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ARRESTED DEVELOPMENT OF MYEUN IN CHICK OPTIC TECTUM 
FOLLOWING DEAFFERENTATlON 

STEPHEN C. BONDY AND CAROL JEAN MADSEN 

Division of Neurology, University of Colorado Medical Center, Denver, Colo. 80220 (U.S.A.) 

(Accepted June 6th, 1972) 

INTRODUCTION 

We have previously shown that the normal maturation of the optic lobe is 
disrupted in the young chick following removal of the innervating eye2. This was 
attributed in part to a reduced rate of RNA and protein synthesis in the affected 
lobe3·17 •18. Also, the reduction in blood flow in this region may play a role in this 
impaired growth5• In earlier studies, we have not found major changes in the levels of 
enzymes such as acetylcholinesterase2, cytochrome oxidase and adenylate cyclase 
(Bondy and McCune, 1970, unpublished data), or in the level of specific brain pro
teins such as the S-100 protein first described by Moore and McGregor21 (Hersch
mann, 1970, unpublished data), when these constituents were related to the weight or 
protein content of optic lobes. However, histological studies suggested the possibility 
of a failure of the normal process of myelination in the affected lobe2. 

We are now reporting the effect of unilateral enucleation on the development of 
myelin within the optic tectum. Major changes in the concentrations of cerebroside 
and of 2',3'-cyclic nucleotide 3'-phosphohydrolase have been found in the optic 
tectum contralateral to the removed eye relative to levels in the paired tectum con
tralateral to and innervated by the intact eye. These components are both constituents 
of, and largely confined to myelin6,13. 

METHODS 

Newly hatched chicks of a White Leghorn strain (Meyer Bros. Hatchery, Gree
ley, Colo.) were maintained in a brooder cabinet. Within 24 h of hatch, either the left 
or the right eye was removed from chicks under halothane anesthesia. Mortality was 
less than 5 % and birds recovered from anesthesia within 10 min when they were 
returned to the brooder with free access to food and water. At various ages, ex
perimental and unoperated control chicks were decapitated and their optic lobes 
dissected out on ice and weighed. Outer layers of the optic tectum were prepared by 
gently flattening the optic lobes on dry filter paper. The inner layers were then shaved 
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off with a scalpel, leaving the outer layers ( 1-2 mm in thickness) adhering to the filter 
paper from which they were scraped off. 

Cerebroside assay 

Cerebroside + sulfatide were determined in cerebral tissues by a modification of 
the cerebrose-hexose assay of Hess and Lewinll. Tissues were homogenized in a 
volume of 5 ml of chloroform-methanol-water (2:1 :0.1, v/v/v) for each 35 mg wet 
tissue10 . This homogenate was then centrifuged for 10 min at 1000 x g and the super
natant obtained was shaken with 1 ml isotonic saline (0.14 M). This suspension was 
centrifuged at 15,000 x g for 10 min in the Sorvall R2B centrifuge. The upper aqueous 
phase containing glucose and gangliosides was rejected. 0.1 ml Aliquots of the lower 
phase were heated to 90 °C for 35 min with 3 ml of freshly prepared orcinol reagent. 
This reagent consisted of a 0.22 % solution of orcinol in 50 % v /v H2S04. The mixture 
was cooled, centrifuged at 10,000 x g for 10 min and its absorbance at 437 nm 
determined. Galactose was used as the primary standard and cerebroside was es
timated by multiplying the galactose content by 4.4 (ref. 24). 

2' ,3' -Cyclic nucleotide 3' -phosphohydrolase assay 

This enzyme was assayed by the chromatographic method of Markham and 
Smith19 essentially as described by Kurihara and Tsukada13. Cerebral regions were 
homogenized in 10 mM tris pH 7.6 at a concentration of 1 mg tissue/ml. These 
homogenates were then sonicated at 0 °C in ice with a Heat Systems sonicator Model 
185 D (setting No. 4) for a total of 1 min. Four 15-sec sonications were interspersed 
with 15-sec cooling periods. 

Incubation mixtures were prepared containing 7.5 mM potassium adenosine 
2',3'-cyclic phosphate, 50 mM Na2HP04, 25 mM citric acid (final concentrations) and 
4-12 µg sonicated protein from the cerebral homogenate in a final volume of 0.2 ml 
at pH 6.2. This was incubated at 37 °C for 20 min, the reaction being stopped by the 
addition of 0.02 ml acetic acid. This was then chilled to 0 °C and centrifuged. A total 
of 0.035 ml of the supernatant was applied to Whatman No. 1 filter paper and 
developed by ascending chromatography in saturated (NH4)2S04-0.5 M sodium 
acetate-isopropanol (80:18:2, v/v/v). 2'-AMP and 2',3'-cyclic AMP were located 
against appropriate standards with an ultraviolet lamp (254 nm maximum)19. Regions 
were cut out and eluted with 5 ml 0.01 N HCl. The absorbance of these eluates at 260 
nm was then determined and data expressed as % AMP hydrolyzed. Reaction velocity 
was proportionate to enzyme concentration up to 80 % substrate hydrolysis and was 
linear for 40 min. One unit of enzyme is defined as the amount producing 1 µmole of 
2'-AMP from 2',3'-cyclic AMP/min. Zero time and enzyme-free samples were run as 
blank controls for all incubations. 

Protein determination 

Tissue samples were precipitated with cold 5 % trichloracetic acid and this 
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Fig. 1. Specific activity of 2',3'-cyclic nucleotide phosphohydrolase in chick optic lobes. One unit of 
enzyme is defined as the amount that produces 1 µmole of adenosine-2'-phosphate from adenosine-
2' ,3' -cyclic phosphate/min under the conditions described in the Methods section. Ordinate, Units/mg 
protein. Abscissa, Age of chick (days of incubation, days after hatch). Bars indicate standard error of 
the mean. 

precipitate dissolved at 40 °C in 0.1 N NaOH. Protein concentration in this solution 
was determined by the method of Lowry et a/.16, using bovine serum albumin as a 
standard. 

Chemicals 

2',3'-Cyclic AMP and 2'-AMP were obtained from Sigma Chemical Co., St. 
Louis, Mo., and were chromatographically determined by us to be over 98 % pure. 

RESULTS 

2' ,3' -Cyclic nucleotide 3' -phosphohydrolase 

In the unoperated chick, the specific activity of cyclic nucleotide phosphohy
drolase was very low in the optic lobes before hatch, rose abruptly around hatch, and 
then more slowly over the next 20 days (Fig. 1). This is similar to data reported for 
whole chick brain by Kurihara and Tsukadal4. The enzyme was also assayed in the 
outer layers of optic lobes of control birds and of birds that had been unilaterally 
enucleated within one day after hatch. Lobes contralateral to the enucleated eye are 
referred to as blind (B) while the corresponding ipsilateral lobes are called visual (V). 
With increasing age, the outer layers of the control lobes showed a rise in the specific 
activity of the phosphohydrolase that was similar to the rise for whole lobes in the 
control birds (Fig. 2). A similar increase was also seen in the outer layers of visual 
lobes from enucleated birds, suggesting a normal developmental pattern for this lobe. 
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Fig. 2. Specific activity of 2',3'-cyclic nucleotide phosphohydrolase from outer layers of paired optic 
lobes following unilateral enucleation of 1-day-old chicks. Ordinate, Units/mg protein. Abscissa, 
Age of chick (days of incubation, days after hatch). 
e- · - . -e, Optic lobe ipsilateral to enucleated eye; 
•···················•, Optic lobe contralateral to enucleated eye; 
e e, Optic lobes of unoperated control birds. 
Bars indicate standard error of the mean. 

However, the outer layers of the corresponding blind lobes initially increased in 
enzyme levels to a lesser extent than visual lobes and subsequently decreased (Fig. 2). 

Ga!actocerebroside 

During the maturation of the chick brain the level of galactocerebrosides + 
sulfatides within the optic lobes increased sharply around hatch and then more 
gradually (Fig. 3). If these levels were related to protein concentration, this increase 

20 

15 

µg Cerebroside 
mgVl/et Wt 

10 

5 

o .. 1 5 10 15 20 

Days of Age 

Fig. 3. Concentration of galactocerebroside within chick optic lobes during development. Ordinate, 
µg cerebroside + sulfatide/mg wet weight. Abscissa, Age of chick (days of incubation, days after 
hatch). Bars indicate standard error of the mean. 
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Fig. 4. Concentration of galactocerebroside in outer layer of paired optic lobes following unilateral 
enucleation of 1-day-old chicks. Ordinate, µg cerebroside + sulfatide/mg wet weight. Abscissa, Age 
of chick (days of incubation, days after hatch). All symbols as in Fig. 2. Bars indicate standard error 
of the mean. 

would still occur as the total protein concentration within the optic lobes remains 
relatively constant after hatch2• The rise in the cerebroside level of the outer layers of 
optic lobes of control birds showed a lesser increase than that of the whole optic lobe 
(Fig. 4). The corresponding values for the outer layers of optic lobes contralateral to 
the enucleated eye in experimental birds (the blind lobes) also showed an initial 
increase in cerebroside level. However, this value was always below that of corre
sponding ipsilateral lobes or optic lobes from control chicks (Fig. 4). This difference 
became significant (P < 0.05) in birds aged 20 days. Cerebroside levels within lobes 
ipsilateral to the removed eye (the visual lobes) were as high as, or higher than, 
levels within lobes from unoperated chicks. 

DISCUSSION 

Both 2',3'-cyclic nucleotide 3'-phosphohydrolase and cerebrosides are reported 
to be largely confined to myelin1,6. Thus, cerebroside may be considered as a marker 
for the lipid component of myelin, while nucleotide phosphohydrolase levels, which 
can be correlated with myelination, may be an index for myelin protein15. 

We have found that between one and 20 days after hatch, the level of cerebroside 
increases around 3-5-fold in the chick optic lobe, while the nucleotide phosphohy
drolase level increases only around 2-fold. This is in accordance with the findin~s of 
Drummond et al. 8, that the levels of these markers do not always parallel each other 
closely. 

The effect of denervation of the optic tectum is a dramatic arrest in further 
growth of the optic lobe2 • However, the development of several enzymes was not 
specifically affected to any large extent (see Introduction). The present findings in-
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dicate that in addition to this developmental growth failure, there is a selective failure 
of myelination. This involves the diminished accretion of both cerebrosides and cyclic 
nucleotide phosphohydrolase in the outer layers of the tectum. Ten days after enuclea
tion, phosphohydrolase activity declined more precipitously than cerebroside levels in 
the outer layers of the optic tectum contralateral to the removed eye. This could 
reflect a more rapid turnover of this enzyme relative to cerebrosides which may be 
more stable. This may be related to the finding that, although there is a constant ratio 
between rates of synthesis of lipid and protein in the developing rat optic nerve20 , the 
galactolipid concentration of rat brain myelin rises during maturation while protein 
concentration of myelin remains constant6,7,9,22. Major effects of enucleation appear 
to be concentrated in the outer layers of the cornralateral optic tectum. This may be 
be:;ause the primary terminations of tht: fibers of the optic tract occur largely in these 
superficial regions. Additionally, La Vail and Cowan15 have found intertectal com
missures of the chick to terminate in the deeper layers of the tectum. Thus, the super
ficial layers of the optic lobe receive no secondary innervation from the ipsilateral eye 
and are solely dependent on the contralateral eye for afferent input. 

Previous histological data revealed the absence of major degeneration or gliosis 
over the time period of these studies2,4. This suggested that the growth arrest of the 
lobe contralateral to the removed eye was not due to classical Wallerian degeneration 
(which leads to a relatively rapid loss of galactolipid23) or transneuronal degenera
tion. 

Histological data on the rat spinal cord suggest that reduction of myelinogenesis 
following deafferentation may be related to reduction of physiological activity12. 
Alternatively, cessation of axon flow along the optic tract may stop the delivery of 
neural substances essential for normal regional development25. The levels of both 
phosphohydrolase and cerebroside continue to increase in the outer layers of the 
optic tectum for several days following deafferentation. This suggests that the supply 
of axonally migrating neural substances (which can continue to be delivered for some 
time to the terminations of the distal segment of sectioned nerves) is of greater im
portance than electrical activity in the specification and maintenance of oligodendroglial 
myelin synthesis. The mechanisms of such a process and nature of the active neural 
substance remain unknown. However, the specificity of this arrest implies the exis
tence of neurohumors which may be needed for a modification of genetic expression 
during development to enable the completion of cerebral maturation. 

SUMMARY 

(I) The levels of both an enzyme associated with myelin (2',3'-cyclic nucleotide 
3'-phosphohydrolase) and of a lipid constituent of myelin (galactocerebrosides) rise 
markedly in the chick optic lobe during the maturation of the newly hatched bird. 

(2) Following unilateral eye removal of newly hatched chicks the rise in the 
content of both these markers in the outer layers of optic lobes contralateral to and 
innervated by the enucleated eye was examined. These increases proceeded at a 
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reduced rate for around 10 days after which no further accretion of phosphohydrolase 
or cerebroside occurred. 

(3) Phosphohydrolase and cerebroside levels in the outer layers' lobes innervated 
by the intact eye (and ipsilateral to the removed eye) rose to an extent similar to or 
above those within the corresponding area of unoperated control birds. 

( 4) These data suggest that axonal migration of neurohumors may regulate the 
expression of genetic potential and, thus, the maintenance of differentiation of ad
jacent cells. 
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