had a dose of 4000 pg only 1 day
before our study. If the pertinent con-
centrations in liver and blood derived
above are multiplied by 40, concen-
trations attained in vivo are similar to
Cohen’s values of 0.01 and 0.1 pg/ml.
Even in this subject we have found no
evidence of increased chromosome
damage in peripheral blood leukocytes.

In this connection, it must be re-
membered that the dividing cells in
peripheral blood cultures from normal
humans are derived from mature, non-
dividing, circulating lymphocytes (7).
At the time of blood collection these
are almost exclusively in the G, or
G, portion of the cell cycle (before
DNA synthesis) (8, 9). They are pre-
sumably in G, at the time of exposure
in vivo to LSD. In Cohen’s studies, the
stated durations of exposure to the drug
were sufficiently long to contain a por-
tion of the DNA synthetic period, or
of the stage immediately preceding mi-
tosis (8). Therefore, if the effects of
LSD in vivo relative to chromosome
damage are restricted to stages of ac-
tive synthesis or preparation for divi-
sion, no chromosome damage would be
expected in exposed circulating lympho-
cytes. Precursor cells of lymphocytes,
or any other cells actively engaged in
division processes, might still be af-
fected. Without examination of other
tissues of the body, this possibility
cannot be ruled out.

Occasionally in squash preparations
of drug users’ cells, we found large
cells with multiple micronuclei. Such

cells were not found in control
cultures. Cohen has suggested that
high concentrations of LSD may

be toxic to leukocyte cultures exposed
to it for prolonged periods. These
micronucleated cells might be the prog-
eny of stem cells exposed to high
concentrations of LSD in vivo. How-
ever, if such micronucleated cells re-
sult from previous chromosome dam-
age, one would also expect to see
some chromosome damage in cells
reaching metaphase; this was not seen
in our cultures.

We conclude from our work that
LSD, in doses as high as 4000 e
has not been shown to damage the
chromosomes of human peripheral
blood lymphocytes in vivo. This con-
clusion is supported by observations
of Petrakis (/0). Other tissues of the
body must be examined before ruling
out the possibility of chromosomal
damage to cells actively dividing in
vivo.

Note
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added in proof. Since sub-

mission of this paper a comparable study
supporting conclusions opposite to our
own has been reported (/7). Also, a
paper has been called to our attention
reporting a half time of LSD in vivo
in human plasma essentially identical
to that which we calculated from the
mouse data (12).

WiLLIAM D. LOUGHMAN

THORNTON W. SARGENT

DAvID M. ISRAELSTAM

Donner Laboratory of Medical
Physics and Biophysics,
University of California, Berkeley
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Anesthetization of Porpoises for
Major Surgery

Abstract. Comparison of three por-
poises (Tursiops truncatus and Lagen-
orhynchus obliquidens) given nitrous
oxide with 18 given halothane, with
complete documentation of reflexes and
comprehensive physiological monitor-
ing, showed halothane to be a suitable
anesthetic for major surgery while ni-
trous oxide was found to be inade-
quate. In addition, sodium thiopental
administered intravenously was suc-
cessfully used to facilitate intubation
procedures. This development eliminat-
ed the need to intubate awake por-
poises.

The Atlantic bottlenosed porpoise (or
dolphin) Tursiops truncatus, which has
a well-developed brain (/) has im-
pressed scientific investigators as being
highly intelligent (2). Furthermore, these
porpoises have a very sophisticated
underwater sonar system (3) and high-
ly sensitive hearing over a wide range

of frequencies (4). The maintenance of
comprehensive medical care for such
valuable laboratory animals and our
desire to study auditory physiology dic-
tated the development of an anesthetic
procedure suitable for major surgery.

Nagel, Morgane, and McFarland
(5, 6) have used 50 to 70 percent
nitrous oxide (N,O) supplemented
with succinyldicholine for major sur-
gery in the Atlantic bottlenosed por-
poise Tursiops truncatus. Ridgway (7)
has successfully used halothane to
anesthetize the same animal.

Using the procedure recommended
by Nagel, Morgane, and McFarland
(5, 6) we have anesthetized porpoises
for surgery. Since the use of suc-
cinyldicholine and its attendant muscu-
lar relaxation preclude assessment of
the depth of anesthesia by the use of
reflex signs, we did not use it dur-
ing our studies. Nitrous oxide was ad-
ministered to three animals. To deter-
mine the degree of anesthesia, we ob-
served the following reflexes: (i) eyelid
reflex, contraction or closure of the
eyelid induced by tapping on the inner
canthus of the eye; (ii) corneal re-
flex, contraction of the eye muscles
or lids when the cornea is touched;
(iii) gag reflex, contraction of the
throat muscles when the hand is in-
serted into the pharynx; (iv) tongue
reflex, contraction or pulling away of
the tongue when it is pulled forward;
(v) anal reflex, reflex movements of
any body parts when the anus is dis-
tended; (vi) swimming reflex, move-
ments of the tail up and down in a
swimming motion; (vii)  pectoral
scratch reflex, movements of the pec-
toral flippers in responsé to a pinprick
or scratch of the chest or axillary
region; (viii) blowhole reflex, move-
ments of the blowhole when the finger
is inserted into the nares of vestibular
sacs; and (ix) vaginal or preputial
reflex, movements of the vagina or
penis or other body parts when the
vagina or prepuce is distended by inser-
tion of the fingers or other instruments.

In all three experiments with N,O,
we used a Bird Mark 9 respirator with
porpoise apneustic-plateau control unit
(operated as a controlled, open system),
and intubation of the awake animal
before administration of N,O (5, 6).

The first experiment with N,O was
performed on an adult Lagenorhynchus
obliguidens. With intubation complet-
ed, the animal was administered 100
percent O, at five or six respirations
per minute at a pressure of 20 mm-Hg
(during respective apneustic plateaus)
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for 6 minutes. Then a mixture of 60
percent N,O and 40 percent. O, was
given for 12 minutes; no loss of re-
flexes occurred, and the animal’s eyes
would still follow a finger moved near
the head. Next the N,O was increased
to 80 percent, the balance of the mix-
ture being O,. In 6 minutes the ani-
mal became cyanotic, and only the
anal reflex could be elicited. The mix-
ture was changed to 70 percent N,O
and 30 percent O,, and the animal
rapidly became active again. All the
reflexes returned, and the animal at-
tempted a voluntary inspiration through
the blowhole. After 9 minutes on this

mixture with no change in the ani- .

mal’s responsive condition, 60 percent
ambient air and' 40 percent O, was
given- for 3 minutes, the endotracheal
tube was removed, and the animal re-
-sumed normal breathing. Ten minutes
later the animal was replaced in the
home tank, where it swam normally
and ate fish.

The following procedure was then
carried out on two adult Tursiops
truncatus with the same results: Each
animal was given 100 percent O, for
6 minutes, then 60 percent N,O and
40 percent O, at a pressure of 24
mm-Hg for 28 minutes. The controlled
respiration rate averaged one per 20
seconds. In this time all the reflexes
remained, and the animals would still
follow a finger moved near the eye.
At 28 minutes, the mixture was
changed to 70 percent N,O and 30
percent O, for 38 minutes. No loss of
reflexes resulted, and the animals con-
tinued to “follow” finger movements.
Next the mixture was adjusted to 80
percent N,O and 20 percent O,. One
hour and 10 minutes of this treatment
slightly raised the threshold for the
“pinprick” pectoral reflex; however,
all of the animal’s reflexes were pres-
ent, and no cyanosis occurred. Finally,
being careful to avoid causing cyano-
sis, we briefly administered a mixture
of 90 percent N,O and 10 percent
O,. Definite signs of anesthesia did
begin to appear, but we felt it unwise
to continue use of this anoxic mixture
for more than a few minutes. As out-
lined above, successful extubation was
again performed after a mixture of
60 percent ambient air and 40 percent
O, was administered for a brief pe-
riods. Return to the home tank was
uneventful. '

In all three experiments, the heart
beat remained normal, averaging 108
to 120 beats per minute. Apparently
the cause of cyanosis in the first case
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Fig. 1. Porpoise restrained with seat belts during surgery to allow fréedom of tail

fluke for movement in the swimming reflex. This reflex is a reliable index of the dqpth
of anesthesia. Note outlines of tail fluke vessels which were used for blood sampling.

was eliminated in the second two by
the increase in the endotracheal tube
pressure during the apneustic plateau.

Our findings indicate that N,O is
inadequate for major surgery in the
porpoise. Furthermore, since Nagel,
Morgane, and McFarland have reported
the absence of plasma cholinesterase in
Tursiops truncatus (6), we feel that
their preparation of N,O supplemented
with succinyldicholine is clinically con-
traindicated for major surgery in por-
poises.

Some anesthesiologists may elect to
use N,O with a muscle relaxant other
than succinyldicholine for major sur-
gery in porpoises, their rationale being

the claim that N,O produces amnesia

in humans (8). We do not agree with
this philosophy for two reasons: (i)
There is no experimental evidence for
the presence or absence of amnesia in
the porpoise after the administration of
N,O and (ii) we believe that to inflict
pain is inhumane, whether the animal
remembers it. or not.

Since we were not satisfied with N,O
preparations as anesthetics for major
surgery in the porpoise, the use of
halothane, a more potent anesthetic,
was further explored.

For the experiments with halothane
more extensive physiological monitor-
ing was available. The rectal tempera-
ture was monitored by a telethermome-
ter thermistor probe (Yellow Spring In-

struments) inserted at least 20 cm into
the rectum. The Po,, Pcos, and pH
in blood collected from central arteries
and veins in the tail flukes approximate-
ly every 5 minutes were measured with
an expanded-scale pH meter with O,
and C,O electrodes (9). Oxygen in the
inspired and expired air was measured
with a paramagnetic oxygen analyzer
(9), and end tidal Pco, of each breath
was measured by a Godart capnograph.
The electrocardiogram was recorded
on a Sanborn 350 recorder, and audi-
tory and visual signals were presented
continuously on an electrocardioscope
(9). A urethral catheter was inserted
into the urinary bladder, and the uri-
nary output was monitored as an indirect
measure of adequate kidney perfusion.
The urinary output ranged from 0.7
to 1.5 ml per minute, values within the
normal limits established for unanes-
thetized animals. The heart rates of the
anesthetized animals were very regu-
lar, usually ranging from 100 to 120
beats per minute.

In the halothane experiments the
Bird Mark 9 respirator and apneustic
plateau control was used as a controlled
open system in conjunction with the

 Fluotec Mark 2 vaporizer. In the first

13 cases we intubated the awake ani-
mal (5, 6). However, for our last five
experiments we found that thiopental
sodium (10 mg per kilogram of body.
weight) injected in the veins of the

s



tail flukes safely and quickly relaxed
and calmed the animal, thereby greatly
facilitating intubation.

The percentage of halothane to be
used for induction and maintenance was
determined by trial and error. On the
basis of 13 successful experiments with
the porpoise (three Lagenorhynchus
obliquidens, ten Tursiops truncatus) we
arrived at the following generalizations
for the animals intubated while awake.
Administration of 1.5 percent halothane
resulted in a half-hour induction period
before the loss of “tube bucking” and
the proper depression of reflexes; ad-
ministration of 2.5 percent gave a
smooth induction in 15 minutes. The
induction period for 3.5 percent halo-
thane ranged from 5 to 15 minutes,
and 0.75 to 1.0 percent halothane was
sufficient to maintain surgical anesthe-
sia. Occasionally an animal might re-
quire administration of 1.5 percent
halothane for 2 to 5 minutes for prop-
er maintenance during major surgery.
When theopental was given before in-
tubation, no more than 2.0 percent
halothane was necessary for initial in-
duction. Swimming movements of the
Iree tail flukes were found to be the
most reliable indication of depth of
anesthesia. When these movements dis-
appeared the subject was sufficiently
anesthetized for surgery to begin. Dur-
ing induction, the swimming movements
disappeared just after the loss of strong
corneal and eyelid reflexes. The prop-
er degree of anesthesia was main-
tained with the lowest concentration
of halothane necessary to inhibit move-
ment of the tail fluke. The 1id and
corneal reflexes were the next most
dependable criteria for assessing the
depth of anesthesia. All other reflexes
(except anal reflex) were not promi-
nent during periods of surgical anes-
thesia.

Animals were allowed to recover on
60 percent ambient air and 40 percent
oxygen. In 10 to 15 minutes all re-
flexes except the blowhole reflex re-
turned, spontaneous movement of the
jaw and flipper occurred, and the ani-
mal’s eyes followed a finger moved
near them. Depending on the dura-
tion of anesthesia, the blowhole reflex
returned approximately 15 to 45 min-
utes after the start of the recovery
period. At this time extubation could
be safely performed.

The swimming reflex cannot be eas-
ily observed if the porpoise is restricted
with rigid wooden retainers like those
used by Nagel, Morgane, and McFar-
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land (5). The animal can be effective-
ly restrained with sea belts, which do
not impair the movement of the tail
fluke, over the anterior and thoracic
regions (Fig. 1).

Measures of gases and the pH of
blood samples taken from the tail-fluke
artery during anesthetization correlated
well with corresponding adjustments of
pulmonary ventilation and changes in
systemic measuremens of expired CO.,.
Because the central artery of the tail
fluke is surrounded by a venus plexus,
venous and arterial blood might oc-
casionally intermingle during puncture
of the artery or veins. However, dur-
ing a recent surgical procedure for
studies of cochlear potential, blood
specimens were simultaneously col-
lected from the external carotid artery
and the central artery of the tail fluke,
and the pH, Po,, and Pco, of the re-
spective samples were found to be iden-
tical.

We have used halothane during ab-
dominal surgery. Two ovariohysterec-
tomies were performed on adult Tur-
siops truncatus, and an orchidectomy
was performed on another adult. In
each case, recovery from anesthesia was
rapid and uneventful. Ten months af-
ter the surgery, the two females are
completely healed, in apparent good
health, and being trained for behavioral
studies. The male, however, died 6
days after surgery. A postmortem exam-
ination indicated that death was caused
by an infection that was aggravated
by the surgery.

We have also used halothane anes-
thesia in the porpoise for a laprotomy,
the removal of a cyst, and the repair
of a corneal ulcer. Each of these ani-
mals recovered completely.

SaM H. RiDGwAY
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Naval Missile Center,
Point Mugu, California 93041

JaMmEes G. McCorMICK
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Princeton University
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Antigenic Competition:
Cellular or Humoral

Abstract. The injection of one antigen
into mice inhibited the response to
a second when 1 to 10 days sepa-
rated the two injections. When the same
type of inhibition was attempted in
y-irradiated mice reconstituted with
normal spleen cells, the inhibition was
greater in mice receiving 50 million
spleen cells than in those receiving 10
million. The results are interpreted as
favoring a humoral mechanism of
inhibition.

The injection of one antigen into
an animal may partially suppress that
animal’s immune response to another
antigen given a few days later. This
phenomenon known as antigenic com-
petition is well established. Adler (/)
has reviewed in detail the various fac-
tors which affect its demonstration.

Antigenic competition has been ex-
plained either as a competition by the
antigens for a limited number of multi-
potential precursor cells or as competi-
tion for a limited amount of some
humoral factor. The experiments we
report provide evidence that supports
the humoral rather than the cellular
hypothesis. However, a variation in
the humoral hypothesis is advanced,
namely that a humoral factor is pro-
duced during the response to the first
antigen, and this factor acts as a feed-
back repressor of the response to the
second antigen.

Adult LAF/J (C57L/J2 X A/He
J&) mice from R. B. Jackson Me-
morial Laboratories, Bar Harbor,
Maine, were used as donors and re-
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