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The effect of physiological and pharmacologically induced thymus involution was
studied in 12-week-old female C57BL mice. Thymus involution was estimated by meas-
urement of the thymus weight and the ability of thymocytes to induce a graft-versus-host
(GvH) reaction at 48 h after delivery or drug administration in comparison with control
(virgin, saline-treated) mice.

The thymus weight and immunoreactivity of thymocytes after delivery were reduced
in a statistically significant manner by ca. 80 and 75%, respectively. On the other hand,
hydrocortisone administration decreased the thymus weight (by ca. 60%), but did not
change the ability of thymocytes to induce a GvH reaction. Cyclophosphamide admini-
stration significantly reduced both the thymus weight and the reactivity of thymocytes.

The present study suggests that the transient thymus involution observed after delive-
ry, connected with a loss of the ability of thymocytes to induce a GvH reaction, cannot be
explained merely by elimination of a steroid-sensitive cortical cell population, since the
GvH reactivity of thymocytes was preserved in hydrocortisone-treated mice.

Key words: thymus involution, graft-versus-host (GvH) reactivity of thymocytes, preg-
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The involution of the thymus, a central lympha-
tic organ which plays an important role in the de-
velopment of the immune system and in the prolif-
eration, maturation and differentiation of T lym-
phocytes, has been amply documented. It has been
estabilished that the thymus involution associated
with age is permanent. In particular, this involution
is characterized by a decrease in the thymus weight
and lymphocyte population, accompanied with di-
minution of their endocrine functions [25], and is
associated with an extensive invasion of the organ
by lipids surrounding the few remaining areas of
the cellular reticulum [9, 15, 20]. More recent stu-
dies showed that this age-associated involution of
the thymus can be experimentally restored by hor-
monal, nutritional, or pharmacological manipula-
tions [12, 28].

This term “involution” implies various thymus
alterations observed in the process of aging, pre-
ceding the overall decline of immunocompetent
functions [11, 33], but is also frequently used to de-
scribe other phenomena, either transient or perma-
nent, not related to aging, which may lead to some
confusion.

Involution of the thymus also occurs in response
to a number of factors such as stress, infections,
surgery, malnutrition, autoimmune diseases and
treatment with corticosteroids, antibiotics, immu-
nosuppressants and other drugs [5, 10, 19]. Tran-
sient thymus involution is also observed during
pregnancy, postpartum and lactation periods. In all
these cases several modifications of the thymic re-
ticulum have been found reversible with time.

The process of the thymus involution is very so-
phisticated, hence more profound knowledge of
this phenomenon seems necessary to understand
mechanisms of this process and to identify them.

The present research was aimed at comparing
the physiological involution of the thymus, ob-
served in pregnancy and after delivery in postpar-
tum periods, with its pharmacologically induced
involution, by means of administration of the im-
munodepressant drugs hydrocortisone (HC) and
cyclophosphamide (CY). The involution was esti-
mated by measuring the thymus weight and the
ability of thymocytes to induce a graft-versus-host
(GvH) reaction.

The study was conducted in compliance with
the guidelines of the Animal Welfare Committee,
Polish Academy of Sciences. Twelve-week-old do-
nors, females of the C57BL strain, and 5-day-old

(C57BL × CBA)F1 hybrids (H-2' × H-2#), hereaf-
ter referred to as CBF1, were housed under a natu-
ral day-night cycle at a constant room temperature,
with pelleted food and tap water available ad libi-
tum, in the animal facility of the Endocrinology
Department, Institute of Pharmacology, Polish
Academy of Sciences in Kraków. Breeder C57BL
females were separated from syngeneic males and
tested 48 h after the first delivery. Virgin, age-cor-
related females served as controls. The drugs, HC
(Polfa, Jelenia Góra, Poland) and CY (Endoxan,
ASTA Medica AG, Frankfurt, Germany), were in-
jected to mouse donors intraperitoneally (ip) at
doses of 0.125 and 100 mg/kg, respectively. Con-
trol animals received saline injections at the same
time. All the animals were tested 48 h after the
injections. Cell suspensions were prepared accord-
ing to Skowron-Cendrzak et al. [30]. Briefly, the
tested C57BL mice were weighted and sacrificed,
their thymuses were aseptically removed, weighted
and teased apart in a small volume of Hanks’ bal-
anced saline solution (HBSS) using a loosely fit-
ting glass homogenizer. The cell suspension was
passed through a nylon mesh filter before injection
to a mouse. Thymocyte counts were conducted on
selected groups of mice (data not shown). The sys-
temic GvH reaction was evaluated by a spleen
weight assay [29]. Five-day-old CBF1 mice served
as recipients of thymocytes from the tested C57BL
females. The thymocytes that constituted an equi-
valent of one thymus were injected ip in a volume
of 0.05 ml. Some litter-mates (usually two or three)
were left non-injected to serve as a control. The re-
cipients were killed 7 days later, and the intensity
of GvH reaction was expressed in terms of the
spleen index (SI), relating the spleen and body
weight of the experimental mice to the spleen and
body weight of the control litter-mates. Indices higher
than 1.3 were considered significant [18]. After
single drug injections, or 48 h after delivery, four or
five C57BL females served as thymus donors for
each experimental group. The results were pooled
and expressed as the mean value ± SE. The signifi-
cance between experimental and control groups
was assessed using the two-tailed Mann-Whitney
U-test.

Changes in the thymus weight and GvH reacti-
vity of thymocytes are shown in Table 1. Since we
did not observe any effect of saline administration
on the thymus weight and the reactivity of thymo-
cytes in comparison with virgin, non-treated fe-
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males, the results were pooled and shown as one
control group.

In comparison with 12-week-old control mice,
a significant decline in thymus weight (by about
80%) was observed in females 48 h after the first
delivery. After delivery, the female thymocytes
(the equivalent of one thymus) were not able to
provoke a significant reaction (the spleen index
lower than 1.30). In females, a single dose of HC
caused a moderate, but significant decrease in the
thymus weight, but did not affect the thymocyte
GvH response which was relatively high even in
control mice of the same age. On the other hand, in
CY-injected females the significant thymus weight
loss was connected with a complete lack of thymo-
cyte ability to induce a GvH reaction.

In the present study, a significant decline in the
thymus weight and in the ability of thymocytes to
induce a GvH reaction was observed after delivery.
Thymus involution during pregnancy and after de-
livery is generally considered to be precipitated by
the greatly increased level of sex steroids which
kill steroid-sensitive cortical cell populations [13,
26]. The thymus weight loss has been attributed to
both the death, and/or the exodus of CD4(CD8(

immature thymocytes [6]. Thymocytes remaining
in the thymus showed phenotypic properties char-
acteristic of the mature, immunocompetent cells
CD4(CD8), CD4)CD8(, but were unable to induce
a GvH reaction. Phuc et al. [27] reported that thy-
mocytes obtained from mice between day 20 of
gestation and day 6 of the post-partum period did

not respond to lectin stimulation in vitro; the pre-
sent paper has also shown the lack of alloreactivity
of these cells in the GvH reaction.

The obtained results suggest that despite their
phenotypic characteristics resembling these of ma-
ture steroid-resistant cells, the thymocytes remain-
ing in the thymus after delivery differ significantly
in their functional properties. It may be assumed
that the decrease in thymocyte reactivity after de-
livery, observed in our experiment, should be re-
lated to thymocyte destruction (caused mainly by
the changes in their neurohormonal environment),
an impaired process of their maturation and a di-
minished influx of immature cells to the thymic
medulla during pregnancy.

To compare the physiological involution ob-
served after delivery with pharmacological one, we
used two immunodepressant drugs: HC and CY.
The present results confirm the potent suppressive
effect of the tested doses of HC on the thymus
weight. It has also been well established that gluco-
corticoids used at pharmacological doses suppress
the production of cytokines by T lymphocytes, ma-
crophages and other cells [2–4]. In the present study,
injection of HC did not change the ability of thy-
mocytes to induce a GvH reaction. It has been ob-
served that the thymus has a different proportion of
corticosteroid-sensitive cells than have other im-
munological organs such as the spleen or bone mar-
row. On the other hand, each organ has a GvH po-
tential, this immunological reactivity being in each
case found in corticosteroid-resistant cells. Thus, it
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is likely that cells in the thymic cortex are cortico-

steroid-sensitive and immunoincompetent; on the

other hand, those that have reached the medulla are

corticosteroid-resistant, a phenomenon which may

initiate a GvH reaction [7]. Reduction of the thy-

mus size after glucocorticoid administration stems

mainly from a decrease in the number of CD4(CD8(

thymocytes [4, 8]. HC injection induces cell death

by apoptosis in immature thymocytes via an active

process, characterized by extensive DNA fragmen-

tation into oligonucleosomal subunits [23]. Our re-

sults seem to corroborate these literature data in the

light of which mature corticosteroid-resistant cells

which remain in the thymus are probably responsi-

ble for the lack of diminished thymocyte reactivity

after HC administration, observed in our experi-

ment.
CY, used in our study to induce thymus involu-

tion, is a nitrogen mustard-derivative alkylating

agent, widly used in the treatment of various neo-

plastic diseases and as a potent immunosuppressive

agent in organ transplantation [16, 31], as well as in

the treatment of various autoimmune diseases [1].

It is well known that CY exhibits a selective sup-

pressive action on various populations and sub-

populations of lymphoid cells [34]. The present

study shows that a single high dose of CY de-

creases the thymus weight and the immunoreactiv-

ity of thymocytes. A decrease in the ability of thy-

mocytes to induce a GvH reaction may be con-

nected with metabolic disorders of the remaining

lymphocytes, or with development of suppressive

cells which inhibit proliferation of other cells [32].

Our previous study suggested that natural suppres-

sor lymphocytes were a dominating lymphatic po-

pulation at early stages of immunorestoration after

CY administration which began on day 4; more-

over, it showed that the changes in the expression

of muscarinic and �-adrenergic receptors after CY

administration were due to formation of new, natu-

ral suppressor cells. These cells can be character-

ized by a high expression of �-adrenergic and a low

expression of muscarinic receptors [21]. The pres-

ent data confirm some earlier findings indicating

impairment of thymocyte immunoreactivity after

CY. Loc et al. [22] observed that the thymic cortex

was almost completely depleted of thymocytes; on

the other hand, medullary thymocytes were not af-

fected after CY, but the proliferative capacity of

those cells was suppressed. Interestingly, the effect

of CY administration was age-related. CY suppres-

sed the immune capacity of thymocytes in young
animals regardless of the dose used, which sug-
gested that young animals were more susceptible to
CY administration than old ones [17].

Studies conducted by a flow cytometry in the
thymus showed that on day 2 after CY treatment,
a marked decrease in the number and proportion
of PNA��, CD3) and CD4(CD8( double positive
(DP) subpopulations was observed in parallel with
a marked reduction of the thymus weight, cortical
area and the total number of thymocytes. This phe-
nomenon might be related to a decrease in the per-
centage of thymocytes in phase S of the cell cycle
on day 2 after CY treatment. These results suggest
that the main target cell population of the CY are
PNA��, CD3) and DP immature cortical thymo-
cytes [24]. CY accelerates physiological thymocyte
apoptosis, and epithelial TNCs (thymic-nurse cells)
are one of the principal sites of thymocyte apopto-
sis as well as an environment for the nursing of im-
mature thymocytes [14].

Summing up, it seems that the transient, re-
versible thymus involution caused by physiological
conditions such as pregnancy, as well as by admini-
stration of drugs with an acknowledged immuno-
suppressive activity, described in the present study,
is a complex phenomenon at the base of which
there lie a great many mechanisms that have not
been thoroughly elucidated as yet. Further studies
seem necessary to continue to examine this reversi-
ble phenomenon.
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