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Recent observations have suggested that the thymus of newborn ani-
mals, and by inference that of infants, was intimately linked with the
development of certain immunologic functions. Thymectomy in adult
animals has been associated with either no appreciable1 or moderate im-
pairment2 of antibody formation. In contrast to these observations, re-
moval of the bursa of Fabricius,3 a lymphoid organ of the posterior gut,
in newly hatched chickens and thymectomy in newly born rabbits4 re-
sulted in severe immunologic deficiency in the mature animal. More
recent reports have indicated that thymectomy in newborn mice I and
newborn rats -8 was associated with marked impairment of the immune
response to standard antigens and skin homografts, as well as severe
depletion in the lymphocyte population of the blood and lymphoid tissues.
It has been postulated that clones carrying primary immunologic poten-
tialities were developed in the thymus and that the thymus might repre-
sent the major primordium of the antibody-forming system." The role
of the thymus in the development of immunologic competence may not
be limited strictly to the neonatal period since skin homotransplantation
across weak histocompatibility barriers was successfully achieved in mice
thymectomized at 30 days of age.10
The experiment here reported was undertaken to study changes in

lymphoid organs, circulating lymphocytes and serum electrophoretic
protein changes of thymectomized or splenectomized young adult mice in
the nonimmunized state or after repeated subcutaneous administration
of human gamma globulin (serum Cohn fraction II) in Freund's ad-
juvant. The findings indicate that the thymus of adult mice does not play
an appreciable role in the formation of plasma cells or its precursors and
in gamma globulin synthesis. The thymus of adult mice appears to be,
however, an important source of circulating lymphocytes or of a factor
stimulating lymphocytosis.
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MATERIAL AND METHODS
A total of I50 three-month old C3H/HeJ mice of both sexes was used (obtained

from the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Me.). The animals
were fed Rockland pellets and given water ad libitum. They were divided into groups
of sham-operated controls and those with thymectomy or splenectomy. Approximately
half of the mice were given 3 subcutaneous injections of human serum Cohn fraction
II (provided by the American Red Cross, Washington, D.C.) in Freund's adjuvant,
and the remainder was left untreated.
The operations were performed under a combination of pentobarbital and ether

anesthesia. Thymectomy was done through a midline vertical incision in the upper
third of the sternum. The thymic lobes were removed with the help of two fine-curved
forceps, one of which served as a retractor. Splenectomy was performed through a
left upper quadrant abdominal incision. Mock operations consisted of either a laparot-
omy or an incision in the upper portion of the sternum. Surgical wounds were closed
with metallic clips. Over-all mortality was about i6 per cent.

Immunization was begun 2 weeks after the date of operation. Immunized animals
received 3 subcutaneous injections, each o.5 ml., administered at weekly intervals
into the flanks. Each dose consisted of 25 mg. lyophilized human serum Cohn fraction
II in a mixture of equal parts of saline and Difco complete Freund's adjuvant. All ani-
mals were sacrificed under ether anesthesia 8 weeks following operation. The same
determinations were carried out in all animals.

Immediately before the animals were sacrificed, blood was obtained from the tail
for the following determinations: (a) leukocyte count, using the usual counting tech-
nique with a hemocytometer; (b) hematocrit, using 75 mm. by I.5 mm. heparinized
capillary tubes sealed at one end and spun in an International Hematocrit Centrifuge
at Ii,500 r.p.m. for 2 minutes; (c) blood smears stained with Wright's solution for
differential leukocyte count. In addition, immediately after sacrifice of the animals,
heart blood was obtained in nonheparinized capillary tubes. The serum was separated
by centrifugation and used for the following: (a) total serum protein determination
with a Hitashi PRP-B hand protein refractometer; (b) fractionation of serum pro-
teins by paper electrophoresis using barbital (veronal) buffer at pH 8.6. Separation
was carried out at room temperature, using a constant current of 2.5 ma. per cell for
i6 hours. The strips were stained with bromphenol blue dissolved in methanol. The
quantitative analysis of the various protein fractions was accomplished with a Spinco
Analytrol Densitometer.

At necropsy, the total body weight of each animal was recorded on a Harvard trip
balance (sensitivity o.i gm.). The thymus and the spleen, when in situ, as well as the
largest left axillary lymph node, were weighed after formalin fixation on an analytic
balance (sensitivity o.i mg.). The left axillary node was chosen arbitrarily because
of its convenient location and was considered a satisfactory sample of lymph nodal
tissue. All tissues were weighed under the same conditions of fixation, care being taken
to remove excessive formalin by blotting.

Formalin-fixed blocks of the thymus, spleen, and left axillary lymph node were
sectioned at 5 ,u and stained with hematoxylin and eosin. Brachet's modification of the
Unna-Pappenheim methyl green-pyronine procedure for ribonucleic acid 11 was used
where necessary.

RESULTS
Response of Lymphoid Organs to Ablation of Thymus

or Spleen and to Immunization
The mean value and range in the total body weight and weight of the

thymus, spleen and largest left axillary lymph node in the various animal
groups are shown in Table I. The total body weight as well as the weight
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of the thymus remained fairly constant in all groups. There was a negli-
gible decrease in the mean weight of the thymus in all but nonimmunized
sham-operated mice. The mean weight of the spleen in immunized ani-
mals was approximately 50 per cent above that in control nonimmunized
mice. Thymectomy did not seem to affect the weight of the spleen appre-
ciably. The weight of the largest left axillary lymph nodes was not signifi-
cantly affected by either thymectomy or splenectomy; however, the mean
weight in all immunized animals was about twice that seen in all non-
immunized groups.

Plasma Cell Reaction and Pyroninophilia of Lymphoid Cells
in Lymphoid Organs and at the Site of Immunization

Table II shows the degree of pyronine affinity in the cytoplasm of
lymphoid cells, including plasma cells, in the thymus, spleen, largest left

TABLE II
PYRONINE AFFINITY OF LYMPHOID CELLS IN LYMPHATIC ORGANS AND AT SITE OF INJECTION

OF HUMAN SERUM COHN FRACTION II IN FREUND'S ADJUVANT *

Pyronine affinity of lymphoid cells
Group Thymus Spleen Lymph node Granuloma

Control + + +
Thymectomy + +
Splenectomy 4- +
Control, immunized + ++ ++ ++
Thymectomy, immunized ++ ++ ++
Splenectomy, immunized 4- ++ ++

* Pyronine affinity indicates the cytoplasmic affinity of all lymphoid cells, including plasma
cells, as evaluated by means of the methyl-green-pyronine staining procedure: -+, minimal;
+, moderate; ++, marked.

axillary lymph node, and in granulomas at the site of immunization in
the flanks. Plasma cell reaction and pyroninophilia of lymphoid cells
were negligible in the thymus in both nonimmunized and immunized con-
trol and splenectomized mice (Fig. i). A slight degree of plasma cell
reaction and pyroninophilia was observed in the spleen and lymph nodes
in nonimmunized animals and a moderate degree in immunized groups
(Figs. 2 and 3). Plasma cell reaction and pyroninophilia occurred with
equal intensity in the Freund's adjuvant granulomas in all 3 immunized
groups.

Changes in Circulating Leukocytes and Hematocrit Values
The mean and range of the total number of circulating leukocytes per

cu.mm., the number of the various types of leukocytes and the hematocrit
values are shown in Table III. Certain distinct trends were noted in spite
of the wide range observed in both total leukocyte and differential counts.

2I6 Vol. 43, No. 2
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The mean number of total leukocytes in nonimmunized thymectomized
mice was approximately one third lower than that in the control group.
This low level of circulating leukocytes was entirely accounted for by a
selectively low number of lymphocytes. No other significant differences
were noted in other types of leukocytes. Similar low values of circulating
lymphocytes were observed in immunized thymectomized animals. Sple-
nectomized animals tended to have a higher mean number of leukocytes
with an increase in the number of all types of cells. No attempt was made
in this experiment to differentiate between small, medium and large
lymphocytes.

Hematocrit values appeared to be essentially similar in all but the
splenectomized groups, which showed a significantly lower percentage
of packed red cells. The lowest hematocrit values were noted in splenec-
tomized immunized animals.

Changes in Serum Protein Fractions

The total serum protein level and serum protein electrophoretic frac-
tions in the various animal groups are shown in Table IV. Both of the
groups with thymectomy and splenectomy tended to show slightly lower
total serum protein levels as well as lower gamma globulin concentrations
than control groups. However, thymectomized and splenectomized mice
as well as sham-operated controls showed an equally marked rise in
serum gamma globulin concentration following immunization.

DIscuSSION

The findings here described lead to the impression that the thymus
of adult C3H mice does not play an essential role in the differentiation or
proliferation of immunologically competent cells of the plasma cell and
pre-plasma cell varieties. A corollary of the above impression is that the
adult thymus does not seem to participate in gamma globulin synthesis.
It is clear from this and other studies 12-14 that the thymus, unlike the
spleen and lymph nodes, fails to produce pyroninophilic lymphoid cells
in response to parenteral administration of antigens. Ablation of the adult
thymus, unlike thymectomy in the immediate postnatal period, does not
seem to alter the immunologic response of the host appreciably. It is
interesting to note also that ablation of the spleen, a site of active plasma
cell and pre-plasma cell proliferation, did not likewise affect appreciably
the serum gamma globulin concentration in both immunized and nonim-
munized animals in this experiment. This finding suggests that there is a
considerable reservoir of immunologically competent cells outside the
spleen. For example, the mean weight of the left axillary lymph nodes in
immunized animals was about twice that of nonimmunized mice, whereas

Aug., I963 2I9



AZAR, NAUJOKS AND WILLIAMS

the spleen showed an increase in weight of only 50 per cent above that of
nonimmunized mice.
The concept of a widely scattered reservoir of immunologically com-

petent cells in the adult, as opposed to the finding that thymectomy in
the newborn was followed by a marked impairment of immunologic func-
tions, was further borne out in another report.15 When adult mice under-
went thymectomy together with splenectomy and were then subjected to
repeated intraperitoneal injections of horse serum, their ability to form
gamma globulin was markedly reduced but still maintained. A similar
impairment was not observed after either thymectomy or splenectomy
alone.
The mode of participation of the thymus in immune reactions is still

obscure. In the newborn, it has been postulated that thymic lymphocytes
are seeded in the spleen and other lymphoid tissues where they develop
into immunologically competent cells.5'9 Thymic lymphocytes do not
seem to mature into plasma cells or their precursors within the thymus
itself. Marshall and White "I have postulated that the normal rat and
guinea pig thymus possesses a barrier against the entry of antigens. They
have shown that direct injection of antigens into the thymus of guinea
pigs induces germinal center, plasma cell and antibody formation. These
findings are, however, not unique to the thymus since introduction of
antigen in any tissue is followed by essentially the same immunologic
responses. On the other hand, O'Gara and Ards 17 demonstrated that
thymic grafts taken from neonatal C57Bi mice grew equally well in the
spleens of young adult thymectomized and intact animals of the same
strain. The transplanted thymocytes could be distinguished morpholog-
ically from the lymphocytes of the spleen by their greater hyperchro-
masia. These observations favored the theory that there might be several
breeds of lymphocytes, one of which was of thymic origin.
The thymus of rodents is considered to be an important source of

circulating lymphocytes although more direct observations are needed
to prove this point.'8"9 In another experiment,20 it was shown that irra-
diation of the thymic region in adult C3H mice with 3,ooo r tissue dose
resulted in a selective drop in the number of circulating lymphocytes.
The lymphopenia persisted for about i week, after which the number of
circulating lymphocytes returned to pre-irradiation levels. Lymphopenia
was associated with destruction of the thymic cortex which is rich in
lymphocytes, whereas restitution of the normal level of circulating
lymphocytes was accompanied by repopulation of the thymic cortex.
These observations, however, neither negated nor confirmed the exist-
ence of Metcalf's lymphocytosis-stimulating factor.2'
Lymphocytes are believed to play an important, if not exclusive role

Vol. 43, No. 2220
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in cell-borne immunologic reactions such as the homograft rejection and
the tuberculin reactions.22-24 According to Burnet's clonal selection the-
ory,25 lymphocytes play a central role as the carrier of genetic informa-
tion determining antibody specificity. It is a common observation that
lymphocytes participate in a great variety of inflammatory reactions in
which they are frequently seen with plasma cells and other leukocytes.
It is possible that lymphocytes carry to the site of tissue injury the genetic
apparatus responsible for the identification of an offending antigen and
for the mediation of immunologic specificity. Whereas plasma cells and
their precursors are the sites of "crude" gamma globulin synthesis,26'27
the further elaboration of specific antibodies may depend on the genetic
information or "memory" conveyed by lymphocytes. It is interesting to
note that although thymectomy in the neonatal period results in de-
pletion of circulating lymphocytes and marked immunologic deficiency,
the serum gamma globulin concentration and plasma cell reaction in
these animals are not appreciably different from those of sham-operated
animals.0'8'28'29

SUMMARY

Young adult C3H mice, thymectomized or splenectomized at 3 months
of age, were observed in the nonimmunized state and after repeated sub-
cutaneous administration of human gamma globulin in Freund's ad-
juvant.
Thymectomy at the age of 3 months resulted in a decrease of approxi-

mately one third in the total number of circulating lymphocytes. Other
leukocytes and hematocrit values were not affected. Mice thymectomized
or splenectomized at 3 months showed slightly lower levels of serum
gamma globulin than control animals. However, thymectomized or sple-
nectomized mice responded to antigen administration with a rise of
serum gamma globulin concentration comparable to that observed in
control immunized animals. Thymectomy did not affect significantly the
intensity of plasma cell reaction in the spleen, lymph nodes and Freund's
adjuvant granulomas in immunized animals.
The thymus in young adult mice appears to be an important source of

circulating lymphocytes or of a factor stimulating lymphocytosis. The
thymus does not, however, seem to play any appreciable role in the for-
mation of plasma cells or in gamma globulin synthesis.
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LEGENDS FOR FIGURES
Photomicrographs are of sections stained with hematoxylin and eosin.

FIG I. Thymic cortex and medulla in an intact young adult C3H mouse after re-
peated subcutaneous injections with human gamma globulin in Freund's ad-
juvant. The thymic lymphocytes exhibit relative uniformity, and plasma cells
and pre-plasma cells are absent from both cortex and medulla. X 425.

FIG. 2. Red pulp in the spleen of a mouse thymectomized at 3 months of age and
then immunized with human gamma globulin in Freund's adjuvant. A pre-
ponderance of typical plasma cells and pre-plasma cells is manifest. X 730.

FIG. 3. Medullary cords in an axillary lymph node of a mouse thymectomized at 3
months and then immunized with human gamma globulin in Freund's adjuvant.
Plasma cells and pre-plasma cells are evident. The plasma cell reaction in the
lymph nodes and spleen of thymectomized animals appears to be comparable to
that of control or splenectomized mice. X 730.

224 Vol. 4.1, No. a
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