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Administration of Surfagon, a gonadotropin-releasing hormone analogue, in doses of
0.1 and 5.0 pg/kg before emotional nociceptive stress increased lymphocyte migration
from the thymus, decreased the volume of lymphoid tissue in the spleen and thymus,
reduced the width of the zona fasciculata and increased the width of the zona glo-
merulosa in the adrenal cortex of male CBA mice. These effects of the peptide persisted
in castrated animals. Surfagon prevented stress-induced activation of the adrenal glands
and accidental transformation of the thymus and spleen in castrated animals.
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Gonadotropin-releasing hormone (GnRH) and its
analogues produce non-endocrine effects, which
indicates that these compounds are involved in the
interaction between regulatory systems of the orga-
nism (nervous, endocrine, and immune systems)
[4-8,11]. GnRH analogue Surfagon produces a strong
modulatory effect on the immune system under
basal conditions and during emotional nociceptive
stress [2,3]. Morphological study of immune and
endocrine organs in unstressed animals receiving
repeated injections of the peptide revealed signifi-
cant structural changes [1]. Surfagon possesses stress-
limiting activity [2,5]. Hence, it is important to
perform similar morphological study under con-
ditions of stress exposure.

Here we studied structural changes in the thy-
mus, spleen, and adrenal glands of stressed mice
after repeated administration of Surfagon.
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MATERIALS AND METHODS

Experiments were performed on male CBA mice
weighing 20-22 g. The mice were divided into 8
groups of 10 animals each. Surfagon (pGlu-His-
Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-ethylamide) was
synthesized at the Laboratory of Peptide Synthesis
(Russian  Cardiology = Research-and-Production
Center, Russian Ministry of Health). The peptide
was injected intraperitoneally in daily doses of 0.1
and 5.0 pg/kg 15 min before stress (for 4 days).
Control animals received an equivalent volume of
physiological saline. Emotional nociceptive stress
was induced daily at the same time of the day.
Pairs of animals were subjected to gradually in-
creasing stimulation in a chamber with electrified
floor. The maximum voltage of electric current
applied to the grid was 40 V. Two consecutive sti-
mulations (total time 2 min) were performed with
a 1-min interval.

The mice were killed by ether overdose. The
weight index of the thymus, spleen, and adrenal
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glands was calculated as the ratio of the weight of
the organ to body weight (mg/g). The organs were
fixed in 10% formalin. The material was imbedded
into paraffin. Sections were stained with hemato-
xylin and eosin. Serial sections of the adrenal glands
and thymus were prepared in the frontal plane.
Serial sections of the spleen were made by cutting
through the middle part of the pulp and tangentially
to the surface. Morphometry was carried out on
digital images of microstructures. They were ob-
tained using a Biomed-2 microscope equipped with
a standard adapter and digital cameras Nikon Cool-
pix 4500 and RoverShot- 515z. The data were pro-
cessed with WCIF Image J-1.341 software (Natio-
nal Institute of Public Health, USA). We measured
the diameter of splenic follicles, width of zones in
the adrenal cortex, width of the cortex of the thy-
mus, and diameter of thymic corpuscles (Hassall’s
corpuscles). Each series involved at least 30 mea-
surements of each object. Midsections were used
for morphometry of the adrenal glands. Splenic
follicles were assayed only when they contained
transverse arterial sections.

Experiments were performed on intact and cas-
trated animals. The mice were castrated through
midsection of the scrotum under hexenal anes-
thesia. Study was conducted 12 days after surgery.

The results were analyzed by Student’s ¢ test.

RESULTS

Morphological changes in animals after emotional
nociceptive stress corresponded to reconstruction
of lymphoid organs and adrenal glands due to stress-
induced accidental transformation of the thymus,
hyperactivity of the adrenal glands, and hyperplasia
of peripheral lymphoid tissue (Table 1). The struc-
ture of splenic follicles in stressed mice was similar
to that in unstressed animals. Nonspecific changes
mainly included red pulp plethora, which is con-
sistent with published data [7]. Most significant
structural changes were observed in the thymus and
manifested in a 3-fold increase in the diameter of
Hassall’s corpuscles in the medullary layer.

Significant morphometric changes in the adre-
nal glands included widening of the zona glome-
rulosa and, particularly, of the zona fasciculata and
reticularis (by 53%) due to vacuolization of cortical
cells and increased blood filling. Significant activa-
tion of this zone can be associated not only with
increased synthesis of glucocorticoids, but also with
activation of the zona reticularis after repeated
stress [6].

Changes in the thymus and spleen of animals
receiving Surfagon in both doses manifested in a
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significant decrease in the volume of lymphoid
tissue. These changes were most pronounced after
administration of the drug in high dose (by 65 and
23%, respectively). Structural changes in the ad-
renal glands of mice differed from those in control
stressed animals. The diameter of splenic follicles
significantly decreased. These follicles had a homo-
genous structure without reactive sites. The width
of the thymic cortex in these mice decreased com-
pared to that in unstressed and stressed animals.
The structure of the thymic cortex corresponded to
stages 1-2 of accidental transformation. The me-
dullary layer included a considerable number of
dilated postcapillary venules that were filled with
lymphoid cells. These changes reflected migration
of lymphocytes from the thymus. The width of the
zona fasciculata in treated mice decreased com-
pared to the control, but remained higher than in
unstressed animals. The width of the zona glomeru-
losa significantly increased. Vacuolation and edema
of the cytoplasm and partial decomplexation were
observed in cells of the zona glomerulosa. Blood
filling was maximum in the adrenal medulla.

The animals castrated after stress exposure and
receiving Surfagon in both doses were characteri-
zed by specific histological signs of the thymus and
adrenal glands.

Morphometric parameters of the spleen in the
control group of stressed castrated mice did not
differ from those in the control group of stressed
intact animals. Structural features of follicles inclu-
ded enlargement of reactive sites and reduction of
the lymphoid composition in the red pulp, which
contrasted with the general pattern of the parenchy-
ma. The absence of well-formed mantle zone reflec-
ted predominance of lymphoid cell proliferation over
differentiation and migration in this area.

Structural and quantitative characteristics of the
thymus were similar in stressed intact and castrated
animals receiving Surfagon in a dose of 5 pg/kg.
Quantitative and qualitative characteristics of the
adrenal glands in mice corresponded to those in
unstressed castrated animals. They included the
maximum width of the zona fasciculata in the cor-
tex and plethora, which was consistent with the
highest relative weight of the adrenal glands.

Morphological characteristics of organs in cas-
trated animals were studied after injection of Sur-
fagon in low and high doses. Castration and Sur-
fagon treatment prevented stress-induced activation
of the adrenal glands and accidental transformation
of the thymus and spleen. Structural characteristics
of the spleen included the presence of well-formed
follicles and reduction of the lymphoid composition
in the red pulp. As differentiated from intact con-
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TABLE 1. Morphological Changes in the Thymus, Spleen, and Adrenal Glands after Surfagon Administration (M+m)
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Note. *p<0.05, **p<0.01, and ***p<0.001 compared to the corresponding control; *p<0.05, +*p<0.01, and **p<0.001 compared to the corresponding group of unstressed animals.

trols, structures of the B-zone prevailed in the white
pulp (reactive sites). We revealed narrow mantle
zones and poorly-formed periarterial lymphatic
sheaths. Morphometric parameters and total struc-
ture of the thymic parenchyma of mice did not dif-
fer from those in intact animals. Surfagon in high
dose had a stronger effect on structural characte-
ristics of the thymus. Large Hassall’s corpuscles
were identified after injection of the drug in low
dose. The width and lymphoid density of the cortex
in these mice were lower compared to intact ani-
mals. After injection of Surfagon in high dose Has-
sall’s corpuscles were small and hardly detectable,
and structural characteristics of the thymus did not
differ from the control. These specific features cor-
responded to the recovery after early stages of ac-
cidental transformation or prevention of stress-in-
duced changes in the thymus due to activation of
the reticuloepithelium and compensatory lympho-
poiesis in the thymus.

We conclude that repeated administration of
GnRH analogue to stressed mice is accompanied
by significant changes in organs of the immune and
endocrine system. These changes sometimes play
a stress-limiting role. Surfagon was most potent in
preventing the development of stress-induced chan-
ges in the thymus. The thymus has high density of
receptors that bind the molecule of GnRH or its
analogues [12]. Changes in the spleen were less
significant than in the thymus. Morphological chan-
ges in the adrenal glands are probably related not
only to the stress response, but also to the Surfa-
gon-induced inhibition of stress-realizing endocrine
mechanisms. The effects of this peptide persisted
after castration and, therefore, could be realized
without involvement of sex hormones.

Our results and published data indicate that
structural changes in immune organs in the basal
state [1] and during stress exposure correspond to
variations in immunological reactivity under similar
conditions [2,3]. It should be emphasized that the
morphogenetic effects of this peptide persist in
stressed animals. These data show that the hypo-
thalamic-pituitary-gonadal system plays an impor-
tant role in the stress response of the organism.
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