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Summary. This study investigated the morphological 
changes and glial fibrillary acidic protein immuno- 
reactivity (GFAP-IR) in the anteroventral cochlear 
nucleus (AVCN) of acoustically-deprived gerbils during 
postnatal development. The mongolian gerbil, Meriones 
unguiculatus, had been acoustically deprived on the right 
side or left side by a surgical ligation of the external 
auditory canal at postnatal day 12-14. No discernible 
microcysts were located in the ipsilateral AVCN at one, 
three, six and nine months after monaural ligation. Also, 
no discernible microcysts were located in the contra- 
lateral AVCN at one and three months after monaural 
ligation. Numerous microcysts were located in the 
contralateral AVCN at six months after monaural 
ligation and were slightly reduced in number at nine 
months after monaural ligation. Some of the microcysts 
closely apposed to and connected with the blood vessels 
through a leakage route or channel. A foamy region was 
found in the superficial granule cell cap of the AVCN. 
The foamy region became evident in the ipsilateral 
AVCN at three months after monaural ligation. However, 
the foamy region became evident in the contralateral 
AVCN at three and nine months after monaural ligation. 
Vacuoles were mainly found in the neuronal cells at the 
junction of the superficial and deep layers in the AVCN. 
These vacuoles were found in the contralateral AVCN at 
one, three, six, and nine months after monaural ligation. 
However, vacuoles were found in the ipsilateral AVCN 
only at three months after monaural l igation. 
Morphological changes of the myelin sheath were found 
to be more severe in the contralateral AVCN than in the 
ipsilateral. GFAP-IR was located in the superficial layer 
of the contralateral AVCN at three and nine months after 
monaural ligation. However, GFAP-IR was found in the 
superficial and deep layers of the ipsilateral AVCN at 
three and nine months after monaural ligation. GFAP-IR 
was also found in the superficial layers of the ipsilateral 
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AVCN at six months after monaural ligation. Microcysts 
are presumably derived from the detachment of the 
myelin sheath from the retracted axons, protrusion of the 
myelin sheath, and disruption of the myelin sheath. The 
major conclusions were that (1) microcysts were greatly 
reduced following acoustical ligation during postnatal 
development, and (2) blood vessels and GFAP- 
immunoreactive astrocytes may be involved in the 
depletion of microcysts for maintaining the homeostasis 
of the microenvironment in the cochlear nuclei. 

Key words: Anteroventral cochlear nucleus, Electron 
microscopy, Externa1 auditory occlusion, Glial fibriilary 
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lntroduction 

It has been shown that microcystic lesions are most 
evident in the posteroventral and anteroventral cochlear 
nuclei (PVCN and AVCN) of the Mongolian gerbil. 
These microcystic lesions are reported as a neuro- 
degenerative disorder in the cochlear nucleus of the 
gerbil (Morest et al., 1986; Ostapoff et al., 1987; Statler 
et al., 1990). They resemble spongioform degeneration 
(McGinn and Faddis, 1987; Ostapoff and Morest, 1989). 
Such lesions are large holes, cavities or vacuoles and are 
also known as microcysts. The microcysts develop in the 
neuropil (McGinn and Faddis, 1987) or appear in the 
neuronal perikarya, degenerated axons and dendrites 
(Ostapoff and Morest, 1989). The number and size of the 
microcysts are greatly reduced either by the elevation of 
auditory thresholds (McGinn e t  al., 1990), or by 
conductive hearing loss induced by ligation of the 
external auditory canal (McGinn and Faddis, 1987, 
1988; Faddis and McGinn, 1993). Furthermore absence 
of microcysts is found in older deaf animals (Woolf et 
al., 1987; Kitzes and Moore, 1989; Czibulka and 
Schwartz, 1991). The microcysts do not cause major 
changes in neuronal populations in the posteroventral 
cochlear nucleus (PVCN) (Schwartz and Karnofsky, 
1988). Czibulka and Schwartz (1991) observed no 
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correlation between increasing microcyst numbers and 
decrease in cell  number. Results of quantitative 
measurements also indicate no change in the number or 
density of the astrocyte distribution as a function of age 
or of acute unilateral deafening (Czibulka and Schwartz, 
1993). It has further been shown that microcysts are 
most evident in the PVCN and posterior anteroventral 
cochlear nucleus (McGinn and Faddis, 1987; Statler et 
al., 1990; Yu, 1992). Immunocytochemical staining 
methods have been widely used for localizing neuro- 
transmitters and protein markers in the cochlear nucleus. 
Glial fibrillary acidic protein (GFAP) is an intermediate 
filament of cytoskeletal protein and is considered a 
specific marker for astrocytes (Eng et al., 1971; Bignami 
et al., 1972; Riggs et al., 1995; Butt and Kirveii, 1996). 
Although astrocytes may be involved in modulating the 
neurona1 activity, the distributions and patterns 
of GFAP-immunoreactivity (IR) have not been 
systematically reported in acoustically-deprived gerbils. 
Previous investigation shows that microcysts are not 
immunolabeled with GFAP (Faddis and McGinn, 1993). 
Conversely, microcysts are immunolabeled internally 
with astrocytic markers S-100 or GFAP (Czibulka and 
Schwartz, 1993). Little information is known about 
microcysts in the anteroventral cochlear nucleus 
(AVCN). The functional role and the origin of micro- 
cysts are still unclear. Therefore, the nature, content and 
development of microcysts in the cochlear nucleus 
remain unsolved at present. 

The  purpose of this investigation was to 
systematically examine the morphological changes and 
GFAP-IR of microcysts in the acoustically-deprived 
gerbil AVCN during postnatal development at the light 
and electron microscopic levels. Parts of the preliminary 
results from this study have been reported previously 
(Du et al., 1994; Yu and Du, 1995). 

Materials and methods 

Light microscopy and electron microscopy 

The mongolian gerbil, Meriones unguiculatus, were 
received at three months of age from the National 
Breeding and Research Center of Laboratory Animals in 
the National Taiwan University and housed in standard 
vivarium facilities with room temperature (24-26 QC) and 
lighting schedule (light on 0500-1900 h daily). Animals 
were mated and gerbil litters were acoustically deprived 
on the right side or left side by a ligation of the external 
auditory canal at postnatal day 12-14 (McGinn and 
Faddis, 1987). At 1 (nl=4, n2=3), 3 (nl=5, n2=3), 6 
(nl=3, n2=3) and 9 (nl=8, n2=ll)  months after ligation, 
animals were anesthetized with sodium pentobarbital (30 
mgtkg, i.p.) and sacrificed by cardiac perfusion with 
saline nitrite solution (0.9% NaCI, 0.1% NaN02). The 
number within brackets indicates the number of animals 
in that age group used for right monaural ligation (nl) or 
left monoaural ligation (n2) of the external auditory 
canal. 

Animals were fixed in a modification of McLean and 
Nakane's fixative (1974) of 6% paraformaldehyde- 
lysine-periodate in 0.1M phosphate buffer (Yu, 1993a,b). 
The brains were removed from the skull, immersed in 
the same fixative overnight, embedded in agar and sliced 
with a DTK-1000 Microslicer at 250 p. The brain 
slices were thoroughly rinsed in the same phosphate 
buffer for one hour and were then immersed in 1% 
osmium tetroxide, dehydrated in a graded series of 
ethanol, immersed in propylene oxide, infiltrated with 
Epon-Aralditelpropylene oxide (1:1), and cured in 
freshly-prepared Epon-Araldite resin through an 
improved flat embedding technique (Yu and Schwartz, 
1989). After polymerization, the sliced tissues were 
sectioned at 1-2 pm with glass knives on an ultra- 
microtome for light microscopy. The sections were 
mounted on slides within a circle marked by a diamond 
pen. The slides were stained with toluidine blue for light 
microscopy. For electron microscopy ultrathin sections 
(60-90 nm thickness) were cut on an ultramicrotome, 
placed on copper or nickle grids, and examined with a 
JEOL electron microscope (JEM-2000EXII). 

lmmunocytochemistry 

The plastic-embedded tissues were sectioned at 1-2 
pm with glass knives on an ultramicrotome for light 
immmunocytochemical staining. The sections were 
mounted on slides within a circle marked by a diamond 
pen. The sections were deplasticized in saturated sodium 
hydroxide in absolute alcohol (1:3) for 7 minutes, 
immersed in 3% hydrogen peroxide, and incubated in 
10% normal goat serum (NGS) in phosphate-buffered 
saline (PBS) for 10  minutes. Immunocytochemical 
staining was performed as follows: (1) incubation in 
rabbit anti-glial fibrillary acidic protein (AIGFAP, 
diluted 1:50-1:100, Zymed Laboratories Inc., CA) for 
14-16 hours, in 0.01M PBS; (2) incubation in 
biotinylated goat anti-rabbit IgG (Vectastain kit, Vector 
Labs) for 2 hours; (3) incubation in ABC reagent 
(avidin-biotin-peroxidase complex, Vectastain kit, Vector 
Labs) for 2 hours; (4) treatment with 3,3'-diamino- 
benzidine tetrahydrochloride (Sigma, 0.3 mglml) in 
0.05M Tris  buffer containing 0.002% hydrogen 
peroxide, pH 7.6 until immunoreactive sites were 
visible. Al1 incubations were carried out at room 
temperature. Finally, the sections were dehydrated in 
ethanol, cleared in xylene, and coverslipped. 

In control samples, the first antibody, AjGFAP was 
replaced by (1) normal rabbit serum or (2) PBS. 

Results 

Light microscopy 

The AVCN consisted of a superficial layer and a 
deep layer. The superficial layer covered the lateral 
surface of the AVCN. A lateral angle at the superficial 
layer divided the lateral surface into a dorsal small cell 
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cap (a third of the lateral surface) and a ventral portion 
(two thirds). This lateral angle diso marked the ventrai 
limit of the lateral reces of the fourth ventricle. After 
monaural ligation, microcysts remained in the 
contralateral AVCN but were greatly reduced in the 
ipsilateral AVCN. At one month after mosaural ligation, 
no discernible microcysts were h n d  in the superficial 
and deep layers of the contralateral (Fig. lA,B) and 
ipsilateral (Fig. lC,D) AVCN of the monwraliy deprived 
gerbils. A foamy region was located in the superficial 

granule cell cap (Fig. lB,D). Nsurenai vamoles were 
located in the peripheral cytoplaa d the neuroñaa celh 
at the junction af the s u p d c i d  grande di cap ami the 
deep layer in the contralateral AVLN (Fig. 18). At three 
months after monawal ligation, no dhmmmZ,le mimacysr 
was faund in the contralateral (pig. &E&) d I 
pig. 2 C 3 )  AVCN. A f o m y  *m lxame *t ia 
the s u p e r l i d  gmule  m11 cap d the 6onW'Éeral @g. 
2B) and ip$ilabral (Fig. 2D) AVCN. A fm v a e u u k  
were found in the neurona1 celielb adjamnt to thc grande 

P@. 1. Li&t mkxqraphs af 
I h e M A W W a n d W  
RWCN @&) at Qne l$T@nlh 
BtXm rlght Ilg&f@n. No 
silssernib4e mimavt6 are 
buad in the &!&3M (AS). A 

tM &aap ba.)sgl. túrrtalne 
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cell cap in the contralateral (Fig. 2B) and ipsilateral (Fig. 
2D) AVCN. At six months after monaural ligation, 
numerous microcysts were found in the deep ventral 
layer of the contralateral AVCN (Fig. 3A). Some of the 
microcysts closely apposed to the blood vessel (Fig. 3A). 
No discernible microcysts were found in the ipsilateral 
AVCN (Figs. 3C). A foarny region was slightly reduced 
in the contralateral (Fig. 3B) and ipsilateral (Fig. 3D) 
AVCN. Vacuoles became more evident in the neuronal 
cells adjacent to the superficial granule cell cap in the 

contralateral AVCN (Fig. 3B) than those at three months. 
No vacuoles were found in the ipsilateral AVCN (Fig. 
3D). At nine months after monaural ligation, microcysts 
were reduced in number in the contralateral (Fig. 3A). 
No discernible microcysts were found in the ipsilateral 
AVCN (Fig. 4C). A foamy region became more evident 
in  the superficial granule cell cap of the contralateral 
AVCN (Fig. 4B) than that of the ipsilateral (Fig. 4D). 
Numerous vacuoles remained in the neuronal cell 
adjacent to the superficial granule cell cap in the 

Flg. 2. Ught mkrographs of the 
left AVCN (A,%) and right 
AVCN (C,D) al thrw months 
after right ligation. No 
discernible microcysts are 
found in the AVCN (A,C). A 
foamy -ion becomes evklent 
in the superficicil granuk cell 
cap(S)oftheMfB)andrigM 
m) AVCN. A few vacudew are 
found in the neuronal cells 
(arrows) adjacent to the 
s q w k i d  granule ceii cap (S) 
in the left (B) and right (D) 
AVCN. Scelebsv: lWpmforA 
and C, and 25 pm for B and D. 
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contralateral AVCN (Fig. 4B). No vacuoles were found 
in the ipsilateral (Fig. 4D) AVCN. 

Electron microswpy 

At one month after monaural ligation, vacuoles were 
found in the cytoplasm near the periphral plasmalemma 
in the neuronal cell of the contralateral AVCN (Fig. 5A). 
A foamy region corresponded to edematous dendrites 
(Fig. 5B). Protrusion and disruption of the myelin sheath 
were found in the contralateral AVCN. Occasionallv a 

microcyst was found among myelinated nerve fibers and 
it also contained membranous structures (Fig. 5C). A 
fraction of the myelin sheath showed slight protrusion 
into the microcyst from the neighboring myelinated 
neme fiber. Vacuoles were also found in the neuronal 
cell of the ipsilateral AVCN (Fig. 5D). Disruption of the 
myelin sheath was also found in the ipsilateral AVCN 
(Fig. 5E). A foamy region was edematous dendrites and 
showed the protrusion of the myelin sheath into the 
dendrites from the neighboring myelinated neme fiber 
(Fig. 5F). 

I Fig. 3. Light micrographs of the 
left AVCN (A ,B~ and right 
AVCN (C,D) at six months after 
right ligation. Numerous micro- 
cysts (arrowheads) are found in 
the deep ventral layer of the left 
AVCN (A). Note that the 
microcysts (arrows) closely 
contacted blood vessels (C). 
No microcysts are found in the 
right AVCN (C). A foamy region 
is slightly reduced in the left (B) 
and right (D) AVCN. Numerous 
vacuoles (arrow) are found in 

I the neuronal cells adjacent to 
the superficial granule cell cap 
(S) of the left AVCN (B). No 
vacuoles are found in the riaht 
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At  three months after monaural ligation, a few 
microcysts were found in close contact with the neuronal 
cell in the contralateral AVCN (Fig. 6A). These micro- 
cysts were probably derived from edematous dendrites. 
A blood vessel contained a membranous structure in its 
lumen and a vacuole in the cytoplasm of the endothelial 
cell .  The  adjacent pericyte contained several 
multivesicular bodies (Fig. 6B). This blood vessel may 
be involved in a phagocytic process and in the 
maintenance of the microenvironment of the microcysts. 

Detachment of the myelin sheath from the retracted 
axons was found in the contralateral AVCN. Disruption 
of the myelin sheath was found in the contralateral 
AVCN (Fig. 6C) and was also found in the ipsilateral 
AVCN (Fig. 6D). Vacuoles were found in the cytoplasm 
of the neuronal cell near the periphral plasmalemma in 
the ipsilatral AVCN (Fig. 6E). The myelin sheath 
protruded into the myelinated nerve fiber in the 
ipsilateral AVCN (Fig. 6F). The  foamy region 
corresponded to edematous dendrites or vacuoles. The 

Flg.4.u9Mmiaographsof- 
left AVCN (A,B) and rlght 
AVCN (C,D) at nlne months 
a* rigM ligatbn. Numerous 
mkrocygts (amwe) remained 
in the left AVCN (A). Some of 
the mlcroqsts (double arrow- 
heeds)arefwndatthejuM 
of the wpeñioial gmnule cell 
ca~andthedeePbw,andthe 
vacuolea (arrows) in the 
neuroilíil d s  Qfh leff AVCN 
(m). Note that the vacuole 
(single arrowhead) contains 
vesicles. A foamy region is 
more &dent bl the superñclal 
gi9nule Cd cap (S) of the lelt 
AVCN fB) than in that of the 
right AVCN (D). No vacuoles 
are found in the rlght AVCN 
(D). &ale k r :  100 pm for A 
andC,and25qforBandD. 
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vacuoles closely contacted the nuclei of the superficial 
granule cell (Fig. 6G) or were found in the cytoplasm of 
the granule cell near the peripherai plasmalemma (Fig. 
6H) in the superficial layer of the ipsilateral AVCN. 
Edematous dendrites were found between myelinated 
neme fibers in the superficial cell layer (Fig. 61). These 
edematous dendrites frequently contained a large 
vacuole associated with the disruption of the myelin 
sheath. 

At six months after monaural ligation, numerous 
microcysts were found in the contralateral AVCN (Fig. 
7). Edematous dendrites closely contacted the neuronal 
cell in the contralateral AVCN (Fig. 7A). Such dendrites 
contained large and distorted mitochondria. Some of the 
dendrites contained a membranous structure (Fig. 7B). A 
blood vessel contained a thin cytoplasmic rim and a 
membranous structure in its lumen. A vacuole also 
closely contacted an adjacent'blood vessel (Fig. 7C). A 
microcyst was also closely associated with the blood 
vessel. One kind of large microcyst with a distinct 
boundary was found in the contralateral AVCN (Fig. 
7D). This microcyst contained a lot of dilated vesicles 
and mitochondria. Most of the mitochondria were 
located between the vesicles and some of them were 
found within the vesicles. These large vesicles seemed to 
be coalesced with the small vesicles. This microcyst was 
also associated with a nucleus of a giial cell. It was not 
possible to trace the cytoplasmic processes of this glial 
cell. This glial cell was presumably an oligodendrocyte 
and the vesicles were probably derived from the 
disruption of the myelin sheath. Another large microcyst 
without a distinct boundary was found in the ipsilateral 
AVCN (Fig. 7E). The microcyst contained a lot of the 
membranous structure, cytoplasmic debris including 
ribosomes, and a red blood cell. The adjacent retracted 
axon showed detachment of the myeIin sheath. Adjacent 
to a longitudinally-sectioned myelinated neme ñber, two 
glial cells closely contacted each other and no distint cell 
boundary was found between them (Fig. 7F). Protrusion 
of the myelin sheath was found in the cytoplasm of the 
glial cells. 

At nine months after monaural ligation, edematous 
dendrites corresponded to the foamy region and were 
evident in the superficial granule cell cap of the contra- 
lateral AVCN (Fig. 8A). A myelin sheath protruded into 
a edematous dendrite. Detachment of the myelin sheath 
from the retracted axon was severe (Fig. 8B). A lot of 
small vesicles were found in the retracted axon. Severe 
detachment and disruption of the myelin sheath were 
found in the contralateral AVCN (Fig. 8C). The 
axoplasm of the retracted axon became irregular and 
smaller. Some of axoplasm was occupied by a lot of 
vesicles and became a thin mesh-like rim. Vacuoles (Fig. 
8D) and edematous dendrites (Fig. 8E) were found in the 
superficial layer of the ipsilateral AVCN. Some of the 
vacuoles coalesced to form a dumbbell-shaped vacuole 
(Fig. 8D). A microcyst with a distinct boundary 
contained distorted mitochondria and the protruded 
myelin sheath adjacent to an intensely-stained giial cell 

(Fig. 8F). Another irregular microcyst without a 
circumscribed boundary was found between the glial celi 
and a blood vessel. 

In the contralateral AVCN, a blood vessel contained 
a smooth and regular profile at one month after monaural 
ligation (Fig. 9A). A few microcysts were closely 
associated with this blood vessel. At three months after 
monaural ligation, a blood vessel contained a 
membranous structure in its lumen and a pericyte 
contained multivesicular bodies (Fig. 6B). At six months 
after monaural ligation, a thin cytoplasm of the 
endothelial cell protruded into the lumen of a blood 
vessel. This thin cytoplasmic rim seemed to separate the 
lumen into two smaller compartments (Fig. 9B). An 
intact pericyte resided at the periphery of the blood 
vessel. Some of the blood vessels contained severa1 
membranous structures (Fig. 7C). At nine months after 
monaural ligation, a blood vessel contained a 
membranous structure in the lumen and an endothelial 
cell was reduced in thickness (Fig. 9C). A pericyte 
became irregular and contained a vacuole. A microcyst 
closely contacted the blood vessel. 

In summary, we have shown that microcysts were 
greatly reduced following acoustical ligation during 
postnatal development. No discernible microcysts were 
located in the ipsilateral AVCN at one, three, six and 
nine months after monaural ligation. Also, no discemible 
microcysts were found in the contralateral AVCN at one 
and three months after monaural ligation. Numerous 
microcysts were located in the contralateral AVCN at six 
months after monaural ligation and were slightly 
reduced in number at nine months afkr monaural 
ligation. Some of the microcysts closely apposed to and 
comected with blood vessels. A foamy region was found 
in the superficial granule cell cap of the AVCN. The 
foamy region became evident in the ipsilateral AVCN at 
three months after monaural ligation. However, the 
foamy region became evident in the contralateral AVCN 
at three and nine months after monaural ligation. 
Vacuoles were mainly found in neuronal cells at the 
junction of the superficial and deep layer in the AVCN. 
These vacuoles were found in the contralateral AVCN at 
one, three, six, and nine months after monaural ligation. 
However, vacuoles were found in the ipsilateral AVCN 
only at three months after monaural ligation. 
Morphological changes of the myelin sheath were found 
to be more severe in the contralaterai AVCN than in the 
ipsilateral. 

(A) The superficial layer of the AVCN 

No discernible GFAP-immunoreactivity (IR) was 
immunolabeled in the contralateral (Fig. 10A) or 
ipsilateral (Fig. 10B) AVCN at one month after monaural 
ligation. GFAP-IR was immunolabeled in the contra- 
lateral (Fig. 10C) and ipsilateral (Fig. 10D) AVCN at 
three months after monaural ligation. GFAP-IR was 
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Flg. 5. Electron micrographs of the left AVCN (A,B,C) and right AVCN (D,E,F) at one month after right ligation. Vacuoles (arrows) are found in the 
neuronal cell of !he lefl AVCN (A). The foamy region corresponds to edematous dendrites (arrowhead) (B). Note the protrusion (double arrows) and the 
disruption (double arrowheads) of !he myelin sheath and the vacuoles (arrow). A microcyst (M) is found in !he neuropil and surrounded by myelinated 
nerve fibers (C). Note !he membranous structure (arrow) and the protrusion of myelin sheath (arrowheads). Vacuoles are also found in the neuronal cell 
of the right AVCN (D). Disruption (single arrow) and partial protrusion (arrowheads) of !he myelin sheath are found in the right AVCN (E). Note the 
edematous dendrite (double arrows). The foamy region is edematous dendrites (arrows) and shows protrusion of the myelin sheath (arrowheads) into 
the dendrites from the neighboring myelinated nerve fiber (F). Scale bar: 2 pm. 
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immunolabeled more intensely in the ipsilateral AVCN was slightly reduced in tke ipsilateral (Fig. 10F). At nine 
(Fig. 10D) than in the contralateral (Fig. 10C). At six months after monaural ligation, GFAP-IR was immuno- 
months after monaural ligation, GFAP-IR was not labeled in both the contralateral AVCN (Fig. 10G) and 
immunolabeled in the wntralaterd AVCN (Fig. 10E) but the ipsilateral (Fig. 10H). GFAP-IR was immunolabeled 



Flg. 7. Electron micrographs of the lefl AVCN (A-D) and right AVCN (E,F) af six months afler right ligation. Edematous dendrites closely contact a 
neurona1 cell in the leit AVCN (A). Note the large distorted mitochondria (arrowheads). The edernatous dendrites (arrow) contains a mernbranous 
structure and mitochondria (B). A vacuole closely contacts a blood vessel (Cl). An adjacent blood vessel (C2) contains a thin cytoplasrnic rim and a 
membranous stnicture (arrow) (C). One kind of large microcyst with a distinct boundary contains a lot of dilated vesicles (arrows) and mitochondria (D). 
The large vesicles (arrowhead) seem to be coalesced with the small vesicles. Another large rnicrocyst without a distinct boundary is found in the right 
AVCN (E). This microcyst contains a lot of the membranous structure (arrow), cytoplasmic debris induding ribosomes, and a red blood cell (single 
arrowhead). Note the detachment of the myelin sheath (double arrowheads) from the retracted axon. The nuclei (N1 and N2) of two glial cells closely 
contact each other and no distinct cell boundary is found between them (F). Note the detachment of the myelin sheath (arrowhead) and the protrusion 
of the myelin sheath (arrows) into the cytoplasm of the glial cells. Scale bar: 2 m 
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more intensely in the ipsilateral AVCN (Fig. 10H) than 
in the contralateral (Fig. 10G). 

(E!) The deep layer of the AVCN 

No discernible GFAP-IR was immunolabeled in the 
contralateral (Fig. 11A) and ipsilateral (Fig. 11B) AVCN 
at one month after monaural ligation. At three months 
after ligation, GFAP-IR was not immunolabeled in the 
contralateral AVCN (Fig. 11C) but was immunolabeled 
in the ipsilateral (Fig. 11D). At six months after ligation, 
no discernible GFAP-IR was immunolabeled in the 
contralateral (Fig. 11E) and ipsilateral (Fig. 11F) AVCN. 
At nine months after ligation, GFAP-IR was not 
immunolabeled in the contralateral AVCN (Fig. 11G) 
but was imrnunolabeled in the ipsilateral (Fig. 11H). 

In summary, GFAP-IR was located in the superficial 
layer of the contralateral AVCN at three and n k  months 
after monaural ligation. However, GFAP-IR was located 
in the superficial and deep layer of the ipsilakral AVCN 
at three and nine months after monaural ligation. GFAP- 
IR was also located in the superficial layer of the 
ipsilateral AVCN at six months after monaural ligation. 

Numerous microcysts were found in the contralateral 
AVCN at six months after monaural ligation. Some of 
the microcysts were closely associated with blood 
vessels in the deep layer of the AVCN. Microcysts 
connected with a blood vessel through a leakage route or 
channel (Fig. 12A,B). At this age, GFAP-IR was also 
located in the ependymal layer of the contralateral (Fig. 
12C) and ipsilateral (Fig. 12D) AVCN. 

The modified fixative (Yu, 1993a,b), para- 
formaldehyde-lysine-periodate (PLP) (McLean and 
Nakane, 1974) and osmium, optimally preserves the 
prolactin immuitoreactivity and cellular ultrastrudure in 
rat pituitary glanda. In this study, we perfus-ed the gerbil 
brains with different concentrations (2%, 4% or 6%) of 
PLP and observed that 6% PLP was the best one to 
preserve the brain tissue by carcüac perfusion. 

Microcysts (Ostapoff and Morest, 1989; Czibulka 
and Schwartz, 1991) are holes, cavities (Kitzes and 
Moore, 1989) or vacuoles (Yu, 1992) and are thought to 
be a spongioform lesion (McGinn and Faddis, 1987) or a 
dynamic process related to thedegree of auditory 
stimulation (Czibulka and Schwartz, 1991). A previous 
~tudy (Yu and Ke, 1992) shows that rnicrocysts are found 
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Flg. 12. Light micrographs 
at six months after right 
ligation. A microcyst (M) in 
the left AVCN is closely 
associated with blood 
vessels (C) in the deep 
layer of the AVCN. The 
microcyst connect with the 
blood vessel through a 
leakage route or channel 
(arrow) (A). The adjacent 
semi-üiin section is stained 
with toluidine blue (E). 
GFAP-IR (arrows) is also 
located in the ependymal 
layer of the left (C) and 
right @) AVCN. Scale bar: 
25 pm. 
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between 5 weeks and 18 months of age. The location of 
microscysts are either within the neurona1 cells or within 
the neuropil of the cochlear nuclei. One kind of 
microcyst is probably formed by the fusion of foamy 
regions or the distension (protrusion) of the myelinated 
nerve fiber. Another kind of microcyst contains 
membranous septa including many vesicles. It has been 
previously postulated that the membranous structures are 
presumably derived from retracted axons or the 
detachment of the myelin sheath. The vesicles are likely 
to be a transitory form of degenerating mito-chondria or 
a disruption of the myelin sheath. The present work has 
demonstrated that external auditary canal occlusion 
caused a severe change in the myelin sheath including 
detachment of the myelin sheath from the retracted 
axons, protrusion of the myelin sheath, and disruption in 
the myelin sheath. This finding suggests that the myelin 
sheath is probably the major source for the formation of 
microcysts, especially for large vesiculated microcysts. 

Microcysts are not histologically stained either with 
basic or acidic dyes, or with the Sudan black B stain 
(Ostapoff and Morest, 1989), or with GFAP (Faddis and 
McGinn, 1993). There is also no apparent astroglial 
response (McGinn and Faddis, 1987; Ostapoff and 
Morest, 1989). By using immunocytochemical markers 
for astrocytes and oligodendrocytes, Czibulka and 
Schwartz (1993) have demonstrated a high correlation 
between astrocytic processes and microcysts. Their 
results indicate that up to 80% of microcysts are either 
contacted by astrocytic profiles over much of their 
perimeter or are labeled internally by astrocytic markers 
S-100 (the glial calcium-binding protein) or GFAP (the 
astroglia-specific cytoskeletal protein). Our findings 
further demonstrated that with increasing age GFAP-IR 
was intensely immunolabeled in the ipsilateral AVCN 
after surgical monaural ligation. Moreover, there was a 
consistent inverse relationship between an increase in 
GFAP-IR and a decrease in microcysts. One assumption 
we made for this fact was that astrocytes were likely to 
be involved in regulating the depletion of the microcysts 
after external auditory canal occlusion by surgical 
ligation. 

Previous investigations have demonstrated that the 
appearance of microcysts in the gerbil PVCN cannot 
result from the selective loss of any single class of 
neurons (Czibulka and Schwartz, 1991). They indicate 
that microcysts are not neurons with cavities but are 
probably glial structures capable of rapid expansion or 
shrinkage as a result of some dynamic process related to 
controlling the extracellular environment around them. 
Changes in the extracellular environment triggering the 
formation or loss of fluid filled cavities are related to 
stimulation of the auditory pathway. Indeed, a significant 
age-related decrease in oligodendrocyte density is found 
in the PVCN but no difference is found in the AVCN 
(Faddis and McGinn, 1993). Other possible causes of 
microcysts are suggested from the axonal structure 
(Ostapoff and Morest, 1989). Unfortunately, nothing is 
known about the origin and regulatory mechanism of 

microcysts, but their locations along blood vessels, 
together with communication through a leakage route or 
channel, suggests that microcysts may be associated with 
functional changes in the blood vessel. A surprising 
finding was that the multivesicular bodies in the pericyte 
were associated with the presence of a membranous 
structure in the lumen of the blood vessel. A likely 
explanation for our results is that the clearance and 
depletion of the microcysts around the blood vessel may 
be transported by vacuoles through the cytoplasm of the 
endothelial cell. The pericyte surrounding the blood 
vessel may induce damage in the blood brain barrier. A 
membranous structure, contents of the microcysts, 
partially enters the lumen of the blood vessel through a 
leakage route or channel. Therefore, this progressive 
movement results in the retention of a membranous 
structure in the lumen of the blood vessel and in the 
neuropil. 

The appearance of a leakage route or channel 
between a blood vessel and a microcyst was a surprise. 
The change in the wall of the blood vessel may be 
explained by a similar mechanism of the disruption of 
the blood brain barrier. Previous studies have 
demonstrated that blood vessel wall damage causes the 
breakdown of the blood-brain barrier with consequent 
chronic vasogenic brain edema in cold injury (Tengvar 
and Olsson, 1982; Bothe et al., 1984; Tengvar, 1986), in 
polycystic lipomembranous osteodysplasia and 
sclerosing leukoencephalopathy (PLO-SL) (Kalimo et 
al., 1994), and in stroke-prone spontaneously hyper- 
tensive rats (Fredriksson et al., 1985). It has also been 
reported that macrophages and astrocytes may be 
involved in this damage. Macrophages induce the release 
of vasoactive amines which cause vasospasm leading to 
an increase in vascular permeability and destroying the 
blood brain barrier (Cammer et al., 1978). Astrocytes 
can be induced to generate and release lipoxygenase 
derivative leukotriene C4 from arachidonate conversion 
(Hartung and Toyka, 1987). Previous investigations have 
demonstrated that leukotriene breaks down the blood- 
brain barrier and induces the formation of brain edema 
(Black and Hoff, 1985; Black et al., 1986). In this shidy, 
we have shown that the GFAP-IR is closely associated 
with the blood vessel. Astrocytes may play a regulatory 
role in the depletion of microcysts to maintaining the 
homeostasis of the microenvironment in the cochlear 
nuclei. 
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