzsonderes Priparat aufmerksam ma
chen und seiren Versuch empfehlen. Es han-
delt sich um das Tetranotnumsalz des 4 4-
Dihydroxy-af-discthylstilbendiphospt dos
tm Organismos als Dilithylstilboestrol

sein soll mrt hoher zytostatscher Wirksambeit
Es wird bel metastasierendemn Prostatacar
canom wielfach verwendet und st m der DDR
als ,Zytonal im Handel, 1n der BRD uater
dem Namen ,,Hovan

Es ist hinsichtlich sciner Nebenwirkungen
auf die Gonaden und Mammae nicht sonder
Bch aktly wird Ober lange Zeit vertragen und
bectntriichtipt trotz sehr hoher Gesamtdoss dre

ation des Resttumort.
Deuntilchs R
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postoperative Hellungsfihigkeit nicht. Es g
lang uns In emem Falle mit mngedebnten in-
tracraniellem Finbruch nach Versagem von

Stilby L T Com

den Tomor alleine mut diesem Priparat soweit
mr Rikkbildnng zu bringen, daB die operauve
Entfernung des Restes einwandfre: moghch
wurde, Der maximal m3glche Effekt war aller
dings erst nach ciner Gesamtdous von 155 g
erreicht.

Zom Whkungsmechanismus dicses Pripars-
tes betm Angiofibrom kinnen wir noch nichts
sagen, da wir noch keme Gelegenbeit hatten
mprﬂ!cn,--cnchdnnnrcnl’hoq:hxmin

len Untersuchungen warde in jedem Falle auch
das Tumorgewebe seibst nnter verschiedenen
Fragestcllungen untersucht.

Der Ubergang m  clecironensmikroskopl-
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schen Untensuchungen erfolgte eigentlich mlt
dem Zlel, eine etwaige Viruspenese ru prifen.
Sre besthtigten und verteften dre bisher licht
mikroskopisch erhobenen Befunde, brachten
aber auch v8llig neue zytomorphologische As-
pekte Diese konzentrierien sich vor allem auf
die sogenannten Stromazellen des Nasenrachen
fibroms, auf dle Fibrozyten und Fibroblasten
some deren oft schwer abgrenrbare Vomtufe,
In den Zellkernen dieser Elemente ficden sich
multiple  unterschedlich  groBe electronen
dichte EunschluBk8rper dic von elnem schma-
len hellen Hof umgeben werden. Diese Kern-
cinschilsse  erscheinen in den  Fibroblasten
{ber dem gesamten hembereich vertellt und
von besonders auffallend wechsclnder GraBe
wihrend si sich in den Fibrazyten h d

cobalt oder intenstv mit Hormonen vorbehan-
delt wurde

Dic Bedeutung der Eb per m den
Stromazellen st z. Z. noch unklar Viralen Ur
sprungs und sie mcherlich nicht. Wertere Sto-
dien werden rmigen milssen, ob sie wirklich fiir
das Nasenrachenfibrom spezifisch sind oder
ob sie auch bei anderen Geschorfilsten aufire
ten und welche Deutung tho eines Toges er
halten werden.

AL

in der Nihe der Kernmembran anordnen. Sie
sind nicht zo ver In mit Ker bl
kbrper die durch 2 bis 3 konrentrische Dop-

pelmembranen nut multiplen electr dich
Grunala im Zentrum gekennzerchnet sind, wio
wir sie in unseren Matenglien soch fanden.
Diese 2. Form wird in den verschied

d-ideq:mdmxumhmbno:nmhhw
In the find soms

Zelliformationen sowohl unter normaken, als

such unter pathologischen VerhKltnmssen ge

schen und sind fiir Nascnrochenflbrome s~

her nicht spenfisch (Boateille et al, 1967
L/Lemy&Peux, 1969)

Unabhiinglg vontinander wurde die crste
Form der KerneinschluBklirper nach der uns
zuglinglichen Literatur 1966 ersimalig von Svo-
boda & Kirchner erwiitmt, und 1969 von Sei
fert anlisslich clnes Kongresses in Mnkolz,
Ungarn, vorgetragen und voi McGavran et al,
(1969) sk ultrastrukturelles Charakienstikum
der Stromazellen des juvenilen Nasearschen
fibroms, die nicht im Stroma des normalen Ne

e
structares of which pecullar nodear incimlbve bodies
are the moat siviking aoes. May be they ame specific
fisdings in mesopharyngeal fitcoma, But wp to date
%o do not know anything bout thelr importance.

RESUME
La déermimation de Mexcréon spontane dhormenes

clis et

mn-nc.hms oder in N hautpolypen
bliziert. Einschlesslich cres

Mu:rilll “ m:) (Aﬂrrccht et al, 1970) sind

1n der Litu\mr bisher 15 enuprcdxnde elec
Xoptsch Unter be

hnm.,dncl]]edie,,mmnuclwdemcbodiu
aufwiesen. Wir kinpen nm¥erlich mutteilen,
daB sie keine U hiede zzigen glechghit
ob der Patent rein chirurglsch oder mit Teke

Acta Otolaryng 71

comséqoence ube
vér{table aide q-ndﬂl‘ld(dutnmrmtrh&u
ona peat
parml kex-

e
Wdamwwunnn&hlq\n,

sont spiifiquet pour b fibtome naso-pharyngen,
mais oo ne conmll pss encore Jemr sgnificatios.
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DISCUSSION

I Fricdmans. Were thero any femalo patients i your
series?

R. Afbreckt (Reply) to Mr Friotmana. Im dprca
Keanhengs, wnan, kadon, Ervean, Tt o, mem.
Fall vou Mr Gamen ernics sich das Flbvom eimer
elbiichen Patientim d. NR 8 ebektronenmitrosl ophch.

AmOfd:i?I
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ESTERASES IN POST MORTEM INNER EAR FLUIDS

T Palva, V Raunnio and R. Forsén

From the Department of Osolaryngology Untrersity of Oxlx, and from the State
Laboratory of Serology and Bacteriology O lx, Finland

Abmlndccﬂ’wbom:lcmﬂyﬂ:,nduﬁ—npb—
thyl acctate as scberuie, -mortem
endotymph, CSF

Carboxylic esterases represent an inhomogene
ous group of enzymes which have relatively
wide substrate specificaties. In addition to chol-
inesterases which appear in the form of acetyl
holinesterase (ACHE) and non-specific cholln
,rrm(ChE)ltcymduchpammduyl-

erascs a3 the main groops in fuman serum
and tissnes (Wilkinson, 1965) AChHE is known
to sppear particularly in erythrocytes and ner
vous tisme, while ChE appears in plasma and
in many tissues.

Gnsel (1950) obtah . of ace
tykehollne splitting capacity of cod endolymph
by recording shght acidification of a test mix
tare of endotymph and acctykcholine without
physostigmin, the presence of wiuch kept the
pH unchanged at 70 Use of cod serum and
cerebrospinal flud (CSF) caused an even
greater acidification. Stirmolation of the physo-
sigmmized frog mmscle by an acetylcholine
perilymph or -endolymph mixture of cat eans
camsed a decrease in the muscle contraction ay
compared with purs acetylcholine solntions.
Use of scetylcholine—sernm muxture caused no
contractlon, testfymg to 2 stronger esterase
concentration {n serum than in fnner esr flofds,

Acts Otolaryng 71

Perllymph of pigrons was found to have
weaker cffect than endolymph both of which
possessed a moch weaker acetylcholine split
ting actvity than serum. Similar relations as In
pigeons were found with guinea pig perilymph
and serum.
Gisselsson s :xpe:-nmnuwcr:untudhcct
ration of ch ases in the inner
car fludds and showed that theso flulds con-
tained spiitting How-
ever he could show no scetylkcholine activity
on leech muscle in direct methods using lnner
exr flds of pigeon, rabbit, cat, guinea pig
and man. Prior stimulation by sound failed to
bring any acetylcholine actvity into the inner
car flulds The results of these experiments
were contrary to those of Martini (1941) who
proposed that sound stumulation caised acctyl
cholme activity to appear in the pigeon perd
Iymph.

Hbstochemically Schuknecht et al (1959)
showed that AChE normally present along the
perve fibres and m demse accumulations at the
base of harr cells in the argan of Cortl In the
cat dusappeared when the bundle
was sectoned 1n the medulla. They concinded
that the presence of AChE in the cochlea was
dependent upon the integrity of this bandie.
Electronmicroscopically Kancko & Daly
(1968) found that AChE activity uniformly xp-
peared on the entire plasma membrane of the
vesiculated nerve endings and of somo preter
minal axcns. After streptomycin damage part
of the ACHE activity remaincd in tho ncigh-
bouthood of destroyed hatr cells (Schuknecht
et al, 1959) while Marco & Lasal (1964) noted

Tedad +
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Table I Frequency of exterase bands in past-wortem knner ear flutde CSF and series

Percentages In pareotbeses

Exterese fraction
Test fhad 1 2 3
Pecllymph, N =31 26 § ) 3 oD
Utriculsr
N-18 20y 4@ 17 5D
Cochlesr
N=2 2 M 5347 P )
Mbed Inner ear
frokh +cclls, N—-17 —— 5@ 13 an
CSF N-14 1M 3@ 0 an
Serum, N=8 400 6 (5 3 (100)
Normal oo,
N-16 an 1209 2 0n

disappearance of AChE from the cochlea. In
the vestibular receptors Brunctti et al. (1964)
and Romm et ol (1964) presented evidence of
acetylcholine accumulatron by ming cholin
esterase mhibltory,

Our earficr stmdies using past-mortem ho-
man inner ear flukds incinded Iactate and mal-
ate dehydrogenase analyses (Palva & Raumo,
1969 Palva ¢t al, 1970) These enzymes In
toner ear flods had a greater I to

4

T an 6@ 11 (35
700 3106 600
17N s 9y an
18 18 18
1600 ——  — —

ples. Removal of the tempornl bopes was pen-
crally made durmg the first 24 hours and at the
latest 48 hours post mortem. Sernm was col
lected from great thorecic velns and CSF from
the spinal camal. Collection of the inner ear
flukds was dooc under the operating micro-
wope wing the methods described earlier
(Palva & Raumo, 1967) As coatral solutions
nmmxlhumxnm‘um(NHS)mdnoﬂnanF

the respective patterns of CSF than to serum.
The present studies with esterase actlvity were
made to obtaln further Informatlon of the pat
tem, and of oclgln of varloos components m
inner car fluids.

MATERIAL AND METHODS

The material used for Individual studies con-
sisted of inner ear fluids of 31 cedaver canx
fn addition 16 ears were med for poocked sam-

Hmwni

Fl.,lSchmﬁ:mﬂm mm,

I

t
eileram fractions es compared  ith the novmal
Pmuhpmm-a(-mm.

erythrocytes, wcoustic tumour tis-
soe pon—monmn I:nln thsue and  acoustc
nerve homogenates were used.
Electrophoresls was camred out in 1% agar
oso grl ming barbiturate buffer at pH 8.6, fol-
lowing the procedure described by Wiemo
(1965) Field strength was 7-8 V/an, duration
of run 20 min, temperatare of petroleum ether
12 C. The amount of test fluid used was 3 sl
mxcepting endalymph, of which genenlly ooly
1-2 gl were avallable Serum was diluted to
1 10 whereas the other test flulds were used

methods recommended by Urdel (1963) After
electrophoresis the plates were kept for 60 min
at room temperature in an incobation sohatron
which was peepered as follows: 5 mg of £
naphthyl scetate was dissolved In 05 ml of
scetone to which 25 ml of 005 M Tris buffer
at pH 7 4 was added. To thls solution, 10 mg
of diazo blue B was added and the solutioa
filiered. .

-

Acta Ov
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Table 1L Dominating esterase fractions in post-mortem inner ear fhids, CSF and serum

Percentages in perenthesey

Esterzae fraction
Test Moid 1 2 3
Perilymph, N~=31 - — == = 2@
Utricalar
N-18 — - - — 15
N-28 - — — = A%
Mized inner ear flnk
and cells, ¥=17 - = = 13 (76)
CEF N-15 _—_ - = 1(8))
Scrum, N 8 — - 229
Norma! hoxnan serue,
N=16 _—_ -~ - 1 ®

Vanous inhibitors were used for characteri-
mton of tht enzymes. The plates were first
placed for 15-30 min into the Inhibitor solu
tion and changed thereafter into the Jncubation
sotution which had the same concentration of
inhiblter as the first solution. The nhibators
used were eserine, 130-OMPA, EDTA and
BW2B4c51 in & concentration 2x 10~ and
2x107¢ 5 ml of 1% CzCl; solution sdded m
100 m! of stain solohon was used as a co-fac-

for studying the fast components of esterase

Heat stability of the fractions was stud-
by incubatmg the plates in 55 C water bath
for 20 to 60 oun.

RESULTS

Table I gives the frequency of esterasc bands
m vurfons post-mortem flaids and NHS In
NHS four fractions were found ranging in mo-
bility from prealbumin to ay-globulin, while in
normal CSF no activity could be demon
strated. In all post mortem fiukds, sx main
fractions wero obttined, the mobility of the
two additional fractions being m the area of
# and y-globuline (Fig. 1) In post-mortem
fluids, fractons 3 (@;-globulin) was present 1n
71% of CSF In 97% of perilymph, and in all
scrum sampies. This same fraction appeared
in only 13% In NHS Fraction 4 was present
1n the loner ear flukds in varying percentages,
least frequently in utricnlar endolymph (39%)
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4 5 ]

1@y 2
1@ 1
— 4

7un
6 (7%)
15 (39)

I3

[

then in cochlear endolymph (61%) and most
trequently In perilymph (87%) NHS and post
mortem serum showed this fraction In all cases,
and it was present in 92% of post mortem CSF
samples.

Fraction 1 the fastest band, appearing in the
prealbumin region, was present In post-mortem
inner ear flurds and CSF in about the same
frequency (between 6 to 11%) while the serum
and NHS figures were larger (50 and 37%)
Similar distributron occurred foc fraction 2,
corresponding to the mobility of albumm,
which was present in 17-30% in post-mortem
inper ear fluids and CSF but in 75% in both
serum groups.

Of the slower bands, fraction 5 (mobihity
of #-globulin) had equal frequency tn all test
faids (16 to 28%) excepting NHS in which it
was absent. The slowest band, fraction 6 (mo-
bllity of y-globulln), appeared shightly more
frequently than band 5 in the varioes test flukds
(25 to 36 %) excepting the mixture of lnper ear
fluids and cells, and NHS In which it wos ab-
sent. Table II grves the dominatmg fraction
in each test fluld, The pattern n various imer
car floids is sbout the same, the domunating
band bemg fraction 3 (71 to 86%) while frac
tion 4 was the next in frequency for perllymph
(23%) (Figr. 2, 3) In CSF fraction 3 was
slightly more frequent (53%) than fraction 4
(47%) but In NHS and post-mortem serum
fraction 4 was dominant. Fraction 5 domb
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Fiz 2 Electropboretic analysis of post-morem peri-
tymph, pocmal CSF and NHS. Fraction 3 domdeates
i peritymph and fraction 4 ja NHS CSF thows no
eermaes

mated In 14% of cochlear endalymph and 19%
of the murture of inner car flnids, while the
latter and utricular endolymph showed fractlon
6 dominating In onc semple. None of the s¢
rum or CSF specimens had fractons 5 or 6 a3
dominant bands,

In the inhibition tests fraction 4 was senu-
tive to eserine (Flg. 4) and to bo-OMPA (Fig.
5) proving this bend to be noa-specific cholm-
esteraso (Diegenbach, 1965) Slight Inhibition
of fractions 3 and 5 was also 1een by both of
these substances In post-mortem floids. The
use of BW284c51 showed partial fhibitson of

S
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'
—
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amatysh of post-morkem en-
mrom snd NHS (wpper), subjecsed to inhl-
bitlon test with 2 10~ M emrine for 30 min
Uorwer). Fraction 4 i semltive to exerine.

band 3 In post mortem fluxds suggesting that

Al six fractions were inactivated by beating
of the samples for 20 min in 55 C water bath.
Howrver in noo-diluted post-mortem strum
weak bands of fractons 3 or 5 remamed sug-
gesting the presence of small amounts of E-
pncs. Additlon of the calcium fons s a co-
factor to NHS sampies and Inrer ear fluids
showed activity incresse for fraction 1 and par
tal activaton for fractlon 3 Use of EDTA
resulted in compitte inhibition of fraction 1
bat had po effect on fractions 2 and 3 Frac
tlon 1 can thus be characterized as the preal-
bumin arylesterase. Fraction 2 had the mobility
of albumin and being resistent to eserme and

Acsa Orcharyng 71
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Trble 11 Dominating esterase fractions in post-mortent inner ear flukds, CSF and serum

Percentages in parentheses
Esterree fraction
Test fluid 1 2 3
Pedlymph, & =31 —_— - = nm)
Utricular ymph,
N=18 _-_— = = 1B®)
eodolymph
N-22 - — - = 24 (86)
Mixed inner car Mokl
and N=17 - - - = 13 (76)
CSF N=15 -_— = = 3(39)
N=-8 - - - 2029
Normal buman serum,
N-16 - - = 1 ®

Various {chibitors were wed for characteri-
mtlon of the enzymes. The plates were first
plnced for 15-30 min Into tho inhlbitor solu
tion and chenged th fter Into the incubatl
solution which had the same concentration of
luhtbitor as the first solution, The Iohibitors
ued were esenine, Iso-OMPA, EDTA and
BW28B4cS! In a concentration 2x 107* and
2x 107 5 ml of 1% CaCl; solution ndded in
100 ml of stain solution was used a3 a co-fac
tor for studying the fast components of esterase

ands. Heat stability of the fractions was stud
fed by jncubating the plates in 55 C water bath
for 20 to 60 min.

RESULTS

Table 1 gives the frequency of esternse bands
in wvarions post-mortem fluids and NHS In
NHS four fractions were found, ranging in mo-
bility from prealbumin to ay-globulin while in
normal CSF no activity could be demon-
strated. In all post mortem flulds, six main
froctions werc obtained the mobility of the
two sdditional fractions being in the area of
# and ¥ globulins (Flg. 1) In post mortem
fhnds, fractions 3 (a -globalin) was present in
71% of CSF In 97% of penilymph, and fn all
serum samples, This same fraction appeared
in only 13% In NHS. Fructlon 4 was present
in the Inner ear flulds in varying percentapes,
least frequently o utncular endotymph (39 %)
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then in cochlear endolymph (61%) and most
frequently In penlymph (87%) NHS and post
mortem serum showed ths fraction in all cases,
and it was present in 92% of post-mortem CSF
samples.

Fructlon 1 the fastest band, appearing in the
prealbumin region, was present In post mortem
inmer ear flulds and CSF in about the same
trequency (between 6 to 11%) while the serum
and NHS figures were larger (50 and 37%).
Similar distribution occurred for fraction 2,
corresponding to the mobility of albumn,
which was present In 17-30% In post-mortem
inner ear fluids and CSF but in 75% in both
serum groups,

Of the slower bands, fraction 5 (mobility
of f-globulm) had equal frequency in all test
flukds (16 to 28%) excepting NHS In which it
was absent The slowest band, fraction 6 (mo-
bility of y-globulln), appeared slightly more
frequently than band 5 in the various test flmds
(25 to 36%) excepting the mixture of inner car
fluids and cells, and NHS in which it was ab-
sent Table IT gives the dominating fractton
in each test fluid. The pattern in varioos inner
ear flokds is obout the same, tho dominating
band being fractlon 3 (71 to 86%) while frac
tion 4 wos the next hn frequency for perflymph
(23%) (Figs. 2, 3). In CSF fraction 3 wm
slightly more frequent (53%) than fraction 4
{47%) but In NHS ond post-mortem serum
froction 4 was dominant Fraction 5 domi-



In the inhibidon testy fracton 4 was semst
tve to escrme (Fig. 4) and to Bo-OMPA (Fig.
5) provmg this band to be non-speafic chofin-
exterase (Dieprnbach, 1965) Slight inhibition
of fractions 3 and 5 was alo seen by both of
thess substances 11 post-mortem flnids, The
wic of BW284c5] showed partial inhibetion of

TN S

mph amalpih
Upper run show  endohymph  f the ngtt and the
lovest from the left ear (NHS ia the maddic) Prac
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All six fractrons were lnactivated by heanng
of the samples for 20 min in 55 C water bath.
However In noo-dloted post mortem serom
weak bands of fractroms 3 or 5 remained sug-
gesting the presence of small amounts of B
pases. Addithon of the cakdom joos as a co-
factor to NHS samplcs end Inmer car fhrids
showed actlvity increase for fraction 1 and par
tial sctivation for fraction 3 Use of EDTA
resalted In complete inhibdtlon of fraction 1
but had no effect on fractioms 2 and 3 Frac
tion 1 can thus be characterized o the preal-
bumin srylesterase. Fraction 2 had ity
dﬂbnm}nmdbclugrtmm/l d

7
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130-OMPA Is termed albumin arylesterase
(Uneel, 1963 Wilkinson, 1965) while part of
bard 3 was designated as a, arylesterase

To obtaln more informaton of various frac
tions, addinonal samples were analysed uing
« naphthyl acetate as substrate (Fig. 7) In
some post-mortem fTuids fraction 3 was divid-
ed into two bands. the whols fraction 3 was
partially sensitive to eserme and iso-OMPA
mdtbefns:crbundlhntnBWZBMl This
acetylchol Ining band was
mmgminmrumofpookdendolymph,
somewhat lJess prominent in perflymph and
post mortem serum samples when the amount
of flusd was 2 pl and all samples unditated.
Further subdivision into 2 bands with this sub-
strate was scen also for fraction 5 the slower
of which was partially inhibited by iso-OMPA

L |’

Fyg 5 Flectropboretic amipb  f post-mortem ser
difuted to 1 10 and to 1 umdot.hum'mnm

{ '

a’“
I L0

Fiy 6 Blectropharetic analysh of NHS, post-moctem
scrrm and & homogenate of mcleus canrdatom ( p-
pe ), subjecied to lnhibitlon fest with BW284cS1
Only fraction 3 shows marked [nhibitioe.

and eserine The fraction thus conmsted of
non specific cholmesterases and possibly of I+
pases.

Control expenments with brain homogena-
tes of nuckws caudatum, scoustic tumour (Fig.
8) and accoustic nerve showed & homogencous
domunating fraction 3 migrating with the speed
of tbe fast component in the divided fraction
This band was scostive to BW284cS! In
many specimens bands with the mobility of
fracbons § and 6 were also spparent. The
samo findings applied for hemolysed erythro-
cytes.

COMMENT

The resolts show that AChE activity appears

of rucicos candatom (ppe

(lower). Fractlon 4 i sensitive #0d fractions 3 and
5 are parthlly semitive to the action of bo-OMPA.
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iated with the electrophoretic fractlon 3
a part of which may also consist of noa-spe
cific cholipesterases and oj-arylesterases. In
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Fraction 4 CHE, was the dominating frac
ton in most NHS and post mortem serum tam-
Ples and present in all specimens. In inner ear
fluids, fractlon 3 domunated while CSF as-
samed an intermediate posiion Fractioms 1
aod 2, arylesterases, wers found cleardy more
seldom In foner ear fimds and CSF than n
cither NHS or post-mortem sernm. The pres-
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ence of fracttons 5 and 6 [n all post-moriem
samples but pever in NHS can be regarded as
indicatmg the liberation of thssue-esterases af
ter death.

The esterase pattern in post-mortem flulds
n qoite complicated. Fractlon 3 comusts in
brain snd sxcoustsc perve tusuc mainly of
AChE which ks also true for endolymph and
peritymph. In fnner car fluds, this fractson m-
cludes some orylesterases and pon-specific cho-
Linesterzses. The roke of the latter two is more
prominent in post-mortem serum samples.

It b cvident that the esterase pattern of
NHS wath undoubted emphasis en ChE = re
talned in the post-mortem stage even If other
fractions also become Included. That this pic
ture is not the same In Inner ear flowds testfics
further to the fact that these flulds denve their
protem components from several sources and
are no souple uhrafilirates of plasma. The lack
of esterases in normal CSF precludes this flokd
a2 a possible source for esterase pattern in m
per ear fluds. Analyses of braln tissne acous-
tic tumour and acomstic nerve homogenates are
in conformity with the pattern scen in endo-
lymph and peritymph. This may testify to tke
brun-inner car pathways suggested in our car
Ler communication (Pslve & Raunko 1957)
although the dominance of AChE in luner ear
flnds can also be explamned by the specific

damlnates in the ™ (traction §
tauts bemogiobis jn the second rom) and fraction 4
= NHS. p—
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function of the sensory cells in the nerve end
mgs of which the presence of AChE has been
demonstrated with usual histochemical tech-
niques. Whether AChE develops here or fs car
ried to the nerve endings with the axoplasmic
movement cammot be answered at present.
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ACETYLCHOLINESTERASE ACTIVITY IN THE VESTIBULAR
SENSORY AREAS

S Tumto, L. Luciano, E. Pannese and E. Reale
From the Departmensz | Bioecowstics and of Higologr and Ewmbryclogy | the

Universtty Beri, the Laborwsory of Ekectrom M)

Deportment of Anatomr School

1 Mediciae Hannover and the Second Chair of Haman Amatoney Univeruty of Mian,
Afslen Tmaty

Abstract Tha JocaEntion of ACRE wctivity was n-
estipied in the eristao utriclke awd e
cols of chlochilla nner car with the Jectron micro-
scope by Karnoviky's method. The resction was pok-
the om the plesma membrane of the efferent Derve
fixxes and eading The reaction mrodoct filked the
wymptic fap between these endings and the afferest

tcope by Hilding & Wenkll (1962). The present
rescarch was undertaken to gain furtber knowl-
edge on the localization of ACKE activity in
the vestibalar labyrinth. For ths, the labyrinth
of chinchilla was studied st the electron mi-

(35 mg/kg) The inner ear was prefixed in vivo
by a 10 min perilymphatic perfusion of the
fixstive at room temperature, The animal was
secrificed and immediately after the temporal
boues were quickly removed. The specimens
were keft for 3 br at 04 C In the same fixative
used for the perfuson. During fixation the cnis-
tae ampallares and the maculae ofrculi and
sacenll were identified and partly disected.
Flxatlion was done In 3% glutaraldehyde o
in 4% formaldehyde obtemed from parafor
maldchyde. The aldehydes were diluted m ho-
tonic phosphate buffer prepared accocding to
Millonig (1961) or m 008 M sodum cecody
late buffer After fixation the specmmens were
piaced for 2 br in the same previously wsed
buffer and the dissection of the vestibular sen-
sary arcms was contimued, Part of the spech
mens were then transferred into Karmovaky s
(1964) mcubaton medlom (substrate- ocetyl-
hiocholine todxde, Hoffmann La Roche & Co

croxcope with the method by Kur
novily (1964)
MATERIAL AND METHODS

Four adult chinchillas of both sexes and one
adult gnnea pig were anesthenred by endo-
pertoneal lnjection of sod um pentobarbital

Research fianced parily by the Comsglo Naposale
delle srants  113/2I77/0/4241  and
$202170 11527770 asd partly by the

Neziomle delle Ricerche, grant 04/133/7/3341

Lid,, Basel) and incubsted m toto for 40 min,

Other specmens were frozen and thawed
and then incobated i the same way From
other specimens 120 x« thikk sections were ob-
taned uxing a freezing microtome. The sec
thons were put Into Karmovsky incubation
medium foc 10 min.

After incubation tho specimens were rinsed
1n a sofutlon of 044 M sucrose and then post
flxed in & 1-2% ommmm tetroxide sohution
buffered accordmg to Mlonig (1961 ~wrth
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scollidipe Dehydratron was carmed out 1 al-
cohol and embedding In Epon 812.

On part of the matenal the following con-
trols were made (g) incubation 1n a mediom-
lacking substrate (b) mcubation with inhibi
tors (1 x 1078 —2 % 107¢ M ko-OMPA, 1 x 107
—2x 100 M BW 284 C 51) At these concen-
trations 50-OMPA sekectvely mhbibin the un-
xpcdﬁcChEnndB\\ 284 the AChE.

RESULTS

Similar results were obtatned in the critae am-
pullares and m the moaculee utncull and sac

Acsa Oroleyng 71 Y

cull. To avold repetition, a unique description
is grven.

The reactlon product (Cu-ferrocyanide) was
observed on the plasma membrane of the effer
ent nerve endings in contact with the afferent
nerve chalices (Figr, 1 25) The reaction
prodoct fllled the synaptic gap between these
cfferent synapses and the cuter surfmce of the
nerve chalices (Fig. 2 b)

The junction between the hair cclls type I
and tho nerve chalices was always free of the
reaction product (Figr. 1 25) At this level a
finely granular intercellular materral 8 iater
posed In a regular manner betsreen the plaama



ACAE activity in the vestibslar sensory areas (49

Fig 2 (&) Crista ampollarks of chioehfh examined
with the electron

L The reaction prodoct b poesent m the symapic
82 (6Y)L 60000, (4) Utricie of chincbilts examined
SEh the jectron microscope  (Kormakdeln de-fixed
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membrane of the hair cell and the nerve chal
wxe (Smith, 1967 Hamilton, 1968) In order
to be certam that the absence of ACHE sctivity
was not doc to an Inadequate penetratlon of
the medinm in this gnp we made some tnak
on frozen and thawed material and on sections
cut usmg the freezng microtome By these
techniques, severe morphological  alterations
were found mn the neuroepithelium. However
this procedore did not produce a dufferent locs-
Iizhon of the enrymatc activity We were,
therefore, confident that the lack of enrymatic
activity at the harr cell-chalice junction did not
depend on an imndequate penctratson of the
mediom.

The enzymatlc activity was observed oa the
plasma membrane of the efferent nerve endings

Acta Orolaryag 71

at the base of hair celly type II The afferent
nerve endings did not show the reaction prod-
uct. In fact the gap hetween them and the
plasma membrans of the barr cells type II was
genemally free of precipitate. Sometimes, only
a few granukes could be seen in this gap The
subsynaptic cstern, located imside the harr cells
type IT close to cfferent ternunals did not show
enzymatic actity

The ntracpithelial efferent fibres constantly
showed the reactton peodect on their outer sur
fzce. In places where these fibres enlarge they
make axodendntic synaptic contacts with affer
ent nerve fibres (vestibular perve dendrites)
A precipitate was always evident in the cleft
of these axodendntic synapses (Fig. 2 a)

Below the basem¢nt membrane the reachon
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] localization of AChE m an axom

prodoct was localized on the yelinated  lstochemt
fibres (Fig. 3) In the exammed areas all these
fibres were positive.

The material incubated without substrate

1n the presence of so-OMPA. No reaction was
obtained when BW 284 was added to the in-
cubation medium.

DISCUSSION

The preservation of the vestibular sensory
arcss was ot abways sutnfactory A remerk
able shoinkage was often observed In the cyto-
plasm of the sensory cells whercas the nerve
chalices were swollen. The best results were
obtained In the material fixed in formaldehyds
and incobated In toto

The preservation of the tissues was very
Poor in the frozen and thawed specimens and
m those sechoned uvsing the freezmg micro-
tome. Breakd of b Y
retraction, vacuoles and mitochondrial alter
ations were frequently observed in all the th-
sues which were badly digupted, Greater alter
stom were noted In the semsary cells type 1
and m the perve chalices which were quite of
ten cxpanded. However the localization of cn-
Tymatic activity did not appear changed nei-
ther could different localizatlons be identified
from those previously described.

The controls we made have shown that the
reaction depended on enzymatic activity and

does mot automatically ldentify that sxon as
cholinergic In the accepted sense (discussion
in Robimson & Bell, 1967) As pointed out by
Eccles (1964) scveral other criterma have to be
folfilled before one can have foll confidence
In identitying a substance as the synaptic trans-
mtter of a system of nerve fibres. Particularly
Important are c.g, the ncuropbarmacological
tests, Unfortunately In the case of the efferent
vestibular system, the results of the neurophar
macologcal tests to-date are incomplete

Roml et al. (1964 o) found that in the rabbrt
the fntracarotid Injection of an Inhibltor of
ACHE activity like DFP or the injection into
the ymph of the same (Rosu
et al, 1964 5) caused the disappearance of
ACHE posttivity In the efferent vestibuler fi-
bres and cristae ampullares at the side of lnjec
ton. The pathogencabs of the vestibular syn-
drome elicited by DFP scems, at kast in part,
related to a redoction of AChE and a subse
quent increase of ACh. It is evident that ACh
and AChE play & functional roke m the vestib-
ular sensory areas, but further mvestigations
arc necessary to clanfy f ACh s the actual
trammitter of the efferent vestibolar fibres.

BOt on the sctivity of noo-specific reduct
roupe. The controls with inhibitors Indicated
that the enzymatic activity was due to ACHE.
Like in the organ of Cortl (urato et al,
1970) In the vestibular sensory arcas ACHE
sctivity scem to be an exclosve property of
etferent fibres, efferent nerve endings and syn-
ghﬂenhrpmamnhngeﬂmprmympﬂc

On the basis of their ACHE activity Dohl-
man et ol (1958) Dohlman (1960) and Rossi
& Cortesina (1962) considered the efferent ves-
tibular fibres a3 choliergic. However the
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gen der cfferenken Nervenfasern. Das Realtiomend-
fulkte
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THE PROTEIN PATTERN OF MIDDLE EAR EFFUSION IN SEROUS
OTITIS MEDIA BEHIND AN INTACT DRUM

P Van de Cabeyde, V Blaton, W Ampe, H. Goethah and H. Peeters
From the EN.T Clinkc St Janshospisesl and Simom Skevin [nstiwas Brugpe Beigtum

reparted (Schandler 1932
Hoople, 1950+ Tremble, 1951 Sachs, 1952)

cexs (Shirala & Vuord, 1954) Some aathars ob-
sctved that proteln coatent incressed when the
effusion remamed in the middlo ear for a
longer time (Robison & Nicbolss, 1951) The
Albmm/globulln ratio increases in this cond-
bon, while the albumin fraction was relatrvely
Eighest In the mildest inflammations (Robisom,
1942 Sinala & Vuori, 1954) Electrophoretic
uspeets of the fluld confirmed the opinion that
an inflammatory process causes ocal accumu-
lation of globuling m the middle car in com-
parbson with the serum pattern. From paper
clectroph stndy 1t was concluded that the
Peotein compontion of the cffusion follows s
rom compositon (Carbson & Lbkk, 1955) with
some differences between very short and loager
duration of the dhease (Voorl, 1959)55<

Immuno-electrophoretic study  however
grves more information about the globulin sub-
classes (Matti et al, 1967) In previoos Invest-
patlons (Var de Cabseyde et al  1969), we de
scribed three immruno-electrophoretical patterns.
of the protems of the middle car effision m
chronical cases with an intasct drum. There
scemm to be no correlation between the thres
types described, the macroscopical aspect of
the effusion, the age of the patient, the durs-
tion of the middle ear disease por the proteln
paticrn of the plasma.

In this study concerning only scrous and
glue ear” effusions, we were able to invest-
guie m more detail the protein content and the
protem pattern of middle car liquds. After sol-
ubilization of the specumens with glocose axi-
dxse or dustase, the cvaluation of the protein
pattern fs easier Urea was not added becanss
of a posiible denatnrng effect on the protein
molety The protem content »od the Lipid con-
tent on dry weight effusion was compared In
some cases. It was our aim to establish & corre

MATERIAL AND METHODS

Excluding acute, mucopurukent and purulent

cases, we comidered the nature of the middls

exr serons and gloo effesion in 59 cnt-patients

of the EN'T Department of St. Janshospiteal

in Brugge (Table I) We had a total of 77

specimens but not all were examined for all
-

Acva Ot



154 P Vande Calseyde et al.
Table 1 Clddeal data

Patlents Ape
Material Total & Q <10
“Ghoe ear™ 20 12 L 13
Scrous ofl. ¥» 20 19 15
Total 59 n n 30

components. Dutinchon was made between
cases with an otological condition of long
standing (>6 months) and other relatively re
ernt cases (< 6 months)

The tympanic membrane was poactured and
the mrddle ear effusion was aspirated accord
ing to the usual operating procedures. Macro-

lly blood 4 .

were
not taken mto account. We coosidered as ser
oas” specimens the citrin and non-adberent
effusions and as “ghue™ ear specimens turbid,
very thick, very adhesive, brown or m some
cases, chocolate coloured effusions.

In 5 patients wath ghie ear and 6 patients
with serous fluid, proteln snd lipid

r

Dunatlon of discase

10-20 >0 Specimens <6 manths > 6 mooths

4
10

14

25
2

”

1%
3

51

1
14
13

roform/methanol 2 1 (v/v) according to the
multl extraction procedure (Blaton et al,
1970) and total limds are calculated as the
sum of the individual hpid fractions.

Two-ml secretions collected in 04 mil Vero-
nal buffer pH 8.1 p 0.1 were solubflized wih
1 ml glocose andase (50% pure Mann Res.
Labs, Orangeburg N J) or 1 mg disstsc
{191 000 WDA units/9 ns Mann) and imcw-
bated at 37 C for 2 hours. Dulysed sampies
agalmst Veronal butfer pH 8 1 (s 0 1) aro cen
trrfaged at 12 000 rpm and stored at 4 C. Be-
fore analysis of the peotein pattern, samples
m:onummzcdnudcrN,furth

tlon were determined. Nitrogen &s & percentage
of dry weight ear effnslon is determined by an
™1, micro Kfeldah! method. The samples
mo‘ven-dncdlllOS C far protein determina
-tion and st 70 C for liprd determination. To
the dned sample 200 mg selenum catalyst
mixture and 4 ml sulphurc acid 98% are add-
ed, and the whole mixture is destruated for
2 bouars. After addition of 16 ml 40% NaOH
and 10 m! H/O NH, I colkected m 001 N
H.SO, by steam destillation according to Par
nas Wagner Unreacted HoSO s titrated with
001 N NaOH against bromocesol green-
methyl red. The amount of nitrogen muloplicd
by 6.25 glves the protein concentration. Lipeds
are extracted from the dried sample with chlo-

phoresis was carmed out by
the slightly modified micromethod of Scheideg-
per on 0 8% agarose plates in Veronal buffer
pH 81 (4 01) Untreated and treated samples
were tested against rabbit ant-human serom
(Behring Werke, Marburg/Lahn, BRD) both
undfluted and concentrated by ultrafiltration
under nitrogen and compared with amalogous
concentrations of pooled standard plasma in
order to estimate the relative concentration of
Immunoglobulins.

RESULTS

1 Protein and lipid concentration

Table II gves the percentual nitrogen, protem
and Upid concentration of the middle car sec

Table I1 Percentual attrogen protein and fipid concentration

Samphe Patierts % NiSE prot +SE % lpd+8E Prot./Tiped
Ghoe L 6351067 42811419 060+0.10 71
Seroas 6 B0 3644 +612 1411025 25

Acte Olaryng 71



Table I Ratfo of total cholestercl to 1otal lipids

Total Lipid
Tot.
Bpech- Averigs
Duraton mens mg ipid
<6 mooths 16 13 ol19
>6 months 6 [ x] o0&

retiom. A higher amount of protewn (6.4%) k
observed 1n  glue ear™ together with a lower
percentnal Hpid valoe.

Ay previomly observed, the total Hpdd con-
centration decreases in furnction of the duration
of the disemse and is accompanied by a relative
icrense of the total cholesterol concentration
(Table TI)

2. Protein pattern

Protein pattern of middle ear effusion 155

strated. This modificatlon of our procedure
confirms the exstence of different protein pat
terns In the middic car effesion. Protein pat
term of gloe ear” and scroms floids are
demonstrated fn Fig. 2 and described in Table
IV Type I was found oaly in scrous flnds and
shows an increase of mmunoglobuling IgG and
IgM. The pre-albumims, beta Tpoprotelns, al-
pha glycoproteima and anttrypsin arc not
demonstrated Type 1T inclodes serons flulds
and  gloe ear” It shows en increase in IgA
and IgM ceruloplasmin, transferrin eod fi-
brirogen are present, bat many other plasmz
fractions were not observed. Type 1T includes
only scrons flukds and shows only an mcresse
of IgG globulin.

In no cases was there a comrelation between
the plasma protcin pattern and the middle ear
effmslon. Infloence of the discase standing on
the biochemi jon of the middle ear

The moddicd p dure confirms the ext
of three protein patterns in the middle ear cf
3 fution. The infloence of enzymes and of con-
centration of the sample can be observed In
Fig. 1
Aﬁumymctxeatmcmdnrupm(cmpu
terns were obtained and after
mm:s,lgh{mdm.d:n—lnwmdmon»

effusion could not bn demonstrated and no sig-
nificant value could be calculated.
CONCLUSION

With dizstase or glucose oxidase a complete
solubllization of the proteins in the middle ear

Tx

-

ITI[J. ‘TJIJc



156 P Van de Calseyde et al

——1 -

A\l
{

K

SN U

¢ffusion Is obtained. This improved procedure
confirms the existence of three drfferent types
of protein patterns 1n the middie ear effusion,
One of the most umportant findmngs is the -
crease of gemmaglobuling in all types of pro-
teln patterns with modification of the gamma
-ubclasses. This modification of the gamma
obulln distribution and coocentration, as was
Yerved earlier by Vuori by paper-electro-
pfmrnu, czn be ascribed to an activation of
synthess of IgG by lymphocytes or to an in-
fluence of the environment on the distnbution
of the gammaglobul subclasses. We were un
able to demonsirate a correlation between the
plasma protoin pattern, the protem pattern of
the muddle ear effuston, and the macroscopical
aspeet of the bquid. It can only be said that

Fip 2. Tho three types of prosda
patiern in middle car effusion.

type 1l was principally observed in glue ear
A difference in the mucopolysaccharides seems
to be, as known, a predamunant factor in the
phyncal aspect of the middle ear effusion, oo
influence bemg demonstrated om the protein
pattern.

These results and the biochemical difference
between the protein and hpid concentration i
glie and serous effosion seems to wndicate a
difference in the significance of serous and
glue effusion. In respect to the evaluation of
the duration of the discase the study on lipids
secms to bo a parameter to follow by bloche
mical data, the duration of the dsemse As ds-
cussed in an other paper (1968) the fact that
somc fatty acuds, as palmitrc acid, are badly
metebalized this observation can be an inter

Table IV The protein patterns of ghie and serous otitis fluids

Protein Nuomber of Naturs of
pattern Tpecanens secTeton Description
Type I 2 Serom 15G IgM increased, & | ghycopeotets, # LP
antrirypen, Dot demonstraied
Type I pa] Scrous, IgA, IgM focreased
gloe #nd fibrinogen present, all othery  beent
Type IT L Seroun. IgG bcTessed
(>3

Acte Otolaryng 71



estmg information for Interpretatlon of the
prognosis of the middle ear effustons, and in
this wny of greater value than the hmmuno-

Protein pattern of middle ear effusion 157

Robisan, § M. & Nichalns, H. O 1951 Catarrhal

the Bicloghw! Fluids XVIth Colloqumm (ed.
Peeten). Perpamon Prem, London.
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mocosa with large cholegerol graaniomas
alkaline phosphatesc activity was also to be seen
G Lidén. My qoestion b a litthe peripberal to Mr
Calscyde's paper bt I should Hke to bear if there
I any correlation between your groups and the actusl
tobal function fn these groups.
P yan de Calscyde (Reply) to Mr Palre Table IT
the protein concantration of dry weight effusion

To Mr Swrjan. No separuted 1GA, IGM or 1GG
serum was uwed for this fnvestigation.
To Mr Escher Yo rencontrex exsctement kes voes

Introdalt des corps T'orrills moyenne
et ont obeervd des Hatfresantes
de In paracl de Torelle moyerme aboutiscnt 3 I

et do gramo-

mpect
qus, 1 pe mous est arrivé quk denx reprises de retroo-
ver plus tardivement sous forme de  gine sar  des
e cantloquas amtériemrement comme otfte séreuse.
Cecl sur Temsemble des 77 pretivements doat 1 est

Actw Otolaryng 71

sve ou cxamicielesr. Ty Lk wme
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To Mr Zeckner- We havo pot effectnated histo-

tachian tube betwesn the scroos and  gloo car”™ casex,
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AUTORADIOGRAPHICAL DISTRIBUTION OF LOCALLY APPLIED
DIHYDROSTREPTOMYCIN IN THE INNER EAR

C. von llberg, H Spoendlin and W Armold
From the EAN T Department University of Fraslfart m Main,

Abstract Helabelled dihydrosreptomycin (DHS) &

solution b perfused the cochlea of
Fomea pip. Aficr varylng incebation perlods the da-
tribubon of the rachosctivity in the cochlesr doct b

culosis 13 rather low Lehnhardt (1970) found
that 4 8% of his patients had & marked heanng
loss durmg prolonged treatment with strepto-
myeln, Rempt (1969) found & 7.2% and Teob-

wh.thmmyun,wu[h)dlhuﬂn;kmLu
556% (Rempt, 1970). Considering the high
mmber of patents which bave to bo treated
with DHS and streptomycin, we need to know
€ven more about the mechantsm of its ototovic
effect.

The problem of inner ear sensitivity to gly
Tlnwu'km-rpwn.:dby‘ frant from the
Basllir  Membrane  DHS,

Cells,

LSO,
Lunisa Spinfs Oweaa OHC, Outer Halr Cell PC,
Pillar Ceil, RM Retcnlar Membrane ThI, Tectorial
Membrame.

cosid antibiotics was clearly explained by Stupp
ct al. (1969 1970) by the slow cfflux of the
sobstances ot of the perilymphatic space into
the veussls, But thees are still two lmportant
questions to be amwered.

1 Why are especially the sensory cells so sen-
sitive to tho cffect of glycoskd mntibiotics
and no other tissues of the mner ear?

2. Where dots streptomycin interfere with the
cell metabollsm?

Several morphological observations showed
that the primary cffect of DHS was localized
in the mitochondria (Duvall & Wenill, 1964
Misebeck, 1963) or In the ribosomes (Spoend-
lin, 1966) Our first experiments with intra
muscolariy-lnjected  radroactive-labelled DHS
were not snccessf{ul, Radioactivity could not be

d by autorads by duc to -
sufficient quantities present. Probably the spe
dific activity of the substance was too low

Therefore wo admmistered labelled DHS lo-
cally into the cochlea to obtain higher radio-
wctivity for autoradiography

METHODS

Guinea pigs weighing 250450 g were ancy-
thetired with cther and Nembutal snd the
bulla tympanl was opened to cxpose the round

DHS solotion (98*) diimed with the same
Acta Oslaryny 71
——
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amount of Ringer sotution. (Spec. act. was 0.5
Ci/g. DHS was kindly donated by Farbwerke
Hochst, Frankfurt .. M) The injected radio-
active amount per cochlea was about 1 mCL

@ first serfes the cochleas were fixed with
5% glutaraldehyde (1 bhour) and 1% osmmic

(45 mun) followed by dechydration with

In & second series the removed cochleas were
freeze-dried for 48 hours mmedintely after dis-
section. All specimens were embedded 1n Epon
812 and sectioned on an LKB Ultrotome at
2 p thickness for light microscopical examing-
tlon. The sections were covered with Kodak
AR 10 plates and exposed for 8-21 days. The
resulting dk were loped with
Metol and cxamined vnder & ZEISS phoso-con-
trast microscope (Flm. AGFA Isopan IFF)

RESULTS

Series 2 specimens fixed and dehydrated as
described in Methods (Fig 1 A and B)

After incubation for 1 bour with radioctive
DHS we saw 2 low demsity of silver grains

Acta Otolaryng 71
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Fig I (A) Antorsdlogram of &
tan)

B

,Lu

equally distributed over the intact structores
of the cochlear duct. After 2 hours several
destroyed outer hair cells with clumped nuclei
could be observed. Over these cclls, a slight
accurnulation of silver gralns was observed
After 4 hours, most of the outer hair cells of
the organ of Corti appeared comsiderably
damaged. The density of silver gralns over the
sensory cells was increated compared with the
surrounding flmd space. The nuclesr region
particularly showed a higher activity However
there was no significant difference between
hair cells and other groups of the cochlear duct.
Most of themn showed a shightly higher radio-
activity over thetr muclel. Over the cells of the
stria vascularfs the rodioactivity was sigoifi-
cantly lower

Series 2 specimens freeze-dried (Figs 2~5)
The incubation time was 1 2 5 and 8 hoars.
In sddition two cochleac were peeincubated
for 1 hour with “cold” DHS before incobation
with labelled DHS.

In spate of the varying Incubatlon times, the
autoradiographical findings in all cnimals of
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tho second series including the preincubated
animals were very sumitar

The unfixed and unstained thsuo showed
caly weak contrast in the phasc-contrast micro-
scope. Though the cells were snffickntly pre
scrved, wo somethmes sxw dhlocation and dh-
tortion of the orpan of Cortl, probably doe to
the freezing procedure, The  backgroond  of
the autocadfograms was relatively high. Mor
phological destruction, particularly in the outer
hair cells, could be observed when the incuba-
ton time had been incremsed. This wes in

a significantly high mumber of silver praim
over the mner and outer hair cells, the nerve
fibers wuhin the spral omscous lamina, and
the genglion epirale. The ganglion cells them
lﬂvul]nwednpp.rm}ybwcrndbx:hﬂy
At higher magnification the nner and outer
bair cells show s snking pattern. neardy all
the silver grains are located over the cytoplasm
while the nuclear region rarely shows any
activity at all. The statstical distribution of

siver grains conflrming this observatron o
shown m Table L

DISCUSSION

It we compare the results of ths two expen-
ments] series with locally applicd DHS — onc
scrics flxed with glotarakdchyde-osmic acad and
dehydrated, the other series freeze-dned —
they show differmg patterns of silver gralm,
Maximum sctivity after fixation and debydra-
tron was localized at the nuclear region of tho
sensary cels but also of other cells of the
cochlear dict, whereas the main activity of the
{freeze-dried speamems was clearly to be seen
over the nerve thsue within the spinl ossecns
lamina, and the inner and outer hair cells, In
this serles the muclear region of the semsory
cells was nearly free from sctvity The dif
ferent resalts of the two series can be explained
by extraction of the water-soluble labelled
DHS by the fixatlon and dehydration proce
dure. This can be avolded by freeze drying

Acta Otolaryng 71
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Autoradlographical distribution of applied dikvdrostreptomyin

of the tmwne immediately after Incubation a3
pointed out by Neumann (1958)

We therefore restrict our interpretadon to
the frecze-dried specomens, as this method
scem to give the more reliable results. As
mentioned above we see the maximum of the
sitver grafos over the sensory cells and the
myelmated perve fibres of the spirl osseous
lamina. Other cell groups of the cochlear doct
&d ot show any rodwactmity significantly
hogher than the surrounding fluld. At higher
magnification we saw that the silver groms
were Jocalred mainly over the cytoplasm of
the sensexy cells, whereas the muckear regron
was free. Thrs observation shows that the label-
ked compound penctrates into the cytopleum
of the semsory cells and does pot remain at
the cell surface, as suggested by Davall & Wer
311 (1964).

Further we can demoastrate a sclective ¢
cumulstion of the ototoxic DHS m the semory
cells of the organ of Corti. As far as can be
detected by lght microscopy the silver grams
aro equally distribered over the cytoplasm of
the hair cels. From our Bght microscopical
pictures we can not yet idenhfy 1o which cyto-
strocture the DHS is bound. It bs possbly at
udndtothcﬁbmuml&-:ﬂondl.hexms(xy
cell a5 described esrller by Gorini & Davies
(1968) in bactena,

This could explan the observanon made by
Spoendlin (1966) who described o sigmficantly
redueed mumber of ribosomes in the sensory
cells of the vestibular end ocgmn of the cat
gher chromic and acute lntoucatfon  with

As 2 of it 1
hmxhﬂonudamap,wvwouldcxpu:tm
alteration in mocleic scid- and protein-metab-

oltm. The finding of Floberg et al. (1949)
%bho described 2 rednced production of ribo-
nud:icnculnﬂnﬂcxmotyceﬂ.lall}:

163

41

T

Fig 4 Awwodiogram of  radial section whowing
an imner hair cell. For experimwntal condition, e
Fig 3 1100 High admctivity over the lover
hatr csil No miver gralms can bo observed over the
nockem

led DHS we still fixd by aotoradiography a
high activity over the semsory cells and the
nerve tssoe, which seems to be even higher
than in the cnses directly incubated with Iabet-
Ied DHS. Thh scems to Indicate that the wm-
labelled DHS molecules con rapidly be ex
changed sgainst labelled DHS  molecules.
Similar observations were made by McQuilkn
(1951) who described a reversible binding of
streptomycin at the surfoce of Escherichia coll

ibuler organ after strep
confirms this assumption  Finally oor ex
periments show another Interesting fact with
Tegards to the mode of action of the DHS on
the inner car If we perfuse the cochlea with
cold  DHS before incubsucn with the label-

and Seaphviococcks moexs and by Leon &
Brock (1967) Accordmg to our experimental
findings and the facts known from the hters-
tore, we come to the concludon that the spe
cific ototaxicity of DHS and probably other
glycosd amtiblotics & doe to two different

Acts Orclaryng 71
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Table ) Silcergrain dersity orer different tissues of the Inmer ear In 20 specimens the area of abost

20 20 p was counted by a counting unit and averaged

IHZ OHZ TECTM LIMB. NERV

n 10 10 n 15

factors {a) the long persmstence of DHS in the
perilymph as deseribed by Stupp (1969 1970)
ond (b) a speafic accumulation of DHS by

STRIA. ENDO PERI

the sensory cells and the nerve tissue of the  for their valmable asbsance.
organ of Coatl
Our present results obtamed with locally RESUME
applied DHS could not so far be confirmed
by cxpenments with intramuscularly-mjected  Poor de 12 Dib;
DHS. I  recen papes Balogh e al. (1970)  ZTS5% DA o ol e, HDIS o k-

&d pot find amy accuymulation of intra-

muscularty-administered DHS in the structares Ump;l; dehm mlmp-r!rdcnus
i Probab o came solnbikié ‘an

of the car Iy long term treat ke tima est freere dried” Le maximem de b raco-
ment with labelled DHS of high specific &€ paivié on vole clairement sar les ceiloles aodhves
tivity coul give us more details on this futer  exttrocs ot internes et G e thawe perveax de L

lame spinls oocuse. Cela semble 2 ndiqoer que
esting problem. i snubithd spécifiqne des celluks  semsorielies

cootre la DHS dépend pas scmiement de b loons
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PRIMARY STRUCTURAL CHANGES IN THE ORGAN OF CORTI
AFTER ACOQUSTIC OVERSTIMULATION

H. Spoendlin
From the EN T Department Unirersity of ZArick Zirick S itzerkend

Abyracy 32 guinca pipy were exposed o 100-138
dB wide band pokse for 1 min to 1 haar and aacr-
ficed immednately aficrwards or after shart sarvival
timex In light and clectron examinat
the inftlal structoral

i

icroscopkc
changes proved to be.
tioa of cater hatr cells, boclHng of sensory
wnelling of the dendrites to the joner hair cells,

distor
by,
snd
ncrease of demity In efferent nerve endings at the
alr

the mner hair cells remains even after fonger survival
tmes.

Most of the eardier histopathologrezl studies 1
acoust rauma were made after chromie acows-
oversirmulation and showed considerable
1 times (for references see L. Rileds,
“1957) Only more recently the effect of jet
enpne-notse (Engatrim & Ades, 1960) and in
tense low frequency sound (Bengley 1965
a b) on the ultrastructural appearance of the
fnner ear has been urvestignted. The present
wus deugned to d ate the
tmmediate structiural changes after relatrvely
short exposure and it was not our purposc to
study the localization and extension of damape
arens, which was recemtly remvestgated by
Stockwell et al, (1969) We expeeted more in
formation about the mechanism of acoustic
damage and possibly reversible changes related
1o TTS.

MATERIAL AND METHODS
32 guinea pigs of 200400 g wth normal
Preyer refleses were wied  Structura) altern

Acta Orolaryny 71

tons were the maw purpose of this study and
the functional tests were only done with Prey
crs reflex, which, however gives fawly good
information about the overall hearing functon
despite #ts high pormal threshold of about 70
4B re (Riedl, 1957)

In order to produce damaged arens in the
cochlen as large as possible we used o wide
band notse with a fairly even frequency repee
senation between 500 and 10 000 Hz For the
sound exposure the ammals were kept in a
glass cyfinder of adequate size directly attached
to the loudspeaker so that the ammal was
forced to face the loudspeaker In this way we
were able to prodoce noise intensites up to
138 dB The ammals were exposed to 100-
138 dB from 1 min up to several hours dura-
uon and were sacnficed immediately following
the expasure or after different survival times

Sioce electron microscopic examination dees
oot allow extensive coverage of the cochlen we
confined ourselves to a study of samples of the
organ of Corti from the 8-10 mm, the 14-15
mm, the 17-18 mm aren and in some ammals
from the apical turn. The main damage arca
after acoustic overstimulation with high pure
tones (Stockwell et al, 1969) or white nose
(ROed: 1957) s known to be sitmated in the
upper basal acd lower sccond turn almost cer
tamly incloding the 8-10 mm arca. Thos the
cxamired samples of the first turn are from
the main damage area, the samples of the sec
ond turn from a margmal zoac and the samples
of the third and fourth tum most probably
{rom outside the damage aren (Fig. 1)

Every sample was used for a series of 2 4
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surface preparations of the organ of Contl.

RESULTS

In the evatuation of ths materl some precau-
tions concerning the sigmfiance of the ob-
served structural alterations must be observed.

Aroustic trauma between individnal anfmals,
between the cars of one single nimal and
among neighbonrmg sensory cells.

In short exposares up to 135 dB for 1 min
5o mgnificant changes could be observed, al-
though the Preyer reflex was temperanly abok
i;hcd.SdmuL;ﬂmnwhhlBSd.Buminmmlor
mn, however produced clear stroctural
alterations In tho form of distoruoms of outer
ard inner hafr celh, ncipient depeperation of
wome enter hair celb with disorder and vacuo-
baton of endoplasmi Htoch

167

membrane at the cuticular pore and outflow
of cytoplasmic material into the endolymphatic
space (Spoendim, 1970) Medial to fts cabenlar
plate, the cell body of the Inner hair cell bulges
deep into the subtectorial space where it even—
tually ruptures after loonger cxposures (Fig.
2B) Another striking, regularly obscrved fes-
ture is a beckling and coafluence of scmsary
hairs with frequert detachment of the plasma

t ially p d at the Jevel
of the immer hair cells, where the lonper stereo-
cilia always appear to be inclined outwards.
This typrcal corwcking™ of the semsory hairx
is also usnally scen in marginal zones (Fig. 3).

The afferent nerve fibres and endmgs below
the inner hair cclls are greatly swalken and can
be blown up coormously before they rupture
(Fig. 4) In contrest to the afferent dendrites
assochated with the Inper harr cells, the offerent
fibres of the Imer sporal plexus and all the
nerve fibres and endings to the oater har cells
remam essenthally unaltered even when the hair
cells are severely damaged.

The rympank lamma appears to be shaken
off the bare basilar membryne mamly in the
second turn (Fig. 2 C) In some places & huge
clew of dolocated tympanic lamina cells is seen
attached to the basllar membrane (Flg. 2 D)
The supporting structures are otherwise exsen
tlally intact except, perhaps, for & sHght bend-
Ing of the pillars where, however a preparation
artefact cannot be excluded.

130 dB for 3 min b able to enhance sporadic
degeneration of outer hair cells bt otherwise
camses little immedhate change. By increasing
the exposure time with 130 dB o 1 hoar verv
marked structural alterztions of the same type
a3 mentioned above but more proncanced are
produced. There is not only a distortion of the
outer halr cells bat also a general disorder of
the cell contents. The normally basally located
ouckeus might sit In the subapical zone, the

donl. lum and the et
become randomly destributed thronghoat the
cell and Hensembodylike sccomnlstions of

Iculum might be found anywhere in the cyto-

drial demage and sometmes rupture of the cell

plasm, as if the cell contents had been thor
Acts Osiaryag J
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Primary strictural changes in the orgun of Cort

ocughly shaken and mired (Fg. 5) A greater
oumber of sensory cells are m complete disinte
graticn. The dendrites to the loner halr cells
e not only swollen but abo frequently rup-
tored wuh commencing retrograde pearal de-
feotration and are still clearly swollen in less
affected margmal zones.

16%

>
e

2,
k3

o)

endings were especially strking (Figr. 5 6)

After a survival of 4 days the organ of Cortl
in the mal response wrea is, in most cases,
entirely with only of outer

In this group we fonnd also an
denrity of the efferent merve endings at the
outer bt cells cansed by more densely packed
tynaptc vesicles and a demser ground sub-
sance between the vesicles. Taking into ac
count the thickness of the sections and the van-

har cells, which are expelled from the sur
face of the organ Into the endolymphatic spece.
In the coarse of this process of expulsion of a
degenerated hair cell there is an obvious tend
ency of the supparting structures to close the

Acte Otolaryng 7
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e e,
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Fig 4 Area bekow hner batr cell n marginal zome
immediately after 1 boor 130 dB nofe evposure,
The afferent deodrites (D) to the inner halr cells are

Evtm:d:th:mdo*ymphn&xpaceusom
3’possible. Loag before its expulsion, the dam-
ngedccl.lisl]ghﬂynnmundcdhympporﬂng
cell processes, thus preventing any leakaps of
endolymph into the organ of Corti through
the nltered cell (Spoendlin, 1970) In margwnal
zoaes the distortion of the outer hair cells and
the hairs at the joner hair eclls remains, There
i a high mcidence of myelne figures Inswde
the efferent nerve endings of the outer ham
cells, similar to the findings in nerve depenera-
tion (Spoendlin 1969 1970) On places where
the outer hair cells have compktely dis-
appeared but the inner hair cells with therr as-
sociated dendrites remain po retrograde perve
depgeneration occurs.

It the exposure intensity 18 further reduced
to 125 dB only outer hair cell distortions, in-
creased denuty of cfferent nerve endings and

Acta Oroleryng 71

blown up balloon-llke The efferent {nner spiral fib-
and tho inner hair cells (IHC)

demdnte swellings below the toner haic cells
as well as sporadic halr ccll degeneration can
be found. Permanent damage after longer sr
vival times i rare

At 120 dB significant changes aro no lonpet
observed even after exposures of severnl howr.
Exposures up to 24 hours with 100 dB causcd
a complete loss of the Preyer reflex but st
no detectable ultrastructurnl changes within the
orgmn of Cortl.

In all cases, except those with 130 dB for
1 hour the Preyer reflex recovered at least
partlally over s period of some days. No defi-
oite relation scems to exist between degree of
damape and initial hearing Joss. Aftcr 4 days,
however the functional lmpairment seems to
be rclated to the extent of structural damage
(Fig. D

For more complete documentation with elec
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mm}ﬂmphlhomdcrbr:fundmm
&.'zmllﬁrlmctm.[pnmofogy of the ear
Gpoendlin, 1970)

DISCUSSION

It ks abvays been a matter for discusmbon
whether damnge of the organ of Corti by over
stimulttion is due to a direct mechanical effect
of the sound wave or whetber it 13 a comse
quence of metnbolic exhanstion.

Short cxposures with 130 dB produced o
muked TTS for scveral hours with almost
complete functional recovery but almest no de-
tectable morphologcal changes (Fig. 7). Thiy

12 7emaz

arder of the cytoplaunkc demean Very dark effer
eat terminals (NE) Patbologhc stoeory bab I the
beir cell of 1st and .ad row

confirms our earfler flndimgs (Spoendlln  1962)
that temporary bearing loxs afler acoustic stim-
ulation has not peccswrily a detectnble struc
tural substrute except perhaps tho changes in
the nuckd of the outer halr cells mx observed
by Beck ct al (1956 1960) and tho swell-
ing of dendntes to Inner bair cells,

By doubling the exposure intensity from 130
to 136 dB marked structoral alterntons do ap-
pear followed by permancnt hearing losa
Same of them have abo been described by
Bengley (1965 a ) Onc would be inclined to
conmder stroctural  alteratioas after ach
short fon as & direct hanical effect,
but it must be bome m mind that even whh

Aryp




piitude of
movement of the basilar membrane is extreme

small, within the order of A, A number of

ctural changes can hardly be expluned on
_ purcly mechanical basls such s the swelling
of dendnites and selective damage to harr cells
within an intact, riged, supporting framework.

such high stimul the k

Fig 6. Effercnt perve
ending (A E) at the base
of an outer hair cefl (10}

After 1 hour cxposures to 130 dB the outer
hair cells ean be enurely dinntegrated whilst
the supportlag cells remmin unchanped.

The bulging of the inner hair cell, on the
other hand, might be die to the lack of sold
supporting structores at this site, which scems
to be a weak point. Also, the Joss of the tym-

ARt 41 Ot 27 s DU et vy S8

Coypmve & sraatans
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pamc lamina m the sccond cochlear turm is
most likely a mechamcal effect. These Joosely
attached cells seem to be shaken off the basilar

The greater of the tym-
panic lamina m the basal torn might be doe
to ifs tighter attachment and the smaller ampli-
tude of the basilar membrane movement.

The bucklng of semsory hairs would ako
sem to be a direct mechamcal effect. Other
changes of the hars, sach a3 1 of

due to a Iack of axygen or other metabolic
drsturbance In any case, these dendrites ap-
pear to be a most sensitive structure to differ
ent kmds of inflnence.

The increase of density in the nerve endings
together with the appearamce of myelme fig-
ures after a period of latency might mdicate
that the nerve cndings are activated durmg
acoustic smulatron and eventually overstressed

wveral hams or detachment of the phema
membrane, which occur cven after short
cxposures, might equally well be metabolic ef
fects, since they occur in the same way In toxic
damege of the ear (Dunall & Wendll, 1964)
These harr alterations have a poor tend to
recover Even 1 week after exposure, the halrs
are still in the same inclied position (Fig. 8)
An hitherto unknown phenom-
cnou b3 the swellmg of the afferent dendrites
to the Iomer bair cells. These blown-up den-
drites have been Interpreted by earber invest-
ptors as swollen soppocting cells (Beagley
1965 5) The demonstration of synaptic com-
plexes with the fnner ham cell and therr direct
connection with nerve fibres, however allows
w to idemify them correctly Exactly the same
therations arc found afier severe bchemia of
the inner car (Spoendlin, 1969) They are the
consequence of a disturbance of membrane
Permeabifity which m both instances might be

m overstimul. 30 that they show mitochon-
drial damage after a certain lateocy as a
ngn of metabalic exbaustion. The increased
demsity is pot scen Immediately after short ex
posures but odly after exposares of 1 hour
which wonld indicato that this phenomenon
needs somo tms to bulld up The exsumption
that the efferent mnervation might have some
protectrve function has been proposed by other
wuthars In the desperate aim to assign some
function to the cfferent nerve supply of the
cochlea (Davis, 1968 Johmstone, 1968)

The intemity dependence varies sHehtly for
the differert stroctural aleratioms (Fg. 9) Af
ter exposure to 120 dB for 1 boor changes
other than Increased deputy in cfferent nerve
endings occur oaly very rarely whereas 130
dB produces drastlc immediate damage with
permanent hearing loss. In short exposures wp
to 3 mun, however the crtical intemity re
quired to prodoee these structural alerations
is twice as high. For stirules intensities above

Acks Orolaryng 71
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Fig 9 Table shawing the degree of stroctoral aher
ation [mmediately after different nolse eyposures.
Ench square representy one antmal,

120 dB the duration of exposure appears to be
very Important for the extent of damage (cp.
Beck, 1960) Below this cnitical Intensity struc
taral changes are extremely rare

The time course of the described structural
changes revenls some interesting festures (Flg.
8) The first changes to appear in less affected
marginal rones are incrensed sporadic degene
ration and slight distorton of the omter halr
cells, swelling of dendrites and buckhing of
hairs of otherwne still normal looking fmer
hair cells. Drsintegration of hair cells increases
@hu.menncrlhccxpomrc,cndlngwuhﬂm

tire disappearance of the organ of Corti dur

+ g the course of several weeks. The dutortion

of halr cells ond sensory hams in arems of
mulder domage remains constant over the en
tiro observation penod.

The dendmte swellings in roarginal zones
show a different evolution In tme. Immediately
after an adequate exposure they are a con-
stant finding, but after survival dmes of more
than 1 day they are almost always absent. This
[ndlcates that dendrte swellings are reversiblo
to & certzin extent, unless they rupture and
depenerate

A typical delayed phenomenon is the retro-
grade merve degeneration which was thought
to occur only when the inmer hair cells are
abseot. It is, however more likely that this de
generation depends upon the relationship of
the dendrites to the iaper har cells which
represent about 90% of all cochlear neurons

Acta Orolaryng 71

1969) When these dendrites are
irrevernbly damaged retrograde degeneration
of the majority of cochlear neurons s initiated
ndependent of the presence or absence of in-
per halr cells. There are places with incipent
nerve degeneration where the inner halr cells
aro still present.

Un pombre de cobuyes a é1é cposé an bruk banc
do 110-135 db pendant une minote ¥

ZUSAMMENFASSUNG

l!tcnchldndrnwnntﬂmhllo—ludﬂudtm
von elner Mimite bh mechrerer Stundes
Dancr beschafit. Die Schocclen der There wurden
entweder sofort oder nach elper Latenz von cner
Sumde bls zy 10 Wochen fiviert und clekironen-
mnrukophchlmcrmcm.ﬂ-hndcnnkhryphd\:

Ltorele ¥

unddtnNavenfmn,aneﬂmhnm:hdcrk

cne direkle mechanhche Schidigueg ah anch tioe
metabolische Delompemation.
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producing observable sirwctoral changes in the hair
celle

S larwtor 1 would like to commest briefly ooe
polot of the

some sakmal afier
of the cromed OCB fibers i the floor of the fourth
veatricke.

K H Vosteen. Die Verinderungen an Sloneszrllen

R Hinchel [ T have 3 qoestions amslng from 3
(1) The validhy and semitivhy of the Preyer rafiex
@ mexmre of sodiory funchon b been

direct between the
varkous types of siructimal
(3) Duta available acieal sindles,

trading relatiombip between SPL and time, as regards
prodwcton of smoant of damags?
A Montendon Lon d'moe récents dan

“évolmtion
l')mﬂumhmmmmmm‘mi-
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2) cn précuant la metre des trowbies métaboliqoes
menmmés?

G rom Schalthesr Tho viscnlar aspect of the Inner
e17 damuge dos 10 BOSo expowTs has besn neglechd
hntherso. As we know that there ary peoeral nemro-
vacular reectioms to scoushc miomlstion it scems
rather hkely that thes play  corisi roke durkg
metabolic exhsusiion. Is it even pomdibie that thers b

aconstic sccl o to
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Fig 9 Table showing the degree of structomnl alter
ation Immediately after different nolse cxpostres.
Each square represents one animl.

120 dB the duration of exposure appears to be
very Important for the extent of damage (cp
Beck, 1960) Below this critical Intensity struc
tural changes ore extremely rare

The time course of the described structural
changes reveals some interesting features (Fig.
8) The first changes to appesr In less affected
marginal zones are Increased sporadc degene
ration and slight distortion of the outer hair
cells, swelling of dendntes and buckling of
hairs of otherwise stlll normal Jooking Inner
halr cells. Dusintegration of hair cells increases
with time after the exposure, ending with the

tire disappearance of the organ of Cortd dur

3§ the counse of several weeks. The distortion
éihn)reclhnndscmtxyha]nmnrcuol
milder damage remains constant over the en-
tire observation pertod

The dendrite swellings in margeal rones
show a different evolution m Ume Immediately
after an adequalc exposure they are a con
stant finding, but after survival times of more
than 1 day they are almost always absent. Thus
indlcates that dendrite swellings are reversible
to a certaln exient, unless they rupture and

c

A typical delayed phenomenon is the retro-
gmde nerve degeneration which was thought
to occur only when the lnner halr cells are
absent. It Is, however more likely that this de
generation depends opoa the relatlonshp of
the dendrites to the inper hair cells which
represent aboat 90% of all cochlear neuronms
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(Spocndlin, 1969) When these dendntes are
irreversibly damaged, retrograde degencration
of the majonty of cochlear peurons is jnitated
independent of the presence or absence of In-
ner hair cells. There are places with inaplent
perve degenerntion where the Inner harr cells
are still present.

RESUME

Un pombre do cobayes a &é ¢ posé ay brult Banc
de 110-135 db pendant une minute frugu'h phmkeme
benrer. Les animanx &akent merifids immddatement

ZUSAMMENFASSUNG

Meerchwelochen warden mit 110-135 dB webhsen
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Daner beschallt. Die Schocclen der The warda
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Smnde b ru 10 Wochsn fivert und eleltronca-

m&crmcm.l':hndmnkhm-h:hl
uhrestrolrorelle Vi

den S
nnddanavanmmTeﬂtofunnchdaBe
sctallung wnd m einem apderen Teil ert nach eiver
powirxen Latenz Es besweben Anrekchen sowohl filr
clor direile mectaniche Schadigung ah aoch efne
metabolche Delompensation.
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THE TYMPANIC MEMBRANE AS A PART OF THE MIDDLE EAR
TRANSFORMER

J Toandorf and S. M. Khanna

F om the Fowler M moria! Laboretory Colegs of Phyncians & Swrpeons, Colzmbia
Unirersity New Yorl NY US4

midflo car resides b (he tympanic membrase #elf.

Recently we adapted 1 our laboratory a
method known 23 tme-gveraged holography
(Powell & Stetxon, 1965) for recording the vi-
bratson pattern of the tympantc membrane

Holography In fis present establshed form
(Leth & Upatnicks, 1960) employs coherent
light to recoed the image of an obyect In a
phasecoded manner Two laser beams are de-
nived from the same source. One, reflected ddf
fusely from the object under study and the
ather a direct (“reference™) beam, together
form mltiple interferences over the face of 2
photographic plate, After the hologram is re
corded and processed, It acts as a diffraction
grating: whea it i viewed in laser light (oxually
that of the reference beam), the image of the
origmal object may be reconstructed in a troe
three-dimensional manner The latter n made
poniible by the fact that, duo to the diffused
reflection from the object, cach point on the
Plate contatns dufferent information. (The term

the whole informanon about the object)
This mork was sepported by sversl NINDS grants

If the object ks vibrating sinusodally while
the plate 13 being exposed, a time-averaped
hologram ks obtained. It may be comidered to
coasist of a series of holograms, onc for cach
position of the vibrating object. As it were, all
these different holograms may be thonght to be
simultanconsly present st recomstruction. How
ever the intensity of cach of them depends
upon the tme the object had actually spent at
cach postion, and, during sinuscidal vibre-
tions, most time 1 spent at and around the two
pownts of maximal dnplecement which are thi
being comphastzed. Depending upon the relative
phase between the positive and negative dis-
placements of a given pount oa the obfect (and
that in turm depends upon the displacement
amplitode) thelr recomtructions mterfere with
ons another hence, the image of the object i
superimposed by frinpex. The latter are alter
natingly dark (destructive interferemce) and
bright (comstructive mnterference) Stationary
pownts remam bright. The fringes repeesent iso-
amplitude contours like those on geodesic
maps. With helfum-neon lasers, as used by us,
the first dark frings represents an amplitude of
192x107* cm a submacroscopic valoe. This
calibration Is rather precise, since it depends
upon the wavelength of tho laseriight, 623 A
in the present case, and upon the angle of fhu-
minstron and observauon with respect to the

amplitude 18 given by a zero-order Bessel funce

Acta O
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Fig 1 Left. Photograph of a timeavreraped
of n cats kfi rymx-nk membrane' frequency and
indicated, The

SPL a3 :cnrnp—ﬂn(‘xpedk')o{t.hz
h the
;rwumlec(Lbeaner&LSdrnnlkdn\h'ol
the ame event. The first dark fringe on the cutside
could po konger be discerned at thes [evel Therefore,
the first one seen i actually the second. Thus, at the
Upo(lhtmlkmhl.h-ﬂ!mbtﬁhlfrhr Tramla-
ted into amplitodes, the k represents
146 lO"cm,lhtlmrrbtone7JZ 10° cm, and
that at the maflear thp 671 10° ecm. Note the [n-
clication of the man brial axk with respect to the
owdcular axiy of rotation, which # typkml of most
anlmaly, bot ot of man. (Frem Toondorf & Khanna,
Ann Ol Aug. 1970)

oxce more allowing precise determuna
'Inour!':\nds.(beruo!mwnofunnﬂ
_ &85, &g, of the size of the tympankc mem-
branc is such that a range of 20 to 30 dB may
be covered from the point of appearance of the
first fringe. Although, 1n our cxperiments, the
tympank: membrane was exterformzed as far as
possible we found 1t advisable, for each given
frequency to take a series of holograms at 2
dB 1ntenals, usually over a range of 20 dB or
more QOunly when vicwing such an entire serics
in snccession, can one be sure which fringe
number shonld be mssigned to a glven dark or
bright fringe on a grven holographic prcture.
In s present form the method of dme
averoged holography b incapable of giving de
tailed phase informabon. However some in-
formation about phate opposition in vanons
sections of o given membrane can wsually be
demed for mstance those that arc seen in the

Act Orolans ¢71

various, clmsical vibratory modes as described
by Lord Raylcigh in 1877

The actual expeniments were conducted n
cats. At first, {resh cadaver heads were used
However the animal wos not killed until the
entire preparation wns completed, Le., shortly
before the holograms were being taten, In a
Iater seres, lhing animals were employed Ex
cept for a slight deterloration in picture quality
in this second scries, there was no difference
noted between the two of them For test fre
quencies between 300 and 6 000 Hz, sound
pressures between 90 dB and 140 dB were
used to cover the frequency respomse curve of
the tympanfe membrane (TM) and to grve 2
range of 20 dB and more for cach test fre
quency An open sound system was used, and
SPL s were monltored by & probe microphone
situated at the edge of the TAM. Since holo-
graphy requires the obpect 1o have an opaque
dull-reflecting, surface the T™M was covered
by an extremely thin layer of bronze powder
with & particke sire of 1 p# Appropelate coch
lear microphonkc experiments had indicated
that nefther the exteriorizmtion of the TM nar
its “loading™ by the bronze powder had a dele
terboms effect upon sound transmussron through
the middle ear

Fig. 1 shons the photograph of a hologram
of the left TM far a low-frequency sipnal, but
at an amphtude at which an appreciable num-
ber of frinpes wns viible In this partfeular
case, the first fringe had appeared at 89 dB
SPL. It §s po Jonger discernible ot the ampll
tude of Fig. 1 the equivalent of 111 dB SPL.
The drawing on the right shows that each
fringe represents a comtinuous line The outer
oncs  (low numbered  frinpes) are  runniog
around the entire membrane each crowsing
over the malkeus In a line parallel to the atis
of ossicular rotation. (Ia the cat, the Iatter
forms an anple of approdmately 30 with the
manubrfum ) The higher numbered  fringes
however  indicate the formation of two
mounds” Le., hmied arens of mauma! dis-
placement a lower one anteriorly and a higher
onc posterforty  The manubriom, cven at its



Tympanic membrane as part of middle-ear transformer

very tip, has a smaller amplitnde thmn either of
them. Ratlos (posterbor maximum, anterior
marimum, tp of the mallems) were typscally on
the order of 22 106 10, That b to say
while the manubrium mallel rotated m fact like
a stiff ber around the omskular axls as deseri-
bed by E Bdriny (1938), the membranc itself
did not act like a stiff plato a3 reported by
B&é&y (1941)

The type of displacement shown in Fig. 1
and found In @/ of oar preparanions, ic., max-
mal displacements in the pasterior and anterior
quadrants thet were larger than that of the
malleus, was first postulated by Helmholtz
{1868). He had proceeded to show that what
he alled the curved membrane principle™
constituted @ lever system of which the cate
nary Is a wellknown cxample. As thown in
Fig 2B a curved string upon which an evenly
distributed force F i acting prodoces two end
forces T Relations between F and T are sim-
flar to those between the two forces sctmg
upon & lever of the first clms shown in Flg.
24 The role of the force arm s played by the
mtio of the xag ki to span a4 thmes & constant
or as stated by the simplified cquaton below
eusentially by curvature € In other words, the
lexser the curvature the larger the force trang
formation from F into T 1t occurs, of coarse
= the cxpense of displacement amplitudes as
shown in Fig. 1 To illestrate this pomt further
it one tried to pull such a strmg completely
sraight, the farces at both ends would e to
Infinity That, of course, is mpossible.

It fs clear that oIl radial fibres around the
momnbrinm most act as soch curved strings.
Simple contiderntion will show that all of them
sbould be expected to coutribute in about the
$ame mannet to the enthro transformation pro-
eu or in other words, that their action ks
Intcgrated over the entire sorfaco of the TM.
For a1 the smaller leverage grows larger from
the shott process to the manubrial tip, the cur
vatnre of indivedual radial fibers increases, ie,
thelr leverage becomes smaller Therrfore, the
prodoct of both levers may well be constant
for all points along the manubaom.

179

which the averepe kever rato of the TM and
that of the major ossickes a3 well as the area
ratwo of TM to stapey footplate contribute is
in exceflent sgreement with its value os meas-
ured by us st an eardicr oceasion (Toandor!

tolate and by our own findings. Space does not
allow discuaon of them all here, They will be
the subject of a separate paper )

Attention was pald in our experiments to tho

were three forms of change (1) Above 3 kHz,
the two singk “monnds” m the posterior and
antenoe sections respectively began to sub-di-
vide into muoltiple mounds, their nunber and

y ing with fre y How
cver no signs of out-of phase motwon, ie., well
deflned nodal lines, as ome mught have ex
pected from Lord Rayleigh's classical descrip-
tlon of 1877 were ever found (2) Points of
maximal displacement moved toward the pe
ripbery 1e away from the manubnmm. (3)
The volume dbplaceament for coastant SPL,
which could be cakulated from photographs
soch a3 Fig. 1 was found to be independent of
frequency up to 1 kHz. Therenfter i begon to
decrease to become once moce independent of
frequency above 4 kHz, the ratio between both
levels being about ten. Thh latter value, to-
pether with & serict of addittonal simple ex

Acta Orolarynp 7
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periments, sugpested that, whik ot low fre
quencies (f<1 kHz) the enure TM 2cts as the
recelver at higher frequencies (f>4 kHz) ths
role is played by the manubrium with the TM
acung merely as o baffle There is o mnge of
transition from 1 kHz to 4 kHz betwren these
two modes,

NOTE

The -pplhlbu of time-yveraged holography to the
recording of patterms of the TM b de
scribed in moch greater detadl i hbamma (1570) A
slightly more detailed description of the peesent find-
Ings o given in Toandorf & Rhanna (1970). Severnl
more detalled papers are kn preparation.

Fx

\)
holtz (1868) coocermant “la mécanlqoe
brancs courbées et démontrent qunne partie fmpor
tanis des mécanksmes res de loreillo
moyerne eu slrode dam [a membrane tympanique
elie-mime.

ZUSAMMENFASSUNG

e it eoe optoche Imierferenr Metboale

fhrer Hilfe wurden erstmaly Rllder der Ansken-

i des Trommelfelts suf Schalielnwiriung tewon-
men. Ske bestutlgen das ungpwungliche honrept vom
Helmboltz Uber die .Mechanl pekrummter Mem-
bﬂ.ntn (176%) uad muen, daa cln ndnl:rr Tell
des -

nic membrune vibrations in cann PHD,
Clty Undversity of New Yort.
Letth, E M. & Ul‘ﬁlkh, J
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DISCUSSION

M Darir: What intemily el were employed and
were the moverents linear at thew Intemities? Do
tho patterns of vibraton change a1 a function of
mmuyotoulyolfrwpemy'll’lnunphh\ i

wmmhmodlﬁcdnu;ﬁfrrq\m‘hmth:
tympankc membrane 0 lonper vibrates as a mingle

stiff cone.

R Iinchelifje: 1 wish 1o refer 1o the decoupling of
(e tympanic membrane and the osdentar chan ot
tapber frequencies. Mamy mammah have their mavk
mam semdtivity in the ranps whers presumably the
wmmmﬁymwmneﬂ“

Rll h'u Trommelfel) Legt.
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will be extremely bmportant is the
mwmmmrmhnm)oulmhdumd

1 Toundorf (Reply) 1o Mr Darir: The technsqoe
was munly deseloped by my awociate S. AL Khamsa,
who u an enpneer by trainmg

(1) The SPL st detection threthold (1.2 10 em)
wi 8590 dB (2) A hologam way then takes &
every  dB. At hgh Iatenutes wpm of the .nd
harmonke were often found in the pattern. However
st Jower hotemutics we re sure that dotorton (opts
alty speaking) drd not play a roke, (3) The tramformer
ratio thown n the applies oaly to fow fre-
qoencics At higher frequencies ft becomes

= the increxses,

Tu Mr Hinckcllffe: The area ratio maenbriom lo
tympankc membranc i cat (=1 10) i lighlly
larger than that in man
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ANALYSE AU SPECTROSCOPE DE LA VOIX DE LA PERRUCHE

V Bauk
Travell du C1 iqwe O R. L Untrersité d Zagreh Zagreb Yougoshn ke

Chahpzrmd’-hmlx-:romd;mhminx.

Un groupe spéaal de muscles provoque Ia
temaon et Ie relichement des membmnes. Plos
la enpacité de produire un registre de son est
grande un plus grand nombre de museles par
ticipe & la production des sons.

L perroche réussit & changer Téchelle du

ton cn et en étrant la trechée ces

Que Tntelligihilité du parder humain dépend de
certaines réglons, ¢ est un fakt bien conou. Nom
Hrvom aosai quo ces régions 3o répitent sans
égard A 1a langne dont un &tre humain e sert.
Tal cssayé de constater o [intelligibilité des
3out prodmts par la perruche fmitant le parler
tumain solt conditronnée par les mémes fré
quences qoe celle de T'homme ou par des
fréquences proches de ceux de Phomme

Bknthohnuxpwéduunnhrynx

et uno rimaglotid:
hm‘“m&.mmmmtduhrynxqm
pour 12 respiration. Les soos quls émettent
dany Je but de communiquer ne se forment pas
dans b bymy, made pas Ses, deas Feppers!
respiratorre & Iendroit oh Ia trachée bifurque et
olt e forme tn plus ou mots grand nombre de
pla qm flottent suivant e rythme de Fexpim
ton. Une séric de cea plhy forme un organ
spéehal, connn dans 12 zoologie soms ke nom do
trmgz ou strines.

La perroche posséde clie suml cet organ. I
est formé de deux plagues cartilagineuses ct do
deux f
exerne et interno — doat Jes vibrations for
ment ks sons.

ct ces £tirations sont rendees pos-
sibles par des intervalles cartilagineux munks do
bagues cartilagineuses. Quil solt possible dap-
prendre & la perruche de reprodmre d'uns ms
nitre parfaitenrent intelligible des mots holés
et mdme de courtes phrases est doac un fakt
évident et, en plus, comprehensible,

Blen qul solt connu que fc parder en tant
que moyen de communication, nest Papanage
que de I'bomme oo peut pourtant prouver
que pour la formation des complexes pho-
niques  correspoadant an registre da perder
humain, lo larynx nest pas indispensable et
quil est, chez les perruches dressées, parfaite
ment subshitod par ke principe du fifre.

Mon but était dome d'étudier les déments
pliysqoes otk qumildy de pader der per
ruches. Jesmateral d'expliquer quels somt, du
point de vuo physique, les €léments du parder
des perruches, et fe incherni amsi de constater
si guelqoe reseemblance extste parmi ces &é
ments dans 1a composithon du spectre de Ia
voix de Toitean d un cité et la compesition duo
spectre do 1a voix Thomme de Tautre oMé.

Duns les deux cas, lanalyse au spectroscope
2 é16 falte & T'akdo du systéme A denx dimen-
sloos notant les fréquences et Iintensits,

Pour I'amalyse spectroscopique comparée, jo

ACNO.‘OAL
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Tir ! 1a olx dbomme

me sws servi dey spectroprammes de Iz volx
humaine normale et des spectrogrammes de la
voix de la perruche

Le matériel de recherches a €1é minuth

‘ ihnl”lh

Correseerprgirraenseitt
vor arrrsadigprnarentgy

Fiy 3 La voix Thomme.
de h volx dhomme et celle de la perruche

dans Je but de constater ct de souligner ks
dﬁa[hparknqulamcﬁ(fétmt,w éren-

mcmdrols!panm}cleur:w:rmenuaumn
phone des volx relatt been intelligi-
bktdcplm}cunm-ruquuidhpmmmldm
certaln pombre de mots ct de courtes phrases,
Ensuite, dv Phomme et de Toscay, jar relevé
umiquement kes voyelles pour les soumettre &
malyss spectroscopique  Je me suis décidé
ries voyethes g e ) o u Cellest étant
% poricurs de [ntellighilté et en méme
temps s prétant ke micux pour lanalyse en
quettion.
Emsuite ja procédé 3 lanmalyse comparde

ser

Analyie et comparalson du phonéme a

Les denx spectrogramnws de co son indiquent
quil y a continuité & Tintéricur du spectre.
Cher I'homme ke groupe amplitodial de 2
volx est accusé dans Jo parape de 740 & 1600
Hertr, 3 Ilatéreur duquel ke mavimum &£
trowve & 950 Hertz. Lo voix de 1a perroche 2
son groupe amplitudinal dans la régron de 950
& 4000 Hertz, & linténeur duquel | antplinude
madmum ext dans la régon de 1 600 & * 000
Hertz.

Fip 4 La voix de [a perroche.
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Fg 5 1a volx bomume.

Analyse et comparaison du phonéme e

Ce qul ext carctéristique pour ce son cest
que [a contingité du spectre existe si ke son est
formé par la voix dhomme, pendant que le
o0 ¢ ¢mib par Ia voix de la perruche
monire e discontingdtd & Thténesr du
specire. L éendu dn spectre est en subsianes 1a
mime dans la réglon de 55 & 6 200 Hertz.
Le mtme déall pour ks deux volx cest
Texistence d un groupe proooncé Camplitudes
plo fortes sitnées dans la régon des plus
besses fréquences ol se trouve en méme tempe
Ppoar bes dewx voix, Ia région de la plus grande
amplitade

RN R RN Ei N
i “llill‘llllli1illliiiﬂi.

' 6 La soix de 12 parroche.

vergtinRe2EbET
trenrt e g,

(RN )
T 1Ly

Fig 7 La volx d'bomme.

Analyse et comparaiion du phonéme {

Ls spectre de Ia volx humaine est disconting,
pendant quo celul de bn perruche est continu,
Le regisire de 1 volx dhomme st entre 90 ¢t
5 000 Hertz, pendant que 'étendoc du spectre
de 1a perruche va de 70 & 1000 Hertz. Lewr
carnsctéthiique commune est Pexistence dun
groupe d'amplitodes dans la région basse du
registre des fréquences od 1o trouve amgd, pour
les deux vorx, la plos grande amplitode

Analyse et comparalson du phondme o

Le spectre de la voix d’bomme est discoating,
celui de la voix de Ja perruche contion, Le
registre des fréquences est presque ke méme
pour ks deux voix il va de 70 & 1000 Hertz
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Fig 9 La volx dbomme

Le groupe & lintéricur da spectre, situ€ dans In
région centrale des fréquences, ou sc trowve
aussi In plus grande amplitude de deux voix
€1t carnctéfisique pouT ¢t Som

Analyse et comparalson du phonéme u
A Tinténeur du spectre de [a voix humaine il
¥ & continuité vislble, mals drscontinaité chez
Epcrmcbr.Leqtctrcdchvo{xd’}mnumu
entre 70 et 1200 Hertz, celul de 12 voix
Ja perruche entre 55 et 7800 Hertz. Les
eux voix ont un groupe proponcé d amplitu-
des situdes dan sla région de basses fréquences
maks Ja voix de la perruche a encore un groupe
spéeial Camplitudes dans la région des haotes
fréquences.

Fie 10 La voix de la perruche.
Acta Otolaryng 71

CONCLUSION

La voix de la perruche formée par un méca
nlsmo en debors du larynx, cest & dire par b
sinnga, nous surprend par la sonorité de scs
éléments du parler et par 1éendoe de son
échelle de fréquences,

L analysc au spectroscope de la voux de la
perruche devolle quelques faits importants.
Avant tout ce qui nows impresse cest le
spectre relatlvement étendoc de tous les sons
analysés. Les vanations amplitudinales sont en
géoénal blen marquées, peéaentées dans ks ré
pons de fréquences basses et hautes, selon Ia
structure de chaque son.

1l est mportant de souligner que tous ks
sons analysés &alent des voyelles qui usent e
plus grande quantité la force de 'alr chassé et
que malgré tout Iintelligibilité de tous les pho-
mmes analysés éait relatrvement bonne bicn
que I colonne d'akr ait é1é formée d'une res-
treinte quantté d air dont peut dusposer Ia per
ruche Cela prouve qul existe un systéme éco-
nome pour la consommation de I'air qul rend
passible d’obienir la sonorté Jors de I'emnston
de chaque son.

Une analyse comparés mmuticusement des
spectrogrammes de tous les sons présentés fo-
dique f n des &
dont dépend 1intelligibiliné des sons. Quant 3
léendue des fréquences, il est important &
souligner qu elle est, en principe ke méme dans
tex deux systémes d analyses. On a impress
que e spectre de ]a perruche soit plus res-
treint que celui de Thomme.

Les variaton des amplitodes A Untéricor du
spectre sont relativement blen présentées dans
les deux nnalyses. Les oscillations y persistent
tenant compte de chaque son et de lemdroit
ou Il s¢ forme.,

Je souligne que presque tous kes sons ont
deux groupes sépards d amplitudes et que dans
I'mn d'eux se trowne toujoars la régon avee a
plus grande amplitude

Par conséquent, ¢ est le fait que dans ['ana
lyse comparauve de tous ks voix préscnléﬁi
pparak des groupes fréq pré
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s analogles déterminées qui s troave simol-
tanément dans la voix analysée de Ibomme et
de I perroche.

Cr3 groupes conteennent toufours dams lenr
répon awsst les amplitodes maximales Jesquel
les serafert amssi Jes portenrs poncipaux de
chaque voix particuliire.

En conséqnence, il est toat & fait claire et
anatytiquement élocidé Ia capacitt de Ia per
ruche de pouvolr imiter la parole de Vhomme
vo qoe les &éments singuliers dans Tanalyse
soat présentés & cbté de toutes Jes volx dans 1a
région fréquente dentique,

SUMMARY

The okce of the parrot b formed sximalaryngeally fn
tbe ryrimx. wide

amd to distingukh very prechicly the absolow and
relative pitch of tooes of very short dermion (as
short 13 5 muec or k) They produce
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CHANGES IN THE TRACHEAL RESPIRATORY MUCOSA OF RATS
FOLLOWING EXPERIMENTALLY INDUCED BURNS OF THE SKIN
INFLUENCE OF RESERPINE

B Femenié, H hrnjevié and R, Subotlé
Frows the Clinkc 0f Quolkarvapotogy Medical r.—-tn'

Usd ersity of Zagreb and

Department Flira

Pharmacexticel and Chenical 1§ orks, Zagreb Y ugoslaria

Absiract 'The tracheal respirtory mucosa fn ruis sac
rificed on the second mnd fourth day following ex
perimentally fndoced bures of the Lin was sobmibited
10 hhtologial stdy Pathologieal changes were
found In the resplratory mucosa of all anknabs with
hqnlkwuincyd:mmlnamdﬂm

in the reaplratory omocota are dscowed.

It 15 a known fact that hepatic and renal dam-
ape Is quite common In cases of severe and ex
tenuive skun burns (2nd and 3rd degree) In an

lier cxperiment on rats, Femenkd wat able

prove that changes of the respuatory mu
L following barns of the skin were not oaly
“due to the direct effect of hot alr Inspired, but
that the damage probably depended greatly on
patholopeal changes in the hepato-renal sys-
tem.

In our further rescarch work we lavestigated
the protecthve effect of small doses of reser
pine on the liver and Mdney after the skin was
exposed (o bums and made a lustological
study of the possibk changes in the respira-
tory mucosa of the trachea under these condi
tons.

Ve were prompted by our experimental ex
periences to apply reserpine i thes investipa-
uon, becxuse Rmajevié had demonstrated the
protecine effect of small doses of reserpine on
the development of an expenmental uker m
the stomach of a rat. It was thus established

Acta Otolarwnp 71

that the protective power of reserpine was fa
its vosodilator effect. Clower Douglas & Cxr
rier showed too that the toxic effect of carboa
tetrachlor on the liver of a rat may be reduced
by application of reserpine

MATERIAL AND METHODS

Ve used 60 healthy male rats weighing be-
tween 150 and 180 g The animals were an-
aesthetized with urethane (2 mg/kg of body
wright) The skin on the back was shaved,
keaving a clean surface of about 24-30 cm? I
40 onimals the area prepared In advance was
sozked with 1.5 ml of 96% ethanol which was
subsequently ignited thas Indocing 20d and
3rd degrec burns, The tnspiration of bot ar
was prevented by a collar on the neck of cxh
animal,

Reserpine  (Boehninger  Mancheim)  was
used twice daily a1 05 mg/kg of body weight
fatramuscularly o 20 of the ammals whick
were ciposed to burns on the shin. The re-
maining 20 ammals with shin burns were used
as a contro! group A third group of .0 ani-
mals not exposed 10 skin burns served as on
absolnte control group All three proups of ane-
mals sorvived under identical conditions. Food
and water were taken according to need.

Ten ammal of each growp were saenficed
after 48 hours and the remauning ammals 96
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RESULTS

In the animals sacrificed 48 hoars after the
experiments] burns had been induced only in-
significant degencrative changes in the kidneys
and the liver were established. The respratory
mucosa was folly ectlve and the respiratory
epitbelinm intact though signs of inflammatary
Teaction were seen in the Thexs
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Fig 1 Trachel regumatory mocosa of
| ™t 56 houn followly sxpedimentally
a~ doced bares of the skin, The protec
thve sffect of reserplne.

In the animals sacrificed 96 hours after be
ing exposed to expermmental burns and sob-
sequently treated with reserpine, hyperanemia
with mild degenerative changes were seen In
the kedneys and the fiver The respiratory mu-
cosa was preserved, Le. the cpithellum was reg-
ular cylindrical and cifiated with a blanket of
mucos aod dilated blood vessels with sign of
mikd infliammratory infiltraton In the submu-
cou (Fig. 1)

The contro! group of animals, Le those ani-
mals with borned akin which were pot piven
treatment, showed degenerative changes not
only in the kidoey and Liver but In the respira
tory mucoaa &3 well The cpthclium of the
respiratory mmucosa was Jow irregular and cilia

findmgs were within the range of the stress
;mnduuibcdbmenn&chklngcr
1936)

1B-1emys

ppeared oaly in individual sites. The blan-
ket of muons was scanty In the submucosa
signs of mild Inflammatory infiltration wero
scen (Fig. 2).
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The kidney [ver and resprratory mocosa In
the anlmals not exposed to burns showed mo
athologreal changes.

,’/.
Summing up the results of the experiment ot
b obvious that rescrpine acts protecthely on
the krdney and the Liver Thus protective effect
of reserpine cannot be explained in our experi-
ment. It may be based on vasodilatation, Le
better supply with blood of the parenchyma
tows orpans but one cannot exclude other fac
tors, such as, e.g., us antiphlogstc effect.

With regard to the respiratory mucosa, the
protectrve effect of reserpine s quite clear but
it was impossible to discover whether the pro-
tective miechanism patses wvia the kikdney and
the Tiver or whether it protects the respiratory
mucosa and the parenchymatous organs di-
rectly

Arta Osolaryre 71

DISCUSSION

ngen Tieren pefunden welohe aunch ane Schadgung
der Leber wod der Nieten zopten. | clnem zwexen

Nicreaschldgunpen snd der \etinderuapen b der
respiratorichen Schicimbant wird
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IMMUNOLOGICAL ROLE OF HUMAN TONSILS

L. Sur}in Sen. and Margarete Sorjén

From the ENT Department of Posigreduate Medical School
Budapest Hunpary

our experiments,
refhnllrmphnodcmdlh“hcylnveulmmmo-
logical memory

Antibody production by human tomsils Is &
well-known problem (Corbetta, 1969 Drabe
1 Floretd, 1961 koburg, 1966 Meyer
Gottesberge 1965 Naumann, 1957) This
Shypothests s based first of all on resulis of
morphol ! and 1§ hological in
vvuignuom. During the last 10 ye:m. modern
immunology has grown into a new branch of
medical science and grves us new and better
possibilities to study the immunological role of
Iymphoid organs. The main goal of modern
Immunological research s to study not only
the end-results of immunological processes, but
is also centred on establishing the site of ant-
body production and the cellular basis of im-
munity
The immunologrcal process at celtular fevel
may be investigated by means of tissuc cultore
techn:que. This method was wsed by us to
prove the antibody producing capaaity of bu-
man tonsiks.
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MATERIAL AND METHODS

Tonsils were obtalned immediately followmng
surghcal excusion from 4-6-year-old chlldren
who had been iImmunised agzinst diphtbena,
pertussis and tetanus, though naturally a boost
cr dose was not given before the operation.
The removed tonsils were munced Into frag-
ments of zbout 2 mm? and 2-3 fragments were
placed [nto a test rube contalning 1 m! me
diom. Parker 199 medlum was msed contain-
ing 100 U/m! penicillin and S0 pg/mi strepto-
mycin and supplemented by plant mio-
gen (phytobemapglutinin) - Dhphtheria  toxotd
(0 001 L{/ml) was employed contimrously as &
specific stimulant. The fitted tubes were placed
in a thermostat at 37 C We changed the me
dium every 24 hours during a period of 9 days.

Antibody ossays Diphtheria antitoxin titres
In the medium were measured by hemapglutr-
natlon as published earirer by Surfin & Nyer
ge1 (1968),

Tonsils of 10 children were investipated. In
each case nx test 1obes were vsed contaming
antipen and four tubes as control without the
antigen.

RESULTS

In the ussue culture medium of five tonsils,
antibody was detected from the fifth day on
(Fig. 1) Durmg the first 4 days antibody was
not found. The coatrol cxperiments always
gave nepative results,
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Fiy I In vhro axmibody prodoction of human ton-
fftar fragments.

In the other 5 cases of investigated tonslls
the thssue coltures were infected, and the me
dia were therefore unsultable for hemagghutt
natlon.

These results prove that human tonsils arc
able to prodace diphthena antibodies in thswe
culture.

DISCUSSION

For a comect interpretation of this result we
mmst take into comlderation the resuhts of
other lavestigations as folkows:

Many aninml experiments were performed
by M. Surfin & Surjin Jr (1969) They
demoustrated that lymph node fragments of
mbbits hypermmunmed with tetanns toxold
continued to produce mtibody n vitro far sev
eral weeks.

Thbey compared the antibody producing cap-
acity of reponal and non-regional lymphotd
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stimmins blast type cells appear in the efferent
lymph vesmcls of the regional lymph node
Thess cells might be immumological messen-
gers and they arp responsible for propagatmg
the indnction of immune responso 1 the re
mate lymph organs,

The promment role of the reglonal lymph
nodo I3 proved by the fact that this organ en-
larges twofold macroscopically on the third day
and {ts histochemical picture 1hows a mass of
pyroninophll plasma cellk, In ths sage the
fragments of regional lymph node are able to
synthetlrn antibody In witro withoot further
antigen stimulation. At the same hme the re
mote organs do not have enouch messenger
lymphocytes: they need antigen stimulation in
vitro

After subcutaneous imoculabon, the tonsiks
oc spleen are not comparable with regional
lymph podes, because the latter have a double
rolc: a3 a resalt of antigen stimulation they
send Informative cells to other lymph nodes,
and at tho same time they themselves produce
antibody

In these animal experiments the tonsils be-
have Tike nonregional lymph nodes. The frag-
ments of tomils are able to prodeee antibody
for scveral weeks if they receive antigen stm-
ulants contimeooslty Without In vitro stmnla
tlon tomfls and noa-reglonal lymph nodes pro-
duce antibodies for 1-2 days oaly

Until the eighth day the propagation of mes-
senger lymphocytes reaches the remote organs
too" the fragments preparcd at this tme con-

orpanr. A booster dose was given sub

owmly 3 days beforo surgrcal cxcision. In these
cxperiments the prominent role of the regional
lymph node was demomstrated. These frag-
wents are able to prodece antibody in vitro
without ln witro antigen stmulaton, for 2
weeks. In the same condtion, fragments of re
mote lymph nodes crase antibody production
oa the second day (Fig. 2 A)

The differing behaviour of regional and noa
regioml lymph organs is understandable on the
basls of Halls messenger lymphocyte theory
(Hall ct al  1967) He found that after amtgen

tome aatibody prodaction ta vitre, es does the
regonal lymph node. If the booster dose b
given 8 days before excixion, the regional and
nan-reglonal lymph nodes are nmilar becaunse
at this time they have received enough mes-
sages (Fig. 2 B}

Immuno-memory was also lovestigated In
anmnal experiments by tissoe culture techmique.
Fex this parpose [ymph node fragments of rab-
bats, tmmonbed 1 year previowsly were cul-
tured, but the snimaks did not recerve a booster
dose. These were the immediste previoms ex
perments on which the stody of human ton

Acte Orolery ng 71
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Fig In vitro antlbody prodoction of lymph nodex
of rabbitx. {(A) 3 days afier the booser dovwes. (B)
8 days afier the booster doses.

sils was based, because in case of buman be
ings there 13 no possibility of giving booster
doses before tonsillectomy These experuments
have shown that the lymphald fragments ex
cised 1 year after immunmation are able to pro-
duce antibody from the fifth day on, but only
with in vuro lath The re~
ts of experiments of buman and amimal ton-
, are similar and thes it was concluded that
~human tonsils also have an immuno-memory
Apart from this tlssoe cultore technique the
antibodies (IgM  IgG) in tonsils were recently
detected by floorescent  staiming  (Corbetra,
1969) Recently Merler & Jancway (1968)
have separated fracuons possesfing Propertics
of immunoglobulins from small lymphocytes of
tonsils of children who had been previously
trmmunrsed with diphthena and tetanus tovords.
The antibody was eluted from ecllolar debris
together with auclear matenal The antibodics
cannot simply be adsorbed oo the surface of
cells but are incorporated within the cefls. This
cytophilic antibody of small lymphocytes may
well represent the immuno-memory
In our study we were unable to obtain any
information as to whether tonsils in vivo are
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able to be In a regomal position or not, bat
taking into account the results of recent fnves-
tigions (Oetigen et al,, 1966) they do appest
to be suftable for antigen reception,

RESUME
On a cumind ke rdke fmmunologique de | am ik

omhémhhbtnnlruhrlﬂl” Dans co mlcy
on mndemh.om Mamtarre (phytohacmagglotmn)

on  employd de towosk
dq\hmhuAﬂhmhtnhLbudcljhmﬂ'
ra demontrer & Takde do test dhémagghutiuboe
bz présence des amicorps dipliténaqacs dams la ot
stimulde aec de torosd

ZUSAMMENFASSUNG

Dae um Funkuon der menachichen T o
alle wurde mu der Methode der Gewrbe-h bur o
diert. Gegen Duphtene peunpfien Minder worden ton
wllektommert  sov diven Mamkeln worden
Fragmente entfermt mnd n Parker 159 Nahrbodea
prouchtet Za den Nahrboden hat mam Pflangen-Mo-

pen (P jelo) gepeben. Al
Anu:runwde Deptitherie-Totosd yerwendet Nach
3 S4ipipe Incobavon Loaswe rman in der mut Totowd
stonalwrien Zuchiung de Diphthetie Antidaeper Funt
Hilfe der Haemagghutbmnon mxcheehen,
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et
The bacteriological anes, taken from the nose and
pharynz, together with the X-rayx, ghve us n cloe t
whather shmitie b present. The treatment of this
sinruths oftsn stops the recorrent jafectioms in the
parynx, sad renders tonsllectomy unmecensary W
bave

svery cam, sad the antistreptolysinthre b messored.

Cooctrmog the Immunological prob.em we alwayy
perform an electropboresis of the serum and  quan-
Gtative of the

Besldey the fifiegs of coses of sheromithy a4 came
of the we often dbcover cams whh
high AST and b When w
treat  this the tomslth
sope. In these coses there b defmhely  grmeral de
cresss of the

Of courme ull these investigutions taks time, but we
#ed It B f importance to cvalusts what sl present
h powible concerming the jmmonologicat wistns of
the somnls.

1 would lile very moch so hear from the Sarjfay
300 conmoents about the present attitude conceralng
tomillectonty i Hungary

I Friedmars. What 13 tho normal besefiss sdopted
Ia the stody?

L. Sariin (Reply) to M Hall. The remby of our
do oot give sy belp yet about thy fg.
towdlleclomy W are mors cornerrs.

dhcations of
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HEARING AND COMMUNICATION IN BIRDS

Species Agapornus Roseicolis

K. Sedldek
Frow the ENT Clink Untrersity of Prapuc Frapuwe Crechasiovelia

Allow e, please, to present 1o you very brief
ly some results of our investigation of the com-
munication process of two palrs of species
Agapornus rosekeolls in order to draw some
conclusions on hearing in these birds as well
a3 on heanng in general.

The bmrds studed belong to the family of
parrots but, In contrast 1o those studied by
Mr Bauk, they do not imitate heman speech-
sounds at oll but communicate motually with
one another in thelr own, ket us say “lan
guage™ which conusts of very high, seemingly
uemelodious and unpkeasant crics in the fre
quency range of between 2 000 and 8 000 cps.
The distdbution of sounds along the frequency

le shows (Fig. 1) that there is no normal
_Bunbution but that some frequencies occur
sery often whereas others only exceptionally
Thus corresponds to the fact that the pitch of
these cnes is pot randomized bat organsred
into certain melodic patterms with  dufferent
communrcative meaning The melodic patterns
of these cnies cannot be perceved by human
car because they are too high too short and
the changes of the puch are 100 quick. When
Tistening to them directly the hunman ear inte
grates oll components (o one mean very high
pitch.

Ve can reveal easily the real patterns of
the cries by slowing them down by means of
a tape-recorder with dufferent speeds and re
producing them 4 octaves lower Somctimes
u is becessary to re-fecord the cries to attmn
the slon-down required. By ths method 1nl
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tiated by the Hungarian ornithologist Peter
Szoke we can transpose the burds cries or
songs Into the ume and frequency range of
buman musical hearing. We sce then that there
are no simpk bursts of high tones, but me-
lodic patterns.,

We then judged the pirch of melody pat
terns subjectively by ear transcribed the melo-
dies into notes and verified these subjective
fudgments by objective registration of the fur
damenta! frequency by means of a special
melograph and partially by sonsgraphic ana-
Iysis.

When correfating the melody patterns with
the behavicur of birds and studying the re
sponscs of brds to the cries previously regis-
tered or synthetically formed we were able to
ascertain that there fs a system of commumica
ton, the basss of which s the movement of
the fundamental frequency fe the pitch pat
terms. Fufther we succeeded in recognuing the
meaning of several patterms, Allow me please
to demonstrate some samples of the melodic
patterns in Agapormus rowecolm:

First example

The cry 1 call a sthenke cry™ expresses the
feehng of force It occurs before fighting or
thmgs like that (Fig. 2) It is a very common
and frequent pattern comusting wsaally of three
components the first two being low and the
third one very high The stotistics of 40 ex
amples of ths cry show (hat the frequency of
particular components s very exactly defined,
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Fig 1 Dhirletion of soonds along the frequency
scale.

the standard devnation being 099 1.2 and 14
semitone, This small spread of frequency indi-
cates a very high differentation in production
a5 well s selectivity m the suditory percep-
tion of the prtch.

Second example
Somnds commected with good food, expressmng
a pleaxant feefing (Fig. 3)

Third example

Exprestion of displeasure and protest when
thelr food had been taken sway (Fig. 4)
Fourth example

Longing call of a sho-bird when her partner
Jeft the cage and she was foreed to stay inside
The sonagram shows that bere the particular
components are separated very distinetly and
that the fundaments] frequency follows the

000 = = P"

§
b
K

Fig 2 A abenic ery
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Fig 3 Soonds expresing  phemsant feeling.

harmonic tanes, Le. that the ntervals are pre
cise enough to form a spread chord (Fig. 5).
We can thus say that the studied brrds arc
able to produce and hear high tones with a
great precision of the absotute as well as rels-
tive pitch. They are able to produce the very
qukk sequences of tones of very short dora-
tion, as short as S msec and less. All these
fects prove a very good ability of anslysmg
the pitch of the tomes. On the other hand the
labyrinth of these birds contatns only a rels-
tively very short lagema with a very permitive
organ of Corth Under these conditionms the
plece principle is madequate as an explane-
thon of sch a perfect analyns. Consequently
the direct discnminatxn of pitch In the central
nervoas system must be atsumed. This has
been confirmed abko by the amatommcal and
photiological findings of Engrtrdm as well a3
by those of Schwarrkopff.
Communkation n man differs namely in the
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th  dam Fépithdiom et ks glandes de Bowman (ob)
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subvre nos recherches? Poar répondre & ecla
est bon de jeter un coup d'dl de rappel sur
dtablean des déhydrogemases intervenant dans
—h dégradation du glucose et voir & qoel nivemn
se situent nos recherches precddentes (Tableao
11) Notre but est en fart d étedier A Tade des
actrvitds enzymatiques les différents stades de
cette dégradation.

Au stade actwel de nos connalssances la
transformation du glucose-6-phosphate en 3
phosphate-glycérnldéhyde ne peot pas encore
dre éudide directement maus [ est possible
de survre cette déprodation par ke baks do
Shunt des Pentoswes. La recherche de la dé
hydrogenase du glucose-6-phosphate (que nous
avons déja faite) nous remserpne sur Pacinité
de ce Shunt. Notons & ce propos que ce Shunt
pemt nous renscigner égakement (de loin) sur
1e métabolisme de I'acade nucléque

Le stade survant du métabolme peut étre
étudié par le habs de la transformation pos-
uble da Pyruvate en lactate  wansformaton
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que nous poartons suivre par la déhydrogenase
du lactate (que nous avoms également dép
éudiée) Nows comptons A ce propos com-
Pplcter cette éude des lactates par la recheree
des soenzymes F (LDH 1) et des oenrymes
5 (LDH 4) afin de différencier les activitds
mitochonidriales (aérobnes) des actvités moe
mrtochondriales (znaérobies)

Nous amvons ainsd av cycle de Rrebs gque
nous pouvons étodier en diffdrents points, Pour
¢ qul concerne notre travail, nous avons &
étedié 1z déhydrogenxse du sucanate et noas
comptons compléter 1étode de cc cycle par
1a recherche de 1a débydropenase du plotamate
qui nous renscigne par sa tramsformation ps-
sibke en a-Cétoglutarate

Nous croyons donc que ces quelques act-
vites pourront afnsi nous remseipoer valable
ment sur ke méabolsme du glycopdne dam
kes cellules de la muquewse olfxctive

Notons pour finlr que La faible setinté de 12
phosphatase acide dans 11 muqueuse olfactne
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La muqueuse olfactive che homme vivent

uudy (ho olfsciory mocosa in twesly persoos, by
varom fhation and coloring tectmriques and to start
an investigation of the enzymes by meam of frozen

205

beim Menschen. Nach Beschreibung eeiner Technlk
der and Flration erfioert er die
Resoitat  die er an Leichenmaterhal gewonoen hat,
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DIE BEDEUTUNG VERGLEICHENDER UNTERSUCHUNGEN
AM ARUSTISCHEN SYSTEM

Ch Beck
Axs der Unhrersitds-dists-\ asen-Ohrendinil Freiturg 1. B BRD

Abum(l Zl.hlrricbc \fcthoden rur Ustersuchong der
) des  aktrimchen
S)wm und t«\nnt Sciten wunten aber mehrery
gheichzeilg rur Aufllicumg odner Fragestellong ange
wendet. An Hand efpener Eperiments wird die Be
dentung clner verglekhenden Unkennuchang am -lu-
sthchen System Mh Irr sind nmf,

Amngen z. B Uber dn unterschiedlche Verhahen
peripherer ond zentraler Abschafie bel Intovilation
mogtih als mit einer Methode allin.

Zur Erfassung der hunktonellen Vorglinge an
den Stubturen des alustischen Systems stehen
uns beute rhirekehe Methoden zur Verfligung.
Thre M&ghchktlltn und Resultate sind In
dt f: gen dargestellt
b \ouccn. 1961 Rooch, 1963 Beck,
#1956 Spocndlin, 1966) Jede einrelne Technik
gibt Hmwere auf den metabolischen Ablanf
und dessen eventuclle StBrunpen. Trotz dicser
mhireichen Methoden, anpenandt in ehmer
Vielzah! expenmenteller  Untersuchungen m
den ktrten Jahrrehnien, nnd aber nur wenipe
Falten 30 weitpehend peschert daB s eine
klinrsche Bedeutung eslanpen Dies rihrt w E.
vor allem daher daG cine Methode allem axcht
genlipend  Aossagebraft Ober den Metabols-
mus brw Gber dre biologrschen \ orgdnpen ins-
gesamt besizt
Sehznwubuhdmb;d‘.ch,nmbm:rmu
Fi Thang  mul  ver Unter
mchun;ﬂccbmkcn gletchreitig ru beantworten.
Dres schicn ums dnnpend erfordetlich, da ane
hombmation mchrerer Methoden ewmncn bes-
seren Einblick in de Fooltomvorgiage er
mglichen mifte als dies cinc Methode allcin
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pestatict. Wur haben deshalb seit Jahren an un
serer Klinik io elnem Team versucht, die ums
zur Verfigung stebenden Methoden zur Unter
suchung des akustischen Systems zu Lorrehe
ren. Dabei wurde nach akostscher Belastung
und Einwirkung von Pharmaka die Mikroprd-
paration der Cochlea, die Darsteltung der
Rerne der Horbohnen  die Immunockekiro-
phoretsche Untersuchung der Innenobriymphe
ungd die Registrierung alustischer Bropotentak
am pleichen Objekt angewande Begoanen
wurde 1953 mit morpholognchen Untersn
choopen des Cortischen Organs brw des Duc
(zs cochleans und spiter der herne der Hor
bahn thnen schlossen skch eleltrophysoto-
giche Mcthoden an. Beide wurden erpanzt
durch dic Untersuchung der EimeiBlomp men-
ten in Peri- und Endolymphe

Al Erpebnrs der ersten Usntersuchungen
konnten wir unter anderem bestdtipen daB e
einmal zersidrte Sinnes- oder  Ganghenzelle
cht mehr ersetzt werden Lann (Abb 1) s
Befund, den berens Hocsdi (1913) erhelen
konnte wvad der in nenester Zent von Ruben
(1969) mut Hilfe modemer rytochemis bt
Methoden erhartet wurde. Weliter erpab s ch,
daf mmdestens im Beresch der Smnesrelen
des Cottischen Orpans als Folge cines Sumu
fos oder eiver intoulanon, Zellstad en sor
handen scin mbssen, die rwar morpholoprch
endentipe Zewchen ewer schueren Schidipusp
reigen, aber nach Absetzen der Nowe roven
bel sind. Ertsprechend  amseren morphoto-
pschen ued clektrophyuolopachen Untersu
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Abp 1 ) Noremies Cocthiches Organ, drel Refhen
der Huarreflen gt sichtbar b) hernbscken

chungen (Beck & Michler 1960) bt dies bel
dechwdlk:mcudchl]l(Ahb 2} Diesc
der all-
reversible

gcmdn:nPnhologie nl:hdmm

..0, P00 ¢

1 . miy -
= *
In der ermten Refhe der Knferen Haarzellen nach Be-
schathmy (Fewlpen 360-fach).

arbelt (Stange ct al, 1966) kurz rusammen-
gcfabt Folgendes:

1 Durch Schallbelastung und duch oto-
toxischo Pharmaka treten unterschiedliche

g und

Zz]]unmpng mdglich sind (Rres, 1937) Sie
werden

d auf dic rwer mcht morpholo-
z!mh,-badekucphyﬂﬂognchlm\’cﬂmfder

untermanert durch unsere }

Adaptat opborc

Amwertung der Schidigungsrate nach Simus-

bel Meerschweinchen  (Beck,
1956) (Ahb 3) Wihrend sich nach Beschal
tang mut 3 000 Hz, 120 dB eino Stunde sofort
mach Versochsende mhirexche verinderte Zel-
ke finden, sehen wir flinf Tage nach Beschal
Imgsende nur verelnzelie Zellausfilleo Im Zen-
trum des Frequenzansprechgebictes.

Aufhavend auf diesen grondlegend

Expe
rimenten ergab sich als Ergebnis unserer Team

.

umhh::hx:rncnml’dzipnﬂmﬂlnl:im]}e
reich der Alphaglobuline m Perd- und Endo-
lymphe zn erkennen stnd.

2. Dis Sioneszellen des Cortischen Organs
sind Im Stedum der Schwellkerne nicht mehr
fankti 1 aber auch morphol h un-
verIndert erscheinends Stomeazellen kanen be-
reits cine Funktionsmmderung anfwehen. So
fihren ototoxische Pharmaka frither ru fumk
tionellen als m morphologischen Beemtrichti-

logsche Verlindermgen der Snneszellen dokm-
maentiert. Darxns ergibt sich, daf die Registric
rung Fsch P iale eme Ich
i Methode ist als morph
Untersuchungstechmiken,

Welter 1ieB diese Teamarbelt mt Anwen
dong mehrerer Methoden erkennen, daB durch
Ozothin, dem wusseridslichen Oxydatlonspro-
dokt d.u Okum therebinthinae, elpe wahr

e Stab g der Struktn-
rmdexnhmhcbmSymm;:gmﬂbcrNuxm
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DIE BEDEUTUNG VERGLEICHENDER UNTERSUCHUNGEN
AM AKUSTISCHEN SYSTEM

Ch. Beck
A der UndrerduttsHalrN esenObrenllinlk, F cibarg £ B BRD

Absrraly Zahlreiche Methoden mmr U der
Phywologle md  Pathophyaologhe  des  akostbchen
Systerm gl belannt, Sehten wirden mchrere

miglich als ma einer Methode alleln,

Zor Edfassung der fonkuooellen \orglnge an
den Strokturen des akusnschen Systems steben
uns hente zablreache Methoden zur \ erfigong.
Ilre \MBghchleiten wnd Rosnltarr sind m
proodlegenden dargestellt
{z.B. Vostren, 1961 Rauch 1964 Beck,
19%6 Spoendlin, 1966) Jedz emreine Teckmik
bt Hinwewse auf den metabolischen Ablad
und degsen eventnelle S.3rmngen, Trotz Geser

vor allem daber daB eme Methode allem meht
geolpend Avsmpgeiraft fiber den Metabolis-
rros brw @her die nclogmschen \ orpinpen ms-
grsamt bestz

Sehen war es busher m3glich, eme bestmmte

Dres schren Tos drmpend erfordefich, da eme
Kombmnon mehrerer Methoden cmen bes-
seren Einbbek i1 die Fronkhoosvorglnge e
mbghchen milBee, als diey eme Methode allen
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gestattet. Wir haben deshalb sert Jahren an un-
serer Klmik In emem Team verssucht, die o
zor \ erfigong stehenden Methoden zur Unter
suchung des akushischen Systems zu kosrelie-
ren. Dabe: wurde nach akostscher Belastung
wnd Emwirkong von Pharmaka die Mikroprd-

wurde 1953 mn morphologschen  Umerso-
chungen des Cortischen Orpans bzw des Duc
tus cochlears und spiter der Kerne der Har
bahn. Ihoen schloseen sch elektrophysiolo-
giche Methoden an. Beide wurden erplnzt

konnien wir unter anderem bestlingen, daB eme
emmal zersidrte Sinnes- oder Ganglienzele
mcht mebr ersetyt werden kzon (Abb 1), ¢
Befond, den berems Hoessli (1913) erhehen
komtr und der m pepsster Zeit von Ruben
(1969) mt Hifc modemner zytochemuscher
Methoden erhdrict worde. Wedter erpab sich
daB mmdestens mm Berexch der Simneszellen
des Cornschen Organs, als Folge emes Sumn-
los oder emer Intovikation, Zellstaden vor
handen sem mifissen, die zwar morpbalogisch
emdenhige Zewchen emer schweren Schidipmng
reigen, aber nach Absetzen der Noxe revers-
bel sind. Eotsprechend urseren  maorpholo-
grechen und elektrophymoloprchen  Unterso-
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Das bither Gesagie deutet dic Notwendig-
keit und damit e Bedeutung vergleichender
Uniemmhungm des akisthchen Systems an,
dﬂnshnundAu!gnbemnunpcmncmﬂ—
k‘ﬂUﬂtttmdnmg:nntlclﬂkbsdn, entwe
dﬂ'&hldcn:msmcmmmmddmndnll
teme metabolische Beawtrichhigungen wieder
™ pormalieren. Basierend suf expenmentel-
Iz Ergebninsen oder anf Erkennmbsen prind-
Preller metabolischer Vorglinge werden deshalb
:mh;pr suche bel Lnnenoty

g durchge flibrt. So sei a

urchie undu!'d.vePrmﬂpn]n—
brgkelt (Davis & Rommel, 1939) auf die Be

des Morbus MenRre mit sieben-pro-
Zatger Natrl (H:

1955) oder auf dic Gaben von Vasodlatatoren
(Bader &

Beckmann, 1968 Spoendlin, 1966)

erst bei bbberem
thingamen Rindenpotentale sofort bsinlen.

Was kann uns die verglechende Untersu-
chung des akunstschen Systems flir die Klmuk
0 Zokunft bnogen. Auf jhre Bedeutung web
sen die Untersuchungsergebnisse ven Suga &
Soow (1969) hin, dic im Expenment reigten,
daB dic Gabe von Nikotimskure ber Imnenshr
stSrung keimerlel Effekt hat. Sic koanten dw
von Muscholl (1967) getroffene Feststellung be
stitigen. Wir soltten abo 1o Zukunft suf die
Verwendung dieses Medikamentes vernchien.
Welter wrlsen solebe Versuche auf che unspen-
fische Stabiliskrmpwirkung des Ozothins an
der Cochlen hun, wic ich bercits ernkhmte Anf
grond der Ergebarse umserer expenmentelien
Untersuchungen, sufgrund der Resultate an
derer Autoren (Hasegawa, 1955 Abiko, 1968
Suga & Suow 1969) sowie umserer Uberle
gung liber den Metabolsmus der Cochlea, be
handeln wir scit 1966 Paucmten mit akutem

Acta Orleryny 7
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Abk 5 Unordonng der herme der ersten Reihe der
EoBeren Haarrellen ab Aoedrack der Oberbelastimg,
Gallocyanin-Chromalann

Horsturz an unserer Klinlk nach eloem aus-
gewogenen Schema (Stange, 1967) nut gutem
Erfolg. Sicher beinhaltet diese Therapie kelne
Erfol le slo b sich aber auf
wentgs Medikamente, von denen wir wmsen
oder zu wusen glauben, daB sle ejmen gllnsti
gen EinfluB auf die Struktoren brw des Mcta

Lsmus des akustischen Systems haben. Dabei
. f u bedenken daB dic erwibnte Reversibl-
Litht geschidigter Sinneszrllen de eme M3g-
Lchkest Ist, die andero ist der Zelltod. Deshalb
muB damt gerechnet werden, da8 nach Ab-
sctren der Noxe dre Schidigung ihr endglit-
ges AmmaB noch nicht erreicht hat Unsere
Therapse hat sich danach zu nchten, d. h. me
mub fber lingere Zet dorchgeflihrt werden,
eme Uberlegung, dic besonders die Dauer un
screr Behandlung ber der akuten Horminde
rung mitbestimmt hat.

Wir stehen beute am Anfang ciner geziclten
‘Therapie des akustischen Systems und haben
poch viel mu crarbeiten und zm erforschen. Es
se1 an dic zentralen Bahoen ennpert, deren
Problematik ich angedeutet habe, da wir hier
fiber BuBerst spirliche henntnise besitzen. Zur
weiteren Aufkirung scheint uns die horre!
.L hkeit wieler Unter ho-
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Tabelle T Therapleschema bel akutem Horsiurz

Akute Horstirzo

Theraple

Medikation Doty

7% NaHCO,Infuslon  peden 2. Tug 250 ml

Stellatum-—Blokade Jeden 2. Tag 10 m Xylocain

dgfich3 2TbL(ewl L )

n tiglch 3 I Supp. (evil Lm)

Neurotico thglich3 1 Dmag.

den von Bedentung, denn sfe kann oos wesent
lIich mehr Informationen vermitteln, ab eme
Methode allein. Sie wird uns vor Fehlden
tungen bewahren und uns gleichreity ermdg-
lichen, emc gezielte und dadurch effektive In-
nenochrtherapte durchznfithren.

the argen of Cortl followog the cxposars

e
ES?

Reire. Arch Okr Nas Kehllopfhetld 170 81
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Horsturz an unserer Klinik nach elnem aus-
gewogenen Schema (Stange, 1967) mut gutem
Erfolg. Sicher bemhaltet dicse Therapie kewne
Erfolgsgarantie, sic beschriinkt sich aber auf
wemge Medikamente, von demen wir wrssen
oder zu wissen glauben, daB sie elnen glinst-
gen EmfluB auf die Strukturen brw des Meta-
oltumrus des akmstischen Systems haben Dabej
_ 1 zu bedenken, daB die erwihnte Reversibi.
Dtht peschidigter Smoesrellen dic eins Mg
Lchket ¢, die anderc ist der Zelliod Deshalby
muB damit perechnet werden, daB nack Ab.
setzen det Noxe die Schidigung i endgiiln-
ges AusmaB noch nicht errexcht hat. Unsere
Therapie hat sich danach zu richten, d. h se
muB fiber Hngere Zeit dorchgefiha werden,
elne Uberdegung, dic besonders die Daver une
serer Behandhung ber der akuten HOemunde
rung mitbestimmt hat.

Wir stchen heute am Anfang emer genelten
Thernpe des akamstischen Systems ond haben
noch viel zu erarbeiten und zn erforschen. Ey
sei an die zentrakn Bahnen ermnert, deren
Problematik ch angedeutet babe, da wir hrer
Bber KuBerst spirfiche henntnusse benitzen. Znx
wateren AufkBirung scheint oms die horrelas
i Solichkeit vickr

Unter
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Tabelle 1 Theraplescherna bel akutem Hirsnaz

Akute Hoestlirze

ole
Med Xation Dosts
7% NaHCOy Infusion feden 2 Tag 250 ml
loksde  jeden 2. Tag 10 ml Xylocaln
thighich 3 2 Tb! (evil Lv)
Ozothin® tglch 3 1 Sapp. (evil L)
Nrmotion® tglich 3 1 Drag

RESUME
Dre pombreases méthodes ponr examiner o fonction
do systime acouytiquo somt blen conpoes, maly cles
e sont que rarament  ppliquécs emembles pour
soodre tn wnl probiime. Duss nos obsrvatiosy
nous T'tmp des recherches coo-
paratives du syudme scoustiqoe. Poor oo intoxics-
ton per example, clies pom dounest de réalat
phuy exactes dey dlfférentes réactions cellufaires pér-
pbériques et centrales qoe pourralt em domner mn¢
scude méthode
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Fig 1 Seqoence of teaciogs during experiment.
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to sbout 85 mm. After a pauts of 5 min,
threshold  tracings are made under these
hypoxic conditions. Thereafter oxygen is ad
mimstered by a rubber tube or an exygen mask
and the subject registers further threshold troc
ings. The test ends with some contral tracings
afier having regrined the Initlal level of 400 m.
The whale expermment lasts about 1 /5 hours,
it application s of course limlted to healthy
persoms,

Hypaxia corresponding to a kevel of $ 000 m
may Infl the prychic behavi of the
sabjects to an indvidual degree: Some are de
presied and guffer from o precollapse state,
others fee] comistently well and some are even
euphoric.
zxmﬂmpuumcmmcmddamd(ﬁg
(a) Threshold for pulsed an steady signabs.
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Varlous suggestions have been made for derlv
ing the threshold values from Békésy Jerger
tracings. In agreement with Harbert & Young
(1966) we prefer to use the bottom of the
curves when cvaloating threshold variatioos.

A difference between the threshald for
pubed and for steady ugnabs (“scparation™)
means an impalred slow adaptation resp
posttive tone decay (Harbert & Young, 1966)
Sunce it was well known that the subject needs
about 30 sec to produce regular tracings (Brad
ford & Goetrmper 1964) the last minute of
cach 2 min period was selected for measuring
hesring lox1,

(b) Amplitode of seady signal vs. pubsed
signal tracings. Instead of measuring each
single pen trace, it 8 much emsler to count
the number of pen-swings foc & gven perrod
of time. This valoe is inversely propoctional
10 the amplitude (Harbert & Yomng, 1966 Si-
biger & Elliott, 1966) Not the absolute number
of pen-swings resp. the sbsolats vatue of the
smplitnde bat the relation of the figures for
stecady to pulsed signals ks representatve for
an impaired rapid adaptation.

RESULTS

1 (a) Ampiitude of pulsed and steady
continuous frequency fracings

Dunng prelinoeery cxpermments wo exper-
enced that the emplitde of both stesdy and
pulsed algnal trecings increased under hypoxia.
This phenomenon must be related to the
mental state of the subject under fnfluence of
arypen defickncy We do not think that it b
directly related to adaptation itself.

1 (b) Amplindde Ratio of seady vs

puised signal tracings

The reduction of amplitde In steady signal
tracings Indicates a loss of rapid sdaptation.
As tho above-mentioned increase in amplitude
under hypoxla logically pertmns to both pulsed
and steady tracings, a narrowing of the ampl-
mdnfmmadydgnlhanmlybeprm

Acs
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AUDITORY ADAPTATION IN HYPOXIA

G von Schmlthess
From the Aerormedical Instttate of the Swics Al Force, DRbemdor] Switzeriamd

Abstreet Hypaxta  corresponding to an ahthnde of

0o measwimble changes of slow adaptation can be
found.

Hypoxia does not seem fo influence the pure
1one threshold in humans unless mental func
tions likc attention and coocentrstion are
heavily disturbed. But what happens to audi
torv adapation nnder hypoxic conditions?
We know that the eye adapts in a biphone
way (slpha and beta adaptation, Wright, 1959),
and fts rapid or alphs adaptation appears to
be a neoral mechanism. McDonald & Adler
959) found that the type of sdaptaton of
g eye 13 affected by hypoxie. In the er ako
erc are two forms of adaptation (Hood 1950
Harbert & Young, 1964) on-cffect or rapd,
jon and slow adap or per-#timo-
latory fatiges. Harbert & Young (1964 1966)
uwsed v Békésy (1947) and Jerger's (1960)
fixed frequency threxhold tracings for pulsed
and steady signals in order to demonstrate
these adapation mechanisms of the ear They
found o correspond: of the in
steady signal tracings with repd adaptation
and of the threshold difference between steady
and pulsed signal tracmgs with slow adaptation
resp. toas-decxy Both mechanisms take place
in the bmio-stem and most likely in the ef
ferent system (Bkegvad, 1968 Hahn & Scar
zella, 1960).
We have attempted to demonstrate the in-
flnence of hypoxia on auditory adaptation by

Acta Orolaryng 71

testing with an antomatic Békésy Jerger audio-
meter

The experiments are made In a pressure
cabin. The test-wubject with ear-phones and
controlbutton 1 placed inside tho cabw,
whereas the experimentoc cootrols a Kamplex
AB Békésy Type Audometer oatside. Commu-
nication between the two persoms 18 posuible
through an observation wmdow and by tele
phone

A 4000 cps algnal alternately pulsed and
steady in character is applied to ons ear of the
subject the other ear is covered by an ear
phonc and i pot masked. On- and off time of
the pulsed signal are kept at 200 msce. The
intensity variations are of 2.5 dB/scc and the
regustratron sheet by displaced at a veloaty of
1 em/mun. At the beginning of each period of
pulsed and steady slgnal tracings the signal B
glven at the marimal output intensity of the
instrument. Omginally it was planned to n-
clude a 1 000 cps signal in the study but for
reasons of tho duratran of each test, this part
of the project had to be abandoned.

Fig. 1 shows a diagram of the coune of
the experiment. Dunng anc or more prelimi-
oAry funs, the subject has the opportonity of
getting acquainted with the audiometric test
Then the cabin fs closed and two pairs of trac
ings, pulsed and stendy are registered at a
normal pressure of 400 m above sea-tevel. Now
the cabin k8 depressunized to o simulated
altitnde of 5000 m (lo 15000 f) At this
level the blood oxygen pressure is supposed
to be lowered from the pormal valee of 160
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Auditory adaptation in hvpoxia

Various suggestlons have been made for d-m
ing the threshold values from Békésy Jer--r
tracing. In agreement with Harbert & Youn
{1966) we preler to use the bottom of the
curves when evaluatmg threshold vanations.

A difference between the threshold for
pubsed and for steady signabs (“separmtion™)
means an jmpaired slow sdaptation resp
positive tone decay (Harbert & Yoang, 1966)
Since ft was well known that the subject necds
about 30 sec to prodece regular tracings (Brod-
ford & Goctznger 1964) the last minute of
each 2 min period was selected for measuring
hearing Joss.

(b) Amplitndo of steady signal ve. polsed
signal tracings Imicad of memuring cach
sngle pen trace, it h much casler 10 coont
the number of pen-swings for a given perfod
of time. This valoe b inverscly propoctional
to the amphtude (Harbert & Young 1966 Si-
biger & Elliott, 1966) Not the absolute ntmber
of pen-swings resp. the absolote valoe af the
amplitnde, but the relation of the figures for
steady to pobed aignals fs representative for
an impatred rapxd adaptation.

RESULTS

1 () Amplitude of pulsed and steady
continuous frequency tracings

Duwring  preliminary e cxperi-
enced that the mmplitade of both steady and
pubed signal tracings fncreased under hypovds,
This phenomenon must be related to the
mental state of the subject under influence of
oxygen defickncy We do pot think that ¢
directly related to adaptanon juself.

1(b) Amplitade Ratio of steady vi.

palsed signal trocings

The reduction of amplitnde m steady sy
tracmgy Indicates 2 loss of raptd sdaptayy
As the abore-mentioned incremse In ampliy
ander hypovis Jopcally pertans to bath oy,
Irﬂundyuldnp.-muwtngolm.vm
mdcfcrundyﬂgmhmo;!x\bc ©/m
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w T “0 yeank: Rapkd adop-
~~" tation toder experimennl
conditioas (5 erdimry
' cases whh mesa valoe, 1
Py 5Im oon o iom cae).

relating 15 figures 1o those of pulsed mgnaky
In terms of the number of pen-reversals this
factor of steady vs. pulsed shoold increase In
a group of young students this phenomenon
was not coostantly present (Fig 3) whereas
it was shghtly mdicated in a group of older
subpcts (Fig. 4) two of whom bhad a high
tone loss In ococ of the stodents we had the
opportunity to reprodoce the tracdngs (Fig. 5)
Ve want to stress that the effect of hypotia
anes indvdoally and even in the Indindual
bgect, the effect on adapration s not con-
e

” Normal adaptation was not always repatned
afier return to oxygen supply or pormal at
mospheric condrtions.

e

2. Threstold shift of sieady compaired
with pulsed sdgnal tracings
Thos relatronship allows us to demonstraic the
abtence or presence of slow adaptation (Har
bert & Young, 1969) We find an elevation
of the threthold under hypoma both for steady
and for pulsed signalsy. But a scparation of
the threshold valoes under hypoma was pot
present in ather group of subjects (Fig 6)
It &5 possible that the increasc and decrease
in atmosphenc pressure winch i run through
m a very short penod of time under the test
di can infl sound ion and
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therefore mterferc with the threshold measure-
ments.

COMMENT

The fixed frequency tracmgs for pubsed amd
steady signaly at 4 000 cps under hypoxic con-
ditions  demonstrate  remmarkable  vanatiom.
Certain cases which we cannot speaify at the
moment, show an impaired rapld adaptation
ueder hiypoxis. A statisheal evalpation of this
pbenomenon was not possibie as the mumber

HYPOX A 18rX 40 43y)

e sovkes)
o7/ egr
o ~om X o eom
Fig 4 Groop (mades 40-65 yean): Rapid sdapa-
toa Tnder condfisons; 3 subjects and
mean values for cach anguhr

4
@00 m~—5000 m-5 000 m+ 0~ 400 m), comtlosons
e,
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Fig 3 P.D mak 20 years: Rapad dur
oy xpertment, (L&IT) Msan valoes
for each experimental period.

under test may explain this lack of consistency
Blegvad s (1968) experiments whith nolss cx
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Audltory adaptation in hypoxia 215

posure of the contralateral car and Haln &
Scarzellas (1960) pharmacological tests per
tain to the same problem s onrs, Le. adapts-
don phenomena under specified conditions.
Blegvad (1968) also found varlations in In-
dindual behaviour After nomse exposure the
return to pre-experimental vatues of amplituds
was often delayed or even not demoastrable
within the test condrhony. Analogously after
resumption of oxygen supply we did not ak-
wiys find an immediate recovery of rapid
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grwicsen, wihrend elne Harchs elenverschebomg
im Syme der Lanprritadaptation nxcht prfonden
wird,
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FURTHER OBSERVATIONS UPON THE NEUROLOGICAL
MECHANISM OF OPTOXINETIC NYSTAGMUS

M.R.Dixand ] D Hood

From th AMedical Resewrch Councll Awilology Mewrotology Unlt Astionsl Hospial
Lomdon Exgland

closing = normal mubject is the deviatuon of the
cyes la the directlon of the fast component
This finding is so constant that any departure
from it can be regarded as abnormal. Typreal
tracings are shown in the upper part of Fig. 1

The direetion of the drum is reversed at the

the nystagnos begmning with a fast component
winch takes the eyes past the mudlme There
after all nystagmic movements occur with the
e deviated laternlly In a direction oppoalte
o that of the movement of the dmm. The
lower tracmg, by contrast, ks of b nys-

lar feature of optokinetic mystagmns and con-
cinded that it implied that the fast component
wxs npot simply a reflex retmm of the eyes to
the mid-linc poution 25 had been held by Kes-
tenbaom  (1948) Rademaker & Ter Braak
(1948) and others but was a mamfestntjon of
high order cortcal activity nvolving the froatal
centre for volontary garze closely akin, in all
probability to the fixation reflex. This coo-
clrtion was supported by subsequent observa-
tlons wpan subjects with central scotomata in
whom he showed that m the absence of foveal
viston, resultmg presumably in the insctrvation
of the pervoes pathways concerned with fixs-
tion, the optokinetrc nystagmues took on the
features, o3 sthown in Fig 2, of reflex vestibular
nystagmus characterised by a deviation of the
eyes In the directlon of the slow component
and a change In direction of the slow compo-
nent.

Since then the results of thess and similar
observations have Jed to the formulation of a
sdmple hypothesks of the nervous mechanism of

tagmuy Indneed by a torsiomal rotatiomal shm
ulos and recorded with the eyes open in dark
oet1. The deviation of the eyes In the

gmos which thongh clearly
rpcmlamnndmcumykupnvidnnmrm—
able bans for the integration of the relovant

of the fast componcent Is absemt and, further
more, the change in direction of the nystagrmrs
begms with a change 1n directron of the slow
component.

Hood in an earfier communication to the
Colleghum (1967) drew attcanon to this particu-

and clinical date.
By wuy o(ﬂlnsindm ket os first comuider
the umple situation of a subject scated in dark
ness mde the revolving drum. At the moment
the interror of the drum s luminated, the mys-
tagmus characteristically takes on the form
shown 1o Fig. 3 Initially the mystagmus begrns

Acsa Orlaryng 71
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of direction of aystagmin.

with a slow component which deviates the eyet
1n the directlon of rotation of the drum. Thrs
ilow component lasts some 200 milliseconds
and 1ts velocity is always considerably less than
the velocity of subseqnent slow components.
Thereafter it is followed by a fast component
which deviates the cyes in the opposite direc
ﬂonofgnmnndltnl.nlhbduecuonthﬂnﬂ
n take place.
Inﬂg,4mlhown!.hepmhwzy-llhmw
¢ to be mvolved 1n these cventy.
Aﬂumlmpuhc:tmmbochzb:maculamd
sheral retina are conveyed by way of the
/visualpmhway:mr.beucupnallohcfmm
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Fig 2 Rmﬁnpdogo&hﬂknmm{ml
pdmtlhhnmﬂuu-lm-lmu-pwm
from mormal ¢ whh immired o covered
lﬂlﬂundnlfmh\(lkbdf)e‘ﬂhno(m]qc
covered.
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Fig 3 Recording showing inhiation of optolleetic
nystagmnd, (normal subject) upon Muminatkon of re-
volving optolinctic dmm. Aofe initial tlow compo-
Dent,

which in torn efferent impolses to the oculo~
motor nuclei reflexly bring about the siow
movement of the eyes. The very slow velocity
of this initial slow compoment indicates that
thers 13 A considerahle difference between the
actoal drom velocity and that of the cyes and
a3 2 resolt there must occor 8 marked slipping
of the images of the stripes across the retma.
In other words the fovea can be presumed to
play no active part in this mitial response, At
this moment in tmme, however impules are
conveyed to the fromtal visual centre which
subsequently by way of its own separate xnd
distinct projection pathway to the ocular mm-
cle nucled, mlllunthefmcumpoocm.'ﬂrm-
after in subseq the
frontal visual centro takes on the dominsnt roke
and the cyes remain dewated In the durection
of tho fast component.

In addition it seems necesary to add oot
further pathway firt proposed by Holmes
(1938) whuch subserves an inhfbstory control-
Iing influence exerted by the fromtal cemtre
upon inappropriate and undesirable actvity of
the oceiptal lobes.

The above explanation imputes two scparatt
and distinet pathweys and mechanisms—one
for the slow component and the other for the
fast component together with sub-cortical asso-
cistion fibres connectmg the frontal and oceipt
tal centres for eye movement.

Needless to say the scheme presented here
s obviously incomplcte and account must abo
be taken of cerebellar regulatory (Fuchs &
Kocohober 1970) and other influcnces.
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Fit 4 Schematic {lkstration of soggesed mervoos
pathways sabserving optokinetic mysagmm

Before describing our clinical materal we
may revicw briefly what ical and expern-

Fnetk
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those Induced by followmg a mawing object.
The iated cortko phalic patlrray
tovolved was shown by Mettder (1935) to be
ansociated only with striate cortex responuible
for peripheral vision and not from the macular
region. The efferent fibees He parallel with and
medial to the visual radiaton and pass through
the posterror end of the internal capsule bemg
distrbuted to ths mucleus of Darkschewrtch,
mterstital oucleus of the medial longhtudinal
bundle (Cajal) and oculamotor noclel Other
fibres have been traced by Crosby & Hender
son (1948) to the supertor collicnfl.

Subcortical association pathway

Assochation fibres between the homolateral
tmnnlmdocupnlcyemmlnvnbcm

mental evdenco Is available to support the ex
stence of these pathways. This may be con-
sidered under three headings:

Patlway for the fast component

A  npoocromed  cortico-diencephalo-mesen-
cephafic path has been extensively stodied by
Brucher (1964) In cortical stndics and by Ben-
der & Shanzer (1964) In braln stem studres
upon moukeyr The fitres are assoclated with
the frontal visnal coctex (Brocas Arca 8) and
other cercbeal arcas and have been traced
through the globus pallidus, ventrolateral part
of tho thalamms, zoma incerta and Flelds of
Forel. The left and nght pathways coaverys
in the pretectum and In the mid brain are lo-
cated in the paramedisn zooe ventrolateral 1o
the medial Jongitudinal bundle crossing the mid
line ot the kevel of the oculomotartrochlear oo-

and pontine portions of this pathway occupy
the general reglom of the excitatory or actl-
vating reticular formatson.

Patfrway for the slow component

The occipital eyc field ks long been known
to be concerned with vsual reflexes incloding

15 Tossen

ated by Claes (1939) and by Crosby
(1962) The occiputal lobe has been shown to
exert a tomc depressant effect on the from-
tal eye centres. Electro-encephalographically
moreover leslons of the ocopital lobs produce
confusing disturbances in the electncal actrvty
of the frontal area (Cogan, 1956) Hood (1967}
showed forthermore that subjects wathout
macular vision were able to follow & rotating
striped drum to much higher velocities than
normal by virtue of the mmhiblted occipital

centre.

This scheme, although clearly mcomplete,
goes some way towards explalning some of our
results already detcribed. Thus lesions mvolv
ing the integrity at any pomt m the pathoays
subserving foveal vision would be expected to
mrodify the resultant oystagmus. The results
from the caes of central scotomata are fllos-
trative of this. Here foveal vision ls nomexistent
and therefore pathwrays to and from the frontal
centre can exert no practical cffect. The out
come sa which p
the reflex chamacteristics of vestibalar nystag-
mus with the eyes deviated in the directson of
the dow component. Now on this bans it is
to be expected that Jexions involving the central
pathways to and from the frontal centre will
resalt in precasely tho same disordered featw

Acta
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Fiy 5 Command, following and optolinetic re
spocses In a normal subject.

of optokinetic nystagmus s3 we have encoun-
tered m central scotommata.

Recently  through the good offices of our
colleagues at Queen Square we have had the
opportimity of examining a varicty of cases in
whom there Is pood reason to supposs that the
pathways sobserving veluntary fixation, and

quently the fast of optokmetic
o hxve been rmp . All cases
were subgcted 1o an clectro-nystagmographic
exammation of which typxal results for a nor
mal subject are shown In Fig. 5 Fintly sacca
dic movements on command between potnts

30 to subjects left ar right, secondly follow
ing movements and thuirdly optokmetic nys
tagmus with the subject scated inside a large
rotating drum, parucular atention bemg pad
to the cvents taking place on reversal of the
direction of the drum.

Two groops of patients were examuned. The
first group comsusted of some 20 patients suf
fering from progressive degrnerntive  cond-
tons with & pathology centered around the bas-
ol ganglia end anterior md brain. The follow

[ngdingnosls}ndbttnmdr
Acta Orolaryng 71

Huntington'’s Chorea 5 caes
Progressive Sapranuciear Palsy 9 coses
Arteriosclerosts involving basal gnnglia 4 cases
Famillal ataxias 2 cases

All these cases exhibited certnin characterds-
tic dsorders of eye movements. In the major
ity there was some limitation of gaze- in all,
optokmetic nystagmus eliclted with a small
Bininy drum was cither absent or grossly re
duced, and {n all &k was possible (0 show that
thers was a marked slowing of saccadic move-
ments oa command,

While therefore, the possibillty cannot be ex
cluded that the projection pathways from the
occrpltal Jobes subserving the slow component
were involved by the lesion, In all cases there
was clear endence that the pathways from the
frontal visual cortex subserving the fast com-
ponent bad been deranged.

Typical electro-mystagmographic findings In
one of these cases (for clinical details see ap-
pmdxx)axeshawn[nF‘g,ﬁ.Asmnbem
d extremely
slowly Ionuwmgmm':mcnumhr:gularmd
finally the optokinetic respouse fs grossly de-
ranged and characterized by a dewiation of the
cyes in the direction of the tow component.
The trecings shown in Fig. 7 are also taken
from a patient in this series (for clinfcal detalls
sce appendix) bat in whom the derangements
were less marked. Nevertheless the deviation
of the optokinctic respanse In the direction of
the slow component s still present.

We may conclude therefore that In these
cmes the deviaton of gazo in the direction of
the slow component was the result of inter
ference with tho pathways subserving the fast
camponent, thus nullifviag the influence of the
Irontal visual ¢entre.

Qur second group comtisted of 2 paixnts
vuh:ﬂsamof!hcmbrﬂhcmuphcmom

gnosed as Jakob Cr disease,
Lhemhaumu]ﬂplem:tnlemhou.

The striting feature of these 2 cases was
that on clinxcal exammatwon no disorder of eye
movements was apparent. Optokinetic nystag
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L. 1 — T o Fig 6 Coormand, follrsing asd opto-

o e Linetic respoases In a patient with besal
_ o _ - sanglion lewon. Cas 1

mus with a small Birdny drom appeared nor Kineth p however though beisk

mal a3 did d and followi and with an appearance of normality s in fact

ing
The electronystagmographiic findings i both  cleary aboormal dace the eyes deviate not in
cases were simflar and the results for one are  the direction of the fast component but 1n the
shown In Fig. 8 (for clinical details sec ap-  direction of the slow Our presumption In these
pendix) 2 casey Is that the lesion has involved the path-

Ay can be geen, commnd movements, al-  ways from the froatal to the occipital corter.
though stepped, are execnted with pormal ve The schome that we have put forward is not
loclty Following movements are normal. The  of coxirse new Birdny (1921) was perhaps the
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first to put forward the suggestion that the slow
phase was initiated from the angular gyrus and
the fast from the frontal lobe. Borries (1926)
also postulated two cercbral centres, one in the
™ 1llobe and the other in the frontal lobe
ith intracercbral connections between them.
_~More recently Ling & Gay (1968) have elabo-
rated upon this theme jo greater detall and
their argnment accords with the suggestion we
hare put forward.

Crnincusmns that have been rased in the past
about the role of the frontal centres in inutiat
ing the fast phase rest opon the argument that
with bilateral frontal ablation, both In man and
apimals, optokinetic nystagmus i unumpaired
(Eeldman & Bemder 1969) In the Light of our
present findings this docs not seem to present
a serious objection

In both groups of our cases the mechanism
of the fast has been impl d, yet
optokinetic aystagmus still perslsts to a greater
or Jesser degree and indeed In the second group
would appear to bo normal on direct cbserva
tion of the eyes. Neverthelews both groups ex

Acta Owlarwng 71
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hiblt an abnormal deviation of the eyes in the
direction of the slow component. This we re-
gard as bemng highly sigmficant and indscative
of the removal of the Influence of the frontal
centre. It rematns to be explained why o fast
component shoold persist 1n these cases. Our
snggestton is that since the optokinctic nystag-
mus 1n these patients has the characteristics
of reflex vestibular nystagmus, the role of the
Irontal ceatre In Iniuating the fast component
hos been taken over by the same mechansm
responsible for tho fast component in reflet
vestibular nystagmus and is dependent upoa
the mtcgnty of the pontins reticular nucker It
might well be that fo normal circumstances the
same mechanism for the fast compoment b
shared both for optokinctic as well as vestibo-
lar mystagmus bat in the case of the former
1t Is under the cootrolling influence of the fron-
tal visual centre Beyond tho Iittke more ean
be said. Our reswlts, nevertheless, Incomplete
as they are do sogpest that the frontal vismal
centre exerts a powerful coatrolling influence
upon optokinetic nystagmos. Foc the detection
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of this influence furthermore, clinical observa-

2 of n

23
Poﬂumul nyungmm: absent.

tion of optokinetic gmus B pot !

We must in the future depend upon a cribeal
analyss of recorded eyc movements with par
ticulsr reference to the precise details outlined
above.

APPENDIX

Groop 1
Case I L.F (N H A52566)

A man aged 62, admitted mnder the care of
Dr Ross Russell, had experienced difficulty
with reading, bemg unable to find the pext
Tinc down, for 2 years. His family noted slur
nng of speech, fatigne, Ilmbalance on gomg
2bout and difficulty with viston, with tmability
to focus. He bad been unable to drve or
sec staurs and tended to stumble. For the pest
year be had been falling backwards.

Neurological findings
He had & mild memory loss, monotonous voce
and mild bilateral facisl Pupik,

tagmus (small drum) responses
mkﬂ-nddghtfucbh]l:qmuubwmln
vertlcal plane the eyes deviating upwards
with upward and downwards with down-
ward rotation of drum.

Calone test, Fitrgerald and Hallpike technd
responses exaggerated, normal pattern.
Bilateral simultancons stimulation, 20 C (1
min) tonle devation of eyes dowmwards
21/, min no nystagnmm, 45 C (1 mm) tonie
deviation of eyes upwards 2 1/, min, no oys
tagmus.

Hectro (large
drum) o'ptuidn:m: responses  gromly de
ranged. Eyes deviated markedly in direction
of slow component of nystagmns (Fig. 6)

i, Tnath

Comments and diagnosis

Progremsive supranociear palsy with ophthal-
moplegra complete for convergence and partal
for gaze m the vertical plane proce severe for
downward than opward movement. The fast

fundl and fields were normal. The neck was
riged, the Limbs were spastlc with i dre

of optokmetic and vestibnlar mys-
ugmnsmlbumhuhnmdalpdme.Opw-

flexes

Newro-otologteal findings

The patent was umable to stand with closed

ey, falling backwards and to the right, and

w2t unsteady on walking, drifting to the right

Eye movements were as {ollows

Commund and following movement wpwards
wat incomplete In the vertical plane being
Emited to some 45 upwards and 5 down-
wards. Rught lateral gaze was complete. Ad-
doctlon of night eye was Incomplete on leht
Tateral pare.

Convergenee: absent,

Dolls hesd movements. complete to keft and
nght, up and down,

Spontancous oystagmes: coarse Ist degree ves-
tibolar type nystagmus was present to keft
and night, that to keft bemg dmsocated 1n
type, more marked m leRt eye with Incom-
Pplete adduction of nght eye

kunetie m to kit and right was feeble
By contrmst, dolls bead movements and the
slow p of ibul n
the vertical place were intact. The nght inter
nuclear ophthalmoplegis would mdicate exten-
don of the lesion to involve the nght medial
longtudinal bandle between the 3rd and 6th
nerve nuclel.

Case2M H (M V H 69148)

A women, aged 64 was admitted under the
care of Dr Maryhall with 2 years hatory of
clumniness and stiffness of the right arm and
onsteadiness In walking. During the past 6
moaths she had falken backwards several tines
and been unabk to go out alooe. She had abo
noted difficulty tn reeding.

Neurologrcal findings
The pupals reacted slugglshly to Tight both di-

rectly and consensnally Fundi and fields were
normal Speech was slow and storred and the

Acta Ox
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neck stiff and fgd. There was hypertonia and
weakness of tho right arm of extrapyramidal
type with cogwheel rigdity and marked fnco-
ordinaton. Reflexes were Increased in both
kg3, The right plantar responss was extensor
Psychologreal tests revealed mild intellectual
imparment.

Neuro-otological findings

The panent tended to kean backwards bot was
able to stand and walk suffly on a wide base
with the eyes closed. Eye movements were as
fallows:

Command and followlng: no movement up or
down. Some 5 of movement only to keft
and nght were present on oceasions. This
varied belng sometimes almost full and bet
ter to left than right.

Coxrvergence: absent,

Dolls bead movements. compiets to Ieft and

night, up and down.

Sp and poutional nystagmus: absent.

Optokinetic nystagrmus (smafll drum) responses
absent to left and nght, up and down.

Caloric test, Fitzgerald and Hallpike technique-
responses of normal and equal doration but
abnormal n character consisting of tonic
ocular deviations in direction of slow com-

)pc-n:m with absent fast component to right
and very feeble fast component to left.
Bilateral simultaneous stmulation, 20 C (1
mun) tonic deviation of eyes doemwards 3
min, no nystagmus 46 C (1 mun) toakc de
viation of eyes upwards 2!/, mn, no nys-
tagmmus.

Ebectro-nystagmographsc  cxamunation  (large
drum) optokmetlc mystagmus grossly de
ranged. Eyes deviated markedly In direction
of slow component of nystagmus (Fig. 7)

Comments and diagnosis

Progressive supranuclear palsy with complete
ophthalmoplega for convergence and move
ments fn verteal plane and incomplete in lat
nﬂpbncbclngmmmm:odgbuhmlzn_
The fast components of optokinetic and ves-
tibular mystagmus were absent in the vertical
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plane and severely deranged to left and nght,
more $0 to right. By contrast dolls head move
ments and the slow compooents of vestibular
nystagmus were preserved in all directions.

Groap I
Case 3L.J (N H A35803)
A man of 57 a profesnonal pisnist, under the
care of Dr Ross Rossell, presented with 4
manth s history of spasmodic attacks of dlffi-
culty with speech, Nine weeks ago he had lost
hes speech entirely and bad trouble with swa
lowing, chewing and covghing, sometimes re
gurgitaing floids through his nese For 2
months he had been onable to co-ordinate he
hands and was now unable {o play the mano.
He had also been unsteady on his feet. He
tended to langh and cry with little provocation.

Neurologicn! findings

Alert and co-operative. Emotionally lablle. Im-
paired higher mental function. Verbal 1Q
113 Performance LQ 88 Vanablke impalr
ment of conjugate gaze and difficulty in fook
ing In a particular directlon on command
Fundy, flelds and pupfls were normal. No di-
ploptz or nystagmus. Minimal weskness of
shoulders, right worte than Ieft. Normal tooe
but inconstant fasciculation in both calves Al
ternahng movernents performed clumaily Al
reflexes hot y bmsk U ined
ankle cloons. Plaptar responses flexor Semss-
ton and general examination normal. AEG.
demomstrated mild cercbral atrophy EEG
showed abnormality of kft fronto-tempoca! re-
gon. CS.F proteln 40 mg/100 ml. No cefis.

Neurp-otological findings

Bilateral parests of adduction of vocal cords
dunng s« g and pted Ii
Hearing noemal for forced whisper Oplokl-
oetic mystagmus (small drum) responses very
feeble. Calodie responses (Fitzgerald and Hall
pike) within normal Timlts. Electro-nysiagmo-
praphic examination (farpe drum) optokinetic
nystagmus present but eyes deviated in direc
tion of slow component.




The nevrological h of n

Comments and dlagnosis

of optokmetic nystagmmus indicated some de
r of fast com hunism, pos-
sibly dus to a leslon of the fromtal centres for
voluntary gaze or the projecting fibres there
from.

Progress
Patient dsed 3 months later

Autopsy

Findings were reported upon as follows: “The
changes in the pre-central cortex and spinsl
card are mmilar to those scen in amyotrophic
lateral sclerosts. The changes n the amypds-
loid oceipital, fronto-panetal and posterior
central cortex are mdicative of nerve cell loss
and ghosts. They are definite and most marked
In the region of the posterior frontal depres-
sion, which was visiblo to the naked eye. They
are diffuse, making clinkco-pathologieal carre
lation difficalt. The nature of the process seems
to be of the Jakob Creutzfeldt group ™

Case4 M M (N H A49249)

A muan of 35 under the care of Dr Ross Rus-
w1l presented with 7 yoars history of repeated
cerebro-vascular accadents and & remdusl spas-
tc left hemuparesls and dysphagia and snar
thria. The last eprsode bad been 4 years ago.
He knd difficulty in concentration and was
emotlonally abile

Newrologica! findings

Amarthric but co-operative and able to com-
municate by writing. Able to read and type.
Fundl, flelds and paplls normal. Pseudo-bulbar
palsy for cranial perves 9-12. Hypertomic
Lmbs and residual keft hemiparests, Plantar re
sponses extemsor

Neuro-otologicel findings

Hs was able to stand and walk oesteadily with
the cyes covered. He was unable to Leep the
eyes closed. Eye movements were as follows.

Hneth

ns
C d and foll T were full
to left and right, up and down.
Coavergence- noemal,

Dolls head movements compiets to left and

tight up and down.
P and p | absent.
Optolunetic nystagmus (zmall drum)- respouses
brisk and equal kft snd right, prescnt up
and down.

Calorc test, Fitzgerald and Hallpike techniqoe:
brisk respoascs, sHght directional preponder
ance to left.

Electro-nystagmography  (large  drum)  well
marked optokinctlc pystagmus was elicited
but change iIn direction of nystagmums on
drum reversal ok place with a change In
direction of slow component and eyes tended
to deviate In direction of slow component
(Flg. 8)

Comments and diagnosds

Multiple cerebral emboli with residnal prendo-
bulbar palsy spastc Lmbs and left bemiplegia.
Abpormality of optokinetic mystagmms sug-
gested bilateral elimimation of pathways sub-
serving {ast component of mystagmms con-
trolled by froatal vsual centres.

Progress

Treated by anticoagulants, Reposted 1 year
later to be resident in a mental hospital.
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RADIATION TREATMENT OF HUMAN TUMQURS FOLLOWING THE
IN VIVO SYNCHRONIZATION OF THE CELL CYCLE

H. R Nitze, K. H Vosteen and U Ganzer
From the ENX Clinkc University [ Frenkfurt Frealfurt BRD
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Thes cycle s composed of the Gt 8- G2 and
M phases respectively It bs during the G1 phasc
that the cell exerts its specific function but its

duration cannot be prechcly determined, The
three other phases serve for the preparaton of
cell divion and mitosis. Thelr respective dars-
thons arc very smllar to onc another Duning
the S-phase, the DNA is duplicated and thus
the genetic information. After a short eddre-
tional Interval (G2-pbase) mitoss is com-
pleted.

Al cells of the growing fraction of a given
tusze are in diferent developmental stages
which ere statisticnlly distribated over the en
trs cell cyde. It o this non-synchronired
growth of the cclls which gives me to the im-
pression of o continuous growth of nssues,

There are some phases of the cell cycle, par
teularly the transition from the Gl to tho
S-phase and also the G2-phuse, that are espect-
ally eemitive to radiabon. To optmnize the re
sult of radiation therapy the largest poksiblo
nmumber of cells must srmultaneonsly be m one
of theto phases. To achicve this end, the ecll
growth must be synchronmed thronghout the
tissue

The antimetabolite S-fluoruracfl (FU) s
known to nhiblt reverubly the methylatron
process from uracil to thymidme It therefore
blocks the DNA synthests (Heldelberger et al,
1960) When DNA-syntbesis 13 blocked all
cells that aro just about to enter the S-phese
most reman indefinltely at this stage of their

When the blockage is terminated
FU caiabolrses rapidly and the inhiblted cells
pass altogether like a wave, through the
mainder of the cycle (Flg 2) CI:;_!S
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Fig 1 Cell cycle,

the ccll populations of the subsequent phases
will be increased in number. This increase may
be demonstrated by differentiatmg all cells in
thelr S- and M phase from all others. The num-
ber of the M-phase cells are given by the mi-
totic Index s may be read from any histolog
feal preparation, The S-phase cells may be rec
ognired by autoradiographic means after hav
ing been labelled by *H-thymidine.

It was upon such considerations that the fol
lowing regimen was based. patlents received
10 gof FU in 1000 ml of §4% glucose by
Infinion durlng the course of 18 hours. Small
pleces of tumour tspe were removed before
as well as at different times after the Infuosion.

ter hustological preparation the mitotic in-

£ was determined based upon the valuation
of 10000 cells. The remainder of each speck-
men was incubated at 37 C for 1 hour In a
glass closed by a rzbber stopper contanlng trl
tiated thymidine in Eagle Medrum, and flkd
up with carbogen This incubation was begun
cither immediately after the biopsy had been
received or 2 to 5 hours later During the lat
ter ume, ie. before labelling, the tssuc was
incubated in a mediam free of *H thymidine
Following a normal autoradiographic proce-
dure the *H index was determined on a total
of 3 000 cell.

Fig. 3 shows a distinct increase of H-la
belied cells immediately after the blockage was
terminated. The npumber of labelled cells
reached o platezn within sbout 5 hours and de
creased agatn sharply after 8 hours. After one
additional bour Le. after a total of 9 hours,
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2 distinct Increase of the mrtosls index could be
observed,

For 2n optimal synchronimtion effect, 12
hours for Infusion arc needed (Ganrer & Nitze,
1970 a) The time courses of both indices re-
veaked that human tissnes may be synchrontzed
in vivo The latter finding together with the
fact that the G2 phase }s particularly radro-
sensitive and farthermore our own cbservation
that the S-phase wns always of constant dura-
tion, suggested that we establish tho synchrond-
zation of malignant tissue and examine the ef
fect of followwng-up irradition. If found soc
cessful the same plan woald then be pursoed
in clinkea! patients,

The main problem encountered in thrs en-
deavour was posed by the need to predict the
reaction of normal tissues surrounding the neo-
plasma, as these cells arc belng synchronized
in the same manper as the tumonr cells (Fig.
2) However the normal thwues and the malig-
pant ancs may be differentisted from either or
all of the following points of view

- s L]

thaue The cells msembled doring the blockags pen
ahogether lile a wave throogh tho remaloder of
the cycle. G1 S G M phases of the cell cycle
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1 There may be a different growth fraction
l.nmrm]mdm.uh;nxmm
2 These two types of thsuc may pass the
S-phato at different speeds
3 The maximal racwosemitivity of normal
end malignent thwes may not occar duting ths
tame phase.

Each of these three hypothesss was ex
amiped in separate experuments however no
extenstye Investigations were carned out.

Radlation treatment of human tumours 229
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We used mice with skin carcinomata which
had been induced by benzpyrene. The animals
were divided Into five groups: group 1 was
used o a control group groap IT received FU
group IE was treated cytostatically with FU
and then rradiated on the next day according
to the combined treatment a3 In clinfeal mo
today group IV wat only frradiated, and, fi-
nally tn grovp V the thaue cells were syn-
chronized by repeated subertancons fnjections
of FU and they were irradhated precisely 8

Acte Orolaryxg 71
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Fig I Cell cycle

the cell populations of the subsequent phases
will be increased In number This increase may
be d ated by differenti all cells In
their S~ and M phase from all others. The num
ber of the M phase cells are given by the mi
totrc index as may be read from any histolog-
feal preparation. The S-phase cells may be rec
ognized by autoradiographic means after hav
ing been labelled by TH-thymidine

It was upon such constderations that the fol-
Jowing regimen was based. patients received
10gof FU in 1000 ml of 54% glucose by
infoston dunng the coarse of 18 hours. Small
pleces of tumour tatue were removed before
as well as at different times after the nfusion
ter histoloprcal preparation the mitotic -
2 was determined based upon the veluation
of 10000 cclls. The remamder of cach speci-
men was incubated at 37 C for 1 hour in a
glass closed by 2 rubber stopper contamning tri
tuated thymdme in Eagle Medum, and filled
up with carbogen. This Incubaton was begun
cither immediately after the biopsy had been
received or 2 to 5 bours later During the Iat
ter time, Le. before labelling, the tssue was
incubated in a medium free of 'H—thymidm

ing 2 normal amoradrog proce
dm!hc'}{mduwud.cmmmcdonnloul
of 3 000 cells.

Fig. 3 shows z distinct lacrease of *H la
belkd cells immediately after the blockape was
terminated. The number of labelied cclls
reached & platest within about 5 hours and de
creased agam sharply after 8 hours. Afier one
additional bour Le. after a total of 9 bours,
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a distinet increase of the mitosls Index could be
observed.

For an optumal synchronization effect, 12
hours for Infeston are needed (Ganzer & Nitze,
1970 a) The tme courses of both indices re
vealed that human tissues may be synchronized
in vivo The latter finding together with the
fact that the G2-phasc is particulardy mdic-
sensitive and furthermore our own observation
that the S-phase was always of constant dura-
tion, suggested that we cstablish the synchroai-
mtlon of malignant titsne and examine the ef
fect of following-up irradiation. If found suc
cessful the same plan would then be pursoed
in clinical patients,

The main problem encountered in this en-
deavour was posed by the need to predict the
reaction of normal tissaes surrounding the neo-
plasmn, as these cells are bewng synchromeed
in the same manper as the tumour cells (Fip.
2) However the narmal tissues and the malig-
nant ones may be differentiated from either or
all of the following polnts of view

[ D
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AT 21 1
Wiwviecage 3 3 4 8 8

1 Thers may be a different growth fraction

in normal and malignant tismes

3 The maximal radlosenntrvity of normal  group I was treated
tod malignant tissues may not occur dunng the  and then treadlated on the

e phase.

Each of these three hypotheses was ex  nally In group V the
tmived In scparate ctperiments however no

tXemlve mvestigations were carried out
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hours after the end of the blocksge All ant
mals of groups IT TH and V received the 1ame
dosage of FU (4 umes 0.5 g subcutancously)
and the same amount of X ray hradution

oups II 1V and V 4 times 500 rod

aoul's technique) The results are shown in
Fig. 4 The survival tmes of the ammals in
the group which had received the combuned
treatment (group III) and that of those belong-
g to the contral group (group 1) were similar
to each other but relatively short. The cyto-
statleally treated anlmals (group I1) surmved
definyely longer and the urnduted and the
synchromzed group of mice (group V) sur
vived for the longest periods. The “synchro-
nized group of puce showed uncquivocally the
lowest rate of tumour growth with a clear ex
tenston of thelr hfe span. Although the bradi-
ated animals (group 1V) survived for nearly the
same Jength of tme, their tumours hed grown
over this peried to onc-and a-hall tumes the
sire of the tumours found in the synchro-
nized ammaks. The high standard devlations,
especially of the growth rate were most Likely
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duc to the we ol aptochthonously growing
tumonrs instead of transplanted ones (Ganzer
& Nitze 1970 5)

Encouraged by these findings we have
started to apply the method of synchronizatoa
with subsequent radiotherapy to the treatment
of cancer patients. At the time of this writing,
13 patrents have undergone this type of treat
ment. Nearly all of them had had previous sur
gery ot had recerved radiotherapy or both,
Further surgery or radiothernpy was deemed
inadvisable owing to the size or the location
of the tumour and to the general condition of
these patients. In some cases the treatment
given to the patients had consisted only of syn-
chr fon followed by rediotherupy Al
these patients were in an absolutely incural
condition. The present treatment consisied of
infuston with 10 g FU in 1000 ml of 54%
glucose lasting for exactly 12 hours and radio-
therapy with fast clectrons (betatron) of 500
rod given preciscly 8 houry afier termination
of the Infuslon Thrs combined treatment was
given to the patients twice a week untll 2 total
dosage of 4 000 to 6 000 rad was reached. Skde
effects hove been observed in only a few cases
these were mausea and vorniting. Red and white
blood celis and thrombocytes were examined
once a week, but they did not show any &
crease to critical pathological kevels. Tn all
cases the treatment coukd be considered bene-
fictal The tomours always showed comsider
able regression especially those sltmated at the
free surface of the cavity of the mouth It be-
came evident that the chance of removing the
destroyed tomour as quickly as poasible ooy
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Fix 5 Rewh of 13 petients treaked whh the syn-
chrosization esetbod.



alto play an important role. Tumours situated
duectly under the skin showed a clear decline
in thelr growth rate even as long a3 B weeks
after treatment.

Fig. 5 summarizes the resuits, In 2 of 3
cases the treatment came too late paticnts were
in generally poor conditlons, thelr tnmomrs be
ing extremely large. One pabent died a3 2 re-
sult of a tumour recurrence after having re
cerved synchronization therapy and only 4 000
rad, she refused a second treatment. The uleers
indoced by the rediation and found in 3 of 8
cxses demonstrate the sensithvity to madiation
of the synchronoed normal thsne. However
in the majority of cases there was a clear differ
ence In radlosensitivity between normal cell trs-
wues and malignant ooes unce only malignant
tissoe was destroyed or mjured, but not the
normal thoue.

This Iy the first time that cell-kinetlc para
meters are belng consldered In the radiatlon
treatment of cancer It goes without saying that

Radiation treatment of kuman tumours 231
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COCHLEAR MASKING AND ADAPTATION

R. Kupperman
Froet the EN.T Clinic Unirersity of Utrecht Utrecht the \etherlands

When a click, acoustically coaslsting of a wrde
ad spectrum, s offered to the car of an ani-
ul, a volley of action potentials (AP) can be

“detected ymide the cochlea. This AP ks a syn-

of actlon potentials fired

by & large oumber of hatr-cells resulting in a

broad electrical phenomenon of nmegative pol-

arlty with a latency of approx. 1 mscc and &
duration of approx. 2 mscc. Ths AP consists
of two parts. Ny and A which is a second
negative potenhal conung opprox. 1 msec after

N1 My is followed by a positive after potentlal

The AP can be coaskdered as a peural overall

answer of the cochlea to a well defined acous-

tical stimulos, This AP has lost the interest of
workers dealing with neural behaviour of the
cochlea. It was overtaken by the interest In the

These imestipatiom were supporied In part by a

grant from the Netherlands Orpanranon for the Ad-

yancemest of Pure Rescarch, (Z% O)
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single fibre of the acoustic nerve However to
be informed about the total cochlear respoase
to an ocoustical stimmutus, not only the sinple
umt in the cochlen is of interest but also the co-
openation of the different singhe fibres resulting
In the AP The AP can be [nflaenced by many
parameters such as Intensity of the dick
{Deatherape et al, 1959) a clck Intervn! time
(Peake et al, 1962) rarefaction and cooden-
saton (Peake et al, 1962) and probably the
most significant one masking by tope or nose
(Coats, 1964 1969 Tens ct al, 1962 Tem
& Gretschen, 1969) All these influences can
be dasa of magnitade of
AP a change In Iatency of N, and a vanation
in duration of the AP A blological conditioa
accompanied by reduction of AP magnitod:
without bolic dystunction Is ptatl

This adaptation can be of central (Galambos,
1956 Fex, 1962) or of peripberal origin (Ker
del, 1961) When wo are dealing with adapta
tion of central ongin exerted by the Rasmussen
bundle we are informed by tho work of Galam+
bos (1956) who found a suppression of the
AP dunng electneal sumulation of this olvo-
cochlear bundle and by the work of Fex (1967)
who found that the same stimulation gave &
change 1n the DC potential 1n the scala media
actung as & regulator o the firing of AP Cen
tral influence on cochlear function has been
discussed recently by Pialz (1969) who pomted
oot that under physiclogkal conditions the con
tral cfferent influence on cochka is negfigible.
The hypothesis is formulated by Fex (1967)
that the uncrossed efferent fibres may also in-

Airemt




teract directly on the afferent terminals wder
peath the ouoter bar-cells. Measurements of
Whitficld (1967) suggest that the fibre dustri-
bution as it is found inside the cochlea could
be held responsible for 2 penipberal fast adap-
tation Inside the cochlca. When we want to de
clde about regolatory mechanisms on the bio-
clectrical output of the cochles, two matn sys-
tems are svailable: the crossed and the un-
crossed system. The uncromed system can in-
teract on almost any level from nuclens coch-
learts to the postsynaptic connections inside
the organ of Corti. In the followlng exper-
ments sn atiempt B made to separate adapia-
tron of central arigm from fast peripheral adap-
tation,

METHOD
Healthy guinea pigs with an average weight of
350 g were anaesthetized with & 1 10 Nem-

batal-Urethane  Mixture 300 mgfkg body
weight. In all cxpenments a tracheostoma was
performed to maintam a free alr passage. The
cochlca was exposed from the laryngeal side,
after opening of the bulla, In several nimals
the function of the middie ear omsculatnre was
climinated by cotting the tendams. Silver/sil
ver-chloride electrodes with a diameter of 50 g
were introduced Into the torns of the cochlea
by means of bare holes in scala tympan. The
animal was fixated in a headbolder with a
bum—{nmeulcmﬂulnt.h.ltwumncdinm
the enter 1 test micro-
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tor could be triggered wath the opening of the
switch. In this way & masking tooe could be
synchronired. The last one of the nx swiiches
could trigger the first so that & recycng gener
ator with a comstant repetition frequency was
formed. Thus electrical tone burst was fed into
a power amplifier that delivered alto the +200
V polarising voltage for the condensoc-tele-
phone receiver In we. Each click had a dura
tion of 100 psec. Acoustically measured it was
& fast demped transient with a duration of 500
Hsec 30 the sonnd spectrum covered a wide
frequency range. Tho Intenslty was measured
re 00002 dyns/cm?® sound pressure level SPL.

RESULTS

1 Gemerol remarks

Tha AP gencrated by a click was measured in
different turns of the cochlea by Imerting an
clectrode Into the scala tympant. There was no
measunable difference in appearance of the AP
which turn was chosen so far The major part
of the AP was the N, which represented the
synchronured actlvity of thousands of active
neural el When, in e d ding scrics
of mexsurements, the Intensity of the click
stimulos reached an intensity of about 20 dB
sbove threshold, N started to fade away At
threshold levels anly N, could be messored. N
and N were always followed by a slow positive
potential (P) with a darstion related to the

phooe and a lp:cnl]ymtdc coodensoc-teke
phaoe recerver with a flat response from 60—
30 000 Hz wero connectrd to it. The electrodes
were fed into a low nobsc differentlal pre-am-
phfier (amplification x 1 000) from bere the
signal was condncted to a four channel oscillo-
wope and to an averager CAT 1000 After
mummation the graphs were portrayed on a
Moseley X-Y recorder To produce the com
Plex mixture of clicks wod mmking tones or
oot that wat offered to the animal, six clee
tronically gated switches wers used. they coukd
switch sequentially or partly in parallel. E ‘ery
switch prodoced a pulsc 30 a function gemera-

itude of Ny (Fig. 1) The total duratien
\‘\r\[v\
A

Fig I The wrmmed action potential AP & N and

;\-um afier-poscutml P are cearty demonstrated af
wmoung wp  100) (Simulox 100 e

clkk\l.hmmm:kydiﬂﬂlm
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of AP including P could reach up to 40 msee
at the highest intensity levels used in our ex
periments (60 dB SPL) The AP was preceded
by cochlear microphonics (CM) This was a
relizble indicator (when measured in the first
turn) of the poral start of the
of the cochlear parution. The tatency of Ny was
r~d from tns pomnt. Masking consisted
ywide band noue pass and noue and pure
one bursts of variable duration, frequency and
Intensity Of cowrse ths masking acted itself
as a fiowed by & resp with an
on and off AP 2 Summating Potentlal (SP)
and a CM Conditons were chosen 1n such a
way that interferences were avolded a3 much
a1 possible

2. The influence of repetition rate
Inttensity and masking on AP

These measurements were merely performed
to get connection with work done by others,
50 this will be only a bret summary of results,
The repetitron rate of the click was vaned from
10;sc¢ 10 3000 sec both amphiude and lx-
tency of the AP chanped and that in such a
way that the latency mereased and the amph-
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between 13 muee and 1 macc and the simiar lopot-
output behavioor

tude deereased. The same effects could be ob-
taiced by reduction of the intensity from 50
dB to threshold. Also measurements were per
formed by masking wath a wide band nobse of
the AP penerated by a 50 dB SPL intenslty
click. When the Intensity of the nofse was in
cremed the amphitude of the AP decreased and
the latemcy shifted to a longer time These
three forms of AP behaviour are portrayed to-
gether in Fig. 2. It 1s shown, that difference in
latency betwren smalkest and larpest AP always
will be approx. 0 6 msec under all three con-
dittons,

A

Fie 3 The adaptation mv d wrh
dxl ha ing an foterval of 3 mec and  n dntematy
150dB SPL
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3 The Influence of successive clicks

on the generated AP

When clicks are offered m & successive mode
the ensuing AP’s will show a specific behan-
our The first AP has the largest magnitede,
the following AP alwxys will be zmaller than
ke preceding coe (Fig. 3) After » number of
clicks a steady state of the AP b reached and
no forther change In amplitude or form will
take place. The influcnce from onc AP on the
followmyg onc I related to two mam factors
mterval time and intemsity of the cxks. First
of all the influence of the Interval time on the
magnitude of the AP,, AP, AP was mens-
ured. This AP behavnour we will call adapta-
ton, It was found that the AP will become
smaller in magnitnde when the 1nterval tme
s made shorter If the imerval is so short that
coe N; will mingle with the preceding N, (inter
val time <2 miec) AP will atready have
reached the comstant vatue of AP (Fg 4)
With e long tme interval exceedmg 50 msec

18-T02am

shve APs was measured. When the Intensity
increased the AP-curves spreaded but the rela-
tionshrp between AP and AP stayed constant
(Fig. 5)

4 Masking by tone and noise

of the successive AP's

A Stwudtaneous matking 3 msec mterval
elleky were offered to the guinea pig ear By
mreans of the complex switching and time de
vice a masker (tone or poise) could be lntro-
duced durmg bursts of clicks After abour 30
msec of clcks, the masler was zdded for 30
msee, followed by 40 msec of clicks alone in
order 1o study recovery of AP after the mask
wmg. We wall call this recovery readsptation.
When a tone was Introdoced the generated CAS

Acta Ocolarray
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Y

would interfere with the AP s under measore.
Therefors the oot was n with
the start of the clicks after 100 averages with
the CAT 1000 the CM was cancelied and the
AP’s due to the offered clicks were dearly re
gustered on the screen of the CAT 1000 This
cthod is more favourable than filtering be
use fllter-distornon b avoided. First of all
/mn:r:nablcmﬁtqmcymuscdul
masker The intensity was chosten in a fixed
relation to the offered clicks, namely a masker
to-click amplitude ratio of 2 to 1 measured
m the ¢lectronic representation of the total sig-
nal on the screen of the oscllloscope. When
the frequency of the tonal masker was changed
it was found that there was a decrease of the
APs on 3 speafic frequency When the total
stimulus (that bs, masker and click In constant
ratlo) was measured with intensity as a para-
meter a remarkable chagge 1n optimm musk
ing frequency was seen. it shifted fo a fower
part of the frequency range, that ranged from
3000-7000 Hz. In the following scrics of

quency spectrum  the masker ntensity had to
be decreased to avold over-masking. When the
intensity of the total stimulas (rolse and clicks)
wns Increxsed the AP amphiteds durmg mask
ing stayed constant at the Jevel at which mxsk
tng first was goticeable A decrease of inten-
sity below this fevel diminished both masked
and nnmasked AP In the same relation (Fig. 6).
B Previous masking In this sct-up the nolse
masher was started already 1 000 100 and 10
msec before the clicks were offered Now re
adaptation and long-term recovery of AP could
be measred separately It was found that there
was no influence on recovery of AP doring
100 msec after readaptation was compkted,
related to the duration of the previous noise.
The readaptation was not I[nfluenced at all
whether the prenious masking time was 10, 100
or 1000 msec. The previous masking did not
exceed an Inteasty of 60 dB SPL.

Relation benceen masking of AP

and DC potentlals

The +SP ond —~SP have alrendy been de
seribed In previous work (Rupperman, 1966,
1969) bat a short review will be ghven bere
The +SP can be measured in that place in the
cochlea (scala tympani) where cochlear part-
tion shows maximum movement during stimu-
lation with a tone burst In all other parts a
—SP will be found In scala tympanl In
the following experiments the masking tont
burst as described before will serve as o perT
atoc for —SP and +SP as well To obtaln
thes condition a tone burst with = frequency
of 5.5 ke with an Intensity twice the Mtensty
of the clicks and a duration of 50 msec was
offered 20 msec after the start of the clicks.
Sunuttancously in the thied and first cochlear
turns the bio-clectrical potentials werc meas-
ured. The phase of the sinus were ot synchro-
nired so its CM was cancelled on sversping. Io
the first turn a +SP was generated and in the
third turs a —~SP wns found. Stll the tone
burst octed x5 3 masker and the AF's were of
course dimupished In amplitude, but it was

measurements the tonal masker was exchanped
for a nolse muler Becaose of the wide fre

Acta Oolaryng 71

clearly demoastrated (Fig. 7) that dunng pener
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is related to a maximum masking effect of the
AP related to the cfick.
Another positrve potential 13 already demon-
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this potential in a click, two clicks are offered
to the guinea pig ear the time between ths
elicks s varied. It was found that cxceeding an
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Fir &8 Tbe influence of the positire after-potential
P of an on the following AP Onh whben the
rbnd nappeated will the second AP resch the mor
mal aloc {intensity bs 50 4B STL)

interval time of 40 msec the first AP docs not
interfere with the second click. Otherwise the
AP, was smaller than the preceding AP (Fip.
5) The duration of the after potential was also
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40 msec thes cormesponded with the interfer
ence iime of the two AP's (Fig. 8) Not only
can a click generate the posltive after potential
bt also a burst of noise (in a (one burst more
compiex effects bappen (Fig 9)) When we
compare the time of readaptation wsmg clicks
of different interval time and the doratien of



the pautive after potential following the noise
borst then we will find that thess two trmes
will correspond. The readaptation occurs dar
ing the prescuce of the positive after-potential.

DISCUSSION AND CONCLUSIONS

In order to callect more information wbout
cochlear adaptation in the grinca plg, measure-
ments are perfarmed o which the mflrence of
repetition raie, Intenwty and masking of clicks
on AP magnitude = determined. The measore
ments can be compared if the threshold of AP
gencratron fs used as & starting point. All thess
measurements have [n common that within cer
ulnumhsth:lnﬂncncnoftuunxi!ychn\g:.
repetition rate and masking on the

Cochlear masking and odaptation 239

naco (1962) consisted of & suppresuon of the
AP after clectneal stimulabon of the clivo-
cochlear bimdk In the floor of the fourth ven
tncle. This form of adaptaton had a certan
long-term character, 1t took about 75 msec
to be fully developed and lasted for about 70
mscc afterwards. But without this electrical
stmolation which has some

rsks, ¢t 8 possible to find & form of adape
tion that Ix related to the cochlea purely This
Is the typical decresse m magnitude of the AP
during the stimulshon of the cochlea with suc
cenive clicks. As has been demonstrated 1n
our cxperiments the decrease n amplitude b
strictly related to the Interval trme of the suc
cesuve cflcks. After an mterval of spprox. 50

of the AP are smilar If we conuder the AP
to be bullt wp as the product of different ac
tive ncural elements lnmde the cochlea, the
only conclusion that can be dmawn from these
findings is that there Is an alterahon in syn-
clronisation o the emse of masking, a changs
in the number of total active elements in the
case of lntenslty change and a combimatien of
these two conditians 1n the case of repetition
rate. But the change in magnrtude Is not the
only effect. A more important phenomenon i
the change 1n latency of the AP (measured as
Ume between the CM and the N of the AP)
The latency increase always occurs when the
magmtode of the AP 1 redaced, whether this
is due to mtensity decresse, Increase of repetl-
tion rate, or maskng by tone or nobse. Coats
(1969) mads some sugpestions about the an-
gm of the latency change and arrved at the
concluton that it miust be due to a retarding
of & hypothetical cochlear excitstory process.
Thus retarding coald not be valid foc the case
of the repetition rate influence while in that
imtance & maxmmum pumber of haur-cells b
active in the case of a high repetiion rate and
il there B an incresse in latency So not only
B the excitatory process tme of influence but
also the synchroaisat on of the firmg of the
active clements. Adaptanon es it was found
by Galambos (1956) and by Desmedt & Mo-

mce was ded, no infleence on the magni-
tude of the AP was measured but under 2
msec mterval the magnitnde of AP suddenly
decreased. It was not possible to decide
whether we were dealing with an AP or a CML
Below an mterval of 2 msec the saccemive
AP’s daturb each other strongly and the de
crease 1n amplimde coold be cn the sccount
of the refmactory penod. Above an interval of
2 meec another mfluence must be beld respon-
sible for the decrease in amplitnde of the suc
cesmve AP's.

Let ws first conuder the expenments per
formed by Fex (1967) who found that there
is a relation between electrical stimmlation of
the crossed oltvo-cochlear bundle and a change
of the positree DC potentual 1n the scala media,
even to & pegative value. He conchided that
this d postsynaptic ctivity d
by crossed oltrocochicar fibwes coonected to
outer halr-cells. These findmgs suggest that
aho durmg pormal stimolation a DC potential
can be memsored In the vicinity of the hair
cells if ako a form of adaptation B present.

Experiments of Konlshi et al (1970) pomt

pube
They found adaptation of the nerve Impulses
and suppested that the cxatability of the hur

Acta Otoleryng 71
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} 1 | Fig ¢ Readaptation moasored after  barst of noiss,
cicarly that the duntion of readeps-
ton n adentical with the duntion of the after

Fir & The Inflsence of the pouifive afterpoteatal POl Scoonusd by (he nofe.
mmmmmm foum-h;nom,-:;:zh
will the second AP resch nor
£l value (insensity 4B SML). 40 msec th corresponded with the interfer-
ence time of the two AP3s (Fig. 8) Not oaly
-3

AP, wirs smaller than the precedmg AP; (Fig. compare the tme of readaptaton using clicks

5) The duration of the after potential was also of different interval time and the duration of |
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the pontive after potential following the nose
burst thea we will find that these two tmes
will correspond. The readaptation occurs der
Ing the presence of the pontve after potential

DISCUSSION AND CONCLUSIONS

In order to collect more information about
cachlear adsptation n the guinea pig, measure-
ments are performed in which the mfloence of
repention rate, mtenuty and masking of clreks
on AP magnitnde Is determined. The messure-
ments can be compared if the threshold of AP
generation It nsed a3 a starting polnt. All these
measyrentents have ko common that within cer
tun hmits the Influences of intemsity change,

Cocklear masking end adapration 239

naco (1962) consisted of a suppression of the
AP after clectrical stimulation of the olivo-
cochlear bundle In the floor of the foarth ven-
tricle. This form of adaptation had a certaln
long-term character jt took about 75 msec
to be fully developed and lasted for about 70
msec afterwards. But wahout the electncal
stimulation which hay some unphysinlogical
risky, it is possible to find 2 form of adapta-
tion that is related to the cochles purely This
is the typleal decrense In magminde of the AP
duting the stimulation of the cochlea with e
cessive clicks. As bas been demonstrated Iy
our experiments the decteass in amplitnds fy
strictly related to the interval tume of the soo
cestive dicks. After an intexval of approx, 5¢

repetition rate and masking on the magnitmd,
of the AP are nmilar If we consider the AP
to be built up s the product of different &c
tive neural elements inside the cochlea, the
only conchrsion that can be drawn from these
fndings fs that there s an alteration in syn-
chrofsation in the case of masking, a change
In the number of total active clements In the
cxsc of fntentity change and a combinatian of
thass two conditions In the case of repetinen
rate. But the change m magmtiude is pot the
caly effeet. A more important phénomenon is
the change In latency of the AP (measured as
time between the CM and the N of the AP)
The latency incresse always occun when the
magmtude of the AP Is redoced, whether this
B dus 1o tntensity decrcase, Increase of repett
thon rate or masking by tone or noise Coats
(1969) mads some suggestions aboun the ori-
malt_hehunqc_hmgamdln'lv\:dnm
conclusion that it must be doo to a retardig
of a Mypothetical cochlesar excitatory process.
This retasefing coukd pot be valid for the case
of the repetition rate {nfluence while in that
instenes & madomm mmber of baw-cells b
fctrve In the case of & high repetution mate and
4ill there ks an jncrease in lotency So not only
8 the exsurtery process time of infhence but
l::“‘f*lyn:bmmulmolmtﬂdngolthc

elements, Adaptaion as it was fouod
by Galumbos (1956) gnd by Desmedt & Mo-

msec was ded, no Infloence on the magn)
tode of the AP was messured but under 2
msec interval the magnitnde of AP
decressed. It was not possible 1o decide
whether we were dealing with an AP or n Chy,
Below an interval of 2 msee the sucresyme
AP's disturh each other strongly snd the de
cremse m amplitude conld be on the accomy
oltherdraamypmud.Abcvclnlmmﬂu(
memhrrlnﬂmmunbehgum
sible for the decrese m amplitude of the g
cessive AP's.
Lciusﬁrnwnﬂdcrthe:xmw
formed by Fex (1967) who found shat g,
l::|ralmcm:betvr:encleﬂru:nlsximnm,md
the cromsed olivo-cochicar bandle and
of the positive DC potential in the sealy
mto-mnvevﬂnc.ﬂ:cumwh
thiy represented postsynaptlc activity gy
bymdaﬂm—cod:hrﬁhruwh
outer haircells. These ﬂnd‘mpmmh
abso doring normal shumiation a DC
aubemedhthcndnhyg(nrb‘
cels if alo a form of edaptation i
I-;rp\::-lm::usr)“(nms.hi::111.(19-,.0)"J
in the same dircction. They measured
flocace of a nml]cm-rcnz.ppmdbe;f
gc.].;tym]:sa::l-mlxc:}:vrcxr.nn-.m‘;,,,li
pulse discharges of the primary V
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cell was influenced by varintion of ths resting
current through the haircell, Now kt us ro-
tarn to our experiments. We are dealing wth
& certain behaviour of the succenive AP’s in
the cochlea which Is called sdaptation. Some
authors suggested this phenomenon to be of
central orlgin  (Leibbrandt, 1965) others
(Spoor 1965 Rodenburg, 1967) found argu-
ments for & peripheral explanation becauss af
ter careful sectloning of N VIII adaptation was
still there In our experiments we tried, only
by offening low level physiologlcal stimuli, to
decide whetber the adaptation s of central or
peripheral origin and on which Intensity level
it occors. If we compare the Infleence of repe-
tihon rate on AP amd the steady state after
adaptation, In our experiments calied AP,
then we arc dealing with the same AP The
collection of the behaviour of the single AP
and the adapted AP has already been dio-
cussed so that we have here an argument for
a penipberal place of orlgin of AP adaptation.
We also measured the influence of one AP on
the following AP and found that adaptation
occurred only If the after potential generated
by the first click was stil! measarable This also
sugpests, because thss after potentlal as 8 DC
phenomenon s strictly related to the cochlea,
at this adaptation must be peripberal. The
uence of +SP on thbe succeasive AP 3 gives
us ancther argument. The +SP s measured
in scala tympan] and as 2 +DC phenomenon
it is strictly related to that place in tho cochlea
which i3 m maxtmum movement. The hypo-
thens is made (Kupperman, 1966) that a leak
age from the scala media through the haircells
during stumulation 13 responsibie for the +SP
The wicinity of tho hair-cells is now a positive
field which can be held responsible for the
odaptation of a great mumber of hair-cells
These findings are in good agreement with
thess of the other authors mentioned. We akso
tried to influencs successtve AP after pro-
Jonged masking, but keeping the intensity under
the value of 60 dB SPL hardly sny Influence
could be found on the mrccessive AP's afer
the posltive after-potentisl had faded away

Acte Otolaryng 71

The conclunons can be made that:

1 Fast adaptation arises at low level stimu-
Iation and s of cochlear origin.

2. Slow adaptation comes In at much higher
wntensity levels exceeding 60 dB SPL aed can
be of centrnl arigin.

3 Cochlear adaptation Is related to a +DC
shift In scala tympani underneath the hair-cells,

4 There is a possibility that central and
peripheral adaptation act by & +DC chance
in the vicinity of the hair—cells,

RESUME
Effcts de masqoe ¢t adapiation des décharpes de
roceesbres

Cette
k lﬁ Fﬂ!m" 3
Iacapaation cfferente et produit afoul npe indice im-
portanss de s fonctioa cochiaire

wird dary diese schnelle
t wird von elsem Gleichstrompotentnl
der Naho der se orrw abwo von Kochie-
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D C. POTENTIALS IN THE AUDITORY EVOKED RESPONSE IN MAN

W D Keidel

hen Institns  der Friedrich-Al der-U

From the I F

Abstract. While tho conventiooal sodkory croked re-
spome b malnly relarcd to tho omset of amditory stim-
ull and/or W thelr cesmtlon (off-ctfect) during pro-

tance of the dc-potentual for the objective andio-
metry bs demonstrated.

When we dellver & continuous tone or & very
t sound like a click or a brief tone burst
animals, or a human ear the cortical
respormses to these auditory stimuli are actually
not very different when recorded with our con-
ventional technique. In amy case we observe a
marked response to the onset of the stimula
tion, the oncffect, and a similar but smaller
response at the end of the stmmulus, the off
cffect. When the duration of the tono as a stim
ulus is sufficiently loag, both the responscs de
scribed can be dishnguithed clearly In the case
of tone bursts, oc brief toncs such ax clicks,
any type of interaction between the on- and
off-effect may result. Recording with the
establahed technique of  objective  andio-
metry” however it ks useally not possible to
detect any respomse during tho omgoing pro-
longed stimolus, That there are exceptions, wo
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want to show in thss paper and thoto excep-
tions may lead us ahead in our mutual progress
m improving the audiometric mspects of the
neurophysiology of andition. There 1, how-
cver a second point which has to bo comsidered
when talking about cortically cvoked poten-
tials, although we know for sure that the cor
tically evoked respomss is doe to both chanrels
of information procesting m hearing, it Is not
known whether cach cortical response ks the
sum, or the difference of two types of informa-
tion, namely () previously stored and (H) ac
tually handled Infarmation.

Using prolonged sinuscidal tones as stimul,
Fmkenzeller at our Department could show in
cats with implanted eclectrodes that there is
some sort of clectrical activity within the pe
riod between the on- and off-effect. This po-
tential certalnly does not contain the stmulus
frequency in a synchromired time pattern, but
Ity integral, mainly as a shift of the d.c.-com+
ponent of the averaped cortreal potential (Fig
1) Tiis observation encouraged us to look
more carefully at the stimulus-locked d.c.-stft
of the averaged cortical potential. We there-
fore changed our equipment to a complets d.c.
sensittve amplifier devico with a time constant
of infinity and & control by a sccond identical
d.c.-amplifier with a frequency range between
0 and a few hundred Hz. Electrodes were mads
from Ag-AgCl snd implanted subdoral above
Al and AIl in & cat Some of the resnlts are
shown In Fig. 2 (David et al., 1969 c)

Similar results conkd be obtalmed in the
meantime from the human scalp using Ag-
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Fig ! Odly in deep asexthela b the cothcally evo-
ted respomse w0 bomglasting sinmokdal tone an oo-
and  emall off-«ffect (right row botiom figere)

ly the initial evoked optential (the on-effect)
the dcahift during the tonc and finally the
evoked potentul at the end of whmulms (the
off-effect) All three parts of the potential can
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bo sclected cleady All gradients of the
intensity-functions differ and can be deter
roined separately This agmn enables one to
measure thresholds in different procedures by
extrapolating the different intensity functions,
which we did This bs described in detail else
where, Geperally speaking, the three-part type
(on-cffect silent period periodic speafic ac
tivity) B the rule. This observation In tum
allows one to compare the temporal pattern of
colliculos-geniculate  and  cortical  sctivity
more in detall. Collrculus-cortexcornparison s
shown first in Fig. 4

A temporal comparson shows clearly that
the cortically evoked and averaged responsc

B ct untAST
g ':——-— nferior collculus
i i whie norse
-] Tha e
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man, occurs at that temporal perod
when at lcvels lower than cortex the intra-
modal specific information can be recorded.
To make this statement more precise, in Fig §
absolutely ilentical time scales arc osed for

period are very closcly related and faidy sim-
flar in the pattern to the cortical evoked ac.

walty from Keidel, Breuing & Wiegand (1969).
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Fig 7 Sdmulos-correhited de-responses for different
stimulos dweation. Stimolor Sioosoldal toso 1 kHz,
interalry- 70 dB, rr 1/10 scc. The various stennios
dwntioos wers applied al mndom. 300 tests were
med for each corve. (David, Finkenreller

Keldel 1969 &)

ttbcdmlhhpm:nﬂnltud)cooumofﬂr
of ob} ¥ than
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In conctusion, T would like to mention that
the thne delay from stimulos oaset up to actual
perception and information processing n the
order of up to 200 msec and more seerms rather
fong and not conistent with dally life exper-
ence. But, bear in mind that temporal drvision
of time perception s of the same ocder (v
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Fig 9 Vermx and occiput potential changes during
application of sound (left side) and { sound com-
bined with Ight (right udel T S50% of the toml
stimmB  Thght was sdded ot random. (Davkd, Finlen-
zelier Kallert & Keldel 1569 a, b)

Baer 1962) (physlological moment) and that
foc imstance a fiash and a click cannot be gep-
arated temporally within @ tmme perdod of the
order of 200 msec. This was proved with mod-
ern equipment recently by Keidel et al. (1969)
a3 shown in Flg. 6. This also explains why wo
percetre bricf avditory sthmuli like clicks or
short tone bursts relative to the other senses
a3 “now™ when physically the stimutus onset
has happened 200 msec carlier Measmrements
of v Blkésy (1960) according to which full
sensation level for & constant sinnsoial tone
conpot bo reached before 180 msec after the
onsct of the tooe confirm this statement. That
wo do not becomo aware of this strange rels-
ton between physiological and physical tme
s duo mainly to the incidence of an samarphic
repeesentation of the outsde world uncoo-
sclousness, and pot to reatity (see Hensel 1966
ReeopHl, 1961 1966 Bergstrdm, 1962 Kei-
del, 1962, 1964 Keidel et al 1969)

D C potentials in animals were observed
in different laboratortes, for fnstance by Gum-
oit (1960 1961), Cmspers (1960) but it
wat not possblc t0 record them in man
for many reasoms which are described in detal
clsewhere. But I would not like to concleds
my bric! review wihoot saymg just a few
words an the possible consequences of the clin-
fcal use of this technkque in  objective Fudio-

A0 7
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OBJECTIVE (ER-A.) AND SUBJECTIVE (C.0.R.)) AUDIOMETRY
IN THE INFANT

J Tyberghem 20d G Forrez
From the Department | Otoleryngoiory end the Leborarory

to make a refiable mbpechve
Everybody knows the mportance of the early
dlagr and of hearing

fall xieep not only does the EEG chamge
but alto the shape of the reaction obtained af

aduit with the reaction of a skeeping child. The
reaction I8 omch larper and the latency mmch
oager in the weeping child than in the awale
adult. Several suthors have demonstrated that
the depth of the sleep and pot the sge of the
sobgect i the determmant factor a decper

slecep pives an increase m miensity and In la-
tency of 1he slow eynked potential. Therefore,
the reaction obmained 13 not enly a function of
stimolos intensuy bot abso and perbaps much
Dare of the EEG sleep ftage of the sabject.
If we with to do ERA. thresbold measure
Thents in skeeping children they have to remain
I the same slcep stage for a sufficsently Jong
time, There we have the very compleated

Use Nembutal sleep and do our measurements
In the high voltage slow (HLV.S) sieep stage.

RESULTS AND DISCUSSION

Wo strmmiate with pare tones of 250, 500
1000 2000 and 4000 Hz of known LS.O
Intensity One test comsbss of 50 tooe-pubes
of 100 o daratlon presented in both ear phones
&t random Intervals from 1 sec to 3 see, The
tarth electrode b placed on the left ear lobe,
oot differential clectrode is placed 2 em to the
keft of the vertex in sn mteraural plane and
ntother oa the nght ear kobe

These last .. years we compared the hearmg
of 76 infants 1 to 4 yrars old with subjectivo
wnd electric response audlometry These infants
were referred to us for the diagnoss oc the
coafirmation of a suspected hearing loss. Fley
en of these infants were completely deaf and

Acta Oioloyng 71
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in 13 of them for some reason the subpective
avdiometry could not be performed (cg
younger than 12 months, importsnt mental de
fickncy or autlm) So we have 52 children
where we can compare the results of the sub-
sective and the ER.A This comparative besr
ing examination was done in the following
way In the morning we test the hearing
with Surukis conditioned orientation reflx
(COR) techniqoe and in the afiernoon we
use the same stimulahon apparatus to do the
ER.A. duriog Nembutal slecp The only dif
ference between the two techniques being free
field for the C.OR. and two ear phones for
the ER.A. Thus we could do with C.OR. and
E.R.A,, 176 threahold determinations in 52 in-
fants.

In Fig. 2 we comparc the mean thresholds

hearing low
Smkl'l-ndOrltn:hﬁnm-mlth:cd:nl&(AcﬂO!o—
laryng. (Stockh) Suppl. 252, p. 19 1969).

Acts Orolaryng 71

wo ot d in tho 4 ned age groups with
the rescls publshed by Sumki & Onguchl



(E.R.A) and (C O.R.) audlometry in the infant

ERA THRESHOLD

—_——

m
FYTA

nl :

Db mH A w b oot ¥ 3 MH ¥ Db

Fyg 3 ERA wrun COR. thresholdy talen o rv-
ference.

(1969) on 42 pormal beanng wfants examined
with the same two techniques. Smee our patho-
logical curves arc paralle]l to Surnkis nermal
carves we mxy conclude that we found almost
the same mean hesrng loms In omr 4 age
groTps.

The dispersion of the resnlts has to be taken
into sccount when we compars the C.O.R. and
the ER.A_ threshokds. In Flg. 3 we have an
almost symmetric dispermon that never exceeds
+30 dB 75% of tho cases bemg In the +10
dB range The mean difference o cnly 2.3 dB
A statistical analysls shows that nelther the age
of tho subject por tho frequency and imtemsity
of the stimulus exert any influencs on the
thresholds obtained.

CONCLUSION

We believe that under continuows EE.G con-
trol the ER.A. gives reliable results in sleeping
infants. However It remaim n difficult and
tlme conmumning technique that should bo es
pecially useful in cluldren and Infants who can

not bo examined by subjective and y

RESUME

Noos avons mesré be seurd do peroepuos enditve
wr 1o 250, 500, 1000, 2000 ct 4000 Hz chex 51

17-10893
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Spreng, M. & Keldel, W D. 1970. Recent statm,
roults aod problems of objective andiometry in
man. 2nd part. J Frasg Otorkinolaryng 19 35

Sarukl, T 1969 measarements
of tuman anditory function. Acw Omolryng
(Stockh)) Suppl. 252

Surnki, T & Ogite. Y 1961 Cooditioned orlenta-
tlon reflex andiometry Arch Otoleryag (Chic)

evoked responses ditferent stages of aleep
In man. Electroemceph Clin Nexrophysol 18 65
1 Tyberghetn, M.D
Dept of Otoleryngology
Aladensisch Ziekemhus Sint Rafoll
Lowven
Belpixm
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ELECTRO-COCHLEOGRAPHIE SUR LE NOURRISSON ET LE JEUNE ENFANT
Méthode daudiométrie obfective

M. Portmarn et J -M. Aran
Bordeaxy Framce

Abstroct C-i-(nupu-ﬂnmnnmm
Jandlamétrie objective mais sartomt wn cxamen fooe

tioarel de Torgane récsptoor Dids mainsensnt, son
wiithation chez lo tris jeuno enfant permet Iorken-
tation précoce d'ome riédocution la miexx adaptée.
Lo scnll, I forme do la répome éroqodo par o chic,
ol qoe ses varistiom en fooction de Totemthé du
«t hatenca) do &

perforetion on une pamcentdss  (Portmann
nlLl%S).Dewhh;,hmé(hcdesmcm—
fifike, T s
u::ﬂriﬁdn:nduca.:mem piquée 1 tra
vers le tympan sur ke promontolre (Aran & Le

Bert, 1968) La perforation punctiforme du
tympen ss referme Instantanément apris k e
trait do I'adguille. Une éectrode de référence
est placée sur ke lobule do | orellle,

Les potentiels recueills par stimulation ré-
péitive sort mémorisés et moyermés dans mm
calenlaterr Cette méthode a &4 utilisée chez
Tenfant d&s Tige de quelques jours avec des
résultats toujours flables (Aran et al, 1969
Ruben et al,, 1962)

Nous présentons wi Tétude de 103 orellles
toutes enreghtrées soms anesthéne génfrake,
L'ige 3 éalo de 21 jours & 8 ans avec on maxi-

mum do cas & 1 sn Tows les sujets plus
vlcuanesmprémndmzdntrwblanm-
dk touts

mtechniqmmd}unmique Quelques ex
emples de répomses particulidres, chez 1 sdulte
ct l'enfant, sont également présentés,

MATERIEL ET TECHNIQUE

Les déalls techmqoes ont déA &f exposés
dans d autres travaux (Aran et al, 1969) Rap-

— stimulation par chrc et sons brefs, clics
filtrés a bande pasantc éroste (9 600 Hz,
4 800 2400 1200 600 et 300)

pour analyse ultérieare dans un moyennear
— mesure de la réponse  aprds Amnination
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Fig 2 Podtion de I'électrode ) travers ko tympen.

Fig 3 Place do In pigire traostympanique.
Acts Ordlaryag 71

du microphonique, Ia répomse nDerveuse est
préchée dans son amplitude et sa Iatence

RESULTATS ET OBSERVATION
Les résultats sont remarquables du pohnt de

Sufets normaus ou légerement ateints

No 203 Murielle H 8 mols

Histolre clinique  les parents viennent coo-
sulter craignant une surdité  1enfant ne parall
pas tridy intéressée par des bruits pourtant fs-
millers.

A 3 mols, syndrome ménlngs avec bhémi-
plégo ganche et paralyste faciale droite qu &
régressé.

Tests audlométriques R.CP et R.OC. posi-
tifs aux fortes intensités.

Jouets sonores  réporiscs DCties sUX mOyen-
nes intensités 60 dB (aigus), 80 dB (graves)
ECoG alors qoo pour Foreille pauche on
trouve des réponses sbsolument narmales avec
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f
!

I e Age

quon ne peut y placer Pélectrode). Tests audio-
métriques  jouets sonores blen pergus (40~
50 dB)

ECoG  oreille droite  réponses pormales,
senil & 0 dB. D autre part, on a pu earegistrer
les réponses aux différents sons brefs 50 dB

No 188 Gérard T 6 ans et deml

Histolre dirdgque acconchement  pormal,
marche & 2 am, posiide alary dix mots de
vocabulare eaviron, pubs régresse ot actuclle
ment ne dit absolument ricn. Le comportement
s est Egalement détérloré et est devenu tout &
fait sutistique,

Tests audlométrigues tréalisables.

ECoG orelle drofte e oreille gouche I3
seufls sutour de 25 dB  semblent normaux s
T'on thent compte du fait que le bruit de respd-
ration &ait Impartant. Les formes do la courbe
et de la répoose pour loredlle drodte soot ce

el il l:a e

temsie ¢o C xc 08

pendant d de 1n pormale sans qoe Lon

ciés & unc symptomatologie ncurologique plus
complexe.

Surdités de réception avec
recngement

1l est remarquable de voir que lo recrutement
peut &re objectivé do facon trés préche,
La comparnison avec les tests classiques (Ba
lance, Luscher Shi, Békésy etc) lorsquelle

AIp
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est possible, notamment chez Padulte, nous 2
montré une concordance trds  appréciable.
Trols symptdmes sont caractéristigues. Ia r»-
pidité do crossance de la courbe  input-out
put> lIa bridwetd de Ia latence méme su
seull, e caractire nettement diphasique de la
réponse.

No 118 AnilaV 2ans
Histofre clirique  gros retsrd psycho-moteur
amiération probsble Pas d’antécédent connu.
Tests audiométrigues  pen préck. On obtient
des réponses dispensées, réaction au nom & 100
dB réaction aux joucts sonores sux fortes In-
mais varmble suivant que Ienfant est
ou moins disponible. ROC. 100 dB
_~ECoG nlors que pour Foreille drofte on na
obtenu qu on signal trés faible & 100 dB qul
est difficile d'Interpréter comme une répoase

3o e
2 - -
-~ e
H £
ES fi-
by "
2.
i r
i 11
[ i,

tates e 0 Ll #B
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Tests complémentaires SISI 100% powr
les deux orellles (1 000-2 0004 000)
ECoG on trouve il pour les deux oreflles

No 155 Philippe E 9 ans et demi

Histolre clinlque
— retard dam | émblissement do langage
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— surdité probablement congénitale aggravée
par des &pitodes otrtiques et rhino-pharyngds
actuellement gnéris.

Tests complémentatres

— Weber latéralisé & droite.

__SISI  oreile gaocho=100% (1 000-
2 0004 000).

ECoG orcille gauche  exempls frappant do
recrutement » non seulement la réponse ang-
mente trés viie poar sticindre wne smplitede
impoctants, mats ello décrolt ensuite. Elle ext
cn outre trés diphaniqoe.

On congolt que cet enfant a, pour som
orelllc gauche, une dymamigwe tris rédude.
Le seall, pour s 9 600 a &¢ troavé A 60 dB

Swurdités avec formes dlectro-
cochifogrophiques anormdles

Duns quelques cas b0 patiern dos I réponse
ot ancrmal. 11 s agit toujoors de sojets, pré-
sentant des surdités assoclées & des probiemes

A thre d’'cxanple, k cas no 104 D rencontré
chez Padulte est caractéristique il s apit d'une
compression do nerf eochléaire per wn peun-
nome du perf facial dam lc conduit auditif
interne (contr8ie opératoire des lésions).

Noms retrouvons des patterns  particnliers
également chez I'enfant  incompatibilité facto-
maternells no. 111 no. 165 nfinne motenr
cirébral no, 160 gros retrd no 181 syn-
drome neurologique avec convulsion et aphoaie
oo 148 ete,

Remaayuom guh e yagh pan §anbiacy @b
h Tanesthiésie pinérale, kes mémes formes so
rencantrant sur Penfant po. 148 en anesthésio
ginérale et dans une demxidme séance, plo-
£eUTs mobs apxds en anesthésie localke,

No 104 Monigque ], 25 ans

Histolre clinique  peutinome du perf faclal
droit (compression du condult andrtd interne
droit)

Tests complémentaires malgré le seufl & 75 dB
A droxte, 1z contbe vocale présente une forms
n coche  trés marquée (mteThigiblné max-
tmum 75%)

wd m - n - -

’qv—"“ St e JV,

E.CoG oreille droite  réponses typlques con
stituées d'un pec positit précoce (potentie] ré-
cepteur  sommmation?) suivi d'one omde lente
péqative d'ongine certatnement nervense,

No 111 Frangols L., 6 ans

Histolre clinique Incompatibilité facto-mater
nclle par facteur Rhésus avec ictbre mucléaire.
-— Incoordination motrice trdy impartante

— gros retard de langage.

Tests audlométriques

— coadltionnement fmpossible

— réciiont aux ¢ (70 dB)
ECoG cet enfant a bien entenda é6 testd

sous anesthéne générale  on trouve des scuils
€levés en eccord avec Iandlométrie et, powr
les dewx oreilles toujours cette méme forme.

No 160 Fabierme G 6 ans 8 mols

Hirsoire clinique prématurité mportante.
Lenfant est nés 3 6 moks. Léger ictire & In
naissance.
Actoeflement, Infirme motenr cérfbrale
troubles moteurs importants de type athétosd
que Ia staton assise est difficlle, Ia marche
impossible, malgré unc ré&ducation motrice
précoce.
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Jouets sonores. Aucune réaction an pom,
méme & 100 dB  vagus R.C.P au goog émis

ECoG pour Torellle droite et Toreillz
gauche on troove toujours la méme forme
de répanse, ke scuil pour loreille gaache entre
60 et 70 dB est meilleur que poswr loreille
drolte (catre 80 et 90 dB)

No 181 Eric T 2 awset 8 mols

Historie clinlque  absence de langage, trds
gros retard moteur Penfant sest maxis & 18
mass et depuis quelques semmnes rémsst A se
tenir debout en s aggopant & son parc, La peé
hension des objets pe dépasse guire Ie nivean
g:7—8:::d;.

Dans les antécédents, oa note
,nncmcunpatihﬂjm facto-materoelle par
bitenr Rbdsus avec retbre pucéaire ayant né
centd trols exsngumo-transfucions pate denx
transfustons an cours du premier mols.
Tests audiométrigues  sucune réaction aux

b

on ']

n - -
1o, !
AL “L\/k Lo

(.

A 6 maxk Le diagnostic do sardité
profonde est envisapf mabs o retard psycho-
moteur est trop sccusé pour permetire de I'af
firmer en tonte sécumté,

E.CoG les réponses observées pour les dax
orellles présentent & méme camactire que
pour ks auntres cas. On notera cependant ks
seuils trouvés & 75 et 55 dB respectivement
pour les arellles droite et gauchs

No 165 Rapha®l G 9 ans

Histolre dinique enfant examiné pouar la pro
mére fois & 18ge do 7 ans pour ahsence de
Iangage mbsc sur le compte de difficnltés mot
rices (incoordination) jolntes & un retard men-
tal,

Incompatibilité facto-maternelle par factewr
Rbésus avec retire macdéare. Doux exsngod-
no-transfuslons.

Tests audi iq apris ith
facile, on objective une atternte bilatérake sé-
ricuse de type réception.

E.CoG sous anesthésic locale  oreille gache
id, bien que a répomse sout trds faible avec
un seull entre 90 et 100 dB on retrouve k2
méme forme anormale d¢ réponse.

No 148 lean-Marc V., 6 ans et deml
Histolre clinique  grossesse et najstance nor
males.

A anq mos et demi, petites crises coavul-
sives avee, pendant denx mols, symirome nen
rolopque dc West. LEEG et actuellement
normal.

Tests audlométriques malgré un audiogramme
qui, tout au moins & ganche, pouvadt lauser
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cspérer une rk facile et &gl w
Q.L normal, cct enfant, en centre de réédoecae-
tion pendant plus d’un an, na pu apprendro
que 10 pouvesux mots environ.

ECoG cct cofant a &£ testé une premidre
fols 1003 anesthésle générale. On a enregistré,
pour les deux orellles ces réponses  anorms-
ks Devant Je caractire particulier de ces
répomes que rous observions depuls peu de
temps, nons avons décidé de réaliser un nouvel
examen soms ancsthésic locale, afin do voir si
ces formes particolibres nétalent pas does &
Lagent anesthénque utilisé ou st an contraire
etxient reprodoctibdes.

Ce test, réalist 4 mols plus tard powr Poreille
pouche sous simple ancsthésic locale, a &é,
malgré ko jeune Age de 1 eafant, facliement réa-
Buable, On a obterm alors des réponscs com-
parables ct, malgré la fable amphtude de cel-
les-cl, oo a pu détermuner un seuil & 30 dB
De plus, poar voir I'nfleence de la nature des

sur la forme des répomes, nous
avons Egalement observe cellescl lars des st
mulations par clis flltrés & 9 600 Hz Noas
avoms ainst troove on seuil A 60 dB ct un pac
positif extrémement important par rapport &
I'ande lente nfgutive dune part, et par rappart
aux répomses aux clics d’autre part. On sc rap-
pellers que dams quelques cas oo a ainsl ob-
servé, & oité de réponscs apperemment nor
mal poar ke clic, un pic positif shmflare pour
ls 9 600

utilisée comme méhode d"sudiométric objective
@3 ke plus jeuno Age (Aran, 1970) A coo-
ditton de s¢ sowmnctire aux fmpératifs technl-
ques quo nows  recommandons,  notemment
mise en place transtympanique de I'électrode

Acts OroleiFag
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active dir sur I pre t. Elle ext
appeiée & un grand avenkr pour I'étude pliysdo-
loique et physlopathologique de Toreille b~
maine (Aran, 1970}

Efle permet, chez le june enfant, de définr
l¢ niveau d'zudition et méme Pallure de I
courbe sudiométdque pour lune et Iautre
oreile. Cedl faciite Potifisation de 1a prothise
andifive en &duction pricoce dis [dge de

53 8 mous.
L éude de Pamphtnde et de la latence des
réponses ¢n 1 de Tintenshté do stimuk

permet de définir bes orcilles attemtes de re
crotement.  Cette apalyse sera certainement
froctocuse porr Sockder les mécaniimes pa-
thogéniq de cc phépomd i on le
rapproche des travaux morphologiques des der
nires années sur Toreille (Lagourgue, 1970
Spoendlin, 1962 Spreng & Keldel, 1967)

n menchen Fillen das Anfipliren cventoeller Ver
letnmgen.
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DISCUSSION

H 5 Spoemdlin. Mr Portmunn showed that general
amwsthesta has 0o effect co the activity of the coch-
Joar Darve. Ou the other hand cestral distwrbamces,
sach 2 and

respondent xn Gficlt acditif sind mis en &ridence?
Pest-on, d'sstre part, utiber cw proctdd posr per
meitre ks d'un bt
do Teafant 7
A Portmencn (Reply) to Mr Spocndlic 11 2'y & poy

E

appeared 10 have a dhtinct offect oo the acoonstic
perre acthvly Do you have an explanation for thh
7

extre abweoce dafloence du yommedl ot

performed jn the human being. The qoestion &
whether this big mtency b doe to ahift of the
stimalos tme dos shift of the peak power in

whether theso aboormal AP in the bowea being are
alo the result of cochlear and of pewral metabolk
Sacyders.

A Mowtendom Ley tris risuitsty pré
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EFFECT OF TEMPORAL SUMMATION
ON THE HUMAN STAPEDIUS REFLEX

G. Djupesland and J J Zwislockt

Frowt the Labormiory of Sensory Comurmnication Syrmcwse Usiversity
Syracuse N Y USA

Absiract Tb.:qmﬂvi:yu(tbammkmpcd:‘m
of stimulos duretion was etodied
chunges at the car

muscle (Metz, 1946 Jepsen, 1955 Klockboff,
1961 Salomon & Starr 1963 Mgpller 1962,

m pro-
nomced doration effect. The sound intemsity reqobred
for a criterion respoow had to be Jowered by abouot
25 dB when the signal doraion was incressed from
10 to 100 myee.

Numeroas experiments have establihed that
!hcloudncsdshonwund.lﬁmwhmﬂrlr
3 d. The ph can be
lamed In terms of temporal It
htmdthnxlheloudnmkwﬂmby
roughly 10 dB wben the duratwon of the stim-
ulus 13 mereased by a factor of 10. This rela-
tlonship Is estabhished for sounds with marrow
frequency spectra at all practical intensity Jev
incioding the threshold. Broad-band nowse
_'.u“ hold kevel an ption. Un-
der many dropmstances, the apditory system
acts as if 1t were a linear energy integrator
One well-known anomaly ss compared to truly
linear Integrators, shows up in the tme con
stamt that decreases from aboot 200 msec at
pear threshold levels to 100 msec or less at
moderate and high leveh.
The exact locus of the apditory temporal
summation Is unkvown. Nevertheless, severa!
experiments have mdicated that 1t Is in the cen-
tral nervous system (Zwislocki, 1960 1969)
It 15 well known that acoustic shmulation of
ngh intensity (80-90 dB S.L.) 1s followed by
a bilateral change in the scoustic impedsnce of
the car These impedance changes are brought
about by reflex coutracnion of the stapedins

Acra Orolarymg 71

D land, 1965 1967) According to zval
able experimental evidence, reflex coatractions
of the stapedivs muscle are produced by seurd
sctivity In the superior olivary complex. There-
fore, the contractions should reflect the tem-
poral avditary snmmation enly if the summs-
ton occurs at or below the level of the supenar
olive Some temparal summation occurs in the
muoscle hself, but its time constant s on the
order of 50 msec rather than 100 or 200 mee
(Galambos, 1956 Zwislockl, 1960) The cffect
of temporal summation on the acoustic stape-
dms reflex may be determuned by measurmg
the reflex threshold as a fonction of stimmios
duratron. We undertook such measurements to-
gether with some suprathreshod ones

MATERIAL AND METHODS

Sx subjects, 4 female and 2 male, took part
in the experiments. Their age ranged from 1%~
23 years. The sclection cnteria weres no ob-
servable pathology umpon otoscoplc examind
tron, and nonmal hearmg.

The reflex changes 1n the scowstic [mped-
amce at the eardnum were detected with the belp
of the Zwnlockl acoustlc brdge (Grasen-Stad-
ler Co, type E 8872A) The output of the
bridge was picked up by & small microphone,
amplified, filtcred, and fed to a voltmeter 23
well a3 to a0 oscilloscope. In the mamn expenn
mental series, the amplification, filtenng and



Effect of temporal summation on the human stapedius reflex 263

T LY

§ 5 3

]

SOUND PREEMURE LEVEL L4 D8 AL 00002 DTH/OM

© i

)

oo
DURATION B WBEC

vofinge fndfcation wers performed by a GR
Ware Amlyzer 1900-A, and the flier band
width amonnted to 50 Hz. The obtained results
wero checked by means of another clectranie
sct-up with a redueed nooe level and a filter
bandwidth of about 500 Hz. The long time
comtant of 20 msec mherent in the first set
up was the main reason for checking. The mes-
cic trme constants were found to be apprecably
longer than 20 msec and the resolts of both
sz7ies were emsentlally identical. The bridge sig-
ml comsisted of a continmous 500 Hr tone
maintained at a comfortable soumd mtemsity
well below the reflex threshold. The mmdle
reflex was eliclted contralaterally by means of
2000 Hz tone bursts of variable duration and
miennty The rise amd fall tmes of the bursts
smounted to 5 msec and the duraton was
measured between the balf-power points It
was vaned within the range 5-3 000 mscc The
bursts were repeated at & mate of ons per 5
¢ to avoed amy poticeable reflex interactions.
Tt:hurnlmmﬂtymcmnn&edbymm
of a Hewlett Packard attemvator sct (350 BR)
I 1dB seps.

The experiments began on every subject
with the measarement of the ear-canal yolume
shose effect was subscquently eliminated by an

brdge sctiing. As & next step, the
bridge was introduced into the ear canal and
w23 balanced. The absolote impedance at the
frdm was noted. Next, the bridge was

y fo lmp
The Iatter were indicated by the vertical amph-
tnde on the escllloscope tube. The stimulus in-
teusity was adjusted so as to satfy onc of the
following three criterfa. minimum visnal detec
tion Jevel (VDL), 20% and 50% of maxtmmm
Tesponse,

RESULTS

The results are shown In Figs. 1to 5 The first
figure shows the relatonship between the stom-
ulus doration and the sound intensity required
for eliciting a just viible Impedance change,
20% and 50% of maximmm response The
points Indicate the means of three mewsore
ments carried ont on the same subject. The
duratlon of the tons bursts in millsccouds 3
plotted on the Y-axn. The sound peessure level
n dB re 0.0002 dyn/em?® Is plotted on the
Y-axn.

The results Indicate that the duration of the
tone bursts has a pronounced effect an the sta
pedins response. The effect Is about the same
for all criterion level. For this sobject, the
sound intemsity had to be lowered by about
30 dB when the signal duration was incressed
from 10 to 1000 msec in order to malntain
the criterron respoases.

The shift of the reflex threshold obtained
on a group of 6 subjecty 23 & function of stim-
ths doraton is shown iz Flg. 2. The

4



264 G Dfuperiand and ] J Zwidockd

o
DLAATION I8 BALC

individual resnlts are plotted by means of dots.
The curve is drawn through the population me-
duans. As Is mdicated by the curve, the median
threshold intensity bad to be lowered by about
25 dB when the daranon of the tome burus
was increased from 10 to 1000 msec. This Is
about 2.5 tmes as much as would be requred
for constant loudness.

The reschts indicate that the eflc time

MEDUAN ~ § SUBJECTS

dh:ncdby!hewld.thu!theuppcrmnn
lower trace ind the h In
Fig. 3 b shown the effect of a 500-msec tone
burst. The time scale ks 100 maec per divislon
Note the slow rise of the response, indlcatmg
a long process of temporal summation. The de-
cay appears to be somewhat faster but this b
mninlydmtomupthlﬂ]uﬂun.Admcrcx

ds similar nise and decay time

constant of integration B about 200 msco—
the samc as for the threshoM of audibility
The following three figures refer to the
wtic bridge outpnt as seen oa the oscillo-
pe screen. The cutput voltage s roughly
soportional to the mmpedance chanpe It b in-

comstants. A Jost visihle impedance change
elicdted by a 10 msec tone bumst b5 shown in
Flg. 4 The time scale is again 100 msec per
divinop. Without changing the sotund ntemsity
the duration of the stimutus was increxsed from
10 to 100 msec. Fig 5 shows the resulting re
spopse It is much larger than for the sharter
burst.

|

Fig 4 Samo as Fig. } for near threihold respoos
Seinurtos dora

daration: 10 meec.
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Fig. 5 Sarme 11 Fig 3 for  ten times lonper stim-
ohe.

DISCUSSION

The results Mustrated in the figures clearly In-
dicate that a temporal summation with e time
coostant on the order of 200 msec affects the
acomtic responscs of tho stapedios muscle.
Sice the temporal summation that takes place
in the mincle rself has 1 considerably shorter
tume constant (about 50 mwec), we assume thet
the Jong-term temporal summation is the same
as for the threshald of andibility and Joudness,
If this sssumphon i3 corredt, the site of the
temporal summation must be located within
the reflex arc of the stapeding muscle. This arc
does not scem to extend beyond the superior
offive. As & comsequence, the temporal summa-
thon skould take place o the superir olive, or
below A lower location b unlikely since the
Jong-time constant would make the suditory
fydtem imenutree to small dichotie time dif

dearyey arc foand in stughe auits of ¢he coclicar
noclkeus, bat these Jatencles may be due to the
activity of the efferent system. Therefore the
superior olive emerpes a3 a likely sitc of the
psychophynically spparent temporal sunme-
bon,

RESUME
n secmplltté do réflees

dBimlowée deavicon 25 dB lanquoa
Dgmexta la darés da aignal 8 10 160 mses

der
vamruﬁn,mw;dn[mn‘h'fmmmﬂ
fibr .5 dB reduriert werden wenn die Dangr voo
10 x 100 ma. veclingert wade.
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1 HB o 144 (04789)

ACUTE VESTIBULAR DISFUNCTION A}

i (ENDORGAN TYPE)

I [
"
ro—rs

12

mA HUmA
NORMAL THRESHOLD D.P —L

M’Muw\uw IJJ‘.@.’,,LM
toma

2mA UmA

b g
® r

matan from the remaining intact labydnth
This is realired on the one side by the nevronal
connections between the labyrinth and the ves-
tibular nuclel, on the other side by the feed
back circults connecting the primary v

ol

g1

hold tru¢ for the vestibular efferents originat
ing from the vestibular nuclei and the reticular
formation a1 known from nearo-gnatomical
studies 1n cats and rabbits (Gernandt, 1967
This feedback tanl king upon

centres bilaterally with the superimposed inte-
grational centres of the reticular formation. It
i well known that the reticular nformaton <
capable of modifying the reception and inte
gration of sensory signals at the fint synaptic
level (vestibular muclei) to the degree that some
will be perceived and others refected (Ger
pandt, 1967) On the other hand the afferent
flow of mpulses in many scnsory systems is
modified by activity in specific efferent fibres.
According to Sala (1965) these findings also
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vestibular responses may also be studied 1n mys-
tagmograms recorded in patients  suffering
1 sudden or progressive loss of vestibular func
tion. Modification of spontancous nystagmms
on the one side and modification of the gl
vanc responses on the other ndo glve us some
information about this specific accommodation
mechanism of the vestibular system.
Depolarization B equivalent to an increase
of sensary cell activity and acon potential fre
quency within the first nettron, hyperpolariza-
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tlon I causing the oppanite eff et (il T8y
Trincher 196%) Thiv iv evacth th ok o
action of palvank stimulathm which W haw
been usdng for thiv partheular aiwhy Cathad

stinudatl w coneawonls 1o ] pdanisathn amd
produces a ditinet Incecas 10t Th ey
of tho reving potentinly wikicke pwah ol
vante sthmulation (conogwading i M igs s
vmtion) reducen the reating dintiabe b tlw
polnt of tetal inhiMton (Yala 16%)

In & partial lesion of the vestthwks  ni
organ the fint symploms ¢ ave uoin 1Al W
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inhibition of the nystagmmus directed towards an inhibition of the ic o &

but not its frequency (Figs. 1 2)
Afn:r a sudden and complete destruction of

ohcrvcdforwvtrnlmh.rtdncmgpndmﬂy

rectcd!o‘wudsthcinucthhyﬂmh(dccrm
of frequency and amplitude) and to a faclits-
tion of the galvanic mystagmus directed to-
wards the side of the lesion (increase of fre-
quency and amplitnde  Fig. 3)

A lonmandbu totdd functiopal loss with

i y with p

Innynngmogr-mxmdcdllruddemnf
ter labyrmthectomy we may find suppression of
the spontancous nystagmus towards the normal

datlon
mmhmdhppmed llrc:dynn.hrubuld[nd
there 15 a marked directiomal preponderance
towards the side of the leston. This is duc to
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3 dation may still show 8

crease of amplitude)

Unilateral complete or partial lestons of the
vestibular nerve le a nenrumal Jesion, do pot
show analogons modifications of the vestibular
responscs by means of inhibitloe and facilita-
tion of spontancons and galvanic nystagmms
(Fig. 4)-



Central compensation of peripheral vestibidar dysfunctions

Differcaces In the procedure of  central
compensation” substituting peripberal vestib-

ular
guhmlndbym)mmodﬂﬂﬂ!mlymwbo
upknrdmtbﬂmehandbydm‘rdtﬂol(ho
central pervons system, caming disturbances at
the level of reticula formatioan and of the ves-
tibolar nuciel. We have to keep in mied that
those strociares represent a “mation for pro-
mmmlngmddim{buﬂngmlbuhrdguh
throngh hgher order neurons, coustitnting a
fink of ntmost fmportance in amal b

7

labyrinthe intact par moyem des flbrea cfférent solt
par Inkibition solt par facilltation Ce procenuy dne
commpodation ex ginérakennt compitd dam un
d&al trds court Uno Hadon au mivean do g plion

et do pemrooo péripbérique emgendra wee woLOmmIo-
dation Iscomplite ¢t retardée,
2. Le second

est un phénomine cemtral
€t noa spécifiqoe, 11 3 sght d'uno wbatltution dew fone
thons périphériques iralres  pus

moyen do boe optiquey et
1 en remart que do seTme de compenserion centrmle
rdecryd

ndjuﬂn;-:ﬁviﬁuwthﬂthcbodyhmﬂn-
tained at the best possible position to respond
to tho necessities imposed by the often chang-
ing emvircnment” (Gernandt, 1967) On the
other band the mtegrity of the efferent vestib-
whr system most bo regarded as an equally
tmportant causal factor becamse it b the
moephological and physiological basis of ves-
tibular accommodations, modifylng the re
spoase from the remsining intact abyrinth by
-dhmln;umtnnunuarcmlmnahmlddl-
cency As Joog as the penpherel vestibular
peuron remalns intact oa the sido of the ped-

vw.ﬂm].m-;l.ugl].tmccll.lcmﬂm'w"""“'helc
don.

ZUSAMMENFASSUNG
Dio vorliegende Arbelt beruht muf dem flrgebnl wen

ererbol U
bel Patlenten mit elmekigem peripberem westibuld rem
; aoter  my Mcher hoa
trolle durchgefihet worde  simd,

Die  snimle Aompemsation  pe fpherer 1 ak
oosmfulle berubt aul rwel vlllg verschiedenen
Mechantunen. Im ¢lnen T 1 handelt e sich um chacn
wperifhch Vorgang, der 1 A parong
Angicchung oder Alkowimnd flon tesiclnct wer
Get 0w wod weitpchend vom eff fewten vest halirn
Sriiem bestimme wird Mitwhs Intublion uml f ailh
tion, d b Henmung wnd Habnoer s b [
Reiirtwories der verblelbenden Id bt | by
modlurt wad 4o dem Umfang der Funktionwiabs

o der
wiches
0‘“"“" Zekt hinpt fedoch von der Integriidt b
.h"ﬂ“"‘h = Paserelemenis des peripheren Neu
ShlSirung derelben fubrl yu bocr oavoll
Oder nisdest yerrieerien funktionelien
Im andern
flachen A

Bandett ¢y skch wn elnen wmapert
zmu“.;r:.;‘“":n‘f'nu. der skch moerlulb dey
ORIt S, bepie  opthchorivelis sorwla
s et Fdlonmechanhumea k smpen-
&t “sggr i Onliry Ponk (b labuwe

Eomreaation  wilke dc‘;
Yorbehaben  bleiban
itomry, Zsatralaer
bt g i ger
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b Les &
plriences, &R anchemnes, de Madame di Glorglo
démontraient un premicr stade dinhibition aver &¢

choso de semblable?
O Seln I thank you for having quoted my
periencer T groo with yoor Interpretation. 1

DISCUSSION

P Menzio 1 whh to ask Mr Pfaliz if bo thinks that
the reslty of his cbservabons agres with some ex
pcdmmilln:lclrthﬂvhr.hlﬂrrkd out in the
graines pig and tho cat few yoars ago which I dhall

(1) The oecsided removal of the cerebral coriex
I!Imﬁymndl.&llh‘ﬂmmfd]oﬁhghbyﬂnd:
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mehcmo!!lnht:Mmle.brﬂu

To Mr Sale 1 was very gled t fod {n you 1m-
portant experimentsl work om amimab explauation
and coofirmation of oor observetions made
bunans.

To Mr Jompheer We abwo were folly ware of tho
and the matenal wa for this
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COMPARATIVE STUDY OF THE ROTATORY VESTIBULAR
NYSTAGMUS THRESHOLDS OBTAINED BY MEANS OF
CONSTANT OR SINUSOIDAL ANGULAR ACCELERATION

Preliminary Report

A Montandon S Huguenin, W Lehmann and F John
From the ENT Clinke Usversity | Gendy  Geméve Swatzeriand

Hz) corresponding to 1 given stimulos (dresh-
old of reference)

METHOD

24 persons wee tested by both methods, 17
normal and 7 pathologe.

Stimudus

(1) Comstant amguler acceleration (CAAY
Glrograph of high precision, 5 hp electric mo-
o7 with hydraulic vartator 3 clockwise and 3
Counterclock angolar  acce ut
0 /53 1 /3 and 2 /s* followrd by a sud-
den stop at 90 /3 and an ccekeration at 3 /
* followed by a slow decsieration at 4 /s
Slach gives a total of 10 stimmlatioos.

il Lorati

@) si angular (SAAY
Onxcillating system. 20 periods of 20 sec, max,
smpltude 180 max. acceleratton of about
18 /3 (the exact value is calculated each me

by the comparter)

Recording

Both cxaminations are mede with open cyes m
complete darkness. ENG m borrzontal and ver
treal derivation, de. and s.c (0.3 5) amphfica-
tion. Sef sdow recording of the

of the frame at a speed of 2 mm/s.

Anaiysis of the traces

CAA Correction of acceleration and determi-
nation of average valoes of frequency at the
maxmum steady leveh. Calculation by meam
o ¢ componr (B PR} eambrasors i
log. slope of regresyion lme, valustron of er
rocs, culculated thresholds at O level and at 1
Hertz in logarithms and in real valoes.

SAA Counting of the number of beats by half
period (10 sec) and by side (right, Ieft) meas-
urement of the amplitede of each correspond-
Ing osclllation period of the scat By means of
& compater calculation of the mar. accelera-
thoa of each peniod logarithmic transforms-
von of the acceleration valoes, caleolstion of
the slope and mtercept of regresssoa line.
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Unirersity of Basel
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DISCUSSION
P Menzio. 1 whh to ask Mr Plakz if he thinks that
the resolts of his obstrratior spres with some €X
perwnental which I canied ont in the
Faines pig and the cat & fow yaany go which I shall
wrmmariss

Trlelly
(1) The coealded remomal of tho cercbaal cortx
strongly modifies the phenonwna following Labyrinth

Acta Otolaryug 71

peper B & sindy of purtly peripheral vestboler
leslomy and therefore the fomilts of your importast
experimental Dot bo included b the

To M Saie I very glad to find i your Im-
poriant cxperimentsl work on animab explmation
and comfirmation of cbservations made i
bomans.

incinding L P sed EM.G)
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00 devel, 07 f5* (0.5-1.2) and 10 /s (0.5-
49t 1Hr

L orost be emphasized that a similar loga-
fhmse correlation between the stimulus of
couttant sogular acceleration and the nystag-
mic response bas been found, as was formedy
demoastrated for the sinusordal stimulos.

For both procedures the nystapmus fre
Tuncy varles ax the logarithm of the stipudiss
(Fig. 2).

Two farther remarks must be made concern-
It the resolrs. First, the sinusoidal mystagmic

are higher or cven
mach hgher than the unMdirectional oues, du.
1o constant angular sceelerntion (Fig. 2, 3) n

"R Rysagmosthrsheld  Mecmat  3AK
"

3

Rotatory vestibular nvstagmus thresholds 775

Fig 2. Nystagons dhiresholds by
CAA (pormal case).

the sxme mdividoals, That differcoce rapudly
above the egraus fre of

1 Hz as has been shown considering the stim-
ufl that are pecded to reach 2 Hz Secondly
the Tmits of vanation at each lovel are cv-
dently larges for the stmmsoidal thresholds.

Some cases 1how a good coacordance be
twven the two methods, others do not. Bat
hitherto we could find no sathfactory explans
tioa for snch disagreement.
Pathology showed nmilar concordsnt and
coatrovertible results, especally when asym-
metry of thresholds or latent nystagmns are
coacerned. Further research by therefore peces-
sary before drawing conclusiom.

Fig 5 Nystagmus threholds by
siwsoktal angotar
SAA (normal cam).

Acss Ovel
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COMMENT

The loganthmic correlation between angular
acceleration, whether mnmoidal or constamt,
and nystagmus nceds to be pomted out, con-
trary to the central electric stimulus, which is
linear It suggests the possible existence of a
particular property of the vestibular receptors
and a similar mode of stimulatron in both pro-
cedares.

At a low mate of sumulns, near the emer
geoce thresholds, there x5 no large difference be-
tween CAA and SAA. The divergence be
comes progresuvely more important on reach-
mg higher frequencles of nystagmus, at 1 Hz
and above. Tho requires a relatively higher ef
ficzency of the sinusordal shmmlation at a low
level of mtensity than at a stronger one. The
same dlvergence appears concerning the extent
of mdrvidual variations m the value of frequen-
cies at different kevels of shmulation. Comse
quently we may say that desplte of same con
cordance, po Linear correlation was observed
between the two methods,

In practice, m order to avold any confuston,
it should be remembered that torsion swing
and contrmuous acceleratory rotatron arc not

the function of the vestibular system and
e1r quantification. 1t is therefore neceasary to
speefy  whetber  the nystagmms  frequency
threshold s set at zero, at emergence or at
1 Hz and which method of testmg is used.

RESUME

Le sull d'émergence on do référence du nyshagmm
chez Jes mimes mijen par Fotliation do
deccéiére-

swel " Retrmethoden. skomsok
mmwmlﬂmm[ﬁ:m
ein Vergleich rwischen [hren respektiven Freqoemx
parametern.
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A Momtandom (Reply) to Mr Portmann. 1a drofte
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méthodes dans oo cm

To M Groem and T The coostant

rotatory Rimulos we have wsed b3 Of cowrse an an-
3 well s the accelera-

pedar

ton. But ft mst be recalled that the object of this
stody wms t0 establith what degres of corrvistion can
be foond betweem two vestibolar testy which are

frequostly comidersd 13 equivakent In clmical work.
To Mr Jomgterr, Using a comstant acceiera-

Oystagmic respoms least
'hh:!alﬂntwchmdn;(l /¢ during 180 ).
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MORPHOLOGICAL AND HISTOLOGICAL CHANGES RESPONSIBLE
FOR THE DROOP OF THE NASAL TIP IN ADVANCED AGE

J Krmpoti Nemant, I. Kostonié, P Rodan and G Nemamé

Fram the Amitomy Departmsent Drogo Perork™ of the Medical Faculty
axd from the Otolarynpologicel Clixic of the Gemernl Hoaplial D Misden Stojancvid™
in Zagred Yuposlario

In advanced age a drooping of the nasal tip
can be observed. This fact has been described
in Belgrem by Hoyer (1925) and m Franee by
Bertilon (1925) However no explicatron has
been grven.

In order to explain this fact we have per
formed nvestigations in persoms of different
age groups, in cad and on lstalogical sec

nasolablal angle is, in general, grester than
90 The pasal tip s firm and does not change
its posittan by mclinatron of the head towards
the left or the right.

2. Between 14 and 21 years the relation be
tween the thres parts 13 1 1 1 The nxso-
1abial anglo is 90

3 In persons between 35 and 56 years there
can be noticed a drooping of tho nasal tip and
its inchnation towards the left or the right side
on incliration of the hesd. It & mare pro-
notmeed in females,

The droopmg of the ngsal tip it still mare

ons throngh the nasal cartilages.
/To be able to judge better the changes of
the structores of the external noss in sdvanced
age we have dvided the external nose in three
parts, Le. the fixed part composed of the nasal
banes, the semmmoblle part formed by the up-
per Lateral cartilape snd the mobile part formed
by atar or lobular cartilage. The term alar car
tlape 13 not suitable since the ala of the noso
does not contain any cartilage becaunse it b
formed by two layers of skin, The inferior mar
gin of ths lobuler cartilage corresponds to the
alar ks,

In the persons of different age groups we
have foond as follows:

1 In children the relation between the three
parts of the pose 3 0 1 1 which means that
the osscous pert & not yet developed. The

dcta Oroloyng 71

ced between 68 and 96 years of g
Inthnepﬂmmdxmnlmobﬂemdmobﬂﬂ
parts of the noso are much longer than the
fixed part. The nnsolabial anglo bs affected by
the presence of teeth or the wearing of a prov-
thesis, In both cases the naso-labial anglc 8
under 90 If ths person has oo teeth and does
Dot wear a prosthesrs a paradoxal incresss of
the nasolabial angle can be obscrved due to the
reduction of the atveolar process (Flg. 1)

By dissecting the external noss in 20 bodics
in the age range 1-90 years wo have found
that in children and In young sdults the shr
cartilage is comvex Iaterally Its upper border
B curved inwards, forming ont or two rec
tangles. The cartllage Is situated in yuch & way
that jt covers the inferlor part of the tnangular
cartilage. The latter fs abo curved towards the
lateral side a3 has been already described by



b hg

Fig I The raal curtilages and their fragmestation
h old persont.

Pech & Cannoal (1969) In sdvanced age the
Jobular cartilage becomey thinner and fooses its
uumcxitylusu-peﬂorhorduh d and

Droop of the nasal tip In advanced age 279

shows a fra. Al n th

ofnmllpioouufcmﬂ:;e.'lhpwccs(m
the sccewory cartilages, At the same time &
Iragmentation of the inferior border of the tri-
sngular cartilage takes place.

tilage and the comnective tsue show in ad-
vapced age the same changes a3 in other parts
of the bady (Figs. 3 4 5)
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Bertfflon, 1925 Revos dasthropologie, Ser 3 T J Pillemot When you showsd pictores of homan
2, p. 138, 1387 cit. Denker A. & Kabler O  Proffles you spoko about nmalablal™ anglo and not
A der Hels-N. k Tiund Bd bout scptolablal sagle Mlight thers pot be a big
LI -1 F Rerfn-Lidnch between these two amgles?
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969 Amatomle chirorgicale
du nex. Cat ORL, T 4/1 63 La Sinare,
Tours.

— 1969 La chimrgie comectrics de b points dn

Stzatrma, B & C. 1951 The asetomical
relationship of the hateral paml cartiags to the
; ranl booe end the cartllaginooy septman.
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PHYSIQLOGY OF NYSTAGMUS

T Fokode and T Tokita
From the EN.T Departwent of Gifu Mrdical School, Gifa Tepen

of a radio-telemeter The present telemetry sys-
tem was designed to record not enly eye move
ments but also movements of the head in order
to imvestigate the relatdonship between the
movements of these two parts of the body
Now we shall demonstrate our findings a3 re
vealed by the sumultancous graphic recording
of eye and head movements.

)Asblbownln}:'xg,l ckectrodes are applied
to the canthos regions on both sides of the
head m erder to record eye movements, Three
accelerometers are attached to a helmet, one
on the top, one an the right side and remain-
Ing one at the rear Three accekerometers arc
able to record lateral, anterior posterior and
vertical movements respectively Chaneel 1 re
cords horizonfal eye movements. Channels 2,
3 4 record the degree and directson of acceke
ratony of the head 1n three axes, ic. Iateral,
antenor posterfor and vertical axes xs shown
inFig 2.

When & subject began to walk, spikes ap-
peared in Channel 4 jndicating vertical head
movements and, on turning around or chang-
ing the direction of walking, brisk cyc nystag-

Aca 71

mus occurred as Iy seen in Chaanel 1 of Fig 3.
However when 2 subject underpomg ddd
changes direction on command, such multipk
nystagmic movements do not occur oot
chanpe in direction being accompanied by only
one nystagmus b clearly shown m Fig. 4
Here you see a rotaton which is calied
“parouctte” int ballet terminalogy One rotation
was wmpanied by one nystagmus, and the
nystagmus is not only a movement of the eyes
but also a movement of the head. Two rota-
tons of the same tomn evoked two nystagmic
movements as shown in Fig 5 The eye move-
ments are ndicated m Chanmel 1 and the hork
zontal head movements in Chaomels 2, 3 It b
unportant to note that two nystagmic move-
ments of the eyes are accampanied by two nys-
tagmic movements of the hesd, and the head
preceds cye

Now a balfet turn which is called *tour d¢
chanes” is shown, This turm b performed by
both a skilfol ballet dapcer and a novice. The
former showed synchronous mystagmic maove-
ments of the eyes and head as is shown io Fig
6, whereas the latter exhibited very erratic and
Ieregular head and eyc movements. It is im-
portant to notico the iregnlar vertieal move-
ments of the bead which 1 shown in Chan-
nel 4

Now you still observe the eye movements of
varous subjects durmg a skanng spin. The
graphic record (Flg. 7) of a well trained skater
showed many small bat regolar nystagmus dur
mg a spin. The graphic recard of & moderaely
trained subject showed larper amplitude but




i
i
'
?
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Fig 1 Redtelemeter to record both eys end head
movements tmalianeonly

lens frequent nystagmms, wheress the recoed
of & povico showed very irregular and erratic
nystagmos. It s very interesting to pote that
marked eye mystagmos was clearly evidenced
during rapid turnings of the spin.

Next, we would Fke to thow the nystagmus
of & skilfal baliet dancer during aod after torms

Physiology of mystagmus 283

Nystageres o Changing the Dirsction of the Gak
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PHYSIOLOGY OF NYSTAGMUS

T Fukunda and T Tokia
From the EN.T Department of Gifx Medical School, Gifs, Japan

movements of these two parts of the body
Now we shall demonstrate our findings as re
aled by the supnl graphic recording

{,eye and head movements.

As 3 shown jn Fig. 1 electrodes are applied
to the canthus regions on both sides of the
bead m order to record eye movements. Three
accelerometers are attached to a belmet, ome
on the top one an the right side and remmin-
ing one at the rear Three accclerometers are
able to record lateral, antenior posterior and
vertical movements respectively Channel 1 re
cords honzontal eye movements, Chaunels 2,
3 4 record the degree and directron of accele
rations of the head m three axes, 1e. lateral,
antedor postenor and vertical axes as shown
mFig 2.

When a sabect begm to walk, spikes ap-
peared m Chamnel 4 indicating vertlcal head
movements and, on turning around or chang-
ing the direction of walking, brisk eye nystag-

Acte Oxciaryng 71

mus occnrred s s seen {n Channel 1 of Fig. 3
However when a subject undergoing ddll
changes direction on command, such mubtple
oystagmic movements do aot oftur  ooe
change in dmection being accompanied by only
one nystagmus iy clearly shown 1o Fig 4

Here you sto & rotation which s called
*“pirouctic” 10 ballet termmalogy One rotabon
was ied by cne and the
nystagmus is not only a movement of the cyes
but also 8 movement of the head. Too rota-
nons of the same turn evoked two mystagmic
movenrcnts as shown in Fig 5 The eye move
ments are indicated m Channel 1 and the hod-
rontal head movements in Chaonels 2,3 It b
Important to note that two nystagmuc move
ments of the cyes are accompanied by rwo oyy-
tagmlc movements of the head, and the head
movemcats precede eye movementy.

Now a ballet trn which s called “tour d¢
chaipes™ s shown, Thhs turn is performed by
both a skilfol ballet dancer and a novice. The
former showed synchrooous oystagmic more-
ments of the cyes and head a1 s shown in Fig.
6, whereas the latter cxhibited very ematic and
uregular head and ey movements, It is fm-
portant to notice the irreguler vertical move
ments of the bead which js shown o Chan-
nel 4

Now you still cbserve the cye movements of
various subjects dunng a skating spin. Tho
graphic record (Fig. 7) of & wrell trawned skater
showed many small bot regular nystagmes dar
mg a spiw. The graphic record of & moderately
trained subject showed larger amplitude but
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s occurred. Then he was asked to close bls [ B e (Pirosetie) trabed webect
eyes, after finshing the torn, Many beats of

nystagrous were recorded for & long time after }-\

closing his eyes, This record Is In clear contrast
to the cne with his eyes open and this fact
was reporied by Dr Colins and others {Col-
lins, 1966)

Fig. 9 shows same interesting findings on
pystagmns of the same dancer after he had
been rotated passively 10 times in 20 secin a
rotating cheir instead of turning actrvely

through his own efforts. His eyes were open. L;,r,[_,ﬁhL

After tho rotanon, hu eyes showed no nys- ___fn_r_'j______ ~ Iy i
tagmic movements. Here you can see brisk eye lm-lu:r(' vy
nystagmms occurred  during the rotation, but -

once the rotation ceased, eys movement was IAJ UJ‘MIJ 4 ”‘SJ
scarcely detectable 23 you see in the recordmg. upward e “vl J?Jﬁtﬁﬂmﬁl T’T
When a physcally antrained person (a normal downward‘ SUIR W11 s B Y] Dot o
adult) was rotated In an identical manper a ! {MMH«*M"?' o1 47
marked postrotatory nyrtagmus could be seen. | T —— ot

Ancther chanacteristic phenomenon observed Fig 5 Two rotations fn s “phrouctte  werp sccom-
In tho skilfu! ballet dancer is singlc largs mys- Panied by two nystagmic movements of thw 7o &

Ry

1 O
e ]
x 1l \J\']‘

N —————

t — \V\ /\t W\NM'V\‘/W___ B e e 2 e ]
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Baltet (Towrs chalads)
Trakeed seckpec Sepaner
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tagmus accompamed by esch rotatlon. Ten
TYMEEITS movemens wett thaerved dming
the ten rotations. With a cootrol subject, nys-
tagmus of incoosistent emplitude ocoumed b
regularly during rotation m a rotatmg chalr
Finally wo would [ike to mention some dif
ferences between a akating spin and & ballet
tarn. Here you can compars a “tour do
chatoes  with & skating spin In Fig 10 Ia
the former the eyes and head show tmbson
colncident movements, Tn the latter the eyes
thowed brisk nystagmic movements whereas
the intignificant bead movements were nelther
mystagmic nor rhythmbe,

Acm O
-
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Fir $ Retords of mystagmas during and after porsdve rotations on a rotarbog chabr of the same skilful
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Thus it is conclnded that the nystagmus B
an esscatial physiological factor of our daily
locomotion. Human beingy have leamned to
control this refiex phenomenon Rystagmums™
Ingeniomty and to utifize it for the smooth per
formance of our bodily movement: therefore,
nystagmus i ome of the most impostant and
essential motor reflexes which can be observed
in human daily Jocomotion and behavionr

soppremion in
mmeAmAadOp&dudonbm

Oﬂ.:r‘h:m:l.l’ & Pedwrocx, E. 1968 Telemetry syr
;c;brnmm.ic- Otolaryng (Saockh) 65

(Hl;l"hm],? Terkiidsen, K. & Zilstorff, K. 1968,
‘catibular respomses following bigh velocity roa-
tion, Acwe Omolery ng (Sockh ) 66, 145
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THE INFLUENCE OF UNILATERAL LABYRINTHECTOMY
ON ORIENTATION IN SPACE

G Friedmiamn

From the Medical Researck Councll Section  { N ewro-Otology Instituie of Nexvology
The Natioma! Hospiial, Oucen Square Lomdon W.C | England

{Recetved Awgmt .5 1970)

vieal
o determine tho
westiuhir factors ow spatial orktation, petients were
rnd price and Ju the days followiag unilateral ther
by Usfiateral

putienty opecaped mpon for MenRres duewse of
cochler-meriar degeneration Introdocrs
deriuion of the visoal vertical and bortroatal o0
warh: the side, which varies whh the mdi-
vidonl bat s jery

and
of

i

* meMTy-go-round. Mach (1875) by his experd
Dl studies distmguished between an ob-

Pt Addtrw Ot
mhﬁ, Rhino-laryngol Klmk, Bdr

W Ty

movement like circular rotation stimulates not
only labyrmthine receptors exclusively but also
the propripceptive system.  Graybiel et al
(1968) scparated the didfferent factocs by com-
pering the behaviour of normab and smbjects
with defective labyrinths in the normal situa-
tion and when immersed in water Thelr equip-
ment, however is not available for clinical use
and the methrod would be unnutable for stody
fng the inftuence of umilateral labyrinthine
simulation alone (Graybiel & Niven, 1953)
A ponfbk alternathve in the stedy of the in-
fluenco of exclustve Isbyrinthine factors upon
spatial odentatlon b afforded by teshng pa-
ticnts who had to undergo labyrmthectomy for
therapeutical purposs pre and postoperatively
The following systemn was usced as an indication
of the infloence of labyrinthine loss on the
perception of visual space

METHOD

The experimental techniqoe is shown in Flg. 1
The patient was scated comfortably in »
charr fitled with a bead rest and army, the bead
remaining unrestrained. From a dbtance of
180un(6ﬂ_)beviu"cdlbhf.kboﬂrdw}dch
carried at ity centre an illomipated rod 50 an
(1 ft. 8 (ns.) Tong which could be rotated In the
frontal plapc. With the right hand, the patient
was able to rotate the rod in & ise
antl-clockwise direction by a



4

and-pulley drive The controlling knob was cir
calar to exclude anmy spatial clues, Initially the
patient was asked to rotate the rod from the
vertical position to the borizontal position,
then back to the verircal staring positon and
vice versa. After each positioning, the observer
read the deviation In degrees (+  clockwhe
deviation, — anticlockwise deviation) The
extent of gmy error was concealed from the
patient and the posiion of the rod was not
corrected before the followmg move, Each se
uence consisted of two clockwise and twro anti
ckwise rotations, providing two determina
tlons of the horizontal and two of the vertical
Thrs sequence was repeated five times, grving
a total of 20 readings.

To famiharkse the subject with the test pro-
cedure, the first five sequences were carried out
In a lighted room but in the sccond part, the
same five sequences were repeated in a com-
pletely darkened room (a gmall Hght bemg
switched on and off after each deter

RESULTS

No sigmficant difference was found between
deviation of the horzontal and the vertical If
a deviatron of the honzontal was present, then
& deviatron of the vertical in the same derection
and of more or less the same magnitode abo
occurred. For stmpliaity  therefore, the aver
age value of all 20 determinations carried out
m the light and the dark was separately cal-
culsted and shall benceforth be referred to a5
the mean deviation.

The mean demation for the observations
carried out in the light was at no 1'me more
than 11 degree for all the subjects, and there
fore the valucs for this part of the stody are not
recarded, They served to ensure, bowever that
the subject had understood the experiment and
was menfally and physically capabls of carry
Ing it cut.

In the dark, normal individusls scored a
mean devi: of about 11 degree, and single

to read and note the degree of deviation)
Every patient thus mado 20 determinanons in
a Oghted room, and 20 determinations 1n the
dark.

All experiments were carried ont under the
same condithons and by the same observer Tho
time {ovolved was appraximately 30 min for
all 40 determinations.

Acva Osolaryng 71

valoes did not cxcced +2 degrees. Neal (1926)
has shown, that this small e of error for the
visaal Jocallsation of the vertical in the dark
does not mcrease, when repeating the task over
a prolonged period. For this remson a mean
deviation In the dark of more then 132 degrees
was comidered to be pathological This i in
agreement with slmilar figares arrived at by
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Symbol Ags Sex  Hhtory
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Tabk L Patients operated for AMlenidre s disease
Previoos Side
Hearing operations affected

Attacks for 9 years R. hexring Joss of 70 dB IM5Reccm R
beiped foc 3 months by L. bearing ko of 20 dB
et decomprestion
Very bad attacks for R. norma!
3 years L. bearing bom of 60 dB — L
Atmacks for 12 years km- R. mhdﬂ)dﬂ 1964 R uhra- R
proved foc 3 years after L. sonic destroc
uhrasanic dextruction tion
Attacks for § years R, normal — L
worse recently L. bearing Jous of 60 dB
Artacks for 14 years R, normal — L
woree recently L. hearing lom of 60 dB
Attacks for 9 yaars R. hearing lows of 60 dB - R
worse over Jast year L. sorml

Bender & Jumg (1948) vaing a different ex
pertmental system.

SUBJECTS

Six paticnts who had to undergo labyrmth-
ectomy for sdvanced Menkires discaso and
5 pabents who underwent Iabyrmthectomy be

Table I

Symbol Age Sex Hutory

]

a

L deafness sinee chilldhood
e, Sance 2
yoan attacks of vertigo

came of cochleo-saccular depeneration were
tested on the evening befors operation and
durmg their post-operative perfod. The clmical
details of our subjects are Isted m Tables I
and I,

In the patients sufferlng from MenRres
discase, the operative indication was based on
tho scverity of the attacks, the prolonged fail-

Sido
Hetting Caloric est affected
NIL
n,L—_.
R. normal R bl L
L. compiete deafnem L NIL
s
L 1'%
!’.L 10
R compieto desfnees R 1% R
L. narmal “,L 210
R__ 1 _1'|0
R completo dealoos — x
L. mormel
n.l._{_ll!
R compiets deafnen R o] R
L pormal P “pam——y P L}
R mercrat
L 208
R oormal "’R:L__Lno L
“p—i8
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& labyrinthectomy oa the right side.
Thndlrtc!budthndcrhlbnbdrrtbmnptmm

ure of medical treatment and the olready se-
vere hearing loss. In all cases, the disease was
unilateral The term cochleo-saccular degen-
eration (Schuknecht et al, 1965) was used to
describe a condition occurring in petwents, who
bad a complete unilateral hearing loss, often
m early childhood doo to a virus infection. It
is thought that in certam cases, although tho
cochlear function has been completely de
stroyed the Isbynnth as the phylogenetically
1 organ, is more resistant and although

from attacks of vertigo, it could be sald
to be duo to this impaired but not inactive
Isbyrinth even i It ks difficnlt to explan why
giddiness occurs sametimes so much later than
the original affection. Proof that there i1 still
some labyrinthine fancton fs obtained by the

WALES OF MU DO

AR LAIASEECTO KR
COCHLID ~SA0CIA AR DASENTRATION

—~
o B
Dary POTT OF

od m3+when directed towards the kion and m—
when directed towards the opposite side,

1964) was performed and special care was
taken to remove not only the membragom
canal bat also the utricle.

RESULTS

The results of our patients are recorded in
Table II and IV and fltestrated in Fig. 2.
All patients were tested for the first thme an
the cvening before operation. Noae of the pa-
ticnts at ths time had a complaint of vertigo
and none showed spontancous pystagmus on
eramination. Despite the fact that most sub-
Jects were apprehensive in view of the forth-
coming surgical procedure, the mean deviaton
in all was well within normal limits.

After labyninthectomy the patients showed
the usual well known symptoms and dhabidi-
ties, including with the
mp{dplm.wmrdsuwmuldde.uwmd-

d to fall towards the operated

presence of a resp to caloric stimulati
by the Fitzgerald-Hallpike technique (1942)
Io the absence of a respome, the affected ear
was further Irrigated wath water at 20 C for
1 min. If some labyrinthine activity could be
demonstrated, labyrinthectomy was sdvised.
There is practrcally no contro-indscation to
a labyrinthectomy in these patents and the
benefit they had scems to justify the operation,
in retrospect. In all patients & transtympanic
hby-ri.u.l.htctomy(sdmkncdm 1957 Ariagno

Acta Otoleryng 71

lee,verdgoanddcknmammtrdbybud
movements. These disturbences were more
violent in pathents operated upon for Me
méres discaso than for cochleo-saccular de
generation On the 2nd or 3rd postoperative
day most of the patients were able to perform
the test. Although they were not able to walk
or stand on their own, they could sit and s0
carry out the test withont outside help They
found the task more difficult than pormal sub-
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Table INT  Pattents operated for Menlére s disease

Pre- Postop.
Symbol  op. Duyl Day2 Duy) Day4 DayS Day6 Duy7 Week2 Weck 3 Week 4 Wk 5 Week 6
® MD -19 +91 +358 +43 4354 +3 +04
H 21 +94 61 -43 +3 431 02
Y -16 +B8 434 +43 +36 ~28  -05
N B S S S S +
A MD +04 Very giddy -51 -29 -12
H. +04 -37 -32 -13
Y +05 —45 -15 -09
SN — e = -
OMD -14 +179 +177 215 +203 +119 +79
H. -17 ~178 +172 -214 +203 <19 -719
v -L1 +13  +182 ~215 ~-204 +118 %
SN — B e + = + -
H MD +a6 -1 -107 -~ &9 -03
H. as -119 -117 -104 -03
v +0Q7 —-101 -~ 97 - 74 00
SN — +4++ 44+ 4 —_
OMD +03 ~-69 -101 ~47 -73
H. +0.7 -75 -107 -57 77
Y +1 -63 — 96 -36 -69
SN — N T
MD +13 +10.6 -62 +43 <437 -3 -39
H +12 +10.4 61 ~35 +33 ~46 ~18
v +13 107 -63 -~52 4 +33 -39
SN - . . T p

Abbreviations. M.D —Meaa deviation, H.  mesn vatos of 10 deserminations of the bortzontal, V - mean vahoo of
10 deserminations of the vetical SN -rponianeous mystagmas (+ =fist, + + —scond, + — thkd degree).

Table IV Parfents operated for cochleo-saccular degemeration

Pre Poatop.
frmbol op Dyl Day2 Dey3 Day4 Dey5 Dey6 Day7 Weck2 Week 3 Weck 4 Werk 3 Waké

QOMD 415 22 14 o0 -02
Ho o+ -1 -18 ol —-04
Yoo+ ~14 -0 -ol
EN - ¥ - - -

*MD 12 Very pdy 26 +36 32 3
Hoo-17 23 3 31
M -0t ~27 -3 +4 +33 -7
SN — + - + -

AMD a1 Very giddy 72 ~-17 os
Ho -6 -7 13 07
v a4 71 21 10
N —

O MD +07 +09 3 1 38 00
H 1 +16 57 1 5 -0
v 04 +Q2 44 3 26 o7
SN —

®mMD 03 41 s 25 -04
H -06 36 26 -3 o3
Y 00 46 24 -2 -a3
IN — -

Abbreviatoons. we T the 1L
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MEAN DEVIATION IN DISORDEAS OF THE VESTIBULAY ORGAN

poouy (1-10)

i
“iy

o
0O LMo
O ST

Fig 3 Each column representy the vale of the mean

Jects, bt their mean deviation remained within
normmal limits as long as the test was performed
in the Mumunated room, so that vmoal cues
wrere available,

In darkpess most patients complained that
the [tne appeared to movo or was umharp or
bending in different directions, but after over
coming thesc wnitial ddficuldes they performed
well and were constant in their settings. Al

were on a variable dose of Prochlor
(“Stemetil™  and Dimenhydrnate
y;-amnmlnc")upanolthdrpoﬁ-opcndve
~eatment. They stayed nonmally in hospital
for 2 week and wers tested during this time as
often as their condibon and facllities allowed.
Regular follow-up in short intervals was diffi-
cult after discharge because of tho travelling
Involved.

It is evident that unilateral labyrmthectomy
introdoces a very marked deviation of the visoal
vertical and horirontal in the dark, which
Is always directed towards the operated side
(Fig. 2). The deviation is most marked in the
first week following operation and tends to re-
gress rupadly during the 20d and 3rd post-
operatrve week. No significant difference could
be found between the deviation of the horizon-
tal and the deviation of the vertical.

Acsa Otolaryng 71

AFTER LASTMNTHICTOMT (a-44)

deviation for one patient.

The deviation & much more pronounced in
patients operated upon for Memédres discase
than in those operated upon for cochleo-
saccular degeneration. As already mentioned &
stmilar difference between the teo groups was
abo noticed for other postoperative disturb-
ances. Although the majority of patienss follow
a similar pattern, there wre [arge Individual dif
ferences concerning the extent of the patho-
logical deviation and this is more evident in
the group of patlents operated upon for
Meniire s disease,

In summary- unilateral labyrmthectomy In
patients operated upon for Menidres discase
or cochlco-saccular degeneration fotroduces 2
marked deviation of tho visual vertical and
horizontal towards the operated sids which
vanes with the Individual bat is fess pro-
poanced fn the group of patients operated
upon for nenrolabyrinthitts.

DISCUSSION

Earller giudies (Friedmann, 1970) have shown
that patsents suffering from peripheral ves-
tibalar disemse when tested in the pon scute
mp.mnnmma]nmdﬂhﬂn(ﬁ&n.
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In additon the vast majonty of patients who

have underpone labyrinthectomy for Memd
res diease compensate fully and their sub-

foond to be pathologically ramsed between 3—4

laby Y on in space 295

tagmoy. Dishoeck et al. (1954) were unable to
provole any horizontal nystagmues in a patient

boadn-stem tomour although suffering from a
verncal gaze paby bad a highly pathological
mean deviatton (Friedmann, 1970)

degrees and directed towards the op d side,
even when tested at keast one year after opern-
tion. The results of anmal experiments (Ger
wmdt & Thulin, 1952 Precht et al, 1966)
hxve shown that after unllateral labyrmth-
ectomry or vestlbular perve sectson, the spon-
tmeons peural sctivity of the fpsilateral vest
fbular nuclens will be severely reduced, where
n the activity of the contralateral mclens will
remain unaffected, therefore a state of central
mbal h ceated. Reactivation of the de

Ob ly spacc T s not only de
pendent on the localnation of an image on the
retina, but it i also Influenced by extra-retinal
factors and based on an interplay of vismal,
propooceptive and which
takes place in the braln-stem (Bender & Feld-
man, 1967) probably in certaln neurons of the
reticular formation (Duemsing & Schasfer
1960) Whereas viszal stimuli arc pormally
dominant as is evident from the finding of a

1y ibular mocleus bly through
the reticolar system takes place in the weeks
following operation, and 10 leads to a compen-
sation of the peripberal defect at a central
kvd.lnﬁonmpmjmumdmcunrﬂ
remainy | lete (Sprepel &
Dcmctrhd.u,wﬁﬂunrwﬂﬂ McCabe &
Ryu, 1969) The prodoction of an abnormal de
viation by labyrinthectomy seems to be there
fore amother ifestation of tomus imbal
it the lcvel of the vestibular nockel It i a
temporary phenomenon which regresses post
P y and disapp pletely In most
ey
It b5 temptmg to explaln the oocarrence of &
deviation in terms of & simple rotaton of the
eye ball and the retima provoked by a tomms
difference of the eye muscle. However Fischer
(1927 1930) the Aubert p
Doo—ihe fact, that a vertical fMummated line,
when observed with the head tilted to one sido
ippcars to be tited to the opposic side
(Aubert, 1861)—coald find no simple rele-
Gomship between the degres of coumter-roll-
Ing of the eyc balls and the angle of the appar
ent tilt of the vertical. In the same way Vogel-
fang (1961) has shown that the opto-gyral tu-
sion does not depend oa the presence of oys-

important after the exclosion of visual cues.
The multtode of factocs involved in spoce
perception may explain the large differences in
our patients. It scerns Tkely that people with
a long standing and probably constant loss of
Labynnthine functon resulting from sech con-
dhbmncochhmncculndcgmcnﬂmwﬂ]nl
ready bave top
knnbcfmopmﬁou,mdwhclmnﬂ:cu:d
by labyrinthectomry Patients with Menddres
discasc—a floctunating condition winch appears
later in 1fe—may have developed less compen-

that patients suffering from Menddre s disexss
show an exsgeerated reactlon to any vestibular
stimutos. In their study of 77 patients who
underwent labyrinthectomy for Menidre s dis-
exse, Simonton & Scizma (1958) could find no
preopenative criterium to which the resultant
postoperative  disability could be related. It
scems Akely that even with improved methods
of measuring labyrinthine function, we will pot
be able to forecmst the disturbance resmlting
from the loss of veswbular function, becamso
of the multitude of factors fnvolved and the
large Individml differences, when reacting

AcmC
-
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them. If we are therefore interested in knowing
how vestibular pathology alters the behavionr
of patient, it will not be cnough to measure the
sensltivity of the peripheral vestibular o1gan
alone—which will remain at zero after la-
byrinthectomy-—but we will also bave to meas-
ure functions which necessitate the interaction
of the vestibular system with other systems,
in order to be ahle to assess the development
of compensatory mechanhms. In this respect
the measurement of spatial orlentation n the
k could well prove of importance In provid
)'mplqmnuryin!crmadm

s

CLINICAL APPLICATION
Axhnbeminduwdmﬂulhtcnhmt

occurred ebont twice 2 week and since the
onset he had noticed left-sided tmmites and
deafness. The onset of the attrcks coincrded
with hs mother's fatal lliness doring which
time he bad 2 good deal of extra worry

On cxaminatton he appeared a fit and
healthy man. Nothing sbnormal was to be seen
m the ears, note and throat,

Cochlear function: Left—same deafness was
present for all frequencies within the ramge
200-8 000 c/s, severe for the high tonsy.
Loudness recruitment was complete Right—
normal, Caloric test. Absence of the left re-
sponses, slight directional preponderance to
the nght of the right caloric responses, No
other vestibular abnormalities.

During the courss of the mormng the patient
told us that he felt as though an attack was
coming oa and a persistent mystagmus to the
right with a romcn-y clcmcm developed dur
ing the graphic
nudmwcrenmngedlntbenﬂcmoou.Bthb
time the mystagmus to the right had disap-
peared beung replaced by a third degree ver-
tbular nystagmus to the left, which was en-
hanced with both cye closure and darkmess
(Fig. 4 T) Indicating a peripheral vestibolar
lesion (Hood, 1967) Immeduately after the
electroaystagmographic recordmg tho patient
camed ont the described test of spathal ories-
tatlon.

A markedly pathological mean dewviation
was found of +18 degrees The singlo valucs
were fairfly comstant and no differenco was
found between the horizoatal and the vertscal

revealing in the diagn of d pe
npberal vestibular leslons, because fall com-
pensation will have taken place. Unfortunately
we were unabls to test patents suffering from
acufe Iabyrinthine lesions. One patient how-
ever suffered an acute attack of Menires
disease when attending the Outpatient Depart
ment. His history and cxamnations are de
scribed a3 follows:

E. C. 45 years o, had been muffering from
attacks of vertigo during the post 4 months be
tween which he was perfectly well. The attacks

Acte Otolaryxg 71

A diagnosis of left Menldres diseare was
made and medical trestment was prescribed.

When the patient was seen agaln | month
later he stated that he had suffered three fur
ther attacks but that he had been fmproving
recently When examined, there was no gpon-
tancous nystegmus (Fig. 4 II) and his mean
deviation was with +0.5 depree well within
normal limits,

It is Interesting that thls patient when tested
doring en scute sttack of Menidres disease
showed a highly abnormal mean deviation, but
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VESTIBULAR NYSTAGMUS—A DIFFERENTIAL REACTION

E. Fluor snd A. Mellstrdm

From the Department | O

Kerolixle Splhsset and th Department

of Antomy Karoltasls Instituret Stocihkolm 60 Sweden

(Recctrod October 1 1570)

caal at rest has a remarkably constant activity
which can be camsed to increass or decrease
during ampullopeta! and ampullofgal endo-
lymph movements, respectively These results
bave been confirmed by dmgs both from

creases in ono nuclens and decreases m the
contralateral. These results can be interpreted
in two different ways and give risc to different
questions with regard to mystagmus.

1 Arc the responses In the nucle caly a
propagation of the periphersl activity differ
ence shown by LOwenstein and Sand, wiach
should be capable of renning the vestialo-
ocular reflex nystagmus in two opposite direc
toms, ie a mooolabyrinthine bidirectional
sensittvity?

2. Is nystagmus a result of a difference m
tho electric activity between the right and left
refiex zre, Lo, the vestibular mystagmos b a
differential reaction.

Fluur & MclstrSm (1970) bave shown by
monolabyrinthine stimulaton 1n cats that the

the vestibular nerve (Gernandt, 1949 Ledom,
1956) and from the vestibular nuclel (Adrian,
1942 Gemandt & Thulin, 1952 Eckel, 1954
Duensng & Schaefer 1958) Thu peripberal
Hivity in the two directions of of
the cupua hes been called tedirectional seasi-
Uvity and only implies that the electric activity
when the cupula moves in one direc

thon and decreases when moved In anather On

y by no means significs
that it Is possible to run the vesubulo-ocular
reflex mystagmus in two opposte directions
only by stimalation of one scmicircnlar canal
That it is peverthcless pessible after a cortam
tme, to chicit nystagmus in both directroms
even in monolabyrinthino animaks, is a finding
described already by Bechterew (1883) end
Intcly studied by McCabe & Ryu (1969) The
phenomenon b dependent on centrally elicited

©o other hand, It r from
G right and the left vestibular nociel show that
ey have & constant electric activity at rest,
qul on both sides (Eckel, 1954) Durlng rots-
on of an experimental enimal the actvity in-

y b, implying the dovel
opment of a pew clectmcal activity in the vest-
bulsr nuclel on the labynnthectomized side,
In ocder to study question 2, whether the
ib may be a re

Act Otcleryng 71
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very great diffcrence In activity between the
two mdes and, consequently very mtcnse mys-
tagmus, Cold water irngavon, on the other
hand, decrenses the difference 1o activity down
towards zero. When there 5 no difference in
actrvity the patient has no nystagmus even for
a short time after irrigation (Flour 1960)
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ORGAN CULTURE OF THE MAMMALIAN INNER EAR

T R. Van De Water! end R. J Raoben?
From the Department of Otolaryrgology Albert Elnstein Collegs of

Medicing Yeshi

Ustrersity Browr NY US4

(Rocetved May 13 1970)

varloos tect for the
in vitro development of the fowl embryo oto-
Friedmann (1956, 19594, 195956 1961

1965 1968 1969) and Friedmamn & Bird
(1961a, 1961 1967) have described the

Orr (1968) has investigated dsxsoclation
and reaggregation of chick cmbryo otocysts
i vitra.

There b very little information defining the
i vitro development of the hsolated mammalian
imner esr The three attempts to cultore this

This work was supported by the Natlonal Imtitutes of
Hatth, Grant po. NB 0436502, Deafress Research

Health Resarch Coxmal, Clty of Now York, Career
Sclentiet Award ro. 1 589

inner ear are described In the following com
munications, Maximow (1925) was the fint
tnvestigator to report the in vitro growth of the
rudments of mammalian embryos. Ho observed
that otocysts contalned in fragments of rabbit
cmbryos did not undergo any changes. The oto-
cysts gradusally decressed in size and then de-
gencerated, Lawrence & Merchant (1953) ksved
a report of the culture of the 9 day rt embeyo
otocyst on a plasma clot The coltures were
maintained for 8 days by this techmique, They
report that thers was no semicircnlar canal
formation and that the cochlear duct started
to form but did not col. The cells that form
the organ of Cortl were observed to be present
in carly steges of development. Shambwugh
(1956) investigated the effects in vitro of normal
salme, Ringer sofution end Gey balanced salt
solution npon newbom-cat middle ear mucosa
and ths cells of Cortls organ. The thsues were
placed in & Pomerant perfusion chamber and
tho fresh theues wers batbed In the respective
salotions. Nommal saline caused irreversible
cellalar damage After 1 hour Ringer soluthm
caused patchy necrocytosls and Gey balanced
salt solmtion had no detrimental effects,

The mouss embryo has been selected for the
present fovestigation because many types of
genetic, congenital deafness have been identl-
fied In the mouse (Deol, 1968). Aboormal car
development may be observed and posdble
in an in
vitro enviromment after a routine organ cohure
method has been established.

Acts Osolaryng 71
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very great difference n activity between the
two udes snd comsequently very intense oy
tagmus. Cold water irngaton, oan the other
hand, decreases the difference in activity down
towards zero. When there is no dufference in
activity the patient has no nystagmus even for
a short time after mrigation (Flour 1960)
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ORGAN CULTURE OF THE MAMMALIAN INNER EAR

T R. Vap Do Water! and R. J Ruben?

From the Department | Otolaryagology Albert Elnstetn College of
Medicine Yeshtvs Undrersity Bronx NY USA

(Recetred May 13 1970)

Fredmann (1956 19594, 195956 1961
1965 1968 1969) wnd Fricdmsnn & Bird
(1961a, 19615 1967) have described the

ultrastrocture of the sensory and peural com-
poncats of otocysta developed in vitro, McAl-

Orr (1968} has investigated disassociston
:dmmmﬂﬂ'no{chhkemkyoomcym
vitro

There is very Iittle fnformation deflntng the

inner ear are described in the following com-
munications. Maximow (1925) was the first
trvestigator to report the in vitro growth of the
rudiments of mammalian embryos. He observed
that otocysts contained iIn fragments of rabbit
embryos did not undergo any changes. The oto-
cysts gradually decreased in size and then de-

Lawrcoce & Merchant (1953) issued
» report of the cultmre of the 9 day mat embeyo
otocyst on a plasma clot The cultures were
maintained for 8 days by this techniqoe. They
report that there was no semicirculer canal
formation and that the cochlear duct started
to form but dud not coil. The cells that form
the organ of Corh were obterved to be present
in eardy stages of development, Shambaugh
(1956) investigaterd the effects In vitro of normal
saline, Ringer solutfon and Gey balanced salt
solution upon pewbom-cat middle ear muocosa
and the cells of Cortls ocgan. The timues were
placed in & Pomerant perfusion chamber and
tho fresh thsves wero bathed in the respeciive
solutiom. Normal saline caused irreversible
ccllolar damage After 1 hour Ringer solution
caused patchy necrocytoals and Gey balanced
nalt solution had no detrimental effects.

The mome embryo has been selected for the
present Investipation becamse many types of
geoetie, congrnital deafness have been ddenti-
fied In the mouse (Deol, 1968). Abnormal ear
development may bo observed and possible
gated In an b
vitro emvironment after & routine organ cultore
method has been established.

Acts Otolaryng 71
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METHOD

CBA J/CBAJ mike obtsined from Jxison Jocation and the embrym removed bot kept In
Memorial Luboratories are used. The omset  the uterus which 13 then placed in o prewarmed

1H

Hanls balanced saline solution. The

metbod. Male CBA J/CBA J mice are placed  are rerpoved ono at a tme and both
arc dhyected from the embryo, The

with female CRA J/CBA J mice in tho evening.  with associated mesenchymal and neural

Females are inspected the next morning for a

1N -Tiaen

of gestation s determined by the vagml plug
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i done in sterile Hanks balanced saline solution
$) with the aid of a Leitz dbsecting micro-
, no 3 watchmaker's forceps aond fine

ufigsten probes that are presharpened to a tip

severnl microns in diameter

The excised otocysts are placed into a Petrl
dish containing prewarmed tnsue culture me-
diwm  This medium was a vanable and the
various types used arc defined in the results.
When all the otocysts are cxcised, several are
randomly selecied from the group and fixed as
coatrols.

After the tissue 1 grown in organ cultare, for
varqing amomnts of time as specified in the
results, they are processed for histology usmg
the polyester wax technsque of Ruben & Sid

fixed specimens are washed in phosphate buffer
pH 7.2. Dehydration with 2 1 1 solutlon of
methyl alcohol and methyl celhnolve B ac
complished in 2 to 3 days. The dehydrated
specimens are Infiltrated for 3 hours kn $0%
polyester 400 distearate with 10% cetyl o
cobol The organ cultures are imbedded and
left at room tempernture overnight, then stored
at 4 C. Tissues are sectioned at 7 ;m oo a
Leitz rofary microtome Sections are serlally
mounted on slides with 0 1% gelatin, Harris
hematoxylin and eosin is the stabming technique
employed. The microscopic analyshs rotes the
morphalogical chanpes and  histological &f
ferentation of the ofocyst controlt vs. speck-
mens.

RESULTS

The first proup of otocysts were cultured in
Beko glass culture chambers. The chambers
were incubated m a statfonary posivon at 33 C
Erher medium 199 with Hanks BSS or Eagk
mimmsl exsential medlmm (MEM) with Earte
BSS was med a3 the fiquid phase These media
were supplemnented with fetal call serum 13
30% of the total volume and Iactalbunun byd-
rolysate a3 025% by volume. The cultore
chambers were useful for microscoplc examina-
tion of the cultures, but differentiation of the
otocyst was pot dmectly observed because the
mesenchymal tissues prolferated rapidly and
the specimen beeame too thick. The culture
media were changed every 2 days. The sped-
mens were fixed at 4 7 and 10 days in vire
Fafty percent of 100 cultures maintained undet
the sbove condltions exhibted poor develop-
ment with vanous degrees of central necrosh.
Approumately 20% of the 50 culturcs tht
were healthy displayed some dufferenuation
beyond the development of the O hr contrals-
This was osually In the form of differenuation
of the straufied cells of the ventral poruon of
the otocyst mto early sensory cpithelhum.
The otocyst organ cultures in & secood grovP
were explanted iato roller tubes with silicoac

man {1967). Acrokin at « fioal
of 10% with pbosphate buffer pH 7.2, is the
fixathve for 1 hour at room temperature The

Acta Otolaryne 71

stoppers and rotated 1n & roller drum at § 1tV
min. The temperature of Incubatlon was 33



or 37 C. The volume of medium m each tube
was 1.5 ml with one otocyst per tube. The cul-
ture media were medium 199 with Hanks or
Earle BSS, Eagle MEM with Hanks or Earle
BSS and Waymonth medrem MB752 1 Me
dinm-199 with Hanks BSS was found to be the
best medtun when supplemented with lact
albumin hydrolysate 025% of fomal volume
arxd fetal calf serom, 30% of fmal valume An
incobation temperature of 37 C proved to be
best for Almost all

Organ culture of the mammalian Irmer ear 307
e

showed necrocytoals of different degrees. Ap-
proximately 50% of 180 organ cultures dis-
played marked necrocytosts and no mitotic
figures. Somoe degree of advanced differentls
tion was observed mn 30% of the 90 healthy
cultures. The hatological development observed
was tho formation of a presensory eplthellum
from the stratifted ventral portion of the otocyst,
In a tew specimens there were major morpho-
loghu changes the elongation of the endo-

duoct, folding of the posterior wall to
Acs Osolersay 71
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form the primordinm of the semicircular canals
and an elongaton of the veotral wall to form
a cochlear duct. This group of specimens with
advanced differentistion was comprised of a
total of 30 cultures the most advanced differ
cothtion described above was scen In two specl-
mens of the group

A third varabon In technique was as fol-
lows. Forty otocysts were cultnred in Leighton
tubes with slicoae stoppers at 37 C. Each
tobe contaimed 05 ml of motrient media and
four otocysts. The mediam was changed every
4 days. We used medium 199 with Hanks BSS
or Eagle MEM with Esrle BSS. These media
were )! d with [ hydro-
lymz,OJj% of fiml volomo and fetal calf
serum, 30% of flnal volome. This system was
designed to study the effects of scveral otocysts
In a small volome of nutnent medium, the
theory being that if the otocysts were producing
2 substance that would diffose Into the medrem
thss would act to produce a high concentration
of theso factors and perbaps yledd more ad-
vanced differentlation in the developing oto-
cysts. This did not ocour the otocysts frequent
Iy fmsed with oae another and most spechmens
exhibited extenstve necrocytosis, These poor
resulty were thought to have occurred becauss
of any ooe, or a combination, of the following
reasons: a depletion of the dissolved oxypen
i the nutriet medium e depletion of ersen-
tial nutnents of the coltore mediom, » con
centraton of taxic metabolites in the mediom
All of the above reasons can be ascribed to a
single fault in the system, too small a volume
of colture medium per otocysts,

The three basic tech deseribed, with
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free flowing air The relative humidity wm
maintained at either 70% oc 90% The op-
timal stmospherie conditon was found to be
100% dosed ar system at 90% relative hu-
midity The culture medis were medrum 199
with Henks BSS or Eagle MEM with either
Hanks or Earle BSS Fetal calf serum, 30%
total volume, 0.25% Isctalbomm hydrolysate
and 001 mmole of sodlum pyravate per 1 ml
of the culture medium were sopplements. Ex
tracts of chikken embryos andf/or of mouse
embryos were used to supplement the medrum
in a final concentration of 10% of the final
volume The chick embryo extracts were pre
pared from embryos incubuted ather 8 to 10
days of 10 to 12 dayx. The mouse embryo
extract was prepared mibig a combinaton of
12, 14 16 and 18 day gestation embryos. The
explant was grown oa cither a stainless steel
grd with lens paper coated with 1% Difco Ion
Agar a stainless stee]l grid with a 45 ym APD
Millipore filter or plain gelfoam sponge.
Medrum 199 with Hanks BSS fo an ambient
air atmosphere of 90% relative homidity
proved to be the best system. The mediom is
supplemented with 0.25% lactalbumin hydro-
Iysate, fetal calf serum 30% by volume, 001
mmole of sodrum pyruvate per 1 ml mediom,
snd 10% chack embryo extract of 10 to 12
dxy chick embeyos or 10% fetal mowse embryo
extract. Gelfoam Is a better growing surface
than b Millipore filter The surface of the Mil-
pore filter cansed the death of cells in contact
with ft. It appcars that the Milipore fller
must be detoxified prioc to utilimtion as a
p’owlnsuufunch:vhm.

lppmxlnmdytwmyothuvmﬂum,lcdm
o fourth generalized schems for growing the
mowse otocyst in vitro. The otocyst {5 explanted
into Falcon plastic organ culture dishes. The
tempersture in the nenbator fs kept at 37.5 C
and the cnltores are statonary The environ
mental gas atmosphere of the incubator (Wed
€0) was varied Scveral gm campositions were
ted: either 100% air free flow 100 air
closed system or 5% carbon dwxide and 95

oxl 90 cultures of a gronp of
IDOmhenhhywilhminmormobsﬂ'ﬂHt
necrocytoshy, talng the system described sbove
Almost all of the bealthy cultures showed some
degree of differentration beyond the 0 hr con-
trobs. The most recent cuttures have developed
h3dzyl!nvﬂmtutheequhlkn1d15tn
2 days 1n viva. The
duct clongated and formed an endolymphatic
sac. The pars supedor of the otocyst formed
rudimentary sembcircolar comah, The pars -
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shown in the fourteenth gestation day speamen
of Fig. 8
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A STUDY OF THE CURRENT SPREAD ON ELECTRIC STIMULATION
OF THE INDIVIDUAL UTRICULAR AND AMPULLARY NERVES

K. Tokumasn, J L Swzukl and K. Goto

From the Department of Otolaryngology Facslty | Medicine Usirersity of Tolyo
Tolyo J pan

(Recotved September 1 1970)

Abstract 1u the cat, single vestibalar nerve branches

Our previous report (Suzuki et al, 19692 Su-
ki et al, 1969 b) demonstrated that single
utncolar nerve  stimmhation  induced  strong
rotatory eye movements assochated with slight
vertical and horirontal shifs. It abko showed
that temporal summaton of activities in the

For the stndics in which smgle perve stimu-
Bton b important, & of melective

METHODS
“Twenty ‘nesifny cais were wed for Yha sredy

of cyc movements and carc was taken that the
gnimals were alert o drowsy without any nigns

Ih;\omnnnulnionurtquhad.lthcx
pected that stimnlation of other perve branches
bexides the intended bemnch will change the
combuiation of activated cyc mascles and abo
the mode of contraction of those mmcles. The
purpase of this paper is to demonstrate, from
the coatractians of the eye mauscles, nagie of
combened vestibular nerve branch stimolation.

Grant NB-
$6315 from the Nabom! Imitmie of Nearolopcal
Dweascs and Blindoers, US Pebilc Heabth Sermce,

USA sand the Nako Sciencs Foondetion, Tokyo,
Tapan,

of 50 & diameter vamg square waves
of 01-05 msec duration. Puhcs wero usually
ghven in tralns which cousisted of 30 or 50
pobses separated by 06,10 16,25 40 64
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aed L, Lend U U and S, and S and P are 400 .
400 » 1000 @ acd 1400 p respectively

duced with different pulse trains were super

oth lminal and supraliminal stimulations
»tcrcuscdwobsmvdnffm:ncui.uinduccd
run together in the nerve bu! are separated
near the end orpans of the canals or utrculos.
Thercfore, liminal stimulation is expected to
excile a single perve branch, while supralimi-
na! simulation might excite nearby nerves even
with an adequately implanted electrode.

Serml sectrons of cany temporal bone were
taken for histological stodies fram several suc

cessful experunents.

RESULTS

The vestibular nerve bifurcates peripherally in
the internal acoustle meatus or in the booy

Acsa Owdaryag 71

capsule and afterward the branches diverpe.
The space between each of the vestibular nerve
branches bs largest where they cad at their sen-
sory organs, therefore the stimulating elec
trodes should be on thosc portions of the
nerve. The distances between nerves at the end
organ were measured in the reconstructed
maps from senal sections of the temporal bone
(see Fig. 1).

Excitation of a single vestibular perve branch
atways Induced the same reproducible mode of
contraction in its primary and svnergistic
ocular puscles
As previously reported, Iiminal stimulation of
the anterror posterior and lateral ampallary
and utricular perves produced thelr own char
actenistic patterns of contraction curves jn each
of the primary active ocular mindes (Sczuk
et al, 1969 b Coben ct al, 1964) Thus when
sumulating the wricular nerve, ts peimary
muscles developed their maximum tension with
high frequency stumolation, those of the laters!
nerve developed maximum temsion with Jow
frequency stimulation and those of the vertical
LAC

ﬂri’Eycmmdccouuxﬁondnrh.rkancpuh'
sitmulation of

{RLR) and mperfor rectus (RSX) of the nght ¢
w22 indoced by simulaog the left amierior s
arcolar capal nerve (LAC). Trains of 30 pabes wich
03 msec width, 0.6, 1.0, 1.6 .5 40, 60 and 100
mcc interval and fow voltape near threxhold were

frequency prod
roat] ber indicates 100 mmec, and the vertial baf
10 g semion.
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canaly developed maximum tension in the m-

y

The present stody revealed that the activi-
tics 10 the synergstic muscles showed & similar
if not the same type of response pattern as in
tho promary muscles. As an cxampls of the
vertical canal type coatraction, tenslon curves
of the right Inferior obliqoe (RIO) the right
wuperor rectus (RSR) and the right lateral
recies (RLR) from the stimulation of the left
arterior canal nerve (LAC) are shown in Fig.
2. RIO is the prmary mirsclke, RIR, the secon-
dary muscle and RLR, the tertary muscle of
the kft antenor canal, As scen ln Flg 2,
the modes of thelr tenston curves were similar
although RIO the primary mundle showed the

bl

r.\@

<)
&

X

56

E)

Fig 3 Digram of the eye movements and mawcle
activity clicited tn the cxt by stimulatmg emch vesti
buler nerve branch From top #0 bottom, the Imkages
between the eye musches and the Jeft anterior am-
pdlary (LAC), the ki hiers! ampuitary (LZC), tho
Wt otricplar (LU ), and the Wft posrsnor ampulary

]
ERH

B |
.L_| ”'L_l
muscle

nerve

(LAC) and tho koft wiricular nerve (LU RIR b
the peirmary scting mucle of L1C, the tertiary muscle
of LAC and LUt a3 well.

In the middle cohmmn (RIO), the eys muxcle coo-

i the primary musde of LPC and the scoodary
mmacle of LUL

Stimnlms comfitons wers simiar to Fig. 2. Callbrs-
thoos are 100 rmec and $ g for each tracs.

largest contrachons, RSR the sccondary mm-
cle a slghtly somller contraction, and RLR
ox the tertiary muscle, the smallest contraction.

The primary and the synerpstic nrmscles
during stmulation of each of the smpullary
and utricalar nerves are listed in Fig. 3

Exchation of different single vestibular nerve
branches produced different modes of coatroc
tion m the same ocular muscle

Wo have thown that the same extreocular mus-
cle n “imnervated” by sevenal vestibular nerve
branches. The night lateral rectus (RLR) is the
paimary muscle of the keft lateral canal (LLC)
the tertlary muscle of both the keft anterfor
canal (LAC) and the utricle (LUD) (Fig- 4 on
the keft). As shown in the centre of Fig. 4 the

Acta Ow -
-~
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LAc

B

Fip 5 Eyo muscle contractioms from the anterior
canat nerve doring electric pulse of vary-
ing Intemsity Temsion Incresse of tbe right superior
mm(mmmmﬂ;mhrmm(nm)m-
doced by sinmlatiog the clectrode Emplanted at
knmn'hxmbhmhrununﬂw(uc‘)wﬂha
V shown on the keft and whth "7 V on the right
Polse traios as wsed ja Fig.  wire used for stbmala-

right nfenior oblique muscle (RIO) fs the
primary muscles of the left onterfor canal
(LAC) and the left utncle (LU and s the
sccondary munclke of the left posterier canal
(LPC) the nght inferror rectus musele (RIR)
i the pnmary muscke of the kft posterior co-
nal, and the secondary muscie of the keft utri-
cle (Fig. 4 on the right)

As scen in Figo 4 the same muscle re-

nded with different modes of contractron
4 8ted to the nerve branch stumulated, ie., the

tera! canal type, the utnicular type or vertreal
canal type

It may be concluded that each of the vesy-
bular nerve branches peeserves jts own con-
tractyon modes in the eye muscles,

Spread of electnic current to adjacent nerves
during stimulation of a single vestibukar nerve
branch manljested in Induced eye muscle
actlvities

It was reported that sumulation of a particular
vestibular nerve branch activated a particular
group of cye muscles and produced the same
type of cye muscle contractions when the stim-
uhrs remained Liminal, When the stimolus in-
tensity was increased beyond threshold, actin-

Acta Otolaryng 71

ties were found in other groups of muscles and
contraction modes of the extraocular muscles
showed changes. In Fig. 5 on the left, con-
traction curves of the mght supenor rectus
(RSR) and the right inferior rectus (RIR) are
shown during stimulation of the left anterior
canal nerve (LAC) When stumulated with re
lauvely strong mtensity (27 V in this case) bath
RSR and RIR contracted (Fig. 5 on the nght)

RSR ond RIR are mutunl antagonists. The
former is the secondary synergssthe muscke of
LAC, and the latter the secondary muscle of
the kft utncle (LUt Thus, stimulaton of
LAC through an clectrode implanted at the
anterior ampullary nerve wth relatively weak
intensity (8 V in this case) camed contraction
of RSR with o vertical canal type response
while RIR showed relaxation. The controcton
modes of RSR showed changes with stronger
stimulation of LAC Tbe magnitude of con
traction of RSR was smaller with 27 V sums-
lation than with 8 V stimulation and the con-
traction curves showed irrcgular deformitics
with 27 V compared with the smooth vertical
canel type with 8 V RIR on the other hand
showed relaxation with 8 V and contraction
with 27 V In sddition, the contraction mod
of RIR was of the utricular type Instead of
the vertical canal type. Thus, when stimulatlng
LAC with higher voltages, both RSR ond RIR
showed contractions, the former with the vert-
cal canal type and the latter with the utrular
type. All of these positvely Indicate that 3
spread of stimulation occurred and both the
anterfor ampullary and the utricular nerves
were simultaneowmsly stimulated.

COMMENTS AND CONCLUSIONS

In this paper the authors have apain shoso
that each of the singlc vestibular pene
branches has jts own characterstic mode of
contraction in any of the three sctivated €5
muscles. Three different modes of contraction
we: the lateral canal type the vertical canal
type ond the utricular type. These relaponships
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were maintamed in each of the three active eye
muscles linked to each receptor Since the
vestibular labyrinth is small In siro and the
vestibular nerve branches are Jocated dose to
each other selective shmulation of single vest-
balar nerve branches requires a rather akilful
and carctul technique, and, at the same time,
a means for detecting curreat spread. By wiiliz
mg muscle contraction recording, the spread of
current to admcent nerve branches was stid-
Jed, the results aro summarired as follows,

When the vestibular nerve branches on the
Ieft aide are stimulated, the following indicate
the nerve or perves stimulated.

1 Couatraction of the right superior rectms
muscle (RSR) indicates anterior canal nerve
stmmlation.

2. Contraction of the nght Iateral rectus
(RLR) and/or the left medial rectus (LMR)
with contractbon mode of the lsteral canal type
indicates Lateral canal perve stimmlstion.

3 Contraction of the right inferlor oblique
(RIO) and/or the left supenor oblique (LSO)
with contraction mode of the utricular type
Indlcates utricular nerve stinmlation.

4 Contraction of the left inferior rectus
(LIR) inchcates posterior canal perve stimols-
bon.

Each of these i the necesary condition in-
dicating that at Jeast the intended single vesti-
bular nerve branch was stirmulated.

It caly ocoe of the above-mentioned four
conditioms appears, it shows that one vestiba
lar nervo branch alonc was stimulated. This b
both the neceniary and sufficient condition in-
dicatmg that a tingle vestibolar nerve branch
wes stimulated in bolatlon,

The tpatlal scparation of tho posterior canal
berve from the others 18 the groatest. There-
fore, current spread from an clectrode lm-
planted on the posterior canal nerve B ex
pected to bo the least likely abo spread to
the posterior canal nerve from the electrodes
toplanted on the other nerve branches should
be tmall. This, sccordmgly makes it pomible
for ws to omit the fourth condition concerning

posterioc canal stimulation. Namely the ncces-
sary and sufficlent conditions for tdicating
single vestlbular nerve stimulation for antedor
canal nerve are to demonstraic poaitive (1) and
negative both (2) and (3) those for lateral ca-
nal nerve stimulation are to demonstrate posi-
thre (2) and pegattve (1) and (3) and those
for utrcular nerve are to demonutrate positive
(3) and negative (1) and (2) To demonstrate
positive (4) may be the necessary and sufficent
condition for the single posterioc canal nerve
strmulation.

We have tried to show in this seles of ex
periments why there are different patterns of
cyo mmscle contractroms from each vestfbalar
nerve branch when stimulated with pulse-
traiox. This has proved bowever to bo useful
for detecting possible current spread from elec
trodes implanted at the single vestibular nerve
branches.

Thoso studies which deal with cellular re
sponses in the secondary vestibular neurom
and 36 on during single vestibular nerve branch
stimulation, shookd be carried ot to defect
minimum  corrent spread  (Kasghara et al,
1970) The present method in this paper how-
cver can be conveniently utllaed for behavio-
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COCHLEAR NERVE POTENTIALS RECORDED FROM THE
EAR CANAL IN MAN

G Salomon and C Elberling
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N: and possibly N with low amplitnde artifacts
and permitiing coatrol of the acoustic sumulus.
MATERIAL AND METHODS

Seventeen heaithy male and femak persons
between tho age of 4 and 43 were tested, all

Ths work was sapporied by The Dannh Medeal
Research Cooacll.

having normal hearing and normal otoscopy
The persony were placed In the supine position,
and 25 mg largactll was admmistered Ly to
prodoce a superficial drowsness after 100 my
mcbumal premedication.

Recordings were done in an  electncally
shielded room with 60 dB sound insulation. The
1ound was detivered from a TDH 39 telepbone
specully shiclded to munimrre electric and mag-
netic radiabon, and consisted of single clxcks,
\Whereas theso chicks were prodoced by electne
potentials equal to those shown in Fig. 14 the
sound premure in the car canal showed a
different shape when measured with a sound
probe The cick had more after-oscillations
and appeared with sn overshoot opposite the
peak (Flig. 15) Tho delay prodoced by the
probo itself was 0 17 msec determined in the
special probe callbration coupler (B & K DB
0260) (Fig. 1 C) and in the ear canal the soend
had en incressed latency of 0.34 msec, messured
with the probe Le. 0 17 msec latency between
electne inpnt and sound. All messurements of
latency wers corrected in sccordanco with this,
Measurements of the soond pressure from the
telephano in a three-chamber axtificial ear (B &
K 4153) (Fig. 1 D) showed & nexrly identical
curvo only with a delay of 013 msec from
electric pulio to the click. Thus it was fusti-
fied to calibrate the sound pressure from the
telepbone by means of the threechamber artl-
ficial ear a3 approximate identity was found

An-ovd-'yuz’l,
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4 0

Fig ! Properiscs of stemall {(A) Elecirc foget 1o
telephone (B) Probe meaomement of sound presiare
h\rxmm(mﬁnmwwmm
Comparhion between actmal sound presture and probe-
measured sousd pecwsore o calibmation couplet (B &
K DB 0260) (D) Sound ta the threechamber
fical eer (B & h 4133} (F) Comparhon beiwren
~d M with probe in the eor
AL Having the aams tima axis, af} recordings begin
Rancowly with the ooset of data collection in the
computer Ordizates ars arbetrary to facifavie compa-
mon

between the mensurements in the artificial car
and the ear canal, Sound pressure was caleul-
sted and mated a1 4B peak equivalent sound
pressure fevel (pe SPL) 1 dB peak cqui
valemt sound pressure 1e 00002 dyn/em?
Nomal pertons showed & psycho-acoustic
threshold of 25 ¢B p.e SPL.

On changmg the polarity of the clectric pulse
the sound pressure in the ear canal changed
polarity (Fig 1 E) Jaward movements of the
ear dnm prodoced by the peak sound pressure
were called condemsanion (puth) stmmall and
cosrespondingly the opposite was calied rare
faction (pull}
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After locat smacsthesia a 0.30 mm enamel
Insulated and nylon-coated siiver wire was
passed throngh o 115 mmm eannula from pla-
num mastoldeum through the back walt of the
ear camal Afier removal of the cannula the
chlorided tip, 3 mm long, was flxed wnder the
1kin about 2 mm from the Trmbus and wsed as
active clectrode (Fig. 2) A chiorided 06 mm
sitver needie in the car Tobe was used as ground
electrode  both electrodes were connected to
the pre-amplifier with AMP crimp connecton.
The electrodes showed a polarization s than
3 mV decreasing to kess than 0.5 mV daring
the sesslon, and had an Impedance with a me-
merical vatoe from 2 kQ to 6 £ within the
ted frequency range

We built a single-ended 90 dB vohzge
amplification pr hiler with u freg
m;xmsc(mnminSOOOHzmln;lOm
wirts, The input {mpedance way 100 MQ
Wherens the amplifier gave a 2 iV, ool
band when shorted with a 5 kD resistor the
clectrodes produced B 4 1V, . nolse band from
which the neuropotentialt werp extracted.

The equipment and fatercouplings are shows
in Fig. 3 Commanded by the sound defiveriag
gateoscillator (Salomon & Elberling, 1968) &
IBM 1800 computer on fine, digitied 300
potnts with a 16 kHz sampling freqoency wof
8§ bitts. The clicks were presented with 8 bmé
interval of 136 msec ln serkes of 20 paosing |
1e¢ between series to allow calkulation and e




E" Iy,

Cormumia
et

shaning, Average clculation was performed
using nommally 800 sthmoll, bt sccording to

Cochlear nerve potentlals in man 321

y DG cuTRUT

ot T Fig 3 Block dugrem of
the oquipment used.

0.5 msec and the Ny a 1.5 msec looger latency

m-ponsemp!.lmdowevmzduﬂxnumbcrﬁum
400 to 2400 stimuflL In each of the 300
sample polnts the normally nsed B0O measure
meats formed a population. The averuge curve
{ust mentioned was formed plothng all mean
values of cvery population. A standard devia
tion curve was plottrd from all standard devi-
atons cakulated tn cach population using the
formuls,

sx
o=f FH v

X = individml measurements
N = total number of stimali
X = mean valoe

RESULTS

In all 17 comecutive tovestipated persons a
marked N powntlal was observed, fn 16 »
dewr N and in 12 a just-detectsble N was
recorded in response to rarefaction stimoli. In
all patients a fably uniform respomse pattern
was found in sgreement with Fig. 4 In 8 casen
m clectropotitve component was found super
fmposed on the response lmmedintely after the
tradllng edge of the N spike, lastmg 2-3 mscc.

We foond that respomses to condensation
stimnlj differed from responses to rarcfaction
simuly, Testing 3 persoms the N showed a

1 nna

in to : lon stimuli compared
with Lhomd.cdon stimull, Furthermore a
somewinat different shape of the responsc curve
was observed (Fig. 5)

In all patients the N was the most stable
compooent, when stimulus intensity was de
creased (Fig. 6) and In the later part of the
investigation the N, could be traced down to
the patient’s subjective threshold. Tho N, also
diminlshed with decreas! itics a0 was
only detectable down to 80 dB pee. SPL, and
the N was only seen at intensities of 100 dB
p£. SPL or more

Ampl tude
W 2705 =20 s
0,3 F\I
02
Rocap SPL
40
01 NJ 0 sweep

Flg. 4 Typical resporse. The srrow fxdicates peak
souad preseare bn the e camal

Acte Gtoleryng 71
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(< 0

! Pm[rnlcsofllwnuLlA)Eltcuklnpmm
ukrbonc (B) Probe mexmrement of son
hihemmaL(C)Ererulrodudbylh:wo{e.
Comparison between actiral sonnd pressure and probe
mexsared soond pressare 1 ckbration coupler (B &
K DB (2601 (D) Sound prevwwre ja the three-chamber
artifichal ear (B & K 4133) (E) Compurhon between
Invened ahnoli memuored with prote 1n the ear

mal Ha ing the same time avhy, all recordingy bepn

simultanconsly with the omet of data colbection in the

~ omputer Ordlnates are arbitrary to facilitate compa-
ron

between the measurements in the artifical car
and the ear canal. Sound pressure was cakeul
ated and stated a4 dB peak equivalent sound
pressure kvel (pe SPL) le dB peak eque
valent sound pressure re G 0002 dyn/em?
Normmal persons showed o psycho-acotstic
threshold of 25 dB p.e SPL.

On changing the polarity of the electric pulse,
the sound pressure in the ear canal changed
polanty (Fig. 1 E) Inward movements of the
ear drum produced by the peak sound pressure
were called condensatron (push) stimuli and
correspondingly the opposite was called rare
faction (pull)
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Afier local ansesthesia a 030 mm emamel
insulated and nylon-coated silver wire was
passed throogh a ! 15 mm cannula from pla-
aum mastoddeum through the back wall of the
car canal. After removal of the cannula the
chlorided tp 3 mm long, was fixed under the
skin about 2 mm from the lmbus and uwsed at
active ekectrode (Flg. 2) A chionded 06 zm
sitver needle In the ear lobe was used as ground
electrode  both electrodes were connected ©
the pre-amplifier with AMP cnimp connectors.
The clectrodes showed a polarizatron less thaa
3 mV decressing to less than 0.5 mV dumyg
the session, and had an Impedance with a po-
merical value from 2 kQ to 6 kO within the
used frequency ranpe

We built a ingle-ended 90 dB volage
amplification pre-ampldficr with a frequency
responsc from 70 to 5000 Hz wing 10 em
wires. The ioput impedance was 100 MO
Whereas the amplifier gave a 2 4V, Doot
band when shorted with a 5 kQ resistor the
clectrodes produced a 4 4V, nolse band from
which the neuropotentials were extracted.

The equipment and intercouplings are shoxa
in Fig. 3 C ded by the sound delr

gateosallator (Salomon & Elberling, 1968) &2
IBM 1800 computer oa line digitized 300
polnts with a 16 kHz sampling {reqoency wunf
8 bitts. The clicks were presented with a thoe
interval of 136 msec 1 serles of 20 fausieg !
sec between series to allow calkeulation and t=x
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DISCUSSION

Contrary to carller authors we felt that only a
closed acoustic system would offer well-defined
transient acoustic stimmlation. A nearly sinos
aldal, 2 000 Hz half wave prodoced 2 minlmum
high frequency contert and & minimum after
oscillation. Qur ekectrode placement did pot
Interfere with a closed system, was simple and,
malfke Portmann (1968) and Yoshie & Ohashi
{1969), no penctration of the drum took place
winch possibly introdnces acomstlc or movement
arti{mcts.

Rosenblith & Roserrwrelg (1951) showed that
increxsing distance between the active electrode
and the cochlea decreased the amplitnde ratto
between N; and N, Corespondingly Yoshis s
fovestigation (1968) and the present experi-

Lat ey of W
me

a8

7 o w m W P
Fig & Mean Lasency curve for N in three petseats,
LN

ratio 1 1 recording from the ear Jobe, As Port
mana (1968) was dght on the promontory bis
pictures thow oaly a small Ny, As the Nj and
the N3 companents arc of diagnostic value a3 &
tool In the retrocochlear tests, an clectrode loca-
tion in the ear canal scems to be the most ap-
propeiate.

Our results are i agreement with Yoshles
(1968) regarding the L- and H-function for
amplitede versus inpot intemity but we conld
also find = broken function in the Iatency corve
for N' The knecpoint in our amplitade curve
can be calculated about 55 dB SL. versus 50 dB
SL in Yoshics paper but the knecpout for
latency was about 45 dB SL and not so well
defined. We think that both amplitnde and
latency curve reflect the double populaton of
clements In the first section of the bearing

mechaniom,
mym(lmmmumw
found an ek
tochthhhﬂndhgmnolmmeﬁbly
in agreement with Rmcnblhhl (1951) finding,
that small di
could changs the polarity ofcochln.r mibcro-
phonxcs. The maturs of the positive component
s still obscure although similarities with sum-
mating potentials (Davis ¢t al, 1958) are pres-

ive

ent,

Although no prycho-acoastic difference be-
tween rarefaction snd condemation clicks d
be obscrved, both a loaper lste
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Fir 9 The amplitude fooction of N The same ro
cordings are used as [n fig. 7 Lefr raw dats, rdghs
mean cune with the standard deviation (ckin Hre)

of response pattern with a relative Increase of
N latency vennus N, was observed (Fig. 5)
The increase in latency of Ny is in the same
range as the phase shift of sound pressure in
the car canal, when reversing stimaolos polarity
(Fig. 1E) thls ralses the possibillty that N

Ampl tude

104w

)
"

WeBp SPL
Q — t
2 a xmsy
‘.W
60¢B

T

Fr 10 Synchrookn betwrem iscrease m standard
devhition and oenro-reyonsy for differem stigmutm
intensities. The standard derlation cunet are shown ot
110 ke
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anl the rolative etandard deviation (ckkd Har) relatne
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©
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firdog bs phaselocked to the
of the eardrum. On the other hand, the chanpe
of neuro-pattern seems to indicate a ddferent
coding of the acoustic ncurons due to differ
ence in flud movements in the cochlea when
reversing the stimulus. As no reversion of stimo-
lus seems permissible to climinate artifacts, no
artifacts should aficr 0.5 miscc from the stiamelus
exceed the averaged background poise On the
other hand, comparison of responses to conden-
saoa stimuli with responses to rarefaction
stinull seem to offer a possibility of stodylng
the transfer mechanism of the middle ear
The formula

-
[ir
-1

can be written as

Al

sy
4 -7



RMS} ~RMS} x —RMS3, where:
RMSy = RMS-vulue of back ground nobse
RMS x=RMS-valoe of sigmal and nolse
RMS,=RMS-valee of signal = the calcnlated
mean valoe,

Thus the o-curve represents thoe RMS-value
of the background noise, The cnlarged valoe of
this curve in the same time area as the pewro-
response may indicate that a ramse in the sctivity
of the peuro-structures in the vicinity of the
cochlea takes place smmultancomly with the ac
tmal synchropous firing of the first and sccond
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L k e eine Erhitrmg der micht

rimches mpeben. D Remliale werden dnkotiert.

REFERENCES
Davi, H, Deatherage, B. H, Fidredge, D H. &

LmlhuhClB.]AmSchM
23 M.
Sdnmm,(} & Elberfing, C. 1963, Dightal Coatrolled
for Evoked Response Aondio-
m:try}\orllldll 1559
Sobmer H & Felnmewer M. 1967 Cochiesr Action
Potentizls Recorded from the External Eer fn Man.
Axn Ol 76 427
Yoahis, N. 1948, Anddory Nervs Action Potential
Respowses to Clicks n Maa. Lergngoscope 178

198,

Yoskie, N & Obashl, T 1969 Chnical Use of Coch
lear Nervs Action Poteatial Respooses in Man for
Differential

Ler 6.
G Salomon, M.D
Dept | Otolarsagologry
Copenhapen Cownty Hoiphal Gentofte
Denmark



Acta Otolaryng 71 326-328 1971

THE INTERAURAL INTENSITY DIFFERENCE AS A DIAGNOSTIC
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Frows th  Department of Speech Commundcation Caze Vb extern Reserve Unl ensity
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AbmAmﬂcmrduunﬂmhumk,hrd

1,

n.tool for rﬂunodn; central md.[lory dhord:n.
Slmulteneoas white pobse bunts ase

chotkcally st an cqual sensation lc\rLThel.mcnsily
b then mabed In 1 dB seps [n the teut enr onull the
sound fmage h focated at that ear The non-rerbal
motor can be exrricd oot by childrer or by
adults whh Janguage impairment. Patients who have
only peripheral hearing problems respond the sams
s noemal Bst nefs whereas 8 larpe percentage of pa-
ticets whh cerchal diwease of trsuma gl ¢ aboormal
resalis for the ear contralatera! 1o the lesion,

It is well Lnown that when identical sounds are
simultancously presented to the two cars of a
listener a fused soond image will be percei ed
the midline of the head Chanpng the in-

ity level of the signal in one ear will result
‘lf;csoundlmag: moving toward the ear re
celving the greater intemsity Neurologically Im-
paired listeners frequently do not behave in
the peedicted manner  Atypical later

cver are limited In thelr disgnostic effecthe
ness by certain Inherent dmadvaptepes For
cxample, the speech tests are complex to ad-
minister and require a verbal response 8 ro
sponse many neurologically impalired Listeners
are not capable of giving. Furthermore there
Is evidence that neither listeners with peripheral
hearlng losses, nor listeners with lavotvement
of the central auditory sysem perform nor
mally on sound localimtlon tasks that hae
thus far been used (Jonghees & Veer 1957
Matzker 1959 Vichweg & Campbell, 19601

The procedure described below cffectively
overcomes these duficulties by using simple
stimull. In addition, the response mode fs 2
simple motor task which can be executed b
individuals with a wide varlety of neurotogical
disorders including various forms of aphatdL
Most importantly the task has been showa
diff by peripherzl and central

behavior therefore can act as a clinically use-
ful dagnostic indicator

There arc a number of tasks based on bin-
aurzl fuslon which have been proposed to test
the integnty of the ceatral auditory system.
Bocea et al. (1955), Calearo (1957) and others
have attempted to cvaluate central auditory
function by using binaorally peesented speech
stimufi. On the other hand, Sanchez Longo et
al (1957 1958), as well as other workers, has
empioyed varlous sound localization tasks for
diagnostic purpases, These procedores, how
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audhory problems (Pinhciro & Tobia, 1969}

PROCEDURES

Fig. 1 Is & schematic representation of the Lo
swumental array used for the sound faterafiza
tion task. The output from two polse gencratoed
is gated through an clectronic swich st Y
a 10 msec risc-ume and an 100 msec duraten-
Tbeoul;uxullh:nohegt‘mﬂwﬂbaslhcﬂd'

band spectrum A two second fatersal is m3ln
tained betwcen ignal presentations to ek
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M.
MATCHING.
TRANSFORMERY

CALIBRATED EANPHONES
Fir I Block dlagram of instromentation.

soditory fatigue. The interval timer s used for
this purpose. The nome bursts ars delrvercd
dichatkcally through attenmaswry and presented
to the patients cars through matched high
quality carphoees.

memeasm‘hgthemmnnnllntmﬂty
difference (D) for 1 a

in the other ear (the text ear) Lateralization
occurs when the soond image b5 perceived ut
the test car The IID score s obtained by sub-
tracting the measured intensity Jevel In the ref
erence ear from the level in the test ear
In the test situation, the patent is i d
to point to the position in his head where the
sound Image scems to be Jocaleed. It may be
neceysary to defiver two or thres noise borsts at
cach intemity step so that the patent can
make a judgment about the location of the
sound Image. After the patkent decides oa a
respoase, the Intensity n increased 1 dB in the
test ear Thrs procedure B8 continmed umtil
Iateralization b achieved. Both cars are tested
in the same manmes

With pormal Tistencrs the IID should be
exsentially the same for both ears. The average
difference between the D scores, after haying
used both ears as references, = sboat 1 dB
with a range from 0 dB to 3 dB. Stmilar scores
arc obtaiped for subjects with sensonneural
hearing losses when the above procedures arc
followed and the ears have been equated far
SL. The patient with the penpheral hearing
Joss should have equivalent IIDs for the two
years. When the IID for the two ears » not
equivalent, a cmu-lllnd.'na'yxy:m]:roblnn
may be ind

of semitivity for the nohe burst cgnal b ob-
tained for esch ear The prychophysical pro-
cedure that has been used by the suthors fs
& madificd method of serial explocation. How-
ever other techolques can be
wed. The only restrichon oa the techolqus i
thit 1 dB increments around threshold are nee
ety since the normral 1D required for toand
lskeralization is small—oa the order of 10 dB
(B&cksy 1967 Puheiro & Tobln, 1969)
The 11D i defined as the difference i in-
tensity between the dichotic signals that i
needed to lateralire the sonnd fmage to the
test ear For this task the dichotic signals are
prescnted at un equal sensaton level (SL) A
20 dB SL has been found to be convemsent
Inteoalty Is held constant in oge car (the refer
eace ear) and is gradoally rafsed in 1 dB steps

Testing of patients with peurclogcal Hrvolve
ment has revealed that the 1D for the ear
contralateral to the lesion i abnormally somll
while the TID for the ipdiateral ear remains
within the normal range. The nocmal TID gver
ages about 10 dB but may range from 7 dB to
13 dB Lateralizaton to the car contralsteral
to the lesion often occurs at equal SL so that
the 1ID far this exr may be O dB or closo to it
The discrepancy between the two cas may
range from 5 dB to a5 moch as 20 dB with sn
xverage difference of 8 dB

CLINICAL OBSERVATIONS AND
DISCUSSION

leﬂpudcnuwh.hcﬁn.hﬂydmmﬂnud\
cerctral disesse oc trauma will give abn”

Acra
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1D scores for laternlization. About 70% of
thess patlents Interalee sound  aboormafly
(Pinheiro, 1969).

Thus far forty neurolopical pationts bave
been tested using the procedures described
for measuring the 11D for sound lateralizath

Patients who had abnormal JIDs had neuro-
logical ngns and symptoms indicating impair
ment ol temporal and/or parictal lobe areas.
Patients with lesions limited to the frontal Jobe
and patients with [esions m the ocopital lobe
(visual cortex) had normal 1ID scores.

The exact anatomical and physiological cor
relates of the abnormally small IID scores in
the car contralateral to cerebral ledons are
pot known. Neither b jt koown whether Iat
eralzation based on the ITD is mediated at
the cortical or subcortieal leveks. It is not yet
clear whether the entire auditory system up
to some critical point In the system must be
intact for normal scores on this task, However
the high correlation between cerebral duease
or trauma and aboormal ITD scores makes the
measurement of the 11D for sound Jaternliza-
uon & senntve and uselul test for diagnosis
of involvement of the central auditory system.

RESUME
Ta procddd smple de latdralranon du son, basé sur

Fotemitd da son dam Toreillo
chaqoe fors par on écant de 1 ¢B, josqud

ZUSAMMENFASSUNG

Es wurds cinfache Arbertimethode mat Shall Laterrae
g fir die Diagnose der Homtoronpen der ianeren
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Haew. durch dieses Ohr festpestellt wind
Dicse wortiowe Ustersachang Lann sowoh! bel Kie-
dern als soch bef

anl chen, chyefohr werden. Bel )

Len, die nur perfpherische Honchw »f

malen Horerm dagepen welchen bel Hirnkaalen oder
Gehirntravma Patlenten die Erpebohise am pepenlier
licgenden Otr  om ersien ab
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PERIPHERAL FACIAL PALSY

Functional Dlagnosis

S Lagerholm, U Mortz and N G Toremalm

From the Department | Otolary npology Melmd General Horpital Malmd and
che Department of Physical Medicine U Irersity Hogpha! Land S cden

(Recxived July 17 1570)

Absract A review i gven reparding differest dixg-
ooetic methods I periphenal fach! paliy The diag-
;nkmdmnknho(u)mmm

and [

(o)}
opecially dicnwed. If theso tests aro oed
K & pomible to perform an early decompresdon of
the merve bn selected casen alresdy within 10-14 dayv.
Spontancous peripberal facial palsy (Bell's
palsy) b a relatively common efffiction among

progrostic point of view the type and extent
of the palsy = also of great Importance.

Diagnastic Methods in Peripheral Facial Palsy
1 Examinahon of tear production. Thh can
be mu;hly calcnlated wing Lbc Schinmer-test.

d tear-flow is idered to be duc to
traume affecting the N intermedius fibres.

2. of mliva prodoction. This

is doac by ing the salivary ducts, e

of paninh altways heals spontimeomly (M-

course to refleve the strangula-

Bon, which i3 considered to be the most Im-
portant etiological mspect of the symptoms a3
2 whole. There are difficulizes, however m
chooang the right cases and indicaung the
fight moment for such surgical Intervention.
Climcally there 15 great uncertainty in this re
spect, 50 that there is a good reaton for mak
By ¢ survey of the most commonly used eles
dlagnosic methods, in order

o feciitate an early judgement From the

by shlometry ad modom Diomant (Dumant
ct al, 1959 Enfor, 1962). Reduced salivary
flow is very common when the chorda tympanl
b included in the palsied arca.

3 Exsminatlon of the quality of the scose
of taste. Espechally the salt vadatlon has dur
ingrmzymbcmmxdcobjecuvelrydn
Yy (Krarup,

1958’)

4 Examinatlon of the reflex reaction in the
M stapedms. Thrs can also be a valuable aid
In diagnosing the level of the palsy The
method for such messurements, originally de
scribed by Metz (1951), bas later been im-
proved by Klockboll & Andenon (1959),
among others.

5 of the fonc
ton of the faclal nerve by, however the mosxt
waportant test in this connexion, for which the
following neurophysiological methods can be
used.

Acte Ocolaryng 71
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IID scores for lateralization. About 70% of
these patrents lateralize sound aboormally
{Pinheiro, 1969).

Thus far forty neorological patients have
been tested using the procedures described
for measaring the IID for sound lateralization.
Patients who had abnormal IDs had neuro-
Jogical signs and symptoms indicating impar
ment of tempocal and/ar parietal lobe areas.
Patlents with lesions [imited to the frontal lobe
and patients with leslons in the occlpital Jobe
(visual cortex) had normal HD scores.

The exact anatomical and physiological cor
relates of the abpormally small ITD scoces In
the car contralateral to cerebral lemons are
pot known. Neither is 1t known whether lat
enalization based on the IID & mediated at
the cortical or subcortical levels. It i not yet
clear whether the entire auditery system up
to some critical point in the system must be
ntact for normal scores on this task. However
the high correlation between cerebral disease
. and abnormal 11D scores makes the

of the IID for sound lateralea
ve and usctul test for diagnos
of the central auditory svste

ZUSAMMENFASSUNG

Es wurds einfache Arbeltsmcthode mit Shafl-Laterishe-
rumg fir dic Diagnose der Hortirungpen der inneren
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E., Calearo, C,
F 1955 Testing coctical hearing o temporal Jobs
Acta Otolarysg (Stockh) 45 287
C-hm.c. 1957 Bissura! smmmation fn kesloas of
the temporal lobe Acts Oroleryap (Stoclh) 47
39

Jongleer, LB W & Veer R.A V D 1957 Diree-
hearing

1 11 ~irp capacity In disordens. dcis
v kh) 48 465

¢ Two new mathods for the amew-

- fonctions {n cxey of
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PERIPHERAL FACIAL PALSY
Functiond Diagrnotis

S. Lagetholm, U Mociz and N G Torematm

From tke Department of Ottaryngology Melms Gemersl Homptal Malmd end
the Department of Physcsl Medkcine Untrersity Hospisl Lund Sweden

(Recetved July 17 1970)

Abstrmct Amhhﬁmmm'dhzdmmdhr
ok methods ia facial pabyy The diag-
ac;d: wwnboé)(l)dm:wphy

expechally
& fs powdbie to perform an early decompression of
the perve In sclected cases already within 10-14 dayn

Spontancons  peripberal faclal pabsy (Bell's
puisy) b a relatively common affliction among
st cases in a department of otorhmo-
laryngology or neurology Despite its dramatic
oot and the pronommeed symptoms, this coo-
ditfon b not a camse for alarm. Spontanecus
regression b not uncommon and then usually
octurs within a few weeks. Thers are even
wthors who believe that this particular form
of paralysis always heals spontancously (Mil-
‘ﬂ'l%ﬂmdlhcrefomncodm(bemubjea
for thorapy at all, but experd t

prognostic point of view the type and extent
of the palsy b also of great fmportance.

Diagriostic Methods in Peripheral Faclal Palry
1 Exami of tear prod This can
be roughly calculated using the Schirmer-test,
Redoced tear flow §s considered to be dus to
trauma affecting the N fntermedius fibees.

2. E lon of mliva prod This
fs dont by catheterinng the salivary ducts, e.g.
by sulometry sd modum Diamant (Diamant
ct sl, 1959 Enfors, 1962) Reduced sallvary
flow is very common when the chorda tympend
s inchsded 1 the palsied area.

3 Exammation of the quality of the semsc
of taste. Especially the salt varistion has dur
mgmcmtymbam;mdoob}ecdwbylhc

of

among  otologrts—indicates that & certam
cxey the nerve must be decompressed In s
intratemporal course to relieve the strangula-
tion, which s comsdered to be the maost Im-
pummcddo;!ul-spcctohhsrympnmu
@ whole. There are difficaliies, however m
choosing the right cases and indicating the
right moment for such surgical imterventton.
Qinically thers 1 great uncertainty in this re-
spect, 30 that there i 2 good resson for mak
Ing 2 survey of the most commonly used clec
tro-physiological disgnostic methods, In order
to faciEtate an early judgement. From the

2 y (Krarup

1958)

4 Exsmination of the refiex reaction in the
M stspedms. This can also be = valuable aid
I disgnouing the level of the palsy Tho
method for soch messprements, origimally de-
scribed by Metz (1951) has later been Im-
proved by Klockboll & Anderson (1959)
among others.

5 E ion of the lar func
ton of the facisl nerve 15, however the most
important test in this connexlon, for which the
following neurophysiclogical methods can be
wsed.
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Fig 1 of
Bell's pabry trested whh Actoa? for moathe. Elec
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graphic needle
electrodes during  ttempted maxlomm volunwry con-
traction.

ectromvography

3mmhmhodmmcl:nmou, inls are

Electroneurography

Ths examination implies electrical stimalation
of the merve trunk vis muface clectrodes or
peedle electrodes. The action potentlals of the
muoscle responss aro picked up by concentrle

the froatalis muscle a3 well as from the ocbi-
calarls ons and orbiculans oculi muscles. The
parpose of this examipation fs to study the
excitability of the rerve and the lstency of the
muscle response. The amplitude of the elect-
cally induced muscle actlon potential is seidom
suitable for quanntatve judgements becauso of
pooc reproducibility Tn order to be certmn that
really all nerve fibres arc stimulated, the stiom-
latron intensity Is fncreased to a Jevel at keast 50
per cent above that winch 1s found to glve the

F
{ MO
f

1

= e b.or
Im

.
frentells

Im 1 S———
l

P ——

I ) mem—

icked up by intramuscular concentric needlo
dectrodes and displayed on & cathode ray tube
[be muscles are studsed at rest, at weak volun-
ary effort, and at maxumum voluntary effort.
At rest, the presence of spontaneous fibrillating
ictivity suggestive of denervation is noted At
alight comtraction especial attention i pard to
the shape of the voluntary oction potentials
(e.g. the polyphamc shapo of re-innervation
potentials)

Incressing voluntary sctivity during sponta-
neous regression In & case of Bell's paby is
shown in Fig. 1 Fig 2 illustrates ckectromyo-
graphic findmg afier a fecial nerve reconstruc
tion performed 36 years after surgical trauma.
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Fig 2 Traumak facial paly following an ear opr-
tion 36 yoars previomly N restis
ton during the fint 6 monutba afer revison K
nerve suture. Continaous (fof7) and sweep recording
(fghn) at metimom volumary effort. Concestric
needlo clectrodes
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nghest amplirude of the action potential. The ™~ -
findlngs are compared with the results of the S J
cxammation on the non-affected side (Fig. 3).

Ekeetrostimulation and strength duration arve | sin = Ny 05mv
It equt for graphic t

ton I8 not avallable some Information may be z 1
obtained from percutancoms stmmulatlon of the V B

nerve trunk and Inspection of the muscles not | i

ng the threshold for minimum coatraction. ! .
The procedure b performed on both sdes. The ‘dx -_\v 05my
nerve it stimmlated for example at the foramen ‘r&]

sy} ' osing golar imp of ]

100 msec duration. i ‘

Since shin resistance can vary a coostant s . -
current stinmlator (e.g. Slemens m mcubir respoose
sbould be mied when the threshold of (b8 Of G e e e foro T b e
fected stde ks compared with that of the non-  (abore) shows an increamd hiency of the respooso

a3 compared whh the pormal right okds (bedow). 5
wffected side or when the patient © examined &

anifact, Regtstration
on different occasions. Clectrodes froo m. orbie. ocks.

o k

|
- | \ —
o N
! ]
RS
| ‘ l | Womm o
1 l | !
!
.
L ol l [
Fiy 4 Strengtrd =

Daacle;
d traagalar (o) wnpulscs ars used.
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In addition, percutancous stimulatton may
be performed over the so-called motor polnts
of the muscles noting the threshold at different
impuke durations. When rectangular and tri-
angnlar mmpulses are used  charactenstc
thresbold curves are obtained from normal
subjects (Fig. 4) triangular impulses with long
duraton requinng a higher stimulation inten-
sity due to sccommodation of the terminal
perve fibres.

When a denervated muscle is sumulated the
strength duration curve rises steeply ot the
shorter hmpalse dorations. In addition, muscle
fibres show no accommodation (Fig. 4)

DISCUSSION

When setting up a progmmme for extennve
cimical routine examinations, it is obviously
umportant to obtain cntical evaluation of the
different methods from the begiming. Our dis-
cussion will therefore pnmarily be directed to
thry question. The relevance of the four fanc
tional methods of examination named first and
their fickds of mc are best seen from the des-
criptions of these methods in the quoted Ltera-
ture. Regarding the neuromuscular methods
there s on the other hand reason for a clower
look at certain results, a3 there 18 uncertainty
at least among otologuts—concerning the
ormation that mnght be obtained and the
t occanon for performmng the examination.
n sddition, facial nerve diagnostics touch on
oto-nenrology n & wider sense
The prognoste value of the electrodiagnos-
tic methods can be summuarired 23 follows:

Electromyography
Denervation potenticls appear at the carliest
two wecks afier the inpury to the nerve At
that time, however it 1 usmally not possible
to judge the entire extent of the degencration
Even later dencrvation potentials can be sb-
sent at “routme” exsminations, despite the pre
sence of nerve injary

EMG examustion reveals most cases of
clinically complete palsy to be subtotal, that

Acw Otolaryng 71

means that smgle action potentizls may be re
gistered st sttempted maximum contraction, If
actlon potentials from motor uolts can be ob-
served in soveral muscles more than 3 dap
alter the debut of the palsy this i considered
a favourable prognostlc sign (Granger 1967

Electronenrograpky

When there is a total lesion of the faclal nerve
(c.g. due to cuthng of the nerve in certain ope
ratlons) mm electromyographic response mxy
be registered dunng a penod of up to 7 dap
at maxmum clectnical stimulation periphenally
to the leslon (Gilllatt & Taylor 1959) Similar
findings have been demonstrated in cases of
Bells palsy (Taverner 1965) In occasiooal
cases, it has been reported that peripheral ax
citabifity has lasted for over 10 days. This sp-
pears to be the case especially m roster otxns.
In general, bowever the prognosts B con
sidered to be good if the perve trmk is sl
excitable a wrek after the palsy has become
clinically complete. Now and then one can fall
in stimulating the merve despite the fact that
the patient is able to innervate single motor
ooits. Ths risk 1 reduced by subcutneoss
stinmulntion with needle electrodes,

In cases of total nerve lesions, the latency
of muscle response to strmnlation s largely un-
changed as Jong a3 the nervo is excitable (GF
liatt & Taylor 1959 Taverner 1965) In cascs
of partial denervation the latency often i
creases between the 2nd apd 4th week (Tivef
ner 1965) However therc 1s no defimtz cof
relxdoubctwt:ﬂthcmm‘kyofthep&hvmd
the increase of the perlod of latency
Electrastimul, with fon of the
muscle
V'm'bleu:nun:lcr\:spcmmcl}s'.*xp‘pcn':l.flrl':"4
days in cases of total denervation (Gillatt &
Taylor 1959 Etholm, 1967) even if the -
tenstty of the stimulation current fs rased to
the mtt of toleratron. Lack of muscle respois®
cannot, howeyer be regarded as a deflmic £67
of toml perve lesion, The exammancn shookd
be suppkemented with EMG Investigation sod




stimmlation with needle electrodes. Comparison
between the paretic and the non-paretic side
with regard to the threshold has also been used
for prognostic evaluation (Ethotm, 1967).

The ngns of denervation appesr on the
strength duration aurve (Fig. 4) only after a
couple of weeks following the debut of the
palsy The method thus has no greater {nterest
for carty prognostic evaluation.

An operation for decompreswon ks a mmuch
debated method of treatment for facmal palsy
Most neurclogrsts and some otologlss do not
comider the operation improves the final re
sy, while a mafority of otologhsts are firmly
cogvinced that decompression s meamngfal
for 2 good final resalt in certaln spechally
chosen cases. When, thep, b thss intervestion
to be carried oot, and on which patients? These
questions have ghven isc to lvely discussh
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nmﬁmolﬂnnmﬂkm,mdlhtckctmphy

hods of i igatlon named in
ﬂﬂ.xpapermspcdlﬂyo(gmw}u:inmn
counexion.

As a complement to the recently completed
5 year perfod of clinical fnvestigation (Lager
holm & Toremalm, 1971) 2 new prospective
5 year series has been begun at the Depant
ment of Oto-rhunolaryngelogy m Malmd in
co~operation with the Department of Physical
Medicme at the University Hospatal in Lund
In order to Include the electrophysiclogical
tests in the routrne examnations.

ZUSAMMENFASSUNG
O'hcrdch u]xrv\:ndabdme lldhodenmr Diagnos

' Wet (l)&:"" pie,

and there ks as yet 0o ideal method for select
ing these cases. Previously the Hmit was set
ut 8 weeks and total palsy (Kettel, 1959) Thh
Imit was later reduced to 6 weeks and research
i the field of electrodizgnoster doring recent
years bas made pomible much carlker informs
oo a3 to whether the indrvidnal case b due
o a phymological block in the nerve of
whether there arc signs of axen infury that Is,
of degeneration of the nerve. In the latter case,
decompresnion ought to be dooc as soon a3
possibie, Bearfng in mind that about 20 per
ceat of the cases with partial palsy and 60 per
ceot with total palsy are not restared by con-
sernative therapy (Cawthorne, 1952) and that
20 per cent of those operated on after more
han 3 weeks are only partially healed (Lager
bolm & Toremalm 1971) there are very im-
Pportant reasons for considering an early decom-
Pression of the nerve It 1 our experience that
this can be dooe within 10-14 days when an
ekctrodingnostic follow-ap during the mithal
Phase sugpests a total lesion with progressive
Jons of excitahifity This opinion i3 Also shared
by Jongkees (1969) as well a3 Hicaand et al.
(1969). Modern microsurgical techniqoe entalls
10 Doteworthy risks for the patient, but surgical
Bergres most always be based oa carefal pe-

a)chkkmﬂ:hmﬂo}thm
msdyton wird tﬂmduluﬁn:n.\’le-:dh\)m

werden, be-
sichi dis MEglichielt efner frilhen Dekompremdon des
Nerven, in avgesabliyn Falken schon inperhalh oo
10 bis 14 Tagen.
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AhawLAmmfwlhnothcﬂxynpl\hﬂm

encountered. Improved metbods in the fxation,
embeddmg and sectioaing of olfactory tisus
arc necossary cspcd:ﬂylhouforthspmm
ton of the blanket—a ;!

'y

fluid medium that covers the olfactory eph-

A detnet consisting of the terminal thellum end its surface stroctores,

procemey of peripheral olfactory petrones form- Mmtprep-nﬂouprwadu:unncrtheu
Ing the ontyr third of the of the olfac i on of the cellular
tory epi in the ol 1 b deme b

atntsd. Experimentally indneed demege resals fn pmmmﬂxnnhmdthnmsm‘ytezhn
wwelling med uhtimats deintegration of thoss processes  and ooe Is faced with the difficulty that ootit
nd fmnriably kad o e of o onn knows more about the structure of the
I the womber of mcrovill f af; Dommal lving ccll and its behaviour oge can

A number of papers have dealt with the oitra
tmcture of the moess in the olfscory regoa
(Bloom & Engstrdem, 1952, 1953 Bloom, 1954
Gazser & Palade, 1956 Gamer 1958 Do Lo-
ferro, 1957 1960 Fdsch, 1964 1965 1967
Grazladcl, 1964 Recse, 1965 Okano, 1965
Andres, 1966 Seifert & Ule, 1967 Okano ct
al, 1967) Rehtively e attentim s focused
on this region as » wholo and on the spatial

gement of Ity cellolar which
& of importance s tho baus of function

i vadons animals, difficulties are still being

oaly guess whether o given method of pre-
paration preserres it vaaltersd. Except for gross
sltcrationt, jodgement as to the value of treat
ment of the specimen often depends oa what the
imrvestigator chooses 10 regard es normal
The mecepior satiwce of the clfaciory opl
thetium lacks the sterdle protective environment
o(othcr:peuﬂhcdmycphhdh.lum
face
pormal mapbologhl descriptions l.m often
those of aifsctory cpitbelis of laboratory mam-
mals with rhiml infections. These pathological
camse jon in the 1 }
clthcmmphiopulpicmxc

Tium) In mammals fs demoostrated in this paper
In view of the regressive matore
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free surface of the eplibeliom and balow the deme

y epithellum of man (Naessen, 19705 ¢)

4 ity exposure to atmospheric pollution by

substances, drugs and other noxiouws

ngents it is important to determine Its vaolmer

ability The periphenal olfactory nenroass or

neuroscnsory receptors n this study are sclec

tively damaged in the guinea pig and the effects

of the experimental lesions In part! are demon-
strated and discussed.

MATERIAL AND METHODS

The material consists of olfactory tissue ob-
tained in the recent state from 27 gmnea pigs,
3 mfants, 2 children (17 months and 23/,
years) and 5 human adolts (33-51 yeans)
Part of a theshs presented at T.CD - Sept. 1968,

Acs Otolaryng 71
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Fine dissection (embryclogical) techmqoed
were uied to obtain epithelisl “shavmgs #nd
whale thickness “blocks® of mncosa from o
factory tireue tmmersed In & 3% soluton of
gluanaldehyde buffered with 0075 M sodivnt
cacodylate to pH 7.3 (Nacssen, 19708) T
pect were then rek ding 2% oo
acid buffered with Veronal acetats at pH 72
and allowed to fix for 2 hours. After dehydrt-
tion in ethanol, the surface shavings™ WeT©
carefully mounted flat In glycerino on slid=
and covenslips sapplied. They were then exxm™
ned by pbase cootrast microscopy The mo
cosal “blocks were embedded fn Epon eod
sectloned for phase contrast and electron micr>
scopy




OBSERVATIONS

Normal Ultrastructuye
Of the various processes of the eells of the ol-

The superstructre of the olfactory eplthelium
consisty of cifactary vesides, scty of olfactory
cifa aod microviH (Fig. 1) Whereas these e
Tobmerged in the basal half of the o
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“marginal ring af basal bodies that gve nse
to olfactory cifia (Fig. 2) The cilta are strongly
osmiophilic, and display a radm] armangement.
The olfactory cilm in the experimental mam-
mals a5 obscrved by the Hght microscope are
but the proximal segments of much longer whrp-
like structures (or whips?) (Fig. 3) whose distal
scgments o ferminal processes lie beyood the
resolving power of ths instrument. The ter
mina) processes arv o the Lapesing cyto-
plsmic extensions of the sets of olfactory cila
bome by the alfsctory vesicles of olfactory
neurones.

The ultrastructure of a terminal process of
an olfsctory cilium of a guinea pig as seen in
cross sections b round or oval and consists of
1 pair of microtubuli centrally placed in & cyto-
plasmic matnx enveloped In plasma membrane
(Fig. 3a) Occationally more than two (com-

corporated within some terminal processes (Fig.
3a)

The olfactory ciliem structurally resembles
2 viboatile cillum as found in the pers respira-
torm of the pasal mucosa and trechea (Eng-
strdm, 1951). Although cilin are strocturally

hhnhn(mmo(d}emhmmi)malomgdml
"muut:mhnlpmqmgmry
cla lic individmally sespended In its more
peripiieral fayers (receptor zone) close to the
tmblent afr of the external emvironment.

The olfactory vesicle 18 the terminal end of
the periph rodike cytopl 3

vill on cither sides of the olfsctory margin
s different (Figs. 4 5)
Microvill The free surface of the epithelal

of the cell body of the olfsctory nemrone In
epithelial “rurface shavings the olfsctory ve-
s a3 a genenal ruls are observed to lie
tingly at tho interstices and coToery of & masaic
formed by the polygonal contour of the free sur
[aces of the mupporting cells (Nacssen, 1970 o)
The vericles are seen to contain an osmiophilic

A term introdaced In this paper
D e
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taken at the surface of the olfactory epltheli and disposed as seen In the
i man, an average of 700 microvilli bave been  more distal parts of & microvillus (Fig. 6)
estimated to aritc singly of from a fewer mum-  Proximally however the filament comverge
b1 of stems of orlgin per cell. The mucrovilli and form a central bundle for the microvilll
posscxs in their cytoplasm an ammy of fine  nearer their origin from the cell surface (Fig. 7)
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Experimental Pathology
The penipheral olfactory neuranes were selec
tively damaged by severing their axons (fila
olfactona) Intracranially Because of its surgieal
anatomy (Naessen, 1970 ¢) the guinea pug kends
Htself 1denlly to this experimental procedure.
Animals with rhinitls were excluded from ex

(Naexsen, 1970¢)

wﬂcalltchnlque

JInder Nembutal (Abbott) ansesthesin and with
itrict asepsis o midline mclsion was made n
he skin on the dorsum of the skull of the

fixed under an operating microscope. Using a
drill, & paramcdian coffin lid-like inclslon was
then fashloned on the domsal aspect of the
frontal bono overdying the fossa for the bulbus
olfactorims. The Hd wams gently clevated by
means of a book and removed en bloc,

The dura mater was then incised and the ol-
factory bulb expesed. Bulb tissoc was removed
and all intact fila olfactoria at the cribriform

Acta Otolaryng 71

® @

: e . W2

e

X

® ®

]

plate were severed with » fine knife By meam

cribriform plate was defined and the cribrdonm
pattern of Its surfsce was examined for any
residmal fila that may have escaped section
The wound was then sutured in layers. The
animals generally made a rapid and uncventfol
recovery from the operation.

Experimental procedure

Three senes of caperiments were condszted
each with a baich of 9 gafnea plgs (2 of which
scrved as controls) welghing 300-350 g ex®
An animal in cach senes was sacrificed ot 12,
18, 24 36, 48 72 hours and 1 week followsg
operation,

Followmg decapitation, the ethmo-turbist]
complex bone (bearing olfectory cpithelia)
was rapidly cxclied apd immersed in 2 3~
salution of glutaraldehyde buffered with 0073
M sodium cacodylate to pH 7.3 Specimen
for phase coatrast and electron miroecopy
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wppear deeply stained their nuclel are pycnotc,
‘Their perpheral rodike cytoplasmic extemsions
retract and show a varuble degree of swelling,

Some of the carliest changes following selec
tive damage to the alfactory ncuroncs affect
therr fine processes and are best seen in the
chectron microscope at the recepioc surfsce of
the olfsctory epithellom. The olfactory cllia
and thelr extensions swell to several times their
size and then disintegrate (Figs 10 11 12)
Within 48 hours the eatire receptor rone do-
appears (Fig. 13) A simllar process jnvolves
the bundles of unmyclinated arons withm the
eprthelum and in the lamina propria where they
comtitute the fila olfsctoria of the offactory
nerves (Naessen, 1970 d}

Olfactory vesicks disappear from the surfece
as thess termimal ends (now devold of cilia)
withdraw between the supporting cells towards
the deeper zoncs of the epsthelium for ultimats

Whereas the dish of ol

At 24 houm the epithelial changes aro stnk

hilmth:mtmgndedepﬁubnlppnnm
Utxin #y maximum in 48-72 hours when most
o the semsary cells appeared degencrated. The
sentory cell perfkary are shrunk, mdented and
Urlaanal diwass may be presest snd miugases

e
Im‘ilhﬂ_o{mnnd.nmd(Nm,

{" "

interface r dem smd even, baxal half of the pmcom
blmiet b relativly clear (e abo Flg. 1) Phese
contrast micrograph
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Experimental Pathology
The peripheral olfactory neurones were selec
tively damaged by scvering thelr axoms (fila
olfactaria) miracranially Becauso of ity surgical
anatomy (Na¢ssen, 1970 ¢) the guinea pig lends
jtsed! ideally to this experimental
Animals wrth rhaitls wers excluded from ex

(Nacssen, 1970 ¢)
) technique

Under Nembutal (Abbott) anaesthesla and with
strct asepiis @ mudline incimon was made in
the skin on the dorsum of the skull of the
guloea pig The penostemm was inclsed and
its edges were retracted The animal's head was
fixed under sm operating microscope. Using a
drifl, a paramedian coffin Hd-like inclsion was
then fashioned on the domal aspect of the
frontal bone overlylng the fossa for the bulbus
cfactorius. The Hd was pently clevated by
means of a hook and removed en bloc.

The dura mater was then incmed end the ol
factory bulb expesed. Bulb tissue was removed
and all intact fa olfactora at the cribnform

Acta Otolaryng 71
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plate were scvered with a fine knife By meant
of focusing and altermg the optical plane of
tho operating microscope the extent of the
cribriform plate was defined and the exfbrdorm
pattern of its surface was exsmined for amy
resldual fila that may have escaped section.
The wound was then sutured in lsyers. The
lnimhp:nﬂ'aﬂymldcunpldmdnnﬂmﬂﬂ
recovery from the operatron.

Experimental procedure

Three seres of experiments were condoctrd
each with a batch of 9 ginea pigs (2 of whkh
served as controls) weighing 300-350 g e
An animal in cach senes was sacrificed 2t 12,
18, 24 36, 48 72 hours and 1 week followssg
operation.

Following decapitation, the ethmo-turbost]
complex boae (bearing olfactory cpitbeliod)
wes rapidly exched and Immeped b a 3%
soluthon of glutaraldehydo buffered with 0073
M sodlum cacodylate to pH 7.3 Specome™
for phase contrast and electron microscopy
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'ﬂ'lm:inceprucnu a charsctenstic bushy and an 1ncrease in the number of their micro-
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Villl (Flgs. 10 11 12, 13) The stems of ongin  spicuons at the gurface on occaskons (Figs- 16
of the microvili show marked hypertropby 12)

(Fig. 11) Moreover A variety of deformites at At a week the receptor end of the clfsctoY
the distal ends of the supporting cells are coo-  epthellum i charactorised by a conspicaoT

Acta Ototeryng 71
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It Sahnd
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alfsckary epitheliom. Geines

perimental tnation there aho (ses captioa 12) occurs
and of

the
rone Cootlmed support  rvtxcolom  (Naowsen, 19704)  Elkcttron mucrogreph
sctivity fa evident. At thh plum of the o 15000,

wd total absence of its peripheral semsory cell DISCUSSION

tokely and entirely of 2 zooe of microvilli these The terminal processes of the olfactory cllia
e redoced In pumber and In size. The cyto-  do not i between the microvilll of the sup-
Pam adicining the free surfeces of the sop-  porting cells but lic on & more peripheral plans
porting celly b less labile and well defioed.  and form & zons of their own. This s tn coo-
1o other xspects thevo celht appear normal. tradiction to the findings of Okano (1965), An-

Acts Oto]
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Fig 14 Oifsctacy epithelimm. Guinea plg. 1 week fol-
showa the d rone

scen ipterposed between
the sapporting celh, and (5) alwence of the receptoc
ooe. A redoction in the nomber and dze of the

(1966) Seifert & Ule (1967) Olnno et al.
67) who state or depict in their fllustrations
mtermixture or intertwine of terminal pro-
cesses and microvilh, A similsr zone to that
demonstrated bere in mammals has been shown
by Reesc (1965) in amphibia.
No branching of cli por & feltwork of
streamers a3 described by Gasser & Palade
(1956) In the pig have been seen in the guinea

Becanse of their posttion, structural differen-
tiaton md expansive surface it i pot unreason-
able to atsumme that the termunal olfactory pro-
cesscs represent the true semsory receptors sub-
serving the sense of smell. The terminal pro-
cesses my well be regarded as dendntes and

Aca Osxolaryng 71

The hed and hypertrophy of ¢
endoplasmatic reticulrm of the pust fow days i ke
conspkcooas. Electroa 17 000,

the b loplng these p be

collectively regarded as the receptor ma-
brane of the olfactory neurone. Tt would thet
follow that the brpolar olfactory neurcoe o
light microscopy #s In fact a multipolar cell
The olfactory area in man Hes st the 8%
of & sy¥tem of gutters or nesal watershed (Nac-
sen, 1970) and the effective propulston towards

such a drag would help align the torminal pro-
cexses of the olfsctory cilis in the direction of
the respiratory reglon (Flgt. 3 32) The o



fxctexy cilia may provide a counterforce to
peevent thelr ! (termipal p )
from beng carrfed away with the stream of
mecus and thus belp to retain them In thelr
proper anatormical posion withm the receptoc
zooe of the olfactory reglon. They may do thes
by displaying a whiplike action or tag force
wcting from below movements related to thelr
stroctore a5 kinocilia,

Whereas the nicleated part of the peripheral
olfactory neurone enjoys relative protection in
the sealed off deeper layers of the epitbeliom
the mjor part of its cytoplasm lics in & perph-
el cxtenslon whose terminal end (clfactory
vesicke) at the surface gives rise to a stmple yet
extemive receptor mechanism  The receptor
Tooe of the olfactory epitbehom would thus
ppear 1o be most vulnerable. There is evad:

“Receptor surfoce” of the olfectory orgen 347

other deformitles at It distal end (Flgs. 10,
12) In a week the supporting cells show signs
of regression in their activity of the past few
days ultrastroctural appearances at the surface
suggest & return to normal™

No bladder-like structures or bulbous swell
ings (termimal or otherwme) have been seen
ansoclated with the termmal processes of the
permpberal olfactory neurones. These srtefacts
have m the past been combdered ultrastrictural
entities with posible functional sigmificance
They are common in mammals with riomal
diseasc and have been reprodoced here by in-
doced damege: their ultmate fate B dearly
demonstrated. Occaslonally small arcular pro-
files arc seen incorporated in the cytoplasmx
matrix of a termiml process (Fig. 3 a) These
may rep an eardy & change.

to sugpest that it this be damaged by inflam-
maiocy processes, drugs and volatlle poxlous
ageans the supporting cells 1n the olfactory e
o 1espond by hypertrophy and proliferation
of their mbcrovilll or by the development of cila
(::smn, 1970 a, d) Surface shavings exam

Following cxpermmentally induced or spon-
taneons damapge basal bodies aligned in rows
have been observed in sets withm the rod-like
cxtensions of the peripheral neurones at varous
levels of the olfactory eplttellum. An apparent
ly similar picture arises in the developmental
stages of these neuwrones and unless viewed in

jon with other signs of depencration of
the epithelium as a whele dying neurones are
Liable to be mistaken for developlng neurones
or regeneration of olfactory cilm.
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ZIUSAMMENFASSUNG

Fine obere Struktor dey olfaktorischen Epithels wird
beschrichen. Dee Benehung fhrer  Zellmbesandteds
und deren Rehation zor freicm Oberflachs des Epithels

enthaltm, deren Distribotioasmomter de-
monstnert wied Thre Art, sich o werrweipen wird
Eme dis wem

den endpiligen Promessn der periphiren olfalio-
rhchen Nevmoen besiebt, und da smmers Dritiel der
mmhwhhvm
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bildet, wird bereigt. Expertmentell verurmchte Zer
nkmlrunhknh&hudmpmwnhirmmh
Integration  dicser

plitero
den beobachtet, und Inncrhalb einer Woche Lamn day
Encheinen des Receptorendes des offaltorischen Eple
theh gereigt werden.
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gioa, e.g. cancer of the tongue, gingiva and
bucca, When radiation therapy 1 applled to
tomours in the head and neck reglon acute as
well &3 chrone changes appear 1 the mmcous
membranc of the nose, mouth and throat.
However not only the mucous membrane and
the mirnor intrsoral salivary glands are dam-
eged, but In many cases abo the major saf-
vary glands, Le. the parotid glands, the sub-
mandibular glands and the majoc snblingual
glands—{f the glands are utmated within the
therapy beam. This is why radiation therupy of
head and peck tumours often caoses a dister
beance of the function of the salivary glands,
with comsequent drymess of the mouth and
throat. Furthermore, these patrents show in
cremsed frequency of canes.

The purpose of this investigation is to stody
how the function of the paroud glands s in
flzenced by Hrradiaton. The critical dose level
for disturbances of the function and the re

ibifity will be n

ool
pers
Tho function of the parotd glands has been
with w and g
methods.
MATERIAL

The material consists of 10 patients undergoing
radiation therspy for tumours in the region
of the head and neck. Five of tho pateents were

ActaC
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Table L Fire indiriduals receiring high-dose rodiation therapy and examined I year or more after

the period of the radiation therapy (group I)

Doss Inrad to

Ago at time of perodd glends
No. Sex Treatment  Exmimton  Disgnosh Left Righ
1 26 35 Carcinorma lingime 6 500 ¢ X0
2 ? 45 47 Nasopharyngea! 4 400 440

CArcnoma

3 2 45 45 mnn.l 6500 &500
4 a 50 51 6600 6600
s o @ € Carcinoms hngaae afn. 6500 &

examined with siolometric and malographic
techniques one year or more after radiation
therapy (group I) The remaining five patients
(group M) were examined with sialographic
technique just before radiation therapy and
two of these abo just at the conclusion of the
therapy Three of the five patients in group I
were examined with sialometry just before the
radiation therapy and all five just at the end
of the radiotherapentic period. The sex and
age at tho time of treatment and on exam-
ination, the diagnoses of the tomours and
the doses given to the parotid glands arc grven
In Table I (group I) and in Table I (group
I All patiemts were frradiated externally
Fight pabents were treated with the Slemens

I cobolt 60 unit, gving a dose
.-n‘wo(40—60md/mln, while two patfcuts
1o treated with the Vackn loear acoslerator
operating at 6 MV and at 200-250 rad/min.
The parotid gland doso wes calculated from

the physical dose planning carred out for exch
patent. All patrents received fractioned therapy
Treatmeats were performed with a tumour dose
of 100 to 250 rad a day A total doso of 4 400
to 7200 rad was given to the parotd glands
for a petiod of six to eight weeks. Cases 5 md
7 got only a smaller dose of approximately 650
red to the right parotd gland (Tables [ and ).
METHODS

Sialography 1s the roentgenologic demonsire-
tion of the ductal system of the salivary glands
after the mjection of contrest medum fnto €
cretory ducts. A blunt, pliable sitver cammh

d with a polyethylens tobe 1 htro-
duced 1nto the duct. The npection of the co-
trast medum b given manually at a slow =
trmnnryﬂnge."[‘hrecdalogmxmexyxd
the first one when the patent signals that b0
feels & senso of tenslon, the second and thd
when he igoals 2 light and s moderate patn, 1

Table 1. Five indiciduals with high-dase radiation therapy and examined before and immediately afer

the pertod of rodiation therapy

Doso In rad to
Ags ttime of parotid ghinds
trestmoent and Right
No Sex cxamination Dmgnosis Left -
6 g 4s Nesopbaryngeal 6650 =
7 3 47 Carciname boccse sin. 6 500 £1%
4 3 b Nasopturyngea! §1% 4%
9 3 [23 ‘Nasopharyngeal carcinoma 6400 £ 30
10 E n ‘Nesopharyngea! carcmonma 6 %00
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Table 1L The area of the parotid glands of the Individuals In growp I and group IT
Fryores b brackets st the rea &t the end of {rdlation period

Growp
Interval Arca of parotid
between slands to em?
trowtoment
and examl-  Left Right
nation
Poo.  yan
1 9 61 72
2 2 as 9.0
3 1 96 10.1
4 1 1t 113
H] 2 24 (143)
Mexn valoey and 8.D
of imabated ghands 89119

spectively (Ericson, 1968) The contrast me
dium vsed was 60% Urografin.

In the assessment of the sulograms thero
e tvo main factors of interest: the appear
e and frequency of the docts and the pro-
Fected ares of the parotid gland. The area of
the ghnd in the eialograms can be planimetr}-
cally calculated with a hrgh degree of precision
and d and 3 1 1
m the onentation of the object arc of oo signe
Seance when eompared to the imtersubject
vimahon in the mze of the gland (Encsom,
1970) The arca was messured on two different
occatlons aod on two different shalograms of
""hm'ﬂnmumpﬁm
with & plantmeter, Ingat 9544-11 type OTT

The dalometric method 15 2

Groop Il
Aren of parotid
slands bn on?

Pat. bo. Left Right
14019 112 (120)
166 143

143

19319 6)

185
171439

The sronger stimulation by 6% atrlc acld
could pot be used, as the intraoral thsucs were
affected by the iradiation and the petients
complained about the smarting pain.

The saliva was collected with a comblned
soction snd collecting plastic cup aver the orf
fice of Stenson s duct. The collecting cup was
coanected with a small plastic container by
meam of a polyethylene tube. The record-
ngs were made simultancouly on the keft and
right sdes duaring 10-min penods. Before snd
after the recordmgs the collecting cup, poly
cthylenc tube amd plmtc cootainer were
weighed while enclosed 1n a plastic box. It may
be noted that onc drop of saliva weighs sp-

the method deseribed by Enfors (1962) and
Erhm(l%leuﬂngthcmmrydaanﬂ—
mations the patient reclined in a madern dental

ertical phine. The recordings were mado dur
Ing rest and during stmmlation with citrlc acid
On¢ per cent solution was vsed for tho stimu-
bton of the glinds. The rate was 3 drops
€very 30 see for 10 min. The atric aod was
=plied in the midline of the anterior third of
e dorvum of the tongue Tho paticat was In-
ructed to move bis toogoo after overy hstil
lition and to swaliow between the instillations.

ximately 0050 g 5 to the ding

technique described by Enfons (1962) and

di of app ly 0060 g to Encsen
(1968) The weighing procedure kB a very

simpe method for recording the amount of
saliva. The accuracy is very high In the weigh-
ing procedure used and 1 more than 100 times
hugher than the weight of ooe drop of sallva
As 1s pointed out by Edcson (1968), errors
doe to the d pplicath
and imraindividual variation are of subordl
nated fmportance as compared with the inter
Iodividnal varation of the sobjects  Tho best
Intraindividasl fom s obtained In con-
pection with the citne acid stimulated secre-
tom (Ericson, 1969) In our materfal it was

Acta Orel
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n, 1 Salogram of a parotid ghind obtained 9 yeaars
after the radiation therapy (Case 1). Natoral sire

found that the stimulation cffect was observ
able on some occasions emly after 1 to 2 min.
The 10-min penod for collectmg the saliva will
therefore forther diminkh the intramdmdimal
erTors,

RESULTS
Slalography
The indrvidual valnes for the areas of the paro-
tid plands are tabulated in Table I All valnes
of the smgle parotid glands arc means of two

Fir 2. Shlogram of & porma! parotid gland before
radiation therapy (Case 9} Natural «ize.

Acts Otolaryag 71

group I, comprising the patients 1-5 the slsho-
praphic exammnation was carried out ono to
nins years after the radlation therapy was com-
pleted. The nght parotd gland of patent §
was outside the radiation field dunng the ther
apy sand has been exchuded from the calenb-
tions, The arca of the remainmg nine ghnds
vered between 6.5 and 11 8 cm® with a meatt
value of 89419 cm?

The arca of the right parotid glend of pa-
tent S who got a small radiation dose, W&
145 o' which 13 more than the area of £y
of the other irradiated glands m groop L

In group H the radiographic exsminstioel
was performed fust befors the radiotherapy of
patlents 6-10 and in cases 6 and 9 also Jt
after the radution therapy was completed. The
areas of the ten parotd glands messured be-
fore irmdution varked between 112 am® ad
24 8 an? withameanof 17 113 9 an?

In the two cases in which tho area of e
parotid glands was measured before ay well 25
ust at the end of the treatment there was 50
difference in area.

A comparison of the mean valncs for (e
arcas of the parond plands in the two groups
showed that those of grovp I were
amaller than those of group II (0001<P<
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Table 1V Resting axd 1 citric-ackd stimulated secretion of the parotid glands of the tadividuals i

srop 1
Mean gloes for restieg Mean vaines for etbmulsted
of Irradiated secrethon (1 cieic-ackd)

Toterval between of badiated parotid glandy
treatment and ex- (Mg/10 mm) (Mg10 min)

Mt no. amination in yesrs (@ ghande) (5 glands)

1 5 1 1840

2 2 17 419

3 1 3 5

4 1 ] 51

s 2 14 13

Total and ST 136 4672787

0.01) Le. glands rradiated one year and more  determk The mean djff between

before the salography were significantly smal-
kr than pomrradiated glands and glands ex
amined ot at the end of the radiation therapy
In group T all ualograms, except that of case
5 nght parotid gland, which got @ small dose,
were characterized by a sparse duct system
(Fig. 1). Tn case 2 lefi parotid gland, the maln
duct was dilated and showed stricture forma
Gom. In group IT the sialograms showed por
mal parotd glands (Figs. 2, 3) with the ex
ception of those of case 6. In that case the
sialograms showed globular spherical accomm-
ltloos of contrast medium, indicanng stalo-
dochicctasieg.

Errors of the method

The preciskon of the planimetric messurements
wx determmed with the help of the doable

the values from the two measurement occa-
stons was 01 cm* indcatimg that there was
no systematic difference between the two oc
casions. The standard deviation for a single
determmation was 023 cm? Thus the error
of measurement fs small compared to the great
varistion between the fndividual glands (Table
1m

Sialometry

The Individiual values for resting secretion and
secretion on 1 per cent dtric-ackd stimulaton
arc given in Tables IV and V

The sccretron values are tabolated o3 mean
values for the two parotid glands of each pe-
tient in thosc cases where both glands have
got high doses and the left glands of the two
cases (patieots § and 7) recedvmg unilateral

Tablc V' Resting and 1%, citric-aeid stivadated secretion of the parotid glands of theindscl dhaals in
879 Il Values before (3 cases) and at the end of the irradiation pertod (5 cases).

Mean vakms {or restng secrvtion

Mcan valow {or samnieed secretion

(5710 min) (1% atrcacd) (Mg/10 min)

Em Atend of Bdm“ Atend of
Pitno, (6 stany) © plants) (6 giands) © pheotn)
: 17 3 1238 10

— n —_ L
; i 2% 2736 34
10 135 he 4378 20

pad 3 P 197
Toalusd a1y T 36226 1M1 1Bgus

U-nimn
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L] CONTROLS

RNy

PAROTID OUTPUT DROFS PER 8 MIN

NMEER OF SUBJECTS

xx

radiation therapy As has been mentioned be-
fore the right parotid glands of two cuses (p2-
tients 5 and 7) received only secondary radia-
tion, approximately 650 rad. The two glands
mentioned have for that reasoo been excluded
from the calkculations of mesn values and S.D
ahown in Tables IV and V The Interindividnal
varlations in the results of the slalometric ex
aminations are great. However ith d

Fig 4 Ono per cent cliric-acid
secretion

M«—ll outpat
IR 09 % ing 10 min (1 drop welghs 60
mg). From Erlcson, 1968

ead stimulaton wos 630013 981 mg per |
min (Fig. 4) In no case was tho secretion k
than 1200 mg per 10 min. Thus, the irred
ton given to the parotid glands results In
very marked decrease of the secretory capac
in all cases except one. The latter (peticnt
however has a valoe which b represented
that part of the normal material having
lowest valoo (Table IV) Patient 1

ing this vanation, tho effect of the frradiation
of the parotid glands fs clear at any rate with
reference to the stmmlsted secretfon. The rest
_ secretion of parotid glands irradiated with

doses is very low In all cases the mean
/lammmdmmmh
53 than 77 mg (1 drop weighs 60 mg) during
a period of 10 min. Comparison of the resting
secretton before and after mradation in group
I shows that the secretion decreases n all
cases, The secretion on sthmulaton with 1 per
cent crtric acid Is, after jrradlation, kess than
419 mg per 10 oun, except for patlent 1 Le.
8 drops or less as 2 mean for the glands. This
result may be compared with the secretion
values obtamed from a comtrol material of 92
mdividoalt, 26-64 years old, with clinically
and roentgenalogically normal parotd glands
(Extcson, 1968) The mean vatuo for the secre
tian af the normal parotid glands on 1% citric

Acts Otoleryng 71

the youngest, and had been treated for as lor
as 9 yeans before the examinatans (Table Ik

In two cases, patients 5 snd 7 it is possib
to make an intramdrvideal companson b
tween tho reaction of o perotid gland whk
Teczoeed. & high dose tnd & gand effected od
by 2 low dose, or approximately 1/10 of ¢
high dose. No marked difference 15 noticed 1
regards the resting secreton, However U
values for the stimulated secretion of the sro%
iy bradinted giands decremse to a great extenl
The ratios of the stimulated secretion of &
low-dose irradmted (650 rad) and high-det
frradiated glands (6 S00 rad) of patients 7 &2

7 were 626 18 mg per 10 min and 1000 7
mg per 10 min respectively
DISCUSSION

The most common secondary cffects of radit
tion therapy spplied to tumours fy the reglod ¢
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the head and peck arc a decrease fn the amomnt
of uliva, with comequent drypess of the
month ( ja) end an | d fre
qeency of canes.

In the present stody the effect of irradia-
ton with high doses cn the function of the
parotd glinds has been investigated, The fr
mdiahon effect on the anatomy has been ex
mmmed by dalography to study the ductal sys-

vtm and the st of the glinds. A marked
2 change of the doctal system secms to appear a
tertam time after the irrsdmtion, as the four
7 fands exsmmed fust at the end of the perfod
l’u(nd.‘nmmthcnpydnwed,ndnhgrmnm}-
1 b to thoso obtained before the therapy while
o ghndt coamined one year end more after
the imadiation were characterized by a spane
&t system, As regards the size of the parotid
< ghnd 1t hay been shown by Eraon (1970)
| tht the ares of the gland projected on a shalo-
1 fam b girongly correlated to Ity volume. For
1 calealation of the volume from the valus for
3 the area the followlng formula is given: Vol

e (in em®)= —1344+2.32 1, whero 1=
¢ #rexin cm? For small giands this formala might
be inadequate. The arca has for this reason
been used as tho criterion of the gland size
t  Tabls IO shows that the four glands (cascs
6 and 9) measured at the beginming and end
o the period of trradiation do not decreaso in
) ¥z, On the other hand, a comparison of the
£ of the glands examined Just at the termina-
ﬂmo{ﬂnln’ldn!.kmwllhthﬂl"flhﬂlim
Srmined ono year and more after radlation
therapy shows a marked decrease in size. The
biiological changes in the thsues of salvary
flandy on Irredlenon may give an explanation
for tho obmervaticns on the strocturo of the
doct system a3 well as the sz of tho gland.
Evams & Ackerman (1954), Ksahima et al
(1965) and Wallenborn et al. (1969) have
thown that mradution of the parenchyma first
of all damages the serous alveoll (acin) whilo
tho duct stroctures are not affected. During the
brufiation the mumber af serous atveoll dimin-
hes. Owing to ocdema the interlobular coa-
mcthye tigme becomes swollen. After the ir

radiation the oedema decreases, while the
stroma fibrosls and scleroms progress, The ef
fect of irradiation on histology may explam
the anatomical changes stndied on the sialo-
gram. The decreasc in sre i seen only a cor
tain time after the iradistion. This may be
doo to the fact that the reduction of the aeind
camsed by the irradiation Is concealed by a
compensatory swelling of the stroma. After the
irradiatlon the exudation disappears and the
proliferative fibrosh  develops  successively
while the parotd ghand begins to decrease m
sizc As a consequence of the dimmshed num
ber of functioning secretron cells the doct sys
tem scems gradually to dsappear In the nine
glands examined cae year or more after radia
tion therapy the mean of the sires of the parotid
glands (group I) was sigmificantly smaller than
the mean of the sizes of the ten glands in group
1I before irradiation.

According to Encton (1968) there s a hugh
correlation between the sizo and  secretion
vahwe of the parotid gland. In the present study
a marked excepdon to thus rule is scen. The
four glands of paticats 6 and 9 were cxamined
by slalometry and malography before tho radis-
tion therapy as well as just at the end of the
period of Irradistrion. In spite of & marked de
cresse of the secyetion the mze by unchanged at
the end of the uradiaton period (Tables 101,
V) The irradiation effect on seroos alveoll
may cause the decremte in the secretion, while
tho decrease in tho size may bo obeervable oaly
a certain timo after the irradiation, probably
only after tho disuppesrance of the exudatrou
and ocderia and tho successive diminution of
the duct system. Conscquently o stalometrio
examination is very valuable for an estimation
of tho function of the parotid gland—tho arca
of the gland projected on a sialogram might bo
mideading for an estimation of tho gland func
tlon Just at the end of the radiation therapy

Aﬂmmmﬁ“mu)mor
oldeT at treatment. The cxception was 26 years
old at the tme of the radation therapy and
WS CXaiined for a1 Jong 2% 9 YRS afier the
h""dh’-‘m'l'hhpnuenthnlm‘;'f&
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CONTROLS

N

PAROTID OUTPUT DROPS PER § MIN

WADER OF SUBJECTS

radiation therapy As has been foned be

Fizg 4 Ope per cent dirfemld -
stimulated secretion of

Nty

» g s ing 10 min (1 drop weighs 60
my). From Erfcsan, 1963
acd sthmut was 630013 981 wg per 10

fore, the nght parotd glands of two cases (pa-
twents 5 and 7) recaved only secondary radia
tion, spproximately 650 rad. The two glands
mentroned have for that reason been excluded
from the calkulations of mean valucs and S.D
shown in Tables IV and V The intermdrvidual
varfations in the resalts of the salometric ex
aminatioas are great. However i d

min (Fig. 4) In no caso was the sccretion ks
than 1200 mg per 10 oun. Thos, the toads
tion given to tho parotid glands resolts in ¢
very marked decrease of the secretary capscky
in all casts except one. Tho Iatter (patient 1)
however, has a value which is represented i
that part of the normal materral having tx
lowest value (Table IV) Papent 15

ing thes vazistion, the effect of the mradintion
of the parotid glands n clear at any rate with
reference to the simulated secretior. The rest
. secrenon of parotid glands irradiated wnth
+h doses 13 very low In all cases the mean
for the secretion of the two glands is
~sess thm 77 mg (1 drop weighs 60 mg) during
a penrod of 10 min. Comparison of the resting
secretion before and after wraduatron in group
II shows that tho secretion decreases in all
cases. The secretion on stimulanon with 1 per
cent atric acid s, after iradiation, less than
419 mg per 10 mm, except for patlent 1 Le,
8 drops or kess as a mean for the glands This
result may be compared with the secretion
values obtamned from a control material of 92
mdividuals, 26-64 ycars old, with clinically
and roentgenologpcally normal parotid giands
(Ericson, 1968) The mean vahse for the secre
thon of the pormal parotid glands on 1% citric

Acta Oroleryng 71

the youngest, and had been treated for as Joeg
as 9 yeney before the examinations (Tablo I

In two cases, paticnts 5 and 7 it Is possibie
to make an mtralndividusl comparison be
nlw:\:nr.hnercact.k::uol:spa:rt)tl=dgim:n:l\'ﬂl"lb
recetved a high dose and a gland affected only
by a low dose, oc approximately 1/10 of O¢
high dose. No marked differencs 15 noticed £
regards the resting secretion. However tf
values for the shmulated secretion of the strong”
Iy irradiated glands decrease to a great extent
The ratios of the stimulated secretion of
fosedose bradiated (650 rad) and high-do
frradinted glands (6 500 rad) of patiknts 7 s

7 were 626 18 mg per 10 min and 1000 Y
mg per 10 min respectively
DISCUSSION

The maost common secondary effects of radis
ﬂculhenpynppl}cdtommmmlnlhomd
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A COMPARISON OF THE IMMUNE RESPONSE OF TONSILS WITH
THE APPENDIX AND SPLEEN IN NEONATAL RABBITS

Elizabeth A. Godrick and G R. Patt
From the Department of Biology Bostow Unlverstty Boston Mass, USA

(Recatved July 28, 1970)

M (IgM) sppears to be the

Predominart antibody In the intial peimary

o response (Uhr et ol 1962) a3 well as

Nmmwwﬁmwouwx
Service, Na

Unlted States Pubbe Heakth
o Health, Bethesds, Maryland.

the st antibody to be synthesred embryo-
logically (Beflant! et al, 1962, 1963 Uhr &
F 1963), n d {on of the Jocal
bematysts in gel (LHG) test (Jerne & Nordin,
1963) which primarily detects this larpe im-
munoglobin, was wsed,

MATERIALS AND METHODS

Anlmals
New Zealand white mbbits froot ages 18 hours
to 52 days were used. Docs and/or their
weaned offspring were fod a standard ration of
rabbit food pelicts (Big Red rabbit food peflets,
Country Best, Agway Syracuse, NY) Only
tbom-n}.mnhwhoummioundmm
negatrve  Ouchterlony  test  (Ouchteriony
1953) for precipiting to tetanus toxold prioc
to immunization were used.

Age

Rabbits were wifected at ages ranging from less
than 24 houars poxt natum to 42 days of ago
with challenge intervals of 5 and 10 dayx.

Antigens

Tetanus taxold, provided for this stody by Mr
Willlam C. Latham, Institute of Biological
Laboratones, Department of Puble Health,
Boston, Mass, was avaflsble in two forma.

The soluble toxold, prepared by ammonfum

sulfate precipiation, was used kn the Quchter

lony and LHG testr. The insoluble te’u.nm\

Acta Om!
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toxord suspension, partially punfied by gel
filration (Latham et al, 1965) and adsarbed
to slumunum phosphate, was used for Injec
tiwa becanse of s greater antigenic properties
and because it was kss Ikely to mduoce toler
ance than the soloble form of the toxold.

Dose
At mmmnmniration rabbits received 140mgo(
ad-

tbe protein-coated SRBC were washed thres
times in CB and diluted 1 4 in a solution of
Enrle s salts,
B Ceﬂmpendon.r Atspedﬁ:dim:rnh
hoad organs were
rcmovcd and the cells were separated and
washed with iced Hanks gelatin solution, ba-
fered in & 10% NaHCO, solution to pH 7.2,
These were resuspended in a .83 % sqocom

tetanus  toxord  (Alomi )
sorbcd)perkgu{bodywdght.'ﬂmlnpcﬂau
quantity greatly exceeded the amount peces-
sary to elicit a response in the adolt animal
smez the ptonate appears to requme a large
amigen:C mass In arder 10 respond ymmuno-
Jogically (Sterdd & Troks, 1957 Duon &
Weigle, 1959 Reha, 1961 Bellantl et =L,
1963) Control rabhuts received 05 ml of
085* physiclogical saline,

Route of antigen
‘Rabbits were administered antigen either mtra-
peritoneally or viz the palatine mocosa,

Organs

Organs excised at the approprate ages for
comparative study were the tonsils, appendix,
spleen and thyms.

cal hemolysts in pel technique
. A Coupling of antigen to erythrocytes. An-
ugen was coupled to sheep erythrocytes
(SRBC) mccording to the methods of Golub
et al (1968) and Danwls & Wegle (1968)
Tetanus toxold (0.92 mg N/ml), mxed with

coojugation buffer (CB) m a 1 1 ratio, was
added to the SRBC in a ratio of 3 ml of pro-
tein sofutron to 01 ml of & 5% suspension

of SRBC in CB Soloble carbodiimde (1-cthyk
3-(3-dimethylaminopropy]) carbodiimde HCT)
Ott Chemical Co., Muoskegon, Mich) (100
mg/ml CB) was used to couple covalently the
E}mprmunmsRBC(Jnhnsanezn]..l%G)

chloride solution (pH 70) for 5
min at room temperature to remove rabb
erythrocytes (Daniels & Weigle, 1968) Follow
Ing centrifugation, the cells were then so3-
pended at ngh dilutions renging from 3 x 10°
to 1x 104 cells/0.6 ml! Eades salts to fosore
the occurrence of only one plaque formmg ccll
(PFC) per plaque (Harrm et al., 1966).

(. Plaquetechnique The Jerne plaque asay
(1963) was employed with modificatioes from
the laboratories of Golub et al (1968) and
Harris et al. (1966) A suspenvion of lymphoud
cells, 06 ml of an dilution, was
nixed raprdly with 10 ml of 1.3% agarose
(L'Industrie Biologrque Francouse, Gennevil-
lers, France) n Eares sty contaming 0.1
ml of 25% suspension of antigen-coated SRBC

torlex, Drvislon of Bloquest, Cockegsrille, M3)
dilated 1 10 m Esrlcs salts, cach plate ws
incubated et 37 C for 2 hours. Two types of
cmudplammwepnui(a)lbﬂwﬂm
lymphord cells from pomtmmnnired animab
and (b) those using unsensitized red celh. In
all tests control plates (b) were negative. Thes
background represented plaques a| ppcﬂ"ﬂlm
plnuo(orgmtmmnoujnnmnlmd
Samples of blood from the Immunized and
control rabbits were obtained by cardizc pooc
tore immediately peeceding thelr sacnfice. Serd
were collected following centrifugation In 1be
cold. Aliquots from each serum sample wer®
tested by meany of the Ouchteriony test 2

and wes 2dded to the SRBC-protein
in a ratio of 0.5 m! per 0.1 ml 50% SRBC
in CB After incobation for 1 bour at 04 C,
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precip tests for precipiting to tetanes
toxodd.
D Detection of cells producing IsG &



bady Following incubation with complement,
plaques were counted and scored a3 IgM pro-
ducers. The method to detect IgG production
was that of Dresser & Wortis (1965)

RESULTS

Pattern of Immune response In tonsil

Tootll cells from rabbits immuntred ot varylng
neomatsl apes showed decremsing ability to
form plaroes with increaung age at both 5 and
10 day challenge (Fig. 1) However the new
born toosflar response was extremcly strong
d d&id not weaken and approach PFC values
capected for a suspension of 104 cells In a
primary resction (Daniehs & Welgle, 1968
Harrls et al,, 1966) until the 21st day

|
|

Fig 2 Compantive background counts of 4 orpams
from peonatal control mbhits. Rabbits wers hjected
via tho palating mmcom with 0.2-05 ml

alne. 5§ day cimllnge (A) 10 day chellengs (B)

Comparison of immumne response at different
ages in 4 rabbit organs
A. Post 5 day test. Untll day 7 the toasil was
apprectably more responsive than the appen-
dix, spleen and thynmns (Table I, Fig. 1) By
day 14 the sppendix bad reached the lovel of
the tomilar respomsc for that age. By days 28
35 and 42, both appendix and spleen surpas-
sed the toosilar response  Although the im-
mune respanse of the spleen and appendix at
thelr respective peaks npever resched the
heights of the toasilar reaction immediately fol
lowing birth, the responses wers in the range
expected for adult immmme rabbat cells under
going a2 primary response (Harris et al. 1966
Danwels & Weigle, 1968) This would seem to
indicate that tolerance was not induced.

B Post 10 day ferr When 10 days were
allowed to elapse after Immunrration, pot only
was the momber of PFC greater for all organs

23 a functron of ge, was similar for both post
5 and post 10 day tonsil celhy, Indicating de
aeming responstveness. Likewise, the shape of
the curve was the same for spleen cells, Indi-
cating Incressing responsiveness for both el
Jenge periods. The appendical respomse showed

-
Acta Otolarymg 7]
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Tahle L Comparison of immme responses of 4 orgms of meonatal rabbits of varying apes (days)

(LGH test)

No. PFC/10*>BKG

Ageat Ageat

{njection  macrifica  Tom( Appeodiy.

Challexgr age 5 diys

1 6 s R 0,00

2 7 85 50, 31 121

3 ) nnNneae 530

7 12 2 H 68

14 19 15,18 10,3

21 3 8, 10 9

2 3 76 12,13

3 &0 78 17 1%

4 47 76 %

Challemge ape, 10 dayy

o 10 100, 90 L9

1 11 0 90, 91 10,9 10
12 92,91 59 170 20

7 17 61712 a8

14 ol 12,15 3L 30

21 31 10, 11 30, 20

-4 3 10,9 425

a3 45 87 ETEE

4 2 76 313

« Antigen-tetunm towold (140 mg/Xg body welght)

& Antigen mocosa,

¢ Each vahe represents one test.

a climb dormg the first week of Iife a leveling
foc the following 2 weeks and then a subse
quent climb when 5 days were allowed to
elapse afier mmmmunizatron. If 10 days passed
foro testing, the appendix showed ummuono-
cal competence at burth and then following
~2-fold increase between day 1 and day 14
produced 2 steady level of PFC after day 14
The thymus was incloded m these com-
parathe tests to represent a “Iymphodd organ
control” As was anticrpated, the thymus re-
vealed no sigmficant ability to form plaques
(Table 1, Fig. 1) The one or two plaques ob-
served after a 10 day waning period might be
attributed to cells that hed migrated there from
mnother site, It would thus appear that the
] tonsl acts qualinatively like the ap-
pepdix and spleen and not like the thymms with
in production of antibody- however the quan-
trtative differences between the tomsil and these
other two antibody prodocers immediately af
ter burth are quito spparent,

4cts Owlarywy 71

Spleen Thymum
0,0,0 0,00
0,0,0 ,0,0
00,0 0,00
0,0,0 0,00
310 00
77 a0
910 a0
10,9 0,0
10,9 00
0,0 0,0
0,0,0 0,0,0
6,00 0,00
4,1 0,0
79 00
15 16 20
1312 10
1515 21
14 13 a1

Effect of antigen route on speciffc organ
response

As was expected, the toosil showed a much
greater responso for both 5 and 10 day intef

3 4) Fig 4 scems to Indicate that the gl
tme route was not prefudicial to the spieen ad
even

1
d to enh the sppendial ©

PP

a day old. The highest titers for 10 days po%t
m}ecnanoccm-r:dfmmagalle—z&luhw“
be noted that titers were expectedly Jow for
oIl neonstal ages and infection hfervals wheR



compered with the adult or the secondary re
poose. Bloxssay of teat sera was performed at
the Massscirmeetts Public Health Blokogxe Lab-
ontooes. These parallel stodles tested the
momt of immontty to tetanus toxm coaofer
red oa wmice by the test rabbit serum. Results
supported the data in Fig. 5

Deternination of immumoglobulin type

The plaqoes represented in the datn are pre
samably the result of IgM molecules since the
wdirect plaque tests conwstentty failed to de
ket any sigmficant JgG mobecnles. Control
Pates made of spleen cells from rabbits under
g & secondary reaction did reveal additio-
mi plaqoes following the mdirect plague test.
Tll:lmka{pmdmﬂmullgﬁinﬂnpoalo
day tests s probably attributed to the fact that

all tests d a pnmary resp and
that the animaks tested wero neonatal.
"
Tomn
"
-~
-——
L - -
Ao
~ - -
3t
LY
-
e
/ P
™ " a
Nt om s .
Fi¢ 3 Effect of snugen romts on weclfic orpm
Ttiposee im meoratal rabbxts of varying ages tevod
3 days atier Injectron. Rabbits were jmmmunized with
slea0e o0kd vi the pulaties macoss (A) or via
hhmpummuyca;mwvy’;mwm
pome soward estigen knjecied sither rowe.
Each s for 2 Ut ba which

i
i
i
!
3
£
i
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A

5 day chaflenge, it b thought unfikely thyt 50
many antibody-producing cells would hyye mi-
srated 30 quickly Thirdly antibody was not
detocted in the other lymphoid orgam oa dav
lmsmhmmhm.w
anco o the tomsil (Fig. 1). It 1y behered 537
i antibody-producing cells wero

Act
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from another source, antibody would have
been In these organs as well as in the tonsil,
Fourthly the serum titers were negative when
the tonsilar response was at its peak (Flg. 5 A)
hence, it does not scem Iikely that the antibody
detected in the tonsil was coming from another
source because 1t thould have been messurable
1 tramit in the blood. Finglly the ncgative

ome of the thynms belped to verify that

Ay from another soarce did not indis-
criminately sdsocb to lymphoid

from the spken or appendix via eltber Inje
thon route,

A paralle] clectron microscopic study B
revealed that in sddition to the lymphocyte
cell type In the middle of plaques, epitbeBad
cells have been found alons m plaques from
tonsilar prepaeations up to day 14¢ apd were
comsistent with those ages that gave the highest
couns. Epithellal cells were not detected It
plaques fram other organt. Tho authors have

joned 1f the tonsilar epithellal celly are im-

cells and transform them mto pleque-forming
cells. Concomrant stadies using bovins serum
albumin in Freunds completo adjovent s an-

plicated with the backgroand connts xince th
epithelinl cells were detected in plaque centet
durtng the first 2 weeks of life, concnrrest wih
the highest background counts (Fig. 2)

It 2 apparent that in either the 5 ar 10 &7

tigen yielded paralie] results.
The high tonsilar response at bwrth 5 plams-
Thle since lymphocytes and whages have  chalk

been observed In the fetal rabbit tomil (Ham-
son ct al. 1970). It » sogpested that the de

ing h I 1l of the ton-
£l at days 2842 may represent regressing ton
silar Iymphold tissze. Although the possibility
of tolerance {nductlion cannot be ignored, toke
rance would have been a body phepomenon
and this fact Is not comustent with the data

Acts Otolaryxg 71

tests the toalls alone are ot rEsPot
sible for the humoral itess (Fig. §) This &
crepancy between tonsilar responss asd humo-
ral measurements has been poted previosy
(Malecki, 1958 Minnik, 1965) Fectors which
might sccount forthhmcunhwncylndﬂd‘:
(a) differences between cellbound and cueuld

G R Pt E A Godrick & D L Pat, upet B
prepantion.



oy antibody (Jerne & Nordin 1963) (b) dlf
frrences  between  antibody detected In the
LHG reachon and an antibody detected in a
mamoral test tube reaction (Friedman, 1964
Hechtel ot al, 1965 Minnlk, 1965) or (c)
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ELECTRON MICROSCOPIC STUDIES OF CAPILLARY PERMEABILITY
IN NORMAL AND AMES WALTZER DEAF MICE

S Osako,! and D A Hildmg

From the Section | Osolary gology Deparimiens | S rpery Yol Usirersisy School
{ Medicine New fiaven Conn USA

Recehed Auygogt 10, 1970

deafness in Shaker 1 mice and Hedlund white
mlok. Abnormalities of innervation amd prob-
ably of arculation to the argan of Cortl durmg
development were found b Shaker 1 muce (Ki-
Inchi & Hilding, 1965 1967) Early cytologcal
chanpes In the argan of Cortl were foand in
Hedhnd mmk (Soghura & Hildimg, 1970 )
which resembled ototoxc sntibfotic induced
hair cell changes (Duvall & Wendll, 1964
Lundquist & Wersll, 1965, [967)

Abstract At mo siage afler Girth do Ames waltzsr
wice show videace of oditary function Flud spaces
o B orpsa of Cortl fall to deveiop cormally Later
bak s and gpral panglion cells depenerate and
darpaar These deaf mice exibit no other morpho-
logal defecte. The seccle B8 normal Cheohtion
d bnervaton are amatomcally normal during mate-
Tho iacor mibetaace, borweradnh peroxdese, -
xpes from capllaries by peming between endathelial
ol b O peripheral cirehation. Tigit jmctons of
braia apilaries prevent penetration of this sobetance.
I Gw wrfa vescularia, paecs
ot of apifieries it the fhikd of the eph-
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The saccuke wall of Hedlund mmk under
went degeneration winch progressed to nupture.
The stria vascularis was atrophic and s clren-
lation abnormally slugghh (Suglora & Hilding,
1970 b).

Becamse we could find no significant mor
phological abnormalhiies In Ames waltzer mice
during early stages, we were led to study capll-

oaxidase B3 an enryme with a Molkecular weight
of approximately 40 000 which readily escapes
between caplllary endothelial cells in the periph-
cral arculshon, but will pot penctrate the

Prewafly ot Department of Otchryngology Onla
CoY Univershty $chool of Medicio, Ouska, Japen.

RAE

peroxidase. On Hght microscopy a dark browne,

or black stain Is seen.
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Fig 1 Round window elecincal respome to ciick
stimolos in normal 21-day mowse showing cochlear
mic'whmh:(CAf)mdu:lmpotan]tN)leV/
dividon, 0.5 meec drvinon

Fir 2 Round window recording of 27-day Ames
waltzer At Do stage were we able to clkat ejther

In this project, horseradish peroxidase was  Palade, 1961 Majno ct al., 1967) Trypaa bio
used to stndy histamme-induced changes i was used by Nomura (1961) to demomstrate 2
capillary permeability Other tracers have been  histamine resistant barrier within the stria v+
used for studying histamine effect (Majno &  cularis.

Acta Otolarynt 71
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MATERIAL AND METHODS

Appraximately 50 Swits strain pormal mice
wre med, varymg in age from newborn to
sdull. A few fetal specimens were studied.
Twenty normal mice were injected mirave
nously with peroxidase, of which 12 also recetv
el Instarcine fn vanoms doscs. A colony of
Ames waltrer mice wns mamtained. Hearmg
wts iested by Preyer reflex and by round windowr
recording of cochlear electrical respouses (with
e pame equpment described by Sugium &
Hikding, 1970 a). Electrical recording was per
fonned on 6 pormal and 9 Amss waltzer mxce
&t vatous stages fram birth to adult. Electron
IroRcopee observations were made on about
50 Ames wattzer mice, Peromdane permeability
stadies were performed on 15 normal and 10
Ames waltrer mce of varying ages.

For routine electron microscopy the anmals
%ere sacrificed with anesthetic overdose, and
hmpanlbomnpﬂ.dlyn:movcd.'l’hccodl—
lexs were opened and flushed with buffered

Propylene oxde, and embedded in Epon 812.
Sections for Hght mcroscopy were cat at 10 ¢

The spirsl woval (V) 1

Horseraduh peroudsse 4-7 mg was injected
Into the femoral vein of unanaesthetzed mice
Intrecardisc Injection was used for mice under
5 days of age Controls were mjecied with
saline At various intervaly afterwards the ani-
mals were gacrificed, and the inper ears alde
hyde-fixed as described above, The membra-
nous cochless were then dissected out, and

incubated fn 3-3-dinmizob tetra
hydrochloride buffered to pH 7 6 with 0 01
H0, added, as deserbed by Karmowky
(1967) Preces of heart, esophagus, kidney and

given Intravenomly fn 01 mg to 4 mg doses

bty wll (/IC) Soms pexrby nerve fibers comtrn
sefes, G of whach are deswcors (erows). 45

Acka
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Caplllary permeabllity in normal and Amex waltzer deaf mice
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Ve

Fig 11 Seccalar scosory epxthelum showing type I
(sing! arrows) and type II (dowdl arrows) hair cafls.
revealed no sigmiftcant difference between nor
mal and deaf mice untll about the eighth to
tenth day after bith when the intercellnlar
space and tunnel space of the organ of Corti

Acta Otolarsng 71

Basement membrane (BAf). Tolnkdine bivo staia, et
1150

most oabet
desf animub, Ames wahzer mice bave 8 woms
-mmhwwmmm
nocmally develops in the basal turn Ames ¥alt
27 mice aiways failed fo develop the space of
Nuel and were Inte or deficent bn formms
tunnel of Cortl. Subsequently lhto‘!v"“”‘

Fg 12 Nervo endmg (NE) at base of type I oK
Unffke



Caplllary permeabllity in normal and Ames walt.er deaf mice
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theflal calls and through

o coter flald spmces clh. Thls
edown b from llAd:lyAmﬂ‘lhn:flnﬂﬂﬂ"
ormel

Fif 14 Ames wattzer strin yascolarie (V) and bl

Cortl degenerated, with gradual loss of balr cell
Population (Figs. 3-6) In later stages, the tmn-
el of Corti opeped in some snimals (Flg. 3)
No suelling or vesicular degeneration of hair

{:,, é‘fﬁ:&w

Tt 13 In the stria vascmilarhs, tho traces subsisnce,

m
Ry O
‘hﬁ

©
/‘ﬂa

B !
- L -
3 ',. ..,}.r f“ "*
P m\f: r ‘!—’4’-
724 {?f.li-\" .&’i

munmmu ¥t mikcroscopk:
features Fificen deys afier bith  pical tam Amea

margioal or dark ¢ ff Awws
un.me.ﬁy- Moy birth, showing movmel fimdimes

cells was noted. The hatr celly sl perve end
gy were pormal by chciim plerowo™
through 14 days (T K 4) tjpegr gua>>
cefls gradeally diappenss | fypinp mate="
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— e

Fig 16 Nomal adult stria sxcnlaris, with horse
radith peroddase penetranng bnto flosd spoces of the
sria ephbetum. Micropmocytouc tsmsport b not
scen o the strial emeh. Tracer njected 15 min be-
fore snimal was wecr ficed. Electron mrcrograph,
T450

Fyg 17 Light micrograph of st vascularis of noc
mnl-dnhmclneinbcu:d'ﬁ.hhoftrnﬂshp:mxhh.
15 mm before death, 930,

Acta Otolaryxg 71
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Fig 23 Control specimens incloded many tier. Jection, from an anlmal treated with histamine 2 oy
This shows extracelnlar Faco (EY) of cardiec muscle  in divided doter. Eloctron micrograph, 13 470.

by bocsers

The sentory epitheliom and membranous walls ment membrane thkkening in stria vasculass
of the sacenlo were normal (Figs. 10-12) capillarkes. The spiral vessel arcade beneath
The stria vasculars epithelum was neadly the organ of Corti underwent physiolopeal
normal. However none of the ten spectmens atrophy A possible abnormatity of capillxry
lmd}cdwmir:colponfblyn.rtc{mullduk permeability was suspected in the stna vascs-
cell shrinkage. The volume of the endolymph laris becamse of the suggeston of basement
was normal In all specimens exammed, membeane thickening, This led vs to use horse
The vascular supply to the structures of the radish peroxidase as 2 tracer for permeabllity
cochkamwdm-rmxlnmp(fuxxughtbm stodles

Acta Ototaryny 71



“ Capillary permeability in normal and Ames walt.er deaf rece 3 5

We first repeated previous studies. When we

(1963} carcfally correlated anatomscal apd

mpcted per ¥
1 paswed betwern endothelial cells to enter the
edracefludar space In soch tosuss a3 cardicc
moscle, esophapeal mrosdle, hung, and kidney
As cxpected, the tracer did not penttrat. past
e it uncton between endothsliat cells In
b These rovalts were consistent with the
osenatons of harnovsky (1967). and Reese
L Kamossky (1967).

e sace between the epuh+Eal colls (Fig. 15)
I was siopped by tight ymenoms between
emrpml cefls and did pot enter the endolymph
cxapartment. \ essels of the spiral prominence,
m‘ﬂd!pn‘llﬂgmmmlm perme
e, and Title pevetranon was foand through
sz capillanies except m young animaks oc
dier bhtamme. There was no significant dif
ference fn penctration through cochlear capil-
ks between pormal and Ames waltzer mice,
Histrmme morexsed the penetranon of borse-
ndsh perovidase through the vessels of the
pua! prominence snd Ligement when ghven m
epropruate dosage (10 mg LV, or a drop of
02 toplally oa the round window). In-
ened permeability was found also In otber
Otk capillanes. No change in permeability
" foond at amy tested dosage in brain tssac
B expected.

Hhtemine &id oot increse bility of

phy T 7 m mce and found
that electrical and bek L resp coud
be elicited about 10 dayy afier buth when the
organ of Corta begas to achiene mamnrmty Therr
findings were confirmed by Kikuchn & Hilding
(1965) who also found that efferent Ionerva
thon occurred at this cntical e,

Unlike most other deaf anmmals, Ames walt
zer mice have normal sacenar semson epithe
lmm. Schoknecht et al (1965) recently discus-
sed many of the differemt forms of deafness
that exhibit cochleo-saceular degeneranon. We
have been mable to find another example of
an hereditarily deaf anmal strain with domo-
mentaton of normal sacenbrr epiheliim. En-
dolymph volmme and the st vascolars ap-
peared normal. Capillary permeability as tested
wath the tracer bomseradish peroudase, was
mormal

According 1o Stron et al.s (1970) concept
of endolymph formation. the apical fjunction be
tween dark cells should be mmpermeabls, bor

capillaries at any domage tested
fom Q1 mg 10 4 mp bt a reduction In
Pedetration was noted when 2 mg or more Was

DISCUSSION

G amimals Since Wadas (1923) work, B
2 bren known that the tnned spsce end
Other fiuld spaces of the orgen of Corti open at
% time bearing

honseradish perovidase. This was true of the
essely of the spinl prommence and spmal Gm-
bus a1 well a3 csophagns. heart, et As pre
sloasly reported by \oumra (1961) who med
trypan blue #8 a tracer permeability of stth
vessels was whitnted. No change of perme
ability was found m cerebral caplilaries

ZUSAMMENFASSUNG
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Fehler Das Saccule bt pormal. Zirlolation ond Io-
nervation scheiben whhrend des Wachsens nocmal.

Leftsiellen des Epitbels; aber ¢ lann die cope Zu-
drellen nicht durchdri

~— 1967 The wpiral venel wnd strl  vawobo
Shaker | mice Acta Orolaryng (Stockh) &3 335

Lundquist, P-0 & Wermll, J 1966, hamam)cin
Indoced changes In cochlear hair celty of the
guinea plg. Z Zellforsch 77 $43

~— 1967 The otolotle effest of Gentambcin—an e
tron study Gemtamicin Schuske &
Co., Bawel.

Ma}nﬂ.O Ollmore, V' & Leventhal, M. 1967 O

urdnnhmu!vur:uhrhhpcmndl‘y

h Cire Res 21 33)

der
Werterhin steht fest, dam die enge Zmammenfligung
der Randzellen dic wirlende Bartkere rwihchen dem
boben-Lalium-Endol und der b

extrarelubren Filbsighedt st

Dkt Durchdringbarkeit der peripheren Rapillaren
durch Meerrettich Peroxydases wird durch Histamine
criefchtart. Dics bt nicht der Fall bel Gehlrnlapil-
laren oder der Stria Vascularis,

Berliglich der Durchdringbarlelt sind bel Ames

Aboormitlten

Waltrer  Mlusen kelne besonderen
vorgefunden worden
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LESIONS LOCALIZED TO THE EIGHTH NERVE AND ABNORMAL
THRESHOLD ADAPTATION

F C Liso and W Parker

From the Department of Otolery golagy The Cleveland Cl fc Foundation
Clereland Ohta, USA

(Recehed September .3 1970)

tent of damage to the anditory system in the
cases studied could not be well defined. For
ple, 1n cases of cighth nerve tumors

1 ol threshold adaptation b meant the com-
Picte fadz-ont of & tove presented to the test
car under the exact condltions defined by Car

showing extemshe ATA, cffects on the vescu-
lar supply to the imer ear caused by compees-
sion of the intcroal acditory artery oc effects
on the muckesr area caused by pressure on the
brain stem, could not be excluded as partal
causes of the abnormal sudhory cffects. This
has also been trus in regard to otber cerebello-
poudnemg!cmmm-pmrm!virﬂncunlm—
fectlons, and other pathologic conditions

We have had the opportunity to stdy 2
g—wpufpmknuh]cmhofwhmlnnu-
localized lesion confined to the eighth nerve bas
lnenpmduccd.'ﬂncmnllmola-gmlc

hemifacial

In this p

dure, & p
performed, the cercbellom clevated to ex
the fne angle. The cighth

ardy &1 1893 when Gradenigo published a
Paper o the  Clmical Sigm of ths Affections
o the Auditory Nerve” Atteation was re
focazed on It by Hood to 1950 and hat sob-
cquently been stigated and d

many other antbors. [n most fnstances, the ex

Fallow de Cleraland

pasc

nerve is then botated from the seventh and b
Fm}ym:atdmurderwlmpectuwmm
n:rvcllonsiumllr:lmgih(ﬂg.l)l\mor
ou;hrcvlcvullheapﬂ'll}venotnmddu—
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PROCEDURES

Each patient recerved a complete otolope ¢v
™ amination preoperatively after which amdo. '
metric tests were performed. A com enthon!
pare tone threshold was first determined, thex
a tone decay test was done strictly adhering 1o
the Carhart techabc (1957) Speech recepin
thresholds were determined at the kevel wbee |
the subgect heard 50% of Hvevoice sponder
s mery  words correctly Speech discrimination soors
were obtained by presenting a Iist of Hanvard

Cerebell m retracted

phonetically balanced words at an inteasicy of

30 dB above the apeech receptron threshold.
Fig 1 Soboccipual eppr b he cerebellopon-
tine sange and xposure ar the t seventh nerve
showing the retraction of h T runal nerve
flbers which B respomy Vs ol post
operative anditory fmdry RESULTS

~

auditory tract. Thus 1 n almast 1deal  None of the 5 patients fn this study had oo
experimental situala  p Jiewg an solated  than mild abnormalities of threshold semstiely |
lesion of the eighth n v b r 1y 4 counciden-  preoperntively Three patients had sepnificet
tal side cffect to the 1 p ipose ot the sur  ATA preoperatively at 8000 Hz culy Is 2

peal procedure Fiv w are prosnted m pateents, it was found on the side of e bt
each of whom pre ind  voperatne studies  facial spasm. In the other patient, ATA ¥3

were done found in both ears at 8000 Hz Drscrais
CASK t
o DHAGNOTY, DIGHT HIMIFACIAL SPASM
X WAL
m
[Ra—
W % M ow om -
LT™ U010 emn e -
JoFtoN g™
o o -\ ! T
P« Y [ »
l;., = q e
i.‘ I N
il » | =
i - Py ! i ® P 2 mmmﬁ
!" L R MR studies imcase 1 Not PO
: [ oo nndnmuhlnfm:fﬂd
b T e e vais i P
o of PTT senisT
Tecovery o(ﬂrw
o oL T vam — e o perent eaaid
G013 PATHOLOGY CTRSOND ANTUTY 0 "’“':: de‘t{&
QASILAR ARTERY of comphets AT:
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Leslons localized 10 VIII nerve
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' scores were 96 %

w oc better preoperatively
Postoperatively In 4 of the § patlents (Figs.
") pure tone threshold changes would be
tztficd a3 mild to moderate, and In the other
xderately scvere, The Carhart test demon-
fued compicte ATA at all frequencles on
E"-"‘C“-'fdﬂdeL\‘lt"pn-n:{mu‘n.\ydx::»cn:lverlte

3

Fig 3 Pre- and postopers-

tive sinches m case 2. Not
of compicte

ATA followed by com-

but significant ATA at all frequenaes In the
other paticnt. In the latter patlent, the dis-
crimination score was redoced from 100% to
76% In 3 of the others discrimination score
was reduced to O postoperatively and in the

fifth patient to 40%

A second postoperative follow-up study was
obtained of 2 of the 5 patients In case 1

ITg 4 Pre and posiopers
tive stwdms m cxw 3 Now
appearance of mcompiete
ATA below 8 kilr, mid
depression of PTT semd-
uvity and mild decrease |
discnmisatson score.
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cAsE L
DIAGNOSE, MGHT HIMIPACIAL SPALM
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€ ' ATA, moderaely sever
o oe of FIT
OPIRATION, SUBOCCIPITAL CRANIOTOMT —Presn thvity for low tome, ¢
NEUOLTES VI N. —« Fowres § weeks ctonge in
SECTION NERYOUT INTLAUWMIDIUS scors from 100 to 0§
04011 PATHOLOGY NOnE cent.

(Fig. 2) the pure tone threshold Improved al  plete recovery of the pure tone threthold, e
most to normal 5 weeks postoperatively even  plete absence of ATA, end a discriminsty
though ATA was completo at all frequencies.  score of 100%

Despite the latter the discrimination score im- In 2 of the 5 patients, a cinold ancens
proved to 92% In case 2 (Fig 3) reexamina  of the baslar artery was discovered In o
non 5 months postoperatively showed com  other 3 patients, no pathologk lesion ¥

®
3
©
0
<
»
©
) L]
L
)
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7 e b tere S
appexr du.u,nh
s
OPERATION, SURBOCCIFITAL CRANIOTOMY ——Prees ATA ::,'m sepnth®
NEUROLYTS VI N Pamop 1 ders urely bt cooREN
SECTION NERYOUS INTERMEDUS %ﬁ
GROT) PATHOLOGY CIRFOID ANTUITIM OF lom
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fed In . padents, the nenvus ntermedis
53 wetoned, In the other 3 onh sk or
oy of the seventh mene alone was per
froed. Nautber section of the nervus fater
wdm poc the presence of the clrsold aneu-
nam shered the pattern of the postoperathe
& results, There were no anditory changes on
e sonoperated sde,

COMMENT

Rapears reasomably certam that we are deal
g with the effects of a spectfic and localized
b of the aghth nerve fibers caused by
Poxction of the nerve a matter of & few mill-
o, and that the adverse suditory effects
= speciflcally related to this kesion and to dis-
®£1 of netvo conduction. In casc 2 thh
seration of perve function was obviously oaly
d temporary ms complete re-
awery of ol functioms occurred. In case 1
0very of pure toos threshold and dieriming-
"l’mi!munrcdluthcprucoc:o(cmm—
g commplete ATA, demonstrating partial re
wrery We lave other case data in our files
M presented here in detail becauss of Iack of
Peoperative sudies, In which Ittle or no re
ery of ATA oconrred as extablished by post
erative examinations over & 4 year perjod

L T

Lest ns locali-ed ¢ VI renve W1
ZUSAMMENFASSUNG

Eine Gruppe Yo 5 Patientem wank unketacht et
denenn ot V1L Himnere bed elmem acutochinungs
schent Elngnff bewhalipt wonk, D Prifung der ahe
wormen Schwellemadiptation 1 o ) rach gt Opaine
tion erpab diw bel diewn Patkemten B¢ abooemee
Schmellensdiptation In genifraber Bestbang tur
Leufahieheit der Fatern d VILL Nimnervene and
Andere Stodken haben pereipt drs abrorme Schwel
Tenadaptatron dotch Schad e hdderer Neowrone vet
uracht werden Lann (Parker et al 196, 1365 Do
Ammaw der sbnormen Sch clkensliptatin Lann bel
dicsen Schawhpumpen orubblingle v w der Schwetlons
emplindlichhelt umd der Unerse Tk sch
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PATTERNS OF PURETONE LOSS IN PRESBYCUSIS

A Sequential Study

V S Dayal and M. A. Nussbaum

From the Depariment of Otolaryngology University of Toroato and Sxnybrool
Hospital Toromto Oni Canadd

(Reeetved Angust 10, 1970)

Absiroct, A retrospective study of the chanpes occnr
ring in sequential puretone andiograms of patkents
with presbycusis was carried oot The avernge period
under revicw was 94 years in the 25 patlents selected.
9°% of the ean under stody retained the patiern of
aodiogram Inithhlly poted. The possitde oxplanations
of the changed pattern [ the other cases b disctsecd.

Varlous types of hearing loss have been as-
cribed to discrete pathologic changes at dif
ferent sites of the inner ear (Schukmecht, 1964)
No known study however purports to prove
the comstancy of puretone patterns in presby
uss over prolonged periods of tme. This
’wghtoocurrtdtomduringd‘naln}mo{
our temporal bone histopathologic study of
presbycusis, and the present study was set up
to determine the comsistency of these patterns
gver a period of ume,

SUBJECTS

All available coded audiologic records at
Sunnybrook Hospital, Toronto, were searched
for paticnts with bilaterally symmetrical sen-
sorincural heanng loss associated with agelng
who had had at keast two audsograms. Subjects
with a definite history of stimulation deafness
or sensonneutal heardng loss sccondary to
known etlologxc foctors, c.g. drops, were ex
cluded, a3 were those wth mired or purely
conductive hearing losses. The minmum fol

Acts Otolersag 71

low-op period considered was one yeamr (sec
Tables I and IT)

The recocds of 25 sultable patients wer ob-
talned and studied (e 50 cans) 23 pxoh |
were mules and only two females. (This was
formerly a Veternns Hospital serving & pre-
dominantly male population group.) The ratge
of ages wos 52 to 89 with an average of 3.

EQUIPMENT

All fests were performed o somndrool
bootln with reliable calibrated clnical soSo-
meters using conventional techniques for pere
tone testing. The early tests in cnch cme 1€
usm.ﬂyASAundLhemoﬂ:rrctmlSOnB'
brated but no correction was made for
factor &s It was the pattern of the ressli Bt
we were interested in here

FINDINGS AND DISCUSSION

'l'bem.rdiogm:nswcﬂ:claﬂlﬂ'ﬂﬂ'f’!'"""mr'td
(Dayal et al. 1970) Carbarts (Carbart, 1945
method. Bricfly descendlng curves had ge2ef
than 10 dB losses In the higher frequen®™
wrﬂeﬂntmrmhmdknmlodnﬁwx
mmﬂmtfmm(ml’w"m
2000 cps) The multrple audroprams fo¢



Tabe I

Average

Range
Prrd moder review 1y 2mo-24y 9y Smo.

Mo, of anceogramm
P pabest

Table IT

Yo, of patients followed
()

Table ITT

Low in dB
Mirtmem

frguney 1 [0

f

Maximum A erage

k] 10
0 10
43 10

g8y

were charted oo the same form and
o yicld the Information reported be-
the bearing texts on one ear
a 19-year penod. The de
patien is unchapged The averags
of study was 9 yean 5 months amd
&m“’lnlmpalzhzuaud}ognmspa
et However a substantlal nomber of our
Ptients (10) were followed for 10 years or

147

3
i

H

Shial maximal and average changes it
bearing at 500, 1 000 x0d 2 000 bertz.

The analysis of audrologic patterm rovealed
“N%dmpmmHMdmmmwm

Tabie TV
e ——
Puretons patieot
Purvioos patierss
Descendims Fixt
e Dewestms M
ol " 12
table n 10
G )
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Fig 1 Showing pattern of hearing low
over 19 yeann

P

12% flat type of curves at the imnitial heaning
test, There is an apparent discrepancy in the
% of descending and flat patterns fn the pres
ent study ms compared to the previons study
(65% descending and 31% flat, Dayal et al
1970) This 1 because of the sclective critera
for patent selection in this paper—only pa
tients with multiple andiograms were consd
cred whereas In previons publication consecu
tive records were taken for apalyms.

Of the descending curves 82% rempamed
unchanged while 6% became flat over the pe
rlod of investigation. While of the flat curves,
10% remained stable sand only 2% became
desconding (Table IV) Tinm, it 15 seen that
the vast majodty of ears had & constany pure
tooe pattern of hearing loss, but, & small sum-
ber do change The implwation of this fndine
may be twofold.

(@) In tho majority of cans the conmutency
of the pattern of purctono bearing lost would

(5) In & small percentage (8% ) the change
of the pattern of puretone loss might indicute
a chango In slte of primary pathalogy—ax in
other words, two sites of pathology may ac
count for the changed pattern and that one
has been sdded Into the other over & period of
years. These ears, therefore, may hav
lﬂ:lolp-!hologlcaldmngcslo/ ”
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the final hearing Ioss. A scarch of the records
of patrents whose audwlogical pattern had
changed, falled to reveal any relevant [actors
in producing such change.

Hearnng change in dB over the perfod of the
study Is shown in Table IIL Of interest, 5 the
fact that there was no consmstency in the mag-
nitude or ropidity of heanng loss in flat or
descending curves, with tme In these patients
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gepriften Obren behielten das bel der Ersemene
chung gpefundene Avdiogramm-Muster Bel Fiies,
bel denen &1 m einer Mouterlnderueg kam, ke
m der ursprilnglichen Schidignng elne rwehe b
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HUMAN TEMPORAL BONE FINDINGS POST STAPEDECTOMY

A Review of Ten Cases

R. Suboti¢ and R. § kaufman

Frow the Musachusetts Eye and Ear | [ ravary and Henerd Medical School Bottow
Mess, USA

(Received Joly 1 1970)

P with permancnt regults Tho dsk of lmner
CAf demage, evidenced by m deterloration of
bms condnction although relatively Emal
(Kewtman & Schuymecht, 1967) s undent-
'HY'Mkomeqmclﬂﬂ-lﬁPﬂﬁﬁW
oceduee,

Th‘lmrpmeutthnprmem-mdthin-
e our knowledge of some of the Jong-
' middle and fmmer car changes that might

p bone collection at the M h
Eye and Ear Infirmary Some of the findings In
specimens have been reported previowly (Rut
ledps ct al, 1963 Schuknmecht et al, 1964
Wolff et al. 1968) and 5 of them are hitherto
unreported.

The specimens are from 2 females and 8
males. The age of the patients at the time of
death varles from 41 to 81 years, The In-
terval following stapes surgery mnges from 9
months to 5 years, the average being 22.5
months. Table I shows the type of prosthetic
device following stapedectomy

TtﬂmpCdtClOmiﬂmwmgdbyg
different surgeons ming 5 different
thmpu'mitﬂngnwidﬂmpo(hmdml
observations and correlations

FINDINGS
Teble II illustrates the
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Table 1 Stapedectomy prasthesis

Type of prosthesis No. of cases
Wire, fatty tissoe 6
Stabnlers steel piston 2
Wire, gelfoam 1
Polyethykene strut 1
Total 10

Table 11 Temporal bone findings attributable to
stapedectomy

Patbology

:
t

Co0OoOWLmLWl

post stapedectomy  there was some slight bone
resorption at the nde of the contact with the
prosthesis (Fig. 1) In attempting to evaluate
the significance of these changes, 31 normal
temporal bones were examined and 3 were
found to have areas of resorption of the same
agnitode in the long process of incus, Similar
rvations were previowly reported by Bel
cdd & Wolff (1966)

[ - —

; -~

This study indicates that oae must be can.
vous in autnbuting all the bone changes m the
long process of the incus solely 10 the wie
prosthesls When bone reaction does oceur i
the Incus, It Is mild and does not appear to of
fect the function of the ossicles as a part of the
sound traasmission apparatoy. As suppericd br
Schuknecht, {t appears that a firmly attached
wire prosthesis is well tolerated by the fnces
and any osteitis which might occur is moee
likely to be caused by a loosely crimped wire.

Middle ear adhesion
There was no major inflammatory reachon it
the middle ear as a result of stapey surpery
In one specimen, thero was a fibrous band k-
tween the tympanic membrane and the inces.
This adbesion was not in contact with the sic
prosthesns and fs most ikely a result of e
panotomy and pot ths prosthesls

In 2 cases there were some fibrous adbekes
surrounding the wice In the repon of the ol
window niche (Fig. 2) In both these cases B
footplate was markedly thickened by otosckers-
sh and in order to perform the sispedectony
a drill bed to be vsed. The adhesions appeX
to be the result of surgical traoma and ot
related to the type of prosthems used.

The minimal middls ear changes seen b o
10 homsn temporal bones contrast with ¢
marked sdheslons found following middic eF

Fle 1 A H %an !
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- ——

the
afer geifoam we thn after far sb-
cmes the fat graft wat com
closure of the oval window by the timsue graft  pierely replaced by flbrows tieee but ocor

siooally ooc could find faglated [ipoid ceih
(F1g 3) The presencs of tauy geae dd po*
mmmm«'d’mmmmdﬂgm“’

stapedectomy

:
i

lmilar casex
bY Rottedge et al (1963) and following
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umination (Fig. 4) reveah 1 decp oval win-
dow niche with a remnant of footplate and
cw bone growth around perticles of bone dust.
New bone formation has also been reported
followmg stapedectomy in experimental animals
8 well os 10 human temporal bones (Wolt
:::4 Singleton & Schuknecht, 1959 Lindsay
1)

"rJA.H !lyun.‘llmmlhl
¥ farwne prostbema The

Vestibule

In 3 cases there was cvidence of partial dw-
placement of the boay footplate into the vestt
bule. In one of there cases particles of boone
were found resting on the walls of the sacculs
and utricke (Fig. 5) however in all these cases
there wat no evidence of reaction to the bone
In the vestibule Tho vestibule and its sensary
structures appear very reshtant to the surgical
trauma of stapedectomy and seem to tolerate
bone frgments without reaction.

n,4on_.uyun,4lmo-dn post-stapedectomy
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Vestibular sensory structures

In all !0 temporal bones, no hmstologic ab-
normality of the vestibular sensory organs could
be detected, In all cases, the maculae of the
saccule and utricle as well as the cupulac of
the semicircular canals were histologically nor
mal. In onc cose the patient complained of
marked vertigo following stapedectomy how
ever examuning the temporal bone obtained 10
months postoperatively falled to revenl any ab-
normality of the vestibular sensory organs. The
ctiology of the vertigo remains unexplained

Cochlear labvrinth
There was no evidence of hair cefl loss in any
of the 10 cases which could be attributed to
the operstive procedure In oae case there
was extenmve hair cell loss and ganglion loss
throughout the cochlea of the operated ear
however the same changes were found on his-
tologrc examination of the non-operated car
It should be noted that there was no change
In the preoperative and postoperative bone
cooduction audiograms 1n any of these pa
tlents. This contrasts with the usually reported
1-2%  incdence of sensorineurn! loss post
stapedectamy (haufman & Schukneuht, 1967 )
‘The histologic findings in our very limited
. also contrast with those secn in post
stapedectomized experimental animals (Hoh-
mann 1962 Paparclla et al. 1966) We found
0o evdence of serous or fibrinous labyrinthitis
Endolymphatic hydrops and hypotonie atrophy
o{Lhcorpno(Coﬂll[kmmno!prmL
In at least one of our cases, an acceptible
quantity of blood was noted to have entered
the vestibule at the ume of surgery Micro-
scopic examination of the temporal bone ob-
tained 21 moaths post-stapedectomy failed to
disclose any trace of blood and no abnor
malitics of the semsory structures could be de
tected. This agrees with the findings of Schu-
knecht et al. (1963 1965) that blood in mself
causes no injury to the auditory and vestibular
$C0sOTy OTEANs.

There was no cvideoce of spiml gangion

Act Owlanxg 71

loss except In the ear mentioned aboe b
which similar findings were scen in the pon-

operated ear

nerotr wurden analyslert. Diese Amlyse bt de
klinlsche Eindricle besthtigt in dem Sinne dam sach
der rulemirdpen Stapesoperationcn por eobedes-
tends Reaktion in Mittel- oder Inoenobs 7u fmdca it
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DONNSCHICHT-CHROMATOGRAPHISCHER NACHWEIS VON
GEWEBELIPIDEN AUS DER MEERSCHWEINCHENSCHNECKE

F Scheibe, H J Gerhardt, U Esser and H Haupt

Anrs der Hels \@en-Ohren-Nlinik der Humboldr-Universiidi (Charité), Berfin DDR
(Eingegangen sam Jull 7 1570)

Abstrals Dic Lipide aus der Meerichw

hungen ist dic henntnls des normakn Li-

wurden unter Anwmendmmg clner neoen Nachw
methode (Schindler & Woll, 1568) chicht-chio-

In cochlcaren Geweben und

matographisch tntermxch, In den Geweben des Doc  Fillssigkeiten. Blsher wurde die Lipidvertellung
tos dey ganren L m In I hrpeweben  fast hireSlich mit
spirake Lonoien folpende als hi hemischer Methodik untersucht (CH

thonen pachgewicsen werden Triglyceride, freie Fett
tatred uod Choletterln. Damcben sind in peringer
und wahrscheinlich hobhen-

hahen darliber hinaus als Hauptiraltion noch Cere-
broude ond emne weitore buher nicht identifizierte
Fraltbon. D getrennte Untersochoug der einrelnen

Endungen ergnb daB alic Lipidfraktionen,
ke un Ductes hah

sind,

wch m den eanzelnen V vorllepen. Die

cnge det Nemtralfette nimmd in der Schmecle von

der Basalwindung rar Spitremwindung hin 7. Dieser

Befund entspricht dem Erpebnls  histochembscher

Untenucnmgen. Die mbgliche funktonelic Bedeutung
dieaes Befundes ward drslatiert,

Das Vorkommen von Lipiden und Lipasen in
cochicaren Strukturen und in der Penlymphe
macht es wahrichainlich, daB die Lipide neben
jhrer strukturellen und funkbromellen Bedeu-
tung in der Schneche auch direkt rur Enerpe
versorgung des Ianenohres beitragen. Dre K3
rung der Frage, in welcher Wekse und in wel-
chem MaB Lipide fur die | hrfunktion

1961 Rauch, 1964 Schitzle & Westembagn,
1966, 1967 Gerhardt & Preplow 1967
Schiitzle et al, 1967 w. o) Eine weitgehende
Dufferennierung der Gewebelipide In die en-
zelnen chemlschen Verbindungshlassen gefingt
jedoch histochemlisch nicht.

In jingster Zeit haben erste Untersuchupen
gezeigt, daB auch dic Dinnschicht-Chromato-
graphle fir dic Untersochung von Lipsden so-
wohl! in Innenohrpewcben (Schff & Christien-
sen-Lou, 1967 Gerhardt et al, 1968 Esser
1969) als auwch I Inpenchcfissigheiten
(Schindler & Wolf 1968 Wicdmann, 1969
Wolf 1969) rnwendbar ist. Einc Awssage Tbet
die  Lokslesath di hicht-c
phisch getrennter Gewebelipide 1n besthmmten
cochlearen Strulturen bt mdglich, wenn &

prechenden Gewebeberelche Isoliert wod
Ihre Extrakte chromatographiert werden. Dr
dazu erforderliche Probemenpe ist abhisglf
vom Lipidgehalt der betreffenden cochicarca
Struktor und von der Empfindlichkeit d¢f

N, hod

Bedeutung haben, bedarf umfassender funktio-
peller Untersuchunpen, die bisher wohl wegen
besonderer methodischer Schaxngheten noch

nicht vorltegen
Dic Voraussctrung flir funkuonelle Unter

Acts Otolaryne 71

Der bisher Ubliche Nachwcls filr dre dlian
schichtch eraphisch g Liprde
mit spenfischen Spribreapenzden ater auch
durch Verhohlen mit Schwefelsfure 04T
Chromschwefelsiure  crfordert noch  relat®




pobe Prob Bt Durch A dung der
Hifich von Schindler & Woll (1968) ent
wrichen neven empfindlicheren Nachwelsme
tode kamn die erforderliche Probemenge we
snifich reduzsert werden. Wir haben deshalb
wier Aowendung dicser Methode wnsere frit
keren dllonschicht-chromatograp Unter
achwigen von cochlearen Gewebeliprden fort
prctzt Uber die Erpebnbsse wird nachfolpend
berichtet.

hieot

MATERIAL UND METHODE

Gewirnung der Lipide
200 brs 300 g schwere Meerschweinchen wur
d:nhAﬂl:lmrkotedehpmcn, dic Felsen
beine entnommen und dic Balla brelt eréffct.
Uma dem Auﬂlchtml.krmkup wurde  die
getrapen. In einer
un:uvtrmdme[beuntamchtmwl:mt
8) o Gewebe des Ductus cochleans (Liga
Dentum sprrale, Cortisches Organ und Limbus

Nachwels von Gewebelipiden 393

grap

Ditnnschicht-Chromatographie

Al FlicBmittel wurde flir dk Trennung der
Neutralfette Petrolither (Kp 60-70 C-Di-
lithyl&ther Elsessig 85 15 2 verwendet, da bel
dem ursprilnglich angewandten Voluwnenver
hiiltnks 90 10 1 (Gerhardt et al. 1968 Es-
ser 1969) die R-Werte der Fettsliuren und des
Cholestering zn niedrig lagen. Fiir die Trennung
der Phospho- und Glykolipide warde Chloro-
form Mcthanol Wasser unveriindert im Volo-
menverhliltnis 65 25 4 verwendet,

Der Nachwess der ddnnschicht-chromatogrs
phisch getrennten Lipide wurde nach der von
Schindler & Wolf (1968) angegebenen Methode
durchgefithrt. Dabei wird Klexelgel-G unter Zu
1atz von 5% Kaliumtctrathioaat auf 9 < 12 cm
groBe fcuerfeste Rasotherm-Glasplatten (VEB
Jenaer Glaswerk Schott & Gen.) in der Ob-
Ueben Wemo sufgetragen und aktiviert Fur
cinc Platte wurden 2 gKmtdgcl-G+5 ml2%
ige frischberel b Laung
verwendet. Zur Sch!ha.mnch\m; der chroms-
logrlphkr\‘.:n Lipide wurden die entwlickelten

nach dem Abdampfen dey

mit clner sauberen feuerfesten

tprabis) und  b) die im Moxdiol hal
Gewebe einichlieflich des Anfangstells des
Himerven,

Dazn wurden zoerst dle Gewrebe des Ductms
cochleariy herauspriipariert und dann der Mo-
diolus herenygebrochen.

In elner zwelten Versuchsreibe untersuchten
wir getreant dle Gewebe des Ductus cochlearts
der exrrelnen Windungen (1 ba 4 Windvng)
Dezu wurden dic Gewebe der einzeinen Win
duogen gesondert priipariert.

Zur Extraktion wurde das solicrte Material
der et voo
Schaecken In ungedibr jo 3 bis § ml Chloro-
form-Methanol 2 1 (Folch et al, 1957) gclogt
ved Lber Nacht unter Stickstoll stehen geias-
0. Das LBsimgsmittel worde dann im Vakuem
tater leichtem Erwirmen fm Wasscrbed ab-
destilliert nnd der Rilckstand In 20 w1 Chioro-
form Methanol 2 1 pro extrahiertes Materlal
tiner Schnecke Ehne Relnigung der L
Pidextrakte nach Folch et al. (1957) erwics sich
s nicht notwendlg (Esser 1969)

P

Gh_rphtm abgedeckt und s rur Schwirzung
der Substanzflecken auf ciner elektrischen
Kochplatts erhitzt.

Dio Identifzierung der cinzelnen Lipswdfrak
tionen war in den vorangegengenen Untersu-
chungen (Gerhardt et al 1968 Esmer 1969)
mit spedfischen Speilhreagenzien und Ver
glekchsubatanzen in der (blichen Welse durch-
gefubrt worden. Zur Koatrolle wurden jetzt
Verglelchuubstanren nach der hier beschriebe-
nen Methods poch cinmal mit chromatogre
phiert.

Um duzierbare C mer
halten, orodes es sich als notwendly, dle Chro-
matographic in clocm sog. ,Sandwich-Kam
mersystem (Jinchen, 1964) darchzufUhren,
welches vor dem Entwickeln der Chromato-
gramme zmdelich mit dem FlkeBmbteldampl
pslittigt worde Die verwendete Sandwich-
Kammer bestand aus der dgmlﬂrhcn D

mit den aufg
und cloer zwelten Dﬂnuu:hichlphm
’

A
St
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platte, Von beiden Dinnschichiplatten wurde
an den Saten und an der Oberkante em ca. 1
cm breiter Sireifen des Sorpticnsmittels ent
fernt. Als Dichtungs- und Dy

diente em entsprechend zurechtsgeschmittener
Papprahmen (ctwa 5 mm breit wnd 3 mm

]

stark) Vor dem Ch graphi wurde
die Sorptionsschrcht der Dechplaue mit dem
FlieBmurtel getriokt. Danach wurde die Sand-
wich-Rammer rusammengesetzt und, durch Fe
derklammern msammengehalten, in eine Gb-
Iche Entwicklmgskemmer gestellt, wo die ber-
den Dilnpscnchtplatten mit fhrer Unterkante
in das FlieBmutte] eintanchten.

Zur Verbesserung des Trenneffeltes wurden
di¢ Chromatogramme nut sog. ,JAeilstrefen
(Stahl, 1967) verschen (5. Abb 1 brs 4)

ERGEBNISSE

Diirnschicht-chromatographische Trennung
Durch dic Verwendung der Sandwich-hammer
und der heilstretfen Technik wurde der Trenn-
effekt und dre Reproduzierbarkient der Chro-
matogramme wesentlich verbessert. Bei unse
ren friskeren Untersuchungen war es durch dre
unterschiedliche Fluchtglent der verwendeten
FlheSmttelhompooenten  zu  Entmischungser
~ ungen gelommen, dwe ror Bildung einer
, cten FlieBrunelfront fuhrien und die Tren
nung crheblich beeintrichugten. Solche St3-
rungen treten aoch auf, wenn dic Sandwrch-
hammer nxcht dicht schiieBt. Die Chromato-
gramme ladfen dann hXufig schrig, und e
lann cbenfalls zur Acsbikdung ciner zweiten
Fliefmttelfront kommen In dieser Front liegen
bel der Tremnunag der Neutralfette die Fettsiu-
ren und bei der Trennung der Phospbo- und
Glykolipide dee unterhalb des Cholestenns lo-
Lalislerte bisher nicht sdenufinerte Fraktion mnt
cteas crhohtem ReWert (s Abb. 2¢) AuBer
dem tntt bet der Trennung der Phospholipide
hiofig em unterkalb des Sphingomyeling be-
gender Fleck auf (Abb © ¢} dessen sof Grund
des R-Wertes mdgliche Idenutit mut Lysoled
thin fedoch fraghch st
\\yr vermuten, daB s uich ber diesem Fleck
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Choliserinener

!

!

L)
- @
Fetrdurun g .
Chabrx

| .

1
Phosphotipd )

’
Abb I Tremumg der Nemtralfette om Ductw axh-
learis (o) und cniger \ erpltichnsubatanren (bx Trive
arm, ond Drtearm.

um einen durch die umvolbtindipe SStbguog
der Sandwich-hammer bedingten Artcfalt im
Skane chner Schwanzbikdung (tailing) handett
Drese St3cung tritt auch hdufig auf Chromuato-
crammen obme heflstreifen auf Das Vorkoa-
men von Lysolctithin [n elner dicsem Fecd
entsprechenden Menpe schlicBen war deshald
sowoh! fm Ductus cochlearh a's awch im Mo-
diolus aus.

Die Lipide aus den Geweben dex Ductas
cocldenrls und dem Modiolus

Betspeele fUr die Lipidspeltren aus &n oh:
genannten Schneckengeneben zelpen dre Al
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Lf'“‘-mz der und Ghylolipkde om

Phoxpbo-
ochlearn (4, ), vom Mochotos (f) and emsper
el A e g

bidoxgen

& la wed 2¢-f Zur Identifiderung

“zcloen Flecke wurden etupe Verglechs-

. lnert (Abb. 15
IH‘LDtAbnlucm,m-ndmCt'dﬂ
 Docn an Newmtralfeticn vor al-
0 Cokesterm, frese Fettshuren und Trghyce-

—
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4 {enbeiaant)

Sphumgemyeine
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k] L

Sphinpooyeln ted Lysolecthn wod () Kephalin,
st

anderen F welches  Monogt
cwert, nxcht gewresen  werden  (Esser
1969)

An Phospholipeden sind im Ductis coch-
learis (Abb 2d) Kephaline, Lecithine und
Sphingomyelme neben emer bisher nicht identi-
fidierien Frakuon enthalten. Fur diese bither

bek Fraktion, dle unterbalb des Cho-

lestenns Legt, koante die aef Grund des R
Wertex moghche Tdentit¥t mit Cardialipin oder
cmem sog. Kephahn B (Wagner et al,, 1961)
bisher nicht bestatigt werden.

Fur den Nachweis der einrelnen Lipidr

Acta
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Windungen nicht so deutlich erkennbar e
Ficckenintensitit nimmt nach der bisher nur
halbquanutatrven Abschitrung, ebenso wie
beim Cholestenin von der Schneck ur

Eine unmiuefbare hombination von Histo.
chemie  und  Dilnnschicht-Chromatographie
durch direktes Chromatographieren von Gewe

Schneckenbasls hmn etwas zu.

Diskussion der Erpebnisse

Die Ergebnisse zegen, daB die Dilnnschicht
Chromatographie in der hler beschnebenen
Form fir die Untersuchung von Lipiden aus
Innenohrgeweben gut peeignet mst, Der Nach
wois der Lipsde des Ductos cochlearis die fiir
die Inncoohrfunktion von besonderem Interesse
sind, erfordert relativ peringe Probemengen
{ctwa 1/4 Ductus cochlearis) Dadurch mt es
mBglich, von elnem Tier die Gewebe des Duc
tus ecchlearis sowohl auf Neutralfette als auch
2uf Ph durch mind Jo ein
Doppelkchromatogramm zu untersuchen. Flir
die Untersuchung der Phospho- und Glykoll
pide des Modiolus sind dre Beding noch
glinstiger

d] e,

beschal in Form der sog. , Histechromato-
graphie (Cum et al, 1964 Dreltenccher &
Holczabek, 1966) ernics sich in \ orversuchen,
offensichtlich wegen der zu genngen Liprdion
rentravon der Innenohrpewebe als picht an-
wendbar Wepen der grofien Heterogenitit der
Gewebe Im Schneck enquerschaitt erscheint dee
s¢3 Vorgehen ohnehin als ungeeignet.

Zur funktionellen Bedeutimg der cinzelnen
Lipidfraktronen kénanen 2. Zt. nur V ermutunpen
gedubert werden. Der {iberwiegende Tell der
Liplde dirfte wohl als Strukturbestandteil, ins-
besondere der verschicd Membranen, wich-
tge Funktronen erflillen Vielfdlug diskuthert
wurde immer wreder der auflallend hohe Lipht-
gehalt in den Hensenrellen. Aus der Speiche-
rung In Troplenform kann woh! peschlossen
werden, dz2f es sich um Rescrveliprde handedt
Flr dic nutritive Fonktion der Hensenrellen

Erste jerende U gen an 10
Tieren pleichen Gewlchtes erpaben kane quab-
tatven Unterschiede und, sowert nach halb-
quantiativer Abschitzung zu beurteflen 1st,

hen auch elehtronenmikroskopische Bev
l'uodc (EngstrOm & Wersdll, 1958 u a) %
haben in einer friiheren Arbeit (Gerhardt &
Picplow 1967) darauf hingewicsen, dal dic

auch Lene ten g ven Unter
hiede im dviducllen Lipdspekirum  Ge
ure Angaben missen quanttativen Besum-
ungen vorbehalten bleiben
Der interessante Befund, da8 die Lipidkon
zentration in der Schnecke von der Basss zur
Spitze bun zummmt, stcht im Einklapg mit vie
kn } hen und histech Unter
suchungen nach denen besonders die Hensen-
zellen der oberen Windungen ainen hohen Li
pulpchalt haben. Die hier v 'Drhcgrndc ditnn-
sctuchi-ch graphische er
gah.daB[ndcnobtrc‘n\\mdmgcumfnﬂrm
die Neutraffette usd zwar hauptshchlch dic
Triglyeerwde und FeusSuren m groBerer Menge
vorhanden sind. Unter Berucksichugung der
histochemischen Befunde st ex wahnchelnlich,
daB dwse belden Fraktronen den Hauptanted
der Lipide In den Hemsenzellen steflen und daB
dic Fetsiuren fberwregend m  ongesiittigter
Form vorliegen.
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Grumdgerfiuschbel des Ohres 10 der Ma
tur im Frequenzbercich unter 1 A\Hz am gri6-
ten ist. Dementsprechend kst es durchaus sian-
voll, daf die Hemsenzellen in dem Teil des
Cortrschen Organs, der offensichtiich alustach
am stirksten belastet wird, auch dn proficn
Reserven aufweisen  Schifl & Chrsticmsen-Lou
(1967) haben anf die Maglichhert lingewxesen,
da8 dic basaken Schoeckenwmiodmnpen deshald
vulnerabler gegen akustsche Traomen sind,
weil die nutnthe Versorgung iiber dic Hemsen-
2ellen hier schiechier Isi. Anderersens pbt ¢
ane Relhe von Slugetreren die hane Fett
trdplchen m den Hensenzellen haben Dre cod
ghluge Klirung der Frage wird abo fonkiio-
neflen  Untersuchimgen  vorbehalten  bleiben
miissen.

SUMMARY

Loy oftuned (rom gainea pg eochles were B
‘ﬂu,pltdbylhinhmdruﬂmhym fadd
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The scpmrate nvestigation of the
sngls colls revealed that afl lipld fractions foend
throaghoat the cochlear doct are ho present bn each
col. The amoant of neotral faty o the cochlea In-
crvmset from besal towsrds apical coil. Theso find-
ings are Investign-
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PERIPHERAL FACIAL PALSY

A Clinkeal Matertal

S Lagerbolm and N G Toremalm
Fromt the Department of Otolany pology Malm3 Genern! [Hospha! Malmd Sweden
(Recerved July 17 1970)

Abstract An wmsclected patient materlal of peripberal
facla! pahy from a kbown ton groap b pee
sented. Oat of 168 casey 144 (86%) were dhagnosed

and women. Regardiess of whether comsenative or

tion with anistodge effect—and Mstamine fntraven-
ownly kas not proven w0 be better than wusing only
vascdilitors. Patents having am objecthely provable

Yperinee recomnted
tional sricls (Lagerholm et al, 1971)

pheral facial palsy has long been the camse

“freat differential diagnostic and therapeutic
problems. The pathophysology of spontancous
“1schemic facial palsy s sl largely unknown,
which has kd to variations in methods of ex

' and Unsek and uns
formly treated matient materials are few The
relatively good progmous with o high percen
tape of spontantcous regression often keads to
vaned treatment of the symptoms In out pa
tent clinks with no thorough investigation of
followaup of the individual case It s therefore
difficult to evaluate correctly the results of dif
ferent forms of comservathe and operative
treatment.

At our hospital, which is the only onc in 3
town with about 250 000 inhabitants we have
the advantage of seclog most of these patients
in the ENT department af an carly stage of
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the disease for pnmary Investigation and early
treatment in co-operation with other clinxs
and practitioners of the city The purpose of
this article i to describe the frequency of peri-
pheral facial palsy In different age-groups In a
known population and to report the results of
a prosp i i garding & uniform
therapy of Bells palsy donng o 5 year penod.

MATERIAL AND METHODS

During the years 196367 168 cases with dif
ferent types of periphernl facial palsy have
been given a short hospital care at our cline
in oeder to get a thorough examinatron. Of
these 164 have been Investigated according to
a fixed scheme In cases with complete palsy
the neuro-muscular function of the facial penves
has been investigated using different ckectro-
diagnostic methods on the Sth, 7th and 11t
day after the palsy s debut (Lagerholm ct al
197)

In Fig 1 the distibution of all the ca%ct
of palsy wath different ctiology s shown. The
largest gronp, comprsing 144 panents, bad
fschemue palsy™ of Bells type. Four o
were duc to fractures through he tempofal
bone with the faclal camals belng enpaped-
Three of these were opernted on for decom-
pression of the acne The fourth was a €3%
of post traumatic palsy which receded aher
comservathe treatment. In 3 cascs the paby
was caused by otitrs media. Two of these £~
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tisted of acute otits with a rapld regression
of the palsy after antibiotlc therapy while the
third case—in & woman who had had chronic
otits for 50 years—was a cholesteatoma,
which penctrated to the facial canal at the level

ciuded In the materlsl Ome case af chronic
otitls had postoperative palsy after mastotdec
tomy $o0 that reoperation and decompresnon
of the facial nerve became pecessary In two
further car-operations, ooe for congenital atre
sia of the outer and muddie car and onc for a
large cholesteatoma, pertial palsy folloned duo
to postoperatrve oedema. A man mcluded m
Lh:mu:d;ruupﬁml-ﬂﬂi 1 had had a
Wmmmwﬂﬁwmmaﬁ
ler and had became temporarily palsied doring
eansing of the radical cavity A patrent who
36 years earlier bad been operated on for
chron orits, with operative trauma of the fa-
dalrmhmlkﬂmm"’d‘hh“

Peripheral foctal palsy 401

secton of scar thsue and end-to-end perve su
ture EMG recordings have shown that thi
patient has later shown sigms of relnnervation
and improved movement of the corresponding
musck-groups desplte the long period of la
tency (Lagerholm et al. 1971) A case of pro-
tracted externzl otitis gave temporury palsy
which lssted for 3-4 weeks. One case of pen
pheral facial palsy which made it debut In
the lower branch and for & perfod of 1 week
cauwsed total peripberal paby im all the
branches, proved to be a case of cancer of
the parotid gland In another pabent, the trunk
of the faclal nerve was cut off by sccidental
external tramma In the region of the parotd
gland This functlon returned afier surpcal in-
tervention and nerve suture Finally a preg-
nant woman, who n included In the material
developed Jesdo amrls Interna with total deafl
ness, redoced calone resctions and after v
further few months a debat of faclal pabsy
which, however regressed during the course
of half a year

Of 144 cascs with Bell's paby 74 were
women and 70 men—most of them at the be
gloning of middle-age (Fig. 2) Nine pabents
had earfier had unilateral palsy and 3 poteents
had had bilateral palsy One of thess patlents,
1 47 year-old woman, aho had two istery with
facisl palsy in thelr case histoncs, which In
dnced thoughts of Melkermson s syndrome The
other criterun of facial oedema and Imgua pi-
cata were lacking, boweover Five cases of Bells
palsy occurred in the final stage of pregnancy
and 6 paticnts had a day or so prior to the
debut of the palsy recchved dental treatment
on the sxde where the palsy appeared.

Durning the actual period standard treatment
for bchemuc facial palsy has been Rbeoma-
crodex?  intravenowsly with the sdditon of hi-
stamine to give maumem capillary dilatation.
The patients recerved infusion twice daily in
bospital (2 x 250 ml Rheomacrodex with 2 mg
histamins) for about 1 week and thereafter
capillary dilatives per as.

Aco&:hic—ﬂ.kh’rpﬂlﬂukdatrluj
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RESULTS

Of 1he 144 paucnts with Bells palsy 103 were
able to compiete the coune of treatment (Fig.
3) In 13 cases it had to be broken off due
to sidecffects in the form of beadache and
falling blood-pressure  The other patients, who
for some rcason or other did not receive
Rh todex hi tr were usu
alfy grven vasodilators such as Complaminl®
with a dosage of 3 x03 g. Patients who have
shomn no or only shight signs of repression
during this conservative therapy have had the
Jacal aerve surgscally decompressed in its lower

tratemporal course The operation was most
Yten made after 3 weeks.

Using the treatrment described above 103 pa-
uents with Bell s palsy that is 72 per cent of the

Nxounk acd  parine component.

Wi

Act Owlenae7l
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Fig 2 Imestipational materdal
dustributed

- copservative therapy wme coasr
vative therapy + decompression.

—_

o
total group have thus been completely re
stored with normal functioning of the fachal
nerve (Fig. 4) 27 patlents have undergone
surgery  Of these only six have had full re
gression, while 14 have had partlal restitutkon
of the facial nerve function but this was, how
ever with a sathfactory cosmetic result. Seven
of the opernted cases have for different rea-
sons, not been available for regular check-ops
following surpery but they have been seat 2
questionnaire  This indicated that in these
cases too there i a certain amount of fune
tional reduction, though not of any practeal
importance. No cuse of remalning total palsy
s included in the material If the paucnts who
received  Rheomacrodex hstamine  are com-
pared with those gven Complamun or other
remedies, one finds no certain impros eroent in
the treatment results, however This abort

Fr 3 In cwirational matera!
Wignbuted accord] g wo {em of
therapy conery b ¢ thet
M 47 comenatn (kT Y
devompresdon
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tional or hormone factors affecting tho devel-
opment of this type of facial palsy There has
been much discatsion about the mmportance of
cold exposure m the genesis of schemic palsy
In our matertzl only about 50 per cent have
been exposed to cald or draught in direct con-
nexion with the debrat of the discase which
would hardly support thrs theory

It 1s of especial interest for the otologlst to
check the function of the chorda tympani This
{s done bv examining the semse of taste and in
the material we find 60 per cent having & reduc
von of taste We have, however not found any

b for the pticn that an en-
gagement of the chords tympani in Beil's palsy

Fle 41 rmterfal distnb
© recovery time. 0 conservative therapy mw coo-
=mth  theapy + decompreasion.

30 per cent had total regresuon within 6 wecks
i both groups and a farther 20 per cent withm
4 months. The number of operated cases s,
bowever percentmlly somewhst less 1 the

-groop than in the other one
mamety 17 per cent and 21 per cent respectively
Engegrment of chorda tympani was tested by
eamlnaton of all four taste qualities. The re
skt can be seen m Fig. §

DISCUSSION
I o0 compares the current matertal with, for

feat of the palsy cascs as having fchemic
0053, wherens we have had 86 per cent in
our muterhl. Beanng in mmd that this matenal
B wosclected and reflects the diseas pancrama
B a2 ol population group the latter
figre %0ald seem to be the moat plausible ove.

fazzal palsy bs found in all age-
Troups, but i+ most common between the ages
o 20 and 50 The syndrome thns srikes
meﬁ“‘PhCrpnﬂnm m thelr most sctive
Years. We have found no difference 1n drstribu-
hhb““tcnlhcuxu,wlhthwampmb-
e that there are not any signiffcant constitu-

Is a0 able prognostic sign, as we have
not had & hgher percentage of cases requiring
surpreal decompression 1 this group than in
the group with normal sense of taste (Fig. 5)

Treatment of Bells palsy has earber vaned
2 great dea) but during the Iast fow years the
mapority of methods have been based oo Im-
proving the blood sopply to the facal nerve
In canahs Fallopu or on rednang the indtial
oedema due to selfcompeeswon m the perve
Capillaty dilatives a5 well 15 diurctics and
cortsone preparations have been osed to com-
bat ischema sand ocdema. When penetrating
the lterature in this field, it is difficalt to
Judge the effects of the different therapeute
messares, pertly due to the spoutancons tend-

i
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ency to heal (Peltersen & Andersen, 1967) and
partly because of the lack of uniform treatment
methods over a longer penod of tme  For
many tamples of pateents the fignre 70-85 per
cent 13 given for total regression regardless of the
method of treatment. Most of the patents in
our material have since 1963 been conustently
treated with Rhcomacrodet histamuine. This
form of treatment was based on & rather Jarge
group of theoretical and clinical wnvestigations
regarding the so-called  sledge-phenomenon,
which showed that aggregation of red blood-
corpuscles and accompanymg circulatary ds-
turbances could be reduced and the capillary-
flow improved by infusion of Rhcomacrodex
with an average molecular weight of about
40 000 (Gelm & Inpelmann, 1961) Unfortun
ately 1t was shown after the 5 year perlod had
ended that this form of treatment in 1schemic
facial palsy Is not supedor to wethods prac
tsed earlier Theinvcﬂdgxﬂmdounot,thcﬂ,
conflm the P ory
tﬂ.ﬂmha.n:uln]}d[‘xpakymtomyg:m
extent caused by studging of red blood corpus-
cles in the capillanes of the nerve

Taverner (1966) has earber trred different
capillary-dilating or oedema-reducing forms of
therapy amd later described good resnln with

That therapy should alo pive better
ks than cortsone-treatment, which wss

1 emfier Jo our clinlc we hsve now
changed the comwervadve therapy 10 ACTH,
but it is sufl too early to state anything about
13 effect It is expected that theso trinks wnll
be completed under o new $ year period.

A total of 20 per cent of the cases of palsy in
this matenal werc judged to be unsuitable for
conscrvative therapy so that surgreal decom-
presson had to be considered This figure Is
in spproxmmate agreement with those given for
other materials It can, however be potnted
out that oaly 6 of 27 operated on have been
completely functionally restored. Amang other
things, thes cught to be dus to the long latency
penod prior to operatton. If the compressed
perve is to recover it mv probable that the de
compression ocught to be performed much
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soones We have 1 conyoliation with neuro-
physiological experts drawn the conclogon that
the decston ought to be made not later thun
on the 11th to 14th day when the third EMG-
result 18 avasble (Lagerholm et al, 1971).
This Is also in agreement with the opimon of
other authors (Jongkees 1969 Hiestand ct al,
1969)

As acute facigl palsy often implies severe
physreal and psychical trauma for the patient,
we consider it warranted to give a standardized
treatment in hospital during the first week. Be
sides, we believe that patients with such con-
spicucas symptoms are 1 need of an mithal
care and special attention. The hospitsl stay
also enables improved Individual diagnosis ac
cording to a standardired system of exrsmina-
tions, Wo agres with May (1970) in his state
ment that such a system 13 imperative for a
correct evaluation of climical and therapentical
experences.
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NASOPHARYNGEAL FIBROMA WITH EXTRAPHARYNGEAL
EXTENSIONS

O P Gupta

From th Department of Otolaryngology College of AMedical Sclerces, Banaras Himdu
Ustrersity Veorsnax Indla

Recaived July 7 1970)

i

during the last 8 years had extrapharyngeal ex
tension of this tumour All 5 cases were treated

cnt festmres of in dinical bebavipor operative
findings and pitfall 'n the management are de-
seribed.

reported m the Ierature. Amongst the recent
cports, Sardana (1965) described 4 cases of

¢k cxtension, Samy & Glgm (1965) re-
,. rled 3 cases of Isteral extension from Egypt
vhere the incidence of nmopharyngeal fibroms
s approximately oo case per 50 000 ear pose
and throat panents. More recently Bhatls et al.
(1967) described 17 cases of latersl extension
of thrs mmour from a total serics of 92 cases
studred over & period of 27 years. With such
a low incidence of these extrapharyngeal ex
tenpons, it s not surprsing that there s &
considerable diversity of opmbon pot only as
regards the ideal surgical approach to these
tamours, but alto about ther pathway of ex
tenpon.

MATERIAL AND METHODS

Only 5 cases out of a total of 21 cases of
fibroma scen by the anthor
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by # combued tr gomatic aod transpalatal
ar per via paturalis approsch for the removal
of parent tumour in the nasopharynx and ity
cxtrapharyngeal extennons.
OPERATIVE TECHNIQUE

The essentisl steps of the trunszygomatic ap-
proach consmt of a curved 4 cm long horizontal
incision over the arch of zygoma about 15 cm
in front of the trugus and extending towards
the outer canthus of the cye. Another vertkal
incmion starting from the mid-pomt of the
borizontal inciston snd extending towards the
angle of the mouth for about 3 cm k& optional
for better exposure of massive Iateral exte-
sfons of the tumour 1n the cheek, maxillary
antrum and retromandibular region. The te~
poralis fascia s divided along tho apper bordeT
of the rygomatic arch and the latter s cut
and refected downwards with the attached
fibres of the masseter moscle, The fibres of
the temporahs and the pterygord muscles oved
the tumour mass sre also drvided and e
tracted. The maxillary ertery and fts beam
ches are ligated and divided (Fig. 1) The
lateral extennoms of the tumour are then scpd-
rated and delivered into the wound (Fig. *)
The parent tumonr in the nasopharynz and the
nasal fosss i also separated by transpalatal of
per via naturalis gppeoach. The entire tumowt
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then can be removed In onc plece by pulling
the extrapharyngeal extension of the tumour
ﬁumounibmmt\npicmhyd}vidin;t}w
pedicle at the exit of the tumour from the naso-
pharynx at the opper border of the superlor
cominctor muscle.

CASE REPORTS
Caze 1
M. L. a 12 yenr-old boy was fImt admitted on
August 8 1963 with complaints of left nesal
obstruction and recurrent bikeeding from the

407

Fig 1 (A) Surpeal smatomy of the
indratemporal reglon thowing Lhe
puthway of the lateral cxtenslon of

froma. (&) Impor
tant wnatomical that wre
sncountered ja the expomare of the
tumour by the traraygomafla ap-
proach.

nose ond mouth for 11/, years A large loba-
lated nasopharyngeal flbroma extending Into
the sphenoidal sinos wes removed by trunspala
tal route after a prellminary left external caro-
tid ligntlon. The patlent returned on Novem
ber 14 1966 with recurrence in the naso-
pharynx, mild peoptosts and mossive extenston
of the tumour In the left cheek and tempornl
region (Mg 2) A sbort course of deep Xeray
theropy of 1200 R was given to reduce the
vascularlty of the tumour and 2 montha later
it wns removed by the combined tramzypo-
matle/per via naturalls approach. The lateral

Acta Otoleryns 71
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Fig 2 (A) Swelliing of the chesk and teenporal
repon (case 1) doe o latera! extemlon of the
tumour (8} Tramzypomatic exposurs of the lateral

extension of the twmour i the keft temporal
fossa, antrum, cheek and retromandibular re-
glon was connected with the parent tumoar in
the nasopharynx by a pedicle passing between
the upper border of the supenior cominctor
muscle and the baze of the skull The tumour

Acta Otodery £7!

extemion. (C) Postoperative photograph. (D) Tumoar
specimen showing varfom extensions.

had partially destroyed the posterolateral wall
of the maxillary antrum, pushing up lts orbital
plate, coroneid process of the mandible and
the pterygosd plates from behind, forwards
The patlent is now free from recurrence (Fig-
2)
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Case 2

S. P an 11 year-old boy was scen on October
16 1967 with complaints of natal cbstruction,
recurrent eplstaxis and swelling of the right nde
of face of about 2 years duration (Fig. 3) The
nasopharyngeal fibroma (bropsy proved) was
filling the nght nasal fossa completely and
pushing the nasal seprum to the opposite side
Skiagram showed enlargement of the infma-
temporal reglon on the nght side. After a
sbort preopenative course of deep X-ray therapy
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HlllA)S'cﬂlnotherw‘ﬂdnL(naJ)lnd

naml obstruction sre noticrable. (B) Tramszypomatic
exposare of the latrral nmdcn.(C)“uundl.fmr
removal of the tumour

(1000 R) the nasopharyngeal tumonr and its
extrapharyngeal extensions were removed com-
pletely in two parts, by a combined tramzypo-
roatic/transpalatal approach. There was an ex
tension of the tumour In the right maxiflary
antrum through an crosfon of s postero-lateral
wall. There was no destructson of the ptery goid
plates. The trmoar was found to be coming out
of the nasopharynx above the upper border of
the superior constrictor muscle Patlent Is oo
{ree from recurrence (Fig. 3).
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Twmoor recorrencs i3 vimble m the wound. (C) Pa-
tent aher ortetal exenmisration. (D) Eyeball with
tmour oo attached (o s posterror aspect.

Case 3 tempt at removal of the swellmg in the cheek
J., 2 l4-year-old boy of very weak build, was  was made | /s years apo in apother hospltal
admitted on Janoary 31 1968 wth swelling by an incision abong the Jower border of the
of the right side of {ace, naal obstruction, and  mandible. Clinical examination and blopsy re
occasional bouts of unprovoked cpntaxhs of 3 vealed nasopharyngeal flbroma, Radiological
years duration (Fit. 4) An at showed profound enlargemen
Acia O
e

o
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Potoperative flxmha which healed later (D) Tumour
specimen with s extenaions.

for 2 weeks During this perod he had further
bouts of severe cpmtaxis. A fresh sample of
patient s blood could not be matched with any
donor and so it was decided to operate with
the help of plasma. The transrygomatic inc-
ston revealed a small extropharyngeal cxten-
slon of the tumour which was exclsed by di-



Nasopharyngedl fibroma with extrapharynged] extensions 413

viding the pedicke comnecting it to the main
muss m the nmopharynx. The latter was rc
moved by transpalatal inclston, which revealed
a1 broad-based tmmour extendmg Into the
sphenoeda) sinus, both nasal fossac and right
mtaxillary antrum. The repair of the transpals
tal inchion was just started when sudden car
diac errest occurred. All attempts to revive the
patient by open crdiac massage failed. An ex
ploration of the wound revealed partmal destruc
ton of the pterygoid plates with intact pterygo-
maxillery fissare,

Case 4

R, ap 18-yearold boy was admrtted an De
comber 4 1968 with complaints of right nassl
obstruction with recurrent ephstaxds and swel-
lng of the check (Fig. 5) of about 10 months
duration, Clinkcal examinstion and blopsy re-
vealed filroma pushing the
rght balf of soft palatc down and filing the
right nasal foxsa completely Skizgram of the
skull showed is af the night id
process which was pushed outwards. The pe-
thent was scat for & short corrse of deep X ray
therapy but was ghven Instead a foll courso of
5000 R durlng 5 weeks. A combined tramzy
gomatic-tramspalatal approach revealed the ex
trapharyngeal portion of tho tumour on the
superior comstrictor muscle pushing the coro-
nold process of the mandible cutwards and
cannected by a pedicls to the nasopharyngeal
portion over the upper border of the superior
comstrictor mmcle There was no croslon of
the pterypoid plates. The trmour was abo ex
tending into the sphenoidal sinus. Tt could only
be removed in pleces s it had become very
frizble due to foll course of preoperative deep
X-rny therapy The patient returned 3 months

5) The orbt bad to be exenterated as the
tomour was extending lato it through the in-
ferior orbital fissure. The patient rematoed well
for aboat 2 months bat again developed recur
rence In the nasopharynx and sphencidal siros.

™ TI8T

Fundus examination of the left eye revealed op-
tuc atrophy The patent did pot agree to
another surprcal mtervention and died in Sep-
tember 1969 presumably dee to intracranial
extension through the spencidal sinos.

Case 5

B R, an il year-odd boy was admitted on
January 9 1969 wnth complaints of mght
sided nasal obstruction, frequent epistaxrs, and
swelling of the nght side of face of about 2

course of decp Xray therupy (2 000 R) The
tumour was remmoved a moath later by the com-
bined approach, The extrapharyngeal extenslon
in the cheek and temporal fosea was found to
be connected to the nasopharyngeal portion by
a pedicle passing between the upper border of
the superior constrictor muscle and the base of
the skull. There was partral destruction of the
pterypoid plates from behind, forwards. The
nasopharyngeal portion showed extensions into
the right nzsal foxxa and spbenodal sinms, The
patient I8 now free from recurrence.

DISCUSSION
Al the cases in the present series had multiplc

urbitlcne,Hmdmctn]([pg)‘ham
pocted 4 coses with combined cheek and orte
tal extensiors.

Many workent 1o the past (Frisherg, 105
Erich, 1955 Tapla Ages, josg
1959) hnvedm{bed&mm..-»
thay omotr Faypmadns "
Samy & Goght (1965) mrsyingd e "o
oaly mfm.:‘.-‘_\
P'M:LTMnmcrm. ~
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on the basis of autopsy findimgs that this tu
mour extends laterally through the pharyngo-
basilor fascin 1n the weak part of the pharyngeal
wall between the upper border of the saperior
constrictor muscle and the base of the skull
{Flg. 1) Once on the surface of the superror
coastrrctor muscle, the temour extends down
wards and forwards across the pterygo-mandib-
ular hgament on the boccinator muscle to
the cheek and may also extend wpwards into
the tempocal fossa, During the exit, destruc
tlon of the pterypold plates may occur widen
mg the outket of the tumour These observa
trops of Samy & Gugls (1965) have been con-
firmed without exception radiologically and
during operation in the present series by the
followng findings () Passag. of the pedicle
connecting the cheek extension wath the naso-
pharynpeal poction between the upper barder
of the superior constrictor muscle and the base
of the skull 1n afl the 5 cases. (b) Partial de
struction of plerygoid plates from behmd, for
wards and Intact pterypo-maxillary fissure, in
3 cases. () Intact pterygold plates in 2 cases.
Martn (1954) described an alternative roate
to the check by anterior extension of the
mto the nasal fossa and then by trens-
extenston to the cheek, destroying
the medil and anterolateral wall of the antrom,
Bhatla ct 8] (1967) also reported 3 cases of
transmaxillary extension to the check. In the
present senies extension of the tomoar into
the maxillary antrum occurred through erosion
of its posterolateral wall by the cheek exten
sion, There was no destruction of antro-nasal
wll in these cases by the tumour mass in the
nase
Several surpxcal approaches o the check ex
tensjon have been described tn the literature.

P

cuving round the maxillary tubcromty A
glance at the surgical anatomy of the Infra-
temporal regron (Fig. 1) will immediately sag-
gest that all these approaches arc blind ss they
do not expose the tumour at jts exit from the
pasopharynx and can cxse serrous bleeding
from the pterygald plexus of veins, braaches
of the maxillary artery and the embryonc
blood vessels of the tumour mass which is
tikely to be left betund by a blind procedure.
In fact Misre & Bhata (1964) have mentioned
postoperative haernatoma of the cheek in their
cases Moreover parts of the tomour Iyng
under the masscter musche and in the temporal
fossa canpot be removed satisfactoeily by any
of these approaches The transzygomatc ap-
proach for the check extension first described
by Samy & Girgns (1965) is an ideal approach
for these extensions from all these polsts of
view and provides adequate exposure of the
tumonr and efficsent control of the bleedmg.
Recurrence of the nasopharyngeal fibroma
mostly due to incomplete removal of the
growth. This was probably the caumse in the
first case, and was certainly 50 in case 4 where
the tumour had become very friable due to a
full course of preoperative deep X-ray therapy
Blood transfmion duning operatron is imperatire
and operation should not be dope Hf blood is
not available, for any reason. The chances of
cardlac arrest during surgery increase If blood
Jots 15 not replsced by rapid tramfusion.

Hirmi (1959) quoted Kremer (1953) advising
pre auricular inchdon and cutting the ramos of
the mandible. Rao (1961) split the upper lp
and cutting through the naso-lablal furrow
reflected a large cheek flap Sardana (1965)
sdviscd a sepamate sublabhal melsion. Bhatia et
al. (1967) advocated forward extension of the
transpalatal mcision Into the sublabial plane
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REFLEX CLOSURE
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Abgrect Reflex respoowes wern stictted in the re-
of

Kirchner 1969) Mértensson reported that fp-
silateral stimulation of the internal branch of
the SLN i the dog clicited refiex discharges
in all of the sdductors but never in the &b
ductor The Iatter thowed only reflex inhibh
tion of its Inspiratory achivity and the infer
arytenold only a feeblo respomss with repet-

posterbor cricoarytenodd
Ing lnspiration. (4) Consistent EMG resporses in ad-
ductor muncles $0 stimmlation of the {nternal banch
of the soperior
\lO/tc.Th:Wﬂ.ﬂ‘b(
wponpded only to the first fow stirmli st theso fre-

gpencies and was then inhibited completely (5) More
intenss respoase during expiration in the addnctoc

The
the reflex respome chffered for ench muscle and for
each f ber in thelr motor nerves.

Protection of the lower arways agamnst intru-
sfon of foreign matter 1 the most primihve
and most important functian of the larynx. The
glotth o reflexly closed on touch stimulation
of the laryngesl mucosa or by dlectrical stmu
latlon of the internal branch of the sapenor
laryngeal nerve (SLN) Several reports on pro-
tective closmre of the larynx state that reflex
responscs occur in each laryngeal muscle the
adductor mruscles contracting reflexly and the
abdoctor muscle belng reflexly inhibited dur
mg inspiration (Doty & Bosma, 1956 Mirtens-
o0, 1963 Kirchner & Suzokd, 1968 Suzuki &

This work was supported by a gramt from PHS
ROI NB-0S465
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tive stimul, Surukl and Kirchner stodied
an electroneurogram of & small filsment of the
recurrent laryngeal nerve (RLN) in the cat and
reacked the same conclusions, namely that the
postentor cricoarytenodd muscle (PCA) s re-
flexly inhibited,

The idea of a reciprocal mechanmsm betweent
the adductars and the abductor b attracthe,
but probably not complete. It b5 true that ol
of the nerve fibers which are active dunng -
spiration fnnervate the PCA muscle, bat it may
also be true that the PCA muscle fs ot inner
vated exclusvely by such fibers. In this re
gard, soms investigators reported that reflex
activation was ellcited not only in the addue
tors bat m the abdoctor (Yammhim & Ursbe,
1959) For comphkte delineation of how each
laryngeal muscle responds to afferent stbmulz
tion, recordings of reflex responses must be
made from filaments in the nerve supplyiog
each individual muscie

Our cbjective in the present stody was 8
eiectrophytiologre defineation of the laryngeal
reflex pathvays in the protective closore of (e
larynx,
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ANATOMY

Detafled studses of the motor supply of each
laryngeal muscle formed a preliminary but es-
sential part of the present study The RLN in
the cat enters the larynx fust under the level
of the cricopharyngens muscle and just post
edoc to the crico-thyrofd jolnt. Before enter
ing the laryrx, a large branch, the ramus com-
municans, runs upward behind the PCA mm-
cle and joins the internal branch of the SILN
It & probebly composed mainly of affereats
from the thorax.

The mahn trunk of the RLN runs upward
along the anterior and lateral border of the
PCA muscls and gives off a small branch post
crurly whch enters and lnervates the PCA
mrocle. Just above this twlg, another small
branch leaves the main trunk and enters the
space between the PCA mmrscle and the cricokd
cartilage, It then enters and innervates the in-

1932 Vopel, 1952)
At the level of the lateral cricoarytenoid
mcke a xmall twig leaves the main tnmk,

branches mto two amall twgs which innervato
the thyroarytenoid muscle. One trunk rums
aloag the inferjor edge of this musclo and en-
ters its anterior part. The other branch enters
the posterior part of the same muscle. In some
cats, a very small twig leaves the main trunk
of the RLN at the tame level, runs posteriody
and unites with the internal branch of the SLN
This probably represents 2 group of afferent
fibers from the larynx and thorax. The motor
supply to each mmcle iy schematically shown
mFAg |

METHODS

Twenty-rix adalt cats were golred in thh
serles of expermments. Eoch cat was anesthe

2as

tired with intraperitoaesl Injection of 30 mg/
kg of sodium pentobarbital (Nembutal) Ob-
servation of the reflex responses was made two
hours after the injection and the depth of anes-
thena at that time was Stage ITI, plane 1 The
larynx and trachex werc cxposed by a
vertical midline Inchlon. Tracheotomy was
doae low In the neck and a winyl canole in-
serted, The right REN was cut in the neck
together with the SLN of the same side When
recordings were made from the nerve, the cat
was paralyzed with an fntravenous infection of
gellamine tncthiodide (Flaxedil)

1 Reflex responses in the RLN by stimulation
of afferents in the laryngo-pharyngeal region
The left RLN was cut in the neck and its cen-
tral cut end was placed on platinum wire re
cording clectrodes. Ipsflateral merve trunka
(lngual, hypoglossal, glossopharyngeal, phar
yngeal, both internal and external branches of
the SLN and the RLN itself} were separated
from swrrounding tissnes and the central cut
end of each wrs placed on stimulation elec
trodes. Repeated mngle shock stimulations
were furnished by a Grass S4 stimulator Re
flex responses in the RIN were observed by
oscllloscope (Tektramix 564) after amplifies
tlon with Tektromix RM122, momtored by
sudlosystem  (Grass AMS) A Grass camera
then recorded from a secoad oacilloscope.

2. Reflex responses of each loryngeal muscle

The reflex response in the encothyrold mus-
cle has already been reparted fn e previous
study (Morakami & Kirchner 1970) The re
matning intrmuc laryngeal muscles were stud-
ied and are being reported bore After the in-
ferior pharyngea! constrictor muscies had been
detached and the mucosal lining of the pyri-
form sinus retracted, the thyrold -

cut in the rndlize and retracted

cricothyroid musclc. Eech

and 1t perve were thus

cordmg. The surgical
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Fig 1 Tnnervation of cach arynpeal muscle.
T thyrold cartBags {cot edge)
cartlage

C erkeold

M musche attachment
J cricothyrold joint

TR traches

" ral ol The central cut end of the internal
branch of the left SIN was placed on tho
stimulation electrodes.  Reflex respomses 1n
each muscle were recorded by concentric bi-
polar peedle electrode and a specully mado
splral copper-wire electrode Recording of the
response in one muscks was carried out after
denervation of other muscles to prevent artl-
facts occusioned by current spread The merve
twig to cach muscle was carcfully separated
from sarrounding tissue and placed on the re
cordmg electrode. To prepare a mufficient
length of nerve for recording, 1t was some
times pecessary to separate the nerve deep into
its muscle, teanng away some of the muscle
fibers. For exposare of the nerve to the mter
arytencid muscle, it was always necessary to
dissect away the PCA mucke
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RESULTS

1 Reflex responses in the RLN to stimudation
of afferents in laryngopharyngea! reglon

The main trunk of the limgnal nerve proxmal
to the branches supplying the fancial and orel
mucosa was cut at the level of the styloglossas
muscle and prepared on the stimulation elec
trodes. Every stimulus to the merve cliclted a
reflex response in the RIN (Flg. 2A) The
threshold for this reflex response w3
extremely high, about 10 times higher than
that for the internal branch of the SLN and
the respons¢ appears most likely to be part
of the pain reaction.

The hypoglossal nerve is primarily motor ak-
though afferents have been reported (Blom,
1960 Cooper 1954 Nakamura, 1968 Sager
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that for the lingual perve, about 10 times
higher than for the intermal branch of the SLN

beanch which enters the mucosa of the lateral
wall of the pharynx was separated just under
the mucosa and placed on the clectrodes.
Brisk responses were reflexly elicited in the
RIN with every stimutus of this small branch
(Fig. 20 The threshold for the reflex was
about three times higher than that for the in-
ternal branch of the SLN

The pharyngeal nerve b osmlly described
s motor to the pharyngeal comstrictor mmuacles
and 1o tho musculature of tho upper cervical

esophagus (Hwang et al, 1948 Miller et al,
1964) As we have already reported the nerve
is likely to respond to laryngeal stimolatron,
showing reflex inhibihon in the activity in the
fibers to the middle pharyngeal comstrictar or
to the thyropharyngeus muscle Reflex sctiva-
tion occurred fn the fibers to the encophar
yogens muscle (Murakami & Kirchner 1970)
On the other hand, there © no report of af
ferents In the pharyngeal nerve. Nevertheless,
even in the cat whose SLN together with the
glossopharyngeal nerve had been cut bilater
ally reflex closure of the larynx was elicited on
tonch stimulation of the mmcosa of the pyrl-
form minus. The result indicates that the phar
yogeal perve most likely contalns some afferent
fibers from parts of the pyrform stmus. Fur
ther clectrical stimulation of the central eut
end of the pheryngeal nerve elicited a reflex
respoase In the RLN jn every mmtunce (Fig.
3A)

In sdditron, then, to the usual nerves some
afferent pathways for the laryngeal reflex exast
in the lingual nerve and In the mam trunk of
the hyposlostal. However whether these path-
ways participats in the laryngeal protective rc
flex B questionable became of ther extremely
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high thresholds. They serve, possibly a state
of emergency Afferents in the glossopharyng-
cal and pharyngenl nerves, on the other hand,
are widely distributed 1z the pharyngeal mn
cosn and excited the reflex circuit even at low
voltages. These nerves, for this reason, prob-
ably share in the protective mechanizm of the

Sumulation of the nternal or the cxternal
branches of the SLN and of the RIN itsell
evoke reflex responses in the RLN as previ
owsly reported (Suzuki & Kirchner 1968
1969) This was verified In the present study

The internal branch of the SN fs the maost
Importsnt afferent pathway for reflex laryngeal
closure, Reflex respontes were elicited 1n the
RLN at mnoimum threshold and latency (Fig.
3 B) Stunulation of the external branch of the
SLN also evoked the reflex response 1n the
RLN showing a higher threshald and a long
period of latency and duration (Fig. 3 C)

Stmulation of the RLN itself elicited reflex
responses m the same nerve (Fig. 3D) It s,
however very doubtful that these reflexes
origmatng I the external branch of the SLN
or the RLN rtself participate m the reflex pro-
~~(ective mechanesm of the larynx, because the
resholds of these reflexes were extremely
(gb.nmmgloumcs!hax(orﬂrlnmﬂ
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.07 snd 0.1 msec), the fiber resposds in
both phases and the other two fibers begin to re-
spend oaly In peamazing!

in the PCA muscle, and this was not tre for
any otber afferents. It i possible that responses
to stimulation of the external branch of the
SLN or the RLN atself might serve s part of
the cough reflex.

2. Reflex responses of eoch laryngeal muscle
10 stimulation of the internal branch of the
superior karynpeal nerve

1 Thyroarytenoid muscle The thyroarytenoid
muscle responded most Intenscly and consist-
cntly to stimulation of the internal branch of
the SLN with 2 short latency and a loag durs-
tion. The responses appearcd both in the mowor
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nerve twig and in the EMG (Fig. 4) During
supt ] stinmafi the

spiratory cycle None of the fibers to the thyro-
arytenold muscle was mare lkely to respond
durmg imspiration. The resnlts indicmte that
each perve fiber to the thyroarytemodd muscle
hxs a different thresbold for the reflex and

all of the flbes respond more easily during
experation than {nspiration.

In ths stody we have never observed spon-
tancoms activity related to quiet resperation,
elther in the thyroarytenold muscle nor In its
motor perve, though several authors huve re
ported such actlvity (Faaborg-Andersen, 1965
Green & Neil, 1955 Nokamura et al, 1958
Weddell et al, 1944 Yagl, 1963) We have
obscrved thyroarytenoid rouscle activity during
expiration only when the level of anestbesia
wis so light that the animal phonated with
each expiration.

2. Lateral cricoarytenold mucle Reflex ¢
sponses were elicited m the Iateral encoaryte
nold muscic and also in its motor nerve twig
with each stmmiation of the internal braoch of
the SLN (Fig. 4) As in the case of the thyro-
arytenold muscle the reflex was more caslly
driven during cxpiration, probably the result of
facilitation (Fig. 10). The threshold for the re
flex was about twice a3 high as for the thyro-
arytenold mmcle.

3 Interarytemold rmuscle The imteraryten-
oid muscle i poorly developed in the cat, belng

dnn
i

g 11

cordian.
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composed only of the transverse part situated
above the PCA musck Stimulation of the
SLN however evoked responses both 1n the
interarytenoid musck and in Its motor nerve
even with single shock stimull. Repetitive sum-
ull produced no facilitation. The threshold for
the reflex was very low almost the same as
for the thyroarytenoid muscle (Fig. 4) The re
flex in this muscle showed no preference for
expiration, the same vohage being required In
both phases of respiation In properly pre
pared cases the reflex contraction of the mus-
cke could be observed directly through the
surgical microscope

4 Posterior cricoarytenold muscle Sponta
neous inspirntory activity was observed in the
PCA muscle. Stimulation of the internal
branch of the SLN evoked two kinds of re
flex responses in the muscle. The first was 2
reflex inhibition of the inspiratory activity the
second a reflex contraction of the muscle Both
were clearly demoustrated in the EMG of the
musele and in its motor perve after deperva-
tion of all the adductor muscles (Fig. 6) The
lstency of the reflex discharge was the longest
and 1he duration ths shortest among the laryn-
cal muscles, When the reflex was clieited der
}imp-muonnmfollowcdbyctnauonol

111 11

—I 30m¥
[

S

s~o¢-—]looﬂ
Fir & The perve 1sig to the posterior
muscle

AT

oa Fmpiration y inhibited. (B) The other kind
of fiber does »ot show ropiratory activity but dis-
charges reflesly
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the ding electrodes. Stimulation of the
SLN with very low voltage clicited reflex In-
hibition of this inspiratory activity for a very
short tme. With a little higher voltage the re
flex in the same fiber was inhibited for a loager
time and = reflex discharge from another fiber
In the filament began to appear (Fig. 7) An-
other filament with an lospleatory sctivity
showed only an ichibition and no reflex ds-
charge even on stimulation at a higher voltage.
On the contrary a third filament showed no
spontancous actrvity but was reflexly actrvated
(Fig. 8) Thesc results indicate that the nerve
to the PCA muscke Is composed of two func
tioaally different kinds of fibers, ench respond-
ing differently to larynpeal etimulation. Those
fibers showing lnspiratory activity are casily
inhiblted at almost the same threshold reqaured
for reflex contraction of the thyroarytenoid
muscle The other type does not doschurge with
respiration but it i activated reflexiy at 2
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A M c

—5ms
Fig 10 Reflex respooses ln EMG of (A) thyro-
Jatera] penterior

Sobmaxmal stimulation evoked a feeble 1o
flex discharge in the EMG of the PCA mus-
de. In thos stwabon the voltage of tho dis-
charge was alwayy higher in inspiration than In
cxpination, indicating that more mmcls flbers
respond to shmuelation in the inspratory phase
(Fig. 10C) The samo phenomena were dem-
castrated in a small filamens prepared from
the nerve to the PCA muscle. As shown in Fig.
11 afferent stimplation (SLN) at low voltage
elicited a refiex discharge [n one flber of a
filament to the PCA darmg inspration but not
during expiration. With a Ittle higher voltage
the fiber respoaded fn both phases and another
fiber began 10 respond during insporation. With

Aad

supramaxdmal stimul both fibers resp
well o both phases. The results indicate that
cach fiber has » different threshold for reflex
activation and responds morc exsily dunng in-
spimhon,
Excitabifity of the motogenron pool for re
flex sctivation of the PCA muscle sppears to
be mediated by an intncate mechanam in the
brain stem as evidenced by a further observa
tion. when the frequency of afferent stnnila
tion (SLN) was incressed gradually up to 10/
sec, the addoctor muscle responded to every
stimehins. The refiex discharge in the PCA muos-
cle, on the other hand, subxided gradually and
became completely silent duning stimulation at

that the Inactivity of the PCA mascde to re
petitive stmlation of the afferents b not due
to exhaustion of the moscls or its newro-mus-
cular transmission but b5 due to an secomm
Iated inhibitary process at a ngher level. With

apintion. (A) Reflex ropons efiched i fiber
by sumulation at very Jow volmgs (01 V and 0.1
mec) only ln knpinstion. (B) Wkb  Ule bigher
voitage (0. V and 0.1 meec), the
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afferent stlmuli over 10/sec the PCA muscle
responded only to the first few stimull and was
inhibited thereafter

DISCUSSION

Sumulatron of the Internal branch of the SN
elicited a reflex response, ether discharge or
Inhibition, 1n cvery laryngeal muscle including
the abductor

Ench fiber of the PCA muscls responded to
sumulation more readily during lnspiration,
wherens fibers to the thyroarytenotd responded
more readily doring expiration. It scems pos-
ible that the respiratory center cxerts a regula
tory control over both sets of muoscles, and that
motor nucleus of the nerve fibers supplymg
the adductors Is controlied by facilitatory and
inhibitory influences from the medullary respl
ratory neurons, as with the intercestal moto-
neurones (Eccles et ol 1962 Scars, 1964)
Facilitatlon to the adductor motoneuron pool
Is apparently greater during expiration, being
subliminal durmg quet respiration. For this
reason, the adductor responds to afferemt sti-
muli more readily doring expiration,

Similorly those abdoctor fibers which re
to afferent stimulation by discharging
apparently facilitated during inspiration,
but insufficeently to discharge spontaneoaly
The challenging question, then, Is what func
tion, if any is served by reflex contraction of
the PCA muscle in respome to laryngeal sum-
ulatfon. Could it augment glottic closure by
adding temslon to the adducted vocal cord, in
cooperation with the adductor muscles? In any
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A SIMPLE METHOD TO MEASURE THE CILTIARY BEAT RATE OF
RESPIRATORY EPITHELIUM

J D J W Blecker and P E. Hocksema

From the Departme t of Otcderyngology Ui ersdry Hospital Groninges,
Th  Nrtherlonds

(Recetved September 14 1970)

From observation of the oscillograph, the oto-
aryngologht ks accostomed to the fact that
Pndnregln:r:dhylhccye He may find
¢ converse phenomenon surpeisingly useful.
the mpid movement of small objects is detected
by the ear Use of this method of exsmination
fs therefore quite suitable in our specizity since
our relation with sudiology makes the equip-
ment readily available This paper deals with
an examination of ciliary actlon.

It is well-known that the taph roulant of
the mucns on the respiratory mucous mem-
beane plays an important part in the delence
mechanbm ogatost external, harmfual infhiences.
The function of the system b mainly deter
mined by two factors. firstly by the activity of
ciliated cells secondly by the character and
the compoaition of the mucus layer Therefore
an examimation of the function of the taph
roulant” and of the factory that offect 1t, should
be directed both towards the activity of the
ciliated cells, and towards the nature and the
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composition of the mucus. Our intercst was
especlally aroused by the viscosity of the mu-
cus. We hope to discuss this on a later ocra-
ston,

Cillary sctivity is often judged In peactice
by the tramsport speed of the tapis roclant
But under pathotogical condrtions one cannot
decide whether this s the result of a disordered
clhary activity a change in the character of
the mucus, or an abnormal snatomical variz-
tion. Therefore ths method provides Innulfi
cient information for clmkcal use. For direct
observation in vivo only 2 small part of the
nasal mucosa is available

Consequently onc is almost dependent on
the method of examinaton in vitro Experence
hay shown, however that the behaviour of
clliated epitheliom in vitro—provided that the
enviroament conforms to certain corditions—
bears & marked resemblance to the behaviour
in vivo (Lucas, 1933)

For the examinaton of the mucous mem-
brane the clinican would be greatly served by
a methed that would lend lsself to rouunc
messurement by virtue of its simplicity In our
Iaboratory such investigations hove been I
progress for some time.

METHOD

A small part of the cpithelial lining of the
mucons membrane to be examined s scraped
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off with the aid of a small sharp curette, m
the noso from the pasterior part of the fnfenor
turbinal, from the trachea or the beonchi der
ing bronchoscopy This scraping off B tran-
matic to such a lmited extent that—ay far as
the pose i concerned—it can be carrled out
without ming any anesthetic,

A part of the curetted epithelial fragment s
immediately immerted in Gey solntion, pH 7.2,
whxch is contalned In a rmg (diameter 1 em,
thickness 025 mm) that is placed upon an
object-glass. The Liquid-chamber In which the
fragment of thsue is embedded, fs then closed
with & coverglass and inspected under the
phase-contrast microscope at room-tempers-
tre (22 C) Especully along the folds of the
epitheliom, but also when viewed from above,
cllisry movement s quite apparent under the

mucus layer which bs vsually still present. The
rematning fragment of tissre b fixed and used

ietalook "

for 1 and histochemi i

The difficolty b pow how to measure the
ciliary beat rate in a simple way and how to
record ft in a ressonably reliable and com
parable numernical valie. A mumber of relevant
methods are to be found In the literaturc on
this subject. The most rellable method b to
make a recard on a high-tpeed film and to
calculats the beat mate oa the basls of the
known filming speed (Dalhamn, 1960 Ewert,
1965) This method, however s too claborate
and too expemive for routine use, The method
of Ballenger & Orr (1963) based on the mess-
uring of the cilary activity by the use of the
rotation vedocity of sphorical fragments obtained
from z thsue culture, 13 labonous and, in our

Table T Measuring results of the estimation of the correlation

s

10 1n 12 1 14 13

7 6 3
13 15

12

16
13

17
14

12
14
13

10 10 9

1¢ 17

18 3
16 14

10 3
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opinlon, not suitable. On therr way the rotating
fragr frequently meet obstacles which dis-
turb the rotation.

In our experitnce stroboscopy s unrchahle
at the low frequency of 6-20 beats/second.
Moreover due to metachronicity and phase dif
ference between the different groups of ciliated
ceils, it is very dificult 1o make an accurate
esumation,

We have tried to solve the problem of meas-

ing the cilary beat mate by comparing the

~"Beat rate as observed visually with a rattle ob-
served auditorily which 13 conveyed to a loud-
speaker with the ald of a sawtooth-penerator
By choosing the frequency of the ratile in such
a way that it corresponds as closely as possible
with the rhythm observed visually the fre-
quency of this corresponding rhythm can be
read ol from the frequency dial of the gener
ator

In order o test ths method &s to fts rella
bility we have loutsted the dliary movement,
#s It s to be scen through the phase-contrast
microscope with the moving dot of an osallo-
scope By beingmg this dot out of focus—by
maladfustmg it—a band i to be seen moving
along the screen with a rhythm to be chosen
voluntarily With the mttle described sbove
one can next try to choose suditorily a fre
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22 EZY] iy 2 Relathe sundard
devihation a3 a fonction of
frequency

quency in such a way that It corresponds as
closcly as possible with the band rhythm a5
observed vinually on the sereen of the oscillo-
scope. The chasen frequency can be read off
from the generator-dial By comnecting the
generator with the vertical piates of the oscillo-
scope the accurscy of the chosen frequency can
be checked (Fig. 1) Correctly a static picture
can be seen 1 case of a faulty adjustment the
exact frequency is to be found by turning the
frequency-dizl vntil a static pcture returns
The difference in frequency of the two dia!
positions & a measure for the inaccuracy of
the subjectively adjosted value,

RESULTS

Table 1 and Fig 2 give an overall picture of
the results obtained in this way on the bass of
almost 150 measurements carried out by dd
ferent examiners The very high correlation-
coefficient and the relatively shight standard
deviatlon justify tho utility of thrs extremely
umple measurement of the cilfary beat rate
which is manapeable m the clinic as 2 rapd
routine method.

In a serics of 30 patients with allerpe rhin-
itis and positive provocation tevt the average
beat frequency was 13 beats sec. Juost befort



Recording of ciliary beat rate of respiratory epithellum 429

and {mmediately after the provocation test we
conld find no difference in beat frequencies.
Fifteen Patlents with a chronlc rhinitis
showed n much slower beat frequency of an
average of 7 beats/sec.

However when the preparations  were
washed with Gey solution {n much a way that
much of the mucus was removed from the
surface the beat frequency in both serles rose
to an cqual level of 15 beats/sec.

In a later publication we hope to return to
the clmical application of this method.

ZUSAMMENFASSUNG
Es stellt sich als miglich berans, ein slostisches

pomache, um die FHmmsrschlagfrequens resplrato-
Trschen 0 nxessen. Die Genaolgkelt
uc-m‘h!d.mkaﬂandtrthﬂml

Hz proreotual koostant.
lstm’u(hr]Ol Ober 25 Hz wird die

km'lmclmdlvcl' )ﬂldkurl{dhﬂ-kumluh

2~ 7

Klinlk mif ¢ine cinfrche Weiwe dio Fhmmerschiag-
frequenz bel griwseren Gruppen von Patenten gemes-
sen werden

REFERENCES
Baflenger 7 J & Orr M. F 1963 Quantliative
of boma  clllary sctlvky Ana Otol

27N

Dalkamn, T 1960 The determination in vivo of the
mte of ciliary best fn the tachen, Acta Physdol
Scasd 49 242

Ewert, G 1965 On the mocos flow mts bn the
lnmman pose. Acts Otolery g (Stockh) Sappl. 200

Locas, AL M 1933 Comperbon of diiary activity
ander tn vitro and In vivo coadrtions Proc Soc
Exp Blol AMed 30 501

— 1965 Sympodom om siroctow fooction  and

— 1963 HAypersécrition bromchigme Colloque fnter
natjonal do pathol thoraclque Lille (France), Sept.

I D J W Bleeker MD
Dept of Oroleryagology
Ustversity Hospital
Gronl pen

The Netheriands



Acta Otolaryng 71 430-434 1971

CLONAL PATTERN OF METASTASIS IN A CASE OF MALIGNANT
MUCOEPIDERMOID TUMOUR OF THE PALATAL SALIVARY GLAND

E. Saksela, B Grahne and U Silrala

From the Third Departmens of Patholory and the Department of Otolaryngology
Heldnkd Untrersity Centrel Hospital, H Irinkl, Finkend

(Recerved November 30, 1970}

Abstract A case of opwtastasbring mocor

amd same were

foond to distinguish clearly the potentialy
maligoant tumours from the benign form,
though the prognosis was much better m the
well-differentiated group An opposing s
has been taken by Kleimasser (1969) s

{ders Iidermand tumours benkgn

Mucoeptdermotd tumours of the sallvary glands
form a group m which the diagnostic criterla
are relatively unambiguous but In wheeh it i
difficult to evaluate the hinkally malignant
potential of the tumour  Opunions concerning
their malignancy van n the bterature, After
earlier descriptions of mu oepud “rmord tumours
under varying utles (Schilling 19 1 Masson &
Berper 1924 Skorpd  [940) Stewart et al
(1945) presented the fint large ~olkective senies
of 45 tumours classificd separately as hughly
differentlated benign tumouns and poordy dif
ferentated malignant forms hey potated out
the difficulty of evaluating borderline cases and
suggested a thurd Intermediate group to contan
these. Encroth (1964) collected a matenal of

only In exceptional cases capable of mafignadt
behaviour

Histogenetically these tumours are comi
ered to origmate In the intra and interlobax
duct cpithelium with differentiative capaciis
to muocin-secreting papillary structures on ¢
one hand and to eprdermold differentiation o
the other Intermingled between these cell fyps
are found chamctersstic  intermediate ce
and other less common cell forms. Witho
taking issue with the questions of the classificr
thon quoted above, we present a case of mu>
eprdermoid tumour of the small sallvary gland
of the hard palate which demonstrated the
varlous differentiative pathways in its paten
of metastasis over a profonged period of 96

Clinical history

The original tumour reddish-blec in cokoe?
bad been removed from the eft side of the bard
palate 1n 1945 when the patient was 19 yo©
old. Radiotherapy had been given postopsr
tvely the dose being 2 048 rads. The sutfe™

23 mucocpidermod tumours and coacluded
that the whole group should be conssdered as
carcinomas, since no reliable eriteria could be
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intd the bropay specimen himsell sod ¥
of the opnion that an adamantinoma ¥ %
question. In 1966 a reddish-bloc fumoet =



Tumour of the palatdl salfvary gland 431

Table I Pred: pattern of histol ! t1vpes in the of a palatal mucoepide { rumour
Desigmtion  Time of excislon Locatlon Sabent histolopcal faatoes
A Jaroary 1] 1966 Left subsaricular pode Rich thesoe and
celle. N epedermodd compooents
B June 29 1967 Local recmrent tomour Epidermold, well afferertuted tssse with few
Intermeduts cells but no mocos production
c Avgmt 18 1967 Lelt toenour well thsue and few
btermediate cefls. Growth mainly ntrs-hmph-
anglatic
D 1967 Bode Epiermold, welt differentiated thsue. No e
production
E Sephember 1967 Retro-orbltal pode, left Eptdermond and mdands of richly mrucs produc
Ing tioe and Intermedsate cells
F November 22, 1967 Presurkcstar node, keft Malnly mocus prodocing cyetc oo and
some Blaods with ddTeremtaton
] March 12, 1963 Local recmrent tnmour Rich oo prodocton, pany mtermediate cells
Intermungied kerannmation of odi dual
ceils and umall fstands
H 1969 Sabcotancons metrstsey
ik Altogether 7 nodules, and ol of
brve woll  ddflcrentiated
I Joby 15 1969 frw
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Fig 2 A softdlwoe metastaus demonsrating a
pracically pufs epidermold fype Van Qleson, 700,

qun scen o the same place as before on the
_Fside of the bard palate The patient humself
cporicd that this tumour had the same ap-
pearance as the onc removed In 1945 At the
same tme a hard gland was noticed in the
neck, behund the left mandibular engle The
gland was excised and diagnosed ay

no loager be controlled despite extensive cx
tirpations, radlotherapy aod chemotherapy Ia
the final phases of the disease there were wide
speead metastases, and the patient succumbed
in 1969 No autopsy was carned out.

of mucocpidermodd carcinoma. The palatal
tumour which histologically proved to be a
mucoepidermosd carcinoma was treated with
Roentgen therapy Soon after thes therapy in
1966 howmever it was found that the mmoor
bad spread over an unexpectedly wide arez.
For this reason, resection of the left and right
maxillz, and a radical neck dissection on the
left side were carrsed out. In 1967 a recurrence
was poted in the cavity Jeft by the earlier opera
tion, and was treated with electrocauterization.
Subseqoently the growth of the tmmour could
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al features

The original tumour biopsy specimen of 1945
has not been traced despite great cfforts All
the ble histological material bs patib
with the diagnosts of mucoepidermond tumos
of the sslvary gland The salient featurcs of
cach lndividoal metastasis aod recurrence are
recorded in Table I in order to focus the
attention on the variability of the morphology
Tumour metastases designated as A, F and G
(Table 1) all from different locations consisted
mainly of the mucold component of the tamour
and the first of these consksted entirely of this |




thsue (Fig. 1) On the
deugnated as B C. D and all the slands of ¢
{inal destant spread, were
epklermcid islands of metestatic tiysre With 20
mocs and only fow wlands of wtes

mecinte, cells (Flp, 2) Inermediate forms of
metastases de

signated w8 E, F and G
Although the growth of

theso nstances was cleart
grade of differentiation of tbe

The latter featares &OTe W Pro o proad
tbe test metastaes repeoseating 2t
of the anﬂombam
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USE OF TRIANGULAR WAVEFORMS OF ANGULAR VELOCITY IN
THE STUDY OF VESTIHULAR FUNCTION

F E Guedry Ir C. W Stockwell, USAR, J W Nomoan and G G QOwem
From the Naval Acrocpece Medical Rescorch Loboratory Pensecols, Fla., USA
(Recehwed November 10, 1970)

cypecially recent or paroxysmal disorders, can
introduce extreme individual differences that
can elter ability to cope with the unnatoral
stimuli of flight. Since theso kinds of differences
among pllots can be dgnificant factars In air
crew safety and performance, thefr sssemment
fn pilot candudates and pllots troubled by ver
tigo are important tasks for aviation medicine,

é
|

of vestibular function, but measures of vestibo-
lar semsations may also be significant in the

fon of flight personne! becamse avis-
tos mrust contend with these sensations n
flight. Moreover directional asymmetry in ves-
tibalar turning semsations was reparted to be
Peesent more frequently in pllots whose pre
senting symptom waa vertigp than in other
fught personnel (Bemson, 1567) Dimcﬂmul

~tibular stimull and in thelr abity to sup-

y In mystag does not
indicate directional y in 1
(Beman, 1967) and n:lllhlc dopartures be

of ton and
havc been demonstrated for certaln stimoli
(Guedry 1965 pp 68-80) Thuos it appears
that pedther nystagmus noc scmsation can be
uted a3 a valld indlcant of tho other and that
rellable messuroment of both may reveal as-
pects of function which would not be Indicated
try elther measure alone
Many recent technological advances

cnhanced the feaalbflity of ob}n:th}

Acic
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ment of nystagmus for clinical purposes, but
the relisble measurement of vestibular sensa
tons by methods that are practical for large
scale chinical asscssment of pilots and pilot can-
didates §s still a challenging problem. Methods
of mexsuring vestibular sensation known as
magnitude estimation™ (Brown, 1966 Clark
& Stewart, 1968) provide estimates of chanpe
In sensation magmitude and hence they are
potentially useful for measuring system para
meters such as  time constants of reyponse
decay”™ (I1/A) and  adaptation time constants”
(r). However these methods clearly are not
vnhdmcanmoldl[fcrm-monglnd}vid
uals in absol de and
hence they cannot measure a parameter which
might be called system gain™ X (8/4) Scveral
methods of estmating subjective angular veloe
ity involving continuous judgments of either
displacement oc velocity (von Békésy 1955
Cawthorne ct al, 1956 Groen & Jongkees,
1948 Guedry 1965) theoretically could peo-
wide estimates of these three system parameters,
but most subjects requlre practice to yield what
appear to be meaningful results. When admin-
Istered in 2 manner that would be practical
for larpe-scale cimical assessment, these meth-
"'dsmlnbcunmlhblc Conventonal scn-

introduced by van Egmoad
l— hnEpnond. 1949 van Egmond et al, 1948
van Egmond et al, 1949) and in current use
by Groen (1969), ako has practical limitations.
Thus procedure is useful {or the assessment of
the 11 A ume constant in dmical cases by an
experienced examiner However when used in
a more routine manner proctical for broader
testing, both ks reliability (Guedry & Owens,
1967) and its vahdity 1n predicing flight per
formance (Dobic 1969) have been questioned.
For these rexsons, alternathe methods for
mscssing vestibular semsatloms are belng ex
plored.

Several recent experiments lnd.‘-:u that
reliable of v can
be obtained by the use of trmangular wave
forms of angular veloaty and a particular
method of obtamnmg subjective reports (Guedry

Acta Orelaryny 71

0 4 bosgee

v L—’-—i—t__J:t.__:

° ' 2 3 4 g
T

Fyg 1 Predicted responses during a short triangular
wareform stimulus. Cupola displacement (x) and sub-
jecive angular velocity (y ) in pancls C and D 1»-
spectively  resemble stimuhn angular velochty (o)
wawform in paoel A and not anpular acorieration
() waveform in panl B Valoes of I1/A=16 wc,
and K (8/A)=199 wc were bwed in Eg (1) 0
generate the y  curve,

etal, 1970 Owens & Guedry 1969) The pres-
ent paper describes the theoretical bashs for
the use of this stimulus in the evaluation of
seucircular canal function and also describes
some results obtained by this method.

Theoretical Basis for Using the Triangwler
Waeforms as a Semicircular Canad Simuday
It is widely befleved that cupula displacement
regulates the rato of discharpe of the ampallary
penves, utncul 1 displ
andulrlcu!ufup]dlspbccmcnld.m!nkhlu;lht
firlng rate relative to a spontancous restmg
Ievel of activity in the ampullary nerves of the
horizootal camals (Benson, 1965) In turm, the
neural firing rate b believed to regulate the




agoltude of resp such a3 nystagmus and
mbjcv:tlvn angular veloclty subject to further

control by central meural mechanisms It &
Lhudorammnh}otomcd)coreﬂcllcupuh

canal stimu-

di Lt

The particular strmulus of interest here fs &
triangular waveform of engalar velocity which
conststs of sngnlar acceleration I one direc
tion, a; followed immediately by sngular ac
ceheration of cqual magnitude in the other di
rection, s, as shown In Fig 1 If enly the
caso In which the acceleration (ap) and decel-
eration (o) are of equal magnitode is con
Bdered, then a0 spproximate predictive equm
ton for respomscs such m nystagmus ddow
phase veloclty (s} or subjective angular veloc
ity (y) derved from tho torsion pendalum
theory (van Egmond et al 1949 Groen, 1956)
B

re<(e
oo -2) -2

m

where X b the comstant of propartionality be
tween the particolar respomse (either v or v )
and cupula deflection, where 6 A, and IT are,
respectively the inertlal, the spring actior, and
the viscous damping constants of the cupula-
endolymph system, and where ¢ 1, and ¢
arc measures of time within 7, 7 and T,
as defined In Fig. 1

Trlangulsr waveforms of brief duration ap-
proximate the type of stimulas recefved by the
camabs during matnral movement. Under these
circumstances the form of the theoretical cu
pala displacement carve i believed to be simi-
lar to the form of the stizmulos angnlar velocity
curve a8 shown in Fig 1 This linstrates the
rationale for the statement (Bemon, 1965
Jones ct al, 1964) that, although the cupuls-
endolymph system responds to angular scecier
ation, it performs a3 an angular velocity trams-
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ducer for stimull approximating patural head
movements,

If the semiircular canals provide angular
velocity information liko that shown In Fig. 1
snd if subjects are able to integrats this jn-
formation over time sccurately then the inte-
gnlofthcmalmdcrthcv curve should pre
dict subjectty stimates (p) By
Integration of Eq (1) from the beginaing of
Ty until the time of the response zero crossing
in T (see Fig 1) a predictive equation for
subjective angular displacement ¢ can be ob-
talned.

-={c

b)) o

This equation simplifies to the following form

w-e(Kg) @m0 ®

where ¢, Is the time in T of the response ‘zero-
crossing” and It was derived by setting p=0 In
Eq (1) and solving for £, Thus,

t-3u(z-eap(-51)) @

Although we are primarily concerned with
the measurement of scosation In the present
paper tho nystagmus response provides a con
venlent Qhustration (Fig. 2) of the particulor
fespomse characteristics for which the abave
cquations were developed. y w and 1 cuch
has nystagmus and sensatlon analogy. The slow
phase veloclty () curve (Fig. 2 C) Is probably
similar In form to lts subjective angular voloe-
ity (v, analog, but sy Indicated eardicr thero
arc pructical [Imitatfons on tho rellable meas
urement of y, The other two responss charac
terhstics, 1 and y seem to offer opportunities
for rellable in both the
and seniation. The roversal of nystagm dur
ing Ty, spparcnt in Fig. 2D and C, provides
a fakdy definito messure of f. [t subjective
counterpart can be oblalned from aignaled

A -
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polnts of reversal of apparent rotation and such
measures correspond fairly closely to nystagmus
measures when stimulus waveforms are short
~(Guedry 1965) Summation of nystagmus slow
ase displacement during the interval T +
% ) which can be accomplished electronically
{Gucdry & Turnlpsced 1968) provides a meas-
ure of y  Its subjective analog, y,. can be ob-
tatned from of angular displ.
In the following section the devclopment of a
method of measuring ¢ is desenibed,

Development of Method for Reporting Subjec-
tive Angilar Displacement

When rotation about an Earth-vertxcal axis i
pataive and pisbed under conditions to
minimize visual and other tensory data about
an external reference, the semiarcnfar canahs
are probably the primary source for fudgments
of ongular displacement. Triangular waveforms
of angular veboclty producing selathvely short
arcs of rowtfon were selected as stimufi be
cans.. they approdimate natural stumult. It was
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Flg 2 Typkcal oystagmm reyponse
(panel B) duing a triaogulac wawe-
form of angular velocity (panel AL

hypothesized that judgments of such stimufl
would be rellable and comistent, since the
subjects would be operating within & range of
naturally occurring stimull.

The stimulus series comprised ten trisngolat
waveforms of angular velocity of different
wavelengths to produce angular
of 15 60 135 240 and 375
the clockwise and counterclockwise directions.
a and ag were + 15 deg/sec? foc all simufus
waveforms.

The rotation device was a Stille Werner RS-
3 rotator  kveled so that the axls of rofation
way vertical, and modifred by attaching & coo-
cenine cyfindrical light proof enclosure (6 fect
n diameter) to the rotary structure The sub-
jects bead wan positioned by ocorpital rests
at the center of rotation so that the lateral semd-
circular canals were approximately in the plase
of rotation. Wide band noise was apphed
through audiometric headsets to mask auditory
tocalization cues,

Inidally two methods of obtaning subjce-
the data were employed.



would remain at a fixed position in space In
the event that the perceived turn exceeded the
excunion lhnit of the light source (120 de
grees), subjects were to repositon the light and
recommence tracking.

Method B

The whied. vewed . clroalar Hal (L0 locbes
in diameter) marked off in 10-degres inter
vals. The enclosure was donly flluminated by a
mmall light gver the subject’s head. The face
of the dml was in the Earth-horizoatal planc
and was supported fust above the subect s lap
10 that it was viewed with a -directed
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ACTUAL ANGULAR DEFLACDWENT

Flg 4 Mean retrospective estimates of engular di-

placement obtained with the dal thown In rehiion to

theoretical curves for =10 degfaec® and =15 deg/
wec! when K (B/A)=19.9 sec and IT/A=16 sec,

40 o

uos series firt vaing Method A and again
uslng Mcthod B The order of the methods was
revered for the other five subjects.
Estimates made vsing Method A were signifl-
cantly smaller than estmates made using
Mrthod B. Thus Is spparent m Fig. 3 Intro-
spective commments of tho subjects suggest a
reason for this difference. When they msed
Mcthod A, sobjects reported that counterrota-
tion of the light spot (which appeared at eye
level) seemed to diminkh the subjective im
presson of body rotation. It i to be noted
that the directions of the light and eye velocities
relative to the skull arc the same, and if these
locitles aze hed o magminade, than the
tmage of the Hght spot will be fixed on the
retina. Thos, the nystagmus slow phase would
pot be Impeded by the visnal stimulut, nor
would there be appropdate slow movement of
the image over the retina. This kind of visual-
Iy i) f k ‘where

gaze and at a reading distance of aboot 14 in-
ches. The subject was imiructed to move a
ponter cn the dial in a compensatary direction
s0 that the pomter would maintain a fixed com
pexs beading.

Eleven subjects partipated in the experi-
ment. Six of these were administered thoe stim

the vismal target produced neither suppresson
of vestibolar mystagmos nor retinal smear whils
it was being moved voluntadly may have
camsed the recduced cstimates of body dbsplace
ment ndicated with Method A bat this i con-
jectnral and B dhcmssed in more detall elso-
where (Goedry ct al, 1969)
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An important feature of the results is that
both methods yielded a progressive underesti-
mation of angular displacement as actual dis-
placancntlnamscd.mﬁruv.hkmnhmight
be Idered a sign of adaptation (!

In a sccond experiment, this amblguty in
the subjects mode of operation was avoided by
jostructing them to wait untll the initlal effect
was complclcd before giving thelr displace-

nnavcrngeﬂ/Aofnbwthscc),bmobum:
~tion of the way in which subjects performed
¢ir tasks sugpests a different Interpretation.
bjeets had been instructed to move the light
spot (Method A) oc the pointer (Method B)
in a compensatory direction to malntain it in
a fixed compass headipg. It was apparent that
many subpcts moved the pointer simultane-
ously with the changing subjectlve vedocity
but others delayed until the stimulos wns com
pleted or was almost completed before making
mmimu:.lnurhncrm wb}ccuwt

ment In addition, because there B
some sensation of reversed motion followmg
tbe stimnilus (as would be cxpected from cupula
reversal during 7, shown jo Fig. 1), subjects
were spectfically instructed to make their jodg-
muqulck]yjmtlﬂerthepommmrrnl
and to Jgnore the seasation of reversed motot.

Method A (movement of the light spot) wss
discarded and all subjects repocted thelr re-
sponses using Method B (movement of the
pohnter on the circular dial) in the second ex
penment.

As before, the stimull were trianguiar wave
foems of angular velocity with the Increase and
decrease in speed in any one waveform ac

making retrospx
whereas in the former mh;ccu wm: uu:cnp!
ng to make velocity I [ at

Jeast part of the dme Concurr:m velocity
matching involres & different pfocm than does
and fur
tbcrmo:c.t.bcconmrcmps)vhonmotpcdarm-
ance required in velocity matehing conld lnter
fere with the processing of incoming semtory
das,
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plished by angular scoeleration of the
same magnitude and duration. Angular ecoek-
rations of two magnitodes, 10 and 15 deg/
sec- were used to produce the vefocity chaapes,
and as o resuit, o gnen stimpios doration gave
two different angular displacements.

Twenty-slx subjects participated In tbe se¢
ond experiment, Each subject was administered
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of their responses to actual angular displace
ment. These three mdividuals are falrty repre-
sentative of the range of respomes of the en-
tire sample, Individoal comsistency wnthin series
#s indicated by high correlatiom betoreen actoal
and pereeived displacement. Mean correlation
w-u095 h)df\cmngnnuxduiyinumcind.u-
as actoal displ

[nuusedluxmilndividmkmd.

To cstimate test—retest rellability slopes of
the lincs of best fit through the raw data pofnts
of each subject were detrmined for the first
series of stimmli and the second. The correla
tlon between slopes from the first and second
series was 093 for clockwnse trials and 0 87
for counterclockwne trlal. When the eshmates
from dockwisc and coumtercdlockwhe trials
were combined, the correlation between slopes

ined from the 26 subjects for the two

a tweaty-tral senies of stimoli compeising ten
d.octmxmdtmwuntadockwhcuhk.m
order of presentation of stimufi was 1

series was 094 Thos it &s clear that, within
one experimental setnon at kexst, when a sub-
Ject yickds a given slope m one series, he is apt
to yield a similar slope in a second serfes.
The close c(x'n:spcnﬂ:nca between  actual
and mean estim found in the

within ths scrics, but It was the same for each
mbject. Subjects made their estimates quickly
and oaly 15 to 20 sec intervened between
stimuli, thos = series of twenty stimull was
presented in about 7 min. After completing
tho series, the subjects were given a rest and
then the series was presented again jn order to
gan an estimate of test—retest reflabifity

The resulty, shown in Figs. 4 end 5 {lfustrate
that the mean estimates of angular dhplace
ment were nearly accurate. theoretical
curves were plotted for the 10 and 15 deg/sec?
stimull to flustrate the fact that only shight
differences in y wrre cxpected for these two
strmutos magnitodes within the range of stim-
mulus wavelengths uvsed These curves were
calculated from Eq (2) mwsuming K (8/4) =
199 scc and I1/A =16 scc.

Results from three subjects are shown In
Fig. 5 It is apparent that each of these indl
viduals gave consistent responses, but differed
markedly from one apotber in the relatioaship

ucoudupalnmtkmbomnparcdwhhﬂn
results from the fint expermment when Method
B (movement of tho pointer on a dial) was
sho msed, As llngirated in Fig. 6, the two scts
of data diverge a3 the angular desplacement in-
creases. The mean estimates of the 375-degree
duplacement were 206 degrees and 351 de-
grees in the first and sccond experiments, re
spectively and thh difference b statistically
dgnificant (t=345 df=35 p<01). It ap-
pears [ikely that the improved accurecy in the
second experiment b attributablo to the re
quirement placed upon subjects to make retro-
spective judgments, ic., to delsy judgment un-
dl the apparent inrtinl displacement was com-
plete This difference has important mplics-
tiom for the development af vestibular adapta
thon models (Malcolm, 1970 Young & Ommm,
1969) becawe a response dechine that might
otherwhe be atiributed to a strong vestibular
adaptation effect appears to be the result of
the reporting procedare chosen.

A k43
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DISCUSSION

The coosistency of retrospective dispiacement
fudgments indicates that these men were able
ta integrate immediate subjective angular velocl
1y {y.) over time of the triangular wavelorms
wed bere to arrive at systematic estimates of
angular displacement (yo) The accuracy of
the mean ¢ estimates yugpests the mean sub-
jective velocity profiles during these stimell
were also famly accurate. Based on theory
presented in an earher section, Eq (2) should
provide an sdequate descripion of the y re
sponses In fact, it docs, as was shown in Fig. 4
Asauming that the theory 13 adequate these re-
sponses can b: med with others to determine
of the 1} > sysems,

P

Estimarion of K (8/4)
The coastant, X, (8/A), can be determimed for
individual subjects from measures of ¢ during
u tequence of triangular waveforms. Aside from
specifiable stimulus vanables, there are three
usknowms 1 Eq (3) wae K (8/4) and .
Both v #2d f are meayurable subpective re
spanses and therefore, when both of these are
mmurcd, K (8/A) can be determined. The
m.cp'octd.nncanbeusedinewmaﬂng
(8/A), when total nystagmus slow phmae
lacement, v, and 1 have becn measured
(a3 fllostrated in Flg. 2) Alternatively o an
ertimate of I1/A for an individual s already
wlehls from some other 4 ¢ can

fmplicity of the measurement of ¢ from nys-
tagmus records 15 fustrated in Fig 2 sbove.
It is probably preferable to use nystagmus for
this determination becawse it would bo lem
sffected by adaptation effects (Young & Oman,
1969)
Advanteges of estimating IT/A by this meth-
od, as oppased to scveral cupuk Ty proce-
dures, are that the endpoint determinations
seoin to be easy reliable, and pot ime conmm-
ing. However some of these sdvantages are
offset somewhat by the theoretical significance
of errors associated with the measurement of
1. As illustrated In Fig. 7 shight difference fn
t durmg a short triangular waveform (o g,
Ty=Ty=5 scc) implies a substantal difference
in /A therefore, errors of measurement are
critical. With longer triangular waveforms, the
measurement of (i3 accomplished as ensily
as with shoet waveforms moreover the resolo-
tlon of IT/A by differences In ¢ B rmuch more
favarable Therefore long tnangular waveloms
should be med to measure . Unfortunately
longer waveform stimuli focrease the possibilty
that estimates of TI/A will be distorted by
adaptation cffects (Goedry 1970~ Young &
Oman, 1969) Recent articles (Maleolm, 1970
Yotmg & Oman, 1969) bave sought to provide
mathematical descriptions of these adaptabon
cffects, and these models predict that estima
tion of II/A through ¢ messurements during
long trimguler wavefornns would be distorted

be calculated from Eq (4) and then K (6/4)
cap be estimated without the direct measure-
ment of ¢,

Estimation of I/A

Responss to triangnlar waveforms can ako be
med to cstimte 11/A for individuals, Note that
in Eq (4L ¢ hdctm'ninedbyn/Amdmcu-

oy sdapintion. However Ti7A obtained by con-
ventional cupulometry would be altered on the
same beus and, as A matter of fact, Groen
(1956) cansiders this to be the fikely explans-
tion of the differences In TI/A a3 estimated
fram and ! 1 ng,

Lol pratogr

Estimation of adap tme (O]
The clear prescnce of sdaptation effects in
p of long duration (Guedry 1965 pp

urable aspects of the stimutus, Th sub-
stitution of ¢ into Eq (4) provides a means of
ting 11/4 for individ This can be

done with  measures based on either subjec
tive signals of tuming ponts or oystagmus
tornmg pomts (Guedry 1965 p 70) The
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72-80) and their potential infloence on esth
mates of resposse parameters cmphul:ﬂlh‘
unportance of pting to describe math

uﬂytbummxcalt.boldnpuﬁmpmmm
accurate mathermatical description of the o




“o-mx

fects would permit mathematical corrections
of estimates of TI/A for some test proceds

To0 A
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T e

iy e
© s oltion of O/8 from ¢ meswres ms
T b nereased.

m}ghtbc:vo&dcd_Tbccom!st:ncyo(in{ndull

oc atternatively it would permit specification
of test procedures in which adaptation b
avosded. Mathematical dedoctions from a pro-
posed adaptation model (Young & Oman,
1969) predict that + measures for semsation
and mystagmus would first mcrease and then
decrease as strmolus h & o d

biained in the experiment sopposts
!hhhypoahcﬂs.

The methods described here provide theo-
retically valrd estrmates of scvernl vestibolar
system parameters. If the theory m adequate,
these parameters can be used to predict vestib-
ular sensationt for a wide range of stmulos

Tiras the shape of the funetion ¢ ~f (T ) may

werve ;1 2 measure of Indlvi ces In

i and they shonld be useful 1n clinieal
d.hgnoﬂs.Hcm:-.tr 1t remains to be shown
that sub} r to natoral stumuli

adaptation time constants for sensation (z,) and
foc nystagmus (r} I  and  should prove to
bave real meanlng as parameters of Individoal
respome systerms, then in addibon to expand-
ing the mrverse of sccurate theoretcal predic
Iion,dzwemmldhxwdlnh]d;niﬂ—
cance by providing indtcations of

hmd.'npoﬂ.lcd@lﬂame.Nlmrﬂnhnuﬂ
afford patural practice and from this practice,
compenatory mechanbms may redoce dug
postic semsitivity to old Jesloms If sq, then
other stimull such a3 long, unpatoral trangn-
lar waveforms which sl offer advantages of

lcgialprmnotrduu:lmtheothapun—
meters,

SUMMARY AND CONCLUSIONS

Onc of the primary porposes of this paper
was 1o cvaloate triangnlar waveforms of an-
xuhrvclodtylndlh:rspanmlh:ycmi
as 2 means of individual dt

may prove more frutful For
this resson, it B desmable to test the uscfulness
of the measures used here in detecting vestiba
lar disorders with cfinical material, inclnding
flight persoane] disturbed by aviator’s vertigo.

ZUSAMMENFASSUNG

in vestibular sersatioos. Triangular waveforms
were sclected o8 test stimuli becamse they ap-
proxumate stumuli that are frequently experi-
enced in natural movement, permittng subjects
to operate within a rangs of stimuolation and
Judgment for which they wro naturally pesc
ticed. Thus #t was hypothemzed that theso

judgments would be reliable and that difficult:
mcmmmedlnﬂmpanwhhwldmﬁ
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was required that they had no history of vestl-
bular dbcases and that normsl responscs wero
found to rotation test, and to the Hallpike
calorc test. In addition, further otonezrologic
Investigations incloding a test for positional
nystagmus observed behind Frenzel's goggles
did not reveal any abnormalies.

Stimulation
The comstant current generator used, supplied
by an 18 V batiery permits stimulation from
0-3000 yA 0 100 or 200 uA steps In mn
area with varable electrode impedance from
0 to sbout 6 kf2.

The clectrodes comisted of flat silver discs,
sbout 3 am® wrapped in chamols which had

current strmufation. Pfaftz introduced the gai-
vanic test in clinleal routine work, employing
his ph bk i in 1957
ﬁelmdlbe;xucmnmdywnw-dlp:lnd
extend this technique for clinical purposes.

MATERIAL AND METHODS
Subjects
In the wock we wed pocmal sibjects in the
age range 15 o 50 years. In order to ensure
that the sobjects had vestihuler normality jt

This work wms supporeed by the Swednh Mediaal
Research Counell. (B-68-21X 173-02)

been d in tap water By meams of a
helmet, the cathode and anode may be fitted
in bushmgs on holders which are pressed
agaimt the skull (Fig. 1)

There ks a free choleo of clectrode combins-
thons. For binanricular stinmlation B 1 cathode
an the left skie, anode on the right B 2. vico
verna (Fig. 2)

Tho tragus was sclected as the best site for
the electrodes, since empirically a stronger nys-
tagnord rescthon bs elicited by this means than
by using the mastodd process,

Recording
lnlmmdmneye.Tumk‘lCNyﬂd&Tmok,
1963) p Ladts of
m!.heumclnlmctutbouhmﬂnl}ondcc




photocells mounted on patient.
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trodes (Fig. 1) The output from the photocells
is 50 high (25~50 mV per | bulb deviation)
that recording on a Servogor DC potentio-
meter writer i postdble without pre-amplifica-
tion. This DC writer has a balanced Input im-
pedance of 1 MO and a frequency range from
DC to 10 Hz. Tho combination of photocells
and writer has such e high sensithvity that a
speed of eye deviation of 0.1 fsec can be re-
cortded, Using a calibration of £10 and &
sultably shart photocell distance from the eye-
ball, so that blinking does not iterfere, it b
essy to make 1 comrespond to S mm in the
50 mV area on the writer

Fixatfon

nr eye and deviath n
darkness sometimes interfered with the gnlvantc
current-induced nystagmus. We therefare found
it meful to apply when needed for short mo-
ments, a dim bloe spot of light which made the
eyes return to mid-position. After removal of




Fig. 3 Inflorace of fixation with lght and soond

the light, the gatvanic nystagmus could be re-
peodoced. Fixation of light suppresses spon-
taneous as well ms induced cye movements (ac
cording to Phaltz 5 to 10 times) (Flg. 3) The
following calculations were based on those sex-
ments of the curves which represent atimuls-
tion in complete darkness.

Procedure

The belmet with the clectrodes and photocells
wes placed on the patients head. The patient
st down in a chair in complete darkness. The
further procedurs was ws follown. (1) Calibra-
tion of patient with cquipment +10  (2) Sti-
mmlation B 1 from 400 uA to 1600 kA. (3)
Repeated calibration. (4) Repeated stimulation,
this time with B2

The entre favestipation takes 5 minotes.
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The parameter

Apart from the direction of the nystagmus
there Is a drstmct atteration In frequency ampll
tude and speed of the slow cye deviation 25 a
function of incresse in stimulus intensity (Figs.
3 4.

The respomse on the right and the left side
in binauricular stimulation & mssessed by evate
ating the ratio between the increase in degrees
per sec per 1 mA on the two sides We decided
1o call this the galvaric Index (GD).

The GI value can then be calculated as the
ratlo between the slopes of the two lines car
responding to either direction of the current.
The ratw & expressed a3 2 decimal number
larger than or equal to 10 with an index (sin
or dxt) denoting the dircction associated with
the larger slope.

Fig. 5 shows 3 pormal curves for 3 different
subjects, Tho slopes are vanable but uniform
on the two tides.

Statistlcs
This work includes three parts of statlstics,
(1) To state the relation between the stimu-
Im and the reaction, our obstervatiom cor
responding to measurements n a given direc
ton on a given subject w re attempted, de
scribed by a stmple linear regression model
with current strength as the ind.pendent and
the speed of the slow component as the depen-
dent variable,
(2) We tried to fit the nommal valucs by a
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Fig 1 Hemet whh elecrodes and photocells moanted on patkent.
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trodes (Fig. 1) The cutpat from the photocells
18 50 high (25-50 mV per 1 bulb deviaton)
that recording on a Servogor DC potentio-
meter writer 15 possible without pee amplfics-
ton, This DC writer has a balanced mput im-
pedance of 1 M2 and a frequency range from
DC to 10 Hz. The combination of photocells
sod writer has such a high semsitivity that a
speed of cye dovistoa of 01 /sec can be re
corded. Using a calibration of £10 ad a
suitably short photocell distance from the cye
bell, so that blinking docs not Interfere, it &
casy to make I coerespond to 5 mm in the
50 mV srea on the wnter

Flxation

v ere and deviation In
darkness sometimes interfered with the galvanic
current-induced nystagmes. We therefare found
it uscful to apply when necded for short mo-
ments, a dim bloe spot of light which made the
cyes return to mid-position. After removal of
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Fiy 7 Theoretical Gaawian distribution for novmaks.

F-test we demonstrated that the difference be
tween the two varmnces was not significant,

The two variances wers pooled to form sn
cstimate of the within-subjects variance of the
GI valvey, This was campared with the be
tween-subjects variance by a F-iest and found
not to differ sgnificantly

DISCUSSION

Throughout the past 170 years galvanic meth-
ods have been in the limelight for clinkal use
(Purkinje, 1820 Himg 1871 Msckenze,
1909 Buoys, 1909 Brumner 1943 Bellens,
1950 Pfaltz, 1968 Breson & hrag 1967),
but soch nse has never been found dependable.

Pfaltz, 1968) have dared draw firm conchu-
soas from their testing on humun subjects,
The reasons why thh method has been i dis-
repute in relation to the caloric as well as rota-
tory tests have been pomted out by Fremrzel
(1957) and Jongkees (1953} The mode of
stimulation was insccurate, and in principle
the recording was inapplicable when wsing ENG
owing to superposed voltage variations s
demonsirated by Gabersck & Jobert (1965)
Pfatz (1968) and Breson & Krag (1967). In
the present study we were able to Iate with
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more sensitive in a
clinteal use.

Mackenzie (1909) stimuolated by sllver-ball
electrodes on ths tempocal bone. The balls,
wrapped in chamols, were moistened with phys-
jolopeal saline and were alternately anodes
and cathodes. The other electrods was placed
in the patients hand. The patient sat in the
dark and fixed a polnt tevers! meters behind
the krvestigator who observed ooc of the ps-

coaventional sct-up™ for

normaks from 1.5 mA to 7 mA The drecthon

constant current throngh the integuments and
could climinate varylng clectrode—skin resist
ance. At the same time, g by pb 1k

of the gmus was a3 peeviomly reported by
Hitzig (1571) who was the {irst to give an ob-
Jectrve description of eye movements under

In front of ooe cyo could hardly be rendered

the of galvanic current. In sddition
to stodylng Incremsing and decressing strength

Acta C
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of curent, Mackenre used sudden connec
tions and interruptions of the current. The
most mportant observation In normals wos
the relatively uniform reaction on both mdes,
there belng  at most” a difference of one mA.

In labyrinthectomized subjects strmulsted by
current of a strength right up to 16 mA (dur
ing which some of the patents became some
what uneasy™), a reduced reaction was found
on the affected side. However this mde did
react to so-called anode stimulation,

Our mode of sumulation differs from Mac
kenzie s, and a direct comparison of the resolts
s not permissible. The recording of the mystag-
mus also differed,

However we were able to state that normal
subjects show approximately the same slope of
the corves on both uudes. The standard devia
ton of the valoes in normal subjects ks Jow

Brunner in 1943 felt that ho could distin-
gnish between a centrally and peripherally

ditloned sp B when he
exposed the patients to galvanic vestibular stim
vlation. Peripherally conditioned nystagmus
could be reduced when the pomtive pole was
placed m the direction of the nystagmus. Thess
findings cannot yet be confirmed by our studies.

Bellens in 1950 performed galvanic stimuls-
oa on 50 normal subjects. He observed nys
~ us behmnd Frenrels goggles and reported

t'only 22% showed & difference of lets than

5 mA between the two afdes at the “thresh-
old value By moncaagricular stimulation it
was not possible to dicit any reaction at all in
more than 12% ot cven at 5 mA. He con-
cluded that the galvanic vestibular test was
hardly of any stable clinical value first, the
clectrode—skm resistancs alterpated secondly
the cuarent demsity in the vestibular system was
not known thirdly it was not known in which
part of the system the cmrent acted and
fourthly the reaction also depended wpon the
duration of stimulaton.

Pfaltz (1968) operates with the coacept
Tatency perfod With our sumulation we laid
no stress on this, but anly upon gradually in
q:.stugtmcmitymthcmdionh]mrm;h
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a3 well a3 1 abnormal cases with Iacking or
reduced ability to respond. Using rather large
clectrodes, pressed manually agalost the skull,
Phaliz could apply gradually increasing strength
of current up to 8 mA, oltkough this did canse
the patient some discomfort. By a pomibly
pure DC recording Pfaltz used in normals the
parameters amplitude (0.3-1 9 /beat) and fre-
quency (0 21 8 beats/sec) to indicate the mys-
tagmuys reaction. We found similar values, bat
we used oaly the change n the speed of cye
movement as a memsurc In addition, Plaltz
used the so-called reversal phenomenon in
sudden reverse poling and thereby reversal of
the nystagmus reaction into the direction op-
posed to the previons one, We omitted this
becguse of the Influence of the reverse polmg
pheoomens upon the course of the resction
end thereby upon the GI natio

Condusion

The most important reasons why the galvank
method has not yet been used in peuro-oto-
logical diagnostics are (1) 2 pon-dependable
mode of stimulation, and (2) of recording, s
well as the fact that (3) It s not yet known, a3
mentioned by all students of this subject, at
which site In the vestibular system the DC
acts, despite extenstve animal cxpedments
(Doklman, 1929 Ledoux, [949 Lwenstein,
1955) We have not sct up any warking hypo-
thesls concerning the target of the current, but
have proceeded in & traaitional clinlcal man-
ner and have investigated, by so-called  biack
box teats, whether It Is & Al possiblo to In-
duce an applicable reaction by galvanic st
lation. In our oplnion It {s. Unlike a number
of previous authors, we arc not prepared to
draw any conctusion which raay prove conjunc
tive The fimal proot as to where the target of
the current s will hardly be sdvanced m 2
clinkcal study
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VESTIBULAR NERVE RESPONSE TO PRESSURE CHANGES
IN THE EXTERNAL AUDITORY MEATUS OF THE GUINEA PIG

D E. Parker and H. E. von Gierke
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and the Aerospece Medical Research

Wright-Patterson Alr Force Base
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Abstract Increases and decreases of action potontial
vestibalar

A derable body of end d that
thovcn.ibuhr:p-p-mm.lcnnbcadlvnwdhy
gh intensity low freq ! stimuls-

}m(C;mh‘1930 Pu:h:ctn]. 1968) Re-
cently a& possible mechanbm was postulated
to account for acoustical vestibular stimulation
whcmbynnwdkphcancmuﬂhcmpu
footplats prod: of tho ibul.
receptors (Reschke ot al 1970) In the case
of high Intepsity audiofrequency sound stim-
ulation, this shift In the xverage position of
the stapes footplate is assumed to be camed
by asymmetrical motion of the osstcular cham
a3 has been observed in human cadavers and
live cats (Gulnan & Peak, 1967). In the case
of statke pressure or infrasound pressare changes
in the external auditory meatos, the motion
of the stapes is sxsumed to occur as a direct
response to the pressure stimulation rather than
a3 a secondary effect of nonlinear distortion.
Expenmentation undertnken in guinea pip
to examine this hypothesis indwcated that pres-

Acta Otolaryng 71

sure stmulation ot intensines of 2.5~10 cm Hg
and freqouencies of 0 1-10 Hz conld clicit three

(Parker ct al, 1968) In subsequent experimen-
tatlon, head movements associated wnth pres-
sure stimulstion were found to be significantly
cortrelated with cye movements (Reschke et ol
1970) The results of these investigations are
Interpreted a3 mpporﬁngtbehypo:.hed:thﬂ

displ ly perr

stapes
lmph/mddmph dkplwmcnt. pmdwu di-

amalru:epmn

The present study was undertaken becamss
it wos belleved that the interpretation of 1o
salts from the previons expenments would be
strengthened by direct neurophyslological evi-
dence. Thereforo an experiment was dealgned
to see if responses from prmary vestibular of
lerent nexve cells could bo related to air prer
surc changes m the external auditory meator

METHOD

Uscful data were obtained from 13 guinea pugs
which were ancsthetized with sodium pento-
barhutal. The animals were restrained in a bead

Counterrolhing, in tide report, refers to an sye move-
ment which i sralogous ( that secn when a gwines
pig is rotated arornd ks crphalocandal arbs.
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£5). B indicates boos and E indicates the eloctrode.

holder by ear bars and a tooth clamp. The
stimulus was miroduced throngh the right ear
bar winch was bollow The stimulus source
= A $ @ mypodatnie vydnge 3ol was <o
pocted to the ear bar with plastic tublng. Stim-
ules amplitnde and oaset rate were determined
by the magnitnds and rate at which the experi-
menter moved the syringe plunger A Statham
pressure transdocer (Model P23 A) provided
a contimnoos record of the pressure changes
axd & manometer was weed for stimolus cali-
bration.

Fig 1A ilostrates a partion of the medial
wall of the guinea pig right temporal booa
Part of the vestibuler nerve enters the crandal
cavity through the vestibular meatus (VM)
Fig. 1B flustrates that the portion of the

vestibular perve which enters through the ves-
tibular meatus contams cells that fnnervate the
saccular and otncular macntac and the hor-
rontal and supenor semicircular canals. The
ccll bodies of the vestibular ganglion (Scarpas)
are located at the mouth of the vestibular mes-
tos. The locatien of the clectrode (E) in the
vestibular ganglion 1 also fhmtrated.

The tip of the recording electrode (3 M KC(1
2 p tlp dismeter) was located at the mouth
of the vestibular mestus by means of & set of
stereotaxic coardmates based on the distance
between the vestbular meatus and the ear
bar tip. The clectrode was inserted through an
opening in the darsal-lateral quadrant of the
skull on the side contralatera] to the recording
site, The electrode track was in the same frontal
planc a3 the vestibular meatus and at an angle
of 40 clevation from the borzontsl plane
ans:ofmnmnﬂcnlmhbﬂrty successfnl

wrs acheved with oaly
about 50% of the subjects.

When single nerve cell responses were suc
cesxfully bolated, changes in peural pulse rate
a3 a function of stimutus intenurty and duration
were examined. Stimaoles intensittes ranged
from 1 to 9 em Hg of Increased or decreased
pressure. Durations vaned from 1 to 20 sec,
At keast 1 min was allowed for recovery be
tween stimulos presentations,

Sigmh from the prenure tramsdocer and
the dectrode were amplified and recorded on
magnetic tape. Subtequontly the recorded sig-
Talh wert dspheytd on a Sl e ol
scope and photographed with & Grass oscillo-
scope camera (Model C4)

All of the data presented in this report were
dertred from netroms which met tho following
criteria (1) located fn or at the mouth of
the vestibolar meatns, (2) response amplitods
2t least twice a3 larpe a3 poise (3) not sound
respomive as determined by rubbing or tapping
the plmtic tubing which coanected the hypo-
d:rmic.yrlnpwl.bcurbu(wfdchpmdncnd
sound fes at tho ty
of up to 103 dB SPL) (4) mguhr
a8 determined with sudio .
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change pulse rate with movement of ¢lectrode
tip £10 4 as determined with aodio mocitor
and (6) stable response for at least 15 min
The location of ths electrode tip at the time
of recarding was determined by removing the
clectrode, removing the brain, and replaciog
the electrode at the same coordinates as those
used when recording.

RESULTS

Observations have been made on 32 neuroas
that met the edteria noted above. Of these 32
nearons 11 gure a clear respoase to pressure
stimulation, and the rematning 21 nenrons could
be activated by nelther sound nor pressure.
The responses to pressure comsisted of clear
mercases or decreases of pulse rate, In some
Instances the changes In pulse rute were tran-
stent and m other cases the changes in pulse
rate could be observed for durations up to 15

|
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cm Hg ioxcnsity 4.6 sec Summles pare-
meters for record € D~ ~15 ¢m Hyg intemaity 35
s duration
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the sthmull fs indicated by the bary below the carves

sec. Latencles of pulse rate change observed
to date range from 01 to 5 sec.

Fig. 2 lustrates the respoascs from a nervs
cell which demonstrated e decrease In pubse
rate followlng strmulation with incressed pres-
sure and increased pulse rate following presyurs
d A and B rep p cvoked
by a pressure increase of 1.3 cm Hg for sp-
proximately 46 sec. C and D illustrate 1€
sponses cvoked from the same neuron to &
sumutes of ~ 1.5 cm Hg intensity and 3.5 %<
duration. In exch record, the upper trace -

Changes in responss rate following pressure
increases and decreases are plotted in Fig. 3
The abscinsa indicates tims befare (pegative
values) and after stiorolms omset. The ordinate
indicates the number of sction poteptial re-
sponscs that occurred within partcular oot
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second wme lnlerrels (pultes per sccond) The
black bars under cach curve indicats the tem-
poral poition of tho stimulus. The upper curve
represents the average response to four stim-
ulus presentatioms that ranged in intensity from
1 to 2 cm Hg and varred in duration between
4 and 5.5 sec The lower curve fllustrates the

in this study exhibited decreases in polse rate
to pressure increases of 1-9 cm Hg and little

or DO Tesp to pr In the
samc range. The thres remaming neurons ex
hibited | and d in

rate a3 ostrated in Figr. 2 and 3

Thbe data {Mustrated in Fig. 2 indicate short
respomse latencics. Observations of other peg-
roos indicate respomss latenckes of up to S a0
and that these latencies may change as s func
tion of stinmlus Intensity An examplc of a
long respomse hatency neuron s presented In
Fig. 4

DISCUSSION

Tho observations from the present expermment
tubstantiate the view that presyure changes jn
the goinca pig's external auditory meatus can
excite the recer ol the vestibular apy
Morcover these data support the hypothests
that & shift In the avcmge pasition of the stapes
footpiate caused by soch pressure changes or
by intcnse econstreal stimolation can resalt m
vestibular activation. Clearly however further
work 1t required to compare the responses to
Intense sound and static pressure

The changes in peursl puko rate seen n
this stedy correlato with the bead and cye move-
ment cbservations from our previows studics.
Neural responses wers evoked by the samso
range of stimolns intemsities as the head and
eye movements, and the time course of the
neural responsess was congrieat with the time
coarse of the bead and eye movement responscs
obscrved previomsly in some imtances.
Perhaps the most curious aspect of our Ic
search to date concerns the megnitude of re
spoaso latencies that havo been observed. Head
and eye movement latencies of several scconds
bave beca ded fn peevious stndies. Two

xrerage reyponse to two strmulns
of approximately 1.5 an Hg intenshty and
3.5 sec doration. Stimulos rise and decay times
were Jem than 0.5 sec The data in Fig 3
were derived from the same neuron that fs
fmtrated in Fig. 2.

Eight of the eleven drivable nenrons observed

peuroes in the present study exhibited latencles
of the order of 35 sec following low Intemity
i Possible to sccount
for theso obscrvations have been presented ciso-
where (Parker et al, 1968 Reschke ~t
1970) Briefly we hypotbesize ,IL"
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changes In the external auditory meatus ult-
mately elicit fluld (perilymph and endolymph)
flow through two pathways in the labyrinth.
One pathway Ives fluid displ around
the helicotrema or through the cochlear scala
media resnlting in deformapon of the round
window membrane. A second pathway allows
fluld to be displaced through the endolymphat
ic duct resulting in deformation of the endo-
lymphatic sac. We speculate that the sccond
pathway has a much higher mechanical jm-
pedance than the first pathway and a corre
spondingly longer time comstant. Therefore,
the Jong latencres that have been observed may
result from the mechanical claracteristics of
the hypothesized second fluid pathway The
forcgoing interpretaton hos two  diffculties.
First, how low velocaty fluid displecement
through the endolymphatic doct could produce
activabon of vestibular receptors 33 unclear
Second, most of the neurons observed m the

s used, 1t i difficult to maintain =n clectrode
in a precise Jocation becawse of the difference
In specific gramty between the electrods and
the surroundmg tissue. The use of electrical
stimulaton has drawbacks because the current
wndstorpmdmynomthemmdcd}m
unless rather exacting tech are employed,
and it is difficult to know precuely which struc
tures are activated.
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present stody cxhibited response L s of
considerably Iess than one second which would
mggmardnnvdthinmcdanccﬂulddi:—
y Exper ten m cur
m“Yb'-'mZmedloclaﬂfthepmbm
rased by these lnvestigations.
. Scveral hypothieses have been conmdered to
for the large proportion of nerve cells
could mot be octivated by sound or pres-
{re. We suggest that the momdrivable cclls
wmervate the saccular and utnicular maculae
and that the cell which exhibit respomses to
pressure innervate the semicircular canals. This
interpretation 1 supported by a previnss study
which indicates that head and eye movement
responscs to pressure are only slightly altered
followmg centrifugal removal of the otoconia
from the maculac (Reschke ct al  1970)
The shmuhn techmques employed m this
study should be of value for neurophysiotogical
investigatioms of information transfer in the
vestibular neural pathway and central sensory
Integration. Most previous investigators of ves-
tibular responses have employed accekeration
or dectncal excitation as the stimmutus (Camis,
1930- Brodal et al  1962). When acceleration
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ZUSAMMENFASSUNG
Eine grosss Refhe Untersuchumpen babt Lar gereigt,

Drockinderungen Im InfraschafThereich
mmmﬂmmmhhuunmmbd
Ther
mmmmmumm
hert, nach dem alle Bese Erregungen des Vestibular

dorch Dr & Ursache,
nhmlich eiper Verschicbung der Ruohelage des Sterp-
bhgeh, m Grimde Begen soll. Um diese Hypotbese
rn prufen, wurden in der vorliegenden Untersuchnng
satische D 1m

tet worden, Die Erpebotwe stitzen also Ge Avsgaogr
hypothese wnd eroffnen mmablch die MBglchkck
eloer e iy
Jogische  Ustermxchongen der vestibaliren  Nerven-
babmen und der rentralen Sinnetintegration.
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Abgract In patients with Menfires dbeaso the ca

n cases of Menidres disease the admimstra
thont of a single dose of glycena (or glyccrol)
perorally may result in an mmmediats mmprove
ment in hearmg (Klockhoff & Lindblom, 1966,
1967) The improvement whih s observed
primarly by puretone auvdiometry may be
very marked m advanced cases in which the
dscrimmation for speech is umpaired and may
lead to a considerable betterment i this dbs
crmpination, with the simul
or reduction of pheromens such a5 destortron,

This work was suppexicd by the Swednh Medical
Research Councl (project no BE5-17X-617-03 and
B10-17X-617-04).
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tnnitus and  stuffiness” (Klockboff & Lind-
hlom, 1967) However a reversion to the origh-
nal condition Is wsually noted the following
dsy

Smce glycerin makes the blood hypertonic,
this effect may be doe to a transent, csmot-
cally indoced reduction of a labyrinthine hy
drops. An improvement in hearmg after taking
& doso of glycerin may accordingly Indicate the
redoced influence of hydrodynamic damping.
In view of this, & glycerin test has been sug-
gested, m order to obtain or to further con-
firm, by the possible finding of a reversiblo
bearing loss, tho diagnosis of Menitres dbs-
ease and thereby to Justfy treatment with
droretics (Klockheff & Lindblom, 1968) Suvc
cessful results of the admmistration of perora!
diuretics have been reported (Stahle, 1958
Norell & Stahlo 1961 1962 Klockhofl &
Lindblom, 1961 1967 1968) Tbe rehabilitat
ing effect was particularly manifest with re-
spect to the vertigo, which is wsually felt by
the paticnt to be the most dsabling symptom.
Starting from the momentary Improvement
of hearing which follows the coosumption of
glycenn and which is observed in about every
other case of Memdres discase, wo mked
whether the vestibular finction—expressed in
terms of the calonc response—was also
changed. Several observanoms have indlcated
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thntdlmdpanl]e&nnhcocbhrnndvcu[bu—
lar cannot bo expected. Thus, for
cample, aitacks of dirziness may precede
bearing loss for & Jong tme and vico versa
(Enapder & Stahle, 1967 Klockhoft & Lind
hlom, 1967) and the caloric reaction may be
normsl, In spite of & conslderable bearing loss
(Stahle & Bergman, 1967 Ensnder & Stahle,
1969). These crcumatances may mean that the
vestibaler dyxfunction s not directly influenced
by intralabyrmthine hydrops in the same way
u the cochlvar dysfunction, as can be shown
by e giycerm test. In that case the symptoms
of Mcowre's disease may be due to a disturb-
ance that s ol umknown but can partly be
carrected by dinretics,. Hydrops would then bo
anc of thls dsturbence, of Im
portanco mamly 3 regards the hearing loss.
With this Five of thooght in the background,
we ahall present here the results of an lnvesti-
gatlon In winch the non-acoustic and scoustic
functions were compared, a3 they were re
flected m the calogc response and the bearing.
Comparbons were made (1) during & lang
penod in the spontencomly fluctnating course
af the dmeaso and (2) In connection with
momentery improvements fn hearing induced
by glycerm conmsmmption.

MATERIAL AND METHODS

Our study comprises 55 patients with a char
acteristic history of the discase snd typical
audiometry together with a control group of
7 normal snbpects. n Z3 of the patients, the
calorke response and the hearing loss wero re

studied over a long period. In the ro-

symptoms are included In this group and in

theso 2 cases the study relates to the worso

ear Tho 7 pormal sublects were studicd in
ectioe with glycerin

Henring text and giycerin test
In the long-term stody the bearing loss was
measured by ordinary purc-tone sudiometry
Glycerin testy were performed in the way pee
vioosly described (Klockhoff & Lindblom,
1966, 1967) Involving a single peroral dose of
glycerin (1.2 cc/kg body welght) well chilled
and mixed with s equal quantty of physio-
logical sllno solutios, together with drops of
lemon fuice to correct tho taste.
Immediately before the glycenn was con-
sumed, B&iésy sudiograms (continmous tone)
and speech andrograms were taken, These
messurements were repeated 2 1/y hours after
the glycerin had been contumed, at which time
a0y possible Improvement in hearing has uso-
ally reached 1ts maxumum. A glycerin test was
ndfudpdmbeponﬂveﬂ{tpmdmtdtmno-
dmg 10 dB within
lthlsttwuoctxwhandsnhhcmenmudtre
quency range, with a simultancous fmprove
ment In dicriminghon exceeding 14% (in the
companson different hsts of test words were
n1ed)

The calorfc test

The test was made with water at 30 C and
44 C and, if & response was not obtaied also
with icecold water Nystagmography (ENG)
was regularly employed (Aschao, Bergstedt &
Stahle, 1956). Tho cvaluation of the nystagmo-
grams was based solely oo the maximum in

Table L. Comparison between the caloric re
sponse and the heoring based on reproted
tests over a lomg period in 23 cases of Me
nidre 1 disears

Norma! calons

Reduced caloric

Total 12
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tenuty (Stahle, 1956 1958) while the dura-

1eft ear was then calculated (Jongkees & Philp-
sz00n, 1964) Differences exceedmg 20% were
adjudged to be pathological.

As a anerion of the effect of glycern on
the caloric sesponse we requured a difference
of at keast 10% between the reacthons before
and 2 /4 hours after the glycena consumption.

RESULTS

The calorle response during spontancous
fluctuarions of the hearing lass

The measturements were made on at least four
different ocrasions over long perods of the
disease, varymg between 8 months and 8 years
(average 4 years) The mean value of the afr
conduction st frequencies of 50Q, 1000 and
2000 Hz was nsed as a measure of the hearing
Toss, winch was adjedged to fluctnate or not to
fluctate accarding to the following criterma.
(1) Fluctuating hearing loss Sy im-

s Cal e pne%

o——e H I glos dB

%*

.

s

dB

provement in hearing exceeding 10 dB  ob-
served on at Ieast one test ocomlan. (2) Non-
fluctuating hearing loss No improvement m
heanng noted.

The caloric response and hearing after glycerin

SThe calote rosponse was ged to be
al (constant) fluctuating cor reduced ac
rdmg to the followmg criteria. (1) Normal
excitabiliry The difference between the per
centage excitabilities of the two labyrinths was
equal to or less than 20% (2) Flucruating ex
citability The differences m percentage excita-
bility exceeded 20% and there was omprove
ment on one or two occmsions. (3) Reduced
excitabilry The differences m p tags ex

As s introduction, tho effect of glycerm on
7 normal sobjects was studied. The calonc re
action before and after tha consmmption of
glycenn remained unchanged, however and
way withm normal Iimits in all cases but one,
m which tht response had decrested in one
car 21/, bours after the consumption. In all
subjects the pure-tone audiogram was normal
and et ochaneed

ctability exceeded 20% at Jeast in the last
three measurements.

The caloric resction, remained narmal fn 7
cases, fluctoared in 11 cases and was redoced
in 5 casey (Table I) The heanng loss fluctuated
in 12 cases and did not fluctuate m 11 cases. As
1he table shows, bowever there is poor agree
ment between the floctuations m calore re-
sponse md heanog loss. The most ob-

The effects of glycerin on the 32 patienis
with MenRre's diseasc are summanzed o
Table IL The differences fn rightdeft sensh-
tvity increased m 11 cases, decreased m 9
cases and remmained unchanged In 12 cases
Tiros, the distribution between these alemna-
trves was very even and it may be emphasized
that the calodc respomse increased as often as
it @ d on the di d mde. A chanpe

Acta Otolaryng 71
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Calork: responw on Giycern effect on
pheeria sdminkmation  berieg

Posithe Negathe  Total
Right-left semaithvity
incrested 3 1 1
Right—left senalttvicy
caminished 4 s 9
Right-beht semtivity

3 7 12

15

in the calonc reaction i tome respect afrer
the consumption of giycerm was thus recorded
in altogether 20 of the 32 patients. As regarded
the bearing ks, the giycerin test was positive
in 17 cases (mprovement of hearmg) and
negative In the other 15 cases, which means
that a marked reduction of the hydrops in-
flucnce could be emsumed to have ensued hn

posttive giycerin test, combined with an In-
crease 1n the difference in right-teft sensitivity
through a furtber reduction of the excitability
ca the diseased side. This was poted in 8 pa-
tients (Tablo I)

The resuhts reported above argoe that the
caloric resp may vary independently of the
hearing loss whether this loss fluctoates spoo-
taneomly or i3 greatly reduced by glycerin
It the degree of hydrops is of any importance

Positional nystagmus after glycerin
connumption

In the positions] test regularly performed pre
vious to the calodc test we noticed that glyce
nn may indoce mystagmuos in both nanmal sub-
jects and in patients with Menikros dresse.
The oystagmms pattern can pricipally be des-
cribed o3 directionchanging (Nykén's type 1)
It could bo recarded to a moce ar less marked

Supme po Lom
S
Pt Lt 84 pewrteon

Let lx enst posrtion

AN AN R AR NN

Comprmeon 107 [ O

The patters of the nystagmm b in principle the same
= that b Fig. 22

Actn Otolary
-
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degree In 6 out of 7 normal subjects and m
14 out of 32 patients with Menkres disease
2%/; hoars after the conmumpton of glycerin.
In the most marked cases the mystagmms was
Jeft-beating m the mght lateral pestion and
nght-beating in the left Isteral posiion (Figs.
2, 3) In other cases the nystagmus appeared
coly in one lateral powtion or was fovnd in
the supme postion, only to change direction
in one lateral position of the other

DISCUSSION

It has long been well known that the hearing
may fluctoate In cases of Menkres disesse.
Our vestigaton has showm that the calonc
response of the affected ear may also flnctuate.
Among 23 patients, who were followed for a
considerable tme, we found fluctnations m the
calonc response in 11 while the hearmg fluc
tuated m 12. However it is poteworthy that
these varanons sckdom comcide m one and
the same individual. The opposite state of af
fars w3 more common. This makes it im-
probable that hydrops has a uniform effect on
Lb:twnd]ﬂuunpmsufth:mn:rm o by
drops infle the at

view of the known fact that changes ob-
ble by Hght mucroscopy may be absent
theunoumcmdnm—nwusﬂcncum-ephhe
tom, 1t 13 reasonable to assume that there may
> an muratabyrmthme distarbance of a more
fundamental patore than hydrops alone and
that this disturbance may be of a brochemical
mature, It was observed long ago that the con-
sumpticn of salt mught have adverse effects.
Carefully controlled drug tests have also shown
convincingly that diuretics hxve a favonrable
effect, particularly in relation to the attacks
of vertigo. In this connection oar impressiom
has been that it 13 rather the amount of the
sodmm chlonde excreted than the general ef
fect of the dmrebes that 13 of valee In thes
way 1t 1 reasonablc to imagme that therc
some disturbance in the sodiom—potasdiom bal-
ance, but In the cxes in whch ot was coe-

Acm Otolaryng 71

ndered that the difficult sampling and analyns
of endalymph could be carried out with an
acceptable degres of relevance, no findings
were made that differcd markedly frem the
pormal (Wollstein & Rauch, 1961) It is there-
fore possible that we should seek for the cause
of the disease also in other factors than a dis-
turbance of the balance
Raoch (1968) haxs dome so and b of the
opnlon that 1t s & queston “primarlly of a
disease of the perilymph™ According to bim,
the cause 13 & capillary dysfunction that arsses
on a peurovegetative bass, with a concomitant
increase of protein in the perilymph and con-
sequently also an mcrease in the quamity of
perilymph. If the Resssner membrane 18 func

reason for the lack of agreement between the
hearmng and the calorde response.

The question then arose as to whether
glyeenn-indnced improvements m hearing were
sccompanied by changss in the calotie re-
sponse. It became clear that the caloric reac
tion may bo altered after the consumptron of
glycerm, this was observed m 20 out of a total
of 32 paticnts. However in this connection it
should be noted that the calonc reaction was
reinforced and redeced on the diseased side m
appronmately equal mumbers of patents. In
a comparsan between the effects of glycerin
on the caloric reaction and the hearing in the
indrvidnal cases, 1t abso became clear that there
w33 no distinct parellebsm m the functional
changes. Here it may be noted that the most
common individual reaction pattern after
glycerm comsumption was redoced calore e
pomse on the dbeased side, combined with
inprovement m hearing. Thos, in several p2
tients the glycerin consumption ked to oppesie
functional effects in the two parts of the mner
ear

In comnection wath the glycerin stodres, we
made a surpring discovery namely that glyc
et may induce positional nystagnms in both
normal subjects and patients suffermg from
Memires disease. In the most marked cases
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it was lefi-beating In the right Isteral position
nd night-beating in the left lateral position, a
pattern which corresponds to positional alkco-
holic nystagmus, phase 2 (Aschan et al, 1956)
We do not yet know whether giycerin-induced
mystagmns also has a phase 1 Iike alcoholc
nystagmms, but this queshon will be the sub-
Ject of further study The similarity between
nystagmus Induced by ethyl alcobol and nys-
tagmns induced by glycerm may be due to the
fact that glycerin ks in principle an akeohol
whose pharmacological effects are nevertheless
consxiered to differ from those of ethyl alco-
bol.

As far o5 we have been able to discover
the cffect of glycerin on pocmal subjects has
been Iittle studsed. On the basis of our Limited
materlal we have found that the subjective re

be directly assigned to the hypertonic cffect of
the glycerin on the blood, with secondary o3
motically condiboned Jowering of the intra
cranisl presume and changes In the cercbral
metabollsm. Several experimental subjects also
complained of a certain lethargy and a shght
feeling of uncertainty as regarded equilibrum.
The location of the tngger powut for glyc
erin-indnced positional nystagmus fs at present
unknown, If we were to draw a paralkl with
the mode of xction of cthyl alcobol, it would
be situated in the labyrinth, since a fumchion-
ing mner ear has been shown to be a prere
quinite for the geness of aleoholic posinonal
mystagmm (Aschan ct al, 1956) Our retults
do not contradict the supposition that this b
also the case with glycerin. It became clear
that 6 cut of 7 normal subjects had positional
nystagmos after copsgming glycerin but only
14 out of 32 patients. As regards the remalning
18 wo may sywsume that tho dmcase produced
such changes In the mner ear that condinoas
no longer existed under which thks form of
positional nystagmus could be triggered off
However it may be observed that there is no
clear connection between the caloric resction
paitern snd thoe occorrence of positional nys-

—

tagmus. A heavy reduction In the calork re
sponse does not seem to exclnde the genesis
of positiona]l nystagmus, Tt may be inter
preted by saylng that the functional stato of
the semicircalar canal organs is not of decsive
mportance, but that the glycerm takes effect
viz other sensory organs {n the labyrinth,

ZUSAMMENFASSUNG
BdPl.ﬂ:ntcnmhMmﬁrmhchmlhd:hnnrkh

17 3L
Axchan, G Bergrtedt, M. & Sable J 1936, Nyxag-
of I dimaal

hydrochlorothiazide
Exverpss Med Intermational Compress Seriex N
I 126
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— 1968 Glycerol test and diuretics in MenRre's
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COCHLEAR MORPHOLOGY IN A STRAIN OF THE WALTZING
GUINEA PIG

S. Emstson

From the Dapartnent of Otolaryngoiogy Karolmila Sjubkasei end the
King Gutiay V Rexesrch Insdtwte Siockholm Sweden

(Recetred December 30, 1970}

died the labyrinths of many strains of animah

Medca! Remarch Coumcll, and Harald and Oretz
Jearseoc Sifueise. B6¥-12X T20-04 B71 12X T°0-06

Grilncberg, 1947 Altmann, 1950 1964 Orme
rod, 1960 Deol, 1968) Rodents have been
commonly used, owing to thelr ease of breeding
and maintenance.

A straia of the waltzing guinea pig was finst
desarbed by Tbsen & Rlsty (1929) Their strain
showed a recesstve mode of inheritance of the
waltzing character (Tbsen & Risty 1929 Ibsen,
1932) The waltzers appeared to be deaf from
birth and exhibited an utter loss of vestibular
function (Duvhs et al,, 1934 Luarie, 1939 1940
1941 Luorle & Dempsey 1939 Cogan, 1940)
Examination by Eght microscopy showed por
mal cochlear structures at burth. With increasing
agn 1 progressive hair cell loss commenced at
the first and second turn, spreading downwards
to the round window region and upwards al
most to the apex. Random sites of atrophy
occurred in tho stria vascularls With total boss
of the organ of Cortl, the spiral ganglion abko
degeneruted. The ampullse, utrick and saccule
had a pormal appesrance.

A grain of tho waltzing guinea pig, originat
ing from six waltrers received from the Nationa!
ITnstitotes of Health (USA) ln 1961 has been
y In our lab Yy aince

lcthal effect (Ernstson 1970) Furthermore,
cxaminations of the vestibular hafr celly re-
vealked charxcteristic  degeperative  changes
(Emstson ct sl 1969 1970).
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The present study was undertaken to invest-
gate the cochlear morphology m thhs stram of
the waltrlng guinea plg.

MATERIAL

For this ipvestigation 75 waltzing guinca pigs
were used, their age ranged from a few bours
to more than ont year

METHODS

For light and electron mkyoscopy the animals
were treated according to standard procedure
(Ernstson etal, 1969). For sanaing electron
microscopy  osmium-fixed preparations were
coated with pold, and then examined and photo-
graphed with a Cambridge scanning micro-
cope.

RESULTS

Light Microscopy

The gross anatomy was normal at buth. In the
old waltzers, however a complete degenera
tion of the organ of Cart was found, except in
the most apical pert (Fig. 1 4 B) Neonatally
the halr cell population appeared normal. How

& number of hair cclls showed slight ab-

littes of the sensory hair bundles and of
¢ /toticular regron already at this eardy age.
1ne sensory hair configuration was somewhat
disarranged the cuticula protruded slightly into
the endolymphatic space. These changes were
first discernible on the onter hair cells of the
thrrd row and coacomitantly on the inner hair
cells the upper part of the first tarn and the
lower part of the second turn were first affected.
With increasing age these abopormalities
spread. centripetally to involve all rows of the
Halr cells (Fig. 24 B) and loagitdinally up-
and downwards to comprisc but the extrems
ends of the organ of Cortl, Withm about a week
hair cell disintegration occurred, starting at the
same place a3 where the har cell top changes
were first observed. This process spread anal
ogously The inner hair cells and the first row
of the outer harr cells were the last 1o de
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generate and disappear In any particular region.
In 2-3-month-old pnunals almost all hair cells
were misnng, except at the extremes of the
organ of Cortl. After the harr cells had disap-
peared there was a degeneration of the suppart
ing celly, Waltzers of the same age did not In
every case show cochlear degeneration to the
same extent. In the mdividoal amimal, however
the organ of Coril on both sides was simflarly
affected, with only slight, if any sde differences
m distribation and seventy In the vanous torns.
After total degeneration of hair cells and sup-
porting cells, e at an age of about three
months, the spiral-ganghon neurons started to
dissppess In older animals the eptire spinad
ganglion was eventually lost.
The stnia vascularls sppeared narmal at birth.
With increasing age a moderats patchy atrophy
was sionally seen. This tendency to strial
Was pot pronounced at any age,
nor did it occur at an early stage.

Electron Micrascopy

Sensory halrs and hair-cell top

The early changes were confined to the sensory
hairs and tho harcell tops. The latter conalst
ed of protrusions of the cutscula Into the en
dolymphatic space, most pronounced at the
periphery of the haircell top (Fig. 2 B) Eary
tigms of cuticnlar protrolons into the bases of
the sensory hairs were alto abundant. These
carly changes were visible predominantly o the
outer hair cells of the third row and In the
inner har cells (Figs. 3 4). They were most
consistently found at the upper end of the first
turn and in the second turn. There were, how-
cver scattered patches of similar abnormal hair
cells on the third and fourth turn. With Increas-
ing age all the hair cells, with few cxceptions,
undcrwent these changes.

The scnsory hair degencration caused a dis-
arrangement of the strictly geometrical pattern
of the halr bundle. The hairs coalesced progres-
sively from the bases to the tips. Scveral distinct
stages of this process were observed. The first
discernible step was a broadened sensory hair
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Fig 2 (A) Halr<ell top changes visoalized by phase
contrist mocroscopy Defects of memsory hair bandle
aro evident on tho third outer halr cell and on the
fnnet bair cell 296V 32 days Srd w1350 030~ Halr
fixatlon, tolzidine blue.

Fig 2 () Electron microscopy A proumsion (svows)  Cn, Coticata Sensory Halr

THC, Inner Hudr Cell, OHC I IT ITT Outer
Cells; SH, Semory Helr DSH Defect

Acra Otoleryng 71
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core (Fig 5 A) There was a narrowing of the
space between neighbouring hatrs to the point
of contact. In a more advanced stage & com-
plete fuston of the basal part of scveral pelgh
bouring halrs occurred (Fig. 5 B) Remmants
of plasma membrapes were observed within the

even the cell cytoplasm with its organelics was
found in the gromly deformed sensory hmry
(Fig. 7) Thesc changes could often smasumo
grotesque formatioms before the halr cell was
lost.

The sensory halr changrs were first seen In
Acta Otolary7 >
ad
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Fig 4 Elctron

microscopy of hair-cell top. Prono-

unced protrusion of the coticuls (bhecd arrows). The

W arros poipts toward the broadened semsory hatr
Trmer

tase. ESp Endolymphat space JHC Hair

¢ same Jocatron as the cubcular abnormakity
, tsc changes were rather inconspecuous at
oirth 1 comparson with the cuticolar protro-
sions. However whereas the cubcular extro-
sions at the har cell poriphery were non-pro-
gresshve once they had been estabinhed, the
scosory halr changes were clearly progressing
and mnterrupted only by the hair cell dinntegra-
o

Malformation of the sensory haurs and hatr
cell top speead concomitantly” centripetally to
the second and later to the fint row of the
outer hatr cells, looptadmally towards the apex
and down 1o the round window regron.

FIp 3 Further progreseon of harcell top degroers-
tion. The semsory hairs are comlerced (Avomder o

-

= riteq? 4
P) N
TRQe oo T
Cel OHCI Ouoter Hair Cell of the
Intrecellular Sprcer

¢ Cotkuha.
MSV 10 days bamal torm

The plasma membrane finally ruptured and
hair cell remnants were expelled mto and could
be found as debris in the endolymphatic space
(Fig. 8).

Cvioplasm and cellular orpanelles

Neonally the harr cell cytoplasm and organsk
les were pormal. The first sigms of fmminent
degeneration scemed 10 be a swelling of the
endoplasmatke reticulum. In the later stages of
degeneranon there was a marked vacooliza
tion of the entire cytoplasm, with the cell boom-
daries still intact Interestingly enough, the mi-
tochondna seemed regularly to be the organel

Endolympbatic space; OHC Owmer Halr Cell [ first
row [ third row (A) Ouoter bair ccll JI7V .5 daps
4h wmm 15300, (8) Outer hakr ccll 184V 4 days
2nd wm 13000
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s

-

Fg & lonet barr cell, semocy bair conlescence.
arrons point 10 tho rootlets, Afad Vesicnlated mal-
formation on the snsory hair ESp Endolymphatic

Jes that were most resistant to vacuolizatton
many of them remamed but shghtly swollen
until the cell remnants were propagated into
the endolymphatc space.

Nucleus

The chromatin appeared somewhat mare demse
than nsual. The nuckolus was essentially un-
changed. The nuclear membrane was normal
and the nuclear pores were approximately nor
mal in pumber

Acta Otolaryng 71

hain. Inner hair coll 296V 32 days Ind tom x 34 600.

Svnaptic region

The synaptic rcglon was the last part of the
cell cytoplasm to be fvolved in the process of
degeneration, Synaptic bars were regulardy ob-
served.

Nerve fibrex and nerve endings

The afferent and efferent nerve endings in
newborn as well a3 In older animals were ap-
parently normal in number and distribution
(Fig- 5) Therc was no degeneration of nerve
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Fig 7 Grotosque mulformabon of har-cell top.

vornl hams are coalesced (brosd arows).

plaxm (C ) with mitochondmma,

{MF) and Hemsen body (HB), bex proctrated



Fig 8 Further of cytopl degeners
ﬂonollnmnzrhlhcﬂlfmmlhthidm'ﬂmﬂm
‘hkdtfcclmutphm'\amtmbnm(m)lh
oplasmic debris (CyD) 44 Ipelled into the endo-

fibres or nerve endings while the hatr cells were
present. The radial and langitudmal nerve fi
bres were apparently normal wntil the organ
of Corti was lost.

Supporting structires
A]llbemppon[ugceﬂ:wm:ofnormallppcnr
nnceuntﬂthehlkcc{hhn.dnnncdmdldnm
grate. The supporting cclls then degenerated,
roﬂowingthcumep:ummmlounofpre
dﬂcctrcnlnd!prui'l‘hzlmlwdhappcuwo
the pillar cells. Floally the whole organ of
Cortl was replaced by & rather Jow cuboidal
cell layer Tlrwctuxh]mcmbm.nemlhmugh
out pormal
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Stria vascularix

No regular changes were found In some places
the stra was somewhat atrophic, mostly in the
very old animals,

Vascular system

No syrtematic study was undertaken as 5o
apparcnt anomalies were found at any age.

Inxbon.lheprogrmhechmg:!nth:u'
gan of Corti can be described to occur during
thoﬂmlhreemcmhsdneonnmldcvdopmcm
and approximized as follows 1-30 days, balr
cell top degencration 1060 days, hair cell
degencration and disappesrance 3080 days,
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by Schelbe in two homans (1892, 1895) This
type has been found in deaf white can, In cer
tam strains of dogs, in & strain of white minks
and m several mutants of mice (Beyer 1904
Alcunder & Tandler 1905 Lagally 1912
Homwe, 1935 Wolff 1942 Lurie, 1948 Deol
1954 1936 o Wilson & Kane, 1959 Kocher

/‘H\

4

nerve endings cootaln several presynaptc demse pro-
secifons ( Alse arrows). Outer hair call, M5V 10 days
baml tom 33100,

1960 - Hudwon & Ruben, 1962 Bosher &
Hallpike, 1965 Saunders 1965 Anderson
etal, 1968 Sugiura & Hilding, 1970 g, b). This
degeneration is characterized by severs atrophy
of the stris vascularls, dissppesrunce of tho

4 -
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organ of Cortl, deformation of the tectonal
membrane adherence of Rewsner's membrane
to the basilar membrane and the stria vascu
laris, severe to total loss of spmal ganglion
neurons and collapse of the sscculns with atro-
phy of the macula saccull, The wtricle and the
semicircular canals showed in most cases 2 por
mal appearance.

The other type of degeneration, the scala
media complex (Grireberg, 1956) has been
predominantly found In rodents, such as several
mutants of mice, waltzing guinea pigs and waltz
ing rabbits (e.g Qux, 1907 v.Lennep 1910
Davis ctal 1934 Larle, 1939 1940 1841
1942 Grilneberg et al. 1940 Grilneberg, 1943
Cogan, 1943 Deol, 19565 Kocher 1960 b
Mikeelian & Ruben, 1964 Kikuchi & Hilding,
1965 1967) The characteristics of this type of
degeneration, as seen under the light micro-
scope, are parthal atrophy of the stna vasco-
larfs, » total loss of the organ of Coctl and a
severe to total depopulation of the spiral gang
lion No changes have hltherto been reporied
in the vestibular apparatus

The lmitations of hight microscopy have been
shown by investigations with the electron micro-
scope on shaker I mice by Kikuchi & Hilding
(1965) and on deaf Dalmatian dogs by Ander

™ etal (1968) Inshaker 1 the efferent nerve

-» were largely absent and the few efferent

cs that were found appeared later than
normal Furthermore, strial abnormality was
not observed nntHl the organ of Cort had de
generated. Similarly no efferent nerve endmgs
were found in the already deaf Dalmatian
dogs the afferent nerves were largely normal.

In the present investigation the study by
high magnification revealed several interestng
features. The sbnormalities of the sensory halr
and hair-cell top described, have not been ob-
served In the shaker 1 mxce of in the deaf Dal-
matian dogy. Furthermore the waltzers had a
completely normal affercnt and efferent inner
vation as far a3 could be judged from the ap-
pearznce of the synaptic reglons

Thus, these waltrers are showmn (0 possess 8
hitherto unknown type of cochkear degenera-
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tion. The progressive deteriocation of the hair
bundle anatomy and the eruption of the cuth
cula may sugpest a defect in the plasma mem
brane causing a Inck of stability Such a mem-
brans defect might also explai the tendency of
the plasma membrancs of the sensory hairs to
fuse and disappear A genetic defect could
conceivably also affect membrancous structures
in the hair cell cytoplasm, as for instance, the
endopl k leading to 1
tion and ultmately to disdntegration.

It Is a matter of further speculation whether
both of these manHestations, Le. of the har
cell top structures and of the cytoplasmabe o
ganclles, are caised simultaneously by a com-
mon denominator ar one leads to the other
At amy rate the process f3 apparently Initmted
in the bawr cell itself, a sequel perhaps, of &
minote, but for the halr cell lethal, genetically
determined, error of metabollsm.

Streptomytin hasbeen shown to cause changes
in the sensory hairs of the cochlear harr cells
(Duvall & Wersill, 1964) These lduced sen-
sory halr changes were, however never as ex
temsrve as in the walzers por were there any
cuticular protrusions. Furthermore in this exo-
genous damags the mitochondria were amongst
the first organclles to become severely degener
ated.

It bs interesting to note that genetic cochlear
degenenation stnctly cooforms to the pattern
first described by vLlemnep in 1910 The d¢
generative process seems to be a contimoamcs
of the maturative process (Larsell etal 1944
Anggird, 1965) Further studies on cochlear
blochemutry may furnish the solution of this
problem, 23 with the clectron microscope we
arc only sble to sugpest possible explanations
to findings ay described. For a final analysis |
13 thus necessary to correlate our morphalogical
findings with further phystologhesl and blo-
chemical data.
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GLYCOGEN CONTENT IN THE OUTER HAIR CFLLS OF KANGAROO
RAT (D SPECTABILIS) COCHLEA PRIOR TO AND FOLLOWING
AUDITORY STIMULATION

Carol R. Steck ind D B Webster
From tke Department of Bioloty New York University Bromx MY US4
(Recetved Fehroary 2, 1971)

1958 Falbe Hamten & Thomsen, 1963 Falbe
Hamsen, 1964 Drocker 1969 Ishil et ol,
1969) The demomtration of giycogen in the
scmory cpithelinm acquires theoretical mterest
due to the fact that the outer harr cells are not
vascnlarired and consequently draw  their
mutrient and axygen supply via diffusion. Gly
cogen storage in the outer hair cclls, therefore,
may represent a depot to be drawn upon In
This rescarch waa sapporsed NIH Predoctoral

by
Fellowthip na G, u_wu,aumdmﬂs
Frant NB-OS800 to D!

muxlcp@rlod.lmm.hufmmfund.bmlmm
—such my prok or mtense
suggested by Falbe Hansen (1964). Using Light
microscopy Zorzoll & Boclani (1958) and Vin-
olkov & Thova (1964) have indeed demon-
strated 2 yousl quantitative decline in glycogen
coatent of the outer hair cells following acoustic
excitation. Recently Ishui et al (1969) have
noted & decrense In the stz of glycogen granu-
les In the outer hair celly wrth the clectron
microscope in sections prepared from guinea
pigs cxposed to ngh Intensity winte nose.
Prior to, and concurrent with the Interest in
histochemical changes within the cochlea fal-
lowing stintulation, a mumber of researchers
were, and have become, cogromsed in the prob-
Jem of stimulation deafpess and its relation-
ship to structural damage within the argan of
Corti (Davs et al, 1935 Smith, 1947 Smith &
Wever 1949 Covell, 1953 Engstrdm & Ades,
1960 Spoendlm, 1962) There 13 gencral agree
ment among Investigators that the extent of
damage to the organ of Corti varies with fre
qoency Intensity and domation of exposure. It
has also been observed that s the intemsity of

the round window (Corvell 1953} soch that
there B only very limited agreement with the

of tono localiztion in the cochlea
[e.g- a3 reported by Schuknecht (1960)]

o
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The present paper describes results obtamed
In 2 histocytochermcal mvestigation of the pat
tern of glycogen distribatlon in the cochlea of
the bamer-tajled kangrroo rat, D spectabllis
both at rest and following vanous parameters
of auditory sumulation. Except for the recent
comparatrve stody of Drucker (1969), research
prior to this has centered largely around the
guinea pig, a specics whose organ of Cortl 15
typrcally mammalmn, The eccentric, modified
organ of Corti of the kangaroo rat, Dipodomys
has been described by Webster (1961 1966)
Its auditory sensitivity as determined by peak
g of the cochlear microphonie response to
pure toues is maximal within & range of 1 000
to 3 000 Hz (Webster 1962)

MATERIALS AND METHODS

Twenty-four male adult, banner tailed kanga-
roo rats (Dipodomys spectabllis) weighing be-
tween 100 and 130 g wers selected. Befare
use all ammals were {ndividually caged tn an
animal room Lept at 70 F and fed a diet of
rolled oats and lettuce.

Prior to stmmulation, kangaroo rats were
anesthetzed with chloml hydrate (0 0076 cc
5% chloral hydrate gram body weight, IP)

placed on a small raised plaform within

; Faraday box, iself located in a sound-
at A room. Sound was supplied to a power
driver (Electro-Vaice, Model 1829 operated
in association with a Model AR150 Reentrant
Horn located wathun the chamber) by an andio
osclllntor  (Hewlett Packard, Model 200AB)
osed in conjunction with a Dynakit. Mark 1T
Preamplifier Sound intensity was recorded by
2 calibrated Western Electric, Model 640AA

d phone posi d 1n the soumd
chamber & couple of inches away from the gni-
mal and pomted in the same direction 23 the
anmals external aoditory meatms, Measure
ments taken with the calibated microphone
positoned at vanows angles within the sound
chamber however revealed a remarkahble con-
stancy in the dB level at amy given freqoency
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variability not exceeding four dB  All voltags
readings were converted to dB values computed
in terms of the calibration of the condenser
microphone (0 003V =74 dB ref. 00002
dynesfem?)

The distribution of glycogen m the kangaroo
rat cochleac was cvaluated in fixed, paraffin-
embedded thsne, Post-stimulation the animals
were perfused mmmediately with 085% satme
followed by a fixative. Two were emploved: 2
modified aqueous Bouin solution (saturated
picric acid, 850 ml. 40% formaldebyde 100
ml 90% formk acxd 5 ml) and an acdiffed
dichromate-formalm mixture known as Romie s
haformacet (hristemsen, 1949) Bouin solution
effects both fixatton and chelation in 2 weeks
time while haformacet fixes quckly in 3 hours
but requires that the tusue be subsequently
decakafied after flradon. For thk purpose
Jenkan s Fluid (Pearse, 1960) was used. Fol-
lowing fixation and chelation the cochleae were
washed, dehydrated and double-embedded ac
cording to the method of Peterfl (cited by
Careton & Drury 1957) Once embedded, the
cochleae were serially sectoned at 10 u and
the tissuc stained with penodic acrd Sehlff
(PAS) reagent according to McManns (1948).
In order to determine what percentage of the
stained companents of the organ of Corti was
glycogen  selective dipestion of the polyssc
charide wath malt diastase wras carried oot ot
control sechioas, followed by PAS staming. The
thsoe was jmmersed 11 a solution of 1% makt
dimstase 11 1% safne for 30 min at room teo-
perature according to Pearse (1960) Glycogen
dotribution  along the entire length of the
cochlear duct was evaluated with a light micro-
scope and arbitrarily estimated as heavy me
dium to light, and none Photomicrography was
done using & Zeiss Photomcroscope co those
sections of particular interest.

In the first series of experiments, kangarco
rats were exposed to frequencies ranging from
500 to 10 000 Hz, at 98 to 131 dB for two to
three hours. After sumulation, their cochleat
were fixed in Boum solotion and processed 8¢
cording to procedures previously described:
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Table 1 Experimental seriex: parometers of st~
mlation

Asdaual Fi ntensity Time

na, (H2) [C):] (boury)

Series { (Bowin swistion)

034148 500 13t 2
A 150 m 2

D342078 2000 110 2

D34152 2 500 1o 2

D341%6 3000 100 2

DS4200 3000 110 2

D84176 3000 121 2

D34177 6000 110-115 2

Ds4ie2 10 000 5¢-100 2

DS4138 Control

DS4168 Control

D47y Control

Series [T (Keformecet firaticr)

Ds41s 300 120 3

D344 750 120 3

D34213 1140 120 3

Ds4217 1550 120 3

DSai6 3000 12 3

Ds4211 Control

D34 19 Coatrol

Series L1 (Kaformcet fooatiee)

4220 19% 100

D34t 3000 g-100 12

DS 4222 400

DS4223 7300 o n

DS 10000 9 13

The second series of experiments were carried
out within a frequency range of 500 to 3 000
Hz, at 120 dB aho for approximately 3 hours.

RESULTS

The dhtribution of PAS-positive materdal in
serially sechoned cochleae from animals kept
in a statc of relatlve quict was determined. The
structures stalning most intensely are the tec
torial and basllar membranes oater hair cclls
and bone The spural ganglla exhibit a variable
stalning reaction some cell bodies belng more
intensely stained than others The spiral liga
ment s moderately stalned  staining of the
stria vascularts Is nslgnificant Of the six
cochleac removed from control animals and
fixed in Bouin solutioo only two reveakd a
conststent hexvy stalning of the outer hair cells
along the cochlear duct from the upper two-
thirds of the basal turn through the lower half
of the foarth The thin short halr cells of the
lower third of the first furn stain lightly in some
amimals and show no PAS positivity In others

The upper hall of the fourth turn fs very sus-
ceptible to Injury during processing, such that
some outer halr cells are frequently found
missing, and the remaining staln incomsistently

The outer hair cells In the other four cochlene
exhibnt a comiderable varinbility in the intensity
of PAS staining, with no particular patiern
emergent for any one wm Necause of the cr

ratic stafning pattern only histologieal defects
were kiered to be of signifi in the

These anmals hawewer were fited In Ka
formacet after it wus discovered in the first
terhes, that aquacue Ronn Ouid was fncoe
sistent m its preservation of glycogen and thus
onaatfactory for forther use A third group of
kangaroo rats was subjected to long penods of
stimulation (12 to 13 bours) st lower inten-
shtics (98 to 100 dB) and to frequencies fn
the 1950 to J0000 Hx range These animah,
unlike those m the first and second series were
not anesthetzed during stimulation bt rather
placed 10 & small wire mesh agc direatly
beneath the sound source Ancathetlz was ad
mmptered approxsmately 20 min prior to per
fusron. Detailed parameiers of slimulation for
the three series arc shown m Tablc |

of results in the first experiments!
series.

A comtant observation which deserves men-
thon,, bs. (e apitohasal stelning grdical of the
hyaline mass within the bosilar membrone The
basal and second turms are always more in
temely stalned than the third or fourth This
could mezn that there B levy PAS-positive ma
terial §n the apieal turns or that the entlre
hynline mass thins out a4 it approaches the apex
resulting in & quantitative loas of sainatde ma
terial,

Diastase dipestion prior to stalnlig of the
anchliear scctions proves [ AS positivity of the

wrter halr cells to be due oxclinively to plyco
ren Alter dipestion tho externnl hale celln sluow
& complete Ims of salnablity s o xs the
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nenroplosm of the spural ganglion cells, PAS
paaitivity Is retained by the tectonal and basilar
membranes and bone.

Among the nine experimental animals run
in the first senes on Interesting hrstologieal
plictize emerges in those stimulated for 2 bours
it 3 000 Hz at sound pressure levels of 100
110 and 121 dB DS 4196 exposed to an in-
?foDIIOOdB shows spotty histological
amage and a decrease in glycogen stalning of
the outer hair cells in the keft cochlex (Fig. 1)
On the right side the upper part of the basal
arn displays a large area 11 which glycogen
either diminished or gbsent. Ar 110 dB
(DS 4200) the two cochleae vary considerably
in their hmstologhcal response 10 the sound
stimulzs. On the left side reglons of Intense
posltivity alternate with arcas rated as moder
ate or negattve while on the right ssde 1t could
be scen that practically all the outer hatr cells
in the upper two-thirds of the basl turn are
damaged of contmn no glycogen. A strong
PAS-positrve staining is not seen mtll the upper
third and Jower part of the foarth turns arc
reached. Between these two polnts the outer
hair cells contam little or po glycogen. A stymu-
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Fig 1 DS4136 i, 3000

latton intennity of 121 dB produces the most
drastic pattern of cochlear damage. On the
right side (DS4176) the upper part of tht
basal turn duploys an arca In which the ex
teroal habr cells are completely misung, the
inner bair cclls remaining intect. Frequently
the cells of Hensen and Dejters cefls are gone
alo (Fig. 2) Immediately above thiy is a smal
region, about 180 um wide, in which the organ
of Corti b5 missing altogether Beyond this
point, extending into the lower part of the
second turn Bs an area in which, once again,
the inner hair cells remain 1tact and the outer
hair cells are destroyed. There follows = region
(340 um wide) in which the hair cells are not
missmg but damaged and contain no glyco-
gen. Nommal cytology appears rather abeuptly
in the upper third of the lower half of the
second tarn, and continues throughout the rest
of the cochlesr duct. Damage to the left cochlea
of this animal is more extensive. The external
hair cells of the Jower thurd of the basal tom
are injured, the opper two-thrds showing the
organ of Corti entirely removed. In the lower
half of the second turn the outer halr cells are
destroyed, and frequently the cells of Henses
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Fir 2 DS4176 r, 3000 Mr, 12t dB 2 houm,
cochlear chact, upper part of tusal turn (U/) and wpper
fixstion,

part of wcond turm (U2 Bowln PAS. Most
of the orpan of Cortl ja destroyed ba the beml twrn,

713983

parts of Clawdm ceBs (CC), pllar calbs (MC), and
mner hair eell ([HC) remain. Normsal cytology b
sceond tem 190,
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are scen rofled up in a balllike mass In the
scala media detached from what remains of
Claudius cells. The entiro upper part of the
second turn and lower half of the third dis-
plays damaged outer halr cells. The rest of
the cochlear duct fs pormal
The remaining expermmental anlmals in this
first series with Bouins fixed cochleae show
areas In which glycogen appears to be di-
minished. No injury to the cochleae s seen, nor
can any correlation be mads between areas of
dimninution and the shrulus frequency In light
of the situation previously mentioned In con-
trol ammals no significance s attached to
these results. For thls sedes, therefore it can
be said that, in terms of cochlear damage the
kangaroo rats are particularly sensittve to =
frequency tone of 3 000 Hz
All animals in the second serles were fixed
in Kaformscet rather than Bouin solution. Ka
formacet was found to be a far muperfor fixa
tive in the preservation of glycogen i the o
gan of Cort: and In the conservation of cyto-
fogical detall (Fig. 3) Staining of the outer
hair cells s oniformly heavy throughout the
cochlear duct, except for the lowermost part
[ the basal tom where the cells stain moder
tely or not at all,
Among the experimentzl animols, DS 4218
lated at 500 Hz shows no evidence of a
In gltycogen content of the outer hair
s or damage to the sensory eplthellum At
50 Hz (DS4214) the right cochlea displays
nly a few outer hair cclls wath less polysac
haride in the very lower part of the second
1rn the rest of the cochlea appeanng pormal.
he left side resembles a control animal In
xchlcae sectioned from DS 4215 stimulated
at 1 140 Hz, the middle part of the second turn
on the right side shows cclls In which the glyco-
gen content has been diminshed the keft sde
being unaffected. DS4217 a kangarco rat
stimulated at 1950 Hz, is the first in the senes
to show slgns of damage to the semsory epr
thelium and a decrease in glycogen Injury to
the outer halr cells in the left cochlea is noticed
In the entire opper hall of the basal turn ex
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tending for 870 um along the basilar mem-
brane. The hair cels which remam are fre
quently seen shortened (or ronnded) with swol-
Ien nuclel and devold of glycogen (Flg. 4)
In other areas oaly cytoplasmic remnants of
the cells aro keft. Occaslonally 2 few outer harr
cells are seen which have sustained damapge
but show PAS positivity At the beginning of
the second turn the outer halr cells display 2
normal cytology but a much lighter staining,
Indicatmg that the glycogen content has been
diminished (Fig. 5) The rest of the lower half
of the second turn is observed to bo mcon-
sistently stained from onc section to another
and within the three rows of outer halr cels
in any ome section. From the middle of the
second turn Up to the apex the histology sp-
pears normal. The right cochlea of this kanga-
roo rat Is seen to be cytologically similar to
the left.

Tbe last member of the series, DS4216
stimulated at 3 000 Hz, shows a decided dis-
stmilarity between the susceptibility of the right
and left cochl No histological distuncth
can be made between the nght cochlea and s
unstimulated control. The left sude however
exhibits & pattern of glycogen diminution and
semsory cell damage very mmilar to DS 4217
Onco again, the area of maximum destruction
and glycogen depletion fs found to be in the
upper half of the basal turn and lower half of
the sccond. In the basal turn, the external hair
cells are sometimes seen to be missing alto-
gether (Fig. 6) the remainder showing some
degree of injury Almost the entire lower half
of the second turn displays halr cells In which
the staining I reduced to modernte Intemsity
The exception is a small arcn, 180 ym wide,
near the lower end of the turn, in which the
cells maintain 2 heavy staln.

In the third and last set of expenments, five
animals were stimulated for much longer pe-
riods of tim¢ at moderately high intemsiticr.
As noted previously these animals were oo
anesthetized during the major courss of stimula
dmlnistered  twenty
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HC

D":\ cc

Fig 3 D34211 Coatrol, orgzn of Cortl, opper banal  Fiy 4 DS 4217 rt, 1950 Hz, 120 dB 3 howrv or
m,mmmﬂxlﬂm,PMCCctﬂidanﬁu: s of Cortd, upper part of buml torn; Kaformacet
DC Deimn allyr HC Heorma' ctlls; JHC, nner  flanon, PAS. Outer hair ceflt (OHC) romded snd
hadr esfls, OHC muxlnkcd.h:!i wra vocularh,  devold of glycogen, omciel swollen. 410,

TM wctorh] membrase.
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oHC
i

Fig 6 D54216 b, 3000 Hz, 120 dB, 3 houry; orps®
3%0.

and show a reduction m glycogen con-

4217 1t, 1950 Hz, 170 @B 3 boun, or

'AS. Outer halr cefls (ONO) are cytolog-  ton, PAS. Selective destruction of outer bal ccls
(0BC).
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Secbons  fram D5 4222, DS4223  and

DS 4224 are indistingrmhable from coatrol anl-
mah, ie. long-term strmulation at 4 800 7 800
and 10000 Hz has po vuible effect on either
the general histalogy oc glycopen content.
DS 4200 strmulated at 1950 Hz, is affected
on ooe mds only the left cochlea showing &
light to moderate staining of the outer hakr
celly fn the second turm Stimulation at 3 000
Hz (DS 421) also clicited & unilateral respomsc.
The kft cochlea shows some moderation of
glycogen content in the upper part of the basal
turn, whils the right side b unaffected,

DISCUSSION

The wilimtwn of glycogen I the outer halr
cddb of the banner-tailed kangaroo rat dunng
sornd stinrolation B pot comparable to that
reported by clther Zocroli & Borfant (1958) or
Vimnfkov & Titova (1964) In the guinca plg,

Zorroli & Booani (1958) reported a duappear
ance of glycogen in all the turms of the guinea
Pig cochlea regardicss of tomal frequency i
the sound pressure level was kept at 80 dB
for perrods of 20-30 mins to 4-5 hours. The
kangaroo mt requires higher sound pretsure
kvels to Ioso glycogen in the outer halr cells,
and when the Ioss docs occur ft Is Iimited to
the basal and second turos.

The present research b in partial agreement
with Vinnikov & Titovas data showing de
crexe fn glycogen coatent of the outer hair
cclls after cxposure of goinea pigs to 1500
Hz, 95 dB for varous time periods. This s
particolady true in regard to Hmitation of the
effect to the besal and second torns. Rounding
of the hair cells and cytclogical alterations of
the nodei are abo comparable, although a
Ingher mtemsity sound is required to produce
the effect in the kangaroo rat What B not
observed, b a conversion of gramular glycogen
in the external bair cells to a ddfuse form, and

comistency i Vionlkov & Tliovas observa-
tron that if the frequency of the stimulos is
lowered to 300 Hz, cytological changes are
centered m the aprcal turms. Resolts in the
kangaroo rat indicate that lowenng the fro-
quency to 500 Hz, and rasing the intensity to
120 dB has no visible effect on glycogen con-
tent in the cochlex,

The of ytok 1
gradation of the organ of Corti in the kangaroo
mt s very much in agreement with that re-
ported by other fnvestigators (e.g. Davis et al,,
1935 Soga et al. 1967) the difference be-
ing the smount of tme and sound pressure
kevel necesaary to elicht the respamse. Davis
(1935) was able to prodoce maximum degen-
eration of the onter halr cells in the second
tum of the guinea pig cochlea at 2500 Hz,
but 1t requred 1060 drys at a sound pres-
sure kevel of 95-100 dB In the kangeroo rat,
similar degeneration was noticeable after stimu-
Iation at 120 dB for three boars at either
1950 or 3000 Hz, damage being limited to
the upper part of the besal and lower section
of the second tarn

The relationshrp of structural changes n the
Iangaroo rat cochlea to pare tone stmmalation
at high sound pressore levels colncades well
with the recent stody of Suga et 2l (1967)
who studied tonal patterms of cochlear impalr
ment followmng interse sound stimulaton. Us-
ing gulnea pigs the rescarch measored Joss of
semsitrvity of cochlear potentiab I stimulation
deafness by use of differential recordings from
clectrodes implanted in the scala tympanl of
the basal torn and the scala vestibull of the
thrd turn. Maximom cochlear potentials for
test tones of 500 2000 and 8 000 Hz at 100
dB were reported to be in the besal turn. It
was pot until the sound pressure level was
dropped to below 60 dB that the measurable
respamse of the third twm overshadowed that
of the first at 500 and 2 000 Hrz. Sabjection of
the gumea pigs to 6 000 Hz, far 20 min, at
124 dB reduced scnuitivity of the basal torn
to these test frequencies, as was indicated by
a drop in amplitude of the cochlear potentials.

aryng 71
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Furthermore  histologreal examination of the
stimulated cochlkea roatinely revealed Joss of
the bair cells in the basal turn, slight morpho-
logical change in the second, and none in the
third and fourth. It would appear therefore
that it is the large basal turn which s maximally
stmmmiated at high sound presyure lovels (100+
dB) regardless of frequency

‘The basal turn of the knngaroo rat, however
appears to be Insensitive to cytologreal disrup-
tion or glycogen Joss at frequencies below 1 000
Hz and above 3 000 Hz, cven though sound
pressure levels are high. The observed sus-
cephibility of the kangaroo rat to glycogen
loss and cochlear infury at frequencies between
1900 and 3000 Hz, and the animals com-
parative insemsitivity to frequencaes above and
below this range, b not surpraing In wiew of
Websters (1962) observations on peaking of
the round window cochlear mwrophonic re
sponse In two species of kangaroo rat, D mer
rigmi and D spectabills Webster reported
peaking in amplitude of the cochlear micro-
phonic at 1400 1 800-2200 and 2600 Hx
wi!hl.naﬁtqu:ncytutrnupolloomlzooo
Hz Below 1 200 Hz, the microphonk

gen granules noticed 1 the recent EM study
of Ishil et al. (1969) after exposure of guinea
pigs to white notse for 30 min at 110 dB
would be in evidence In a survefllance of
stalned 10 um sections with the light micro-
scope. Under the latter conditions, it s quite
conceivable that tion s pot Dotice
able until the cells are on the brink of stroce
tural damage particularty since fn the present
research one condition almost always sccom-
panies the other
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ZUSAMMENFASSUNG
Dyt Glylogen-Inhaht des Cortischin Organs des D+

towithlnnﬁh.hlonnd;htho“upcaknm-
plitnde above 4 000 Hz, the decrease was
ven more substantisl.

It is almost inconceivable that the large
tores of avaflable glycogen in the ovter halr
sells of the organ of Corti are not more readlly
onsumed when the sensory epithelium is taxed
‘or energy which, as previomly noted, would
3¢ expected to occur when the cochlen is sub-
Jected to high intensity sound or prolonged
moderate stimalation. This ks particulardy true
it the oxygen temton drops m the scala media
as a result of intense stimulation (Kotde et al
1960) and the hair cells become at least par
tially dependent upon an anaerobic souree of
energy production.

It should be pointed out, however that it
Is pot known quantitatively how muoch glyco-
gen must be utllized by the cells before it be
comes visibly apparent using Gght microscopy
It is unfikely that the decrease m size of glyco-
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bel Frequenzen von 1950 und 3000 Hr in der croen
und rweiten Windung der Schoecke i5t. Der Glykogen-
Inhalt wird werringert, aber ein cytologischer Schades
et picht erdehtlich,
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THE EFFECT OF ETHYL ALCOHOL ON PERMEATION OF *NA
SODIUM INTO THE PERILYMPH

J Pletrmki

From the Depertment of Otolaryagology Blalvstok Mcedicsl School Blalystok Polend
(Recetved November 11 1970)

The investigations presented here attempted
to answer the question as to whether 3 single
administration of cthyl alcobol to experimental
animals would induce disturbances jn the per
meation of the sodfum kotope Into the perl-
lymph.

MATERIAL AND METHODS

sodium, there is & lack of reports on the effect
of ethyl alcohol on the behaviour of sodium
in the labyrinthine fluids.

Attempts to apply the resuls of investigs-
tions oa anlmals to human subjects have raised
doubts as to the validity of soch a comparkson,
An additiomal difficulty is encomntered in
attempts to compare the results of experiments
on lve and dead animals smee it bas been
found that, even shortly after death, there are
significant differcnces, sbove all in the compo-
stion of the Inorganic substances fluids (Mag
glo 1966 Raoch et al, 1963 Rodgers &
Chou, 1966 Silverstem, 1966}
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The | gations were carrded out on 53 adult
guinea-pigs divided into the following groups:

(I) the coatrol group: 13 guinca-pegs to
which the isotope #Na was administered.

(1) the experimental group. 40 gulnea-pigs,
to which the isotope *Na was administered
together with cthyl alcobol.

In the cxperiments, perilymph was taken
first from one ear and then from the other 5o
that & total of 26 samples were obtained from
the contral group and 80 from the experimental
group After anesthetzing the ammals, la
belied 2 Na In phymological solution sodium
chloride was infected Intraperitoneally into both
groups of anlmals in doses of 500 xCi/1 kg
body weight. The experimental snimals akso
recerved topether with the Jsotope 10% ethyl
alcohol in amounts corresponding to 14 g of
100% aleobol per [ kg body weight. At 30
min intervals, the perilymph was then with-
drawn from the tympank perilymphatc spact
according to the method of Smith and co-
workers (1954) At the same time, blood samp-
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Table I Compartson of the mean rise In acticity of *Na in the perilymph in both groups of guimea-pigs
in swccextive 30 min intercals (imp/min/mg)

m, mean, S standard deviation

Timo (miortes) -

-3 3-8 61-50 9 120 121 150 151-180
Control grovp
» 4 207 3% 433 467 448
1D. +29 +120 + 12 + 93 *15% 68
Experimexts] gromp
- 43 130 1 29 442 360
sD. +% + 10 +120 +120 110 115

Table Il Comparison of mean calues during the period when there were the greatest differences i the
actirity of the perilymph and the serum tn the control and the experimental group
w, mean, 5D standard deviation® p, probabibty cocllicient

Activhty of the Acthity of the blood seram
betwern 6lst and 120th  betwern 0-30th minato
nrtme of the of the experiment

Coatrol gromp

- 0 940

3D, 6 +264

Experinental yroup

- 2% m

5D 131 +m

’ 0001 0.001

Tabie L. Comparison of the mean rise tn acticity of ™ Na ix the blood serwn in botk groups of guinea-
Pigs in successive 30 min intercals (bmp/min/mg)

m, mean, SD  standard deviation

Thoo (minates)

0-30 1-& 61 90 91 120 121 1% 151 180
Comtral group
- 340 433 463 0% 433 m
. 2654 L 9% *115 + 67 +102 t 45
Experinatal grovp
= m amn 415 305 ”m )
8D. =n +140 +139 1 +n7 + 7

Table IV Comcentration of alcohol in the blood of guinea-pigs in successive 30 min intervals (promille)

There (mimies)
0-30 3160 61 %0 91 120 121 130 150-1%0

Comcengration (%) - 179 1.4 113 077 0.0
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Fig | Curres of mesn activity of ™Na in the per-

mmples were taken (bop/man/mg).

les were taken from the femoral artery for
determination of the actrvity of the serum and
to determne the akcahol content of the blood.
The radioactivity of the perilymph and se
rom samples was determined by means of =
Geiger Mler window counter To each resnlt
of the radloactivity a correction was added, in
order to take Into account the loss in radio-
activity as a result of disintegration of the iso-
_\topc'n\cnumhtro(lmpuhesﬂulnﬂnpa
mg of the investigated flmd was taken as a
,:orcom;nmou.Alcobolmdctamlncdby
¢ Widmark method. The wholo cxperiment,
from the moment when the 1sotope and alcohol
were injected to the moment when tho last
sample was taken, lasted 180 min. The results
were amalysed stanstically by means of the
Student formula. From the ¢ values the signifi-
cance of the differences between the nvest!
pated series was determined by means of the
probability cocflicwent p found 1n the statisticnl
tables.

RESULTS AND DISCUSSION

The analysis of the results obiatned showed that
the mean activity of the perilymph samples and
that of the serum samples taken at the same
ume differs significantly 1n both the control

Acsa Otolaryng 71
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Fip 2 Curves of meam activity of *Na in the blood
serum of control guinea-pigs and prnes-pip after

i of alcobal ing to the tims whea
mampks wers taken (imp/min/mg)

between the 30th and 60¢th moute of the ex
periment whereas the activity of the serum was
at that time at its highest (Tables I, ITI) The
highest concentrations of blood alcahol were
also observed daring this period (Table IV
Fig. 3) The activity of the perilymph rises with
tune and that of the serum falls together with
a reduction in the concentration of blood akco-
hol. The sctrvity curve of the serum sampics
and the blood alcohol concentration bave 2
ximilar profile and both show the tughest values
already in the 1st hour of the expertment (Figs.
2, 3). Tho curve of tho perilymph activity is
entirely different, the highest activity not bemg
evident on this curve before the third bouor of
the experiment (Fig. 1) In the final phase of
the experiment between the 1215t and 150th
and the 180th mumute, the mean activity of the
perilymph and the serum in both the control
animals and the experimental anlmals, the ac
tivity values were simflar varying slightly above
and below 400 imp/min/mg. The differences
occur therefore oaly in the inithal and middle
phases of the cxpernments.
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Table V. Comparison of absolute mean rises in actirity in the perilymph samples in both groups of guine-

pigs In successive 30 min Intercals (imp/minmg)

Thme (minotes) ...

0-3% - 6150 91 120 121 150 151180
Contral proap PL) 164 1 [ 12 —
Experimentol freep 43 5 52 17 143 -

On analyung the mean actrvity of both fluids
from the coatrols and the expetimental antmals,
a higher valoc was noted In the fluids from
the contral animals than in those of the ex-
perimental ammals, In the perilymph the great
est statistically significant differences between
both groups occur durmg the second hour of
the experment (p=0001) In the serum the
greatest differences occurred within the first
30 min and were ako statrshically mgniffcant:
p=0001 (Table I)

If one cxamines the absolute rises in the
mean actinity of the perilymph sampies in the
time function of both groops of ammals, it
can be scen that during the first half of the
expermment, that b, up to the 90th mmute,
there were considerably greater rises in activity
and occurring eadler in the controls wheress
In the experimental groap, under the influence
of alcohol, the maximum rises were observed
later that is between the 91t and 150th
mmutes (Table V Fig. 4) In view of the

%

comuderable mobility of the sodinm fon and
the probability of a rapid retern to equilibriom
owmg to the ease with which the cation per
meates any kind of blological membrane, in
the mtroductory phase of the expermment peri-
lymph samples were taken a few minutes after
the injection of alcohal and the motope. The
activity of these samples was very low The
determination of blood alcobol content made
at the same timo as the above-mentioned deter
minations showed that the highest concentra
tioa, 1 79% occmred in the 30th minate, The
next cxaminations revealed a gradoal fall in
the concentration of ethanol in the blood due
to the axidatlon of the alcobal in the system
as tmme elapsed (Table IV Fig. 3) The dierete
action of ethanol is well known and for that
reason was not determined. Huang & Kooefel
(1957) comider that a small amomt of ethanol
has no effect on the excretion of sodium with
the urine. A umilar opinton was expressed by
Strawss ct al. (1960) In this invesbigation io

the exscily doxc of
cthyl alcohol (1 4 g/kg body weight) cakculated
per 100% slcobol the fact that this bx an
amount that permanently damages the micro-

shift may therefore be suspested. In view of the
possibility of a local effect of ethanol when
sdminlstered Intraperitoncafly & 10% dilution
was cmployed in order to reduce to & minimum
the local irritation caused by cthano! and the
consequencey of such frritation (Klingman et
al  1958) The high actlvity of the serum
samplex noted In the fiet plase of the experl

ment woidd Indicate that thls alm was st feast
partlslly scldeved  Tho method fw

1
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expressing the sctivity of the Impulses regls-
tered in 1 min per 1 mg of the fldd under in
vestigation is of a relative nature but as far as
comperison of the varfons samples is con-
cerned this method gives precise results,

From the results obtained it would appear
that cthyl skohol administered in the coocen-
trations given in this paper damages the mech-
antsm which is responsible for the electrolytic
balaoce, or at least for the balance concerning
the sodim lon between the vascolar bed and
the perilymph. If one accepts the opinion of

~Schuknecht & El Seifi (1963) and that of

-

auch (1964) that the perilymphatic spaces
coanccted with the coflymph and that
cre is an ronic umilanty of the two fiuids, it
may be asmumed that the electrolytic changes
obscrved in the penlymph may also take place
In the cortllymph, in whxh case those func
tioas of the organ of Cortl whrch require a
definite concentration of 10ns would be dis-
turbed The changes m the permeabillty of the
blood-peritymph barrier as regards the sodium
oo may suggpest that apart from disturbances in
diffusion and osmosis, the balance of acthve
transport is disturbed at the level of the semu-
permeable membrancs where sodium plays the
role of the activator of certain enzymes in the
ATP/ADP system (Whittam, 1964) It & not
at present possible to say by what means these
changes tske place since the action of aleohol
covers a very wide ranpe and has a direct

4cts Owolarymg 71

Fig 4 Comparison of abwohte

mezn rhes fn activity ln the perf-

lymph samples [n both groups of

ginea-pigs sccording to the tme

of taking the mampics (tfmp/min/
ximctes  my)

cffect on mmbohcpalhwayx,Thcmu‘h—
anbm of these phenomena cannot therefore
be interpreted on tho bests of these obserma-
tions and the problem requires further stody
On summing up the results of these investiga-
tions, it ks seen that the highest activity of the
perilymph after Intraperitoneal Injection of the
sodium isotope *'Na occors in the thud homr
of the experiment, whereas in the serum the

der There, die Athanol erhalten haben, dies Aktivitat
Leiner und ule strigt langsamer als in der Kontrof-
groppe Dis grimten Unterschieds | der Akuvitat &
Perllymphe zwixchen den Tieren der hontrollpopre
und depen der Experimentalgruppe reipen aich In der
zweiten Stunde dev Experiments, und sl sind stain-
tsch signdfikant.
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SURGERY OF CAROTID BODY TUMORS

T Palva, A. Palva and J Kirft
From the Department of Otolery pology University of Ouslw Ouly Finlend
Reerived October 26 1570

with distant metastases among 500 cases. The
presence of metosteses need not imply any
significant alteration in Ife expectancy” An
derson & Scarcella (1963) mention a patlent
who Jived for 25 yeary In spite of distant
metastases.

Symptoms
The first sign of carotld body tumor is a lump
in the neck. The tomor b painless, transmirting
the pulsations of the carotkd artery This sign

ponding primarily to chermucal changes with
o) the artery (Esgmrdm ct al, 1957) This
structure has aroused climeal mnterest recently
because of the benefit claimed to result from
its removal in patients with bronchlal asthma.
However the only known pathological condr
tion arrsing from the carotid body s & tumor
consusting of cells similar to those normally
present in this structure

The tumor grows slowly and several years
may be required for 1t to reach a size large
enough to bring the patient to the docter The
clinkcal behavlor of the tumor is under some
dispute and changes supgesting malignancy
have been reported kn the twmor as well as in
the form of lTocal lymph node Involvement and
distant metastases. Staats ct al (1966) in ther
review reported 3.2 with local and 32%

Acts Otoleryng 71

& not diagnostic, belng to all tumons
situated in this reglon. The growing tumor
may extend towards the clavicle in spindk-
shaped fashion while the large, bulky pert
grows In cephalad direction The tumor forms
a readily noticeable swelling m the submental-
subparctid arca and may appear as a smooth-
walled retrotonsillar enlargement shifting the
posterior lateral pharyngeal wall towards the
midline.

When the tumor grows wpwards it envelops
the entero-lateral part of the vagus nerve and
encloses the hypoglossal nerve. At the base of
the skull the accessory and glossopharyngeal
nerves may also become encurcled. However
in only very advanced cascs does panalpbs
develop and the nerves generally are {ully func-
tioning even if encased within the tumor

In diagnosm, the most important thing is 0
keep in mind the possibility of carotid body
wmor Morflt et al (1953) pointed out that
the diagnosis was readily made by Inexperi-



enced members of ther group who thought of
this tumor as onc of the first possibifities where
= cxperenced workers were apt to comslder
first the more common conditiens like meta
static Iymph nodes, branchiopenic cysts, neu-
rinomas or homolateral thyroid enlargement.
Carotid angiography b of great valoc m diag-
noshs and has replaced biopsis or aspirations,
Angiography a3 pointed out by Engstrbm &
Famberger (1957) Lowdon (1964) Conley
{1965) and Westbury (1967} presents & diffuse
mottled collection of dye in this neoplasm and
outlines the caliber sze and distortions of the
mamn carotid vessels as well a3 the vascular
spaces of the tumor

Surgical Removal
Excision of the carotidd body tumor b con
sidered to be the only posmsible It
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another 3 and there were neurological seqoelae
in none of them. Conley's (1965) semes of 29
cases had some type of a vessel rehabllitation
in 30% Westbury (1967) reported on 12 cases
with one postoperative death and stressed the
valoe of measuring post-occlusion pressure in
the mternal carotid before resection of the
bulb Som et al. (1966) had 8 cases with »
fatal outcome In one, and recommended the
use of an Internal shunt.

Report of Cases
Case 1
This patlent was 33 years old and had noticed
a lump on the right skde of ber neck 14 years
earfier She had consnlied several physicans
and onc had performed tomsillectomy because
of ad hy” Another physs started an-

demands 1kill and experience in vasculer sur
oy If grave sequelac are to be avoided. Farr
(1964) reparted on 37 patlents teen at Memo-
mal Hespital (New York): of 21 patients with
internal pheryngeal extemsion, 11 bad com-
Plete ion, 4 an § plete r and
6 carotid artedal resecton of repur 5 of
thesc latter patients died postoperatively Up
to 1545 he bad resccted the carotid befurca
tion in 8 patients, with postoperative fatal heml-
preglain4 or 50% In Farr s subsequent serles
of 18 carotid body tumors there were three
perforatoms of the bolb with one postoperative
death,

Moxfit (1965) reported on 21 cases from the
period 1950-64 including three resectons with
trantent hemiplegia in 2 cases, and two anas-
tomoses of the external to the Internal carotid
with tranuent aphmia In onc. Sixteen patients
with Htact carotid system showed no sequela.
Anderyon & Scarcella (1963) had 15 patients
with carotid body tomor 13 of whom were
resccted without sequelae. In one case severe
hypotemson and emergency carotd srtery Hga-
tion were performed and s graft joserted 1 bour
later the patient became hemiplepie and later
died. In the resected cases the fnternal artery
was ligated in 3 and replaced with a graft in

titnberculous medication combined with X-ray
treatment. The patient then stopped consulting
physiciams until December 1966, when she was
scen ot our Out-patient Department.

On the right side of the patfent s peck there
was a slightly longitudinal tumar 7 to 8 cm
across, the right pharyngeal wall bulging al-
most to the midline. The tumor was hard and
noo-tender without obvices pulstion, except
at the area of the bifurcation. Carond angio-
graphy showed marked distribution of the dyo
wt tho area of the tumor (Flg. 1) At sargery
the large tumor was found to be adherent to
its surroundings and to extend candally in
spindle-shaped fastion, arcund the common
carotid artery Upwards, the tumor extended to
the basc of the sknll Dhsection between the
medin and advenntls was started around the
rommon carotd srtery and coutinned almost
to the bifurcation. The internal carotid artery
was found at the postero-latera! border of the
tomor and it was slowly dbsected free up o
the bese of the sknll. The upper poke of the
tumor could not be Hberated st this stage.
‘Therefore, dissection was continoed at the bulb
arca with tapes passed round the common and
internal carotid. The external carotid artery was
h:cd,ﬂpirdlndml,lnda;uod—dz:d/
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-\wzuxhcnu-cnmcmerth:rumfmmthzbi
aton. This artery was cautionly ligated,
ich resulted m marked decrease of bleeding
rom the tumor The hypoglosial nerve was
totally emcloped by the tumor and was freed
from 1t by sharp disection. The upper pole of
the tumor could be liberated by combined
blunt and sharp dssection (Fig. 2) keeping
the internal carotid protected

Postoperatnely the patient had a loss of
hypoglossal tone a total right-sided recurrent
perve paralysls, and Horpers syndrome. Ini-
trafly she had shght difficulzes in deglutitfon
but these were raprdly relisved. Duning follow
up cxaminatrons there has been no refurn of
hypoglossal function. The recurrent nerve paca

Iysis has remained unchanged but the cord ks

in & paramedian position and the patient has

o good volce.
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Fig 1 Carotld angio-
graphy ln case 1 A brpe
wescolar tomor extends
balfway towards the clavl
cle und up 10 the base of
tbe slall

Case 2

This patient was 41 years of ope. She had
been under treatment beeause of right-sided
thyroid podules with some signs of toxicosh.
The patient comsulted our Out-patient Depart
ment on 191967 with the complaint of 2
right-slded lump higher up on the neck of 34
years duration. She had ako had giddmess
occastonally and once she had an attack of
unconsciousness Jasting for some minutes. PBI
war 8 7%

At examination a tumor the sizc of hen's
egg wes found on the right side of her neck.
The swelking wos painless, showed clear pulsa-
tion and maved eaily from side to side. There
was also a separate Jobular mass slightly Jower
on the peck, sdjoining the mass at the arca of
bifurcation. Carotid anglography was made, the
vessels were found to have normal caliber aod,
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thon. The redoced bloodiers tomor mexsures
7 em.

tion, a small rupture of the bulb occurred. The
tapes wero fastencd over the rubber tubes, the
tumor was removed quickly and suturing of
the rupture started. However 2 poal of blood

denly app in the wound the blood

came from the internal carotid which had been
palled with the tape into the tube so that the
two endy were totally seperated, An internal
shunt was quickly imserted and an end-to-end
anmtomoits performed ln the internal carotid,
The caratid bulb lsceration was sutured and
the shunt recovered from a scparate incidon
on the thicker wall of the common corotkd.
Heparinlzation of the artery way mads and the
wound closed.

Tour hours postoperntively ovacuation of o
heraatoma had to be performed. The carotld
system was Intact and the bleeding came from
many amall velns in the form of diffuse v,
Protamin suifate war given o o

- e
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£ 3 Carotd k 6 months ty

after of the internal caro-
and remalr of the bufh. Arrows point to the
mietmal carotd arkery

effect of heparin and the patient recovered
without neurological sequelae. Dunng the first
6 mronths after operauon, she once had a sen-
sation of gpddiness Anglographv was made
and o disclosed a patent mterna! carotid (Fig.
3) The patient hxs had no complaints since
the serum PBI has been 6 6

Case 3

Thrs patient was a 38-year-old farmer who had
noticed a slowly growing tumor on the left
sde of hrs neck durmg the last 3 years Two
years apgo he had consulted a general surpeon,
who had attempted a biopsy wathout success,
The patent had some pain behind the ear he
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{eit that the tnmor affected his speech and he
had some difficuttics in moving the head.

The patient consulted our Out-panent De
partment tn October 1969 On the left sude,
the neck mass was the sze of a large hens
egE. It was non-tender and slighly motle.
wath clear pulsation on top of the bifurcavon.
In the mouth, the twmor caused the keft tonsdl
to deviate in the midlme Carotid anglography
was mode and showed a vascular tumor around
the bifurcation, corresponding to the area of
the neck mass.

At surgery the twmor appeared to surround
the common carotid artery as a spindle-shaped
extennon of the main mass above the bifurca-



Surgery of carotld body tumors 505

twa, The dissection was started between the
adventitla and media and continped upwards
to the bifurcation. A tape wes pasied round tho
common carotid. The vagms was partly en-
closed by the tamor but could be dissccted
free without damage. Tho hypoglomal nerve
ren right into tho tumor and was deliberately
cot at the postensar border of the fumor The
pastero-lateral border of the tumaor was siowly
Iiberated from the base of tho akxull and the
Internal carotid artery was located fu this area.
The artery was dhssected free at the upper pole
of the tumor & tape passed around it and
dissection continued towards the bHurcation.
Heparin (50 mg) was then infected loto the
common carotid artery and an angled De-
Bakey vascalar camp applied to the common
carotld and a small straight ono to the Internal
carotld artery both tapes belng held Joose
CFH,A).IuSmInnmthcunuwwmmrmrd
from the carotid system by ligating and cutting

of the external carottd e well as the artery
supplying the tumor from the bifurcation The
upper clamp was removed, then the bower
clamp, and the common end internal carctids
were seen to be intact with good pulsation The
tumor was exchied from fts anterior attach-
ments end removed. The hypoglossal nerve was
freed from the tumor and sutured to the proxt-
mal stump

Tho patlent mado an uneventful recovery but
had hypoglossal paralysh. Six months later
there was some return of hypoghkonal function
As the patient continued to have pain In hh
throat and had chronke tondllite, a 1milkee
tamy way perf wmed in August, 1970

Cene 4

Thhy patient was &5 yean of ape She had
noticed m ahomly prowing twmor on the kit
side of her neck foe oS yeart, The tumor wa

4em 0 o
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about 4x5 cm In sire, pon-tender withoat
much mobility and there was a strong pulsa-
ton The patient ako had stenocardial symp-
toms and was on nitroglycerine and digitalis
medsication Left carotld anglograpiy was car
rred oat and reveaked the typreal vasculariza
tion of a carotld body tumor The natore of
the disense was explained to the patient and a
conservative policy recommended. The patient
agreed to such treatment and has been regularly
followed at the OQut patient Department with
no noticeable further growth of the tumor
Two other patfents have been seen recently
with an equally Joog history of neck mass. On
physical examination the neck masses could
not be differentrated from carotid body tumor
on the basls of the extent of the tumor or find
ings on palpation. Homever the caroud angio-
pram showed abnormal vascularization of tu-
mor in neither case (Fig. 5) and at surgery
large neurinomata were removed n each.

COMMENT

These findings In our scries of four cases are
1 agreement with the view advanced by Mor
_\m:tn!.(l?SJ)lhnluonco{dlegmcmlphyﬂ
findings are diagnostic in cases of carotid
y tumor Consistency pulsation and mo-
/R{ryo(d\aerummmbeumﬂumnnum
ber of other diseases. Carotid angiography as
polnted out by Lawdon (1964) Conley (1965)
and Westbury (1967) 1 dearly of declsive
help and it should not be omitted when examin
mg tumots of this region A diffuse, mottled
collection of dye 1 the wmor is disgnostic
and outlincs the tumor area. All necessary prep-
arations for vascular surpery should be made
having safcty tapes, tapered U 510 Travenol
hemodialysms catheters for internal shunts, and
vacular damps of varymng szze available
The ease of dissection in the layer between
the media and adventitia of the caroud i well-
established and this line should always be fol
Jowrd. The tumor does not nvolve the media
and can generally be peeled off from the vessel

Acta Otolaryne 71

wthout much dificalty Conkys (1965) sug
gestion that the internal carotid it to be Jo-
cated at the postero-laternl border of the w-
mor 15 well founded Its dissection should al-
ways be started in this area, and §f the tumor
s not very extentive, freeing of the artery can
be begnn at its upper poke In cases with ex
tenstve tumors encroxching on the skull base,
the internal carotld should be approached well
above the bifurcation but definltely below the
skull base. Dissectlon should then continee up-
ward and the artery be Lberated from the
tumor even when the latter stll rematns at
tached to the skull base, With the safety tapes
passed round the arterics, liberation of the
internal carotid can be continued towards the
bifurcation

Having experienced the complications In
case 2, we carefully smalysed the possible cau
ses of these mbhapt As a result, we now
fosten & tape roand the internal caroud only
if there Is an internal shunt, or otherwise the
sharp edges of the tube can cut the artery for
instance when beld taut by an inexperiencrd
assistant. Without shunt, the internal carotid is
occuded with a small clamp only and no trac
tlon 15 possible. The common carotid tolerates
the sofety tape well, even though pulled m-
necessarily taut,

Arnother thing that we consider an improve-
ment is to have a bloodless field when dissect
ing the carotid bulb area. It #s a well-estab-
lished fact, in vascular surgery of the neck,
that the carotid circulation can be descontlnoed
for 10 minutes without problems, if only the
starting arterial pressure ks kept at normal or
above normal Ievels. Therefore, we think that
the procedure of choice s to effect the flnal
separation of the fumor from the bulb, the
weakest area and the area harboring the sup-
plying artery with clamps applied to both the
common and the internal carotid artery Eaxcl-
sion of the tumor can be made by ligating first
the cxternal carotld, and then the supplyiog
vessel If a small rupture of the bulb occom
at this stage, there is still time to suture It with-
out haste and to remove the clamps. If the



procedure for some reason takes more than 10
mmutes, an internal shunt can be Introduced
and all the reparative work made with an inter
ml shunt in place,

ZUSAMMENFASSUNG
Mrn berkchtot fibor 4 Fille yon Tumoren dev Olo-
cine  arteriographischa

m reparicren, it eine Vorsumstrung fir die Sicher
helt der Patienten,
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CILIARY ACTIVITY RECORDED BY TV MONITOR AND
PHOTOTUBE

C. H. Hikansson and N G Toremalm

From the Department of Radiotherapy Univensity Hospital Lund and the Department
of Owlarynpology Genersl Hospital Malmd, Sweden

(Received November 12, 1970)

Abstroct A metbod for recording Light-ntensity varls-
vons obained from surfacerefiexcs of L log dlhry
cells and oa a TV-wreen b5 described

A survey of different methods for stdymg
cililary frequency and rivthm has recently been
publshed by Chevance & Lennon (1970) Thev
have also performed expeniments for the com-
parsaon of cilia from different animals and dd

~ferent organs, emploving (1) stroboscopic (2)

saphlc. and (3) mrcrophoto-oscillo-
graphic methods They drew the conclusion
<7 that the latter method 1s especnally switable for
pharmacodynam:c studies 1t implies, however
that one single clium 1solated from 1ts mruscalar
bed and ceflular connection 18 cxamined
through the mmersion objectrve of o phase
contrast mxcroscope. Hikansson & Toremalm
(1963) have earbier desenibed an

contractions of the smooth muscle layer be-
neath the epathelium

The present fovestigation introduces a fur
ther technical improvement of tins method
showing that the light-pulses obtamed from the
TV-screen can be presented as a cune with
continuous vanations.

METHOD

Light-spots on a TV-screen are confluent for
the human eye, but when recocded ckectron-
cally by a rapsd phototube, each spot ks shown
to be composed of spikecurves repeatedly 3p-
pearing with the synchronous frequency of the
T\ Variations in light-intensity cause vari
ton in the amplitude of the spike-palses. For
practical purposes, light variations can be more
stmply described as a carve than as spike
height varistions. An integratlng circuit B
therefore desirable.

A solution of this problem has carfier bee?

technique differing from those mentioned
above. As in the conematographic method, it o
based upen the variatons of lght reflexes on
the mucous membrane surface brought about
by clary activity but the opucmicroscopie
proccdmlsnnkdm‘ﬁhandcnronknug
nificauon via a television st and a phototobe
This method cnables registermg not only of
rhythm and frequency bot also the micprated
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described (Hikansson & Toremalm, 1965) bat
in the light of modern electronics it amust PO¥
be comsidered 23 outdated. The use of modT
umplcandhold"-tc\:hmqucpvulncﬂﬂh'
tron for this

The block diagram ks shown In Fig. 1 Hg®
reflexes appear as twinkling spots on the TV
monitor and one end of a thin light wire B
therefore placed on such a spot by meams o 2
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Fig 1 Block diagram of the reconlig armingemeot

soction-holder attached to the screen of the
monitor The other end of the light wire i con-
pected to a grs phototube. The palses from the
TV are ampilfied and fed into a doublebeam
oscilloscope. The beams arc triggered by the
synchrovous polses directly from tho TV

A tnggerog poke Is fed from the oscillo-
scope fto & rectangular pulse-generator (DISA
Multnstrm, Copenbagen)—an ordinary strmu-
lator for abocatocy use—which i capable of

Fle 2 Upper corme Light from the TV-mositor
recorded w8 3 pubw. Lower curve: Marking pubw,
showing and

dunation 0.2 mwe,
mmpiing time.

the aecilloscope tho phototube signal & fed
into the samplo-and-bold module as inpat
signal,

RESULTsS

A typkal performance grves the slgral on the
oscllloscope screen a3 shown o Fig. 2 The
upper cmrve represents one single polss of
about 5 msee duration when a sultable gas
photatube has been selected.

Sampling s presct to occur for 0.2 mses dur
ing the increasning phase of the signal, a3 near
the peak s possible (the lower curve in Fg. 2)
This amplitede ks then maintained ontll the
nzxt sampling-period.

mmuﬂﬂﬂﬂ“mmummﬂﬂluuuu

30 Hr Amplitude tn arbitrary wahs=?
Crrve of light-varhsions
and-bold wchmlque. v



510 C H Hdonssomend N G Toremalm

Constant light lntensity recorded by the pho-
totnbe (the upper signals, left, in Fig. 3) pives
a comstant output voltage from the sample and-
hold cireuit (Fig 3 lower left) Variations in
light Intensity give the integrated voltage-curve
shown in Fig. 3

For a synchronous pubse-frequency of 50
Hz, the upper lmit of recording without phase
Interference is 25 Hz.

DISCUSSION

There i an obvious need for simpler and more
reliable methods for functional studres of cilia
covening mucous membranes, which would en-
able serions studles of such importent climical
problems as the Iocal effects of inhaled toxic
gases, pathophysiologreal changes following in-
fections in the respiratory tract, and the side
effects of irradiation therapy

An Ideal method for routine pharmacodyns-
mic studies of cilix should be facile in use
reliable in nmmng and permut in vivo as well
as in vitro studies of an area large enough for
investigating the Jateraction of adpacent cefls.
The method presented here imphes an bm-
provement of earlier techniques. The regustra
“tjon of cillary beat-frequencies Is more objec
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trve than in earher methods, and the expenmen
tal results cbtained are casily reproducible.
Series of cxpenments mvestigating  specific
questions of different types will be published

F d wurde Jeb
reflexe werden mit Lehtemplindtichen clel trondschen
Rhren und ¢lnemy Owillowhop choe Joformatioer
eriust verstirht. Die hler beschrichene Methode ef
gromter Genanlgheit bed
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MINUTES OF AN EXTRA-ORDINARY MEETING OF THE
BARANY SOCIETY AT THE HILTON HOTEL IN
AMSTERDAM ON 8 JUNE 1970

Members present 33
Invited participants. 37

Professor i 3

1o the mectmg,

d the particsp

2

ProlmEnsrudm,LhaPmdimo{ttho—
aiety thanked tho Dutch

tion of the tra ' (c) future
and (d) any further problemy.

3
The forms foc the election of new members to
the Socicty were discussed. Dr Fredrickson

o]

on behalf of all the participants, for thelr hnvita-
tion to Amsterdam and Utrecht and recalled
the great comtdbutlons which Dutch sclentists
had mads in otoneurologhcal research.

3

His Fxcellency K.-G Lagedcidt, tho Swedish
Ambassador to The Nethertands, gave a survey
of the lively cultmral redations between The Ne
thedands and Sweden m his address of welcomo
and reminded the participants of Robert B4
riny’s Hfe work. The Ambasisdor then declared
the meetlng open.

The offial opening of the meetmg was
followed distely by the ad tlve sex-
ton under the chmrmanship of Professoc
Groen.

THE ADMINISTRATIVE SESSION

1
Professor Groen declared tho sdminmtrative
#esaion open.

2
Professor Engstrbm proposed foar subjects for
deosmon: (a) new memben, (5) the publca-

proposcd that & thould bo selected
which would clect new members. Dr Kornhuber
called attention to the fact that in 1968 we
sedected & committes (Engstrdm Jongkees, An-
lan and Grayhlel) which was to scratinire ap-
plications for membership and to make recom-
mendations. However in 1968 po decliton was
reached #3 to when elections should be beld—
coptinuously once a year or every five years.
Professor Dohlman thought that it shoold be
possible for clectzons to take place immediately
Dr Kornhuber proposed that a ncw election
commutiee should be selected at cach meeting
of the Society Engstrém, Jongkees Graybiel
and Mormoto wero proposed ss membens of
a new election comumittee. On sccount of thort
age of time the sclection of the committer was
postpored urtil the 10th of June in connectren
with the mecting In Utrecht.

At the meeting tn Utrecht it was decided that
Engstrm, Hallpike, Ledoux and
Mormmoto should be appointed members of the
clection committee and that n new -
should bo chosen at meeting.

With
tons
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kees stated that it woald probably cost aboat
15000 Duich flones. The Dutch orpanizing
commitice undertook to publish the transactions
in the best possible way Discussion had been
taken up whh several editorial boards. Dr Kora-
huber proposed that the Society should publsh
fts own officzal poumnal. He declared that be was
willing to negotrate with Springer V erlag about
ther cooperatmg m the publicanon. Dr Plahz
proposed that an approach should be made to
Karger \erlag and he was willng to nepotiate
with them on the matter Dr Henriksson con-
sdered the Acra Orolarvnpologica shoald be
the first chosce for the Socyety s tramsachiops.
o decinon was made, but Drs Komnhuber
Pialtz, Morimoto #nd Fredrickson were com-
munoncd to mvestigate the possibilmes of
publishing the transactions in some exustmg
yournal and to report to the pext meeting.

5
As repards the next meeting, Dr Frednckson
reqoested that it should be held in Toroato in
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1971 The Soaety deeded to cutrest Dr Fred-
mekson with the arrangements for the pent
meeting m Toronto in Avgust 1971

Dr Hallpike saggested that a meeting shoald
be beld in London in 1972, Dr Greiner a meet
1ng in Strasbourg m 1972 and Dr Polec 2 meet
ing in Los Angeles o 1972 or alternatvely
1974 Tt was decided to postpont the decrion
about the trme and the place of the meectmps
in 1972 and thercafier untll the next mectmg
In Toronto in 1971

6
The churman declared the admmibstrative ses-
ston clased.

Amsterdam, 10 Jone 1970

Hons Engstrom
President
Jan Swhle
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