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Abstract

Stresses spoil adaptation. Animals prepare behavioral adaptogenic substances for escaping from
stressful situation. Mice given forced swimming stress prepared GalNAca, ;GalNAc-lipid induc-
ing hyperactivity, in the humoral lipoid fraction eluted with 150 mMNaCl. Mice given various
stresses may differently prepare the behavioral adaptogenic glycolipid. Disadaptation induces
depression. Depression closely relates to adrenergic and serotonergic neuronal activities. The
glycolipid may be produced via these neuronal activities. Mice were twice given immunization
stress, given forced swimming stress or given stress restricting the mobility on a raised platform,
or not given the stresses as a control. Mice were also treated with a serotonin reuptake inhibitor
clomipramine or a noradrenaline reuptake inhibitor maprotiline. Reactivity of the glycolipid was
increased in mice given the forced swimming stress, and in mice given the immunization
stress. The reactivity was also found in mice not given the stresses, but was decreased in mice
given the mobility restriction stress. Treatment of the noradrenaline reuptake inhibitor dose-
dependently increased the reactivity, however, treatment of the serotonin reuptake inhibitor did
not affect the reactivity. These suggest that the behavioral adaptogenic humoral glycolipid was
prepared corresponding to the mobility, via not serotonergic but adrenergic neuronal activity.
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genic substances were prepared via adrenergic and

serotonergic neuronal activities relating to depression?.

Stresses are harmful to adaptation. Animals prepare The behavioral adaptogenic glycolipid may be also pre-

Introduction

behavioral adaptogenic substances for escaping from pared under these neuronal activities. In the present
stressful situation. In fact, mice given forced swimming  study, the author examines reactivity of the glycolipid in

stress producedGalNAca, ;GalNAc-lipid inducing the es- mice given various stresses, and investigates effects of
caping behavior, in the humoral lipoid fraction eluted with ~ antidepressants relating to the neuronal activities on the
150 mMNaCl”. Mice given various stresses may differ-  glycolipid reactivity.

ently prepare the adaptogenic humoral glycolipid. Dis-

adaptation induces depression. Other humoral adapto-
Methods
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School of Medicine (the approval number : a-1-2824).

2. Mice given stress

@  Mice twice given immunization stress

Mice twice immunized are given severe stress induc-
ing the death”. Ten mice were intraperitoneally injected
with 1 mg/kg of ovalbumin (OVA, Grade V, Sigma-Aldrich
Co., St. Louis, MO, USA) dissolved in physiological saline
(PS).
munization with the same OVA concentration.

Ten days after this, they were given second im-
Seven
days after the second immunization, they were sacrificed,
and the serum was collected and pooled.

(2 Mice given forced swimming stress

Ten mice were given forced swimming stress for 5 min
in the apparatus previously described®. They were sac-
rificed 10 min after given the stress, and the serum was
collected and pooled.

(3 Mice placed on platform

Mice placed on a raised platform are given stress re-
stricting the mobility”. Ten mice were placed a raised
platform (7.5 cm diameter, 25 cm height) for 5 min.
They were sacrificed 10 min after the treatment, and the
serum was collected and pooled.

@) Mice not given the stresses

As a control, 10 mice not given the stresses described
above were prepared. They were sacrificed, and the se-
rum was collected and pooled.

3. Mice treated with antidepressant

(D Mice treated with a serotonin reuptake inhibitor

Antidepressant clomipramine (Wako Pure Chemical
Industries Ltd., Tokyo, Japan) is a serotonin reuptake in-
hibitor.
clomipramine solution 1, 0.5 or 0.1 mg/kg, or 100 ul PS

Ten mice were intraperitoneally injected with
as a control. They were sacrificed 60 min after the
treatment, and the serum was collected and pooled.

(2 Mice treated with a noradrenaline reuptake inhibitor

Antidepressant maprotiline (Wako Pure Chemical In-
dustries) is a noradrenaline reuptake inhibitor. Ten mice
were intraperitoneally injected with maprotiline solution
1, 0.5 or 0.1 mg/kg, or 100 pl PS as a control. They
were sacrificed 60 min after the treatment, and the se-

rum was collected and pooled.
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4. Humoral lipoid fractionation

5 ml chloroform and 10 ml methanol were added to
each 4 ml pooled serum. The solution was intensively
mixed for 3 min and incubated for 10 min at room tem-
perature (RT). Then, 5 ml chloroform was added to the
solution, followed by intensive mixing for 30 s. 4 ml
water was added to the solution, followed by intensive
mixing for another 30 s. The mixture was then centri-
fuged (150 g) for 10 min at RT. The chloroform (lower)
layer was collected, and the solvent was evaporated at
RT. The extracted lipoids were then suspended in 4 ml
water. The solution was applied to a 2 ml ion exchanger
DE-52 (Whatman Co., Maidstone, UK) column, which
had been saturated with 10 mM NaHCO3;, pH 8.3, and
washed with water. Samples were eluted with 2 ml con-
secutive washes of 50. 100, 150, 200, 250 and 300

mMNaCl. Fractions collected were then diluted to 4 ml

with water.
5. Measurement of GalNAca, ;GalNAc-lipid
reactivity

(D Detection method

Sample humoral lipoid fraction eluted with 150 mMNa-
Cl, or 1mg/ml of globopentaosylceramide, GalNAca,-;
GalNAc-ceramide (Sigma-Aldrich Co.) or PS as a control
The solution 100
ul was poured into a well of a 96-well plastic plate (Sumi-

was prepared to 50% ethanol solution.
tomo Bakelite Co., Tokyo, Japan). Enzyme-linked im-
munosorbent assay (ELISA) was performed with the use
of 300 pl of 5% bovine serum albumin (Sigma-Aldrich
Co.) as a blocker, a biotinized lectin of Dolichos biflorus
recognizing GalNAca, 3;GalNAc in terminal of sugar chain
structure (Seikagaku Co., Tokyo, Japan), peroxidase-con-
jugated avidin (Seikagaku Co.) and the coloring kit (Sumi-
tomo Bakelike Co.) Then, the light absorbance was
measured at the dual wavelength of 450 and 655 nm.
The ELISA procedure was performed on five different
plates.

(2 Statistical analysis

Mann-Whitney U test was used for the statistical anal-
ysis. A p<0.05 was considered a significant difference.
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Results

1. GalNAca, ;GalNAc-lipid reactivity in mice
given various stresses
GalNAco, 3GalNAc-lipid reactivity was found in frac-
tion eluted with 150 mMNaCl of mice not given the
stresses. The reactivity was increased in the fraction of
mice given the immunization stress, and in the fraction of
the forced swimming stress. On the contrary, the reac-
tivity of mice given the mobility restriction stress was

decreased (Table 1).

2. The reactivity in mice treated with antide-
pressant

Treatment of a serotonin reuptake inhibitor clomip-
ramine did not affect reactivity of the glycolipid. On the
other hand, treatment of a noradrenaline reuptake inhibi-
tor maprotiline increased the reactivity with a dose-de-
pendent manner (Table 2).

Discussion

Reactivity of the humoral glycolipid was increased not
only in mice given the forced swimming stress, but also
in mice treated with the noradrenaline reuptake inhibitor.

[E )

Escaping behavior in mice given forced swimming stress
is induced by dopaminergic neuronal activity”, and is en-
hanced with adrenergic neuronal activity®. These sug-
gest that the humoral glycolipid would be prepared for

enhancing adrenergic neuronal activity in the behavioral

Table 1. GalNAca, ;GalNAc-lipid reactivity in hu-
moral lipid fraction eluted with 150

mMNaCl of mice given various stresses

Reactivity in the fraction

Given stress Light absorbance

Immunization twice 0.346 + 0.022*

Forced swimming 0.322 + 0.015*

5 minutes
Placgd at platform 0.111 = 0.031%
5 minutes
Not given the stresses
(The control) 0.248 = 0.056
ELISA control
Globopentaosylceramide
(1 mg/ml) 0.239 * 0.019
Physiological saline 0.048 + 0.011

ELISA : enzyme-linked immunosorbent assay
Globopentaosylceramide : GalNAca, ;GalNAc-ceramide
*p<0.05 compared to the control (Mann-Whitney U test)

Table 2. Effect of antidepressant on GalNAca,3GalNAc-lipid reactivity

Antidepressant
Light absorbance
Dosage (mg/kg) Clomipramine Maprotiline
1 0.277 = 0.060 0.406 = 0.026*
0.5 0.281 + 0.061 0.326 = 0.038*
0.1 0.271 = 0.058 0.298 = 0.049
Physiological saline
(The control) 0.253 = 0.063 0.266 = 0.039
ELISA control
Globopentaosylceramide
(Img/ml) 0.245 = 0.027
Physiological saline 0.043 + 0.022

ELISA : enzyme-linked immunosorbent assay

Globopentaosylceramide : GalNAca, ;GalNAc-ceramide
*p<0.05 compared to the control (Mann-Whitney U test)
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adaptation system activated by dopaminergic neuronal
activity. Reactivity of the humoral glycolipid was also
found in mice given the immunization stress, and in mice
not given the stresses, but was decreased in mice given
mobility restriction stress on a raised platform. This
suggests that the glycolipid would be prepared for main-
taining mobility of mouse. Serotonergic neuronal activi-
ty induces fear emotion decreasing mobility in rats?”,
however, reactivity of the glycolipid was not affected in
mice treated with the serotonin reuptake inhibitor.
These suggest that the glycolipid would function not in
the emotional behavior system.

In the present study, mouse is suggested to prepare
the behavioral adaptogenic humoral glycolipid corre-
sponding to the mobility, via not serotonergic but adren-
ergic neuronal activity. The brain senses stresses.
Globopentaosylceramide, primarily contented in the
brain, induced the escaping behavior as well as the be-
havioral adaptogenic glycolipid did®. The glycolipid might
be also produced in the brain. The production mecha-
nism has not been clear, however, the present findings
will contribute to understand behavioral stress coping
system.
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