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before the animal's death revealed an 
effacement of nodal architecture with an 
absence of follicles and a depletion of 
lymphocytes. At necropsy, paramyxo- 
virus inclusions were noted in periportal 
hepatocytes and CMV inclusions were 
seen in lymph nodes. Nodular aggregates 
of mature lymphocytes were seen in the 
bone marrow. 

The second macaque, Mc 398-80, was 
dehydrated, cachetic, and had general- 
ized lymphadenopathy (5). A lymph 
node biopsy 7 months before the ani- 
mal's death revealed paracortical hyper- 
plasia and sinus histiocytosis with eryth- 
rophagocytosis. CMV was isolated from 
oral swabs. Although PBM from this 
animal showed normal in vitro prolifera- 
tive responses to lectins and antigens, a 
dramatic depletion of lymphocytes from 
lymph nodes was noted at necropsy. 
Furthermore, nodular infiltrates consist- 
ing of small, well-differentiated lympho- 
cytes were noted in the kidneys. These 
unusual findings and the progression of 
morphological changes in lymph nodes 
are characteristic pathologic features of 
the macaque immunodeficiency syn- 
drome (6). 

Peripheral blood lymphocytes from 
Mc 398-80 and Mc 184-80 were coculti- 
vated with Raji cells, a lymphoblastoid B 
cell line of human origin, and examined 
microscopically daily with the cell cul- 
tures being split at 3- to 4-day intervals. 
After 7 days, large unusual cells began to 
appear in the cultures (Fig. 1A). These 
cells varied in size, with some being as 
much as 20 times larger than normal Raji 
cells. Examination of these cells after 
fixing and staining with hematoxylin and 
eosin revealed that the smaller cells had 
one or sometimes two nuclei, whereas the 
large cells had multiple, closely packed 
nuclei, often two to four times larger 
than the nuclei of normal Raji cells (Fig. 
1B). The cytoplasm was scant, granular, 
and usually vacuolated. No inclusion 
bodies were seen. Electron microscopic 
examination revealed numerous type D 
retrovirus particles in the large vacuolat- 
ed cells (Fig. 1, C to E). Infected cells 
contained intracytoplasmic A particles 
that were budding with a complete nu- 
cleoid from the cell membrane. Mature 
particles had a central nucleoid and 
lacked surface spike projections on their 
envelope. These findings are characteris- 
tic of type D retroviruses. 

The original selection of Raji cells for 
use in these cocultivations was fortu- 
itous since 12 other B and T cell lines did 
not display the unusual cytopathic 
changes when infected with this agent. 
Several control experiments showed that 
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Table 1. Number of restriction endonuclease 
cleavage sites in replicative intermediate 
DNA from infected cells. 

Restric- Source of replicative 
tion intermediate DNA 

endonu- SMRV- 
clease D398 Dl84 MPMV D, 

Eco RI 1 1 0 1 
Barn HI 1 1 2 3 
Sst I 0 0 1 3 
Kpn I 1 1 1 0 

*Data from Chiu et al. (8) and Chiu and Aaronson 
(12). 

these results were not due to artifact. 
Virus was passed from infected cultures 
to uninfected Raji cells by means of 
supernatants from the cocultivations 
passed through a 0.2-pm filter; second- 
ary infections again resulted in the large, 
bizarre cells. Mason-Pfizer monkey vi- 
rus (MPMV), a type D retrovirus orig- 
inally isolated from a mammary neo- 
plasm in a rhesus monkey (Macaca mu- 

latta), and squirrel monkey type D retro- 
virus (SMRV-D) produced the same type 
of cytopathic effect on Raji cells. Raji 
cell cultures from four separate labora- 
tories have behaved similarly upon infec- 
tion with type D retroviruses. Control 
Raji cell cultures examined by electron 
microscopy on three separate occasions 
did not show these virus particles, and 
the large cells shown in Fig. 1A were 
never seen in control cultures. The un- 
usual cytopathic effect of this virus on 
Raji cells has allowed us to titer the virus 
by limiting dilution; virus titers in the 
supernatants of infected Raji cell cul- 
tures have been shown to exceed lo6 
infectious particles per milliliter. 

The Raji cocultivation procedure thus 
provides an efficient, convenient means 
for isolating and growing type D retrovir- 
uses and does not appear to permit the 
growth of potential contaminating vi- 
ruses such as foamy viruses, CMV, and 
SV40. Cocultivation of infected Raji cell 
supernatants with indicator monolayer 

Fig. 1. Raji cells infected with retrovirus isolate from animal Mc 398-80. Approximately 5 X lo5 
peripheral mononuclear cells from Mc 398-80 were cocultivated with 10' Raji cells in 10 ml of 
RPMI 1640 medium containing 10 percent fetal calf serum. Peripheral mononuclear cells were 
prepared by Ficoll-Hypaque density gradient centrifugation. Cell cultures were split at 3- to 4- 
day intervals. For electron microscopy, cell pellets were fixed with 1 percent glutaraldehyde 
followed by osmium tetroxide and embedded in Epon 812. Thin sections were prepared with an 
ultramicrotome and stained with uranyl acetate and Sato's lead stain. (A) Large, unusual Raji 
cells 9 days after cocultivation (Leitz Diavert inverted light microscope, ~340) .  (B) Large 
multinucleated Raji cell after fixation and staining with hematoxylin and eosin ( X  1600). (C) 
Electron micrograph of a portion of one of the large Raji cells in which there are numerous viral 
particles aligned around and budding into a cytoplasmic vacuole (~12,000). (D) Higher 
magnification electron micrograph of a retrovirus-filled vacuole. Numerous cytoplasmic, 90-nm 
type A retrovirus particles are in the process of budding through the membrane of the vacuole to 
become enveloped 120-nm type D particles. The enveloped particles are devoid of surface 
spikes and have a centrally located nucleoid (~60,000). (E) Electron micrograph of a group of 
extracellular, enveloped viral particles with barrel-shaped nucleoids and blunt knobby surface 
projections on the envelope, morphologic features characteristic of mature type D retroviruses 
(x75,ooo). 



cultures has not revealed the outgrowth 
of other virus types. We have also isolat- 
ed type D retrovirus from macaque pha- 
ryngeal secretions and from supernatant 
fluids of lymph node and spleen mono- 
layer cultures using the Raji cocultiva- 
tion procedure. 

The relation of these new virus iso- 
lates to MPMV was examined by cutting 
replicative intermediate DNA (Hirt su- 
pernatant DNA) from infected cells with 
restriction endonucleases and analyzing 
it by Southern blot hybridization (Fig. 2). 
Cells infected with D398 (the isolate 

from Mc 398-80) and Dl84 (the isolate 
from Mc 184-80) contained replicative 
intermediate DNA of about the same 
size as MPMV (approximately 8.2 kilo- 
base pairs). Approximately ten times 
more Hirt supernatant DNA from D398 
and Dl84 infected cells than from 
MPMV infected cells was required to 
give approximately equal intensity in 
the autoradiogram when a 32~-labeled 
MPMV DNA fragment was used as the 
hybridization probe. That D398 and 
Dl84 are indeed distinct from MPMV is 
reflected in differences in restriction en- 

8.2 kby 

CCC 

Fig. 2. Relatedness of type D retrovirus isolates to Mason-F%zer virus by Southern blot 
hybridization. Raji cells (approximately 3 x lo5 per milliliter) were infected with Mason-Pfizer 
monkey virus (MPMV) obtained from two sources (E. Hunter, University of Alabama, and 
Research Resources, National Institutes of Health), with type D retrovirus from Mc 398-80 
(D398), and from Mc 184-80 (0184) at a multiplicity of infection of approximately 0.1. Virus 
titers were determined by limiting dilution on Raji cells. Seventy-two hours after infection, the 
cells were harvested and Hirt supernatant DNA was prepared (13). Portions of DNA, uncut or 
cut with the indicated restriction endonuclease, were subjected to electrophoresis through a 1.0 
percent agarose gel and blotted to nitrocellulose by the procedure of Southern (14). Eight times 
more Hirt supernatant DNA from D398 and Dl84 than from MPMV infected cells was applied 
to the gel to give similar intensity in the autoradiogram. When equal volumes of the Hirt 
supernatant DNA's were subjected to electrophoresis in parallel slots, the ethidium bromide 
stain intensity of the mitochondria1 DNA revealed equivalent yields (within 10 percent) from the 
four infected cultures as well as the uninfected control culture. A "P-labeled 2.5-kb fragment of 
MPMV DNA obtained from the cloned DNA pMP-6 (7) was hybridized with transferred DNA 
at 67°C in 4 x SSC (0.6M sodium chloride plus 0.06M sodium citrate) and 0.1 percent sodium 
dodecyl sulfate, and the filter was rinsed extensively and placed onto film (15). The fragment 
was purified by electroelution from an agarose gel following digestion of pMP-6 DNA with Hind 
111. When equal amounts of Hirt supernatant DNA were applied to the gel, lanes containing 
MPMV DNA gave a much stronger signal (not shown). CCC and OC correspond, respectively, 
to the expected locations of covalently closed circular and open circular forms of retroviral 
DNA; the doublets at these positions probably represent molecules with one and two long 
terminal repeats. 
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donuclease fragmentation patterns (Ta- 
ble 1). For example, while Eco RI and 
Bam HI cut D398 and Dl84 DNA once 
each, Bam HI cut MPMV DNA twice 
and Eco RI did not cut MPMV DNA at 
all (Fig. 2). When MPMV DNA was 
compared to D398 and Dl84 DNA with 
Pst I and Hpa I1 being used as the 
restriction enzymes, very different frag- 
mentation patterns were observed. We 
have recently cloned the full length D398 
Bam HI fragment into pBR322 and de- 
rived detailed restriction endonuclease 
maps. These maps were compared to 
MPMV maps (7). Although there were 
some similarities, especially with Hpa I 
and Hind 111, most (> 50 percent) re- 
striction endonuclease sites were not 
conserved. Thus these results demon- 
strate that D398 and Dl84 are distinct 
from but related to MPMV. Further- 
more, the restriction endonucleases that 
have been used to date did not show any 
differences between the D398 and Dl84 
isolates. Restriction endonuclease maps 
for cloned squirrel monkey type D retro- 
virus (SMRV-D) DNA (8) also clearly 
distinguish SMRV-D from D398 and 
Dl84 (Table 1). 

We obtained additional type D retrovi- 
rus isolates from four of seven M. cyclo- 
pis with lymphadenopathy and neutrope- 
nia. Peripheral blood lymphocytes from 
34 apparently healthy M. cyclopis yield- 
ed no type D retrovirus when cocultivat- 
ed with Raji cells. 

Since new type D retrovirus isolates 
were obtained from M. cyclopis with this 
immunodeficiency syndrome but not 
from apparently healthy M. cyclopis, 
one may speculate as to whether this 
virus is responsible for the endemic dis- 
ease in our macaque colony. When Fine 
et al. (9) inoculated 68 newborn M. mu- 
latta with MPMV, 41 of the monkeys 
died during the 35 weeks following in- 
oculation with a disease spectrum that 
included lymphadenopathy, anemia, 
neutropenia, opportunistic infections, 
and failure to thrive. These clinical find- 
ings are strikingly similar to those in 
macaques with the immunodeficiency 
syndrome at NERPRC. Long-term study 
of experimentally infected juvenile ma- 
caques will be needed to determine de- 
finitively whether type D retroviruses 
are indeed the cause of the macaque 
immunodeficiency syndrome or whether 
they are opportunistic agents. 

It is conceivable that the type D retro- 
viruses of macaques represent an ex- 
tended family of viruses. In this regard, 
we have found that endogenous DNA 
sequences from healthy macaque tissues 
contain large amounts of DNA homolo- 
gous to MPMV DNA (10); similar results 
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have been obtained in another laboratory 
(11). A family of related type D retrovir- 
uses could conceivably cause a spectrum 
of immunodeficiency diseases in nonhu- 
man primates. 

MUTHIAH D. DANIEL 
NORVAL W. KING 

NORMAN L.  LETVIN 
RONALD D. HUNT 

PRABHAT K. SEHGAL 
RONALD C. DESROSIERS* 

New England Regional Primate 
Research Center, 
Harvard Medical School, 
Southborough, Massachusetts 01 772 

References and Notes 

1. N.  L. Letvin et a / . ,  Proc. Natl. Acad. Sci. 
U.S.A. SO, 2718 (1983). 

2. R. V. Hennckson et al., Lancet 1983.1, 388 
119R1\ , . , - - , . 

3. R. D. Hunt et al., Proc. Natl. Acad. Sci. U.S.A. 
80, 5085 (1983). 

4. N. L. Letvln et al., Lancet 1983.11, 599 (1983). 
5. Hematologic data for Mc 184-80 were as fol- 

lows: hemoglobin, 7.4 gldl with microcytic hy- 
pochromic indices; a leukocyte count of 

1.5 X 10'/mm3 with a differential count of 46 
percent neutrophils, 6 percent band forms, 46 
percent lymphocytes, and 2 percent monocytes. 
Hypoproteinemia was detected with total pro- 
tein 3.3 gldl, albumin 1.6 gldl, and globulin 1.7 gi 
dl. The data for Mc 398-80 were: hemoglobin, 
9.6 gldl with microcytic hypochromic indices; a 
leukocyte count of 4.8 x 1O31mm3 with a differ- 
ential count of 21 percent neutrophils, 5 percent 
band forms, 67 percent lymphocytes, 3 percent 
eosinophils, 2 percelit monocytes, and 2 percent 
blast forms. Liver function tests were normal. 

6. N. W. King, R. D. Hunt, N. L. Letvin, Am. J .  
Pathol. 113, 382 (1983). 

7. C. Barker, J.  Wills, E. Hunter, in preparation. 
8. 1.-M. Chiu, P. R. Andersen, S. A. Aaronson, S. 

R. Tronick, J .  Virol. 47, 434 (1983). 
9. D. L. Fine et a / . ,  J. Natl. Cancer I t lsr .  54, 651 

(1975). 
10. R. Desrosiers, in preparation. 
11. E. Hunter, personal communication. 
12. I.-M. Chiu and S. Aaronson. ~e r sona l  communi- . ' 

cation. 
13. B. Hirt, J .  Mol. Biol. 26, 365 (1967). 
14. E. M. Southern, ihid. 98, 503 (1975). 
15. R. C.  Desrosiers, J .  Virol. 39, 497 (1981). 
16. We thank E. Hunter and S. Aaronson for Dro- 

viding materials and information prior to p;bli- 
cation and for helpful discussion, E. Gelmann 
for interest in this work, and A. Bakker, B. 
Price, W. Aldrich, and J. MacKey for technical 
assistance. This work was supported by grants 
RR00168 from NIH Division of Research Re- 
sources and RO1-A1 20729 from USPHS. * To whom correspondence should be addressed. 

I November 1983; accepted 20 December 1983 

Epinephrine Enables Pavlovian Fear Conditioning 
Under Anesthesia 

Abstract. Rats underwent Pavlovian defensive conditioning (noise paired with 
shock) while under general anesthesia. Peripheral administration of epinephrine 
(0.01 to  1.0 milligram per kilogram of body weight) during training resulted in the 
acquisition of conditioned fear, as shown 10 days later by conditioned suppression of 
water drinking. Analysis of heart rate and measurement of reflexes during training 
indicated that epinephrine did not lighten the state of anesthesia. These results 
indicate that epinephrine enables the learning of conditioned fear in the anesthetized 
brain. 

Sensory systems process stimuli dur- 
ing states of deep anesthesia. Most 
knowledge of sensory neurophysiology 
is based on recordings obtained from 
anesthetized animals. Yet the results of 
such sensory processing apparently are 
not remembered, or at least not retained 
in a form that is later expressed in behav- 
ior. For example, anecdotal reports and 
clinical studies of learning in humans 
under general anesthesia have failed to 
provide unequivocal evidence for learn- 
ing. Apparent learning occurs only if the 
(usually auditory) stimuli have "high 
emotional content, coinciding with light- 
ening of anesthesia" (1). Animal studies 
have yielded similar findings (2). Learn- 
ing and memory can be facilitated by 
pharmacological agents and hormones 
(3).  We asked whether a facilitatory 
treatment would enable learning to take 
place and be detectable behaviorally lat- 
er, during a state of general anesthesia. 
We now report that epinephrine adminis- 
tered to deeply anesthetized rats enables 
Pavlovian fear conditioning. The effect is 

not due to a lessening of the depth of 
anesthesia by epinephrine. 

Male Sprague-Dawley rats (N = 44) 
80 to 120 days of age at the time of 
testing were maintained in individual 
cages in a vivarium with a 12-hour light 
cycle. Some subjects had not been anes- 
thetized previously, in which case the 
electroencephalogram (EEG) was re- 
corded from needle electrodes (Grass) 
inserted bilaterally in the scalp after ani- 
mals were anesthetized. Other subjects 
had screw electrodes implanted bilateral- 
ly over the cerebral cortex (7 mm poste- 
rior and 2 mm lateral to bregma) under 
sodium pentobarbital anesthesia (48 mg 
per kilogram of body weight, injected 
intraperitoneally) from 14 to 21 days 
before training (4). 

On the day of training, animals were 
anesthetized with sodium pentobarbital 
(48 mgikg, intraperitoneal) supplemented 
with chloral hydrate (30 to 60 mgikg, 
intraperitoneal) (5). The animal was 
placed on a heating pad within an acous- 
tic chamber and held lightly by the 

mouth plate and snout bar of a rat stereo- 
taxic apparatus. An earphone was placed 
within 1 cm of the right ear. The EEG 
leads were connected and bilateral nee- 
dle electrodes were inserted subcutane- 
ously into the thorax to record the elec- 
trocardiogram (EKG). Needles were in- 
serted into the right posterior flank and 
attached to a constant current stimulator 
by way of a stimulus isolation unit (6). 
Reflexes were then tested; if present to 
any degree, the animal received a sup- 
plemental injection of chloral hydrate 
and was retested within 5 minutes. 
Training was not initiated until all reflex- 
es were absent (7). 

The conditioned stimulus (CS) was 15 
seconds of white noise (90 dB); the un- 
conditioned stimulus (US) was a 50-msec 
train of 50-Hz, 5.0-msec pulses (4 to 6 
mA) delivered to the right hindlimb at 
the offset of the CS on paired trials (8). 
Responsiveness to the US was tested 
three times (average intertrial interval, 
1.3 minutes) 4 minutes before and again 4 
minutes after a subcutaneous injection of 
either saline or epinephrine (9). Ten 
paired trials of the CS and US were 
presented, with an average intertrial in- 
terval of 1 minute (range, 30 to 90 sec- 
onds on an irregular schedule). After 
trial 10, reflexes were tested, and the 
animal was allowed to recover from an- 
esthesia in a warm environment. 

To determine the effect of training, 
animals were tested for conditioned sup- 
pression in the presence of the white 
noise 10 days after training. Either 2 or 3 
days after recovery from anesthesia, wa- 
ter bottles were removed, and the ani- 
mals were given the opportunity to drink 
their entire supply during 5 minutes (at 
approximately 5:00 p.m.). Animals 
quickly learned to drink almost continu- 
ously while water was available. They 
lost not more than 15 percent of their 
weight (10). All animals were drinking 
continuously before the test for condi- 
tioned suppression, held on day 10. Dur- 
ing testing, the animal's cage was placed 
near a loudspeaker. During the first min- 
ute of water availability, the speaker was 
off. During minutes 2 through 5, the 
speaker provided white noise (85 dB 
within the cage); during minutes 6 and 7, 
the noise was off. For each minute of 
testing, the experimenter recorded the 
cumulative number of seconds of drink- 
ing on electronic timers (11). The effects 
of training were assessed by determining 
a suppression ratio: duration of drinking 
during minute 2 divided by that during 
minute 1. Conditioned suppression to a 
CS after aversive training in waking ani- 
mals is regarded as evidence of Pavlov- 
ian fear codditioning (12). 
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