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Effect of Syd-saiko-t6 on liver regeneration in partially hepatectomized rats
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Abstract

The effect of Syd-saiko-td, one of Kampd-hozai (Japanese and Chinese traditional medi-
cines), on liver regeneration was studied in partially hepatectomized rats. Syd-saiko-td
at a dose of 1.2 g/kg body weight facilitated the gain of liver weight, liver RNA content,
and mitotic index following partial hepatectomy. The gain of DNA and protein contents in
liver also tended to increase by Syé-saiko-td6. Furthermore, the regeneration of hepatocyte
collected from the hepatectomized rats pretreated with Syd-saiko-t6 increased by compari-
son with that of hepatocyte collected from rats non-treated with Syd-saiko-t6. However,
Syod-saiko-td did not improve the decrease of mitotic index induced by streptozotocin.
These results suggest that the acceleration of Syd-saiko-t6 on liver regeneration is due to the
increase of pancreatic hormonal secretion. When the action of Sy6-saiko-td on hormonal
secretion from pancreas was investigated, glucagon secretion was found to be stimulated and

the plasma glucose was also increased with the constant secretion of insulin.
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Abbreviations DNA, deoxyribonucleic acid ; RNA, ribonucleic acid ; STZ, strepto-
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Introduction

Recently, Syd-saiko-td, one of Kamp6-hozai
(Japanese and Chinese traditional medicines), has
been suggested to be effective for chronic hepati-
tis by clinical trials!™® As to the pharmaco-
logical action of Syd-saiko-td, there are many
reports about saikosaponins,si& the main ingredi-
ents of Syd-saiko-t6. On the other hand, we
reported that Syd-saiko-t6 had both steroidal and
non-steroidal anti-inflammatory action as the
results of the stimulation of lipocortin-production
and the inhibition of cyclooxygenase activity?'w
respectively, and increased the anti-inflammatory
action of prednisolone ® with the restoration of
prednisolone - induced adrenal atrophy by the
stimulation of pituitary-adrenocortical axis func-

tion .” Furthermore, we reported that Syo -
saiko-td stimulated T cell and macrophage func-
tions.”  As to the experimental hepatic injury, we
reported that Syd-saiko-td protected the hepat-
ocyte necrosis'> and inhibited the liver fibrosis
formation in wvivo.’ This anti-necrosis action
is partially explained from the hepatocyte mem-
brane - stabilizing activity of saikosaponins e
However, few projects were done to examine the
influence of Syd-saiko-td on liver regeneration,
an important phenomenon in the therapy of dras-
tic necrosis of hepatocytes or fulminant hepatitis.
Many projects have been done to resolve the
A lot of

promotors of liver regeneration have been report-
ed 16-20)

mechanism of the liver regeneration.

and many workers have independently
showed that the pancreatic hormones, insulin and
glucagon, played an important role on the regula-
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although the
initiator of liver regeneration remains unclear.

. . . 21-24)
tion of the liver regeneration,

The purpose of the present study is to examine
the effect of Syd-saiko-td6 on liver regeneration
following partial hepatectomy in rats and study
about the action mechanism of Sy6-saiko-t6 from
the viewpoint of pancreatic hormonal secretion.

Materials and Methods

Reagents . Streptozotocin (STZ) and Tracylol®
(aprotinin) were purchased from Sigma Chem.
Co. (St. Louis, USA). The kits used for the
determination of glucose or pancreatic hormones
were as follows . Enzyme kit for glucose (Iatron
Labo. Inc., Tokyo, Japan), EIA kit for insulin
(Kainos Labo. Inc., Tokyo, Japan), and RIA kit
for glucagon (Dainabot Co., Tokyo, Japan).
[*H]-Thymidine was purchased from Amersham
(Tokyo, Japan).
Iytical grade.

Preparation of Syb-saiko-t6 . Powdered ex-
tracts of Syd-saiko-td were prepared according

All other reagents were of ana-

to the method mentioned in our previous paper.1 ?

Animals . Male Wistar rats, 5 weeks old,
were obtained from Shizuoka Laboratory Animal
Center (Hamamatsu, Japan). They were kept in
an air conditioned room (24°C) and given a com-
mercial diet and water ad [Lbitum.

Partial hepatectomy . Removal of 70% of he-
patic parenthyma was achieved according to the
The opera-
tions were carried out between 10 . 00 a.m. and
11 : 30 a.m. to diminish the influence of diurnal
rhythmze) on the appearance of mitosis.

method of Higgins and Anderson )

Experimental procedures . The detailed exper-
imental schedule is shown in Fig. 1. Rats were
sacrificed 1, 2, 3, and 5 days after the partial
hepatectomy and their livers were removed (Ex-
periment 1). In the case of STZ injection for
the inhibition of insulin-secretion, STZ dissolved
in physiological saline at a dose of 65 mg/kg was
injected intravenously 6 days before the partial
hepatectomy. Rats were sacrificed 1 day after
the hepatectomy (Experiment 2). Syo-saiko-td
at a dose of 1.2 g/kg body weight was dissolved in

2 ml of distilled water and administered using a

stomach tube once a day or twice.
Determination of protein and nucleic acid
(DNA and RNA) contents in liver . The protein
content of liver homogenate was determined by
the method of Lowry ef al *” The DNA and
RNA in liver homogenate were fractionated ac-
cording to the methods of Schmidt and Thann-
hauser ,28) and Schneider” The DNA content
was determined by the modification of the method
reported by Burton’ The RNA content was de-
termined by the method reported by Mejbaum?l)
Determination of mitotic activity . Small por-
tions (5X5 mm) of the liver were obtained from
the middle part of the lobus.
tained were then fixed in Bouin solution, em-
bedded in paraffin, sectioned, and stained with
hematoxylin-eosin for microscopic observation,

The samples ob-

The mitotic activity was determined by counting
the proportion of parenchymal cell nuclei which
were in prophase, metaphase, anaphase, and telo-
phase (mitosis). A minimum of 2000 nucleis were
counted in each liver sample, and mitotic index
was expressed as the number of mitosis per 100

nucleis.

Experiment 1
Syd-saiko-t6 p.o.
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Experiment 2
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Fig. 1 Experimental schedule.
Each arrow marks the time of indicated
treatment.
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Primary culture of rat hepatocyte . After the
pretreatment of Syd-saiko-t6 at a dose of 1.2 g/
kg for 3 days using a stomach tube, the rats were
partially hepatectomized as shown in Fig. 1 (Ex-
At the indicated time after the he-
patectomy, parenchymal hepatocytes were iso-
lated from the rats according to the method of the
in situ two-step collagenase perfusion technique
reported by Selgen 2

periment 3).

Inocula of 10° cells were
introduced into 1.5 cm - diameter plastic wells
The cells were cul-
tured in 1.0 ml of RPMI 1640 medium supplement-
ed with 5% calf serum under 5% CO, in air at
37°C. Two hours after plating, [*H]-thymidine
(1.0 »Ci) was added to the cultures, and the mix-
ture was incubated for 16 hr. The cell viability
at the start of incubation was 80.0 £ 4.0% and
that at the end of incubation was 50.0+4.5%. Af-
ter the incubation, the cells were washed twice

(Terumo, Tokyo, Japan).

with cold saline, and then twice with 10 ml of
cold 109 trichloroacetic acid. Radioactivity of
the insoluble fraction of 10% trichloroacetic acid
was measured by a ALOCA scintillation counter.
DNA synthesis was expressed as the incorpora-
tion of [3H]-thymidine.

Determination of plasma insulin, glucagon
and glucose . Sybd-saiko-t6 at a dose of 1.2 g/kg
was administered to rats fasted for 20 hr. After
30, 60, 120, and 240 min, 1.0 ml of blood was col-
The blood
was mixed with 0.1 ml of physiological saline
containing 500 KIU of Tracylol® and 1.2 mg of
EDTA-Na,. After centrifugation at 1600 X g, the
supernatant was collected and stored at —20°C.

lected by decapitation from each rat.

After thawing, 1.0 ml of an aliquot was analyzed
for insulin, glucagon, and glucose.

Statistics . All values were expressed as
mean®S.EM. The data were statistically ana-
lyzed according to Student’s ¢-test.

Results

Hepatic regeneration

Liver weight, protein content, nucleic acid
content, and mitotic index were shown as the
guidance of the liver regeneration after hepatect-
omy. Asshown in Fig. 2, liver weight steadily in-

creased following partial hepatectomy, and was
67% of that of non-hepatectomized rats 5 days
after the hepatectomy. On the other hand, Sy6-
saiko-t6 facilitated the increase of liver weight 3
days after the hepatectomy. Protein (Fig. 3A),
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Fig. 2 Liver weight after partial hepatectomy.
0---0 ! control, ®—@®  Sybd-saiko-td. Each
point represents the mean+S.E. of 5 rats. *p <
0.05 vs. control group.

RNA (Fig. 3B) and DNA (Fig. 3C) contents were
also increased lineally following partial hepatect-
omy. Especially, RNA contents increased more
drastically, and it was 57% of the non-hepat-
ectomized rats at 2nd day and 889% at 5th day.
By the treatment of Syd-saiko-t0, the increases
of the protein and DNA contents showed the
tendency to be stimulated 3 days after the partial
hepatectomy (p<0.1). While, the increase of the
RNA content was accelerated remarkably at 1st
and 3rd day. The mitosis of the hepatocytes as
a parameter of the cell proliferation was evaluat-
ed and expressed as mitotic index (the number of
mitosis/100 nucleis). As shown in Fig. 4, mito-
tic index was elevated during 3 days after the
partial hepatectomy and its maximum peak was
achieved on the 1lst day. By the treatment of
Syd-saiko-t0, the increase of mitosis was pro-
moted on the 1st day in a significant manner.
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Fig. 3 Protein, RNA and DNA contents in liver
after partial hepatectomy.
C---0 : control, ®—@  Syd-saiko-td. Each
point represents the mean+S.E. of 5 rats. *p <
0.05 and **p <0.01 vs. control group.
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Fig. 4 Mitotic index of liver after partial hepat-
ectomy.
O---O ! control, ®—®  Syd-saiko-t5. Each
point represents the mean+S.E. of 5 rats. *p <
0.01 vs. control group.

Hepatocyte proliferation in vitro

To evaluate the acceleration of Syd-saiko-td
on the hepatic regeneration, iz vitro method was
also used. Fig. 5 shows the incorporation of
[*H]-thymidine into hepatocytes isolated from

hepatectomized rats. The incorporation of
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Fig. 5 Incorporation of [*H]-thymidine into he-
patocyte isolated from liver after partial he-
patectomy.

Syd-saiko-t6 was pretreated for 3 days be-
fore partial hepatectomy. O---O ' control, ®—®
Syd - saiko - td6. Each point represents the
mean* S.E. of 5—9 rats. *p <0.05 vs. control
group.

(*H]-thymidine into hepatocytes isolated 20 hr
and 26 hr after the partial hepatectomy was
higher than that of non-hepatectomized rats.
Pre-administration of Syod-saiko-to6 for 3 days
[*H]-
thymidine into hepatocytes isolated 20 hr after the

still increased the incorporation of
partial hepatectomy, and the incorporated [3H]-
thymidine was 2-fold over that of non-hepatect-
omized rats.
Hepatic vegeneyation in STZ-injected rats

To know the participation of pancreatic hor-
mones in the liver regeneration-enhancing action
of Syb-saiko-t6, STZ-treated rats were hepat-
ectomized. The partial hepatectomy was per-
formed 6 days after the 65 mg of STZ treatment.
As shown in Table I, the liver RNA content
diminished in a significant manner, and the liver
weight and the liver protein content also tended to
diminish (p <0.1). Furthermore, the mitosis of
the hepatocyte was not found. In Syb6-saiko-td
treated rats, these diminished parameters by STZ
were not restored.
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Table I Liver weight, protein content, nucleic acid content, and mitotic index
in partially hepatectomized rats pre-treated with STZ.

STZ Syd-saiko-t6  Liver weight Protein RNA DNA Mitotic index
treatment treatment (4] (g/liver) (mg/liver) (mg/liver) (% of nuclei)
— — 2.7£0.2 0.58+0.04 33.2+£2.5 7.0%£0.8 0.40+0.17

+ - 2.2+0.2 0.48+0.04 25.2+1.6* 6.8+0.5 0

+ + 2.2+0.1 0.47+£0.02 27.4+0.7* 6.9+0.6 0

*$<0.05 vs. normal group non-treated with STZ and Sy6-saiko-t6. Each value indicates the mean+

S.E. of 6 rats.

Plasma insulin, glucose and glucagon levels

In order to explain the participation of pan-
creatic hormones in the stimulative action of
Sy6 -saiko-t6 on the hepatocyte regeneration,
plasma insulin, glucose and glucagon levels after
the Syd -saiko-td treatment was investigated.
As shown in Fig. 6A, plasma insulin level was
not changed after the Syd-saiko-td treatment
up to 240 min. Syd-saiko-td, however, elevated
the plasma glucose level throughout the experi-
mental period as shown in Fig. 6B. Moreover,
Syo-saiko-td elevated the plasma glucagon level
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Fig. 6 Plasma insulin, glucose and glucagon
levels after Sy6-saiko-td treatment.

A  plasma insulin, B : plasma glucose, C :
plasma glucagon. O---O ! control, ®—® : Sy5-
saiko-t6. Each point represents the mean+S.E.
of 4—6 rats. *p<0.05 and **p <0.01 vs. control

group.

30 min after its administration as shown in Fig.
6C.

Discussion

The enhancement of liver regeneration by
Syod-saiko-td was well-reflected by the changes
of liver weight, protein content and nucleic acid
content (Figs. 2 and 3). These results suggest
that Syd-saiko-td accelerates the proliferation
of hepatocyte. This stimulative action of Sy6-
saiko-td was further explained from both the in-
crease in the number of mitosis in hepatocytes in
vivo (Fig. 4) and the enhancement of the hepato-
cyte proliferation in vitro (Fig. 5). The peak of
the incorporation of thymidine in Syd-saiko-td
treated rats was 20 hr after the partial hepatecto-
my, although it was 26 hr in Syd-saiko-t6 non-
treated rats. This advancement of the peak of the
incorporation of thymidine in Sy6-saiko-tb treat-
ed rats suggests that Syé-saiko-td stimulates the
proliferation cell - cycle of hepatocyte isolated
from partially hepatectomized rats. The increases
of liver weight, protein content and nucleic acid
content 1 or 3 days after the partial hepatecto-
my also indicate the stimulation of proliferation
cell-cycle in Syd-saiko-t0 treated rats. On the
other hand, STZ damages pancreatic £ - cells,
resulting in the decrease of the secretion of in-
sulin® which is shown to be one of the promotors
in liver regeneration?liw and the inhibitory ef-
fect of STZ on liver regeneration is dependent
on the decrease of insulin secretion. Since Syd-
saiko-td did not improve the STZ-induced sup-
pression on liver regeneration in partially he-
patectomized rats, the liver regeneration-enhanc-
ing activity of Syd-saiko-td is closely related to

the insulin secretion. Nevertheless, plasma insu-
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lin level after the administration of Syd-saiko-td
was not different from those of Syd-saiko-td
non - treated rats (Fig. 6A). In contrast, Sy0 -
saiko-td elevated the plasma glucose and gluca-
gon levels (Figs. 6B and 6C). Glucagon is also
one of the promotors of liver regeneration as
well as insulin " Leffert ™ and Bucher and
Swaffield suggest that insulin and glucagon
interact in a synergistic fashion to facilitate liver
regeneration. In fact, this synergistic effect of
insulin and glucagon, which is called G-I therapy,
is clinically applied in acute or fulminant hepati-
tis. Therefore, the liver regeneration-enhancing
action of Syd-saiko-td6 may be considered to at-
tribute to the synergistic effect of glucagon in-
creased by Syd-saiko-t6 and insulin unchanged.
Furthermore, it is reported that the synergistic
action of glucagon and insulin protects the prog-
ress of hepatitis?4> These suggestions could well
support that Sy6-saiko-t6 is effective against the
necrosis of hepatocytes, hepatitis, and cirrhosis.
Plasma glucose elevation also prove the increase
of glucagon secretion without the increase of
insulin secretion. On the other hand, Syd-saiko-
td itself contains much sugars and oligosaccha-
rides which are mainly involved in Zizyphus vul
garis LaM (Taisd) and Pinelliae ternata BREITEN-
BACH (Hange), and the increased plasma glucose
is expected to depend on the sugars absorbed
from the intestine when Sy6-saiko-t6 is admin-
istered. But, in our preliminary experiment Sy6-
saiko-t6 never increased the plasma glucose lev-
el in STZ-treated rats. These results suggest
that the elevation of plasma glucose is not due
to the sugars involved in Syd-saiko-t6, but is
due to the secretion of glucagon. The secretion
of glucagon is controlled by adrenalin, a stimula-
tor of glucagon and an inhibitor of insulin, and
adrenalin facilitates the ACTH-releasing, result-
ing in the induction of glucocorticoid secretion
from the adrenal gland to promote the glyco-
genolysis'in liver. Since, Syd-saiko-to is report-
ed to induce the glucocorticoid secretion?) Syo-
saiko-td may control adrenalin secretion from
the adrenal gland. Another possibility of the ac-
tion mechanism of Sy6-saiko-td is the increase
of the sensitivity or the number of glucagon re-

ceptors. Furthermore, the increased glucose by
Syb-saiko-td may be also related to the stimula-
tion of liver regeneration, since the increase of
glucose causes the cellular increase of Ca** con-
centration which is neccessary for the cell pro-
liferation >*” Moreover, we proved that Syo-
saiko-td stimulated the plasma PGI, formation by
the stimulation of endothelial cell function (data
are not shown), although it inhibits the cyclooxy-
genase activity ¥ Increased plasma PGI, may
stimulate the utility of glucose in liver by the en-
hancement of blood stream. In our studies, the
plural mechanisms of stimulative action of Sy6-
saiko-td on hepatic regeneration were forecasted.
To make clear the enhancing action of Syb -
saiko-t6 on liver regeneration, further study is
needed in future.
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