
titers, or both, were similar to those 
in appropriate control cultures (10) 
tested simultaneously. No change in 
sensitivity to viruses was noted for the 
various passages tested. 

When DBS-FRhL-2 cultures were 
inoculated with adenovirus types 3, 4, 
or 7, parainfluenza types 1 or 2, in- 
fluenza A2, herpes simplex, measles, 
cytomegalovirus, or rabies, vital titers 
were less than those observed in con- 
trol cultures. 

A second cell line, DBS-FCL-1 (7) 
was derived from lung tissue of a male 
fetus of Cercopithecus aethiops on 18 
November 1969. Cultures were pre- 
pared and maintained under conditions 
identical to those for DBS-FRhL-2. 
During passages 1 through 5, epithelial 
cells predominated. After passage 6, 
however, the population was comprised 
largely of fibroblasts. Cells grew rapid- 
ly for 35 passages, with a population 
doubling time of 33 hours, and were 
transferred every 3 to 4 days with di- 
vision at a 1:3 ratio. Around the time 
of passage 36 a decrease in growth rate 
was observed, and the cells were sub- 
culturcd at 3- to 10-day intervals with 
division at a reduced 1:2 ratio. After 
passage 53 no further multiplication of 
the cells was noted. At an early pas- 
sage, a seed stock of this cell line was 
prepared and stored in liquid nitrogen 
in a manner similar to that for DBS- 
FRhL-2. As with DBS-FRhL-2, a low 
frequency of polyploidy (1.3 to 6.0 
percent) was observed between pas- 
sages 1 and 34. Tests for the presence 
of adventitious agents and for tumori- 
genicity, as described for DBS-FRhL- 
2, have been negative. 

The spectrum of susceptibility to 
viruses of DBS-FCL-1 is similar to that 
of DBS-FRhL-2. Sensitivity was dem- 
onstrated to poliovirus types 1, 2, and 
3, adenovirus type 3, parainfluenza 
type 3, herpes simplex, mumps, rhino- 
virus HGP, rubella, Coxsackie A9, and 
vaccinia. 

In order for these cell lines to be 
economically feasible as substrates for 
vaccine production, they must provide 
(i) adequate cell population, (ii) 
rapid growth rate, and (iii) yields of 
virus sufficient for vaccine production. 
An adequate population is assured by 
the ability of both cell lines to progress 
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pares favorably with other values 
found for primate lung cells (2, 13). 
The stability of these cells during ex- 
tended periods of storage is another 
factor assuring their adequacy for pro- 
duction of virus. No changes have been 
recognized in either cell line after 6 
to 12 months of storage in liquid 
nitrogen. 

The results of this program for de- 
velopment of new cell lines suggest 
that it is possible to develop popula- 
tions of cells from subhuman primates 
which meet basic requirements for use 
in the production of human biologics. 
However, further evaluation by other 
independent investigators will be nec- 
essary to increase the level of con- 
fidence in the safety of these cells. 

JOHN C. PETRICCIANI 

HOPE E. HOPPS 
DOUGLAS E. LORENZ 

Division of Biologics Standards, 
National Institutes of Health, 
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The lateral eye of the horseshoe 
crab, Limulus polyphemus, has been 
studied for many years (1). In most 
experiments the eye was removed from 
the animal and placed in a recording 
chamber (2). Although the preparation 
is well suited for experimentation, the 
sensitivity to light of the receptor units 
(ommatidia) often declines steadily 
after the eye is excised. To try to over- 
come this problem, we recorded from 
the optic nerve fibers without removing 
the eye from the animal. 

Here we describe a method for re- 
cording from the intact Limulus eye. 
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We show that responses from single 
ommatidia can be recorded for periods 
up to 30 hours and that the sensitivity 
of the eye remains stable for at least 
one week. We describe some response 
characteristics of ommatidia in the in- 
tact preparation and show how these 
characteristics differ from those of the 
excised eye. 

Our method was to clamp an adult 
Limulus to a rigid platform that was 
placed in an aquarium filled with re- 
circulated artificial seawater (3). The 
dorsal surface of the animal, including 
the lateral eyes, remained above the 
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Limulus Lateral Eye: Properties of 

Receptor Units in the Unexcised Eye 

Abstract. Single receptor units in the compound eye of the horseshoe crab 
were illuminated, and their impulse discharges were recorded without removing 
the eye from the animal. The receptors were spontaneously active in darkness 
and responded without saturation over a light intensity range of 1010 to 1. When 
the eye was excised, the receptors did not discharge in darkness and had an 
intensity range of 105 to 1, as is usually found. Experiments show that these and 
other differences result from cutting off the blood supply to the eye when it is 
excised. In addition, the range and shape of the intensity characteristic suggest 
that more than one receptor mechanism encodes light intensity in this eye. 

Limulus Lateral Eye: Properties of 

Receptor Units in the Unexcised Eye 

Abstract. Single receptor units in the compound eye of the horseshoe crab 
were illuminated, and their impulse discharges were recorded without removing 
the eye from the animal. The receptors were spontaneously active in darkness 
and responded without saturation over a light intensity range of 1010 to 1. When 
the eye was excised, the receptors did not discharge in darkness and had an 
intensity range of 105 to 1, as is usually found. Experiments show that these and 
other differences result from cutting off the blood supply to the eye when it is 
excised. In addition, the range and shape of the intensity characteristic suggest 
that more than one receptor mechanism encodes light intensity in this eye. 



Excised right eye Intact left eye Excised left eye 
,4 

e 

1 2 3 4 5 6 

Duration of experiment (days) 

Fig. 1. Stability of visual sensitivity for 
units in excised and intact lateral eyes 
of the same animal. Log relative sensi- 
tivity (see text) is plotted on the ordinate, 
and time (in days) after the right eye was 
excised is plotted on the abscissa. The left 
eye was excised at 6.3 days. The open 
and closed circles represent measurements 
made on excised and intact eyes, respec- 
tively. Each data point corresponds to a 
different unit. 

water level. Freshly aerated seawater 
washed the gill structure through slots 
in the platform. A small section (1.9 
cm in diameter) of shell anterior to 
one of the lateral eyes was removed to 
expose the optic nerve. The nerve was 
cut and drawn into a small recording 
chamber that was filled with seawater 
(4) and attached to the shell. The optic 
nerve was then dissected with fine glass 
needles until a single active unit was 
isolated. Using glass suction electrodes, 
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Fig. 2. Intensity (1) characteristics for the 
initial transient and steady-state responses 
from a dark-adapted receptor in an unex- 
cised eye. The unit's response is plotted 
on the ordinate as a function of the log of 
the relative light intensity plotted on the 
abscissa. The steady-state response was 
the mean firing rate during the last 5 sec- 
onds of a 10-second flash. The initial 
transient response was measured by the 
highest frequency (reciprocal of shortest 
interspike interval) of the discharge dur- 
ing the early part of the record. The unit 
did not respond with a well-defined tran- 
sient to intensities less than log I = -8.5. 
In darkness (log I - - oo) the unit's spon- 
taneous activity was 1.4 impulse/sec (spon- 
taneous rates of 0.2 to 2 impulse/sec have 
been recorded from receptors in other 
eyes). At log I = 0 approximately 5 x 
1012 quanta/sec are incident on the unit at 
the cornea from 400 to 650 nm. 
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filled with seawater (4), we could 
record spikes from the optic nerve fi- 
bers for periods of up to 30 hours. 
Single ommatidia were optically iso- 
lated with fiber-optic light pipes (5). 
At no time during the preparation of 
the animal or in the subsequent experi- 
ment were anesthetics used. 

To test the stability of the "intact" 
preparation, we did the following ex- 
periment. First we excised the right eye 
of an animal and determined the sen- 
sitivity to light of several ommatidia. 
Sensitivity is the reciprocal of the rela- 
tive light intensity required to elicit 55 
percent frequency of responding to 
brief (20 msec) flashes of light (6). 
The results in Fig. 1 (closed circles) 
show that the sensitivity of ommatidia 
in the excised right eye decreased con- 
tinuously during the first 14 hours after 
the eye was excised at which time it 
was discarded. Over the next 5 days 
we recorded, as described above, from 
the optic nerve fibers of the left eye 
of the same animal without removing 
the eye. During that period of time 
(Fig. 1, open circles) the sensitivity 
of the ommatidia from which we re- 
corded was nearly constant. We then 
excised the left eye and found that its 
visual units declined in their sensitivity 
to light at about the same rate as did 
units in the excised right eye. We con- 
clude from these results that our 
method of recording from the optic 
nerve fibers of the intact eye results 
in a stable preparation. 

The stability of the intact prepara- 
tion enabled us to determine reliably 
certain physiological characteristics of 
single ommatidia. The intensity charac- 
teristics for the transient and steady- 
state responses from a single dark- 
adapted ommatidium are shown in Fig. 
2. The transient response was measured 
by the highest frequency of the impulse 
discharge at the onset of illumination. 
The steady-state response was the mean 
firing rate during the last 5 seconds of 
a 10-second flash. All the data in Fig. 
2 were recorded from a single omma- 
tidium that was optically isolated with 
a single glass fiber. Each of the data 
points was obtained when the unit was 
fully dark adapted. 

Figure 2 reveals four interesting 
properties of an ommatidium in an in- 
tact eye: (i) a 1010-fold range of light 
intensity for the steady-state response, 
(ii) a distinct plateau in .the steady- 
state intensity characteristic at moder- 
ate levels, (iii) a monotonically in- 
creasing transient response over a rela- 
tively narrow range (104) of light 

intensities, and (iv) spontaneous activ- 
ity in complete darkness. 

In comparison, ommatidia in excised 
eyes respond over a relatively narrow 
range (105) of light intensities and are 
not usually active in the dark (Fig. 
3a) (7). These differences probably 
result from cutting off the eye's blood 
supply in the excised preparation. A 
direct comparison of the two curves in 
Fig. 3a may not be justified, however, 
because the curves were not obtained 
from the same receptor. To clarify this 
point, we did the following experiment. 
An intensity characteristic was deter- 
mined for a fully dark-adapted unit in 
an intact eye. Without disturbing the 
optical isolation of the unit or its state 
of adaptation, we cut the animal's 
heart in half (8). Intensity character- 
istics were then determined at various 

Ei10: Intact 

aExcised 

V 

o 7 

10 / 

I 
e / 

FE 10 Intact 

ctr unt iinatndExcised 

s ) how / 
a, / f 

. tensity characteristic of re - 

c istic befown in heart was dete 

, I 

Each first. onhis ey re was t a exiedan'_ 

10 

n the rexcie98 7 6 5 r 3 d t 0 
Log 

Intensity characteristics o f re- 
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mined first. This eye was then excised and 

itensity characteristic of a singe reeptor 
unit. The "O-hour" curve is the intensity 
characteristic before the heart was cut. 
Each point on this curve was obtained 

Intensity characteristics of the same unit 
were determined 3 and 6 hours after the 
animal's heart was cut in half (8). The 
unit did not respond to log I = -7 after 
3 hours, and after 6 hours the unit did 
not respond to log I =-4.5. The data in 
(a) and (b) represent steady-state re- 
sponses. All the curves were fit by eye. 
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times after the heart was cut (Fig. 3b). 
The first noticeable effect on the eye 

of cutting the heart was a steady de- 
cline of the spontaneous discharge from 
the recorded unit. Two hours after the 
heart was cut the spontaneous dis- 
charge stopped. At 3 hours the range 
of the intensity characteristic had con- 
stricted by about 103, and after 6 hours 
the characteristic stabilized with a 
range of less than 105 to 1. The 6-hour 
characteristic is similar in shape and in 
range to the excised eye characteristic 
shown in Fig. 3a. It also agrees well 
with the results reported by Hartline 
and McDonald (7) for units in excised 
eyes. We conclude, therefore, that the 
differences in the properites of units in 
intact and excised eyes shown in Fig. 
3a were caused primarily by cutting off 
the eye's blood supply. 

We should point out that the optic 
nerve is closely associated with a blood 
vessel that is cut in our experimental 
procedure. This vessel is a branch of 
the hepatic artery (9), which joins the 
optic nerve a few millimeters behind 
the eye. Blood in this vessel flows to- 
ward the brain, so that cutting the 
vessel does not interfere with the blood 
supply to the eye. 

The range of stimulus energies 
(1010) encoded by a single ommati- 
dium in the intact eye appears too 
large to be served by a single receptor 
mechanism. To our knowledge no 
other sensory receptor has been found 
with a similar range. For example, the 
range for some vertebrate photorecep- 
tors is 104 (10); for auditory receptors 
in the noctuid moth it is 105 (11), and 
for the Pacinian corpuscle about 102 

(12). It appears, then, that more than 
one receptor mechanism encodes light 
intensity in the Limulus eye. 

The shape of the steady-state in- 
tensity characteristic in Fig. 2, espe- 
cially the plateau region, further sug- 
gests that two mechanisms are in- 
volved. Measurements on light and 
dark adaptation and on the variability 
of the interspike intervals (13) also 
support the existence of two mechan- 
isms. Dowling (14) pointed out that 
regenerative responses recorded intra- 
cellularly from the eyes of small 
Limuli may represent a second, more 
sensitive mechanism for encoding light 
intensity. Electroretinogram studies by 
Wulff (15) also suggest two mechan- 
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The range of the human visual sys- 
tem measured psychophysically (16) 
is about equal to that of ommatidia in 
the intact Limulus eye measured physi- 
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ologically. Intensity coding in the 
human as well as in many other verte- 
brates is served by two receptors-rods 
and cones. 
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tion caused by epinephrine was not af- 
fected by the a-adrenergic blocking 
agent (Fig. 1B). Electron micrographs 
revealed the typical picture of enzyme 
secretion: enlargement of the acinar lu- 
mens due to fusion of the secretory 
granules with the cell membrane. How- 
ever, vacuole formation was completely 
depressed by phentolamine (compare 
Fig. 2, A and B). The /3-adrenergic 
blocking agent propranolol had no ef- 
fect on K+ release, but it completely 
abolished epinephrine-induced enzyme 
secretion (Fig. 1, A and B). Addition of 
propranolol was characterized morpho- 
logically by extreme vacuolation of the 
acinar cells, constricted lumens, and the 
absence of fusion of secretory granules 
with the cell membrane (compare Fig. 
2, A and C). Norepinephrine caused 
K+ release and enzyme secretion as 
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Potassium Ion Release and Enzyme Secretion: 

Adrenergic Regulation by -a- and 8-Receptors 

Abstract. Epinephrine caused amylase secretion and K+ release in rat parotid 
slices. Propranolol, which blocks /3-receptors, inhibited amylase secretion; phentol- 
amine, which blocks a-receptors, inhibited K+ release. Since enzyme secretion was 
associated with fusion of secretory granules to the cell membrane and K+ release 
was associated with vacuole formation, it could be shown that both a- and P-re- 
ceptors are present in the same exocrine cell. The findings appear to exclude cyclic 
3',5'-adenosine monophosphate as an intermediate in the a-receptor response. 
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