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Anti-diarrheal effects of wood creosote pill preparation
compounded with four crude drugs on castor oil-induced
diarrhea in rats and the role of crude drugs in the expres-
sion of the efficacy

Tatsuya Bapa, " Takao NisumNo,” and Tadato TANI®

®Department of Kampo-Pharmaceutics, Institute of Natural Medicine, University of Toyama, 2630 Sugitani, Toyama 930-0194,
Japan. Y)Present address: Taiko Pharmaceutical Co. Ltd,, Uchi-honmachi, 3-34-14, Suita, Osaka 564-0032, Japan. Osaka
University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka, 569-1094, Japan. (Received July 5, 2005. Accepted
September 5, 2005.)

Wood creosote pill preparation, in which 4 crude drug powders, Gambir, Phellodendri Cortex, Glycyrrhizae
Radix, and Citri Unshiu Pericarpium are compounded, has been used for diarrhea. In the present study, the signifi-
cance of the compounding of these crude drug powders was examined in castor oil-induced diarrhea model in rats.

Oral administration of small wood creosote pill (P4Rx5) exerted anti-diarrheal action for up to 3 hours and intes-
tinal peristaltic motility-suppressive action, which was assessed by charcoal meal test. These suppressive actions were
not noted in the groups of the rats receiving wood creosote alone at a dose level (11 mg/kg) that is contained in P4Rx5.
From these findings, it was revealed that crude drugs compounded were responsible for the anti-diarrheal and intesti-
nal peristaltic motility-suppressive actions of P4Rx5.

Pharmacological actions were examined for variant pills (without one of the crude drug pewders), revealing that
Citri Unshiu Pericarpium was responsible for retention of the anti-diarrheal effects and the suppression of castor oil-
induced intestinal peristaltic motility by P4Rx5. Furthermore, it was found that the compounded crude drug powders
increased the AUC of guaiacol (a major anti-diarrheal component of wood creosote), being involved in the intestinal
peristaltic motility-suppressive action of PARxS. The results obtained in the present study may provide evidence sup-
porting the usefulness of the compounding of the crude drugs in traditional wood creosote pills such as "Seiro-gan",
and give a rationale for development of new preparations compounding wood creosote with crude drug powders.

Key words Wood creosote, guaiacol, castor oil-induced diarrhea, intestinal peristaltic motility, Citrus unshiu.

Abbreviations CUP, Citri Unshiu Pericarpium; CUP2, CUP preserved for 2 years; GAM, Gambir; PHC, Phellodendri
Cortex; GLR, Glycyrrhizae Radix; WC, wood creosote;P4Rx5, wood creosote pill for rat containing four herbal drugs (5-fold
higher than the common human clinical dose); P4Rx5-CUP2, P4Rx5 without CUP2; P4Rx5-GAM, P4Rx5 without GAM;
P4ARx5-PHC, P4Rx5 without PHC; P4Rx5-GLR, P4Rx5 without GLR, PARx5-WC; P4RxS without WC; MDT, the mean dis-
solution time; MRT, the mean residence time; 4UC, area under the concentration versus time curve; Tmax, time to reach maxi-
mum plasma concentration; Cmax, maximum plasma concentration.

used in the Western countries.? However, no systematic

Introduction

Wood creosote (beech wood creosote) is obtained by
distillatory purification of wood tar obtained from beech and
has been used as a gastrointestinal antiseptic.” It has been
listed in the Japanese Pharmacopoeia from the First Edition
(1886) as a therapeutic drug to treat diarrhea.” It has been
known that wood creosote exerted anti-diarrheal action as-
sessed by a castor oil-induced diarrhea model in rats® and
that its major components (guaiacol and creosol) play a role
in its pharmacological actions.”

In Japan, a wood creosote pill preparation (trade name:
"Seiro-gan"), in which 4 crude drug powders are com-
pounded, has been used for self-medication to treat diarrhea
and abdominal pain. The regimen of the pill preparation is
considered to be based on the preparations containing wood
creosote and Glycyrrhizae Radix (GLR, Kanzo in Japanese)

studies on the significance of the compounding of other
crude drugs such as Gambir (GAM, Asen'yaku in Japanese),
Phellodendri Cortex (PHC, Obaku in Japanese) and Citri
Unshiu Pericarpium (CUP, Chimpi in Japanese) have been
made.

Therefore, we examined the significance of the com-
pounding of the 4 crude drug powders, and found that CUP
delayed the mean dissolution time (MDT)> and the mean
residence time (MRT)® of guaiacol. In relation to this phar-
maceutical study, in the present study we examined the role
of the crude drug powders in anti-diarrheal action using a
castor oil-induced diarrhea model in rats.

Materials and Methods

Materials. The same wood creosote (consisting of
guaiacol, creosol and phenol at concentrations of 27.4 =
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0.1, 19.5 = 0.1 and 9.9 % 0.1%, respectively), GAM, PHC,
CUP and GLR as those used in the previous study® were
used in the present study. CUP had been preserved for 2
years after harvest (CUP2), the botanical origin of which
was presumed to be Citrus unshiu based on comparison
with the HPLC profiles” reported previously. The voucher
specimens of these crude drugs are deposited in the
Research Institute of Taiko Pharmaceutical Co., Ltd.

Castor oil, loperamide hydrochloride, charcoal powder,
and gum arabic were purchased from Maruzen Yakuhin Co.,
Ltd., Sigma Aldrich Japan Co., Ltd., Nacalai Tesque Inc.,
and Kanto Chemical Co., Ltd., respectively.

Preparation of pills. Using wood creosote and the 4
crude drug powders, pill preparations were prepared as re-
ported® previously to obtain a small pill (P4Rx5) possible to
be administered orally to rats. P4Rx5 (2.5 mm in diameter
and 19 mg in weight containing 3.8 mg of wood creosote
per pill) consists of the active ingredient corresponding to 5-
fold of the clinical dosage. Five variant pill preparations
shown in the legend of Fig. 1, in which wood creosote and
1 of the 4 crude drugs were deprived from P4RxS, were pre-
pared in the same manner.

Animal experiments. Ten-week old male Wistar ST rats
were purchased from Japan SLC Inc., Hamamatsu, Japan, to
use for this study, and they were kept for 14 days in an air-
conditioned animal house with a diurnal light cycle and free
access to diet and water. Rats with a body weight of 330 to
340 g were selected and used for this study. All animal ex-
periments were carried out in compliance with the
Guidelines for Animal Experimentation of the Japanese
Association for Laboratory Animal Science.

Castor oil-induced diarrhea model. Diarrhea was in-
duced on a group basis consisting of 10 rats after fasting for
18 hours with partial modification of the method reported
by Niemegeers ef al.¥ in the following manner. One hour
after oral administration of castor oil (5.6 ml/kg) to the rats,
pills were ejected into the stomach with 0.3 ml of purified
water using a gastric sonde, on the tip of which the pills had
been placed. The state of feces was checked twice 1 to 2
and 2 to 3 hours after administration of the respective pill
preparations, and diarrhea was determined when the appear-
ance of feces on the filter paper that had been laid beneath
the animal cage was water-like to anidean. Purified water
(0.3 ml)(control), wood creosote (11, 33 and 66 mg/kg) and
loperamide hydrochloride (0.08 mg/kg) were also adminis-
tered in the same manner.

Charcoal meal test. To clarify the mechanism of anti-
diarrheal action of P4RxS, intestinal peristaltic motility was
assessed by charcoal meal test by partial modification of
Green's method.” Namely, charcoal powder suspension (12
g of charcoal powder and 2 g of gum arabic in 100 ml of
water) (2.3 ml/kg) was administered 2 hours after admini-
stration of the pill preparations to the rats treated with castor
oil as described above, and 20 minutes thereafter the rats
were killed. The ratio of the charcoal transit distance ( po-
sition of charcoal powder) to the distance from the pylorus
to the anal end of the ileum (total length of the small intes-
tine) was determined as an index of intestinal peristaltic
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motility. A control group and groups receiving wood creo-
sote and loperamide hydrochloride were also set in the same
manner as in the diarrhea experiments.

Bioavailability of guaiacol. Bioavailability of guaiacol
was determined as reported® previously. Namely, the rats
were anesthetized with sodium pentobarbital (30 mg/kg) 1
hour after oral administration of castor oil (5.6 ml/kg), and
then P4Rx5 was administered in the same manner as in the
diarthea experiments after inserting a cannula into the left
jugular vein. Blood samples were collected via the cannula
consecutively at 0, 5, 10, 20, 30, 60, 90, 120, and 180 min-
utes after P4Rx5 administration, and the plasma fraction
was immediately separated from the heparinized blood sam-
ples by centrifugation and stored at -20°C. Plasma guaiacol
concentrations were determined after treating the plasma
samples with Helix pomatia sulfatase (1.8 units/pl,
EC3.1.6.1, type H-1 with B-glucuronidase activity; Sigma-
Aldrich, Japan) by the GC/MS method as reported® previ-
ously.

Quantitative analysis of plasma guaiacol by GC/MS:
GC(Shimadzu GC-17A): column, BPX5 25 m x 0.22 mm
i.d.; column temp, 50°C (1 min) -10°C /min-200°C (2 min);
injection temp, 250°C; carrier gas, helium (70 kPa); injec-
tion mode, splitless. MS (Shimadzu QP5050A): EI (70 eV),
SIM (m/z 112: 2-fluorophenol, m/z 124: guaiacol).

The maximum plasma concentration (Cmax) and the time
to attain Cmax (Tmax) of guaiacol were determined directly
from the actual plasma concentrations. The area under the
curve of mean plasma concentration versus time from 0 to
3 hours (4UCo-3h) was calculated using the WinNonlin™
software (Pharsight Corp., USA). Wood creosote (11, 33
and 66 mg/kg) was also administered in the same manner.

Statistics. The data obtained in the present study were
represented as the mean = S.D., and compared using the
Student's -test and the Fisher's exact test. Significance
level was set as being p<0.05.

Results

Anti-diarrheal effects (Fig. 1). Diarrhea was induced in
all the control rats receiving purified water alone 1 to 3
hours after castor oil administration. As shown in the left
panel in Fig.1, diarthea was significantly suppressed in the
group receiving P4ARxS compounded with the 4 crude drugs
1 to 2 hours after oral administration. Diarrhea was not sup-
pressed in the group receiving wood creosote alone at a dose
level (11 mg/kg) that is contained in P4RxS5, although anti-
diarrheal effects were noted in the groups receiving wood
creosote alone (33 and 66 mg/kg). Also, diarrthea was not
suppressed in the group receiving the variant pill prepara-
tion deprived of wood creosote (P4Rx5-WC). Diarrhea was
significantly suppressed in the groups receiving any of the
4 variant pill preparations deprived of 1 of the 4 crude
drugs, but a decreasing trend in the rate of diarrhea suppres-
sion was found in these groups compared to that of the
group receiving the original pill preparation (P4RxS5).

As shown in the right panel of Fig.l, similar anti-
diarrheal effects were found in all the groups 2 to 3 hours
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Fig. 1 Anti-diarrheal effects of pills and wood creosote on castor oil-induced diarrhea in rats.
Inhibition of diarrhea represents as (10-number of diarrhea rats)x100/10 (%).

*p<0.05 vs control (by Fisher's exact test ).

P4Rx5 contains WC (3.8 mg/pill), GAM (1.9 mg/pill), PHC (2.8 mg/pill), GLR (1.4 mg/pill), CUP2 (2.8 mg/pill) and glycerin(0.9 mg/pill) (5-fold

higher than the common human clinical dosage); PARx5-GAM: P4Rx5

without GAM; P4Rx5-PHC: P4Rx5 without PHC; P4Rx5-GLR:P4Rx5

without GLR; PARx5-CUP2: P4Rx5 without CUP2; P4Rx5-WC: P4Rx5 without WC; WC: wood creosote; Lop: loperamide hydrochloride (0.08

mg/kg; 5-fold higher than the common human clinical dose).
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after administration of the pill preparations except for
P4Rx5-CUP2.

Suppression of intestinal peristaltic motility (Fig. 2).
As shown in Fig.2, intestinal peristaltic motility that was as-
sessed based on charcoal transit in intestine was signifi-
cantly suppressed by administration of P4ARxS (76.614.0%;

n=4). Although a dose dependent and significant suppres-
sion of charcoal transit was found in the groups receiving
wood creosote alone (33 and 66 mg/kg), no suppression was
found in the group receiving wood creosote alone at a dose
level (11 mg/kg) that is contained in P4RxS5.

Furthermore, although no suppression of charcoal transit
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was noted in the groups receiving the variant pill prepara-
tions (P4Rx5-WC or P4Rx5-CUP2) in which wood creosote
or CUP2 is deprived from P4Rx3, respectively, a significant
suppression was noted in the groups receiving any of the
other 3 variant pill preparations (P4Rx5-GAM, P4RxS5-
PHC, or P4Rx5-GLR).

Bioavailability of guaiacol (Fig. 3 and Table 1). The
time courses of the change in plasma levels of guaiacol and
its pharmacokinetic parameters after administration of
P4Rx5 or wood creosote in the castor oil-induced diarrhea
of rats are shown in Fig. 3 and Table 1, respectively. The
Tmax of guaiacol in the groups receiving P4Rx5 (0.910.2 h)
was significantly longer than that of the groups receiving
wood creosote alone (at the 3 doses), and the Cmax and the
plasma guaiacol levels at 1, 1.5, and 2 hours after admini-
stration were significantly higher in the groups receiving

40 -

Plasma Guaiacol (4 g/ ml)

Time (h)

Fig. 3 Plasma guaiacol concentration after oral administration of pill and
wood creosote on castor oil- induced diarrhea in rats
Each total (conjugated and unconjugated ) guaiacol concentration repre-
sents the mean+S.D.(n=6). The total concentration (unconjugated and
conjugated: glucuronide and sulfate forms) was measured as the plasma
guaiacol concentration. O: P4Rx5; A: wood creosote (11 mg/kg);.
B wood creosote (33 mg/kg); @: wood creosote (66 mg/kg);
Composition of P4Rx5 is shown in the legend of Fig.1.
*p < 0.05 vs P4RXS.
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P4Rx5 than those in the groups receiving wood creosote
alone (at a dose of 11 mg/kg). Furthermore, the AUCo-3h of
guaiacol (16.1 2.3 pg-h/ml) in the groups receiving
P4Rx5 was significantly greater than that of the groups re-
ceiving the same dose of wood creosote alone (11 mg/kg)
(4.2%0.5 pg - /ml), and it was almost the same as that of
the group receiving wood creosote at a dose of 33 mg/kg.
The MRT of guaiacol (1.3=0.0 h) in the groups receiving
P4Rx5 was significantly longer than that of the groups re-
ceiving wood creosote alone at the same dose (11 mg/kg)
(0.7£0.1 h).

Discussion

The major indication of the wood creosote pill prepara-
tion containing the 4 crude drug powders (trade name:
Seiro-gan) used for self-medication in Japan is diarrhea.
The anti-diarrheal effects of wood creosote alone have been
proved using a castor oil-induced diarrhea model of rats
(EDso: 53 mg/kg). In addition, guaiacol and creosol have
been reported to be the anti-diarrheal components of wood
creosote.” However, involvement of the 4 crude drug pow-
ders (GAM, PHC, GLR and CUP2) that are compounded in
the wood creosote pill preparation in anti-diarrheal effects
has not been clarified. In the present study, pill preparations
for rats (P4Rx5: 3.8 mg of wood creosote/pill) containing
the 4 crude drug powders were prepared, and the pharma-
cological significance of the compounding of these crude
drugs was investigated using the castor oil-induced diarrhea
model in rats.

As a result, it was confirmed that significant anti-
diarrheal effects were noted for up to 3 hours after oral ad-
ministration of P4Rx5 (Fig.1). No anti-diarrheal effects
were noted for the variant pill preparations deprived of
wood creosote from P4RxS (P4Rx5-WC), clearly indicating
that wood creosote plays a role in the anti-diarrheal action
of PARxS. It is particularly notable that no anti-diarrheal ef-
fects were noted in the groups receiving wood creosote
alone at the same dose (11 mg/kg) as that contained in
P4Rx5. This suggests that the 4 crude drug powders com-
pounded in P4Rx5 may be responsible for the anti-diarrheal
action of P4RxS5.

Next, 4 variant pill preparations in which one of the 4
crude drug powders was deprived from P4Rx5 were pre-
pared, and similar experiments were carried out to examine
the effects of the respective crude drug powders on anti-

Table 1 Pharmacokinetic parameters of guaiacol from pill and wood creosote in rats

Tmax (h) Crmax (ug/ml) AUCO0.3h (ug.h/ml) MRT (h)

P4Rx5 (11 mg/kg) 09 £ 02 98 + 1.8 16.1 =23 13+ 00
WC (11 mg/kg) 02 * 0.0* 7.7 £ 0.7* 42 + 0.5 0.7 % 0.1*
WC (33 mg/kg) 0.1 = 0.0* 19.6 + 3.3* 15.0 £ 2.2 0.8+ 0.1*
WC (66 mg/kg) 02 * 0.0* 36.7 + 2.5* 29.3 + 2.0 0.7 = 0.0*

Each value represents the mean = S.D. (n=6). *:p<0.05 vs P4RxS5.
Tmax: time required to reach Cmax. Cmax: maximum plasma concentration. AUCo-3n: area under the plasma concentration
curves from zero to 3h. MRT: mean residence time. WC: wood creosote.

Composition of P4Rx5 is shown in the legend of Fig.1.
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diarrheal action. This led to the finding that the anti-
diarrheal effects of P4ARx5-CUP2 disappeared within 2 to 3
hours after administration, suggesting that CUP2 might be
involved in the retention of the anti-diarrheal action. This
finding is correlated with the data that CUP2 delayed the
mean residence time (MRT) of guaiacol.® MRT is one of the
important pharmacokinetic parameters relevant to retention
of a pharmacological action.'?

Because anti-diarrheal effects similar to those of
P4Rx5 were found for any other 3 variant pill preparations
up to 3 hours after administration, involvement of GAM,
PHC and GLR in the anti-diarrheal effects were considered
to be less likely than that of CUP2. In addition, it has been
revealed that castor oil-induced diarrhea in mice is sup-
pressed by administration of berberine (7.5 mg/kg'" and 10
mg/kg).'? In the present experiments, the dose of berberine
(0.19 mg/kg in rats), an ingredient of Phellodendri Cortex
(PHQ), in the groups receiving P4Rx5 was considered insuf-
ficient to exert anti-diarrheal effects, in addition to the po-
tential species difference between rat and mouse.

Castor oil is converted to recinoleic acid in the small
intestine, which is considered to induce inflammatory diar-
thea via enhancement in intestinal peristaltic motility.'?
From the results of the charcoal meal test shown in Fig. 2,
it was concluded that wood creosote suppressed intestinal
peristaltic motility (that is charcoal transit). These results
were in agreement with the previous data,” as well as the
report on the suppression of colonic bead expulsion by
wood creosote, which has been known to be involved in the
anti-diarrheal action of wood creosote.'”

Furthermore, suppression of charcoal transit by P4Rx5
was found in the present study, while these effects were not
noted in the groups receiving wood creosote alone at the
same dose level (11 mg/kg) as that contained in P4RxS5, sug-
gesting that the crude drugs compounded in P4Rx5 might be
involved in the intestinal peristaltic motility-suppressive ac-
tion of P4Rx5. Among the findings of the present study,
disappearance of the charcoal transit suppression in the
groups receiving PARx5-CUP2 suggested that CUP2 might
be involved in the suppression of castor oil-induced intesti-
nal peristaltic motility. In addition, sustained suppression of
intestinal peristaltic motility was noted in the groups receiv-
ing variant pill preparations deprived of PHC containing
berberine that is reported to suppress intestinal peristaltic
motility at dose 10 mg/kg.'”> However, the present dose of
berberine (0.19 mg/kg) in the groups receiving PARX5 was
lower than that reported, therefore it was unlikely that
berberine was involved in the suppression of intestinal peri-
staltic motility in the present study. Further investigations
are necessary to elucidate the mechanisms by which P4Rx5
and crude drugs compounded suppressed diarrhea and intes-
tinal peristaltic motility induced by castor oil.

Because wood creosote has been known to suppress in-
testinal peristaltic motility via the blood,'¥ we investigated
the plasma pharmacokinetics of guaiacol that is an active
component exerting the pharmacological action of wood
creosote after PARxS administration. As shown in Fig.3 and
Table 1, Tmax of guaiacol of the groups receiving P4RxS5 is
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significantly longer than that of the groups receiving wood
creosote alone. These results suggest that Tmax of guaiacol
depends on crude drugs compounded in pills, which is simi-
lar to those in our previous report.” We have already dem-
onstrated that, among the crude drug powders compounded
in wood creosote pill preparation, CUP2 increased the
AUCY and delayed the MDT® of guaiacol. AUCo-3n of
guaiacol in the groups receiving P4ARxS was found to be sig-
nificantly greater than that of the groups receiving wood
creosote alone (at a dose of 11 mg/kg). The increase in
AUC of guaiacol has been considered due to increase in ab-
sorption in the digestive canal and to decrease metabolism
in the digestive canal and liver by crude drugs compounded
in pills, and details of participation of crude drugs are the
subject for a future study.

In summary, the main findings of the present study
were that the crude drug powders compounded in P4Rx5
were involved in both retention and enhancement of the
anti-diarrheal action of wood creosote. The present study
revealed that, among the 4 crude drug powders, Citri Unshiu
Pericarpium was involved in retention of the anti-diarrheal
action of the original P4RxS, and also in suppression of the
castor oil-induced intestinal peristaltic motility. Furthermore,
the present study also revealed that the crude drug powders
compounded in P4Rx5 increased the AUC of guaiacol (a
major anti-diarrheal component of wood creosote), and that
they were involved in suppression of intestinal peristaltic
motility. The findings of the present study may give a ra-
tionale for the currently used regimen of traditional wood
creosote pills such as "Seiro-gan", and provide important
guidelines for designing new combinations of wood creo-
sote and crude drugs.
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AT OASEK (FIE, #a, HE, MR 2Eel
wood creosote ALFId FHRIOEEEE LTHS P oAV S0
TW3, CORETRINSEERDESEE%E castor oil
ME L5y PERVTRE L,

Ty MICBORE T 3 RE SR L 72 wood creosote
#LA (P4Rx5) R#k5 3Kk cHEBILEEHZR LG
YEEES) HINEI L 72, T OILBIER & IBEERESHIIHIER 3,
P4Rx5 & [RIB® wood creosote (11 mg/kg) % HIMTH G
LiBTRBDONEP o/, TNEHEDT ENS PARxS IT
EAINTWA AEERB IS OIMEVER IS LTV
T EMBHO DTS 51, IRICPARXS 5 1 REKREIR W
HH RO 2T - R, BEX (CUP2) Mo
P4Rx5 D IHEEHOEHEE2EY, S S ICHEEESH O
HIcHFB L TWA I EBHS T - 12,

IS IEEA SN AEFEEKI gualacol (wood creosote DF
EFERS) © AUC 0S¥, PARx5 OBIEENEE O
MEERHICES LTV 5 I EDBIHLITE -ty SEIOFER
2 ATEHEOEEKR AR S L1 wood creosote ALK (niid
EBA) cB 2REEREOEKR BN LEAKL X 5
HFRLES B, T & S EFMISEE I wood creosote HLELE
OEELEELAUE T IIEEL L S,
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