
press the sensitivity of one mechanism 
so as to reveal others (14). The logic of 
the method lies in choosing a wavelength 
near the peak sensitivity of the mecha- 
nism one wishes to depress which is also 
far off the peak of the mechanism one 
wishes to express. Chromatic adaptation 
to light of a wavelength of 550 nm gave 
the next curve (closed circles) showing a 
peak near 450 nm. Adaptation to 600 nm 
light gave a spectral sensitivity with a 
peak near 520 nm (triangles), and adapta- 
tion to 400 nm light gave a spectral sensi- 
tivity peaking near 560 nm (squares). 
The smooth curves are modified Dartnall 
nomograms for peaks at wavelengths of 
450, 520, and 560 nm (15). These curves 
provide evidence that when the rhodop- 
sin rod mechanism is severely damaged 
by light other mechanisms mediated by 
pigments normally associated with cones 
survive in the albino rat (16). 

While this work was in progress, La- 
Vail (17) provided anatomical evidence 
that cones survive rods after long expo- 
sure to constant light in the Fischer al- 
bino rat. The percentage of cones de- 
tected by light and electron microscopy 
increased from 1.5 perceint of all photore- 
ceptors in the rat to about 60 percent 
with very long exposure. These findings 
are in conflict with earlier reports (4) 
that purport to find no photoreceptors 
surviving after exposure to lights of com- 
parable intensity and shorter durations. 
The evidence presented here, showing 
greater initial damage to the rhodopsin 
rod system after much shorter exposure 
times, is consistent with LaVail's ana- 
tomical results and constitutes evidence 
linking anatomically described cones to a 
function distinct from that of rods. 

In summary, two lines of physiological 
evidence show that the rods of the albino 
rat are initially more susceptible to the 
damaging effects of constant bright light 
than are the cones. In addition, the spec- 
tral sensitivities of the surviving mecha- 
nisms are consistent with single pigment 
Dartnall nomograms with peak sensitivi- 
ties at wavelengths of 450, 520, and 560 
nm. 
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cles. 

The existence of efferent fibers to the 
avian retina has been known since Cajal 
(1) first described these fibers in the reti- 
na. Efferent fibers in the retina have been 
described for several other vertebrate 
classes as well (2). However, it is only in 
the avian species that the cells of origin 
of the efferent fibers, the cells of the isth- 
mo-optic nucleus, have been clearly dem- 
onstrated by means of anatomical tech- 
niques (3, 4). That the source of the effe- 
rents to the retina has not been described 
in any other vertebrate class is surprising 
because the technology to identify the 
cells of origin of axon terminals has, over 
the past few years, become routine in 
many laboratories (5, 6). In this report 
we describe a source of efferents to the 
eye of garter snakes as revealed by the 
use of the retrograde transport of horse- 
radish peroxidase in neurons. 

Fifteen garter snakes (ten Thamnophis 
sirtalis sirtalis, and five Thamnophis ra- 
dix) weighing from 14 g to 92 g were 
anesthetized with a short-acting barbitu- 
rate (7). Type VI horseradish peroxidase 
(HRP) (0.1 to 8.0 gl of a 50 percent solu- 
tion in saline) was injected unilaterally in- 
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to the vitreous body or extraocular space 
through glass micropipettes with tip di- 
ameters between 30 and 40 ,tm. The mi- 
cropipettes were inserted from the cor- 
neoscleral junction at the periphery of 
the eyeball into the vitreous body behind 
the lens for intraocular injections and in- 
to the orbital cavity for extraocular in- 
jections. Slow delivery of HRP through a 
microdrive system took from 5 to 20 min- 
utes depending on the volume to be deliv- 
ered. Animals were killed 24 hours to 5 
days after injection; however, those killed 
after 2 to 3 days yielded the best results. 
The snakes were killed by intracardiac 
perfusion with cold solutions (4?C) of 
0.18M sodium cacodylate buffer (pH 7.2) 
followed by fixative 1 (1 percent para- 
formaldehyde, 1 percent glutaraldehyde, 
in 0.1M sodium cacodylate buffer), and 
then fixative 2 (2 percent para- 
formaldehyde and 1 percent glutaralde- 
hyde in 0.1M sodium cacodylate buffer). 
Brains were removed, stored, and pro- 
cessed according to the procedures de- 
scribed by Colman et al. (8) in which an 
unbuffered incubation medium con- 
taining o-dianisidine (3,3'-dimethoxy- 
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Centrifugal Fibers to the Eye in a Nonavian Vertebrate: 
Source Revealed by Horseradish Peroxidase Studies 

Abstract. A source of efferentfibers to the eye of snakes of the genus Thamnophis 
has been identified by the use of the retrograde transport of horseradish peroxidase. 
Cell bodies of the contralateral nucleus of the ventral supraoptic decussation accu- 
mulate horseradish peroxidase after intraocular but not intraorbital injections. Intra- 
ocular injections also result in anterograde transport of horseradish peroxidase to 
retinofugal axon terminals. Intraorbital injections result in accumulation of horse- 
radish peroxidase in the cell bodies of the cranial nerve nuclei of extraocular mus- 
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benzidine dihydrochloride; Sigma), so- 
dium nitroprusside, and hydrogen per- 
oxide was used for the HRP reaction. 
Additional specimens were processed by 
the method described by Graham and 
Karnovsky (5, 6) with an incubation me- 
dium containing phosphate buffer, 3,3'- 
diaminobenzidine tetrahydrochloride, 
and hydrogen peroxide. In several speci- 
mens two injections into the same eye 
were made, the first preceding the sec- 
ond by 24 hours. For each brain an unin- 
cubated series of sections was stained 
for Nissl substance with cresylviolet. 

Horseradish peroxidase was trans- 
ported to the brain by both anterograde 
and retrograde intraaxonal transport. 
The location of the HRP that reached the 
brain by retrograde transport was easily 
identified because it was totally confined 
to the soma and proximal portions of the 
dendrites of the nucleus of the ventral su- 
praoptic decussation (9) and cranial 
nerve nuclei. On the other hand, the ap- 
pearance of those regions to which the 
HRP was transported in an anterograde 
direction was distinctly different, with 
very small granules confined to the 
neuropil in which the retinofugal fibers 
terminate. Our observations on cellular 
labeling are described first. 

In specimens treated with o-dianisi- 

dine (8) the reaction in the nucleus of the 
ventral supraoptic decussation con- 
tralateral to the injected eye was very 
clear and brilliant and could be observed 
through the light microscope under the 
lowest magnification, x25 (Fig. 1, A and 
B). A very few cells of the ventral supra- 
optic decussation nucleus ipsilateral to 
the injected eye also accumulated HRP. 
Sections treated with diaminobenzidine 
(5, 6) also revealed the nucleus of the 
ventral supraoptic decussation as a 
source of efferents to the eye. Using the 
latter technique we were able to see the 
accumulation of brownish granules in the 
cells of the ventral supraoptic decussa- 
tion nucleus; however, these cells were 
not as readily visible as in sections 
treated with o-dianisidine, and dark-field 
microscopy greatly increased their visi- 
bility (Fig. 1C). Specimens in which the 
eye was injected twice reacted more bril- 
liantly than specimens with single in- 
jections. 

The nucleus of the ventral supraoptic 
decussation has been described pre- 
viously in a study of the visual system of 
Thamnophis (9). This nucleus is located 
medial to the ventral portion of the optic 
tract in the ventrolateral posterior dien- 
cephalon and medial to the fibers of the 
ventral supraoptic decussation in the lat- 
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Fig. 1. Cells of the nucleus of the ventral 
supraoptic decussation as revealed by the ret- 
rograde transport of HRP. (A) Horizontal sec- 
tion. Animal injected first with 0.1 ,u1 of 50 
percent HRP, and 24 hours later with 8.0 dLI of 
50 percent HRP. Animal killed 72 hours after the 
first injection. Unbuffered o-dianisidine proce- 
dure. The nucleus shows two distinct por- 
tions, one rostral (r) and one caudal (c). The 
third ventricle (III) and optic tract (ot) are also 
labeled. (Scale bar, 100 ,m) (B) Enlargement 
of caudal cell group of nucleus of the ventral 
supraoptic decussation as seen in (A). (Scale 
bar, 50 ,/m) (C) Coronal section. Animal in- 
jected with 4 tul of 50 percent HRP followed 
by 4.0 I1l of 50 percent HRP 24 hours later. 
Animal killed 72 hours after first injection. 
Phosphate buffer (pH. 6.8) diaminobenzidine 
technique. (Scale bar, 50 ,/m) 

eral, rostral mesencephalon. The nucle- 
us extends for a considerable rostrocaud- 
al distance. In its caudal extent it is inter- 
stitial to the medial fibers of the basal 
optic tract. The nucleus is composed of 
two parts: a rostral portion composed of 
large, elongated multipolar neurons (19 
to 24 Am in their longitudinal axis, 10 to 
16 tum in their short axis) which stain 
deeply with Nissl stain and a caudal por- 
tion which is somewhat smaller in rostro- 
caudal extent and contains neurons with 
somewhat rounder perikarya. The ros- 
tral neurouis contain a dense accumula- 
tion of HRP after eye injection while the 
caudal neurons do not accumulate HRP 
as densely as the more rostral cells of the 
nucleus. 

Cell bodies filled with HRP contain a 
dense accumulation of green granules 
(when treated with o-dianisidine) or 
brown granules (when treated with dia- 
minobenzidine). These granules are lo- 
cated predominantly in the perinuclear 
region but are occasionally observed as 
well in the proximal portions of den- 
drites. In view of the HRP injection site, 
it is clear that the cells of the nucleus of 
the ventral supraoptic decussation must 
receive their HRP by retrograde trans- 
port. These neurons are very similar in 
appearance to the perikarya of the third, 
fourth, and sixth cranial nerve nuclei (10) 
which become labeled with HRP after ex- 
traocular injection (Fig. 2). The fact that 
the nucleus of the ventral supraoptic de- 
cussation is only labeled after intraocular 
injection and never labeled when HRP is 

injected intraorbitally indicates that this 
nucleus is not the source of an efferent 
system to some extraocular muscle or 
gland of the orbit. 

In a study in which the retinofugal 
pathways in Thamnophis were degener- 
ated experimentally, the location of ter- 
minals of retinal ganglion cell axons was 
described. Treatment of our sections 
with o-dianisidine made these retinofugal 
fibers readily visible (Figs. 3 and 4). Sec- 
tions treated with diaminobenzidine 
showed faintly stained retinofugal fibers. 
The retinofugal pathway revealed by 
these HRP techniques conforms pre- 
cisely to that described previously in 
Thamnophis (9), with terminal fields lo- 
cated predominantly in the contralateral 
lateral geniculate complex, nucleus lenti- 
formis mesencephali, nucleus postero- 
dorsalis (area pretectalis), nucleus gen- 
iculatus pretectalis, basal optic nucleus, 
and superficial layers of the tectum. A 
sparse ipsilateral projection to the'lateral 
geniculate complex and nucleus post- 
erodorsalis has been observed in materi- 
al stained for degenerating axons and ter- 
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Fig. 2. Trochlear nerve nucleus on side con- 
tralateral to extraocular injection revealed by 
the retrograde transport of HRP. Horizontal 
section. Animal injected with 2 /1 of 50 per- 
cent HRP and killed after 30 hours. Unbuf- 
fered o-dianisidine technique. (Scale bar, 50 
gm) 

minals but is just visible (Fig. 4) when 
HRP histochemical techniques are used. 

One advantage of using the o-dianisi- 
dine incubation technique for viewing 
the retinofugal system is that terminal 
areas are distinctly visible and their pres- 
ence need not be inferred from the ap- 
pearance of the pattern of degenerating 
fibers. The appearance of the HRP reac- 
tion product in the retinofugal system 
corresponds precisely to the description 
of Scalia and Colman (11) and Colman et 
al. (8). Most optic tract fibers contain 

granules of reaction product while a 
few fibers, presumably injured during in- 

jection procedure, are homogeneously 
filled. The homogeneous coloration of ax- 
ons probably results from intraaxonal dif- 
fusion of the enzyme, while the granules 
of reaction product are localized within 
membrane-bound organelles and are as- 
sociated with rapid intraaxonal transport 
of the glycoprotein (4, 8, 12). The termi- 
nal fields of the retinal axons (Figs. 3 and 
4) are characterized by an intricate 
plexus of finely "stained" fibers and 
very fine, but densely distributed gran- 
ules. 

Broadwell and Brightman (13) report- 
ed that large doses (30 to 50 mg) of HRP 
injected into the tail vein of mice result in 
selective acquisition of HRP in several 
nuclear groups in the hypothalamus. 
These hypothalamic neurons are pre- 
sumed to acquire HRP from the circum- 
ventricular organs they innervate. We 
suggest that in the present study blood- 
borne HRP was not a confounding factor 
because (i) only the nucleus of the ven- 
tral supraoptic decussation selectively 
accumulated the HRP after intraocular 
injections; (ii) this nucleus accumulated 
HRP almost exclusively on the side con- 
tralateral to the intraocular injection with 
only a rare cell labeled on the side ipsilat- 
eral to the eye injection; and (iii) this nu- 
10 DECEMBER 1976 

cleus does not concentrate HRP after ex- 
traocular injections. The concentration 
of HRP in the ventral supraoptic decus- 
sation nucleus is in all probability not 
the result of extracellular diffusion along 
the optic tract fibers, because if this 
were the case one would expect to see 
other neurons adjacent to the optic tract 

concentrating HRP. In fact the neu- 
rons of the supraoptic and suprachias- 
matic nuclei which are both closer 
to the chiasma than the ventral supraop- 
tic decussation nucleus do not con- 
centrate HRP. 

Rep6rant (14) reported an absence of 

orthograde movement of HRP in the op- 
tic nerve of the snake (Vipera aspis). It is 

unlikely that this contradictory result is a 

product of species differences (15); it is 
more likely to result from technique dif- 
ferences (6, 8). Orthograde transport is 
readily demonstrated by the use of the o- 
dianisidine incubation procedure and the 
resulting reaction product is consid- 
erably more visible under the light micro- 
scope than is the reaction product result- 
ing from incubation with diaminobenzi- 
dine. 

Miles (16) and Pearlman and Hughes 
(17) have recently suggested that the 
function of the efferent fibers to the avian 
retina is to alter the receptive field prop- 
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Fig. 3. Optic tectum contralateral to eye in- 
jection as revealed by anterograde labeling 
with HRP. Injection and time of death as in 
Fig. 1. Horizontal section; top-rostral. Unbuf- 
fered o-dianisidine procedure. The clear band 
in the tectum probably corresponds to a re- 
gion occupied by axons, but not terminals of 
retinal ganglion cells. [Scale bar, 500 ptm in 
(A), 50 ptm in (B)] 

a, 

Fig. 4. Nucleus posterodorsalis (area pre- 
tectalis) as revealed by anterograde labeling 
with HRP. Coronal section; right side, contra- 
lateral to eye injection. Animal injected with 
6 to 8 p1 of 50 percent HRP and killed after 
48 hours. Unbuffered o-dianisidine technique. 
The left nucleus posterodorsalis along the 
dorsal and medial edges contains HRP. The 
midline (m), posterior commissure (pc), and 
cerebral aqueduct (a) are indicated. (Scale bar, 
50 gtm) 

erties of retinal ganglion cells and that 
this effect is mediated through the termi- 
nation of the efferent fibers on amacrine 
cells. However, it is too soon to specu- 
late on the functioning of the efferent fi- 
bers of snakes. The major contribution 
of the present study is to extend the num- 
ber of vertebrate classes in which a 
source of efferents to the retina has been 
identified. 

MIMI HALPERN, RUU TONG WANG 
DAVID R. COLMAN 

Department ofAnatomy, Downstate 
Medical Center, Brooklyn, New York 
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Aspergillus oryzae (NRRL Strain 1988): A Clarification Aspergillus oryzae (NRRL Strain 1988): A Clarification 

El-Hag and Morse (1) chose to ignore 
two opinions regarding the identity of 
their aflatoxin-producing "variant of As- 
pergillus oryzae NRRL 1988," and re- 
ported incorrectly the two opinions they 
acknowledged (2). The culture, as even- 
tually sent to the Food and Drug Admin- 
istration by Morse and to NRRC by El- 
Hag, proved to be a strain of Aspergillus 
parasiticus contaminated with a yeast. 
The subculture sent to me also was heavi- 
ly infested with culture mites. This infor- 
mation was made available to El-Hag 
well in advance of publication. 

We had supplied El-Hag with two 
freeze-dried preparations of A. oryzae 
NRRL 1988 (lyophilized on two different 
dates) prior to his first report of aflatoxin 
production on millet by this strain (3). 
Immediately following this report, I 
opened one preparation from each of the 
two dates and compared the subculture 
with the stock culture in our collection. 
All three were identical and were A. 
oryzae as it is known to me. Subcultures 
from each source were tested for produc- 
tion of aflatoxin on wheat, corn, millet, 
and rice. Later, when El-Hag stated that 
the aflatoxin production on millet was an 
"artifact" (4) and changed the substrate, 
the stock culture was also tested on cow- 
peas and soybeans. No aflatoxin was pro- 
duced on any of these substrates by any 
of the three subcultures. El-Hag was in- 
formed of these results. 

I believe it most unlikely that the cul- 
ture distributed by El-Hag arose as a 
variant of NRRL 1988, a strain of A. 
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oryzae that has remained unchanged in 
our collection through 30 years of mainte- 
nance by periodic transfer. A more likely 
explanation, in my opinion, would be 
that A. oryzae NRRL 1988 has been 
replaced by their A. parasiticus through 
mite infestation. This opinion of its ori- 
gin was transmitted to El-Hag. [A com- 
plete summary of our contacts with their 
investigations will be sent to any inter- 
ested person (or persons) on request.] 

The variability in aflatoxin production 
reported by El-Hag and Morse, and attrib- 
uted by them to instability of the cul- 
ture, probably reflects varying degrees of 
contamination of their fermentations. I 
am not surprised that the culture they 
returned to me produces aflatoxins B1, 
B2, Gl, and G2. Aspergillus parasiticus is 
known for this ability. 

In my opinion, manufacturers of indus- 
trial enzymes from A. oryzae and users 
of their products need not be disturbed. 
Strain NRRL 1988 and other strains of 
A. oryzae used in the food and enzyme 
industries have failed repeatedly to pro- 
duce aflatoxin when tested at this center 
on corn, wheat, rice, millet, cowpeas, 
soybeans, and a liquid medium. Our re- 
sults corroborate the extensive Japanese 
work (5-8) demonstrating that none of 
hundreds of industrial strains of A. 
oryzae produce this mycotoxin. 

DOROTHY I. FENNELL 
Northern Regional Research Center, 
Agricultural Research Service, 
Department ofAgriculture, 
Peoria, Illinois 61604 
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We have read the comments by Fen- 
nell and think it is interesting to compare 
them with a text by the same author (1). 

The Aspergilli are characterized by great 
diversity and variability as they are isolated 
from nature, and these differences may be 
interpreted as having emerged by processes of 
variation and mutation similar to those that 
occur in the laboratory .... 

The term variant is applied to strains arising 
through gradual change from normal members 
of identifiable species. The characters of a 
variant are generally not stable but subject to 
continued change and further variation. 

This statement appears to be at variance 
with the position taken by Fennell. 

When we first encountered rat mortali- 
ty, followed by isolation of aflatoxins, 
we were anxious to identify the cause. 
We sent samples of the culture to two 
collaborators and to the Northern Re- 
gional Research Center and the Food 
and Drug Administration. The two col- 
laborators gave the identification de- 
scribed in our report. Prepublication cop- 
ies of the report were sent to collabora- 
tors and to the Northern Regional Re- 
search Center. Collaborators acquiesced 
to the report as written; but phone calls 
from Fennell produced the reversal de- 
scribed in Fennell's comment. 

All in all it has been an episode that we 
would like to have closed. In our view 
the question remains open. 

RoY E. MORSE 

Department of Food Science, Cook 
College, Rutgers-The State University 
of New Jersey, New Brunswick 08903 
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