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ABSTRACT 29 

It is well known that maintenance therapy of Chai-hu-gui-zhi-tang (CHGZT), a 30 

traditional Chinese medicine, has been proven to prevent the recurrence of peptic ulcers. 31 

However, little is known as to whether or not the prescription shows protective effects 32 

against acute gastric injury. In the present study, we investigated the preventive effects of 33 

pretreatment with CHGZT extract on the development of water immersion restraint 34 

stress-induced acute gastric ulceration in male Wistar rats. The CHGZT extract (50, 250, 35 

500 mg/kg b.w., p.o.) was given to the rats before they were exposed to 2 or 4 h of water 36 

immersion restraint stress and then were sacrificed immediately after the stress exposure. 37 

The gastric mucosal lesions were evaluated macroscopically and the gastric mucosal, and 38 

hepatic non-protein sulfhydryls (NP-SH) were measured simultaneously. The results 39 

indicate that exposure to water immersion restraint stress resulted in the development of 40 

acute gastric stress erosions. Pretreatment with CHGZT extract caused a significant 41 

reduction of stress lesions and an increase in gastric mucosal NP-SH and hepatic NP-SH 42 

concentrations. We conclude that the anti-ulcer response and the extensive antioxidant 43 

effect of Chai-hu-gui-zhi-tang may be valuable to the prevention of experimental gastric 44 

mucosal lesions in rats because it possesses preventive and gastroprotective effects. 45 

 46 

Keywords: Chai-hu-gui-zhi-tang (CHGZT); Gastric ulcer; Water immersion restraint 47 

stress; Non-protein sulfhydryls; Antioxidant effect48 
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INTRODUCTION 49 

Chai-hu-gui-zhi-tang (CHGZT), a traditional Chinese herbal prescription, is a 50 

mixture of nine herbs; Bupleuri radix, Scutellariae radix, Ginseng radix, Cinnamomi 51 

ramulus, Paeoniae radix, Zingiberis rhizome, Pinelliae tuber, Glycyrrhizae radix and 52 

Zizyphi fructushas, has shown a good antioxidant effect and has been used to prevent the 53 

formation of nervous lesions, such as epilepsy, Alzheimer's disease and developmental 54 

defects of neurons during pregnancy and after birth. [12, 25]. In traditional Chinese 55 

medicine, CHGZT has been used for the therapy of gastric ulcers and gastritis, but the 56 

underlying mechanisms are not well understood. Among the herbal drugs composed in 57 

GHGZT, Scutellariae radix [6] and Panax ginseng [11] have been used extensively and 58 

the clinical efficacies were documented with anti-ulcer activity. The flavonoids of 59 

Scutellariae radix have been found to be free radical scavengers [3]; free radicals play an 60 

important role in ulcerative and erosive lesions of the gastrointestinal tract. Glycyrrhizae 61 

radix water extract and its two major constituents, glycyrrhizin and 3-glycyrrhetinic 62 

monodesmoside, may be promising for amelioration of hypoxia 63 

(ischemia)-reoxygenation (reperfusion) injury and improvement of renal function by 64 

acting as antioxidant and oxygen radical-scavenging agents [32]. 65 

It is well known that stress plays a major role as a risk factor in the occurrence of 66 

stomach erosion and ulcers [22]. Water immersion restraint stress (WIRS) mimics the 67 

clinical acute gastric ulcerations caused by trauma, surgery, or sepsis [8] and has been 68 

widely accepted for studying stress ulcers [5, 26, 27]. Involvement of central nervous 69 

stem compounds such as the limbic system, hypothalamus and brain stem nuclei have 70 

been considered [9]. Mucosal ischemia and enhanced back diffusion of hydrogen ions 71 
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have been proposed as major local mechanisms for these stress-induced injuries [29]. 72 

Gastric acid secretion is remarkably enhanced under water immersion stress without 73 

significant alteration in gastric mucosal blood flow [10]. Ohta et al. have shown the 74 

therapeutic effect of Oren-gedoku-to extract on stress-induced acute gastric mucosal 75 

lesions in rats, which indicated the preventive actions on lipid peroxidation and 76 

sulphydryl oxidation via oxygen free radicals generated by the xanthine-XO system and 77 

infiltrated neutrophils in the gastric mucosa and on neutrophil infiltration into the tissue 78 

[17]. Yoshikawa et al., indicated that Saiko-keishi-to (Chai-hu-gui-zhi-tang) extract not 79 

only had an ability to scavenge oxygen free radicals, but also a protective effect against 80 

ischaemia-reperfusion-induced gastric mucosal lesions, mediated by oxygen free radicals 81 

and lipid peroxidation in rats [34].  82 

The present study was performed to investigate the preventive effects of CHGZT 83 

against acute gastric mucosal lesions development of water immersion restraint stress in 84 

rats. The effect of pretreatment of CHGZT extract on the progression of gastric mucosal 85 

lesions in rats subjected to stress exposures of 2 and 4 h periods, and the gastric mucosal 86 

lesions were evaluated macroscopically (ulcer index). The gastric mucosal and hepatic 87 

non-protein sulfhydryls (NP-SH), which are a major source of cellular reducing 88 

substances, were measured for the purpose of evaluating the preventive and 89 

gastroprotective effects of gastric mucosal injury. 90 

 91 
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MATERIALS AND METHODS 92 

Materials. 93 

Chai-hu-gui-zhi-tang (CHGZT) was provided by Kaiser Pharmaceutical Co. Ltd. 94 

(Taipei, Taiwan) and was prepared from boiled water extracts of the following herbs: 95 

Bupleuri radix of 1.5 g, Scutellariae radix of 0.6 g, Ginseng radix of 0.6 g, Cinnamomi 96 

ramulus of 0.6 g, Paeoniae radix of 0.6 g, Zingiberis rhizome of 0.6 g, Pinelliae tuber of 97 

0.9 g, Glycyrrhizae radix of 0.4 g and Zizyphi fructus of 0.4 g. The total weight was 6.0 g. 98 

All chemicals were ACS reagent grade. Butylated hydroxytoluene (BHT), 5,5'-dithiobis 99 

(2-nitrobenzoic acid) (DTNB), ethylenediamine-tetraacetic acid disodium (EDTA-Na2) 100 

and trichloroacetic acid were commercially available from Sigma (St. Louis, MO, USA). 101 

Methanol and other solvents were analytical and supplied by J.T. Baker (Phillipsburg, NJ, 102 

USA). Deionized water was obtained from a Milli-Q Plus analytical deionization system 103 

(Bedford, MA, USA). 104 

 105 

Induction of Gastric Ulceration. 106 

Male Wistar rats weighting 260-280 g were purchased from the laboratory animal 107 

center, College of Medicine, National Taiwan University (Taipei, Taiwan). All 108 

experimental procedures were approved by the Institutional Animal Ethics Committee of 109 

National Taiwan University, and conducted in accordance with the internationally 110 

accepted principles for laboratory animal used and care. Rats were starved for 18 h but 111 

were allowed free access to water, before the induction of WIRS or the sampling of their 112 

gastric mucosa. Each rat was subjected to WIRS as described previously by Takagi and 113 

Okabe [26]. The rats were restrained in firmly fitted restraint cages (6 × 7 × 20 cm3) and 114 
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vertically immersed in water maintained at 23℃ to the level of the xiphoid process for 2 115 

or 4 h to induce gastric mucosal lesions (Fig 1). 116 

 117 

(Insert Fig 1) 118 

 119 

Treatment with Chinese Herb Chai-Hu-Gui-Zhi-Tang Extract. 120 

To investigate the preventive effects of CHGZT on WIRS induced gastric mucosal 121 

lesions, rats were pretreated with different doses of CHGZT extract suspension (50, 250 122 

and 500 mg/kg b.w., p.o.) before a 2 or 4 h induction of WIRS. All control groups of this 123 

study were treated with deionized water, 0.5 mL/100 g b.w., p.o. Each rat was sacrificed 124 

under CO2 anesthesia after treatment and the stomaches were quickly removed. Gastric 125 

mucosal lesions were examined under a dissecting microscope (×10), and the values of 126 

the ulcer index (UI) was expressed by measuring the total length (cm) of all gastric 127 

mucosal lesions in the stomaches induced during the stress [26]. Histologic assessments 128 

were made with photomicroscope. Specimens from normal and abnormal gastric tissues 129 

were fixed in 10% formaldehyde, routinely dehydrated, cleaned, infiltrated with wax, 130 

embedded and made into serial 4-µm thick sections. The sections were dewaxed, stained 131 

with haematoxylin and eosin technique. 132 

 133 

Biochemical Assays. 134 

Samples used for assays of gastric mucosa and hepatic non-protein sulfhydryls 135 

(NP-SH) were prepared with Ellman’s reagent [19] using 5,5'-dithiobis (2-nitrobenzoic 136 

acid) as described previously by Sedlak and Lindsay. The gastric mucosae were collected 137 
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with a glass slide on ice bath and the liver was quickly removed from the rat after 138 

sacrifice. 200 mg of gastric mucosa or liver tissue was immediately homogenized with 2 139 

mL 0.02 M EDTA-Na2 containing 0.002 % BHT in a Teflon-glass homogenizer on ice 140 

bath. 141 

 142 

Statistical Evaluation. 143 

All results were presented as the mean ± SD. The paired data were compared by 144 

Student’s t-test and the significant level was set at P<0.05. 145 

 146 

RESULTS 147 

Assessment of Stress-Induced Gastric Mucosal Damage 148 

As the period of stress was increased from 2 to 4 h, the values of the ulcer index and 149 

severity of the ulcers were increased as shown in Fig 2. No macroscopic lesions were 150 

observed in untreated rats. After the stress extensive superficial erosions with various 151 

lengths and congestion of the surrounding portion were observed in the gland area of the 152 

stomach. Appearance of gastric ulcers in the glandular area when examined, and the 153 

blood coagulums can be seen at the base of ulcers. 154 

 155 

(Insert Fig 2) 156 

 157 

At the histological examination, all of the lesions were erosion of mucosa and they 158 

extended down to submucosae with neutrophils infiltration. Obvious blood stasis 159 

performance appeared in stressed rats (Fig 3). 160 
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 161 

(Insert Fig 3) 162 

 163 

Changes in Ulcer Index in Stress-Induced Gastric Mucosal Damage by CHGZT 164 

Pretreatment  165 

When rats were subjected to WIRS for 2 and 4 h, the values of the ulcer index 166 

increased dramatically after stress as compared with the untreated rats (Fig 4). The value 167 

of the ulcer index at a stress of 4 h was 1.43 ± 0.21 cm and this value was 2.2-fold larger 168 

than that at a stress of 2 h. When rats were pre-treated with CHGZT of 50, 250 and 500 169 

mg/kg b.w., p.o., before the onset of WIRS, the administration of each dose of the 170 

medicine significantly prevented the progression of gastric mucosal lesions. The values 171 

of the ulcer index decreased markedly in the stress-loaded rats (P < 0.01). 172 

 173 

(Insert Fig 4) 174 

 175 

Changes in Nonpotein Sulfhdryls in Stress-Induced Gastric Mucosal Damage by CHGZT 176 

Pretreatment 177 

Effects of CHGZT pretreatment followed by the onset of WIRS (2 and 4 h), the 178 

changes in gastric mucosal and hepatic NP-SH concentrations in rats, shown in Fig 5, 179 

were obtained. Gastric mucosal NP-SH concentration in rats with 2 and 4 h of WIRS 180 

were significantly lower than that in control rats without WIRS. The decreased 181 

concentration of gastric mucosal NP-SH at WIRS after 2 and 4 h were both recovered by 182 

the CHGZT pretreatment. When administered at the dose of 50, 250, and 500 mg/kg b.w., 183 

Page 9 of 24



For Review
 O

nly

 

10 

p.o, the average recovered gastric mucosal NP-SH concentrations were 1.2-, 1.5-, and 184 

1.5-fold, respectively, higher than the concentration at a stress of 2 h. Similarly, data 185 

showed that the recovered gastric mucosal NP-SH concentrations were 1.2-, 1.8-, and 186 

1.5-fold, respectively, higher than that concentration with 4 h of the stress. As hepatic 187 

NP-SH concentrations of rats subjected to WIRS for 2 and 4 h were slightly decreased of 188 

those of control rats without the stress, the decreased concentration of hepatic NP-SH at 189 

WIRS were also recovered by the CHGZT pretreatment. This pre-CHGZT administration 190 

prevented not only gastric mucosal lesion development in rats subjected to the stress, but 191 

also increased gastric mucosal and hepatic NP-SH concentrations in the rats subjected to 192 

2 and 4 h of the stress. 193 

 194 

(Insert Fig 5) 195 

 196 

DISCUSSION 197 

The Chinese formula Chai-hu-gui-zhi-tang (CHGZT) has been used to treat 198 

influenza, pleurisy, stomach ache, gastroxia (hyperacidity), stomach ulcer, duodenum 199 

ulcer, epilepsy [12, 25], hepatitis [21], pancreatitis [24], jaundice, pain between the ribs, 200 

and pain of sciatica, etc. The results from the animal models indicated that CHGZT 201 

extract has antioxidant effects and has a scavenging activity for free radicals generated 202 

within an iron-induced epileptogenic regions of a rat’s brain [12]. CHGZT can inhibit 203 

pepsin and stomach acid secretion, can enhance the secretion of stomach mucous, can 204 

promote blood circulation in the stomach and can improve the protection of the stomach 205 

[7]. Recently, Yasukawa et al. reported that reactive oxygen species (ROS) are associated 206 
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with gastric ulcer [31]. Uteshev et al. indicated that stronger intensity of lipid 207 

peroxidation and less activity of the antioxidant system of blood are correlated with 208 

gastroduodenal ulcerous hemorrhages [28]. As a result of experimental gastric ulcers 209 

showed, the elimination of free radicals by anti-ulcer agent that has antioxidant and 210 

free-radical scavenging activities, may contribute to the reduction of severity in ulcer 211 

recurrence [15, 18]. 212 

The present study provided evidence that orally administered CHGZT extract at a 213 

dose of 50, 250, 500 mg/kg b.w., p.o. can prevent the progression of acute gastric 214 

mucosal lesions in rats subjected to WIRS of a 2 and 4 h period. According to a report by 215 

Nishida et al., the progression of WIRS induced acute gastric mucosal lesions in rats was 216 

mainly related to enhance gastric mucosal sulfhydryl oxidation and lipid peroxidation 217 

[16]. Decreased gastric mucosal non-protein sulfhydryls concentration found at the 218 

second and the fourth hour after WIRS, significantly recovered by the oral administration 219 

of CHGZT extract (250 and 500 mg/kg b.w., p.o.), and the recovered concentration was 220 

higher than the concentration found at 2 and 4 h of the stress. It has been implicated that 221 

sulfhydryls in a stomach is important for the maintenance of gastric mucosal integrity 222 

[14]. 223 

Many studies have shown that oxygen free radicals are implicated as mediators of 224 

gastric mucosal injury. The mucosal availability of the antioxidant reduced glutathione 225 

(GSH, γ-glutamyl-cysteinyl glycine)) which is an important protective factor against the 226 

development of gastric mucosal ischemia/reperfusion injury [23]. Body et al. reported  227 

on gastric glutathione depletion and acute ulcerogenesis by diehtylmaleate given 228 

subcutaneously to rats [4]. For the oxidation of reduced glutathione and the formation of 229 
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mixed disulfides between protein and non-protein sulfhydryls, it was well known that 230 

non-protein sulfhydryls (NP-SH) was a major source of cellular reducing substances. 231 

Recently, Nagy et al. indicated that endogenous sulfhydryls (SH) plays an important role 232 

in the maintenance of gastroduodenal integrity and in the protection against 233 

chemically-induced lesions in cells, tissues and organs [14]. Furthermore, Ohta et al. 234 

suggested that the therapeutic effect of Oren-gedoku-to extract (Huanglian-Jiedu-Tang), a 235 

traditional Chinese herbal medicine, could be due to the preventive actions on lipid 236 

peroxidation and sulfydryl oxidation via oxygen free radicals generated by the 237 

xanthine-XO system [17]. Antioxidant defense mechanism may therefore be of critical 238 

importance in protecting against the development of acute gastric mucosal injury. 239 

It was widely accepted that a major portion of phospholipid peroxidation occurs due 240 

to the generation of oxygen-derived free radicals. Previous investigations demonstrated 241 

the prevention of oxidative damage of the gastric mucosa by significantly blocking lipid 242 

peroxidation and by scavenging the endogenous hydroxyl radical (˙OH), which is the 243 

major causal factor for the formation of an ulcer [2]. However, it was known that ̇244 

OH-mediated oxidative caused damage to human gastric mucosal DNA. Yoshikawa et al. 245 

have previously reported that the gastric mucosal blood flow decreases even in the early 246 

phases of WIRS [33]. Shian et al. pointed out the probable role of lipid peroxidation in 247 

the pathogenesis of gastric injury induced by WIRS [20]. 248 

As described above, the herbal remedies contained in GHGZT were shown to have 249 

anti-ulcer and anti-inflammatory responses. Additionally, the constituents of Paeoniae 250 

radix exhibited a significant oxygen radical scavenging activity and had an inhibitory 251 
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effect on lipid peroxidation [13]. Ginger was known to stimulate digestion beneficially 252 

and has anti-ulcer effects [30]. The cytoprotective and anti-ulcerogenic effect of the 253 

ginger were shown to prevent the occurrence of gastric ulcers induced by non-steroidal 254 

anti-inflammatory drugs and hypothermic restraint stress [1]. 255 

The results in the present study indicated that orally administered CHGZT exerts a 256 

preventive effect on water immersion restraint stress-induced acute gastric ulceration in 257 

rats. Pretreatment with CHGZT markedly reduced gastric mucosal lesions in the 258 

stress-loaded rats, and the decreased gastric mucosal and hepatic NP-SH concentrations 259 

after the onset of WIRS were recovered. The endogenous sulfhydryls play an important 260 

role in the maintenance of gastroduodenal integrity; the relatively high concentration of 261 

non-protein sulfhydryls in the gastric mucosa also indicates their possible implications 262 

for gastroprotection. Since an antioxidant defense mechanism may be critical important 263 

in protecting the development of acute gastric mucosal injury, the anti-ulcer response and 264 

the extensive antioxidant effect of CHGZT may be valuable to the prevention, which 265 

possesses preventive and gastroprotective effects on experimental gastric mucosal lesions 266 

in rats. 267 

 268 
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Fig 1. 374 

Each rat was immobilized the stress cage (6 × 7 × 20 cm3) which was immersed 375 

vertically in a water bath kept on 23℃ for 2 or 4 h to the height of the xiphoid of the 376 

Wistar rat to produce deeper ulceration. 377 

   378 
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Fig 2. 379 

Appearance of gastric mucosal lesions induced by water-immersion restraint stress. The 380 

gastric mucosa of a control rat (a) and the blood coagulums were marked at the base of 381 

ulcers by treatment with water-immersion stress (2 hr: b; 4 hr: c) 382 

(a) (b) (c) 
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Fig 3. 383 

Microphotograph showing the gastric mucosa from a control rat (a) and a rat subjected to 384 

water immersion-restraint stress for 4 h (b). Note that the blood stasis and neutrophil 385 

infiltration were observed in the pathogenesis of gastric mucosal lesions induced by water 386 

immersion restraint stress. (H&E staining. Scale bar = 50 µm. A: Blood stasis; B: 387 

Neutrophil infiltration)  388 

(a)                              (b) 389 

  390 
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Fig 4. 391 

Effect of pretreatment with Chai-hu-gui-zhi-tang extract on the development of gastric 392 

mucosal lesions in rats with water immersion restraint stress over a 2-h or 4-h period. 393 

Rats received oral administration of CHGZT (50, 250, 500 mg/kg) prior to water 394 

immersion restraint induction. Rats without CHGZT pretreatment received oral 395 

administration of equal volume of deionized water. These rats were subjected to water 396 

immersion restraint stress for 2 or 4 h. Each value represents the mean ± SD for 10 397 

animals. Significant differences were calculated from Student’s t-test. ※P < 0.05, ※※P < 398 

0.01 versus the controls; *P < 0.05, ** P < 0.01 versus the control stressed rats with WIRS 399 

treatment.  400 

 401 

   402 
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Fig 5. 403 

Effect of pretreatment with Chai-hu-gui-zhi-tang extract on the changes in gastric 404 

mucosal NP-SH (a) and hepatic NP-SH (b) concentrations in rats with water immersion 405 

restraint stress over a 2-h or 4-h period. Rats received oral administration of CHGZT (50, 406 

250, 500 mg/kg) prior to water immersion restraint induction. Rats without CHGZT 407 

pretreatment received oral administration of equal volume of deionized water. These rats 408 

were subjected to water immersion restraint stress for 2 or 4 h. Each value represents the 409 

mean ± SD for 10 animals. Significant differences were calculated from Student’s t-test. 410 

※P < 0.05, ※※P < 0.01 versus the controls; *P < 0.05, ** P < 0.01 versus the control 411 

stressed rats with WIRS treatment.  412 

(a) 413 

   414 

 415 
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(b) 416 
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