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Abstract

When betamethasone sodium phosphate was administered intramuscularly to C3H/HeN mice at
1.6 mg/kg/day for 7 days, thrombin time was reduced and fibrinogen content was increased in the
plasma. The sialidase activity against mixed gangliosides and N -acetylneuraminic acid (Neu5Ac)
content in the erythrocyte membrane were significantly increased by the administration of the glucocor-
ticoid. Oral administration of a Kampo medicine, Keishi-bukuryo-gan (H:A%#K2%5 4, ; Gui-Zhi-Fu-Ling-
Wan), used clinically for the treatment of “oketsu” (blood stagnant) state, at 2 g/kg/day to the
betamethasone-treated mice for 7 days reduced the NeubAc content and sialidase activity in the
erythrocyte membrane and fibrinogen content in the plasma to the control level. Sealed inside-out
vesicle prepared from the erythrocyte of mouse showed potent sialidase activity against mixed gang-
liosides, but resealed ghost did not show any sialidase activity, indicating that the sialidase activity is
oriented mainly in the inside of the mouse erythrocyte membrane. When betamethasone was administer-
ed intramuscularly to the mice, the sialidase activity of unsealed white ghost was increased and resealed
ghost became to show the potent sialidase activity, but the sialidase activity of inside-out vesicle was
decreased. Oral administration of Keishi-bukuryo-gan to the betamethasone-treated mice reduced the
increased sialidase activities of unsealed white ghost and resealed ghost, but recovered the enzyme
activity of inside-out vesicle. These results suggest that blood stagnation caused by intramuscular
administration of betamethasone may somewhat be caused by the alteration of sialylation and asialyla-
tion of erythrocyte membrane and that oral administration of Keishi-bukuryo-gan can modulate these
effects. These results also suggest that the administration of betamethasone induces the sialidase
activity in the outside of erythrocyte membrane but reduces it in the inside, and the administration of
Keishi-bukuryo-gan recovers localization of the enzyme activity in erythrocyte membrane of mouse.

Key words blood coagulation, erythrocyte, glucocorticoid, Gui-Zhi-Fu-Ling-Wan, Keishi-bukur-
yo-gan, oketsu, sialic acid, sialidase [E.C. 3.2.1.18], Yu-Xue.

Abbreviations Keishi-bukuryo-gan (Gui-Zhi-Fu-Ling-Wan), &%, ; NeubAc, N -acetyl-
neuraminic acid ; oketsu (Yu-Xue), J#51 .

of blood flow and blood conditions.”” This syndrome

1. Introduction

“Oketsu (#7141 ; Yu-Xue)”, blood stasis or stag-
nant state, which is one of the pathological concepts in
oriental medicine, has been defined to cause by change

is related to several serial diseases, such as SLE,
rheumatoid arthritis, cerebrovascular disease and
many inflammations. Therefore biochemical elucida-
tion of “oketsu” state expects to elucidate the action
of anti-“oketsu” Kampo medicines for the treatment
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of these diseases. Up to now, several studies were
performed in order to elucidate the mechanism of
“oketsu” state” and effects of anti- “oketsu” Kampo
medicines. ' Kohta et al. suggested that the eryth-
rocyte aggregation increased in “oketsu” patients
with multiple lacunar infarction” and a kind of anti-
“oketsu” Kampo prescriptions, Keishi-bukuryo-gan
(AR TA% A ; Gui-Zhi-Fu-Ling-Wan), had a phar-
macologic action to reverse the acceleration of eryth-
rocyte aggregation in the “oketsu” patients.6> Hikiami
et al. suggested that erythrocyte deformability was
related to the “oketsu” state and that the deteriora-
tion of erythrocyte deformability in the “oketsu” state
was due to the decreased erythrocyte viscoelas-
ticity.ﬂ

It is known that an “oketsu” like state appears
with the administration of glucocorticoid in clinical.”
Tani ef al. reported that intramuscular administration
of betamethasone induced hyperviscosity of blood and
hypercoagulability in rats,g'l(})however, Keishi-bukur-
yo-gan repaired the enhancement of blood coagula-
tion caused by injection of glucocorticoid to rats.'” Tt
has been reported that aggregation of erythrocytes
was affected by the negative charge of sialic acid
residues on the surface membrane, "' and that the
negative charge on the erythrocyte surface was in-
creased by the injection of dexamethasone to the
rat.” The serum sialic acid level is also known to
enhance in patients with “oketsu” state.”” These
results indicate that metabolism of sialic acid residues
in blood may be altered in “oketsu” state and adminis-
tration of glucocorticoid. Previously, we found that
predominant sialidase activity is present in the eryth-
rocyte membrane of rabbit blood when ganglioside
was used as substrate.'”

Therefore we studied sialidase activity and sialic
acid content of erythrocyte membrane in betameth-
asone-administered mouse as “oketsu” like state
model. We also studied the effect of an anti-“oketsu”
Kampo prescription, Keishi-bukuryo-gan, on the
metabolism of sialic acid residues in erythrocyte
membrane of the betamethasone-administered mouse.
The present paper also describes the effects of
betamethasone and Keishi-bukuryo-gan on orienta-
tion of the sialidase activity in mouse erythrocyte
membrane in order to elucidate the mechanism of the

recovering effect of Keishi-bukuryo-gan on the
glucocorticoid-treated mouse.

2. Effects of glucocorticoid on blood coagula-
tion, and sialidase activity and sialic acid con-

“tent of erythrocyte membrane in mouse

Male C3H/HeN mice (7 weeks old) were injected
with betamethasone sodium phosphate solution at 0.8
or 1.6 mg/kg/day intramuscularly for 7 days. After
fasting overnight, the blood was taken from the retro-
orhital plexus of the mouse, and plasma was prepared.
The thrombin time and fibrinogen content of plasma
were determined according to the methods described
by Tani ef al. “As a result, the plasma from
betamethasone-administered mice showed shorter
thrombin time than that of saline-administered
control mice."” The plasma from betamethasone -
treated mice (1.6 mg/kg/day) showed also higher
fibrinogen content than that of saline-administered
control mice (Fig. 1)."” These results indicate that
administration of betamethasone to mice enhances the
blood coagulation system.

A membrane fraction was prepared from mouse
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Fig. 1 Effects of betamethasone and Keishi-bukuryo-gan
on fibrinogen contents of mouse plasma. C3H/HeN mice
were treated i.m2. with betamethasone (1.6 mg/kg/day) or
saline and p.o. with Keishi-bukuryo-gan (2 g/kg/day) or
water for 7 days. Values are expressed as the mean+S.E.
(n=5-8).
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erythrocytes and its sialidase activity was measured.
After incubation of the erythrocyte membrane with
substrate at 37°C for 4 h at pH 4.5, the sialic acid
released from substrate was determined by fluor-
ometric HPLC method."” When mice were treated
with betamethasone (1.6 mg/kg/day) intramuscularly
for 7 days, sialidase activity of erythrocyte membrane
for bovine brain mixed gangliosides increased signifi-
cantly in comparison with that of saline-treated con-
trol mice (Fig. 29" The sialidase activity against
mixed gangliosides was increased from one day after
the administration of glucocorticoid.m Whereas
sialidase activities against fetal bovine serum fetuin
and bovine colostrum sialyllactose were also in-
creased significantly at 5 and 7 days after the adminis-
tration of betamethasone.”” Sialic acid content of
erythrocyte membrane was also determined by fluor-
ometric HPLC method. The N -acetylneuraminic acid
(NeubAc) content of erythrocyte membrane was sig-
nificantly increased by the administration of
betamethasone.”

It is known that the administration of glucocor-
ticoid for a long period causes several adverse reac-
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Fig. 2 Effects of betamethasone and Keishi-bukuryo-gan
on sialidase activity of mouse erythrocyte membrane.
C3H/HeN mice were treated with betamethasone or
saline and Keishi-bukuryo-gan or water as described in
the legend of Fig. 1. Sialidase activity of erythrocyte
membrane against bovine brain mixed gangliosides was
measured with fluorometric HPLC method at 7 days after
the first administration. One unit of sialidase activity was
defined as the amount of enzyme which catalyzed the
release of 1 nmol sialic acid/h. Values represent mean=+
SE (n=8).

tions clinically.” Tani et al. reported the injection of
betamethasone induced “oketsu”-like state such as
hyperviscosity of blood, hyperlipemia and hyper-
coagulability in rats.”'® Several studies have report-
ed that negative charge, which may be due to sialic
acid residues, on erythrocyte surface increased in the
dexamethasone injected rats,S) and that the sialic acid
residues on the human erythrocytes affected the

12 These results suggest

aggregation of the cells.
that blood stagnation caused by glucocorticoid admin-
istration may be somewhat caused by the alteration of
sialylation and asialylation of erythrocyte membrane.

Fibrinogen is one of the plasma sialoglyco-
proteins, and acts as a blood coagulation factor.
Fibrinogen is hydrolyzed by thrombin to form a fibrin
network, and functions of the protein related to this
process are markedly decreased by asialylation; the
thrombin time is shortened, and tendency for the
aggregation of fibrin increased. ' Fibrin polymeriza-
tion is disturbed by increased sialylation of the fibrin
molecule.” These results suggest that the hyper-
coagulability of plasma such as shortened thrombin
time and increased fibrinogen content by betameth-
asone may be caused by altered sialylation of fi-
brinogen. Effect of glucocorticoid on the sialylation
and asialylation of plasma proteins related to blood
coagulation will be investigated in our further study.

The increases in sialidase activity and sialic acid
content of erythrocyte membrane in the present study
seem in conflict with each other. Sialyltransferase [E.
C. 2.4.99.1], which catalyzes the transfer of sialic acid
into the asialoglycosidic chains of glycoproteins and
glycolipids, exists predominantly as a membrane -
bound form within the Golgi apparatus of mam-
malian cells.”” But a soluble form of the enzyme also
exists and has been detected in the serum.’”*” Wang
et al.”” and Harder et al.mreported that the sialyltran-
sferase was induced and accelerated the release from
the cells by the treatment of dexamethasone in the
cultured hepatocytes. These results suggest the possi-
bility that sialyltransferase is released in serum from
hepatocytes of mice by the betamethasone treatment.
The role of sialyltransferase in the serum is unclear,
but the enzyme in the serum may be opposed to the
sialidase activity of erythrocyte membrane when the
glucocorticoid was administered.
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The present paper showed that hyper-
coagulability of plasma was induced and the sialic
acid (NeubAc) content of erythrocyte membrane was
increased in the betamethasone administered mice,
simultaneously. Qin et al. reported that the blood
sialic acid level increased in “oketsu” patients.m
These results suggest the possibility that sialic acid
content increases in the erythrocyte membrane of

>

“oketsu” patients. The measurement of sialic acid
content and sialidase activity in erythrocyte mem-

brane of “oketsu” patients are now in progress.

3. Effects of Keishi-bukuryo-gan on fibrinogen
contents of plasma, and sialidase activity and
sialic acid content of erythrocyte membrane in
glucocorticoid administered mouse

Keishi-bukuryo-gan was prepared according to
the prescription book of Oriental Medicine Research
Center of the Kitasato Institute as follows : mixture of
crude drugs for one day dosage consisting of Cin-
namomi Cortex (4.0 g, bark of Cinnamomum cassia
BLUME), Poria (4.0 g, sclerotium of Poria cocos (FR.)
WOLF), Moutan Radicis Cortex (4.0 g, root bark of
Paeonia suffruticosa ANDREWS), Persicae Semen (4.0
g, kernel of Prunus persica (L) BATSCH) and
Paeoniae Radix (4.0 g, root of Paeonia lactiflora PAL-
LAS) was decocted with 600 ml of water to half vol-
ume. The supernatant of the extract was lyophilized
and suspended in water. C3H/HeN mice were ad-
ministered betamethasone at 1.6 mg/kg/day intramus-
cularly and hot water extract of Keishi-bukuryo-gan
(2 g/kg/day) orally for 7 days, and fibrinogen content
of the plasma was measured. The increased plasma
fibrinogen content by glucocorticoid was reduced to
the control level by oral administration of Keishi-
bukuryo-gan (Fig. 1)." In contrast, when Keishi-
bukuryo-gan was administered to control mice, the
plasma fibrinogen content was increased slightly (Fig.
1).15) The increased sialidase activity of erythrocyte
membrane by the administration of betamethasone
was reduced to control level by oral administration of
Keishi-bukuryo-gan (Fig. 2)."" The increased sialic
acid (Neu5Ac) contents of erythrocyte membrane by
the administration of betamethasone was also reduced
to control level by oral administration of Keishi-bu-

kuryo-gan, significantly.ls}

Keishi-bukuryo-gan is thought to be one of the
most important prescriptions for improving the “oket-
su” state, and its effects have been studied in “oketsu”
patients.w The present results show that Keishi-bu-
kuryo-gan suppressed the increases of plasma fi-
brinogen content and erythrocyte membrane sialidase
activity caused by betamethasone in mice. These
results suggest the possibility that the anti-“oketsu”
effect of Keishi-bukuryo-gan may recover the “oket-
su” state partly by the reduction of erythrocyte
membrane sialidase activity. But this hypothesis must
be estimated by measuring sialidase activity of eryth-
rocyte membrane obtained from “oketsu” state
patients before and after administration of Keishi-
bukuryo-gan.

4. Effects of glucocorticoid and Keishi-bukuryo-
gan on the orientation of sialidase activity in
erythrocyte membrane of mouse

The orientation of sialidase activity in eryth-
rocyte membrane of C3H/HeN mouse was deter-
mined by measuring the sialidase activities of intact
erythrocyte, unsealed white ghost, resealed ghost and
sealed inside-out vesicle against mixed gangliosides in
the absence of detergent. Resealed ghosts were pre-
pared according to the method of Funder and
Wieth. *Inside-out vesicles were prepared by the
procedure of Steck and Kant. * As shown in Fig. 3,
inside-out vesicle showed potent sialidase activity and
unsealed white ghost showed significant activity, but
resealed ghost showed no activity. *Intact eryth-
rocyte also had no activity (data not shown). These
results indicate that the sialidase activity against
mixed gangliosides is present in the inside of mouse
erythrocyte membrane.

Previously, we have reported that rabbit eryth-
rocyte unsealed ghost and sealed inside-out vesicle
showed sialidase activity against gangliosides, while
intact erythrocyte and resealed ghost had no activity,
indicating that the sialidase activity for gangliosides
is located in the inside of the erythrocyte mem-
brane.'” These results indicate that the sialidase
activity for gangliosides is mainly located in the inside
of mouse erythrocyte membrane. Chiarini ef al. repor-
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Fig. 3 Effects of betamethasone and Keishi-bukuryo-gan on orientation of sialidase activity in
mouse erythrocyte membrane. C3H/HeN mice were treated with betamethasone or saline and
Keishi-bukuryo-gan or water as described in the legend of Fig.1. At the next day of final treat-
ment, sialidase activities of the unsealed white ghost (A), resealed ghosts (B} and sealed inside-out
vesicles (C) prepared from pooled erythrocytes (n=8) were assayed with bovine brain mixed
gangliosides as substrate in the absence of detergents. One unit of sialidase activity was defined as
the amount of enzyme which catalyzed the release of 1 nmol sialic acid/h; N.D.=not detectable.

ted that 10-12 9% of 4-methylumbelliferyl-NeubAc-
hydrolyzing sialidase was released from intact human
erythrocyte by treatment with phosphatidylinositol -
specific phospholipase C from Bacillus cereus, indicat-
ing that human erythrocyte membrane sialidase was
partly located in the outer surface. *" These observa-
tions also suggest the possibility that the remaining
human erythrocyte membrane sialidase is present in
the inside of the erythrocyte membrane. Orientation
of sialidase in cell membrane may be related to the
regulation of sialidase activity in erythrocyte cells. If
the enzyme activity is present on the external surface
of membrane, sialoglycoconjugates in erythrocyte
plasma membrane may be hydrolyzed by the sialidase,
because sialosugar chains of glycoconjugates are pres-
ent on the external surface of membrane.

When mice were administered with betameth-
asone (1.6 mg/kg/day) intramuscularly for 7 days,

sialidase activity of resealed ghost became detectable,
and unsealed white ghost increased the enzyme activ-
ity (Fig. 3A and B) ¥ But sialidase activity of sealed
inside-out vesicle from betamethasone-administered
mice decreased in comparison with that of control
mice (Fig. 3C). These results suggest the possibility
that the sialidase activity against gangliosides is in-
duced in outside but reduced in inside of mouse eryth-
rocyte membrane when betamethasone was adminis-
tered. The sialidase activity which appeared in the
outside of erythrocyte membrane may modulate the
sialoglycoconjugates which is present on the outer
surface of the cells. Several studies have reported that
the sialic acid residues on the human erythrocyte
affect microcirculatory disturbance through the
" These

results suggest that blood stagnation caused by

aggregation of the erythrocyte cells.

glucocorticoid administration may be somewhat
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Fig. 4 Hypothetic structure models of erythrocyte membrane preparations, unsealed white ghost
(A), resealed ghost (B) and sealed inside-out vesicle (C), and localization of sialidase activity in
the membrane with or without betamethasone and Keishi-bukuryo-gan treatments.
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caused by the altered localization of sialidase activity
in erythrocyte membrane. While the increased
sialidase activity of resealed ghost and unsealed white
ghost by the administration of betamethasone were
reduced to control level by oral administration of
Keishi-bukuryo-gan (2 g/kg/day, 7 days), and the
decreased enzyme activity of inside-out vesicles by
the administration of steroid was also recovered (Fig.
3) 2 These results suggest that oral administration of
Keishi-bukuryo-gan repairs abnormal localization of
the sialidase activity in erythrocyte membrane of
mouse caused by glucocorticoid (Fig. 4).

It is known that “oketsu”-like state appears with
the administration of glucocorticoid in clinical™ and

. . . 9,10)
animal experiments with rat.

Kohta et al. reported
that erythrocyte aggregability increased significantly
in severely affected “oketsu” group of multiple
lacunar infarction patients divided according to the
diagnostic criteria.” They also discussed the possibil-
ity of the relationship between a pathophysiological
disturbance on the erythrocyte membrane surface,
such as reduced negative charge, and erythrocyte
aggregability in the severe “oketsu” state. It is known
that negative charge on the erythrocyte membrane
surface is due to carboxyl groups of sialic acid resi-
due. These results suggest that the sialidase activity in
the outside of erythrocyte membrane induced by the
betamethasone may be related to the erythrocyte
aggregability in “oketsu” state. Present results
showed that the oral administration of Keishi-bukur-

, inside of erythrocyte membrane;

, outside of erythrocyte

yo-gan recovered the altered localization of the
sialidase activity in erythrocyte membrane of mouse
caused by intramuscular administration of betameth-
asone. These results suggest the possibility that anti-
“oketsu” effect of Keishi-bukuryo-gan may recover
the “oketsu” state partly by normalizing the localiza-
tion of sialidase activity in erythrocyte membrane.
Purification of sialidase from erythrocyte membrane
has made it possible to prepare an anti-sialidase
antibody. This may be useful to clarify the localiza-
tion of sialidase in erythrocyte membrane. Localiza-
tion of sialidase in erythrocyte membrane using anti-
sialidase antibody will be investigated in our further
study.

5. Conclusion

The present paper showed that hyper-
coagulability (shortened thrombin time and increased
fibrinogen content) of plasma was induced by the
intramuscular administration of betamethasone to the
mouse, and that oral administration of Keishi-bukur-
yo-gan suppressed the increase of plasma fibrinogen
content (Fig. 5)."" The present paper also indicated
that the sialidase activity of erythrocyte membrane
was increased in the betamethasone-administered
mice and Keishi-bukuryo-gan suppressed the increase
of sialidase activity.]5> These observations suggest
that some parts of the sialidase activities against
gangliosides, which is present in the inside of mouse
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Fig. 5 Hypothetic effects of glucocorticoid and anti-“oketsu” Kampo medicine, Keishi-bukuryo-

gan, on the blood.

erythrocyte membrane in normal condition, appear in
the outside of the membrane by the administration of
betamethasone, and that the administration of Keishi-
bukuryo-gan suppresses the glucocorticoid-induced
sialidase activity in the outside of membrane by
recovering the localization of the enzyme activity in
erythrocyte membrane of the mouse (Fig. 5) ¥ These
results suggest the possibility that the anti-“oketsu”
effect of Keishi-bukuryo-gan may recover the “oket-
su” state partly by the reduction of erythrocyte
membrane sialidase activity.

In a preliminary study in collaboration with
Terasawa group in Toyama Medical and Pharmaceu-
tical University, the sialidase activity of erythrocyte
membrane showed a tendency to increase in a mildly
affected “oketsu” group of patients, based on the

,28) with multiple

evaluation criteria (“oketsu” score)
lacunar infarction who visited their hospital (unpub-
lished data). This increased sialidase activity of eryth-
rocyte membrane was reduced to the level of a non-
“oketsu” group by oral administration of Keishi -
bukuryo-gan (unpublished data). These observations
agreed well with the present study. Further clinical
studies are required in order to estimate the relation
between the “oketsu” (blood stagnant) state and

sialidase in the erythrocyte membrane.
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