
ticipation of an RNA-synthesizing sys- 
tem. The latter alternative seems most 
likely in sea urchins, (20) but whether 
either of these mechanisms is opera- 
tive in amphibians is not yet known. 

The existence of extranuclear DNA 
in amphibian eggs has been suggested 
(4, 21). But the synthesis of "DNA- 
like RNA" does not appear to begin 
until relatively late in cleavage (6), 
although other classes of RNA may 
be synthesized shortly after fertiliza- 
tion (5). While there has been no 
clear-cut demonstration of the exist- 
ence of "stable messenger" in amphi- 
bians, results with actinomycin D as 
an inhibitor of DNA-directed RNA 
synthesis have strongly suggested that 
early protein synthesis can occur with- 
out the synthesis of RNA (7). 

Thus, it seems that protein synthesis 
can occur in the amphibian egg in the 
absence of continuous nuclear influ- 
ence. Whether the same proteins are 
being synthesized in the nucleate and 
anucleate eggs is not yet known, and 
the nature of the factors controlling 
this early protein synthesis remains 
unclear. 
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Brain Transplantation: Prolonged Survival of 

Brain after Carotid-Jugular Interposition 

Abstract. Six isolated canine brains were successfully transplanted for 6 hours 
to 2 days to the cervical vasculature of dogs. Viability was shown by electro- 
cortical activity and significant uptakes of oxygen and glucose, with production 
of carbon dioxide. Cerebral blood flows, temperatures, and pressures of the cere- 
bral homograft were continuously monitored by way of an implantable recording 
module. 
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To extend significantly the viable 
longevity and improve the biological 
performance of the isolated brain, per- 
manent vascular implantation in a suit- 
able recipient would be required. 
Whereas Demikhov (1) has demon- 
strated the feasibility of transplantation 
of the upper portion of the canine body, 
including the head, and Guthrie (2) 
has successfully revascularized canine 
heads for short periods, the more diffi- 
cult surgical maneuver of transplanting 
the brain as an isolated organ has not 
been accomplished. The solution to 
the inherent biological difficulties of 
neurogenically and vascularly isolating 
the brain, upon which cerebral trans- 
plantation would depend, has recently 
been described (3). The theoretical 
possibilities and implications of transfer 
of cerebral tissue have also been re- 
viewed recently (4). 

We now describe our experience 
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We now describe our experience 

with transplantation of the isolated 
canine brain into a recipient dog; we 
utilized the circulatory environment of 
the neck. To provide for measuring 
function during transplantation a sur- 
vey system has been implanted along 
with the isolated brain to permit 
continuous monitoring of the electro- 
cortical activity, cerebral blood flow, 
temperature, and discontinuous meas- 
urement of arterial-venous oxygen 
A-Vo2 and venous-arterial carbon di- 
oxide V-Aco2 and glucose consumption 
of the isolated brain. 

With the dog under sodium pento- 
barbital anesthesia, the brain was 
surgically isolated within the skull by 
meticulous removal of all contiguous 
tissues. By preserving the integrity of 
the cranium, support and protection are 
afforded the brain and its enveloping 
membranes (5). To insure absolute 
hemostasis during the prolonged period 
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Arterial sample & pressure catheter Flow meter probe on recipient carotid 

Fig. 1. Isolated brain in position between the carotid artery and jugular vein of the 
recipient. A small polyethylene tube is connected to the metal side arm of the torcula 
cannula and provides a means of sampling venous blood from the brain and a means 
of measuring venous pressure in brain. A similar sampling catheter is connected to the 
side arm of the arterial cannula. Together with the connections to a 3-mm implantable 
electromagnetic flow meter probe placed around the recipient carotid artery supplying 
the brain transplant, the torcular and carotid sampling catheters are brought outside 
the skin through a small surgical incision. Similarly, the EEG leads and thermoprobe 
connections are led to the exterior. 
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Fig. 2. Spontaneous electrocortical activity from the frontal and parietal areas of the 
transplanted brain and from the parietal lobe of the recipient brain. The recordings 
shown were taken 1/2, 12, 24, and 34 hours after transplantation. At the aforesaid time 
intervals, brain transplant temperatures were 35?, 33?, 30.6?, and 31.5?C; the recipient's 
temperatures were 36?, 33.2?, 31.4?, and 31.8?C. 

of anticoagulation, thin applications of 
acrylic cement and gelfoam were ap- 
plied to the base of the skull and over 
the frontal bone (denuded of nasal and 
sinus mucosa) where maximum ooze is 
encountered. To monitor brain function 
two pairs of extradural electrodes (for 
electroencephalography) and one ther- 
moprobe were cemented in the skull 
over the frontal and parietal areas 
through small cranial perforations. 
Cerebral circulation was maintained 
through the carotid circulation; how- 
ever, since the internal carotid arteries 
are incapable of sustaining brain per- 
fusion alone in this species, it was neces- 
sary to fashion vascular loops by pre- 
serving the anastomotic shunt linking 
the internal maxillary and internal 
carotid arteries located in the base of 
the skull. As the cephalic tissues were 
removed, so were the various branches 
of the external carotid artery until only 
the internal maxillary and the internal 
carotid arteries and their anastomotic 
vessels were preserved. 

Elimination of the posterior circu- 
lation (the anterior spinal artery and 
vertebral arteries) was accomplished by 

direct ligation through a wide laminec- 

tomy at the second cervical vertebra 
which also provided ready access to the 
vertebral sinuses. These were destroyed 
by means of celloidin replacement in- 
jection. Venous return from brain was 
provided by tapping the torcula after 
treatment of the animal with heparin (3 
mg/kg) with a special cannula which 
directly shunted the blood into one of 
the animal's own jugular veins through a 
Teflon tube. Neurogenic and osteogenic 
isolation was accomplished by ligating 
and dividing the spinal cord, also at the 
second cervical vertebra, and severing 
the vertebral body at this place. By then 
the brain was virtually isolated except 
that it was still perfused by means of 
its own carotid system. We refer to this 
preparation as the "autoperfused" iso- 
lated brain. 

Recipient animals weighing 18 to 23 
kg were anesthetized with sodium 
pentobarbital and intratracheally intu- 
bated. After fixation of a pair of extra- 
dtiral EEG electrodes, the neck was 

surgically opened and the common 
carotid artery and jugular vein were 
dissected free along the entire length 

Table 1. Average metabolic changes across the transplanted canine brain (av. wt., 75 g). Abbrevia- 
tions: AP, arterial pressure; CBF, cerebral blood flow; A-V, arterial-venous; V-A, venous-arterial; 
CMR, cerebral metabolic rate; CRQ, cerebral respiratory rate. 

Glucose 
Time Mean CBF CMRo, 

Ani- after Brain AP, (ml/ A-Vo, V-Aco, (ml/ CMR 
mals trans- temp. recip- 100 g (vol. (vol. 100 g A-V (mg/ CRQ 
(No.) plant (?C) lent per %) %) per (mg/ 100 g 

(hr) (mm-Hg) min) min) 100 g) per 
mill) 

4 1 34.8 149 29.1 9.5 8.3 2.8 15.9 4.63 0.87 
4 2 34.6 144 19.4 11.6 10.5 2.3 26.6 5.16 0.82 
3 4 33.8 149 20.6 10.8 9.7 2.2 39.2 8.08 0.90 
3 8 33.7 120 21.8 11.2 11.0 2.5 22.5 4.91 0.98 
2 16 32.8 105 30.7 11.8 11.0 3.6 21.3 6.51 0.93 
2 24 30.6 92 26.6 11.5 11.0 3.1 13.3 3.51 0.96 
1 32 32.2 127 21.3 11.5 10.0 2.5 30.8 6.56 0.87 
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of the wound on one side of the neck. 
To provide ample space for the brain, 
several of the major strap muscles in 
the cervical area were resected. The iso- 
lated brain was removed from auto- 
cerebral perfusion by closing and divid- 
ing its carotid arteries. The brain graft 
was weighed, submerged in an anti- 
biotic solution, and transferred to the 
neck of the recipient animal which had 
been treated with heparin (3 mg/kg). 
The two carotid arteries of the isolated 
brain were connected to the proximal 
carotid artery of the recipient with a 
siliconized stainless steel fork cannula. 
With the establishment of satisfactory 
outflow from the brain, the torcula 
cannula was fixed within the jugular 
vein of the recipient, thus completing 
the internalization of the circulation of 
the brain graft. 

Since the overall period of circula- 
tory arrest to ibrain had not exceeded 5 
minutes and since intracerebral temper- 
atures at the time of transfer all meas- 
ured below 31?C, external cooling of 
brain did not seem necessary. Figure 
1 illustrates the cervical location of the 
brain homotransplant, together with the 
various components of its implantable 
survey unit and their connections at 
the surface of the skin. Prior to surgi- 
cal closure the wound was irrigated 
with an antibiotic solution and a small 
drain was placed in the dependent area 
of the surgical wound. The recipients 
were either maintained in a state of 
light anesthesia or were allowed to 
awaken. Blood loss that occurred dur- 
ing the anticoagulated state was over- 
come by replacement with fresh donor 
blood. At the conclusion of the experi- 
ment the cerebral graft was removed, 
reweighed, and fixed in Formalin. 

Six canine brains have been viably 
grafted to the cervical vasculature of 
large recipient dogs for periods ranging 
from 6 hours to 2 days, as indicated 
by the persistence of significant electro- 
cortical activity. The electroencephalo- 
gram of a cerebral graft covering a 
period of viability approaching 11/2 

days is reproduced in Fig. 2. The elec- 
trocortical activity of the homotrans- 
plant can be continuously compared 
to the tracing of the recipient's brain 
shown in the lowest channel. Monitor- 
ing of the electroencephalogram has 
been the most sensitive indicator of 
functional change in the homotrans- 
plant. All graft failures have been at- 
tributed to low arterial pressure in the 
recipient or to compromise of intra- 
torcular venous drainage. 
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That transplanted cerebral tissue 
maintains a high-performance metabolic 
state for hours after vascular transfer 
(Table 1) is evidenced by the pro- 
pensity of brain to protect its intrinsic 
cellular integrity as it extracts large 
quantities of oxygen and glucose dur- 
ing periods of reduced cerebral per- 
fusion. Measurements of blood lactates 
across brain revealed no significant 
differences between arterial and venous 

samples. This supports recent work (6) 
suggesting that normal brain does not 
contribute lactate to cerebral venous 
blood. 

A review of the cerebral blood 
flows in the homotransplant of the 
canine brain suggests that previously 
published values (7) for such flow in 
this species are too high. Certainly our 
figures for the dog are more in accord 
with those of McClure and Green (8). 

Review of histological sections of 
brain tissue transplanted up to 2 days 
has failed to reveal any cellular ab- 
normalities (in type or density) which 
would be compatible with rejection 
phenomena. Superficial necrosis of the 
temporal lobes in two brains was prob- 
ably related to the surgery. 

While the present design of the ex- 
periment utilizes anticoagulation, the 
interposition of the canine brain be- 
tween the carotid-jugular circulation of 
the recipient "normalizes" the perform- 
ance of the homotransplant as indicated 
by the factors reported in this study. 
Further increase in the longevity of the 
transplanted, isolated brain and use of 
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It has been widely assumed that the 
conditioned eyelid response performs 
some adaptive function (1, 2). Antici- 
patory closure of eyelids in response 
to some conditioned signal may be sup- 
posed to afford protection in some de- 
gree from the noxious air puff which 
follows. Nevertheless, this assumption 
has received scant support from ex- 
periments. 

Indirect evidence for the adaptive 
nature of the conditioned eyelid re- 
sponse has chiefly been drawn from 
measurements of response amplitude 
and latency. With regard to the first 
of these it was early shown that the 
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the implantable monitoring system 
should provide unusual opportunities 
for further brain research. 

Our experiments demonstrate for the 
first time the feasibility of transplanting 
the canine brain, for protracted periods 
of time, as an isolated organ into the 
cervical circulatory environment of a 
recipient while being able at the same 
time to monitor continuously its elec- 
trical, metabolic, and physiological 
state. 
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amplitude of responding increases dur- 
ing acquisition trials (3, 4), and this 
has since been confirmed (1). It is 
evident, however, that this increase is 
not in itself an indication of adaptive 
change unless the timing of the con- 
ditioned blink is appropriate to the 
arrival of the air puff. 

It is in this latter aspect that results 
are conflicting. The most widely quoted 
recent study (5) showed a slight but 
significant increase in response latency 
(evidenced as a shift in median latency 
toward the onset of the air puff) dur- 
ing the last 30 trials of a series of 150 
trials. Conversely, a decrease in latency 

amplitude of responding increases dur- 
ing acquisition trials (3, 4), and this 
has since been confirmed (1). It is 
evident, however, that this increase is 
not in itself an indication of adaptive 
change unless the timing of the con- 
ditioned blink is appropriate to the 
arrival of the air puff. 

It is in this latter aspect that results 
are conflicting. The most widely quoted 
recent study (5) showed a slight but 
significant increase in response latency 
(evidenced as a shift in median latency 
toward the onset of the air puff) dur- 
ing the last 30 trials of a series of 150 
trials. Conversely, a decrease in latency 

Fig. 1. How the ratio score is measured: 
a, amplitude of CR at point of UCR onset; 
b, maximum UCR amplitude. The ratio is 
a/b. The event marker at the bottom 
shows onset of CS and UCS; the stimuli 
terminate together. 

has been reported over extended train- 
ing periods (6). 

Campbell and Hilgard also found a 
decrease in response latency during 50 
acquisition trials (7). They noted that 
subjects who could be conditioned 
most readily had the lowest average 
response latency. Spence has demon- 
strated this relationship more precisely 
by separating acquisition curves for 
good and poor conditioners, showing 
that the former decrease while the lat- 
ter increase in latency over a series 
of 100 trials (1). 

While these examples could be mul- 
tiplied, they suffice to illustrate the 
contradictory results which arise from 
the measurement of latency. One pos- 
sible explanation may lie in the vari- 
ability of latency, and this is reflected 
in the fact that it is the least reliable 
of the standard measures of condition- 
ing-frequency, amplitude, trials to 
criterion, and latency (7, 8). 

In our study, adaptive behavior was 
assessed by estimating the efficiency 
with which the conditioned response 
(CR) enabled the subject to avoid the 
puff of air; assessment involved selec- 
tion of an appropriate target latency 
at which to measure amplitude. Such 
a target can be functionally defined by 
measuring the amplitude of the antici- 
patory CR at the point at which the 
blink, that is, the unconditioned re- 
sponse, occurs, expressed as a propor- 
tion of the amplitude of the reflex 
blink (see Fig. 1). 

We suggest that a convenient defi- 
nition of the efficacy of the condi- 
tioned response is the extent to which 
it avoids the unconditioned stimulus 
(UCS) and contributes to or obviates 
the necessity of the unconditioned re- 
sponse (UCR). Thus a "perfect" CR is 
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Efficiency of the Conditioned Eyelid Response 

Abstract. A method for estimating directly the efficiency of the conditioned 
eyelid response is capable of reflecting marked changes in response efficiency 
during acquisition of the conditioned response. 
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