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Abstract

AIM: To assess the antacid effects of the tonic Chinese
herbal prescriptions, Si-Jun-Zi-Tang (SJZT) and Shen-
Ling-Bai-Zhu-San (SLBZS).

METHODS: Decoctions of the tonic Chinese herbal pre-
scriptions, SJZT and SLBZS, were prepared according
to Chinese original documents. The pH of the prescrip-
tion decoctions and their neutralizing effects on artificial
gastric acids were determined and compared with water
and the active controls, sodium bicarbonate and colloi-
dal aluminum phosphate. A modified model of Vatier's
artificial stomach was used to determine the duration of
consistent neutralization effect on artificial gastric acids.
The neutralization capacity /n vitro was determined with
the titration method of Fordtran’s model.

RESULTS: The results showed that both SJZT and SL-
BZS have antacid effects /n vitro. Compared with the
water group, SJZT and SLBZS were found to possess
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significant gastric acid neutralizing effects. The duration
for consistent neutralization of SLBZS was significantly
longer than that of water. Also, SLBZS and SJZT exhib-
ited significant antacid capacities compared to water.

CONCLUSION: SJZT and SLBZS were consistently ac-
tive in the artificial stomach model and are suggested to
have antacid effects similar to the active control drugs.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Peptic ulcer (PU) is one of the most common gastroin-
testinal disorders™. The goals of treatment for PU are
to relieve pain, enhance ulcer healing, prevent complica-
tions, and prevent ulcer recurrence. Current drug therapy
for PU is oriented primarily toward neutralizing (e.g.
antacids)™ or reducing the amount of acid secreted (e.g
H: receptor antagonists, proton pump inhibitors)”™ or
protecting the gastric mucosa from the effects of acid (e.g.
sucralfate)’. As the role of Helicobacter pylori is becoming
better understood, treatment with antibiotics is becoming
an important part of PU therapy and recurrence preven-
tion"".

Although effectiveness can be obtained with these
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clinical drugs, their potential side effects and drug interac-
tions represent a major problem in therapy"". Moreover,
newer drugs introduced for the treatment of PU are
expensive and the cost-effectiveness is also an important
consideration”. Clinically, many people cannot use che-
mosynthetic drugs because of the potential side effects.
Therefore, traditional herbal drugs possessing fewer side
effects should be investigated as an ideal alternative for
the treatment of PU.

Traditional Chinese medicine has been clinically used
in China for thousands of years for the treatment of
many chronic diseases. Si-Jun-Zi-Tang (SJZT) is a basic
tonic prescription consisting of six herb components:
Panax ginseng, Atractylodes ovata, Poria cocos, Glycyrrhiza nra-
lensis, Zingiber officinale, and Zizyphus jujube. Shen-Ling-Bai-
Zhu-San (SLBZS) is also an energy tonic prescription
consisting of eleven herb components: Aractylodes ovata,
Poria cocos, Panax ginseng, Glycyrrhiza uralensis, Dioscorea
batatas, Dolichos lablab, Coix lachryma-jobi, Amomum xan-
thivides, Platycodon grandiflorun, Nelumbo nucifera and Citrus
erythrosa. SJZT and SLBZS, the common Chinese herbal
prescriptions tonifying the spleen and stomach, are tra-
ditionally used for the treatment of gastrointestinal dis-
eases in oriental countries. Their anti-ulcer activities have
also been mentioned in recent research.

The secretion of gastric acid (HCI) is intimately related
to PU disease. Antacids heal ulcers through elimination
of gastric acid by neutralization and have been used in the
treatment of PU for many years. Common antacid prepa-
rations include sodium bicarbonate (SB), calcium carbon-
ate, and salts of aluminum and magnesium. Since some
people cannot use chemosynthetic drugs because of their
side effects, the tonic Chinese herbal prescriptions SJZT
and SLBZS should be considered as an alternative for the
treatment of PU. To reveal the anti-ulcer effects of SJZT
and SLBZS, therefore, the present study aimed to assess
their antacid effects on gastric acid neutralization com-
pared with water and the active controls, SB and colloidal
aluminum phosphate (CAP). The antacid effects were
assessed 7 vitro using the titration method of Fordtran’s
model"”, and the modified model of Vatiet’s artificial
stomach""" was utilized to determine the effects on gas-
tric acid secretion and emptying,

MATERIALS AND METHODS

Preparation of the Chinese prescriptions

All the Chinese herbal matetials used in the study wete
purchased from the Shun-yuan Herbal Pharmacy, Taipei
and authenticated at Taipei Medical University. The pre-
scription SJZT contains the following six herbal compo-
nents: Panax ginseng, Atractylodes ovata, Poria cocos, Glhyeyrrbiza
uralensis, Zingiber officinale, and Zigyphus jujube (6:6:6:3:3:2).
The prescription SLBZS contains the following eleven herb-
al components: Atractylodes ovata, Poria cocos, Panax ginseng,
Glyeyrrhiza nralensis, Dioscorea batatas, Dolichos lablab, Coix
lachryma-jobi, Amomum xanthioides, Platycodon grandiflornm,
Nelumbo nucifera and Citrus erythrosa (3:3:3:3:3:2.3:1.5:1.5:
1.5:1.5:1.5). The prescriptions were prepared according to
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Chinese original documents. Prepared daily quantities of
SJZT and SLBZS weighed 26 g and 24.8 g, respectively.
The herb materials weighed as a daily quantity were ex-
tracted twice by refluxing with boiling water (1:20, w/v)
for 1 h. The decoction was filtered and then concentrated
to 270 mL. Concentrations of SJZT and SLBZS decoc-
tions were 96.30 mg/mL and 91.85 mg/mlL, respectively.
The volume of each test dose was 90 mL.

Chemicals and reagents

Sodium chloride and pepsin were purchased from Sigma
(St. Louis, MO, USA) and 1 mol/L hydrochloric acid
was obtained from Merck (Darmstadt, Germany). SB
and CAP, the active control drugs, were purchased from
Astar Pharmaceutical Co. Ltd (Taipei, Taiwan).

Instruments

The experimental instruments consisted of an adjustable
electrode stand, a series flatbed recorder, a micro tubing
pump, a standard pH meter, a stirrer/hot plate, and a se-
ries multi-functional temperature controller.

Preparation of artificial gastric acid and saline

Two grams of salt and 3.2 mg of pepsin enzymes were
dissolved in 500 mL water; 7.0 mL hydrochloric acid
and adequate water wete added to make a 1000 mL solu-
tion of the artificial gastric acid at pH 1.20. Nine grams
of sodium chloride were dissolved in adequate water to
make 1000 mL saline.

PpH determination of the prescription decoction

One dose of prescription decoction (90 mL) was used for
the pH determination at temperatures ranging from 25C
to 37°C. The pH values of the control solutions, SB and
CAP, were also determined for comparison.

Determination of the neutralizing effects on artificial
gastric acids

Ninety milliliters of each test solution was added to 100 mL
artificial gastric juices at pH 1.2. The pH values were de-
termined to examine the neutralizing effect.

Determination of the duration of consistent
neutralization effect on artificial gastric acids using the
modified model of Vatier’s artificial stomach

As previously described, the apparatus is made up of
three elements: a pH recording system (R), a stomach (S)
and a peristaltic pump (P). The stomach is made up of
three portions, S1, S2 and S3. S1 is a reservoir (container),
S2 models the secretory flux (F-IN), and S3 models the
gastric emptying flux (F-OUT).

Ninety milliliters of each test sample was added to
100 mL of artificial gastric juice at pH 1.2 in the container
of the artificial stomach at 37°C and continuously stirred
(30 rpm) with a 2.5-cm magnetic stirring apparatus. Ar-
tificial gastric juice at pH 1.2 was pumped at 3 mL/min
into the container of the artificial stomach, and it was
pumped out at 3 mI/min at the same time. A pH meter
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Figure 1 pH values of test samples determined at temperatures from 25°C to 37°C. SJZT: Si-Jun-Zi-Tang; SLBZS: Shen-Ling-Bai-Zhu-San; CAP: Colloidal alumi-

num phosphate; SB: Sodium bicarbonate.

was connected to continuously monitor the changes of
pH in the container of the artificial stomach. The dura-
tion of neutralization effect was determined when the
pH value was returned to its initial value (pH 1.2).

Determination of the neutralization capacity in vitro
using the titration method of Fordtran’s model

Ninety milliliters of the test sample was placed in a
250-mL beaker and warmed to 37°C. A magnetic stirrer
was continuously run at 30 rpm to imitate the stomach
movements. The test samples were titrated with artificial
gastric juice to the end point of pH 3. The consumed
volume (V) of artificial gastric juice was measured. The
total consumed hydrogen ion (mmol) was measured as
0.063096 (mmol/mL) X V (mL).

Statistical analysis

Experimental data were expressed as mean = SD. Com-
parisons between groups were analyzed by unpaired Stu-
dent’s ~test. The differences were considered to be statis-
tically significant when P < 0.05.

RESULTS

PH values of the tested solutions at temperatures
ranging from 25°C to 37°C

The pH values of the SJZT and SLBZS solutions at
temperatures from 25°C to 37°C ranged from 4.25 to 4.34
and 5.25 to 5.30, respectively. The pH values of water,
CAP and SB solutions at temperatures from 25C to
37°C ranged from 6.79 to 6.81, 6.32 to 6.27 and 8.70 to
8.56, respectively. The results indicated that temperature
did not affect pH significantly (Figure 1).

Neutralizing effects on artificial gastric acids

When 90 ml. of the test solution was added to 100 ml.
of the artificial gastric juice (pH 1.2), the pH values of
SJZT and SLBZS solutions were found to be 1.57 £ 0.04
and 1.76 £ 0.03, respectively. The pH values of water,
CAP and SB solutions were 1.44 *+ 0.03, 2.16 = 0.03 and
1.83 £ 0.03, respectively. This result shows that the neu-
tralizing capacity of CAP was better than those of SB,
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Drug pH value

Water 1.44 £0.03
SJZT 1.57 +0.04°
SLBZS 1.76 +0.03"
CAP 216 + 0.03°
SB 1.83 +0.03°

Data are presented as mean + SD (n = 6). °P < 0.05, °P < 0.01 vs water
group. SJZT: Si-Jun-Zi-Tang; SLBZS: Shen-Ling-Bai-Zhu-San; CAP:
Colloidal aluminum phosphate; SB: Sodium bicarbonate.

Drug Time (min)
Water 87+6
SJZT 123 +24
SLBZS 127 £ 5°
CAP 172 +£3°
SB 121 +£14

Data are presented as mean + SD (1 = 6). °P < 0.05, °P < 0.01 vs water
group. SJZT: Si-Jun-Zi-Tang; SLBZS: Shen-Ling-Bai-Zhu-San; CAP:
Colloidal aluminum phosphate; SB: Sodium bicarbonate.

SLBZS and SJZT. The neutralizing capacity of SLBZS
was similar to that of SB (Table 1).

Duration of consistent neutralization effect on artificial
gastric acids

The durations for consistent neutralizing effects of SJZT
and SLBZS solutions were 123 * 24 min and 127 £ 5 min,
respectively. Those of water, CAP and SB solutions were
87 £ 6,172 £ 3 and 121 £ 14 min, respectively. The ac-
tion duration of CAP was the longest, followed by the
SLBZS and SJZT (Table 2, Figure 2).

Physical antacid potency (neutralization capacity) in vitro
The consumed volumes of artificial gastric juices to
titrate to pH 3.0 for water, SJZT, SLBZS, CAP and SB
solutions were 1.2 * 0.17, 22.4 = 1.10, 33.3 = 0.85, 58.9
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Figure 2 Duration of antacid effect for consistent neutralization of gastric
acids. Ninety mililiters of test sample was added to 100 mL of artificial gastric
juices at pH 1.2 in an artificial stomach. The duration was determined as the pH
value was returned to 1.2. SJZT: Si-Jun-Zi-Tang; SLBZS: Shen-Ling-Bai-Zhu-
San; CAP: Colloidal aluminum phosphate; SB: Sodium bicarbonate.

Drug Consumed volume of artificial mmol of H*
gastric juice (mL)

Water 1.2+0.17 0.08 + 0.01

SJZT 224+1.10° 1.41+0.07°

SLBZS 33.3+0.85° 210+ 0.05°

CAP 589 +0.79° 3.72 +0.05°

SB 69.2 +0.96° 437 +0.06°

Data are presented as mean + SD (1 = 6). "P < 0.01 vs water group. SJZT:
Si-Jun-Zi-Tang; SLBZS: Shen-Ling-Bai-Zhu-San; CAP: Colloidal aluminum
phosphate; SB: Sodium bicarbonate.

+ 0.79 and 69.2 * 0.96 mL, respectively. The consumed
hydrogen ions were 0.08 £ 0.01, 1.41 + 0.07, 2.10 % 0.05,
3.72 + 0.05 and 4.37 £ 0.06 mmol, respectively (Table 3).
The active controls, SB and CAP, exhibited significant
antacid potency. Simultaneously, neutralization capacities
of the tonic Chinese herbal prescriptions, SJZT, SLBZS,
were better than that of water.

DISCUSSION

There have recently been extraordinary advances in the
understanding of the pathophysiology and treatment
of PU". Tt is generally accepted that it results from an
imbalance between gastric aggressive factors and main-
tenance of the mucosal integrity through an endogenous
defense mechanism”. The main aggressive factors report-
ed for several decades are acid and pepsin. Therefore, PU
disease has been predominantly treated with antacids, Ha
receptor antagonists and proton pump inhibitors. Among
these, antacids have been widely used in the treatment of
ulcer disease for many yeats.

Antacids heal ulcers through elimination of gastric
acid by neutralization; however, they do not decrease the
volume of gastric secretions. Different antacid drugs
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vary markedly in their /# vivo and in vitro potency, and
that should be taken into account when antacids are pre-
scribed. On the other hand, potency is not the only factor
that should be considered in the choice of an antacid.
Cost, taste, salt content, bowel habit, and side effects are
also important.

Although antacids have been used frequently, their
side effects and drug interactions represent a major clini-
cal problem. Consequently, traditional Chinese herbal
medicines have recently generated increasing interest for
the treatment of ulcer disease. The common Chinese
herbal prescriptions nourishing the spleen and stomach,
SJZT and SLBZS, are traditionally used for the treat-
ment of gastrointestinal diseases in oriental countries.
Therefore, the present study applied the titration method
of Fordtran’s model and the modified model of Vatier’s
artificial stomach, which mimic the regular physiological
functioning of a human stomach, to explore the antacid
effects of the tonic Chinese herbal prescriptions, SJZT
and SLBZS.

In the present study, the Chinese herbal prescriptions
SJZT and SLBZS were found to have antacid effects
in vitro. Compared with the water group, all the treatments
including SJZT, SLBZS, CAP and SB were shown to pos-
sess significant gastric acid neutralizing effects (Table 1).
With regard to the duration for consistent neutralization of
gastric acids, the neutralization duration of CAP and SIL-
BZS were significantly longer than that of water (Table 2).
Also, SB, CAP, SLBZS and SJZT exhibited significant ant-
acid capacities compared to water (Table 3). According to
these findings, the Chinese tonic prescriptions, SJZT and
SLBZS, are suggested to have antacid effects similar to
CAP and SB.

Efficacious, intensive antacid therapy is often unaccept-
able because of the common side effects, especially altered
bowel functions. Aluminum salts may cause constipation
and magnesium salts cause diarrhea. SB should be avoided
even though it is a potent neutralizer of acid because it con-
tains significant amounts of sodium and may alter the sys-
temic pH. In addition, antacid drug interactions have been
frequently reported and this is a problem worthy of being
noticed. The most clinically significant interactions occur
with ferrous sulfate, tetracycline and quinolone antibiotics.
Other interactions are potentially significant because they
involve drugs with narrow therapeutic ranges. Considering
the side effects and interactions of antacids, the traditional
Chinese prescriptions possessing fewer side effects should
be looked to as an alternative for the treatment of PU.

In traditional Chinese medicine, the spleen and stomach
are the principal organs in tonification and are responsible
for receiving, digesting and transforming food and drink
into Qi, Blood and Body Fluids"®. Qi is a type of refined Es-
sence produced by the internal organs. Q7 insufficiency may
manifest in specific organs. For instance, Spleen-Qi defi-
ciency manifests as a poor appetite, abdominal distension,
loose stools or diarrhea, a feeling of heaviness in the limbs
and fatigue“s’wl. The herbs that tonify the Q7 are very ef-
fective for improving the general condition and treating

general weakness. Traditionally, the Chinese herbal prescrip-
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tions tonifying the spleen and stomach are widely used for
the treatment of gastrointestinal diseases in oriental coun-
tries™. SJZT and SLBZS are common Chinese herbal pre-
scriptions tonifying the spleen and stomach. As described
above, SJZT consists of six herbal medicines and SLBZS
consists of eleven herb components. Among these, Panax
ginseng, Atractylodes ovata, Poria cocos and Ghyeyrrhiza uralensis are
the major herbs in SJZT and SLBZS. Since these herbs are
commonly used for tonifying (7 in clinical practice, further
studies for the identification of the active components and
to elucidate their mode of action ate in progress.

In conclusion, the Chinese herbal prescriptions SJZT
and SLBZS are consistently active in the attificial stomach
model. There may be a potential benefit in offering these as
an alternative for the treatment of PU. The mechanism of
antacid activity by SJZT and SLBZS is not proven from the
present results and requires further investigations.

COMMENTS

Background

Antacids, Hz receptor antagonists and proton pump inhibitors are the predominant
drug therapies for the treatment of peptic ulcer (PU). Although effectiveness can
be obtained with these drugs, their potential side effects and drug interactions
represent a major problem in therapy. Traditional Chinese herbal medicines have
recently generated increasing interest for the treatment of ulcer disease.

Research frontiers

Si-Jun-Zi-Tang (SJZT) and Shen-Ling-Bai-Zhu-San (SLBZS), the common
Chinese herbal prescriptions tonifying the spleen and stomach, are traditionally
used for the treatment of gastrointestinal diseases in oriental countries. The
present study aimed to assess the antacid effects of SJZT and SLBZS on gas-
tric acid neutralization compared with water and the active controls. The antacid
effects were assessed in vitro using the titration method of Fordtran’s model,
and the modified model of Vatier’s artificial stomach was utilized to determine
the effects on gastric acid secretion and emptying.

Innovations and breakthroughs

Clinical experience indicates the Chinese herbal prescriptions tonifying the
spleen and stomach are traditionally used for the treatment of gastrointestinal
diseases in oriental countries. Their anti-ulcer effects needed to be proven
by scientific studies. This research is the first study using a modified artificial
stomach model to reveal the antacid effects of SJZT and SLBZS. The related
findings might contribute to clinical applications in future.

Applications

The study highlighted the antacid activities of SJZT and SLBZS in the artificial
stomach model. There may be a potential benefit in offering an alternative for
the treatment of PU. Further investigations for the identification of active com-
ponents and to elucidate the mechanism of action are in progress.

Terminology

SJZT is a Chinese prescription consisting of six herb components: Panax ginseng,
Atractylodes ovata, Poria cocos, Glycyrrhiza uralensis, Zingiber officinale, and
Zizyphus jujube. SLBZS is a Chinese prescription consisting of eleven herb com-
ponents: Atractylodes ovata, Poria cocos, Panax ginseng, Glycyrrhiza uralensis,
Dioscorea batatas, Dolichos lablab, Coix lachryma-jobi, Amomum xanthioides,
Platycodon grandiflorum, Nelumbo nucifera and Citrus erythrosa.

Peer review

Antacid effects of Chinese herbal prescriptions assessed by a modified artificial
stomach model. This paper comprises an antacid and anti-ulcer study on two
Chinese herbal preparations evaluated in an artificial stomach model. The study
design is simple and easy to understand and useful in evaluating antacid studies.
Itis a neat and good study.
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