TryMUS IN IRRADIATED ADULT MOUSE

zure pattern is clearly anticonvulsant (Fig.
1). The absence of a relation between in-
tensity of maximal seizures, post-seizure de-
pression, and brain ACh concentration and
ChE activity, whereas seizure thresholds ap-
pear to be related to ChE activity, is further
evidence of the independent control of these
3 measures of convulsive responses.
Summary. Marked strain differences in
minimal electroshock seizure threshold, maxi-
mal electroshock seizure pattern, and dura-
tion of post-seizure depression were found in
adult males and females of 6 strains of rats.
Seizure thresholds in one group averaged only
65% of thresholds in another group. Dura-
tion of tonic extension during maximal sei-
zures and duration of post-seizure depression
showed 10- to 16-fold variations among
strains tested. Females in general showed
greater convulsive susceptibility than males
of the same strain, probably because of the
excitatory action of estradiol. In males, differ-
ences in seizures were compared with values
for brain acetylcholine (ACh) concentrations
and cholinesterase (ChE) activities reported
previously for these strains. In each of the 3
pairs of strains, selectively bred from 3 foun-
dation stocks, the strain with the lower sei-
zure threshold had the higher ChE. On the

785

other hand, intensity of seizures and post-
seizure depression could not be related to
brain ACh or ChE.
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It is now well established that the thymus
is essential for the provision of cells with
immunological competence during develop-
ment(1,2,3,4,5). Mice thymectomized at
birth characteristically show (a) the develop-
ment of a fatal wasting disease between 1
and 4 months of age (actual age depending
on the strain(2,3,6), (b) a marked deficiency
of small lymphocytes in blood and tissues
(1,2,3), (c) a diminished ability to produce
serum antibodies to some antigens(2,7), and

(d) a permanent failure to reject skin grafts
not only from foreign strains but also from
rat donors(2,3). Thymectomy after 3 weeks
of age is not associated with any marked de-
fect except for a reduction in lymphoid cell
population(8). This might at first suggest
that the specific function of the thymus is
restricted to the period of life before it in-
volutes. Experiments performed in this labo-
ratory(9) have, however, clearly shown that
the thymus in adult life is essential for com-
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plete recovery of the immune mechanism
following sublethal irradiation. The data re-
ported here indicate that the immune mecha-
nism fails to be reestablished after lethal ir-
radiation in mice, thymectomized in adult
life, followed by syngeneic marrow therapy.

Materials and methods. Highly inbred
CBA mice were divided into 2 control and 2
experimental groups as follows:—Group 1
(first control group): the mice were sham-
operated at 8 to 10 weeks of age, irradiated
(850 r total body) one week after sham-
thymectomy and given 5 million syngeneic
normal marrow cells intravenously 4 to 6
hours after irradiation. Group II (second
control group): the mice were thymectomized
at 8 weeks of age, sham-irradiated one week
after thymectomy and given 5 million nor-
mal syngeneic marrow cells 6 hours later.
Group IIT (first experimental group): the
mice were thymectomized at 10 weeks of
age, irradiated (850 r) one week after thy-
mectomy and given 5 million normal syn-
geneic marrow cells 6 hours after irradiation.
Group IV (second experimental group): the
mice were treated as in Group III except that
they received marrow from adult CBA mice
that had been thymectomized at birth.

Thymectomy and sham-operation were
performed as described previously(10). The
X-rays were generated in a 220 kv Westing-
house therapy unit operating at 15 mA with-
out added filtration. The half value layer in
copper was 0.4 mm, the target distance 100
cm and dose rate 60 r per minute. The mice
were housed in perspex containers during the
procedure. For sham-irradiation, the mice
were placed under the tube for the same
length of time as the irradiated mice with
the machine switched on but the shutter kept
closed. Measurements made during this ex-
posure showed that they received 3.5 r total
body irradiation.

Marrow was obtained from the femurs of
2-month-old donor CBA mice. It was sus-
pended in 199 culture medium and each
mouse received an intravenous injection of
5 million viable marrow cells in 0.4 ml of
medium.

Four weeks after irradiation skin grafts
were performed according to the method of
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Billingham and Medawar(11). The mice
were challenged with 0.2 ml sheep erythro-
cytes in Alsever’s solution 60 days after ir-
radiation and bled from the retro-orbital
venous plexus 7 days after challenge in order
to titrate the sera for haemagglutinins. A
second challenge was made 7 days after the
first and the sera titrated 5 days later. Sera
from normal unchallenged mice and from
normal mice, challenged with sheep red cells
in the same way as above, were also titrated.

Absolute and differential white cell counts
were made from tail vein blood, the first
sample being obtained 76 days after irradi-
ation and the second 100 days. Blood smears
were stained with Giemsa’s stain. Differen-
tial counts were made on 1000 leucocytes for
each sample.

Some mice were sacrificed for histological
purposes at about 80 days after irradiation.
Sections were fixed in Bouin’s fluid and
stained in haematoxylin and eosin.

Results. The mortality before 30 days in
control and experimental groups was as fol-
lows:—Group I, 26 mice treated, 8 died:
Group II, 24 mice treated, 1 died: Group
Itl, 26 mice treated, 3 died; Group IV, 28
mice treated, 9 died. Longevity data for the
survivors will be reported later.

The peripheral leucocyte levels of experi-
mental and control mice at 76 and 100 days
after irradiation or sham-irradiation are
shown in Table I. These data can be sum-
marized as follows:—(a) There is no signifi-
cant difference between mice of Group I and
entirely normal (untreated) mice of the same
age in the absolute leucocyte levels and ratios
at either 76 or 100 days. (b) All absolute
leucocyte levels of Group II mice are signifi-
cantly (P<.001) lower than values for nor-
mal or Group I mice at either 76 or 100
days. As this depression involves both poly-
morphonuclears and mononuclears and also
both small ard large lymphocytes, ratios be-
tween these values are not significantly dif-
ferent from normal. Values for polymorpho-
nuclears in Group II are low on day 76 but
within normal limits on day 100. (c) Values
for total leucocyte, total mononuclear and
small mononuclear levels in all thymecto-
mized mice (Groups II, III and IV) are sig-



787

THYMUS IN IRRADIATED ADULT MOUSE

7g> rejowrer(d } 10119 PaBpuB}S + | ‘dnosd yoeo wur evrw o .
3 FO0T 06 =+ 056 00T + 046 =+ 03¢ =+ 0€83 0.3 + 086T 099 =+ 0S.% PITUL Y ) POZTIOIOIWAT} h
A[[eyeuoou wWoay MorIIBW
. ‘T'A'T 10G8 ¢ pozTwo}odwAT], ‘AT =
=)
¥ +16 08 F0TL 09I + 09T g F0T 013 + 06¥3 033 + 0€I3 0. + 089% Aorrew opuIuls &
TAT $3068 ¢ pozrwopdwiyy, CTIT b5
¥+ LG 08 =+ 039 0%g + 03¢3 ¢ F0% 083 + 0631 08% + 03¢5 019 + 019¢ soLTeW YUGSAS ‘T'A'T m
{PRIBIPRLL-WRYS ¢ PZIWOIRWAY, “II it
g F0¢g 03T & 0F0T  0F9 + 011G ¥+ ge 013 + Q06T 06L =+ 0Ty 0.6 + 0TI8 MoLrem druSuLs ®
T'A'T £1068 ¢ pezrwojvowdy}-weys ‘T
TFIT 0LT *+ OLTT 03T *+ 0GeT T +6 0Lg *+ 0FL3 083 &+ 0L 089 + 0158 29T Y PIzTwoddmAy) A
AT[BIBTOIT WOLF MOLIBW _
TA'L 068 fpozrmoyRuAYY, AT | 3
¥ e 00T + 0L%  0ST ¥ 0€8 FFEIT 08T ¥ 0F3T 0T3 F 00T 098 F 0743 soxrew sroudduls _ &
AT fa0eg ¢ pezrwroidowidyy, ITT v 4\
¢ F OV 09 =+ 0IS 083 + 083g o+ 88 06 =+ 036 00€ + 0623 0.¢ + 0TL¢ Morrew Howeduls AT _ m
fpajeIpRLI-uRyS {poziwolddwiyy, II i =
9 F9¢ 0ST = OTET  06S + 0989 S 4 061 + 066T 0.L¢ + 0418 038 + 0910T sorrew HromaFuds "TA'T |
fapcg ¢ pozrmorpswdyweysy I J
9 +9¢ 003 + 046T 0.9 + 0389 9+ 6°G 018 =+ 0FF1 098 & 0618 1006 + 0€.6 9T V) Ppojeasiun pro-ow-¢
Jeaponuouour  ww nd 1ad ww nd 1d aesronu ww no 1ad ww no 1ad ww no 1od «dnoxn
a8ier/[rewg  averonuouow Jaeddnuouow -oydrowfiod aveponumoydiow  IvOTONUOUOWT 9140091071
adxery Hrewg ADIINUOUO -{1od re3jo, e %10,

“MOLTRIA dTeuadulg YItM Pajoaluy pue PalRIpRLIT ‘AFUT JMPY Ul Poziucidewdy], 901N VgD FO S[PA9T] o)La0omor] poorg fersyduag T AIIVL



THYMUS IN IRRADIATED ADULT MOUSE

FIG. 1. Lymph node of sham-thymeetomized irradiated and marrow protected mouse 80 days
after irradiation (X160).

nificantly (P<.001) lower at either 76 or
100 days than similar values in mice of
Group 1. (d) There is no significant differ-
ence between mice of Groups IT and III in
the levels of total leucocytes at either 76 or
100 days, nor in the levels of the total poly-
morphonuclears and large mononuclears.
Values for the total mononuclears and small
mononuclears in mice of Group III at 76 days
are significantly (P<.001) lower than those
of Group II mice. Hence the ratios between
mononuclears and polymorphonuclears and
between small and large mononuclears are
also significantly lower. The difference be-
tween the total mononuclears in Groups II
and IIT mice is no longer significant at 100
days. (e) Total leucocyte and mononuclear
counts at 76 or 100 days in mice of Group
IV are not significantly different from those
of Group II. However, the levels of small
mononuclears and the ratio between small
and large mononuclears are significantly

lower in mice of Group IV. There is a rela-
tive polymorphonuclear leucocytosis in Group
IV mice as compared with mice of other
groups.

The white pulp of the spleen and lymph
nodes of sham-thymectomized irradiated mice
was well populated with small lymphocytes
at time of sacrifice (Fig. 1). In sham-irradi-
ated thymectomized mice, there was evidence
of some deficiency of these cells (Fig. 2) and
in thymectomized, irradiated mice, this defi-
ciency was extreme (Fig. 3). Pyroninophilic
cells were present in the lymphoid tissues in
mice of all 4 groups.

The data in Table II indicate that mice in
the control groups (I and II) had completely
recovered the capacity to produce both a
primary and a secondary immune response
to sheep erythrocytes. The majority of the
mice in both experimental groups (III and
IV) failed completely to produce detectable
levels of haemagglutinins after both a pri-
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FIG. 2. Lymph node of sham-irradiated thymectomized mouse 80 days after sham-irradiation
(X160). Note partial depletiecn of small mononuclear cells.

TABLE II. Immune Response of CBA Mice, Thymectomized in Adult Life, to Sheep Erythrocytes.

Hﬁgézi No. of mice showing following log, haemagglutinin titer:
Treatment group 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Untreated and not challenged
with sheep erythrocytes 10 10
Not thymectomized ; not irradi- 10* 2 8
ated; I.P.L. sheep erythrocytes 9t 2 4 2 1
I. Sham-thymectomized ; 850r;
I.V.I. syngeneic marrow; 14* 2 12
I.P.I. sheep erythrocytes 15¢ 14 1
IT. Thymeetomized ; sham-irradi-
ated; IV.I. syngeneic 12* 3 9
marrow ; LP.IL. sheep 15t 6 7 2
erythrocytes
III. Thymectomized ; 850r;
L V.I. syngenecic marrow; 14* 106 2 2
LP.I1. sheep erythrocytes 13t 10 2 1
IV. Thymectomized ; 850r;
LV.I. marrow from neona- 14* 12 1 1

tally thymectomized CBA 141 12 11
mice; L.P.I. sheep
erythrocytes

* Primary response, t Secondary response.
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FIG. 3.
killed 80 days after irradiation (X 160). Note severe depletion of small monornuclear cells.

mary and a secondary challenge with sheep
red cells.

All the mice in both control groups were
capable of rejecting skin grafts from foreign
strains in less than 20 days. On the other
hand, the great majority of mice in the experi-
mental groups failed to reject grafts even
from donors which differed from them at the
H-2 locus (Table IIT). Most of these mice
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Lymph node of mouse thymeetomized in adult life, irradiated and marrow-proteeted,

retained grafts permanently.

Discussion. The experiments described
above clearly show that recovery of lympho-
poietic and immune functions following lethal
doses ef total body irradiation and syngeneic
marrow therapy takes place by means of a
thymus-dependent mechanism. Non-thymecto-
mized, irradiated mice had normal lympho-
cyte populations and normal immune func-

TABLE III. Effeet of Thymectomy in Adult CBA Mice on Recovery of Immune Response to
Skin Homografts Following Lethal Lrradiation (850r) and Marrow Protection.

No. of mice showing skin graft

No. of survival for:
mice in Donor
Group group skin <20 days  20-70 days >70 days

I. Sham-thymectomized; 850r; LV.I. 18 Ak 18 0 0
SYNEZeNeic marrow. 18 C57BL 18 0 0
I1. Thymeetomized ; sham-irradinted; 23 Ak 23 0 0
I.V.I. syngeneie marrow. 23 C57BIL 23 0 0
IIT. Thymeetomized; 850r; T.V.I. 19 Ak 1 1 17
syngencic marrow. 19 CH7RL 1 1 17
IV. Thymectomized; 850r; I.V.I. mar- 20 Ak 1 0 19
row from neonatally thymeecto- 20 C57BL 0 3 17

mized CBA mice.
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tions when tested 4 to 10 weeks after irradi-
ation. In contrast, thymectomized, irradiated
mice characteristically showed a marked
diminution of small lymphocytes in blood and
tissues, neither a primary nor a secondary
response to sheep red cells and a permanent
impairment of homograft immunity. This
strongly suggests that the thymus in the
adult mouse may be essential for reestablish-
ing immunological function under any cir-
cumstances in which the body’s immunologi-
cal potential has been largely destroyed or
depleted.

Restoration of immune reactivity after to-
tal body irradiation could presumably take
place either (a) by means of a process of pe-
ripheralization of cells arising in the regen-
erating host thymus: these cells might either
themselves be responsible for immune reac-
tions or might, by some mechanism, reacti-
vate neighbouring cells in the lymphoid tis-
sues; (b) by means of a thymus-specific hu-
moral factor inducing lymphopoiesis and lym-
phoid maturation in lymphoid tissues, or (c)
by allowing “lymphoid differentiation” of
stem cells migrating to the thymus; such
cells would then recolonize the depleted lym-
phoid tissues.

It has been clearly established that after
doses of irradiation, such as those used in the
present experiments, the haematopoietic sites
of the host are repopulated by injected donor
cells(12). Further, evidence has accumulated
to show that the lymphatic tissues, includ-
ing the thymus, are also repopulated by do-
nor cells. In rat-mouse chimaeras, it was
noted that the initial regeneration of thymus
cells was of mouse host type but by 21 days
only thymocytes of rat type could be identi-
filed(13). In mice injected with syngeneic,
chromosomally-marked marrow cells plus
marked lymphoid cells, the lymphoid cell
marker initially appeared only in the lymph
nodes, not in the thymus nor in the bone
marrow. The marked marrow cells were pres-
sent in the bone marrow and thymus. After
2 months, the marked lymphoid cells disap-
peared and the marrow marker appeared
throughout. This suggested that cells in the
marrow that could differentiate towards lym-
phoid cells had a temporary period of resi-
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dence in the thymus before passing on to
repopulate the lymphoid tissues(14). One
may, therefore, presume that there exists in
the marrow inoculum cells with immunologi-
cal potential that can express this potential
only after differentiating in the thymus en-
vironment. Once differentiated, they may no
longer be dependent on the thymus for their
immunological role. Preliminary experiments
have indicated that lymph node cells can re-
store immune functions in a thymectomized
animal, at least for a time(15).

Thymectomy of the mouse at birth, when
presumably immunological potential has not
fully differentiated, has been associated with
failure of the maturation of immunological
faculty(1,2,3). In marked contrast is the
negligible effect of thymectomy in the adult
animal(2,3) in which immunological poten-
tial has presumably fully developed. Such
animals, if not irradiated, are still capable of
rejecting foreign skin grafts and of producing
primary and secondary responses to sheep
erythrocytes. Yet the population of small
mononuclears in their peripheral blood
steadily drops and approaches the low levels
characteristic of thymectomized, irradiated
animals or of neonatally-thymectomized ani-
mals. Tt may be, therefore, that after a long
period the animals thymectomized in adult
life would become depleted of cells with im-
munological potential, owing to the limited
life span of these cells, and that eventually
immunological defects would become evident.

In conclusion it may be stated that the re-
sults presented here add further evidence to
the idea that, throughout life, the thymus
acts as an essential factor in the function of
the immune mechanism(9).

Summary. 1. Inbred mice were thymecto-
mized at 2 months of age, given lethal doses
of irradiation and syngeneic marrow therapy.
Controls were either sham-thymectomized
and irradiated or sham-irradiated and thy-
mectomized. 2. Thymectomized irradiated
mice failed to reject allogeneic skin grafts
and to produce either a primary or a secon-
dary immune response to sheep erythrocytes
when tested 4-10 weeks after irradiation. At
that time, control mice had normal immune
functions. 3. Lymphocytes were markedly
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diminished in the experimental and the thy-
mectomized control groups. They were pres-
ent and within normal limits in sham-thy-
mectomized irradiated controls. The depres-
sion in the thymectomized irradiated mice
characteristically involved the small mono-
nuclear cells. 4. It is concluded that recov-
ery of the immune mechanism following total
body irradiation takes place by means of a
thymus-dependent mechanism.
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Effect of Removal of Various Parts of the Brain on ACTH Secretion

in Dogs.*
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The increase in adrenal glucocorticoid se-
cretion produced by surgical trauma in dogs
is blocked by lesions of the median eminence
of the hypothalamus(1). However, Egdahl
has reported(2) that glucocorticoid secretion
is elevated after removal of the entire hypo-
thalamus and cerebrum. He has postulated
that a circulating factor from the hind brain
which stimulates the pituitary to release
ACTH is responsible for this elevated level
of adrenocortical activity. If this hypothesis
is correct, removal of the hind brain in addi-

* This work was supported by U.S.PH.S. grants.
t Postdoctoral Research Fellow of U.S.P.H.S.

tion to the hypothalamus should lower the
level of adrenocortical secretion to that seen
in animals with lesions of the median emi-
nence. In the present studies, the effect on
adrenocortical secretion of removal of the en-
tire brain in dogs has been determined, and
compared to the effects of removal of parts
of the brain.

Methods. Brain operations were performed
under pentobarbital anesthesia in male mon-
grel dogs weighing 7.5 to 16.8 kg. The oper-
ations were as follows: Group 1. Bilateral
craniotomy with opening of the dura only (4
dogs); Group 2. Removal of all brain tissue





