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ABSTRACT

The 18 crude drugs in Bofutsushosan (BOF: Pulvis ledebouriellae compositae: i FUIBEEHT) are separated into 6
groups such as diaphoretic, cathartic, antidote, antipyretic, neutralizer and diuretic groups. The effects of single admin-
istered BOF and composed crude drugs in 6 groups were investigated on the levels of diabetic parameters (serum glu-
cose, insulin, triglyceride and cholesterol) in streptozotocin-induced diabetic mice. The anti-hyperglycemic action of
BOF was depended on Ephedraec Herba, Saposhnikoviae Radix and Schizonepetae Spica in diaphoretic group, For-
sythiae Fructus, Saposhnikoviae Radix, Schizonepetae Spica and Cnidii Rhizoma in antidote group, Scutellariae Radix,
Gardeniae Fructus and Gypsum Fibrosum in antipyretic group and Paeoniae Radix in neutralizer group. In these crude
drugs, Ephedrae Herba, Saposhnikoviae Radix, Schizonepetae Spica, Forsythiae Fructus, Scutellariae Radix, Gypsum
Fibrosum and Paconiae Radix increased serum insulin level, but Cnidii Rhizoma and Gardeniae Fructus did not affect
serum insulin level. From these results, it suggested that anti-hyperglycemic action of BOF was through insulin-de-
pendent and insulin independent manners. The lowering effect of BOF on serum triglyceride level was dependent on
actions of Platycodi Radix in antidote and diuretic groups and Gardeniae Fructus in antipyretic group. The lowering
effect of Gardeniae Fructus was parallel with its anti-hyperglycemic action. The lowering effect of BOF on high serum
triglyceride level also included both direct action and indirect action. The reducing effect of BOF on serum cholesterol
level was observed together with the actions of Ephedrae Herba and Zingiberis Rhizoma in diaphoretic group, Schi-
zonepetae Spica in diaphoretic and antidote groups and Paeoniae Radix in neutralizer group. The lowering effects of
Ephedrae Herba, Schizonepetae Spica and Paeoniac Radix on serum cholesterol level were parallel with their anti-hy-
perglycemic actions. Zingiberis Rhizoma in diaphoretic group might be direct reducing effect on serum cholesterol
level but no serum glucose level. The Ephedrae Herba in diaphoretic group, Schizonepetae Spica in diaphoretic and
antidote groups and Paeoniae Radix in neutralizer group might have reduced serum cholesterol level by reducing blood
glucose level. From these results, composed crude drugs in 6 groups show various mechanisms in the action of BOF.

Keywords: Bofutsushosan (BOF); 6 Groups in BOF (Diaphoretic, Cathartic, Antidote, Antipyretic, Neutralizer and
Diuretic Groups); Streptozotocin (STZ); Diabetic Serum Parameters; Anti-Hyperglycemia;
Anti-Hyperlipidemia

1. Introduction amounts of refined carbohydrates and sugars. Chinese
medicine is an excellent system in complementary and
alternative medicine. It holds great and unique potential
in the management of metabolic syndrome, especially in
the control of glucose and lipid metabolism [2].
Bofutsushosan (BOF), typical Chinese medicine, has
"Corresponding author. been reported to improve atherosclerosis [3], obesity

Chinese medicine is used increasingly worldwide to treat
chronic diseases, such as obesity, diabetes, hyperlipi-
demia and hypertension [1]. Metabolic syndrome is a
direct consequence of diet specifically, intake of large
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[4-6], hypertension, hyperglycemia [6], fatty liver [7,8]
visceral fat and insulin resistance [9] in both clinical
practice and animal examinations [5]. BOF has the
potential to prevent adipogenesis in rat white adipocytes
via modulation of gene expression levels [10]. Given by
oral administered, BOF lowers fatty acid accumulation in
the liver and reduces the levels of several plasma para-
meters correlated to obesity as well as body weight in
mice fed a high-fat diet [8]. BOF produces a significant
decrease in fat mass and weight compared with non-
treated mice, without affecting the amount of food in-
gested in a study of obese mice [4]. In addition we have
proved that BOF improved abnormal levels of serum
glucose, insulin, triglyceride and cholesterol in STZ-dia-
betic mice [11]. BOF is promising for developing thera-
peutic medicine for metabolic diseases.

Streptozotocin (STZ) has been commonly used to in-
duce a model of insulin-dependent diabetes mellitus
(IDDM, type 1). STZ-induced diabetic mice have the
features such as polydipsia, polyphagia, polyuria, dyslipi-
demia and hyperglycemia [12]. STZ also constructs a mo-
del of non-insulin-dependent diabetes mellitus (NIDDM,
type 2) by its single administration. It has been reported
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that oral anti-hyperglycemic agents [13,14] and Chinese
medicines improved the hyperglycemia in STZ-diabetic
model [15,16]. In the previous study [11], serum insulin
level was increased by oral administration of BOF as
well as glybenclamide in our STZ-diabetic mice. It sug-
gested that our STZ-diabetic mice showed the feature of
NIDDM.

BOF is consisted of Ephedrae Herba (ik3%), Sapo-
shnikoviae Radix (PjJ&), Zingiberis Rhizoma (4£32),
Schizonepetae Spica (Ji7F), Rhei Rhizoma (K1),
Natrium Sulfricum (?2fi), Glycyrrhizae Radix (H#),
Forsythiae Fructus (G##l), Platycodi Radix (#5#%),
Cnidii Rhizoma (JI|%), Scutellariae Radix (3H%),
Gardeniae Fructus (LLI4ET), Gypsum Fibrosum (f18),
Talcum (5 f7), Angelicae Radix (34/7), Paeoniae Radix
(%5 3), Atractyloidis Lanceae Rhizoma (& JIt), and
Menthae Herba (7##if) as shown in Table 1. These 18
composed crude drugs are separated into 6 groups such
as diaphoretic, cathartic, antidote, antipyretic, neutralizer
and diuretic groups. Diaphoretic group is consisted of
Ephedrae Herba, Saposhnikoviae Radix, Zingiberis
Rhizoma and Schizonepetae Spica to remove the diseases
through perspiration from body surface. Cathartic group

Table 1. Dosaged of drugs composed in Bofutsushosan.

Recovery rate of Dry weight of crude ~ Amount of extracted . Dosage of extracted
extracted crude drugs % drugs in BOF drugs in prescription Propc_)rtlon of crude drugs
(Wiw) (@ (@ Gardeniae Fructus (mg/ke)

1) Ephedrae Herba 9.72 1.2 0.12 0.14 10

2) Saposhnikoviae Radix 9 1.2 0.11 0.13 10

3) Zingiberis Rhizoma 8.5 0.3 0.03 0.04 3

4) Schizonepetae Spica 7.02 1.2 0.08 0.10 10

5) Rhei Rhizoma 6.94 1.5 0.10 0.13 10

6) Natrium Sulfricum 96.7 0.7 0.68 0.71 100

7) Glycyrrhizae Radix 14.32 2.0 0.29 0.35 30

8) Forsythiae Fructus 31.76 1.2 0.38 0.47 30

9) Platycodi Radix 53 2.0 1.06 1.30 100

10) Cnidii Rhizoma 26.9 1.2 0.32 0.40 100

11) Scutellariae Radix 42.26 2.0 0.85 1.04 100

12) Gardeniae Fructus 67.7 1.2 0.81 1.00 100

13) Gypsum Fibrosum 2.12 2.0 0.04 0.05 3

14) Talcum 1.66 3.0 0.05 0.06 3

15) Angelicae Radix 32.6 1.2 0.39 0.48 30

16) Paeoniae Radix 30.6 1.2 0.37 0.45 30

17) ﬁﬁgigﬁ?idis Lanceae 284 2.0 0.57 0.70 100

18) Menthae Herba 19.35 1.2 0.23 0.29 30
Copyright © 2013 SciRes. CM
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is consisted of Rhei Rhizoma, Natrium Sulfricum and
Glycyrrhizae Radix to soft intestinal contents, regulate
intestinal movements and promote defecation. Antidote
group is consisted of Forsythiae Fructus, Schizonepetae
Spica, Saposhnikoviae Radix, Platycodi Radix and Cnidii
Rhizoma to diminish toxins. Antipyretic group is con-
sisted of Scutellariae Radix, Gardeniae Fructus, Gypsum
Fibrosum and Talcum to eliminate internal thermal or
inflammation. Neutralizer group is consisted of Ange-
licae Radix, Paeconiae Radix, Cnidii Rhizoma, Atrac-
tyloidis Lanceae Rhizoma and Menthae Herba to palliate
and reduce the stimulation from the other drugs. Diuretic
group is consisted of Paconiae Radix, Atractyloidis Lan-
ceae Rhizoma and Talcum to promote urination and re-
move of waste of body.

A lot of studies have demonstrated the effects of BOF
on metabolic syndrome. However, there is no publication
to investigate the effects of BOF on the diabetic para-
meters from the aspect of composed crude drugs in 6
groups. In this study, through using STZ-diabetic mice,
we compared the effects of BOF and composed crude
drugs on the levels of the diabetic parameters such as
glucose, insulin, triglyceride and cholesterol in serum to
deeply study the mechanisms of anti-hyperglycemia and
anti-hyperlipidemia in BOF.

2. Materials and Methods
2.1. Preparation of Streptozotocin-Diabetic Mice

Fed male mice (ddY strain; 4 weeks of age; 16 - 20 g;
Japan SLC, Shizuoka, Japan) were injected with a single
dose (150 mg/kg) of STZ (Sigma, St. Louis, MO, USA)
in saline into the tail vein. STZ-induced diabetic mice (7
- 8 weeks of age; blood glucose over 600 mg/dl) were
used for further experiments in 3 - 4 weeks after the in-
jection of STZ. These mice were given by CRF-1 (Ori-
ental Yeast Co., Tokyo, Japan) and water ad libitum and
kept at 25°C - 26°C with lights on from 7 a.m. to 7 p.m.
BOF, each 18 composed crude drug and water were ad-
ministered intraperitoneally to 3 hours fasting STZ dia-
betic mice. The Ethics Review Committee for Animal
Experimentation of Hokuriku University approved the
experimental protocol.

2.2. Preparation and Administration of Drugs

BOF, Ephedrae Herba, Saposhnikoviae Radix, Zingiberis
Rhizoma, Schizonepetae Spica, Rhei Rhizoma, Natrium
Sulfricum, Glycyrrhizae Radix, Forsythiae Fructus,
Platycodi Radix, Cnidii Rhizoma, Scutellariae Radix,
Gardeniae Fructus, Gypsum Fibrosum, Talcum, Angeli-
cae Radix, Paeoniae Radix, Atractyloidis Lanceae Rhi-
zoma and Menthae Herba were purchased from Tsumura
Co. (Tokyo) and extracted in 10 volumes of distilled wa-
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ter with an automatic extractor “Torobi” (Tochimoto,
Osaka, Japan) for 1 hour. A water extract of the drug was
filtered through a mesh (No. 42, Sanpo, Tokyo), lyophi-
lized with a freeze-drier (DF-03G, ULVAC, Tokyo), and
stored at 4°C [15,16]. BOF, each composed crude drug
extract and water were single administered intraperito-
neally (0.1 ml/10 g body weight) into 3 hours fasting
STZ-diabetic mice. Drug dosages were estimated on the
basis of their recovery rates of crude drugs, dry weight of
crude drugs in BOF, amount drug extracts. Table 1
showed recovery rate of extracted crude drugs, dry
weight of crude drugs in BOF, amount of extracted drugs
in prescription and proportion of Gardeniae Fructus.
Dosages of extracted crude drugs were estimated by
standardizing the dosage of Gardeniae Fructus (100 mg/k
g). In our previous study, 100 mg/kg was the effective
dosage [11].

2.3. Measurement of Glucose, Insulin,
Triglyceride and Cholesterol Levels in Serum

Blood was collected from the neck vein plexus of STZ-
diabetic mice before and 6 hours after single administra-
tion of drugs and water following 3 hours fasting. Blood
samples were centrifuged at 8000 rpm at 25°C for 5 min.
Serum glucose level of the supernatant was measured by
the glucose oxidase method with a serum glucose moni-
tor set (MEDISAFE MINI, Terumo, Tokyo). The fall %
of serum glucose (SG) was calculated as [SG (before
drug treatment) — SG (after drug treatment)]/[SG (before
drug treatment) — 85] x 100. The average SG of 3 hours
fasting normal mice is 85 mg/dl [17,18]. Serum insulin
level was measured with a mouse ELISA kit for insulin
(Morinaga, Yokohama, Japan), serum triglyceride and
cholesterol levels were measured with ELISA kits (Wako,
Osaka, Japan) at 6 hours after the single administration
of drugs or water, respectively.

2.4. Statistical Analyses

All values were expressed as means + S.E.M. Differ-
ences between group data were evaluated by unpaired
t-test at p = 0.05 or 0.01. A value of p < 0.05 was con-
sidered statistically significant.

3. Results

3.1. Effects of Composed Crude Drugs in 6
Groups of BOF on Serum Glucose Level in
STZ-Diabetic Mice

BOF (300 mg/kg) significantly lowered the high serum
glucose level in STZ-diabetic mice. Effects of composed
crude drugs in 6 groups of BOF, diaphoretic, cathartic,
antidote, antipyretic, neutralizer and diuretic groups,
were examined on the serum glucose level (Figure 1).
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Figure 1. Effects of composed crude drugs in 6 groups of
BOF on serum glucose level in STZ-diabetic mice. Serum
glucose levels were measured before and 6 hours after i.p.
administration of BOF and each composed crude drugs into
3 hours fasting STZ-diabetic mice. The values were express-
ed as means = S.E.M. of 5 - 15 data. "p < 0.05, "p < 0.01:
Significantly different from control water group. EH
(Ephedrae Herba), SR (Saposhnikoviae Radix), ZR (Zin-
giberis Rhizoma), SS (Schizonepetae Spica), RR (Rhei Rhi-
zoma), NS (Natrium Sulfricum), GR (Glycyrrhizae Radix),
FF (Forsythiae Fructus), PR (Platycodi Radix), CR (Cnidii
Rhizoma), STR (Scutellariae Radix), GF (Gardeniae Fruc-
tus), GPF (Gypsum Fibrosum), TA (Talcum), AR (Angeli-
cae Radix), PNR (Paeoniae Radix), ALR (Atractyloidis
Lanceae Rhizoma) and MH (Menthae Herba).

Ephedrae Herba (10 mg/kg), Saposhnikoviae Radix (10
mg/kg) and Schizonepetae Spica (10 mg/kg) in diapho-
retic group significantly decreased 21.5%, 21.8% and
25.7% of serum glucose level respectively. However,
Zingiberis Rhizoma (3 mg/kg) in diaphoretic group did
not affect the high serum glucose level. Saposhnikoviae
Radix and Schizonepetae Spica are not only in diapho-
retic group but also in antidote group. In antidote group,
Forsythiae Fructus (30 mg/kg) and Cnidii Rhizoma (100
mg/kg) also showed 43.4% and 28.3% fall of serum glu-
cose level. But Platycodi Radix (100 mg/kg) in antidote
group did not affect the high serum glucose level. In
antipyretic group, Scutellariae Radix (100 mg/kg), Gar-
deniae Fructus (100 mg/kg) and Gypsum Fibrosum (3
mg/kg) showed 27.7%, 26.6% and 34.6% fall of serum
glucose level. Cnidii Rhizoma is not only in antidote group
but also in neutralizer group and showed 28.5% fall of
serum glucose level. In neutralizer group, Paconiae Radix
(30 mg/kg) showed 31.1% fall of serum glucose level.
Crude drugs in cathartic group and diuretic group did not af-
fect the high level of serum glucose in STZ-diabetic mice.

3.2. Effect of Composed Crude Drugs in 6
Groups of BOF, Which Lowered the High
Serum Glucose Level, on Serum Insulin
Level in STZ-Diabetic Mice

BOF (300 mg/kg) significantly elevated the serum insu-
lin level in STZ-diabetic mice. Effects of composed
crude drugs in 6 groups of BOF, which lowered the high

Copyright © 2013 SciRes.

serum glucose level, were examined on the serum insulin
level (Figure 2). Ephedrac Herba (10 mg/kg) in diapho-
retic group, Saposhnikoviae Radix (10 mg/kg) and Schi-
zonepetae Spica (10 mg/kg) in diaphoretic and antidote
groups and Forsythiae Fructus (30 mg/kg) in antidote
group significantly increased serum insulin level. Scutel-
lariae Radix (100 mg/kg) and Gypsum Fibrosum (3
mg/kg) in antipyretic group and Paeoniae Radix (30
mg/kg) in neutralizer group also increased serum insulin
level. However, Cnidii Rhizoma (100 mg/kg) in antidote
group and Gardeniae Fructus (100 mg/kg) in antipyretic
group did not affect serum insulin level, although re-
duced the high serum glucose level in STZ-diabetic mice.

3.3. Effects of Composed Crude Drugs in 6
Groups of BOF on Serum Triglyceride Level
in STZ-Diabetic Mice

BOF (300 mg/kg) significantly lowered the high serum
triglyceride level in STZ-diabetic mice. Effects of com-
posed crude drugs in 6 groups of BOF, diaphoretic, ca-
thartic, antidote, antipyretic, neutralizer and diuretic
groups, were examined on serum triglyceride level (Fig-
ure 3). Platycodi Radix (100 mg/kg) in antidote group
and diuretic group and Gardeniae Fructus (100 mg/kg) in
antipyretic group significantly reduced the high serum
triglyceride level. However, other 16 crude drugs did not
affect the high level of serum triglyceride level in STZ-
diabetic mice.

Lol e diaphoretic antidote antipyretic neutralizer
= 1400 } ] ]
E _ 1200 I
= E 1000 Z . = -
E\% $00 é xF *

L | - :

400 - g E = §l§
£ N
200 | | & g N N N
Z = I N N
o 1 & SH: AN i NN
o T I O Y Y Y T T =T Y Y
5 o 2 2 2 &4 X XM o4 o2 o2 oHox
=Y T (Y (Y VY VR =Y (Y VA=Y THCY T TR Y (Y 1
S £ =555z £ 555 £ £
;:::5::;;;2;5

v O @
=ZEEEZE s bxf
g @] ; @] U oA

Figure 2. Effects of composed crude drugs in 6 groups of
BOF, which lowered the high serum glucose level, on serum
insulin level in STZ-diabetic mice. Serum insulin levels were
measured at 6 hours after i.p. administration of BOF and
each composed crude drugs which lowered the high serum
glucose level into 3 hours fasting STZ-diabetic mice. The
values were expressed as means + S.E.M. of 5 - 13 data. 'p <
0.05, “p < 0.01: Significantly different from control water
group. EH (Ephedrae Herba), SR (Saposhnikoviae Radix),
SS (Schizonepetae Spica), FF (Forsythiae Fructus), CR
(Cnidii Rhizoma), STR (Scutellariae Radix), GF (Gardeniae
Fructus), GPF (Gypsum Fibrosum), PNR (Paeoniae Radix).
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Figure 3. Effects of composed crude drugs in 6 groups of
BOF on serum triglyceride level in STZ-diabetic mice. Se-
rum triglyceride levels were measured at 6 hours after i.p.
administration of BOF and each composed crude drugs into
3 hours fasting STZ-diabetic mice. The values were ex-
pressed as means + S.E.M. of 5 - 15 data. “p < 0.05, “'p <
0.01: Significantly different from the control water group.
EH (Ephedrae Herba), SR (Saposhnikoviae Radix), ZR
(Zingiberis Rhizoma), SS (Schizonepetae Spica), RR (Rhei
Rhizoma), NS (Natrium Sulfricum), GR (Glycyrrhizae Ra-
dix), FF (Forsythiae Fructus), PR (Platycodi Radix), CR
(Cnidii Rhizoma), STR (Scutellariae Radix), GF (Gardeniae
Fructus), GPF (Gypsum Fibrosum), TA (Talcum), AR (An-
gelicae Radix), PNR (Paeoniae Radix), ALR (Atractyloidis
Lanceae Rhizoma) and MH (Menthae Herba).

3.4. Effects of Composed Crude Drugs in 6
Groups of BOF on Serum Cholesterol Level
in STZ-Diabetic Mice

BOF (300 mg/kg) significantly lowered the high serum
cholesterol level in STZ-diabetic mice. Effects of com-
posed crude drugs in 6 groups of BOF, diaphoretic, ca-
thartic, antidote, antipyretic, neutralizer and diuretic groups,
were examined on the high serum cholesterol level (Fig-
ure 4). Ephedrae Herba (10 mg/kg) and Zingiberis Rhi-
zoma (3 mg/kg) in diaphoretic group, Schizonepetae
Spica (10 mg/kg) in diaphoretic group and antidote group
significantly lowered serum cholesterol level. Paeoniae
Radix (30 mg/kg) in neutralizer group also lowered the
high level of serum cholesterol in STZ-diabetic mice.

4. Discussion

STZ-induced diabetic model has been often used to the
research about the diabetes mellitus according to the dos-
ages used and experimental conditions [19]. Our STZ-
diabetic mice showed high serum glucose level, low se-
rum insulin level and high serum triglyceride and cho-
lesterol levels. BOF lowered high serum glucose level
and elevated low serum insulin level [11], indicating that
our STZ-diabetic mice had the ability to release insulin
from pancreatic /3 cell.

The effects of orally administered BOF on obesity [4-6],
hypertension, hyperglycemia [6] and liver lipids [7,8]

Copyright © 2013 SciRes.
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Figure 4. Effects of composed crude drugs in 6 groups of
BOF on serum cholesterol level in STZ-diabetic mice. Se-
rum cholesterol levels were measured at 6 hours after i.p.
administration of BOF and each composed crude drugs into
3 hours fasting STZ-diabetic mice. The values were ex-
pressed as means + S.E.M. of 5 - 15 data. "p < 0.05, "p <
0.01: Significantly different from the control water group.
EH (Ephedrae Herba), SR (Saposhnikoviae Radix), ZR
(Zingiberis Rhizoma), SS (Schizonepetae Spica), RR (Rhei
Rhizoma), NS (Natrium Sulfricum), GR (Glycyrrhizae
Radix), FF (Forsythiae Fructus), PR (Platycodi Radix), CR
(Cnidii Rhizoma), STR (Scutellariae Radix), GF (Gardeniae
Fructus), GPF (Gypsum Fibrosum), TA (Talcum), AR
(Angelicae Radix), PNR (Paeoniae Radix), ALR (Atracty-
loidis Lanceae Rhizoma) and MH (Menthae Herba).

were certificated. Generally, oral administration method
is often used when Chinese medicine is administered.
However, in order to evaluate the drug evaluation with
accurate amount and avoid the influence of digestion, we
chose single intraperitoneal administration method. The
effects of single intraperitoneal administration of BOF
were the same as oral administered effects on diabetic
parameters such as glucose, insulin, triglyceride and
cholesterol levels in serum. High serum glucose level
was improved by BOF. BOF also decreased high serum
triglyceride and cholesterol levels in a dose-dependent
manner in STZ-diabetic mice [11].

From the view of traditional Chinese medicine, diabe-
tes is induced by toxin turned from extra nutrition. There
are series of symptoms in diabetes, such as more thirty,
more drink, more urine, high blood glucose level, hot
feeling, etc. BOF is a typical Chinese medicine, which
can discharge the extra toxins in the body. In this study
we deeply investigated the respective efficacy of compos-
ed crude drugs in 6 groups of BOF, diaphoretic, cathartic,
antidote, antipyretic, neutralizer and diuretic groups, on
the parameters of diabetes.

It has been reported that BOF has the function on pro-
moting the insulin secretion to improve high blood glu-
cose level [6]. It is necessary to analyze which composed
crude drugs were participated in the anti-hyperglycemic
effect of BOF. Thus we studied to compare the actions of
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BOF for the diabetic parameters with the actions of com-
posed crude drugs in 6 groups of BOF. Both of recovery
rate and drug dosages of crude drugs in BOF and the
anti-hyperglycemic actions of crude drugs were measur-
ed in STZ-diabetic mice. Ephedraec Herba, Saposhniko-
viae Radix and Schizonepetae Spica in diaphoretic group
reduced high serum glucose level and improved serum
insulin level in STZ-diabetic mice. It implied that anti-
hyperglycemic action of diaphoretic group was associ-
ated with an insulin-dependent mechanism. Saposhniko-
viae Radix and Schizonepetae Spica are not only in dia-
phoretic group but also in antidote group. Antidote group
can dispose the toxins in the body to remove the source
of diseases. In antidote group, Forsythiae Fructus and
Cnidii Rhizoma also lowered the high serum glucose
level. Forsythiae Fructus increased serum insulin level.
However, Cnidii Rhizoma did not increase serum insulin
level although lowered the high serum glucose level. The
reducing effect of Cnidii Rhizoma might be associated
with an insulin-independent manner. Antipyretic group
was used to solve the symptoms in diabetes such as thir-
sty and hot feeling [20]. In antipyretic group, excepting
Talcum, Scutellariae Radix, Gardeniae Fructus and Gyp-
sum Fibrosum all reduced high serum glucose level in
STZ-diabetic mice. At the same time, Scutellariae Radix
and Gypsum Fibrosum significantly increased serum in-
sulin level, but Gardeniae Fructus did not affect serum
insulin level. It implied that there were insulin-dependent
and insulin-independent manners on the action of lower-
ing high serum glucose level in the antipyretic group.
Paeoniae Radix in neutralizer group also lowered high
serum glucose level and improved serum insulin level.
However the other crude drugs in neutralizer did not
show the effect of lowering high serum glucose level in
STZ-diabetic mice. From the results of anti-hyperglyce-
mic actions and insulin-increasing actions of composed
crude drugs in 6 groups of BOF, the anti-hyperglycemic
action of BOF had two mechanisms such as in insulin-
dependent and insulin-independent manners. Actions of
Ephedrae Herba, Saposhnikoviae Radix, Schizonepetae
Spica, Forsythiae Fructus, Scutellariae Radix, Gypsum
Fibrosum and Paeoniae Radix were associated with an
insulin-dependent mechanism. On the other hand, actions
of Cnidii Rhizoma and Gardeniae Fructus were associ-
ated with an insulin-independent mechanism. We must
explore the mechanism of Cnidii Rhizoma and Gardeniae
Fructus on lowering high serum glucose level in STZ-in-
duced diabetic mice.

BOF lowered high serum triglyceride level in STZ-
diabetic mice in a dose-dependent manner [11]. As the
same with our single administration of BOF, Saito et al.
[21] reported that BOF inhibited pancreatic lipase in vi-
tro and suppressed the elevation of plasma triglyceride
after oral administration of lipid emulsion. Morimoto et
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al. [5] also proved that BOF inhibited triglyceride syn-
thesis in the liver. From our results, Platycodi Radix in
antidote and diuretic groups reduced the high serum tri-
glyceride level in STZ-diabetic mice, but other 16 crude
drugs did not affect serum triglyceride level. It implied
that effect of BOF on the high serum triglyceride level
should be dependent on effects of Platycodi Radix and
Gardeniae Fructus. It has been reported that Platycodi
Radix worked as a peroxisome proliferator-activated re-
ceptor gamma (PPAR-y) activator in liver, and decreased
serum triglyceride storage [22,23]. The inhibitory effect
of Platycodi Radix on serum triglyceride level might be a
direct reducing effect on triglyceride, being non-depen-
dent on its anti-hyperglycemic action. Gardeniae Fructus
also significantly lowered serum triglyceride level in
STZ-diabetic mice. This reducing effect might depend on
geniposide, the main compound of Gardeniae Fructus.
Geniposide had the effect on lowering the quantity of
visceral fat and showed an alleviating effect on abnormal
glucose/lipid metabolism [24]. The lowering effect of
Gardeniae Fructus on serum triglyceride was parallel
with its anti-hyperglycemic action. It suggested that the
reducing effect of Gardeniae Fructus might be an indirect
reducing effect on serum triglyceride, being related to its
anti-hyperglycemic action. These results indicated that
the lowering effect of single administered BOF on high
serum triglyceride level in STZ-diabetic mice had direct
reducing effect such as the action of Platycodi Radix and
indirect reducing effect such as the action of Gardeniae
Fructus.

BOF also significantly lowered serum cholesterol level
in STZ-diabetic mice [11]. This lowering effect may be
useful for preventive therapy in lifestyle-related diseases
since the Guidelines from the National Cholesterol Edu-
cation Program recommended reduction of LDL choles-
terol levels as the primary goal in cardiovascular risk-
reduction therapy [25]. The study had been reported that
orally administered BOF lowered total cholesterol and
LDL cholesterol levels. We threw more light on the re-
ducing effect of BOF on high serum cholesterol level in
STZ-diabetic mice. Ephedrae Herba and Zingiberis Rhi-
zoma in diaphoretic group, Schizonepetae Spica in dia-
phoretic and antidote group and Paeoniae Radix in neu-
tralizer group significantly lowered the serum cholesterol
level of STZ-diabetic mice. It has been reported that Zin-
giberis Rhizoma was able to lower the serum cholesterol
level in hypercholesterolemia rabbit [26]. The reducing
effect of Zingiberis Rhizoma on serum cholesterol level
was not depended on its anti-hyperglycemic action. On
the other hand, reducing effects of Ephedrae Herba, Schi-
zonepetae Spica and Paeoniae Radix on serum choleste-
rol level were parallel with their reducing effects on high
serum glucose level and increasing effects on serum in-
sulin level in STZ-diabetic mice. These results indicated
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that effects of Ephedrae Herba, Schizonepetae Spica and
Paeoniae Radix on high serum cholesterol level were
associated with their effects on reduction of high serum
glucose level and increase of serum insulin level. Their
improving actions on abnormal glucose and insulin meta-
bolism might cause reducing of acetyl-CoA. Acetyl-CoA
was biochemical precursor of cholesterol. The excess of
acetyl-CoA in STZ-diabetic mice causes an excess of hy-
droxymethylglutaryl-CoA reductase (HMG-CoA). HMG-
CoA reductase is a rate-limiting enzyme in the choles-
terol biosynthetic pathway. Inhibition of HMG-CoA re-
ductase decreases cholesterol synthesis. The inhibition of
HMG-CoA reductase is very effective in lowering serum
cholesterol and LDL in most of animal species, including
humans [27]. All of these results suggest that BOF has
two mechanisms for lowering effects on serum choles-
terol level. One mechanism is the direct action of Zingi-
beris Rhizoma on cholesterol biosynthesis in the action
of BOF. The other mechanism is associated with their
anti-hyperglycemic actions, inducing by Ephedrae Herba,
Schizonepetae Spica and Paeoniae Radix in the action of
BOF.

5. Conclusion

The present study demonstrated that single administrated
BOF and composed crude drugs were investigated on the
levels of diabetic parameters (serum glucose, insulin, tri-
glyceride and cholesterol) in STZ-diabetic mice. The
anti-hyperglycemic action of BOF had two mechanisms:
one was insulin-dependent mechanism such as actions of
Ephedrae Herba, Saposhnikoviae Radix, Schizonepetae
Spica Forsythiae Fructus, Scutellariae Radix, Gypsum
Fibrosum and Paeoniae Radix. The other was insulin-
independent mechanism such as actions of Cnidii Rhi-
zoma and Gardeniae Fructus. Platycodi Radix in antidote
and diuretic groups and Gardeniae Fructus in antipyretic
group reduced the high serum triglyceride level in
STZ-diabetic mice. The action of Platycodi Radix might
be a direct reducing action on serum triglyceride but no
anti-hyperglycemic action. Gardeniae Fructus might be
related to its anti-hyperglycemic action, although Garde-
niae Fructus did not release serum insulin level. Lower-
ing effect of high serum triglyceride level in BOF also
included both direct effect and indirect effect on decrease
of serum triglyceride. Zingiberis Rhizoma in diaphoretic
group might be direct reducing effect on serum choles-
terol level but no serum glucose level. The Ephedrae
Herba in diaphoretic group, Schizonepetae Spica in dia-
phoretic and antidote groups and Paeoniae Radix in neu-
tralizer group might have reduced serum cholesterol level
by reducing serum glucose level. From these results,
composed crude drugs in 6 groups of BOF show various
mechanisms in the actions of BOF.

Copyright © 2013 SciRes.
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