
for this tRNA component in this tissue 
remains intact and appears to function 
independently of exogenously added 
N6-(A2-isopentenyl).adenosine. 

The tRNA, however, can serve as a 
source of these two modified nucleo- 
sides, and any degradation of tRNA 
would result in their release. Although 
alternative pathways of synthesis for 
these compounds may exist, Hall (19) 
has suggested that the rate of release 
from tRNA and the rate of metabolism 
of such growth regulatory compounds 
could constitute a means for mainte- 
nance of a physiologically active level 
in the tissue. 
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Bilateral ablation of the medial pre- 
optic-anterior hypothalamic zone abol- 
ishes copulatory behavior in the male 
rat (1). Ablation of the olfactory bulb 
also abolishes or impairs copulatory 
activity in some mammals (2). Among 
the structures likely to receive a pro- 
jection from the olfactory bulb in the 
rat, only the posteromedial part of the 
cortical amygdaloid nucleus projects to 
the medial preoptic-anterior hypotha- 
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lamic zone (3). However, the olfactory 
bulb does not actually project to the 
posteromedial part of the cortical 
amygdaloid nucleus (4). How, then, may 
ablation of the olfactory bulb impair 
copulation? We have evidence that the 
posteromedial part of the cortical amyg- 
daloid nucleus provides a link in a 
chemoreceptive pathway arising from 
the vomeronasal organ of the snout (5). 
The peripheral part of the vomeronasal 
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pathway is adjacent to the olfactory 
pathway (6) and is, therefore, vulnerable 
to injury by ablation of the olfactory 
bulb. 

The vomeronasal organ (5) is a tubu- 
lar sac which opens by way of a small 
pore either into the anterior, basal 
corner of the nasal chamber or into the 
anterior end of the oral cavity by way 
of the nasopalatine canal or into both 
oral and nasal cavities in some species. 
The organs, one on each side, are lined 
with an epithelium resembling the ol- 
factory epithelium and, by analogy with 
the latter, probably have a chemo- 
receptive function. The openings of the 
vomeronasal organs are so situated that 
they may allow entry of moisture-borne 
substances picked up by the snout or 
taken into the mouth. The nuzzling or 
licking activities common to many 
mammals (7) during sexual behavior, 
for example, may favor stimulation of 
the vomeronasal organ. The vomero- 
nasal nerve connects the vomeronasal 
organ to the accessory olfactory bulb 
(6), which lies in a depression on the 
dorsal surface of the main olfactory 
bulb in many mammals (Fig. 1, left). In 
its course to the accessory olfactory 
bulb, the vomeronasal nerve comes to 
lie closely adjacent to the main olfac- 
tory nerves and main olfactory bulb (6). 

Although the peripheral morphology 
of the vomeronasal system as described 
above has been known for a long time, 
the central connections of the mam- 
malian accessory olfactory bulb defied 
analysis until now (8). Previous investi- 
gators (9), who used the conventional 
Nauta-Gygax techniques after making 
lesions of the olfactory formation, were 
unable to detect any difference in the 
distribution of degenerating fibers of the 
lateral olfactory tract which could be 
attributed to damage to the accessory 
olfactory bulb. It now appears that in 
the rabbit much of the accessory olfac- 
tory bulb projection becomes thinly 
myelinated or unmyelinated a few milli- 
meters before the fibers leave their main 
course in the lateral olfactory tract to 
enter their area of termination. The 
poorly myelinated segment of the ac- 
cessory olfactory bulb efferents is 
readily detected, however, in sections of 
rabbit brain stained by the Fink-Heimer 
method (10). 

We first determined the projection of 
the main olfactory bulb in the rabbit by 
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Amygdaloid Nucleus: New Afferent Input 
from the Vomeronasal Organ 

Abstract. Terminal degeneration stained by the Fink-Heimer technique 
was found in the medial and cortical amygdaloid nuclei in a discrete zone after 
lesions were inflicted in the accessory olfactory bulb but not after lesions were 
made in the main olfactory bulb in the rabbit. Since the accessory olfactory bulb 
receives the endings of the vomeronasal nerve, the mediocortical complex of the 
amygdala is the central projection area for the vomeronasal sensory organ. The 
vomeronasal organ is seen as having new potential significance in sexual and feed- 
ing behavior because the cortical amygdaloid nucleus projects to the anterior, 
medial hypothalamus and the ventromedial nucleus. 
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Fig. 1. Cross-sectional views of the main 
(MOB) and accessory (AOB) olfactory 
bulb of the rabbit. Left side: section 
stained for myelinated axons. Right side: 
tracing of the same section showing re- 
gions typically destroyed by large lesions 
of the accessory olfactory bulb (light, 
oblique hatch); small lesions of the acces- 
sory olfactory bulb (cross-hatch); or large 
lesions restricted to the main olfactory 
bulb (heavy, oblique hatch). V, ventricle. 
Scale, 1 mm. 

for 4 to 6 days. Even the largest lesions 
in this series (Fig. 1) did not damage 
the accessory olfactory bulb (11). Brief- 
ly, heavy deposits of terminal degenera- 
tion were found in various parts 
of the pyriform lobe and olfactory tu- 
bercle, but very little degeneration was 
observed in the amygdala. What little 
was found there was sharply confined 
to an anterolateral strip of the cortical 
amygdaloid nucleus. We subsequently 
operated on another series of animals 

Fig. 2. Two cross sections through the 
pyriform lobe at anterior (upper) and 
posterior (lower) levels of the amygdaloid 
nucleus of the rabbit. Cresyl violet stain. 
CO, cortical amygdaloid nucleus; hip, 
hippocampus; M-CO, mediocortical com- 
plex. OT, optic tract; PYR, prepyriform 
and periamygdaloid cortex; RF, rhinal 
fissure. Large black dots indicate the area 
in which the secondary vomeronasal fibers 
(accessory bulb efferents) terminate. 
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in order to damage the accessory ol- 
factory bulb. The accessory olfactory 
bulb of the rabbit is located on the 
dorsal surface of the olfactory forma- 
tion well anterior to the frontal pole 
and is readily identifiable on inspection. 
The lesions were inflicted from above 
under full visual control and were made 
either by mechanical avulsion or by 
application of a heated probe. Optimum 
results were obtained in animals sur- 
viving 4 days (eight specimens). In every 
case except one, the mitral cell layer 
of the accessory olfactory bulb was 
damaged and rather heavy terminal de- 
generation was found in a discrete seg- 
ment of the amygdaloid complex (Figs. 
2 and 3). There was usually also some 
degeneration diffusely and lightly 
sprinkled in those parts of the pyriform 
lobe cortex and olfactory tubercle to 
which the olfactory bulb projected be- 
cause the lesions disturbed the main 
olfactory bulb to various degrees. The 
heavy terminal degeneration was al- 
ways located in the molecular layer of 
the medial and cortical amygdaloid 
nuclei (mediocortical complex) and was 
always sharply restricted to the particu- 
lar locus illustrated. There was no over- 
lap between this locus and the locus of 
terminal degeneration observed after 
lesions were made in the main olfactory 
bulb in the first experiment. 

The size of the lesions of the acces- 
sory olfactory bulb varied. Large lesions 
(two specimens, 4 days' survival) in- 
volved tissue belonging to the main ol- 
factory bulb and anterior olfactory 
nucleus (Fig. 1). Small lesions (five spec- 
imens, 4 days' survival) damaged the 
mitral cell layer of the accessory olfac- 
tory bulb and inflicted slight, variable 
damage to efferent fibers from the main 
olfactory bulb or adjacent parts of the 
anterior olfactory nucleus. In each case, 
however, regardless of whether efferent 
fibers of the olfactory bulb were in- 
volved, the extent of the area of heavy 
terminal degeneration was the same. 
What differed among the cases was the 
density of the diffusely sprinkled de- 
generation found in the areas to which 
the main olfactory bulb projects. That 
degeneration was more noticeable in 
the larger lesions but it was never 
heavy or concentrated (12). In one 
case, which serves as a sham operation, 
only the glomerular layer of the acces- 
sory olfactory bulb was damaged by the 
heated probe; the mitral cells were un- 
affected. In that case, no terminal de- 
generation was found outside of the 
accessory olfactory bulb. 

These data and data on the further 

Fig. 3. Drawing of ventral surface of pos- 
terior two-thirds of right pyriform lobe in 
the rabbit. HYP, hypothalamus; N, nu- 
cleus of the lateral olfactory tract; OP CH, 
optic chiasma; PYR, pyriform lobe; T, 
olfactory tubercle. The stipple along the 
lateral olfactory tract lateral to the ol- 
factory tubercle indicates the path of the 
secondary vomeronasal fibers from the 
accessory olfactory bulb. These fibers ter- 
minate in the mediocortical region of the 
amygdala as indicated by the contoured 
rows of dots. 

connections of the primary olfactory 
cortex (3, 13) and amygdala (3) suggest 
that the main olfactory and the vomero- 
nasal systems provide parallel, separate 
routes of chemosensory influence into 
the hypothalamus. The main olfactory 
pathway includes certain specific parts 
of the pyriform lobe cortex and sub- 
sequently enters the lateral preoptic 
area and lateral hypothalamus. The 
vomeronasal pathway includes the pos- 
teromedial part of the cortical amyg- 
daloid nucleus and subsequently enters 
the medial preoptic area and the medial 
hypothalamus. This interpretation sug- 
gests to us that in experiments in which 
ablations of the olfactory bulb affected 
copulatory behavior, interruption of the 
vomeronasal-medial hypothalamic axis 
may well have been a critical factor. 
Since the cortical amygdaloid nucleus 
projects also to the ventromedial nu- 
cleus of the hypothalamus, it is likely 
that the vomeronasal system plays 
some role in feeding reactions as well 
as in sexual behavior. 

Not all adult mammals possess a 
vomeronasal organ or accessory olfac- 
tory bulb, however. Higher primates 
and some bats, for example, lack these 
structures. It would, therefore, be inter- 
esting to know whether in such species 
the olfactory bulb provides an afferent 
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supply for the mediocortical amygdaloid 
field or whether some other arrange- 
ment exists. Application of the new, 
Fink-Heimer technique to appropriate 
species and careful observation of the 
distribution of terminal degeneration 
in and about the amygdaloid complex 
should readily resolve this question. 
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Medical Center, Brooklyn, New York 
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The finding of a specific antigen, 
popularly known as Australia antigen 
(1), in the serum of many patients 
with viral hepatitis has led to evalua- 
tion of a variety of techniques to pro- 
vide a simple, rapid, and sensitive test 
for diagnosing hepatitis and detecting 
blood donors who may transmit the 
disease (2-6). At present complement 
fixation (CF) procedures appear to be 
most sensitive and rapid, immunodif- 
fusion (ID) techniques are simplest 
but least sensitive and slowest (7), and 
electrophoretic modifications of pre- 
cipitin techniques are as rapid as CF 
but are relatively insensitive (5). We 
now describe a hemagglutination (HA) 
technique for measuring hepatitis-asso- 

332 

The finding of a specific antigen, 
popularly known as Australia antigen 
(1), in the serum of many patients 
with viral hepatitis has led to evalua- 
tion of a variety of techniques to pro- 
vide a simple, rapid, and sensitive test 
for diagnosing hepatitis and detecting 
blood donors who may transmit the 
disease (2-6). At present complement 
fixation (CF) procedures appear to be 
most sensitive and rapid, immunodif- 
fusion (ID) techniques are simplest 
but least sensitive and slowest (7), and 
electrophoretic modifications of pre- 
cipitin techniques are as rapid as CF 
but are relatively insensitive (5). We 
now describe a hemagglutination (HA) 
technique for measuring hepatitis-asso- 

332 

dala. The latter finding has been confirmed 
in limited observations in our own laboratory 
in material studied by the Fink-Heimer method 
(F. Scalia, in preparation). Neither the reptil- 
ian nucleus sphericus nor the amygdala of 
the frog have clearly identifiable counterparts 
in the mammalian brain as studied by de- 
scriptive morphological analysis. Our study on 
the projections of the accessory olfactory bulb 
of the rabbit may provide a valid bridge, 
however, between the mammalian and in- 
framammalian morphology. 

9. See review by F. Scalia, Brain Behav. Evol. 
1, 101 (1968); also see A. H. M. Lohman, 
Acta Anat. 53 (suppl. 49) 1 (1963). 

10. R. P. Fink and L. Heimer, Brain Res. 4, 
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11. F. Scalia and S. Winans, in preparation. 
12. In considering our data, we have argued that 

even in those cases of lesions of the accessory 
olfactory bulb in which no apparent damage 
was done to the neighboring efferent fibers of 
the main olfactory bulb, it ought to be as- 
sumed nevertheless that those fibers were 
somehow injured until evidence to the con- 
trary is obtained. If that assumption were 
warranted and if the main olfactory bulb does 
contribute to the synapses in the mediocorti- 
cal amygdaloid nuclei, then there ought to 
have been some indication of terminal de- 
generation in that part of the amygdala when- 
ever a lesion of the olfactory bulb resulted in 
degeneration of fibers passing close enough to 
the accessory olfactory bulb (two cases, 4 
days' survival) to have been injured by a 
lesion of the accessory olfactory bulb. As 
already stated, however, in no case in which 
the accessory olfactory bulb was not damaged 
was degeneration observed in the mediocor- 
tical amygdaloid zone illustrated in Figs. 2 
and 3. Therefore, the assumption, even if 
warranted, is of little significance. 
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ciated antigen (HAA), which is as sen- 
sitive and rapid as the CF technique for 
detecting HAA and is easy to perform 
with reagents that can be standardized 
for use over long periods. The tech- 
nique is more sensitive than CF and at 
least as sensitive as radioimmunoassay 
(6) for detecting antibody to HAA. In 
the HA test the agglutinogen consists of 
inert indicator red cells coated with iso- 
lated HAA with chromic chloride as a 
coupling agent (8). The agglutinator is 
antibody to HAA, and detection of 
HAA in serums depends on inhibition 
of agglutination (9). 

Plasma samples from asymptomatic 
carriers of HAA were used to isolate 
purified antigen. Isolation was carried 
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out by combined rate and isopycnic 
zonal centrifugation (10) with cesium 
chloride density gradients (11). The 
purified preparations were dialyzed ex- 
tensively against 0.85 percent sodium 
chloride (saline) at 4?C. The Kjeldahl 
nitrogen content of the purified HAA 
used was 27 /rg/ml, and the optical 
density at 280 nm wavelength was 
0.445. This antigen preparation gave 
a single band in agarose at a maximum 
dilution of 1:2 with antiserum to HAA, 
and when concentrated tenfold gave no 
precipitin band with rabbit antiserum 
against whole human plasma. 

Indicator cells were prepared from 
group 0 human blood collected in 
ethylenediaminetetraacetate. Cells were 
stored at 4?C for no more than a 
week prior to being coated with HAA. 
Red cells were washed four times with 
saline and used as a 40 percent sus- 
pension in saline. To coat the cells, 
0.025 ml of cell suspension was mixed 
with 0.075 ml of purified HAA, and 
0.025 ml of 1.25mM chromic chloride 
was added. The mixture was agitated 
gently in a glass tube (10 by 75 mm) at 
room temperature for 5 minutes. Cells 
were then washed four times with saline 
and used as a 0.2 percent suspension in 
phosphate-buffered saline, pH 7.3, con- 
taining 0.5 percent bovine serum albu- 
min (BSA), 0.0025 percent polyvinyl 
pyrrolidone (PVP), and a 1: 20,000 
dilution of Tween 80 (12). These con- 
ditions of coating were found to be 
optimum by a "checkerboard" test with 
different dilutions of HAA and chromic 
chloride (9). 

Hemagglutination reactions for de- 
tection and titration of antibodies were 
carried out in V-shaped microtiter 
plates (13). The specificity of antibody 
to HAA was established by hemag- 
glutination inhibition (HAI) with puri- 
fied HAA and known HAA-positive 
serums and failure to inhibit agglutina- 
tion with known HAA-negative serums 
(12). 

In testing for HAA, ten times the 
minimum amount of antibody that gave 
a positive agglutination was mixed with 
an equal volume of various dilutions of 
test serum, and then HAA-coated cells 
were added. The antiserum to HAA 
used had a titer of 10,000 in HA, 480 
by CF, and 8 by ID. Serum containing 
HAA used as a known positive control 
was from a patient with serum hepatitis 
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were added. The antiserum to HAA 
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HAA used as a known positive control 
was from a patient with serum hepatitis 
and had a titer of 1280 by HAI, 1000 
by CF, and 8 by ID. Serum from a nor- 
mal individual that had contained no 
antigen by these tests was used as a 
negative control. 
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Hemagglutination Assay for Antigen and 

Antibody Associated with Viral Hepatitis 

Abstract. Hemagglutination assays are described for measuring hepatitis-asso- 
ciated Australia antigen and antibody. Red cells coated with isolated antigen, 
with chromic chloride as a coupling agent, are used for detection of antibodies. 
Detection of the antigen in serums depends on inhibition of hemagglutination. The 
test has the sensitivity and rapidity of the best tests available, is simpler to perform, 
and lends itself to large-scale screening of blood donors. 
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