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Morphine-Induced Delay of Normal Cell Death in the 

We administered morphine or nalox- 
one or both daily to the vascularized 
chorioallantoic membrane through a 
window in the egg's shell on embryonic 
days 7 to 14. All experimental embryos 
survived; motility (10) was slightly less 
than in controls (9 versus 14 kicks per 
minute, respectively). The stages of the 
experimental and control embryos were 
determined with the criteria of Hamburg- 
er and Hamilton (I]), including beak 
length, appearance of feather germs, 
third toe length, and eyelid morphology. 
The experimental animals were indistin- 
guishable from the controls at all embry- 
onic ages examined, suggesting that mor- 
phine does not have a general effect on 
growth and development. Some eggs 
were injected continuously until hatch- 
ing; these chicks did not differ from the 
controls in their ability to hatch or their 
weight at hatching. 

The embryos were killed on embryon- 
ic day 14 and the ciliary ganglia were 
fixed in Bouin's and embedded in paraf- 

Avian Ciliary Ganglion fin. Serial sections (8 km) were stained 
with hematoxylin and eosin orange and 

Abstract. Repeated administration of morphine in increasing doses delayed ganglion cells containing at least one 
normal cell death in the ciliary ganglion of the chick embryo; the effect was nucleolus were counted at x400 (Table 
completely blocked by naloxone. Survival of spinal motoneurons was not affected. 1). Daily treatment with 20 kg (12) of 
Morphine also inhibited potassium-stimulated synthesis of acetylcholine in ganglion morphine sulfate (Mallinckrodt) resulted 
cells cocultured with muscle, suggesting that morphine can influence neurotransmis- in only a moderate increase in cell sur- 
sion. Morphine's efect  on cell death may be due to an inhibition of transmission at vival; daily treatment with a larger dose 
the neuromuscularjunction, but opiates may also directly affect cell death. Although (200 kg) had no significant effects. In 
it is not known whether the endogenous opiates in the ciliary ganglion influence contrast, daily injection of a progressive- 
neuronal survival during embryogenesis, exogenous opiates can affect normal cell ly larger dose of morphine (20 to 200 kg) 
death in the autonomic nervous system. rescued most of the cells that would have 

died (total cell number being 5948 -' 345 
Neuronal death during development Since opiates modulate neurotransmis- on day 14), and this effect was reversed 

occurs naturally throughout the nervous sion in many systems (9) ,  we examined by naloxone. Daily treatment with 20 kg 
system (I) and can be influenced by the possibility that opiates play some of naloxone alone did not significantly 
muscular activity (2), the target, and the role in regulating normal cell death in the affect cell survival when administered 
trophic support (3,4). In the avian ciliary ciliary ganglion. during the period of normal cell death. 
ganglion, cells die during the period of 
synapse formation with the target (5). 
Ciliary ganglion cells project to the mus- Table 1 .  Effect of morphine treatment on cell number (mean + standard error) in the ciliary 
,-les of the iris, ciliary body, and ,-horoid ganglion. All raw cell counts were corrected for overcounting (24). Values in parentheses give 

coat. Normal cell death in this system the number of experiments. 

results in a reduction from 6260 + 339 Embryonic day 1 day 
cells (mean 2 standard error) on embry- Treatment after 
onic day 8 to 3704 2 241 cells on embry- 8 14 16 hatching 

onic day 14, and can be altered by neuro- Control 6260 k 339(9) 3704 r 241(5) 3315 r 116(8) 
muscular blockade, by administration of Morphine 4996 r 584(3)* 
guanosine 3',5'-monophosphate (cyclic (20 Widay) 

Morphine GMP), and by varying the amount of 
(200 kg/day) 

4354 r 275(3) 

target tissue in the developing chick em-  hi^^? 5948 + 345(3)$ 
bryo (3, 6). (20 to 200 kg/day) 

Erichsen et al. (7) observed enkepha- Morphine? 4199 + 125(3) 
lin-like immunoreactivity in presynaptic and 

(20 to 200 &day) terminals in the ciliary ganglion before 4302 + 509(3) 
the onset of cell death. Cultures of ciliary (20 to 200 p,g/day) 
ganglion cells, which lack preganglionic Naloxone 4098 r 307(3) 
terminals, also show enkephalin-like im- (20 
II'Iunorea~tivity (8). These findings SUg- *Significantly different from corresponding control value [P c 0.05, one-tailed Student's t-test with the 
gest that opiate peptides may exist both Bonferroni inequality (25)l. tEggs were injected daily with an increasing dose of mo hine as follows: 20, 

20, 40, 40, 100, 100, 200 and 200 p day, $P,< 0.0?5: BEggs were injected a)aily with the same 
pre- and postganglionically in vivo. increasing dose of morphine, followed/by 2 days w~thovt ~njection. 
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It is possible that continuous adminis- 
tration of the high dose of morphine 
failed to rescue cells significantly be- 
cause it produced tolerance in the em- 
bryo, as has been reported for morphine 
treatment in myenteric plexus neurons 
(13). Accordingly, the embryo would not 
be expected to develop tolerance as easi- 
ly with the lower dose of morphine (14). 
The possibility that the high dose had a 
cytotoxic effect was investigated in cul- 
tured ciliary ganglion neurons. Repeated 
exposure of these neurons to 100 pM 
morphine had no effect on their survival. 

When morphine treatment was discon- 
tinued on day 14, cell death increased 
toward control levels: after 2 days on- 
ly 4302 r 509 cells remained of the 
5948 t- 345 cells that were alive on day 
14. Therefore morphine in increasing 
doses appears to delay cell death only 
until the treatment is discontinued. This 
effect is similar to the ability of neuro- 
muscular blocking agents to delay cell 
death in the spinal cord (15). 

To determine whether morphine can 
affect transmission between ciliary gan- 
glion neurons and muscle, we used pre- 
viously characterized cocultures of gan- 
glionic neurons and striated muscle (16) 
in a routine assay for acetylcholine 
(ACh) synthesis that is very sensitive to 
alterations in presynaptic function (Fig. 
1). Embryonic ciliary ganglion neurons 
(day 9) were cocultured with striated 
muscle for 7 days. Incorporation of triti- 
ated choline into ACh during a 30-minute 
incubation is indicative of neuronal ACh 
synthesis. This synthesis can be stimu- 
lated by a 10-minute preincubation in 
high potassium, which causes ACh re- 
lease, decreasing internal stores (16). As 
shown in Fig. 1, addition of micromolar 
levels of morphine to the preincubation 
solution blocked the release-induced ac- 
celeration of ACh synthesis, and this 
block was reversed by naloxone. Presyn- 
aptic effects of morphine on neurotrans- 
mission have been observed (9), and 
recently enkephalin was shown electro- 
physiologically to decrease transmitter 
release in cultured avian ciliary ganglion 
cells (17). Thus it is possible that mor- 
phine also decreases transmission at the 
neuromuscular junction by inhibiting 
presynaptic release of ACh. 

Since pharmacological blockade of the 
neuromuscular junction also rescues cili- 
ary ganglion cells from normal death (6), 
it is tempting to conclude that exogenous 
opiates act by the same principle. How- 
ever, neuromuscular blockade has never 
been shown to rescue the entire neuronal 
population in the ciliary ganglion, where- 
as morphine does. If morphine is acting 
at the ganglionic synapses [and there is 

good evidence of an inhibitory effect in 
the rabbit ciliary ganglion (18)l as well as 
at the neuromuscular junction, then a 
functional inhibition of these synapses 
might be thought to contribute to the 
morphine-induced prevention of cell 
death. However, treatment of the em- 
bryos with chlorisondamine, an inhibitor 
of transmission at ganglionic synapses, 
increases cell death in the ciliary gangli- 
on (19). Thus it is apparent that simple 
blockade of transmission cannot fully 
explain morphine's effect on cell death. 

We were interested in determining 
whether these effects are restricted to 
the ciliary ganglion or whether morphine 
affects other motoneuron populations, 
such as those in the chick embryo spinal 
cord, where cell death has been well 
documented (15). During normal devel- 
opment motoneurons in the lumbosacral 
lateral motor column (LMC) decrease 
from about 22,000 on embryonic day 6 to 
about 13,000 on day 10 (2,15). Morphine 
was administered in increasing doses as 
described above, except that the treat- 
ment began on embryonic day 6 and 
continued through day 10 in order to 
coincide with the period of motoneuron 
death in the spinal cord. This treatment 
resulted in the survival of 12,751 -t 728 
lumbosacral LMC cells at day 10, similar 
to the number of control motoneurons at 
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Fig. 1. Effect of morphine on Kc-stimulated 
[3H]ACh synthesis. Neurons were derived 
from 9-day chick embryo ciliary ganglia and 
cocultured for 7 days with 11-day chick em- 
bryo pectoral muscle (16). Acetylcholine syn- 
thesis in neuronal cells was measured by 
incorporation of ['Hlcholine (8.4 Cilmmol) 
into ACh during a 30-minute incubation at 
37°C in normal Tyrode's solution. Values 
(means r standard errors) are expressed as 
percentages of the control synthesis rate per 
cell (A). Cells represented in (B), (C), and (D) 
were exposed to Tyrode's containing 55 mM 
K+ for 10 minutes before the synthesis assay. 
In (C) the preincubation solution also con- 
tained 5 pM morphine sulfate and in (D) the 
preincubation solution contained 5 pM mor- 
phine and 5 pM naloxone HC1. 

the same embryonic age. Therefore mor- 
phine's influence on cell survival does 
not seem to affect all motoneurons, and 
may be restricted to cells with endoge- 
nous opiates. 

Weill and Greene (20) reported that 
addition of cyclic GMP to the egg can 
delay motoneuron death in the chick 
embryo spinal cord (20). This effect also 
occurs in the ciliary ganglion (6). It is 
possible that exogenous morphine may 
regulate neuronal survival by an activity- 
dependent mechanism or a neurotrophic 
mechanism mediated by an intracellular 
second messenger such as cyclic GMP. 
Opiates elevate cyclic GMP levels in 
striatal slices and neuroblastoma (21, 
22). 

The insignificant effect on neuronal 
survival of daily naloxone during the 
period of synapse formation argues 
against the possibility that an endoge- 
nous peptide regulates cell death. How- 
ever, the hypothesis is still valid since 
neither the identity of the pre- or post- 
ganglionic opiate peptide nor the phar- 
macological nature and ontogeny of opi- 
ate receptor appearance in the ganglion 
or at the neuromuscular junction have 
been determined. 

Whether or not endogenous opiates 
play a role in regulating neuronal cell 
death, it is clear that morphine can dra- 
matically alter development of the chick 
autonomic nervous system. This may 
have teratogenic implications for hu- 
mans, since infants born to heroin-ad- 
dicted women can show signs of central 
and autonomic nervous system dysfunc- 
tion (23). 
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Knowledge Without Awareness: An Autonomic Index of 
Facial Recognition by Prosopagnosics 

Abstract. Prosopagnosia, the inability to recognize visually the faces of familiar 
persons who continue to be normally recognized through other sensory channels, is 
caused by bilateral cerebral lesions involving the visual system. Two patients with 
prosopagnosia generated frequent and large electrodermal skin conductance re- 
sponses to faces of persons they had previously known but were now unable to 
recognize. They did not generate such responses to unfamiliar faces. The results 
suggest that an early step of the physiological process of recognition is still taking 
place in these patients, without their awareness but with an autonomic index. 

Patients with prosopagnosia are un- 
able to recognize visually the faces of 
persons they previously knew or ought 
to have learned without difficulty. They 
fail to experience any familiarity with 
those faces, and, even after they recog- 
nize the faces through other cues, such 
as voices, their physiognomies remain 
meaningless. Prosopagnosia is due to a 
complete failure to evoke memories per- 
tinent to specific faces or to a defective 
evocation that fails to reach awareness. 
The condition is caused by bilateral dam- 
age to mesial occipitotemporal cortices 
or their connections. 

Investigators of prosopagnosia have 
generally relied on the verbal report of 
the patient's experience as the sole index 
of recognition, an approach that does not 
address potential covert processes of 
which there may be no subjective aware- 
ness. In this study we used the elec- 
trodermal skin conductance response 
(SCR) as a dependent measure and found 
that two prosopagnosic patients generat- 
ed significantly larger SCR's and re- 
sponded more frequently to familiar 
faces than to unfamiliar ones (1). These 
results indicate that, despite their inabil- 
ity to experience familiarity with the 
visual stimulus and to provide verbal 
evidence of recognition, prosopagnosics 
still carry out some steps of the recogni- 
tion process for which there is an auto- 
nomic index. 

The subjects were two female patients 
with stable prosopagnosia caused by bi- 
lateral occipitotemporal damage, as de- 
termined from computerized tomogra- 
phy (CT) and nuclear magnetic reso- 
nance (NMR) imaging (2). We conducted 
several experiments. In each the patient 
was shown 50 black-and-white photo- 
graphs of faces, depicting a full frontal 
pose on a white background (3). Forty- 
two of the faces were of persons entirely 
unfamiliar to the patient ("nontarget" 
faces) and eight were of persons with 
whom the patient was well acquainted 
("target" faces). Both subjects were 
shown two sets of target faces selected 
from a period preceding the prosopagno- 
sia (these target faces were randomly 
interspersed among the nontargets). In 
one of the sets, "family" faces, the 
target faces included those of the patient 
herself, family members, and close 
friends; in the other set, "famous" 
faces, the targets were famous politi- 
cians and actors. Subject 2 was exposed 
to a third set of target stimuli, "antero- 
grade" faces, in which the targets were 
persons with whom the patient had had 
extensive contact since the onset of her 
illness but not before (physicians, psy- 
chologists, and so forth). 

The subjects were given two presenta- 
tions of each of the two sets of stimuli (or 
three sets, in the case of subject 2). 
During the first presentation skin con- 

ductance was recorded with Ag-AgC1 
electrodes from the thenar and hypothe- 
nar eminences of the nonpreferred hand 
on a Beckman type RM Dynograph re- 
corder. Slides were presented for 2 sec- 
onds at intervals of 20 to 25 seconds. 
During the first viewing, no response 
was required of the subject; during the 
second, she was asked to verbally rate 
the familiarity of each face (4). Skin 
conductance was not recorded during 
the second presentation. 

The results are presented in Table 1. 
As expected on the basis of her perva- 
sive syndrome, subject 1 showed a com- 
plete failure to recognize any of the 
targets in the family and famous faces 
sets. Yet not only did she produce more 
frequent and consistent SCR's to the 
target stimuli, she also generated larger 
SCR's to the target faces than to the 
nontargets. The amplitude data were 
compared by the Mann-Whitney U test, 
a nonparametric test that avoids statisti- 
cal assumptions not fulfilled by the data 
sets generated in this study. The average 
SCR amplitude for the target faces was 
significantly larger than that observed 
for the nontargets for both family faces 
(U = 241, z = 4.01, P < 0.001) and fa- 
mous faces (U = 265.5, z = 1.80, P 
< 0.05) (5) .  

Subject 2 also evidenced more fre- 
quent and significantly larger SCR's to 
the target stimuli in the family faces 
(U = 362, z = 4.63, P < 0.001) and fa- 
mous faces ( U  = 204, z = 3.19, P 
< 0.001) sets (Table I), but, consistent 
with her lack of retrograde prosopagno- 
sia, she also recognized accurately the 
familiar faces in these two sets. In the 
anterograde faces set, however, in which 
she was not able to recognize the target 
faces, she again produced more consis- 
tent and significantly larger SCR's to 
the target faces ( U  = 283, z = 3.95, P 
< 0.001). Thus this subject also showed 
a highly accurate autonomic index of 
recognition of familiar faces, despite a 
complete inability to experience familiar- 
ity with these faces and to recognize 
them formally. 

The dissociation between the absence 
of an experience of recognition and the 
positive electrodermal identification may 
mean that in these subjects an early step 
of the physiological process of recogni- 
tion is still taking place, but that the 
results of its operation are not made 
available to consciousness. Dissocia- 
tions between overt recognition and un- 
conscious discrimination of stimuli have 
been reported (6). Healthy subjects can 
show accurate autonomic discrimination 
of certain target stimuli, even when they 
are presented in a degraded or camou- 
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