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Abstract:

 

Acid phosphatase localization in accumulated membranous organelles of optic
nerve axons of guinea pigs following acute elevation of intraocular pressure (IOP) was deter-
mined, employing light and electron microscopic enzymic cytochemistry with 

 

b

 

-glycerophos-
phate as a substrate. Positive reaction products appeared to accumulate in the region of the
lamina cribrosa, as revealed with light microscopic enzyme cytochemistry. Electron micro-
scopic enzyme cytochemistry also demonstrated that such reaction products mainly localized
on multivesicular or multilamellar bodies and myelin-like structures in the unmyelinated op-
tic nerve axons. Following an acutely elevated IOP, retrograde-moving membranous or-
ganelles in the optic nerve axons were found to contain AcPase, suggesting that these or-
ganelles could be degraded in the axons through the lysosomal pathway.
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Introduction

 

Acid phosphatase (AcPase), one of more than 60
lysosomal acid hydrolases,

 

1

 

 is commonly used as a
marker enzyme for organelle lysosomes;

 

2,3

 

 it plays a
central role during intracellular digestive processes.
Normally a majority of cell organelles containing
AcPase in neurons are confined to cell bodies and
dendrites, and few such organelles are present in
nerve axons.

 

4,5

 

 Therefore, axonal waste products and
endocytotically engulfed materials are assumed to be
transported to the neuron cell body for degrada-
tion.

 

6–8

 

 However, under pathologic conditions, such
as nerve crush injury, enzyme cytochemical studies
have demonstrated that membranous organelles,
like multivesicular or multilamellar bodies, are posi-
tive for AcPase in the axons.

 

10–13

 

 In those studies, it
is proposed that lysosome-mediated degradation can

extend into the nerve axons, in an attempt to main-
tain the internal milieu of nerve cells.

In the experimental model systems with elevated
intraocular pressure (IOP), interruption in antero-
grade and retrograde axonal transport occurs in the
region of the lamina cribrosa of optic nerves.

 

14–17

 

 Ul-
trastructural changes have also been observed at
these sites, including accumulation of various mem-
branous organelles in axons and disorganization or
neurotubules and neurofilaments.

 

16,17

 

 To establish
whether AcPase is present in such membranous or-
ganelles after axonal transport blockade, we have in-
vestigated AcPase activity in guinea pig optic nerves
after 4-hour periods of acute elevation of IOP, em-
ploying light and electron microscopic enzymic cyto-
chemistry.

 

Materials and Methods

 

The experimental animals were treated in accor-
dance with the ARVO statement on the use of animals
in ophthalmic and vision research. Twelve guinea
pigs were used in the present study. Four animals
without elevated IOP were studied as normal con-
trols and eight were used in the elevated IOP group.
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The IOP was elevated by the following method, as
reported previously.

 

17

 

 After administration of so-
dium pentobarbital anesthesia, the IOP was moni-
tored by a saline manometer connected to a 25-
gauge needle inserted into the anterior chamber of
both eyes. The IOP level was controlled by varying
the height of the manometer reservoir. In the eight
control eyes, the pressure was maintained at 15
mmHg for 4 hours. In the 16 experimental eyes, the
IOP of 60 mmHg was kept constant for 4 hours. After
4 hours, all animals were immediately perfused
through the heart with 2.5% glutaraldehyde in 0.1
mol/L cacodylate buffer (pH 7.4) for 5–10 minutes.
After perfusion, optic nerves were excised and addi-
tionally fixed by immersion treatment for 30 min-
utes. They were rinsed in 0.1 mol/L cacodylate
buffer (pH 7.4) containing 7% sucrose, and prepared
for various specimens, as described below.

 

Light Microscopic Enzyme Cytochemistry

 

The optic nerves were embedded in Tissue-Tek
OCT compound and quickly frozen by direct immer-
sion in liquid nitrogen. A series of cryostat sections,
15 

 

m

 

m in thickness, were cut longitudinally through
the optic nerve head. The specimens were routinely
incubated for demonstration of AcPase activity us-
ing 

 

b

 

-glycerophosphate as a substrate.

 

18

 

 Freshly pre-
pared incubation medium was kept at 37

 

8

 

C for 1
hour and filtered just before use. The incubation was
conducted in 

 

b

 

-glycerophosphate medium at 37

 

8

 

C

for 15 minutes. Some specimens were incubated in
substrate-free medium as enzyme cytochemical con-
trols. After washing in the cacodylate buffer, the
specimens were exposed to 1% ammonium sulphide
for 2 minutes, and then examined by light microscopy.

 

Electron Microscopic Enzyme Cytochemistry

 

A series of unfrozen sections, 40 

 

m

 

m in thickness,
were cut longitudinally through the optic nerve head
on a microslicer. Some specimens were incubated in
substrate-free medium as controls. Other were incu-
bated in the 

 

b

 

-glycerophosphate medium at 37

 

8

 

C for
30 minutes, and then washed again in the cacodylate
buffer, postfixed in 1% osmium tetroxide for 30 min-
utes, dehydrated in a graded series of ethanol, and
embedded in Epon 812. Ultrathin sections were cut,
stained with uranyl acetate (1 minute), and observed
by a Hitachi H-500 electron microscope.

 

Results

 

Light Microscopy

 

In optic nerves maintained at normal IOP, few
AcPase reaction products were seen in nerve bun-
dles in the region of the lamina cribrosa, whereas
glial cells around the nerve bundles showed small
granular reaction products (Figure 1a). In optic
nerves maintained at elevated IOP, some positive re-
action products appeared to accumulate in the nerve
bundles of the region of the lamina cribrosa in all
specimens (Figure 1b).

Figure 1. Light micrographs of enzyme cy-
tochemistry for AcPase. (a) At normal intraocu-
lar pressure (IOP), few AcPase reaction prod-
ucts are seen in region of lamina cribrosa
(asterisks), whereas glial cells around nerve
bundles show smaller granular reaction prod-
ucts (arrows). (b) At elevated IOP, AcPase re-
action products appear to accumulate in nerve
bundles in region of lamina cribrosa (arrows).
(c) Substrate-free control section. Upper por-
tions of a and b show optic nerve head. Bar 5
10 mm.
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AcPASE LOCALIZATION IN OPTIC NERVE AXONS

 

Electron Microscopy

 

In optic nerves maintained at elevated IOP, en-
zyme cytochemistry demonstrated AcPase reaction
products in some membranous organelles in some
parts of unmyelinated axons at the region of the lam-
ina cribrosa (Figure 2a). High magnification electron
micrographs showed that multivesicular bodies, mul-
tilamellar bodies and myelin-like structures appeared
to be positive for the AcPase enzyme activity (Fig-
ures 2b, 2c, 2d). However, vesicles and mitochondria
were negative for reaction products.

 

Discussion

 

In the region of the lamina cribrosa of eyes main-
tained at IOP 60 mmHg for 4 hours, the present
study has shown that AcPase activity in myelin-like
figures, multivesicular bodies, and multilamellar bod-
ies localized in some parts of unmyelinated axons of
the optic nerves. Such multivesicular or multilamel-
lar bodies are known to be distinct organelles in the
retrograde pathway.

 

19

 

 The myelin-like figures seem
to have originated from multilamellar bodies, be-
cause they contain multimembranes. Therefore,
membranous organelles containing AcPase were lim-
ited to the organelles transported retrogradely.

Whether membranous organelles contain AcPase
or not seems to be related to their function. Some in
vitro studies have indicated that materials resulting
from endocytosis and autophagy might be trans-
ported to the neuron cell body for degradation,
where lysosomes are usually localized.

 

6,7

 

 Retrogradely
transported organelles are sites of convergence for
materials resulting from endocytosis and autophagy.
Other in vivo studies have demonstrated that about
50% of materials conveyed by anterograde axonal
transport into axons may be unselectively retrieved
from the axons by retrograde transport for degrada-
tion or recycle.

 

20

 

 The organelles in axons are still
nonlysosomal because they have almost neutral pH,
and lack AcPase activity.

 

8

 

 However, they become
acidified during their retrograde transport along
neurotubules and may gain acid hydrolase by fusing
with lysosomes in proximal axons or cell bodies.

 

9

 

The present study suggests that membranous or-
ganelles transported retrogradely may acquire some
enzymes in the optic nerve axons and not be trans-
ported to the neuron cell body for degradation.

Another question immediately arises: How do
these membranous organelles gain AcPase activity
in the axons? A possible explanation is that the Ac-
Pase could be obtained from organelles in the anter-

Figure 2. Electron micrographs for AcPase. (a)
At elevated intraocular pressure (IOP), Ac-
Pase-positive bodies and AcPase-negative or-
ganelles are observed in unmyelinated axons
(asterisks). (b)–(d) In higher magnification
electron micrographs arrows indicate various
types of AcPase-positive bodies observed in ax-
oplasm. (b) Multilamellar bodies. (c) Multive-
sicular bodies (d) Myelin figures. (e) Substrate-
free control section. Bar 5 0.2 mm. G: glial cell.
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ograde transport. Some studies about other nerves
have suggested that hydrolases were transported
into and along the axons, being packaged in the
agranular reticulum-like cisterns, which may gener-
ate small spherical lysosomes in axons and axon ter-
minals.

 

12,21

 

 A previous study demonstrated that an-
terograde axonal transport between ganglion cells
and lamina cribrosa was not blocked until the level
of IOP approached or exceeded the mean blood
pressure.

 

13

 

 According to this observation, the 60
mmHg IOP used in the present study could not in-
fluence the anterograde axonal transport between
the ganglion cells and the lamina cribrosa. In cross-
cut sections by conventional electron microscopy, we
have confirmed that the site for interruption of the
axonal transport is the level of the lamina cribrosa
along the optic nerve (unpublished). In addition, it is
very unlikely that AcPase is incorporated by endocy-
tosis from glial cells into the optic nerves, because
such endocytosis of the axons is minimal.

 

4

 

In conclusion, the present study utilizing AcPase
enzyme cytochemistry has demonstrated that retro-
gradely transported organelles contained AcPase af-
ter axonal transport blockade, suggesting that their
degradation could be accomplished via the lysoso-
mal pathway in axons.
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