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varying in amplitude through this stage of 26 sec duration
(Figure B). Successively, the spikes reached the maximum
in size and a regular frequency within 15 sec, while the
animal appeared catatonic (Figure C). Within 6 sec these
rhythmic frequent spike discharges were retarded and
depressed (Figure D). The cessation of the convulsion
stage was followed by silence of all the electrical activities.
After 20 sec small spikes were recognized again at the low
frequency of 1 every 1-2 sec. The animal manifested
stupor sometimes with a characteristic posture like a
kangaroo and adversive movements of the head to the
left (Figure E). Oral movements or resuming behavior
were present at times simultaneously with the arousal
pattern of the EEG for a brief duration (Figure F). This
post-ictal stage continued for 6 min and recovery both
in the EEG and behavior was seen. In the records of the
El mouse, the paroxysmal discharges were mostly com-
posed of spikes of duration within 120 msec with fewer
slow waves.

In the inter-ictal period also paroxysmal discharges
could be observed less frequently and in limited regions.
Even during drowsiness, deep sleep or the REM sleep,
the spikes occurred at the same regions with a short dura-
tion. In abortive seizures, which were only squeaking and/
or an instantaneous catatonic posture and were often seen
at the first few weeks after the commencement of the sei-
zures, repetitive spike discharges occurred in same regions
but were unlikely to spread and generalize.

The present paper reports for the first time the EEG of
the hereditary epileptic mouse while freely moving. On
the audiogenic seizure mouse, there was the EEG recording
for a short duration only under anesthesia® An El mouse
is considered as a kind of the sensory precipitated epilep-
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sy? comparable to similar types of epilepsy in man, a
mouse with the audiogenic seizure?, a baboon of photic
sensitivity ?, a particular strain of a Mongolian Gerbill®
and a domestic fowl!!, because of its susceptibility to
changing position or environment. The paroxysmal dis-
charges have a certain localized onset at the centro-
parietal region of the hemisphere and spread to become
general over the whole cortex and are followed by sudden
depression in the El mouse. During the seizure, the features
of the paroxysms are quite similar to those in a photo-
genic baboon, except for the focus. In the latter, the
spikes started at the fronto-central region®.

As the provoking conditions of seizures in El mice are
rather complicated and obscure in nature, investigations
on them should be made. So far the seizures seem likely
to be caused by vestibular or proprioceptive stimulations.
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Preparation of Isolated Single Cardiac Cells from Adult Frog Atrial Tissue!

M. TArr and J. W. TRANK?

Department of Physiology, Uwiversity of Kansas Medical Center, College of Health Sciences and Hospital Kansas City

(Kansas 66103, USA), 17 September 1975.

Summary. Isolated cardiac cells from bullfrog atrial tissue can be readily prepared by digestion of intact fragments of
atrial tissue with trypsin and collagenase. These isolated cells have dimensions of about 5 ym in width and range in
length from 300 um to over 500 um. Such isolated cells may prove useful for the investigation of contractile activity
of cardiac muscle at the single cell level and at the sarcomere level within the single cell.

The preparation of component cells from various tis-
sues perfusion with a variety of proteolytic enzymes has
been known for some time. However, the preparation of
isolated cardiac cells has been primarily confined to the
embryonic chick heart. Only recently have attempts
been made to isolate viable cardiac cells from adult myo-
cardidl tissue and to date the majority of this work has
been confined to mammalian cardiac muscle,

In 1970 VarHoUNY et al.® described a method for the
preparation of isolated cardiac cells from adult male
rats by incubation of the heart fragments in a saline
solution containing trypsin and collagenase. Isolated cells
obtained by this method were spontaneously active and
remained active for several hours. Since then, several
investigators have used VAHOUNY’s technique to prepare
single smooth muscle cells from the stomach muscle of
Bujfo marinus® 5, In the present study, we adapted the
technique for the preparation of isolated cardiac cells
from adult bullfrog atrial muscle.

Materials and wmethods. Bullirog (Rana catesbeiana)
atrial tissue was cleaned of as much noncardiac cell tissue
as possible and then minced into coarse fragments. The
fragments from one atrium were placed in 2 ml of a Ca++-
free Ringer’s digestion solution having the following
composition: 111 mM NaCl, 5.4 mM KCl, 10 mM tris
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Heart Association Grant-in-Aid.
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Fig. 1. Examples of 4 typical single frog atrial cells prepared by
trypsincollagenase dispersion of intact frog (Rana catesbeiana)
atrial tissue; length calibration is 100 pm.
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(hydroxymethyl) aminomethane, 0.19, collagenase, and
0.1%, trypsin. The pH of this Ca++-free digestion solution
was adjusted to 7.0 at 25°C by adding 12.4 N HCL. The
digestion medium with tissue fragments was agitated by
gentle bubbling with 959 0,-59% CO, and at 30 min
intervals the supernatant was removed and replaced by
2 ml of fresh digestion solution and the digestion con-
tinued. The supernatant from each 30 min digestion
period was added to 10 ml of cold Cat+-free Ringer’s
solution (composition as above without trypsin and col-
lagenase) and the heart cells were collected by gentle
centrifugation. All procedures were carried out at room
temperature. The cells from each 30 min harvest were
resuspended in 6-10 ml of Tris-buffered Ringer’s solution
containing 1.8 mM CaCl,, 4 mM glucose, 100 U penicillin/
ml, and 200 pg streptomycin/ml. Cells contained in
1-2 ml of this solution were plated into tissue culture
dishes (Falcon tissue culture dish No. 3001) and allowed
to settle and attach to the bottom of the dish. The cells
attach firmly enough to the culture dishes so that the
cells can be superfused with solution of varying com-
position. It was found that a significant number of
cardiac cells was obtained only after 11/,-2 h of tissue
digestion, a result similar to that reported by Vamouny
et al.3. No obvious structural differences were observed
between cells obtained 2 h after initiation of digestion
and those obtained 4 h after initiation of digestion.
Results. A large quantity of isolated cells can be ob-
tained by this technique and examples of 4 typical cells
are shown in Figure 1. These cells are spindle shaped and
have a centrally located nucleus; bifurcated cells have
also been observed. The cells are quite long ranging in
length from about 300 pm to over 500 um. The cell width
at the region of the nucleus is on the order of 9 um,
whereas adjacent to the nucleus region the cell width is
about 5 um. We have verified by hemotoxylin-eosin
staining of the isolated cells and by electron microscopy
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that the cells prepared by this technique are single cells.

Observation of the cells at high magnification (Fig-
ure 2) demonstrates that the cells have a distinct sarco-
mere patterning and that the sarcomere spacing is fairly
uniform along the length of the cell. The sarcomere
spacing (determined by dividing the number of sarco-
meres in a given region of the cell by the length of that
region) is about 2.1 um (average of 11 determinations on
10 cells).

A number of preliminary tests have been performed
to assess the viability of these isolated cells. The ability
of these cells to give twitch like contractions in response
to an electrical stimulus was determined. Electrical
stimulation was provided by field stimulation between
an electrode placed in close proximity to a cell and a
remote electrode placed in the fluid in the culture dish.
Of 479 cells (from 7 atria) tested within 5 h of preparation,
380 (799%) of the cells gave twitch like contractions in
response to electrical stimulation. The response of the
isolated cells to elevated extracellular potassium con-
centration was also determined. Of 101 cells (from 5
atria) superfused with high-K Ringer’s solution (115 mM
KCl, 111 mM NaCl and 1.8 mA CaCl,), 87 (899) of the
cell produced either sustained or transient contractile
responses. Very few cells showed spontaneous contractile
activity when exposed to normal Ringer’s solution.

Discussion. The technique of trypsin and collagenase
dispersion of intact tissue appears to work nicely for the
preparation of isolated frog atrial cells. The morphology
of cells obtained by this technique appears to be similar
to that obtained by MARCEAUS® on cells isolated from
frog cardiac tissue by a combination of potassium caus-
tique and acid dissociation of intact tissue. The cell
width of 5 pm is similar to that obtained by MARCEAU as
well as that reported by electron microscopists’. The
cell length of 300-500 pum is longer than reported pre-
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viously in the literature. BARR et al.? reported cell lengths
of 175 ot 250 um on frog atrial cells teased from bundles
incubated in EDTA Ringer’s and SkRAMLIK® reported
lengths of 73 to 193 pm in cells isolated by KOH digestion
of intact tissue. However, the diagrams of frog cardiac
cells presented by MARCEAU® give a length to width
ratio of about 70 indicating cell lengths in excess of
300 pm. The sarcomere spacing in the isolated cell of
about 2.1 pm is similar to that reported for intact frog
cardiac tissuel% 11,

The isolated cells prepared from adult bullfrog atrial
tissue appear to have intact membranes as evidenced by
the observations that they give contractile responses in
response to electrical stimulation or an elevation in
extracellular potassium concentration. In contrast to
mammalian cardiac cells prepared by enzymatic diges-
tion where only about 109, of the cells appear to have
intact membranes??, the majority of the isolated frog
atrial cells appear to have normal morphology and re-
spond to electrical or chemical stimulation. Also, these
frog atrial cells tolerate extracellular calcium concentra-
tions in excess of 1 mM, whereas isolated mammalian
cardiac cells go into contracture if extracellular calcium
concentration is elevated above 1 mAM 12,
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A Population of Human Lymphocytes Staining for Esterases?
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Summary. A population of lymphocytes is found to stain positively for esterases. The positively staining lymphocytes
are more predominant among T than B lymphocytes and are significantly increased on stimulation with PHA. Treat-
ment with cholinestrase inhibitors reduces their number significantly.

Staining for non-specific esterase is a widely used cyto-
chemical method for the identification of monocytes.
However, it has not been reported that lymphocytes
stain positively using this technique. We now report that,
in contrast to the diffuse cytoplasmic staining pattern
observed with monocytes, a variable proportion of
Iymphocytes show one or more discrete cytoplasmic
‘spots’. We examined the possibility that positively
staining lymphocytes may correlate with distinct sub-
populations of lymphocytes. We also studied the effect
of lymphocyte stimulation with phytohaemagglutinin
(PHA).

Blood leukocytes from 26 persons were separated by
Hypaque-Ficoll gradient centrifugation?® The average
yield of lymphocytes was 859, and 95% of the cells were
lymphocytes. Viability as judged by dye exclusion was
999%,. Sheep red blood cell (SRBC) rosette formation
with T lymphocytes was carried out as previously de-

scribed®. Rosette forming lymphocytes were separated
from non-rosetting lymphocytes by gradient centrifuga-
tion*. The sedimented rosettes and the free cells harvested
from the interface were used as source of T and B-rich
leukocytes suspensions respectively. Adherent cells were
depleted by incubating 8 X 10% leukocytes in 2 ml of
medium in small petri dishes at 37°C for 2 h,
Lymphocyte proliferation was induced by culturing
4 x 108 cells/ml with 12.5 ul of PHA (Burrough-Wellcome
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