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Research on the distribution of nucleic acids in the neurons of the spiral ganglion has shown that ordinary 
stimulation leads to Increased production of ribonucleic acid (RNA) - the chromidiai substance. On the other 
hand, exposure for three hours to sound of 6000 cps (80 decibels) leads to total disappearance of nucleic acid. Its 
regeneration within the neurons requires the space of three weeks [16]. We know of nc similar studles of the hair 
cells of the organ of Cozti which are directly stimulated by sound, and which transmit the impulses arising from 
such stimuli to the neurons of the spiral ganglion, through axons situated in the spiral lamina. It Is known only 
that auditory stimulation leads (withih 15 minutes) to changes In the dimensions of the nuclei of the hal/celh 
[17, 20], and to changes In thels volume [1]. Changes in the distribution Of desoxyribonucleic acid {DNA) [16] 
and of a number of enzymes [2.3] have also been noted. 

The present paper deals with the distribution of DNA and RNA in the hair cells of the organ of Corll un- 
der conditions of relative rest and with exposure to sound. 

EXPERIMENTAL METHODS 

We examined 60 organs of Cor~. taken from twenty guinea pigs. five rabbits, and five kittens, Ten ani- 
mals were taken for each series of experiments. In the first (control) series, the animals were in relatively qulet 
surroundings. In the second series they were exposed for one hour to sound of high frequency - 1500 cps (95 decl- 
bels). In the third series they were exposed to low frequencl/sound -300 cps (95 decibels). The animals were 
killed by decapitation, The specimens were fixed in Carnoy's fluid, and the sections were stained with gallo- 
cyanin [9.15]. As a control, we used crystalline ribonuclease, according to Brachet [12]. Some of the cochleas 
were treated by Feulgen~ method. After fixation and other appropriate treatment, lhe cochleas were dis~cted 
into separate coils, from which we prepared planar total secfiom of the organ of Coral. 

EXPERIMENTAL RESULTS 

The organs of Coral taken from the First (control) series all showed the presence of DNA in both preparatlom 
ueated according to Feulgen. and in those stained with gallocyanin after preliminary treatment with ribonuclea•. 
The nuclei of tlm inner hair cellscontained relatively little DNA (Figure I). The DNA appeared as fairly large 
aggregates or granules in the Feulgen-stained preparations; the DNA stained bluish-red and was situated centrally 
in the round nuclei. The largest erie or two aggregates represent the nucleoli. The location of the DNA granu|r 
and aggregates was even more clearly evident in gallocyanin-stained preparations, in particular after preliminary 
~'eatmens with ribonuclease. Such preparations also show the general contours of the cells, of their cytoplasm, 
and of the nuclear membranes. The DNA particles, and the nucleoli, stain an intertse blue colo~. The sens~/ 
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hairs are well defined at  the free surfaccs of the inner hair cell~. Their intensity of staining wa~ not affected ~" 
preliminary r ibonuclea~ treatmenL A comparison of sectic, ns trained with gallocyanin, with and -,,'itho~at ~ e *  
l iminar )' ribonuclease treatment,  permits the fairly precise determination of th,  location of P, NA in the ce l t~  In 
the inner hair cells.  P~NA was found in the apical  part of the cel l ,  above the nuelem, in the form of  more o r l e ~  
regular rod-shaped formations lying parallel  to the long axis of the cells. We did not observe diffu~ blue , r a in -  
ing of the ce lh ,  RNA is diffusely distributed through the nuclei, but after treatment with rlbonuctease the back = 
ground becomes quite clear.  This tre~atment leads to ~ome diminution in the size of the nuclr 

Fig. 1. DHA content of the nuclei of inner and ~utet hair cells of th~ or-  
gan of Corfi of a guinea pig. at  the level  of the lower coiL Treated with 
ribonuclease, stained with gallocyanin. Whole surfac~ of the lower c o i l  
Magnification: ocular qx .  objective immersion 90. Photomicrograph. 

The nucle~ of the ~uter hair cells ate somewhat richer in DNA. Tlle latter appears centrally in the nuclei ,  
in the form . f  granules and aggregates, together Mth two to three larger nucleoIi. The distribution of D~A in lhc 
nuclei  of cells treated "~1ith ribonucleasc and dmn stained with gallocyanin is the same as in Feulgen-stained 
cells.  In addition, however, the regular, round nuclear membrav.e, as well as the transparent cytoplasm and the 
contours of the ce!t  itself, are visible (see Figure 1). In .~cctions stai.ned with galloc) 'amn after r ibonuc lea~  
treatment,  the sensory hairs of the outer hair ceils at~ clearly to be seel: as V-shaped formatiom sivaated a t  Lh~ 
free surface of the cells,  with the base of the V directed t o ~ r d s  the lletlsen cells. The RNA of the nuclei  of the 
~utcr hair cells is distributed around the nucleoh, and in small  amou:,ts throughout the karyopt~m.  The l~'qA of 
the c)'t0plasm of the outer hair cells is in th~ form of slender striated threads, located above the nuclem, and ly-  
ing more or less paral lel  to the long axis of the cell .  We did x~ot observe diffuse blue staining of the outer hair  
cells  whett ti:ey were stained with gall,~cyamn. 

D~';A is fom~d in large amou:-..t~ i:~. tt~c nuclei of the pillar cells of ~ e  organ of Corfi~ and the nuclei of the 
ep i the l ia l  cells  ~f the vcstibalar l ip are i'.ardcularly heavily loaded with DNA; this repre~et~u a ~)uclear secre-  
tion. The nuclei of the I!et~sen and Ctau~'ius cells.and of the epithelium of t~e vascular zol~e are also dist in- 
g u i ~ e d b y t h e i r h i g h  DLA content, i~e_~ Dt'~A is to be seen in fire nuclei of the columnar c ell~, of Deiter 's  cells .  
and of the epi the l ia l  cells of Rcissner's mc:abra~c and of the basilar membrane. Very litt le R.XA could be seen 
in the supporting cells.  It ",,'as aho  aty~ent from the membral~e of Corfi. There is ,  nevertheless, a considerable 
~iffe~ co~ecntrat~on of R.~;A, visibl:: ~ a continuous blue band, a long the whole length of the inner cells  of ~h~ 
organ of Cort~ (Fig~.u'e 2). 

I,'. th~ ~co~d  serie-: cf ~:~,perime,~. it~volving high-frequency t o ~ s .  we found marked changes in dis~ribu- 
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riga of DNA and RNA, chieft)~ in the hair cells of the outer coil and of the lower part Of the cen~raI c'oil ~f flue 
organ of Corti. The elongated, prlsmaticshape of the hair cells situated at these ieve~ of ~he cochle~ rcmdr~d  
unchanged, and only Very seldom was there any alteration in the shape or size of ~ e  nucleus ~r ~ese  cells, b~at 
the granules and aggregates of DNA were characteristically displaced towards ~ e  inner surface d ~ e  n~cle~ 
membrane. Traces of RNA ~rsisted in the cytoplasm situated above the nucleus, but the regular striati~.n a~d 
alignment of the thread~ were absent. Displacement of the nucteoli was sometimes observed. Judging from th~ 
intensity of its staini,~g, the R_N  ̂content was greatly diminished. In some of the ironer and ouzer b.atr ceils ~ A  
Could not be seen, although the ~emnants of the colorless striae coulJ L~ dis~nguished. The semory h a ~  locked  
at the free retraces of th~ inner hair cells s~ined Intensively with gallocyanin, as in the con'aol sertes~ 

Fig. 2. DNA and RNA Ixesent in the cytoplasm and nuclei of inner 
hair cells and of Henscn cells of the organ of Corti of a guinea pig, 
at the level of the lower coil. Stained with gallocyanim Full sur- 
face of a section of the lower coil Magnification: ocular '/x, ob- 
jective immersion 90. Photomicrogra~. 

The .outer hair cells of the Io~er coil, and of the lower part of the middle coil of the cochlea. ~ r g o  a. 
complex cycle of changes. They respond to sound by contracting, and become more sphericaL This w~_~ a ~ -  
ated in some of the outer hair cells by shrinkage of the nucleus. However, the majority of the c~atez hair r 
~ e n  by us ha d very swollen nuclei (see Figure 2). 

We noticed the following regularities in the location of the nuclei. The inner row of outer hair ceils b~d 
a marked preponderance of enlarged nuclei (see Figure 2). In this row one to two sire.token nuclei could be seen 
per field of vision (oil immersion). There were many more such nuclei in ~he middle row of oumr hair cells, 
Their number was about equal to that of enlarged nuclei (see Figure 2). Finally, the outer row of r ~ cells 
had a marked preponderance of shrunken nuclei. The proportion of swollen nuclei to be seen in this tow w~s 
much smaller. 

The distribution ofDNA in the latter was characteristic. The DNA aggregates and granules were situated 
marginally at the inner surface of uhe nuclear membrane, and considerable displacement of the nucleott was 
frequendy seen. Deformation of the ojanules and aggregates of DNA was evident; they assumed an u ~ u 2 1  shape 
re?embling short, stretched filaments, of irregular shape snd of uneven thickness. Pa'~LA was distributed ~ / u s e l y  
throughout the swollen nuclei, apart from the nucleoli. The RNA content varied from nucleus to nuelc,~, some 
staining more or less inrensel)" with gallocyanim Some nuclei did not contain any RNA. remains ~ z e  a-~ns- 
parent after staining, in general. RNA is also absent from the cytoplasm of hair cells having swol.ten m~c~e.i (see 
Figure 2). 
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A distinguishing feature of hair ceils with shrunken nuclei is that the granules and ag~egales of DNA are 
soattercd more or less uniformly throughout the nucleus; the nucleoll (or~ to two) can be distinguished by their 
larger size. The DNA granules ~m not siruatcd at the inner surface of the nuclear membrane. The kar]opta~m 
of the shrunken nuclei stained diffusely and intensively with gallocyanin. This staining did not appear after pro- 
limlnar] treatment with ribonucloase, which Is evidence that it is ~ e  to RNA. The cytop~sm of such ous t  
hair cells.with shrunken nuclei contained RNA In the form of very slender rod-shaped ~anules. large number| of 
which were distributed randomly around the nucleus. These granules stain intemlvely with gallocyanln. Thls 
staining was not seen after preliminary treatment with rlbonuclease, The sensor] haixs situated a t the apex 
the outer hair cells stalne'd deeply with gallocyanin. Owing to the more rounded shape of the shortened halt 
cells the hairs become crescent-shaped rather than V-shaped, The staining of the sensor), hairs it unaffected by 
treatment with rlbonuclease. 

The distribution of DNA and RNA in the supporting cells of the organ of Cortl differed little from that seen 
in the control prepara~ons. The DNA aggregates and the nucleoll of the nuclei of Hensen's cells may. however. 
assume a marginal location (see Figure 2). 

The changes seen in the third series of experiments, using tones of low frequency, were of the same kind 
as in the second series, but they were restricted to the upper coil and to the upper part of the middle cell o[ the 
cochlea. The cells of the lower Cell and of its lower parts were not affected, as a general rule. Both in the 
second and in the thixd series of experiments, we encountered individual outer halt cells in which the distribu- 
tion of DNA in the nucleus and of RNA in the cytoplasm did not differ from that found in the control series, 

It should be noted that the above descriptions are characteristic chiefly of the hair cells of guinea pigs, 
and to some extem of cats. In rabbits, stimulated hair cells sometimes contained DNA in the form of "lamp 
brushes" [8]. The alterations in the nuclei of the hair cells seen after exposure to sc~Jnd cf one hour's duration 
persisted for two to three days. after which the DNA and RNA contents and distribution became the same as far 
�9 the control animals. 

Our findings show that, in distinction from the neurons of the spiral ganglion [16], the hair cells of the c~- 
gan of Cortl react more vigorously to raised functional loading. This excitation reaction is distinguished by 
changes in the shape cf the cells, in the size of their nucleus, and in the distribution of DNA and RNA within them. 

The alterations in the size of the nuclei -enlargement (or swelling) and contraction (or shrinkage) -should 
be regarded as pulsations of the nuclei of the cuter hair cells, proceeding fairly rapidly (30-60 minutes), although 
it cannot be perceived macroscopically. This pulsation may be compared with the recently established pheno- 
menon of rotation of the nucleus, found for different types of cells [21]. 

The morphological transformations of these nuclei coincide with certain quite important histochendcal 
processes. Displacement of DNA towards the periphery of swollen nuclei, and fall in the RNA content of ~e cy o 
toplasm of such cells are evidence of intensification of RNA synthesis and of associated protein syn~esis, pro- 
ceediug under the control of the DNA [13]. The synthesized RNA proteins are at once used up by the excited 
hair cells. Contraction or shrinkage of the nuclei of the hair cells, and enrichment of their nucleus and cyto- 
plasm in RNA may be taken as evidence that such cells catabolize less RNA prolcin and that they have passed 
from an excited state to one of relative rest. i.e.. suchcases represent the terminal stage of the process of nu- 
clear pulsation, a reversion to the initial dimensions following a phase of expansion. 

The correspondence between the localization and the changes in DNA and P, NA of excited hair cells of the 
Organ of Corti and the changes in their enzyme contents, such as of alkaline [2] and acid [3] phosphatase, makes 
possible, in conjunction with the findings of ouher authors [10.14, 18, 19], the hypothesis that the above -described 
changes in the distribution of nucleic acids and of their associated proteins may be due basically to transphos- 
phorylation processes, effected by those nonspeciflc phosphor]rases whose location in the organ of Corti is gov- 
erned by pronounced gradient regularities. This supposition is supported by certain biochemical es'Idence of the 
contractile properties of DNA proteins [6]. and of the effect of phcsphatases on this process [5]. which may be 
responsible for the variations in size ('pulsation') of the nuclei of the hair cells. 

Thus. our findings on the distribution Of DNA and l~'qA in the hair ce!Is, taken in conjunction wish oflmr 
histochemical changes recently reported by us [2, 3.4]. ate evidence of the participation of nucleic adds in tim 
energetics of the organ of Corti, although this possibility has been rejected by some authc~ [7]. 
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SUMMARY 

Experlr~enu were performed on guinea pigs, rabbits and kittens. It was established that the form and the 
slzucture of hair cells of the organ of Corti is changed depending on the condition of the animal (whether lt l~ 
in condition of test or stimulated by sound). The content and the distribution of RNA and DNA is changed cor 
respondlngly. Depcndi~g on the frequency of the sound stimuli the external hair cells in the cochlea become 
rounded, Whil~ their nuclei dilate or, shrink - =pulsate: DNA occupies an external position on the Internal st,- 
face of the nuclear membrane in the cells with the swollen nuclcL As to RNA -it dlsappe~u,s from the tyro* 
plasm entirely. 

Increz~d content of RNA in the nucleus, as well as i~ the cytoplasm, Is found In the celhwlthshl~nken uucle, L 
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