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Fig. 3. Relation of D20 concentration to
period length of Peromyscus circadian
rhythms. Solid line has been fitted by the
method of least squares. Dashed lines rep-
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effect of period lengthening in Pero-
myscus.

Much of the search for a “site” of
the physiological clock of various orga-
nisms has centered around the nucleus
and the nucleic acids [Blinning (I)].
The possibility that DNA, RNA, or
protein synthesis is responsible for cir-
cadian rhythmicity was suggested by the
work of Karakashian and Hastings with
puromycin and actinomycin D (J).
Dicken and Bray (8) found that DNA
synthesis decreased in mammals drink-
ing D,O. Bray found a linear dosage
effect in which the amount of P32 in-
corporated into rat liver DNA varied
inversely with concentrations of D;O up
to 30 percent in the body water. De-
creases in DNA synthesis were an order
of magnitude greater than the changes
found in this study with Peromyscus,
which suggests that the effect of period
lengthening on the circadian rhythm
is not directly related to DNA syn-
thesis.

The linear relation, without threshold,
shown in Fig. 3 is consistent with varia-
tions in some of the physical properties
of mixtures of D,O and Hy,O (7). Vis-
cosity and positive ion mobilities match
the data closely while changes in spe-
cific gravity and vapor pressure do not.
That some physical property of H,O or
D,O might control the length of the
period of rhythm is in accord with the
small, though measurable, effects of tis-
sue temperature on these rhythms (Z, 9).
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Although the effects of D,O do not
as yet identify any single mechanism as
determining the period of circadian
rhythms, D,O should prove to be a use-
ful tool for the further analysis of the
physiological basis of these rhythms.

ROBERT B. SUTER
KENNETH S. RAWSON
Department of Biology,
Swarthmore College,
Swarthmore, Pennsylvania 19081
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Mixed Lymphocyte Reaction:
An in vitro Test for
Antilymphocytic Serum Activity

Abstract. When Lewis rats were ex-
posed to antilymphocytic serum, pro-
duced in rabbits, to Lewis lymphoid
cells, the transformation of their thoracic
duct lymphocytes in response to foreign
lymphoid cells was markedly reduced in
comparison with that in response to
similar cells from donors treated with
saline or normal rabbit serum. It is sug-
gested that the mixed lymphocyte re-
action may be used as an in vitro test
for the in vivo activity of antilympho-
cytic serum.

Allogeneic skin graft survival may be
prolonged by pretreatment of a recipient
with heterologous antiserum produced
against the recipient’s lymphoid cells or
against cells from another donor of the
same species or strain (/). This pro-
longed survival is accompanied by an
inability of the animal’s lymphoid cells
to initiate graft-versus-host reactions
and normal lymphocyte transfer reac-
tions (2). The normal lymphocyte
transfer reactions are produced by in-
jecting lymphoid cells intradermally into
genetically dissimilar recipients (3). In
addition, antilymphocytic serum usually
induces a circulating lymphopenia (4),
although this is unnecessary for pro-
longed graft survival (5). It has also
been reported that when lymphoid cells
from two genetically dissimilar donors
are cultured together, some of the small
lymphocytes in the mixture will trans-
form into large, immature-appearing
blast cells. This mixed lymphocyte re-
action represents an in vitro homograft
reaction which correlates with the im-
munological status of the donors, as
measured by the ability to induce runt-
ing or normal lymphocyte transfer re-
actions (6). Therefore, it seemed de-
sirable to determine whether the mixed
lymphocyte reaction (MLR) was effected
by pretreating the cell donors with anti-
lymphocytic serum. Results of the pres-
ent study indicate that the mixed
lymphocyte reaction was depressed and,
hence, may serve as an in vitro test for
antilymphocytic serum activity.

The antilymphocytic serum was pro-
duced in six adult, male New Zealand
white rabbits by the intravenous injec-
tion of 30 to 80 X 108 thoracic duct
lymphocytes obtained from male Lewis
rats. Six injections were made over a
period of 7 weeks, and 34 days after the
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last injection the animals were exsan-
guinated by puncture of the inferior
vena cava. The rabbit serum from all
donors was then pooled and samples of
the serum were absorbed with washed,
rat red blood cells. The absorption was
accomplished by thoroughly mixing the
serum with packed red blood cells in a
volume ratio of 5: 1. After standing
for 1 minute, the serum was separated
from the agglutinated cells by gentle
centrifugation. The procedure was then
repeated twice and the serum was in-
jected into two rats in the fashion de-
scribed below. In this case, no detect-
able difference in the mixed lymphocyte
reaction or the normal lymphocyte
transfer reaction was noted when ab-
sorbed instead of nonabsorbed serum
was employed.

Eighteen highly inbred Lewis rats,
divided equally into six groups, were
employed as the cell donors in this
study. While the average weights per
animal of the six groups varied between
140 and 265 g, the individual members
of each group possessed approximately
equivalent weights. Individual rats in
four of these six groups then received
five daily intraperitoneal injections of
1 ml of either saline, normal rabbit se-
rum, or antilymphocytic serum. Twenty-
four hours after the last injection,
lymph was collected from the thoracic
duct of each donor according to the
method of Reinhardt and Li (7). From
cell counts performed on the nondiluted
lymph and from differential counts
made on smears of the collected cells,
the absolute number of large and me-
dium, as well as small, lymphocytes
was determined (6). After the cell
counts, the animals were injected with
5 to 10 ml of 5 percent glucose in
saline and lymphocytes were collected
for culture. Thoracic duct lymphocytes
for culture purposes were also collected
from four F, (Lewis X Brown Norway)
hybrids [F; (Lew X BN)] ranging in
weight from 150 to 300 g. According to
the method described previously (6),
the cells from the injected donors were
then either cultured alone as nonmixed
controls, or exposed to pokeweed mi-
togen as a blastogenic control, or mixed
in equal numbers with cells from the F,
hybrid donors. In the latter case, as in
normal lymphocyte transfer reactions,
the response observed was “one way”
with Lewis cells reacting against the
BN elements but not vice versa. Three
days after initiation, the cultures were
exposed to H3-thymidine (4 pc/ml; 6.7
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Table 1. The average number of lymphocytes (range in parentheses) in the thoracic duct
Iymph of rats 24 hours after five daily injections of either saline (SAL), normal rabbit serum

(NRS), or antilymphocytic serum (ALS).

Treatment Millions of Percent of cells Millions of small Millions of
of donor cells per that are small lymphocytes LMC* per
of cells milliliter lymphocytes per milliliter milliliter
SAL 93.7 84.8 79.2 : 14.5
(80.0 to 113.0) (81.8t091.1) (68.0to 92.4) (10.8 t0 20.6)
NRS 100.0 83.1 83.2 16.8
(67.0 to 140.0) (81.3t0 89.5) (60.0 to 113.8) ( 7.0t026.2)
ALS 357 76.2 217.6 8.1
(20.0to 53.0) (71.6 to 81.3) (15.0to 43.1) (5.0to 9.9)

*LMC, large and medium lymphocytes.

c/mmole) for 12 hours. The cultures
were then analyzed for the presence of
transformed cells by determining the
percentage of enlarged cells on smears
and by assaying the amount of HB3-
thymidine incorporation by scintillation
counting (6).

The remaining two groups of animals
were injected with saline, normal rabbit
serum, or antilymphocytic serum in a
manner identical to that described
above. In this case, however, immedi-
ately after a small sample of thoracic
duct lymph for cell counts and smears
was obtained, suspensions of mesenteric
lymph node cells were prepared (6).
Normal lymphocyte transfer reactions
were then initiated by injecting 25 X 108
cells from each of the three donors
(3, 6) intradermally into the ventral
abdominal wall of an F; Lew X BN)
hybrid. Five days later, a 1 percent
saline solution of Evans blue was ad-
ministered intravenously in a dose of
0.4 ml/100 g. After 8 hours, the skin
involved in the reactions was excised,
and the reactions, as viewed on the
everted skin, were measured and photo-
graphed.

The results of the cell counts on
thoracic duct lymph of the injected
animals are shown in Table 1. The
thoracic duct lymphs of the saline-in-
jected rats contained an average of 93.7
million cells. In contrast the lymphs of
the donors treated with normal rabbit
or antilymphocytic serum possessed
100.0 and 35.7 million cells, respec-
tively. The diminution in absolute num-
ber of thoracic duct lymphocytes in the
rats treated with antilymphocytic se-
rum represented primarily a decrease
in small lymphocytes, although the
number of large and medium cells was
also reduced. The slight but consistently
observed increase in the two categories
of cells in animals treated with nor-
mal rabbit serum most likely reflected

the immune response to this serum.

Results of the normal lymphocyte
transfer experiments revealed that
lymph node cells from the animals
treated with antilymphocytic serum did
not produce detectable normal lympho-
cyte transfer reactions. In contrast,
cells from the rats injected with saline
or normal rabbit serum produced le-
sions measuring 7 to 9 mm and 8 to
10 mm, respectively. It is unlikely that
the failure of cells from the donors
treated with antilymphocytic serum to
produce a reaction was due to the in-
jection of an insufficient number of
cells. Evidence supporting this view may
be found in the following two observa-
tions: (i) Ten times the number of
cells necessary to produce a demonstra-
ble lesion were routinely employed; and
(ii) sizable lesions were seen with an
equivalent number of cells from donors
treated with saline or normal rabbit
serum. '

Figure 1 demonstrates the results ob-
served in the cultures. As may be seen:
(i) The mixed cultures containing the
cells from donors treated with antilym-
phocytic serum transformed five to eight
times less well than comparable saline
or normal rabbit serum X F; control
mixtures, but 40 to 50 percent more
than nonmixed cultures; (ii) the trans-
formation of antilymphocytic serum
cells induced by pokeweed mitogen was
significantly reduced as compared to
saline or normal rabbit serum controls;
and (iii) the cultures containing normal
rabbit serum evidenced greater degrees
of transformation than did the cultures
of cells from saline-treated donors. In
addition, only rarely was a typical blast
cell observed on smears from antilym-
phocytic serum X F; cultures. In con-
trast, large numbers of these cells were
observed in either saline or normal rab-
bit serum X F; incubations. These re-
sults suggest that small lymphocytes
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from donors treated with antilympho-
cytic serum have a diminished capacity
to transform in response to blastogenic
stimuli in general, and especially to
foreign lymphoid cells. That this failure
was not due to a diminished number of
small lymphocytes was supported by the
observation that when the number of
small lymphocytes in the mixed cul-
tures from donors treated with anti-
lymphocytic serum was doubled, the
H3-thymidine incorporation increased
an equal amount. This increase still rep-
resented only one-half to one-third the
incorporation observed in saline X F;
(Lew X BN) hybrid mixtures contain-
ing the usual number of small lympho-
cytes. Since the number of small lym-
phocytes from donors treated with
antilymphocytic serum in these special
cases exceeded by 80 percent the num-
ber in cultures with cells from saline-
treated donors, the lack of an equiva-
lent amount or more of H3-thymidine
uptake cannot be ascribed to a simple
absence of small lymphocytes. More

reasonably, it may have reflected a pop-
ulation of small lymphocytes, the ma-
jority of which were incapable of re-
sponding to foreign cells. Alternatively,
it may have represented a reduced pro-
liferation of the transformed cells after
enlargement. From the findings of these
studies, it may be suggested that the in
vitro mixed lymphocyte reaction can
monitor the in vivo effectiveness of
antilymphocytic serum in prolonging
grafts. Further evidence supporting
this concept may be found in the obser-
vation that the mixed lymphocyte reac-
tion correlates with the normal lympho-
cyte transfer reaction which, in turn,
reflects the ability of the donor animal
to reject foreign grafts (6). The test
is also technically simple to initiate and,
in addition to being sensitive, it is,
within limits, reproducible and quanti-
fiable. Moreover, because blood lym-
phocytes would undoubtedly demon-
strate the same phenomenon, the few
cells required could be obtained without
extensively manipulating the donor ani-
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(for background) per minute.
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mals. From other studies (8) it is ap-
parent that 8 days after seven daily
injections of antilymphocytic serum, the
treated animal demonstrated some re-
covery from the effect of this serum as
monitored by the mixed lymphocyte re-
action. By 6 weeks after treatment, this
reaction has returned to approximately
50 to 80 percent of normal. In addi-
tion, the transformation of thymus cells
did not appear to be affected by treat-
ment with antilymphocytic serum. This
latter observation may explain the de-
layed immunological recovery of thy-
mectomized animals after treatment
with this serum (9).

The mode of action of antilympho-
cytic serum remains speculative, al-
though a number of overlapping the-
ories have been proposed (I0). One
theory suggests that this serum destroys
a selective population of cells which
normally are responsible for graft re-
jection. While the present study does
not relate directly to this theory, it does
suggest further studies that may be
fruitful. This follows since it is known
that the majority of small lymphocytes
in the thoracic duct of the rat are Jong-
lived with respect to circulating life
span (II). Moreover, it has been re-
ported that both short- and long-lived
small lymphocytes transform in the
mixed lymphocyte reaction (12). Since
both this reaction and the thoracic duct
content of small lymphocytes were de-
pressed by antilymphocytic serum, it
may be suggested that at least the long-
lived cells are affected by this serum.
Further studies are needed to determine
whether this is the case.

M. Roy ScHWARZ
R. W. TYLER
N. B. EVERETT
Department of Biological Structure,
University of Washington, Seattle
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Neurohumoral Interaction in the Rat Amygdala after

Central Chemical Stimulation

Abstract. The interactions of chemically induced thirst and hunger with depri-
vation-induced hunger and thirst, respectively, were studied in the amygdala. The
results suggest direct neurohumoral blocking at this locus, rather than mediation

through activated circuits.

The rat’s amygdala shows a func-
tional characteristic that makes it a par-
ticularly appropriate locus for investiga-
tion of the interaction of hunger and
thirst by central chemical stimulation.
Neither adrenergic nor cholinergic
stimulation of the amygdala has signifi-
cant effects on intake of food or water,
respectively, in satiated animals (/). In
suitably deprived animals, however,
adrenergic stimulation greatly augments
food intake and reduces water intake;
and cholinergic stimulation greatly aug-
ments water intake and reduces food
intake. Thus the amygdaloid “thirst”
and “hunger” circuits in the rat display
a modulating, but not initiating, func-
tion. They are apparently not functional
unless the animal has been appropri-
ately deprived for a sufficiently long
time.

For this reason we chose the amyg-
dala as the locus of stimulation in this
investigative study of the interactions
of adrenergically induced “hunger” with
deprivation-induced thirst, and of cho-
linergically induced “thirst” with
deprivation-induced hunger. Gross-
man (2, 3) originally hypothesised a
direct neurchumoral blocking effect in
at least partial explanation of the de-
pression of consummatory behavior
(drinking, for example) by some other,
chemically enhanced drive (adrenergic
“hunger,” for example). However, on
the basis of his findings in the septal
area (4), he later proposed the alterna-
tive hypothesis that the observed de-
pression of consummatory behavior was
mediated by inhibitory circuits acti-
vated, if indirectly, by the chemical
stimulation, As a test of this hypothesis
we predicted a greater depression of
consummatory behavior after amygda-
loid chemical stimulation in deprived
rats (that is, where the amygdaloid cir-
cuits have been sensitized by depriva-
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tion) than in satiated rats (that is,
where the amygdaloid circuits are ap-
parently not responsive to chemical
stimulation).

Of the two experiments that tested
the hypothesis, one failed to establish
the predicted increase in adrenergic de-
pression of drinking in food-deprived
rats over that in food-satiated rats. Thus
we felt that our results gave more, if
limited, support to Grossman’s original
hypothesis of a direct neurohumoral
blocking effect at the locus of stimula-
tion. The second experiment failed to
replicate the cholinergic depression of
eating behavior and thus did not con-
tribute to decision between the two
hypotheses.

Eleven male albino rats (Sydney Uni-
versity Wistar strain; 70 to 120 days

“old at the time of operation) were can-

nulated during the experiments. Eight
were used at any one time; some re-
placements were necessitated by sick-
ness or death.

Throughout each experiment the sub-
jects were kept singly in test cages de-
signed to permit accurate measurement
of intake of food and water, Availabil-
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Fig. 1. Amounts of water drunk after in-
jection, versus time; four different condi-
tions of treatment (4-D).

ity of water was automatically controlled
by an electric motor; food supply was
manually controlled. Cannulas were
made from modified gauge-19 needle
tubing, cut to the appropriate length,
and sealed at the end with silicone rub-
ber that permitted repeated injections
but acted as a barrier to external infec-
tion. Injection needles were modified
gauge-26 hypodermic needles attached
by polyethylene tubing to an Agla mi-
crometer syringe. The cannulas were
implanted bilaterally by means of a
stereotaxic device; the intended locus
was the amygdaloid cortical nucleus. A
subject was allowed to recuperate for
at least 7 days after the operation be-
fore it was placed in the experimental
squad.

For study of the interaction of chem-
ically induced hunger and deprivation-
induced thirst, all subjects were de-
prived of water for 3 hours, and half
were food-satiated and half were food-
deprived for 3 hours. They were in-
jected with either norepinephrine (648 X
10—%M, made isotonic to 0.9 percent
saline by addition of NaCl) or placebo
(0.9 percent saline) (5). Orders of
treatment were counterbalanced over
subjects, allowing each subject to be
used as its own control. Subjects had
1-hour access to water but no access to
food. This procedure avoided possible
confounding of a behavioral interaction
with the predicted effect, a procedural
error that may have occurred in Gross-
man’s two later studies (Z, 4) in both
of which the subject had only a limited
time in which to satisfy both hunger
and thirst, while one of these conditions
was enhanced by chemical stimulation.

The results appear in Table 1. In
addition to recording the total volume
drunk during the 60-minute test period,
we made cumulative measurements of
water intake at S5-minute intervals for
30 minutes after injection; these time
curves for water intake are graphed in
Fig. 1. Analysis of these results, with
t-tests (6), showed significant differ-
ences in mean water intake (i) between
food-deprived and food-satiated subjects
—to be expected; and (ii) between
adrenergically stimulated and placebo-
injected subjects [t (7) = 3.37, P
<.02], so that Grossman’s finding is
confirmed (/). However, no significant
difference was found in adrenergic de-
pression of water intake between food-
satiated and food-deprived subjects.

The second experiment employed the
converse procedure, involving cholin-
ergic stimulation with all subjects de-
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