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ABSTRACT. The effect of the traditional herbal medicine, Rikkunshi-to and its component crude drugs, 
Zingiberis Rhizoma and Glycyrrhizae Radix, on the gastric mucin was studied using a method developed to 
separate and quantify the mucin localized in the different layers of rat gastric mucosa. The oral administration 
of spray-dried extract to Rikkunshi-to (1000 mg/kg), Zingiberis Rhizoma (500 m&g) and Glycyrrhizae Radix 
(500 mg/kg) significantly prevented gastric mucosal damage induced by 70% ethanol in rats. In ethanol-treated 
rats the mucin content of the deep mucosa was reduced, and the reduction of the deep corpus mucin content 
was significantly inhibited by pretreatment of Rikkunshi-to and Zingiberis Rhizoma. Rikkunshi-to and Glycyr- 
rhizae Radix pretreatment increased rhe surface mucin content by 140 and 146%, respectively. The effect on 

the gastric mucin by each drug differed in the different layers of the gastric mucosa. COMP BIOCHEM PHYSIOL 
113C. 17-21. 1996. 
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INTRODUCTION 

Traditional herbal medicines (traditional Chinese medicines) 
have been widely used as important drugs in Japan and China 
(20). Rikkunshi-to, which is composed of eight herbal compo- 
nents, is known to have preventive effects against gastric dis- 
eases (2 1). The antiulcer and cytoprotective properties of Rik- 
kunshi-to on experimental models have been studied (3). 
However, little is known about which is the most effective 
drug component of Rikkunshi-to for antiulcer properties and 
how the gastric mucus, an important factor in the gastric 
defense mechanism, participates by this drug administration. 

In the present study, we compared the effect of each drug 
composing Rikkunshi-to against ethanol-induced gastric mu- 
cosal damage. Among the eight components, Zingiberis Rhi- 
coma and Glycyrrhizae Radix were selected because of their 
intense antiulcer effects. The effect of Rikkunshi-to and the 
two drugs on the distributional changes of gastric mucin con- 
tent in the ethanol-induced gastric damage was determined 
using our novel method developed to separate and quantify 
the mucin localized in the different layers of rat gastric mucosa 

(11). 

MATERIALS AND METHODS 
Animals 

Seven-week-old male Wistar rats (SLC, Shizuoka, Japan), 
each weighing approximately 160 g, were used. All were fasted 
for 24 hr before the experiments and had free access to water 
during this time. Each study was carried out using 5-13 rats 
per group. During the study estimating mucin contents, 18-24 
rats per group were used. 

Drug Administration 

Rikkunshi-to and its herbal components, Zingiberis Rhizoma, 
Glycyrrhizae Radix, Pineliae Tuber, Zizyphi Fructus, Hoelen, 
Aurantii Nobilis Pericarpium, Atracylodis Lanceae Rhizoma 
and Ginseng Radix, in the form of a splay-dried powder of 
the extract were supplied from Tsumura Co. (Tokyo, Japan). 
Each drug powder was suspended in 0.5% carboxymethylcellu- 
lose at a concentration of 100 mg/ml and orally administered 
to the animals at a dose of 10 ml/kg for Rikkunshi-to or 5 ml/ 
kg for the herbal component. For dose-dependent experiment, 
drug suspension of 100 ng/ml was diluted with 0.5% catboxy- 

methylcellulose to an appropriate concentration, and the rats 
were orally given the drug at 5 ml/kg body weight. 
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Study of Ethanol-Induced Gastric Injury 

Each animal was orally given 70% ethanol (5 ml/kg) and 
killed 1 hr later. Rikkunshi-to or the component was orally 
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TABLE 1. Protective effect of Rikkunshi-to against ethanol- 
induced gastric mucosal damage. 

Group Ulcer Index 

70% EtOH treated group 4.10 
Rikkunshi-to pretreated group 1.67’ 

Rikkunshi-to (1000 &kg) was given orally 30 min before 70% ethanol 
administration. 

Severity of gastric mucosal damage was graded as follows: 0 = no lesion; 
1 = hemorrhagic erosions (less than 5); 2 = hemorrhagic erosions (mote 
than 5) or one small linear ulcer (shorter than 2 mm); 3 = many small linear 
ulcers or single linear ulcer of marked size (longer than 2 mm); 4 = multiple 
marked ulcers (less than 5); 5 = multiple marked ulcers (more than 5). 

Significant difference was achieved between the two groups with or without 
Rikkunshi-to pretreatment (‘p < 0.01); n = 24. 

given 30 min before the administration of ethanol. The ani- 
mals were killed under CO,, and then their stomachs were 
removed, inflated by injecting 5 ml of 10% formalin, and 
allowed to stand for 15 min to fix the inner surface of the 
gastric tissue. After opening the stomach along the greater 
curvature, the length (cm) of the visible necrotic lesions in 
the glandular area was measured macroscopically, and the le- 
sion index was scored by adding the lengths of the lesions in 
the stomach. In case of Rikkunshi-to, the mucosal lesions 
were macroscopically observed and scored on a O-5 scale, as 
shown in Table 1. 

Preparation of Stomach Specimens 

Immediately after the sacrifice of the rats, the stomach was 
excised and cut along the greater curvature. The gastric con- 
tent was gently rinsed with phosphate-buffered saline. After 
macroscopical observation, the surface mucosa along with the 
mucus gel attached to the mucosal surface was collected by 
scraping with a soft silicone rubber spatula as previously de- 
scribed (11). The remaining deep mucosa of the stomach was 
subsequently separated into the corpus and antrum regions. 
Specimens from each of thtee animals were pooled and lyophi- 
lized. 

Separation and Quantification of Mucin 

The extraction of mucin present in the powder of each layer 
of the gastric mucosa was performed according to a previously 
described method (1,15) The powdered samples were dis- 
solved in 50 mM Tris-HCl, pH 7.2, containing 2% Triton 
X-100 and homogenized using a Polytron homogeneizer. After 
centrifugation at 10,000 rpm at 4°C for 30 min, the supema- 
tant was collected. An aliquot of the supematant was applied 
onto a Bio-Gel A-1.5m column and eluted with the 2% Tri- 
ton-Tris buffer. The void volume fraction (Fr-1) monitored 
by hexose measurement was collected as mucin. The hexose 
content in this fraction was measured using the phenol- 
sulfuric acid method (2) with galactose as the standard. The 
mucin content (Fr-1 hexose value) was expressed as mg hexose 
per stomach of one animal. 

Statistical Analysis 

The total lesion length (cm) was expressed as the scored lesion 
index. The results of the ulcer index were expressed as the 
mean ? SD. The statistical evaluation for multiple group 
comparison of the mucin content of each experimenal group 
was conducted using a one-way analysis of variance (AN- 
OVA) with Dunnett’s test. The Mann-Whitney U test was 
used for damage assessment data of ulcer grading. A difference 
of p < 0.05 was considered statistically significant. 

RESULTS 
Effect of Rikkunshi-to Pretreatment on 
Ethanol-Induced Gastric Damage and Changes in 
Mucin Content 

Macroscopic observation of hemorrhagic lesions was made one 
hour following the treatment with 70% ethanol with or with- 
out Rikkunshi-to pretreatment. Administration of Rikkun- 
shi-to prior to ethanol ingestion strongly inhibited the hemor- 
rhagic lesions (p < 0.01 vs. control) as shown in Table 1. 

Table 2 shows the effects of Rikkunshi-to administration on 
the gastric mucin content expressed as the change in hexose 
content. The deep corpus mucin content was significantly 
increased by the drug administration. A remarkable decrease 
in the deep corpus and antral mucin content was noted after 
ethanol treatment. On the other hand, Rikkunshi-to pretreat- 
ment significantly inhibited ethanol-induced mucin reduction 
in the deep corpus mucosa, and increased the surface mucin 
content to 140%. 

Effect of Herbal Component 
Pretreatment on Ethanol-induced Gastric Injury 

Table 3 shows the antiulcer effect of the herbal component 
pretreatment scored as the total lesion length. Pretreatment 
with Zingiberis Rhizoma, Glycyrrhizae Radix, Pineliae Tuber, 
Atracylodis Lanceae Rhizoma or Hoelen significantly (p < 
0.01) prevented any gastric damage. The degree of prevention 
was different among the five drugs, and the strongest one was 
Zingiberis Rhizoma. 

Effect of Zingiberis Rhizoma ad Glycyrrhizae Radix 
Pretreatment on Ethanol-Induced Gastric Damage and 
Changes in Mucin Content 

Development of the lesions with Zingiberis Rhizoma and 
Glycyrrhizae Radix was achieved using a dose from 0.5 to 500 
mg/kg as shown in Fig. 1. The ulcer length was 5.95 2 3.12, 
2.74 + 1.35, 0.98 + 0.78 and 0.08 2 0.17 cm with Zingi- 
beris Rhizoma pretreatment at dose of 0.5, 5, 50 and 500 mg/ 
kg, respectively. Significant differences from the control were 
achieved in a dose-dependent manner from 5, 50 and 500 mg/ 
kg. The total mucin content was decreased to 72% with 70% 
ethanol treatment. With Zingiberis Rhizoma pretreatment the 
total mucin content recovered 83, 90, and 99% of the control 
at dose of 5, 50 and 500 mg/kg, respectively, but not at dose 
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TABLE 2. Effect of Rikkunshi-to on gastric mucin content in ethanol-induced injury. 

Hexose Value (% of control) 

corpus Antrum Surface 

Vehicle 536.6 f 31.7 (100%) 113.7 2 13.8 (100%) 312.4 * 
Rikkunshi-to 613.2 

61.7 (100%) 
? 36.4 (114%)? 117.9 2 36.6 (104%) 341.2 -t 

70% EtOH 318.9 55.0 (59%)t ' 98.7 (109%) 
+ 

(76%)? 1 39.3 * 14.1 (35%)7 347.0 2 56.7 (111%) 
I 
’ 

Rikkunshi-to + EtOH 406.6 f. 43.2 55.5 f 17.2 (49%)? 436.8 + 112.0 (140%)t 

1000 m&g Rikkunshi-to was given orally. 
Hexose value corresponding to mucin content is in micrograms of Fr-1 hexose per stomach and expressed as means +- SD (n = 8). 
‘p < 0.05; tp < 0.01, as compared with control or 70% ethanol. 

TABLE 3. Protective effect of herbal components against etha- 
nol-induced gastric mucosal damage. 

70% EtOH 7.19 2 2.37 

Hoelen 1.31 + 1.62’ 

Aurantii Nobilis Pericarpium 6.14 2 2.63 

Pineliae Tuber 0.75 & 0.72’ 

Glycyrrhizae Radix 0.22 ? 0.24’ 

Ginseng Radix 2.84 * 1.47 

Zingiberis Rhizoma 0.17 t 0.17’ 

Atracylodis Lanceae Rhizoma 0.68 * 0.68’ 

Zizyphi Fructus 4.87 * 4.61 

Ulcer Length (cm) 

Each drug (500 m&g) was given orally 30 min before administration of 
ethanol. Values are expressed as the mean 2 SD (n = 7). 

‘p < 0.01, as compared with 70% ethanol. 

of 0.5 mgkg (71% of the control). A similar result was ob- 
tained with Glycyrrhizae Radix (data not shown). 

The changes in mucin content localized in the different 
layers by Zingiberis Rhizoma and Glycyrrhizae Radix adminis- 
tration at dose of 500 mgkg each are shown in Table 4. 
Although the single administration of each drug did not affect 
the total mucin content, but its distribution in the three dif- 
ferent layers was noted to have changed; the deep corpus 
mucin content by Zingiberis Rhizoma and the surface content 
by Glycyrrhizae Radix significantly increased as a consequence 
of its decrease in the other layers. The total mucin content 
in the entire stomach essentially attained the control level by 
Zingiberis Rhizoma and Glycyrrihizae Radix pretreatment on 

** 
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1 

ill l- 
- 8-41 i I 

Zingiberis Rhizoma (mg/kg) 

FIG. 1. Effect of Ziiberis Rhizoma pretreatment on ethanol- 
induced gastric damage. Zingiberis Rhizoma (0, 0.5, 5, 50 or 
500 mg/kg) was given orally 30 min before 70% ethanol admin- 
istration. Values are expressed as the mean f SD. l *Signify- 
cantly different from the control group at p < 0.01, n = 13. 

ethanol damage. The reduction in the mucin content of the 
deep corpus mucosa with ethanol treatment (64%) was sig- 
nificantly inhibited to 92% of the control value with Zingi- 
beris Rhizoma pretreatment and the surface mucosa mucin 
content was selectively and significantly increased to 146% of 
the control value with Glycyrrhizae Radix pretreatment. 

TABLE 4. Effect of Zingiberis Rhizoma and Glycyrrhizae Radix on gastric mucin content in ethanol-induced injury. 

Hexose Value (% of control) 

cofpus Antrum Surface 

Vehicle 558.5 k 55.5 (100%) 120.8 2 32.2 (100%) 328.9 * 40.2 

Zingiberis Rhizoma 

(100%) 

631.6 k 53.5 (113%)’ 100.6 k 15.2 (83%) 286.8 k 44.8 

Glycyrrhizae Radix 

(87%) 

511.8 k 128.7 (92%) 109.7 * 14.5 (91%) 441.6 f 33.7 

70% EtOH 

(134%)’ 

356.8 k 25.2 (64%)t l 

70.1 (92%) 1 

90.9 * 5.9 (75%) 326.6 + 26.5 (99%) l 

Zingiberis Rhizoma + EtOH 510.4 k 96.4 k 15.7 (80%) Glycyrrhizae Radix + EtOH 
388.3 k 73.6 (118%) 

373.1 + 52.0 (67%)t 82.9 * 30.3 (67%) 481.1 -c 51.5 (146%)’ 1 
Each drug (500 mgkg) was given orally. 

Hexose value corresponding to mucin content is in micrograms of Fr-1 hexose per stomach and expressed as mean k SD (n = 8). 
‘p < 0.05, tp < 0.01; as compared with control or 70% ethanol. 
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DISCUSSION mucus gel layer by being present with the surface mucosal 
cell-derived mucus. 

Many kinds of traditional herbal medicines have long been 
clinically accepted as effective drugs for many diseases (19). 
These drugs are composed of many crude drug components, 
and the cooperative and mutual action of these components 
have been thought to be essential for the efficacy of these 
drugs (2 1). On the other hand, the pharmaceutical role of 
each component drug is not well understood. It seems very 
important to determine the mechanism of action of each crude 

drug. 

The present study indicates the traditional herbal medicines 
affect the mucus metabolism of the gastric mucosa, and the 
antiulcerogenic effect on the ethanol-induced gastric lesion 
might be attributed to activation of the mucus metabolism. 

This work was supported in part by a Grant-in-aid fur Scientific Research 
from the Ministry of Education, Science and Culture of Japan and by ~1 
grant from Terumo Life Science Foundation. 

Rikkunshi-to is composed of eight herbal components, and 
markedly prevented the development of ethanol-induced gas- 
tric damage in rats. The five crude drugs composing Rikkun- 
shi-to showed a significant protective effect against 70% etha- 
nol-induced gastric mucosal damage in rats, and the strikingly 
protective effect was achieved by Zingiberis Rhizoma and Gly- 
cyrrizae Radix. The protective effect of Zingiberis Rhizoma 
and Glycyrrhizae Radix against ethanol-induced gastric dam- 
age is obtained in a dose-dependent manner. 
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