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Abstract

AIM  To observe the effects of Qiwei Baizhu Powder
(QWBZP) on rotaviral gastroenteritis in children and in
animal models.

METHODS  Enrolled patients were divided into two
groups, and one group was treated with oral
rehydration solution (ORS) and the other treat ed with
oral liquid of QWBZP. Neonate mice were orally infected
with 50 µµµµµL rotavirus suspension (4×108 PFU/mL) and
treated with ORS or oral liquid of QWBZP, respectively.

RESULTS Eighty-three cases of rotaviral gastroenteritis
treated with QWBZP revealed a better efficacy than
that treated with ORS (χχχχχ2 = 10.87, P<0.05). The
contents of sodium and glucose as well as number of
patients with positive human rotavirus antigen in stool
in QWBZP group were all less than that in ORS group.
In a nimal models, QWBZP was found effective in
treating rotavirus gastroenteritis in neonate NIH mice,
as compared with control groups. In QWBZP group,
the mortality of infected mice was decreased by 73.3%,
the body weight of infected mice was increased, the
contents of sodium and glucose as well as number of
mice with positive rotavirus antigen in feces were
significantly reduced, and the pathological changes
such as damage of small intestinal mucosa and villi were
also obviously alleviated.

CONCLUSION  QWBZP has effects on improving the
absorptive function of small intestine, shortening the
duration of diarrhea and rotavirus shedding from stool
and alleviating the pathological changes of small
intestine induced by rotavirus.

Subject headings gastroenteritis/drug therapy; rotavirus
infections/drug therapy; Qiwei baizhu powder/therapeutic use;
disease models, animal
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INTRODUCTION
Rotavirus is the most common cause of acute gastroenteritis in
infants and young children all over the world[1-4]. Although
rotaviral diarrhea is a self -limited disease, it caused 870 000
deaths per year in developing countries[5], even a small part of
patients were involved in encephalopathy[6,7]. The primary
treatment of this illness is oral or intravenous rehydration to
modulate dehydration and electrolyte disturbances due to
vomiting and wat ery diarrhea[8,9]. Based on the oral rehydration
solution (ORS) recommen ded by World Health Organization
(WHO)[10,11], reduced osmolarity ORS[8], addition of
Lactobacillus GG to ORS[12,13], and rice-based solution[14] have
been used to treat this disease. Also, oral immunoglobulins
was used as antiviral therapy[15,16], and rotavirus candidate
vaccines are developing[17], in which a oral tetravalant, rhesus
rotavirus-based, human reassortant vaccine has been licensed
in USA[18].
      To seek more effective and cheaper drugs to treat rotaviral
diarrhea from Chinese medicinal herbs, we found that a Chinese
traditional medical prescription named Qiwei Baizhu Powder
(QWBZP) had been employed to treat acute diarrhea in infants
and children for nearly one thousand years in Traditional
Chinese Medicine (TCM). QWBZP was written by a famous
ancient Chinese pediatrician who named ZhongYang Qian and
lived from 1035 to 1117. After Mr. Qian, many other ancient
Chinese pediatricians demonstrated that QWBZP had good
effects in shorting diarrhea and improving the symptom of thirst
in their pediatric works. According to their description and our
clinical experiences, we prepared oral liquid from QWBZP[19],
and tested the effects of the oral liquid in treating rotaviral
infection in clinical and experimental studies. This traditional
Chinese prescription was shown to be effective in inhibiting
replication of human rotavirus at monolayer of MA104 cells[20].
In the present study, we investigate the effects of QWBZP in
treating rotaviral gastroenteritis in both clinic and animal
models.

PATIENTS AND METHODS
Study population
All patients aged from 3 to 24 months (mean age 13.5±3.2
months) were observed at pediatric wards or out-patients
service in both the hospital affiliated to Hunan Province
Academy of Traditional Chinese Medicine and the Second
Hospital of Shuangfeng County at Hunan Province in China
from October 1993 to March 1996. Patients enrolled into the
study were diagnosed based on clinical symptoms and
laboratory tests in accordance with the diagnostic standard
worked out by the Chinese Ministry of Health[21]. That was:
the age of patients was less than 24 months, history of acute
watery diarrhea less than 72 hours with or without upper
respiratory symptoms, negative pathogenic bacteria in stool
culture, positive of rotaviral antigen in stool samples. Any
patient with negative rotaviral antigen or positive pathogenic
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germs was excluded.

Preparation of oral liquid from QWBZP and oral rehydration
solution
The oral liquid prepared from QWBZP was described as
previously[19]. The prescription of Qiwei Baizhu Powder was
composed of seven kinds plants or herbs as listed below: Panax
ginseng C. A. May, 7.5 gm; Poriacocos (Schw.) Wolf, 15 gm;
Atractylodes macrocephala Koidz, 15 gm; Glycyrrhiza uralensis
Fisch, 3 gm; Pogostemon cablin (Blanco) Benth, 15 gm; Pueraria
lobata (Willd.) Ohwi, 30 gm; and Viadimiria souliei (Franch.)
Ling, 6 gm.Briefly, the seven medicinal materials were washed
and dried. Among them, Glycyrrhiza was fried with a little honey.
These medicinal materials were carefully weighed and grounded
into powder. The seven kinds of powder were mixed together
and decocted with eight-fold of water (w/w) until half the water
was evaporated off. The volatile oil evaporated from these herbs
was collected at the same time. The decoction was extracted
and filtered through 50 µM hole of sieves, then clarified at 4
overnight. The supernatant was collected and mixed with the
volatile oil, bottled in 200 mL per glass flask, sealed and sterilized.
The bottled decoction were stored at 4  and used as oral
liquid of QWBZP. Detected by high performance liquid
chromatography (HPLC) or automatic analyzer (7170A type,
Hitachi, Japan), the oral liquid contained 12.6mg/L gensenoside
Rg1, 95.3 mmol/L K+, 50.6 mmol/L Cl-, 37.4 mmol/L Na+, 2.01
mmol/L Ca2+, with pH 6.1. The oral rehydration solution was
prepared according to the formulae recommended by WHO,
and contained in mMol per liter, Na+90, K+20, HCO3

-30, Cl-80 ,
glucose 110 with pH 7.5[2,10,11].

Treatment protocol
The enrolled patients were divided into two groups at random,
one was ORS group, and the other was QWBZP group. There
were 83 patients in QWBZP group, aged 3-24 months (mean
age 13.6±3.5 months), with histories of watery diarrhea for 21 to
72 hours (mean history of diarrhea 53.5±12.4 hours), 50 boys
and 33 girls, 65 moderate cases, and severe 18. And 72 cases in
ORS group, aged 3-24 months (mean age 14.1±4.1 months),
with histories of diarrhea for 19-72 hours (mean history
56.2±13.7 hours), 41 boys, 31 girls, 56 moderate cases, and 16
severe cases. Patients in QWBZP group were fed with the oral
liquid of QWBZP, and ORS group were fed with oral rehydration
solution for three days. Children aged less than 12 months
were fed 5 mL of ORS or QWBZP each time, children aged 12-24
months were fed 10mL ORS or QWBZP each time. The total
dose per day was 10-15 mL·kg-1·d-1. During the treatment, the
children continued to have their mother’s breast-milk or milk or
their usual food, other treatment including antibiotics, and
antimobility drugs were not used[2,21]. Their stool frequency
was recorded. The children were observed until the cessation
of diarrhea. If their symptoms such as diarrhea, vomiting, and
dehydration became more severe after 24 hours of treatment in
both groups, these patients would receive intravenous
rehydration and other treatments, who were considered as
inefficient cases statistically.

Laboratory tests
Before and during the observation, blood and stool samples of
patients were collected for detection of glucose, electrolytes,

hematocrit, antigen of rotavirus, and pathogenic bacteria
including Salmonella, Shigella, Vibrio cholerae, and
enteropathogenic Escherichia coli. Stool was placed in Eagle’s
medium complemented with 5% bovine serum, 5 U/mL penicillin
and 5 µg/mL streptomycin, and frozen until examined for
rotavirus antigen by enzyme-linked immunosorbbent assay
(ELISA). The monoclonal antibody against human rotavirus
was supplied by Dr. Zhu SH, Laboratory of Immunology at
Medical College of Zhejiang University, Hangzhou)[22-24] or
under direct electron microscopy[25]. Concentration of glucose
in stool, and contents of electrolytes in serum and stool were
measured by automatic analyzer. hematocrit was tested by
microtube method.

Evaluation of curative effect
The curative effect was classified into three categories: 
cured: all of symptoms disappeared, normal appetite and stool,
negative rotaviral antigen in stool, normal value of laboratory
tests;  efficient: stool output and frequency were obviously
decreased, appetite improved, index of laboratory tests
improved; and  inefficient: stool output and frequency as
that before treatment, dehydration was not improved or even
worse, rotavirus antigen was positive or negative.

METHODS IN ANIMAL MODELS

Cells and virus
MA104 cells, a cell line derived from fetal rhesus monkey kidney,
were obtained from Prof. Hong T, Institute of Virology, Chinese
Academy of Preventive Medicine. The cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM , Gibco Inc.,
USA) complemented with 10% fetal bovine serum, 5U/mL
penicillin, 5ìg/mL streptomycin, and 10mmol/L HEPES. Human
rotavirus (HRV) Wa strain was kindly granted by Dr. Qian Y,
Laboratory of Virology at Capital Pediatric Institute of China
through the authority of Dr. Kapikian AZ, National Institute of
Allergy and Infectious Diseases, NIH of USA. The virus was
replicated at the monolayer of MA104 cells[26-29]. When the viral
titer was raised to 108 PFU/mL after several passages, the viral
suspension was stored at -80  and employed to inoculate
animals.

Animal infection
Pregnant dam mice (NIH strain, supplied by Experimental Animal
Department at Hunan Institute of Medicinal Industry) were fed
in sterile cages. The new born pups were maintained in germfree
isolators at 20  room temperature and fed with sterilized milk
in germfree conditions. The neonate mice were divided into 4
group at 2 days of age. The four groups were normal group,
infected group, ORS group, and QWBZP group. Pups in the
later three groups were orally inoculated with 50 µL of cold
viral suspension of 4×108 PFU/mL human rotavirus according
to the METHODS as described for mice[30-34]. Neonate mice in
normal group were not inoculated. Pups in each group were
maintained in isolated room after division.

Treatment
After 24 hours of inoculation, the pups in ORS group and in
QWBZP group were fed with 0.1 mL of ORS or 0.1 mL oral
liquid of QWBZP each time, respectively, 4 times per day for
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three days. The total dose was 0.5 mL, or about 150 mL·kg-1·d-1.
Pups in normal group and infected group were fed with sterilized
distilled water at the same dose as other two groups. Aside the
oraltherapy, all pups in the four groups were fed with 0.1 mL
sterilized milk, three times per day.

Observation and laboratory tests
After inoculation, the intake of food, body weight, activity,
and number of death of the pups in all four groups were carefully
recorded daily until 10 days after inoculation. For the
observation of the intake of food, when fed with 0.1 mL milk,
there was a white round lump in the stomach of pup to be seen
through the transparent skin. If the digestive function and
absorptive function of neonate mouse were normal, the white
lump in the stomach of pup gradually became smaller and smaller
after feeding. If the digestive and absorptive functions were
decreased, the white lump in stomach did not become smaller,
in contrast, the a bdomen of the pup became distended. In this
condition, the next feed of milk was not needed. For assessment
of diarrhea, when the abdomen of pup was gently pressed[35,36],
the watery stool or loose yellow stool was shedding fro m the
anus of the pup. The blood samples and stool specimen were
collected before the treatment and at day 4 and 7 after infection
for the analysis of serous electrolytes, glucose, and hematocrit,
and rotaviral antigen, electrolyte, and glucose in stool. The
METHODS of analysis was described in clinical study.

METHODS of statistics
All quantitative data in the study were presented as x±s, and
compared by Student’s t test between two group or by analysis
of variance (ANOV) among three groups or more than three
groups. The dichotomous data were compared with Chi-square
test.

RESULTS
Effects of antidiarrhea
After treatment for 3 days, 71 cases in QWBZP group and 45
cases in ORS group had formed stool, and their symptoms of
vomiting, diarrhea, dehydration, and fever disappeared. As seen
in Table 1, the cured cases in QWBZP group we re more than
that in ORS group (χ2 = 10.87, P<0.01) , while the inefficient
cases in QWBZP group were less than that in ORS group (χ2 =
5.85, P<0.05). From these cured cases, the duration from
beginning of treatment to stop of diarrhea was 25.9±13.5 hours
in QWBZP group, and 41.8±19.3 hours in ORS group. The
duration of cessation of diarrhea in QWBZP group was
shortened as compared with ORS group (t = 5.86, P<0.01). The
results showed that the curative effect of QWBZP in treating
rotaviral diarrhea was better than that of ORS.

Table 1   The curative effect of QWBZP and ORS

Group   Total cases       Cured cases     Efficient cases     Inefficient cases

ORS          72        45      15         12
QWBZP         83        71                     8                          4

Changes of electrolytes in serum and sodium and glucose in
stool
Hematocrit and serum electrolytes of patients were all improved
in the two groups after treatment, but as seen in Table 2, more
improvedment were shown in QWBZP group. Contents of
sodium and in stool samples of patients were not changed in
ORS group, but remarkably reduced in QWBZP group as seen
in Table 3. The results showed that QWBZP had the effects in
reducing the contents of sodium and glucose in stool and
promoting the absorptive function of small intestine to intake
sodium and glucose from intestinal cavity.

Table 2   Changes of electrolytes in serum and hematocrit after treatment (x±s)

Treatment      Cases         Time point           Na+ (mmol/L)          K+ (mmol/L)          Cl- (mmol/L)         Hematocrit (%)

ORS 72     Before treatment 146.4±9.4 3.9±0.2   98.5±5.0 50.6±4.6
    After treatment 140.6±7.3a 4.1±0.3 102.4±6.7 45.7±3.8a

QWBZP 83     Before treatment 145.7±8.6 3.8±0.2 101.0±5.4 51.2±4.4
    After treatment 141.2±8.1a 3.9±0.3 103.5±4.8 46.1±5.8a

aP<0.05 vs the same group before treatment.

Table 3   Changes of sodium and glucose in stool after treatment (mmol/L, x±s)

Treatment     Cases         Time point Sodium            Potassium Chloride glucose

ORS 72     Before treatment 25.3±4.1 18.5±3.4 11.7±2.6 0.9±0.2
    After treatment 26.8±4.7 11.7±4.1 13.0±3.1 1.0±0.4

QWBZP 83     Before treatment 26.2±4.3 17.3±3.5 12.4±2.5 0.9±0.3
    After treatment 11.5±3.6a,b 10.4±2.8a,b 6.8±2.7a,b 0.2±0.1a,b

aP<0.05 vs the same group before treatment; bP<0.05 vs ORS group.

The clearance of rotaviral antigen in stool
There were positive rotaviral antigen or rotaviral particals in
stool samples of all patients in two groups. After 3 days of
treatment, 13 cases became positive for rotavirus in QWBZP
group, 45 cases in ORS group. Significant difference was seen
between the two groups (χ2 = 30.47, P<0.01). The result indicted
that treatment with QWBZP can shorten the duration of
rotavirus excretion from stool.

The taste of the oral liquid QWBZP
Compared with ORS, the oral liquid of QWBZP tastes slightly
sweat and free from bitterness. So the oral liquid was easy to be
drunk for infants and young children. In contrast, ORS was so
bitter, which often induced vomiting maleings the patients refus
to drink. Furthermore, the appetite, the intake of food, the
activities, and nutrition of patients in QWBAZ group were
considerably improved. No side-effect was presented during
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the treatment with QWBZP.

The endpoint of diarrhea and mortality of mice
The neonate mice were ill with decreased digestive function
(the white lump in stomach was not decreased after 4-8 hours
of feeding with milk), abdominal distension, and watery diarrhea
at 48 hours of rotaviral inoculation. Dehydration occurred after
3 days of rotavirus infection with the presence of dry, loose,
and wrinkly skin, in activities. Symptoms of prostration,
cyanosis, and weight loss appeared at day 4 after inoculation.
All of the pups in infected group (15/15), 10 mice in ORS group
(10/15), 4 mice in QWBZP group (4/15) died during the
observation. But still 1 mouse died in the normal group. The
surv ivals in QWBZP group were more than that in the infected
group (χ2 = 17.37, P<0.01) and in ORS group (χ2 = 4.82, P<0.05).
The diarrhea in survived mice stopped at day 6-12 after
inoculation. The diarrhea in QWBZS group stopped at day 5-
10 (7.4±1.3 days ), and in ORS group at day 8-12 (9.9±1.8 days)
after infection. There was significant difference between the
two groups (t = 2.79, P<0.05).

Changes of body weight
The body weight of mice in all four groups are shown in Table
4. The body weight of mice in infected group was not increased,
but that in QWBZP group was increased after three days of
treatment. The result indicated that treatment with QWBZP
could rectify dehydration and improve nutrition of mice infected
with rotavirus.

Table 4   Changes of body weight of mice after inoculation (g, x±s)

 Days post-inoculation
Group n

   1 d    4 d    7 d

Normal 4 2.2±0.2 2.8±0.4 5.1±0.6
Infected 5 2.1±0.3 2.2±0.2 2.3±0.4
ORS 5 2.2±0.2 2.4±0.3 3.6±0.5a

QWBZP 6 2.1±0.3 2.7±0.4a 4.8±0.5b

aP<0.05, bP<0.01 vs infected group.

Changes of laboratory value
As shown in Tables 5-9, contents of sodium and glucose in
stool samples from the mice in QWBZP group were both
decreased in comparison of infected group and ORS group at
day 4 and 7 after inoculation. Hematocrit of mice in QWBZP
and ORS groups were also improved. Content of sodium and
glucose in blood were not changed in all four groups after
treatment. These results suggested that QWBZP had effects in
promoting the absorption of sodium and glucose after rotavirus
infection.

Table 5   Changes of content of fecal sodium (mmol/L, x±s)

 Days post-inoculation
Group n

    1  d     4 d     7 d

Normal 4   9.5±0.6 10.2±0.8   9.3±1.2
Infected 5 10.1±1.1 22.9±2.2a,b 24.7±1.9a,b

ORS 5   9.7±0.9 26.5±1.3a,b 15.7±1.9c,d

QWBZP 6 10.4±1.1 11.6±1.4 11.2±1.1

aP<0.001, bP<0.01 vs QWBZP group. cP<0. 001, dP<0.01 vs the same
group before treatment.

Table 6   Changes of content of glucos in stool (mmol/L, x±s)

Days post-inoculation
Group n

   1 d    4 d    7 d

Normal 4 0.1±0.2 0 0.1±0.1
Infected 5 0 1.1±0.3a 1.3±0.4a

ORS 5 0 1.2±0.4a 1.2±0.3a

QWBZP 6 0.1±0.1 0.2±0.2 0.1±0.1

aP<0.01 vs QWBZP group.

Table 7   Changes of content of glucos in serum (mmol/L, x±s)

Days post-inoculation
Group n

   1 d    4 d    7 d

Normal 4 4.4±1.2 3.9±1.4 4.1±1.2
Infected 5 4.2±0.9 3.8±1.3 4.3±0.9
ORS 5 4.4±0.8 4.6±1.4 4.5±1.7
QWBZP 6 4.1±1.6 4.5±1.5 4.8±1.6

Table 8   Changes of content of serous sodium (mmol/L, x±s)

Days post-inoculation
Group n

      1 d       4 d       7 d

Normal 4 140.6±7.8 142.1±8.6 141.7±8.4
Infected 5 141.8±9.6 143.5±9.9 142.3±8.7
ORS 5 142.5±8.8 145.8±7.6 144.7±9.2
QWBZP 6 140.6±7.5 141.6±8.6 142.4±8.5

Table 9   Changes of hematocrit after treatment (%, x±s)

Days post-inoculation
Group n

    1 d     4 d     7 d

Normal 4 42.1±5.6 41.3±4.2 40.5±4.4
Infected 5 43.5±4.8 52.2±5.4a 54.2±5.1a

ORS 5 42.7±5.2 46.7±3.4 46.5±3.7
QWBZP 6 43.9±5.5 45.7±4.7 43.4±4.1

aP<0.05 vs normal group.

Reduction of rotavirus shedding from stool
There were 2 mice with positive rotaviral antigen in stool in
QWBZP group (2/1 5), 9 mice with positive rotaviral antigen in
infected group (9/15), and 10 mice with positive rotaviral antigen
in ORS group (10/15) at day 4 after inoculation. No mouse with
positive rotaviral antigen was seen in the normal group. The
mice with rotaviral antigen positive in QWBZP group were less
than that in infected group (χ2 = 8.1, P<0.01) and in ORS group
(χ2 = 13.3, P<0.01).

Histological changes of intestine
Main morphological changes seen at day 4 after rotavirus
infection were villous shorting and exfoliation, irregular
construction of small intestinal mucosa with infiltration of
lymphocytes, thinned intestinal wall. At day 7 after inoculation,
the villi of small intestine became rarer and the intestinal wall
became thinner. The pathological changes in ORS group were
the same as that in infected group at day 4 after inoculation,
and at day 7, the pathological changes were obviously
moderated in comparison with that in infected group, but more
severe than that in QWBZP group. Compared with control
groups, the villi and mucosa construction of small intestine
were alleviated at day 4 after in oculation, and were nearly
normal at day 7 after rotaviral infection. These results
suggested that QWBZP had the effect in protecting intestinal
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mucosa against the damage induced by rotavirus infection.

DISCUSSION
The results of this study clearly indicated that treatment with
the oral liquid of QWBZP significantly shortened the duration
of diarrhea and rotavirus shedding from stool, reduced the
contents of sodium and glucose in stool samples as compared
with ORS treatment in clinic. In animal models, treatment with
QWBZP remark ably reduced rotavirus antigen in feces,
decreased the mortality of infected mice, reduced the contents
of sodium and glucose in stool, and alleviated the damage of
small intestinal mucosa and villi. These results suggested that
QWBZP had the effects in improving in absorptive function,
protecting intestinal mucosa against in jury induced by rotavirus
infection, and enhancing the clearance of rotavirus from stool.
Another noteworthy finding in this study during clinical
observation w as that the less bitter taste of the liquid of QWBZP
was easily accepted by children as compared with ORS.
       According to the epidemiology, only 0% to 20 % of summer
diarrhea cases were rot avirus associated, while 70% to 80% of
winter diarrhea cases were due to rotavirus[11,37], and 55.9% of
all hospitalized diarrheal children were associated with rotavirus
and significantly clustered during winter months in China[38].
Resides vomiting, watery diarrhea, and dehydration, most
patients with rotaviral diarrhea had upper respiratory symptoms
such as fever, cough, and sneeze[39]. These clinical
manifestations of rotavirus diarrhea were similar to one type of
acute diarrhea named “cold diarrhea” in TCM. The “cold
diarrhea” is thought to be caused by cold weather, cold wind,
or cold food, which mostly occurred in winter or cold climates.
The “cold diarrhea” was first described by Mr. Qian ZY. Qian
said in his pediatric work: “If their diarrhea is caused by cold
and wind , the children will have vomiting, fever, cough,
sleepiness, thirst, and diarrhea with yellow watery stool. The
patients need to drink decoction of Qiwei Baizhu Powder for
quenching their thirst”. Following Mr. Qian, many other ancient
Chinese pediatricians treated acute diarrhea in children with
QWBZP. They recorded the effects of QWBZP in anti-diarrhea,
quenching thirst, and improvement of appetite in detail. In our
clinical practice, we observed that treatment wit h QWBZP not
only shortened the duration of diarrhea and rotavirus shedding,
but also improved the condition of nutrition and appetite of the
ill patients. Therefore treating rotaviral diarrhea with QWBZP
yielded better results than with ORS. The theory of TCM
considered that the digestive and absorptive function in young
children was immature, so children were susceptible to diarrhea.
Treatment for acute diarrhea in childhood with QWBZP can
improve the digestive and absorptive function and quench
thirst induced by vomiting and diarrhea through the effect of
“Bupi” of this prescription.
     Following infection of rotavirus, the duodenal biopsies
showed a patchy irrgulalarity of mucosal surface, shorting and
bunting of the villi, distorting microvilli of absorptive cell[40].
As a consequence of virus replication in the cytoplasm and
viral shedding, the infected cell at the surface of villilysed and
the villious tip became atrophic[2,11,41], and the villious surface
was replaced by immature cells migrating from the crypts[42].
The destruction of mature enterocytes and replacement of
immature crypt cells result in reduced levels of disaccharidase

and xylose absorption[43], and decrease in the absorptive surface
of the small bowel. So diarrhea caused by rotavirus is mainly
due to decreased absorption[11,44]. Clinical studies demonstrated
that the stools of rotavirus diarrhea contained higher contents
of sodium and glucose than normal[45]. In our observation in
both clinic and animal models, we found that the contents of
sodium and glucose in feces in ORS group or infected group
were higher than that in QWBZP group. The result indicated
that treatment with QWBZP could promote the absorption of
sodium and glucose. The mechanism of ORS on rehydration
was based on glucose-facilitated sodium transport[46], while
the mechanism of QWBZP on treating rotavirus diarrhea would
be more complex and involved in improving the digestive and
absorptive function, protecting intestinal mucosa cells from
damage induced by rotavirus, and clearance of rotavirus.
       More recently, some studies identified that the non-structural
protein 4 (NSP4) of rotavirus is a viral enterotoxin, which
induced diarrhea by stimulating chloride secretion through a
calcium-depedent signaling pathway after binding to the
pulative receptor on the intestinal epithelium[34,44,47-50]. So the
rotavirus diarrhea is caused by reduction of absorption as well
as secretory hyperactivity[2,44,48]. The therapeutical method to
improve the absorptive function to enhance the intake of
sodium and glucose, therefore, plays an important role in
cessation of diarrhea. That may be the reason why the efficacy
of QWBZP is better than ORS. Indeed, a lot of studies in TCM
in recent years demonstrated that some of medicinal herbs
contained in QWBZP have effects of enhancing absorption of
D-xylose.
      As rotavirus diarrhea in children, rotavirus infection in
animal models is also a self-limited disease[36,51]. But in our
study, most of infected mice died of severe diarrhea and
dehydration without treatment of QWBZP. This result might
be due to different METHODS of feeding. In our study, we fed
neonate mice with sterilized milk orally, Guerin-Danan, et al let
the infected pups return to their dams and allowed to suckle[36].
Because breast milk contains IgA antibodies against rotavirus
and trypsin inhibitors, which will provide protection to breast-
fed infants[52]. Furthermore, it is well known that nutrition in
breast milk was more easily absorbed than that in other milk.
Treatment with QWBZP can promote the intake of nutrition
through improvement of digestive and absorptive function.
Therefore, the body weight was increased and most infected
mice survived in the QWBZP group as compared with the
infected group as well as ORS group.

REFERENCES
1 Cook SM, Glass RI, LeBaron CH, Ho MS. Global seasonility of rotavirus

infections. Bull WHO, 1990;68:171-177
2 Desselberger U. Rotavirus infections: guidelines for treatment and

prevention. Drugs, 1999;58:447-452
3 Bajolet O, Chippaux HC. Rotavirus and other viruses of diarrhea.

Bull Soc Pathol Exot, 1998;91:432-437
4 Steele JC Jr. Rotavirus. Clin Lab Med, 1999;19:691-703
5 Glass RI, Grentsch JR, Ivanoff B. New lessons for rotavirus vaccines.

Science, 1996;272:46-48
6 Takahashi S, Oki J, Miyamoto A, Koyano S, Ito K, Azuma H, Okuno

A .  E n c e p h a l o p a t h y  a s s o c i a t e d  w i t h  h a e m o p h a g o c y t i c
lymphohistiocytosis following rotavirus infection. Eur J Pediatr, 1999;
158:133-137

7 Schumacher RF, Forster J. The CNS symptoms of rotavirus infections
under the age of two. Klin Padiatr, 1999;211:61-64



8 International study group on reduced-osmolarity ORS solutions.
Multicentre evaluation of reduced- osmolarity oral rehydration salts
solution. Lancet, 1995;345:282-285

9 Bhan MK, Mahalanabis D, Fpntaine O. Clinical traols of improved
oral rehydration salt formulations: a review. Bull WHO, 1994;74:945-
955

10 WHO Scientific Working Group. Rotavirus and other viral diarrheas.
Bull WHO, 1980;58:183-198

11 Steinhoff MC. Rotavirus: The first five years. J Pediatr, 1980;96:611-
623

12 Majamaa H, Isolauri E, Saxelin M. Lactic acid bacteria in the treat-
ment of acute rotavirus gastroenteritis. J Pediatr Gastroenterol Nutr,
1995;20;333-338

13 Guandalini S, Pensabene L, Zikri MA, Dias JA, Casali LG, Hoekstra
H, Kolacek S, Massar K, Micetic Turk D, Papadopoulou A, de Sousa
JS, Sandhu B, Szajewska H, Weizman Z. Lactobacillus GG adminis-
tered in oral rehydration solution to children acute diarrhea: a
multicenter European trail. J Pediatr Gastroe nterol Nutr, 2000;30:54-60

14 Todaro W, Wall C, Edwards K, Cleghorn G. Acceptability of a rice-
bas ed oral rehydration solution in Port Moresby General Hospital’s
Children’s Outpatient Department. P N G Med J, 1995;38:278-283

15 Sarker SA, Casswall TH, Mahalanabis D, Alam NH, Albert MJ,
Brüssow H, Fuchs GJ, Hammerstrom L. Succesful treatment of rotavirus
diarrhea in children with immunoglobulin from immunized bovine
colostrum. Pediatr Infect Dis J, 1998;17:1149-1154

16 Ylitalo S, Uhari M, Rasi S, Pudas J, Leppaluoto J. Rotaviral antibodies
in the treatment of acute rotaviral gastroenteritis. Acta Pediatr, 1998;
87:264-266

17 Advisory Committee on humanization Practices (ACIP). Rotavirus
vaccine for the prevention of rotavirus gastroenteritis among children.
MMWR Morb Mor tal Wkly Rep, 1999;48:1-20

18 Jacobson RM. The cureent status of the rotavirus vaccine. Vaccine,
1999;17:1690-1699

19 Li SX, He ST, Chen ZX. Study on preparation procedure for Qiwei
Baizhu oral liquid. Chin J Tradition Patent Med, 1997;19:1-3

20 He ST, He FZ, Wu CR, Ou ZW, Li SX, Wang S. Effects of Qiwei
Baizhu Powder in inhibiting replication of human rotavirus in vitro.
Chin J Integ Tradition West Med, 1995;15:669-671

21 The Ministry of Public Health of People’s of Republic China. Protocol
of prevention and therapy for diarrhea in infants and young children.
Chin J Pediatr, 1987;25:175-176

22 Yolken RH, Barbour B, Wyatt RG, Kalica AR, Kapikian AZ, Chanock
RM. Enzyme-linked immunosorbent assay for identification of
rotaviruses from different animal species. Science, 1978;201:259-262

23 Shao CS, Luo YF, Zhu SH. Study on the method of enzyme-linked
immunosorbent assay (ELISA) for detection of human rotavirus. Chin
J Lab Med, 1991;14:98-100

24 Thouless ME, Beards GM, Flewett TH. Serotyping and subgrouping
of rota virus strains by the ELISA test. Arch Virol, 1982;73:219-230

25 Kapikian AZ, Kim HW, Wyatt RG, Rodriez WJ, Ross S, Cline WL,
Parrott RH, Chanock RM. Reovirus-like agent in stools: association
with infantile diar rhea and development of serologic tests. Science,
1974;185:1049-1053

26 Urasawa T, Urasawa S, Taniguchi K. Sequential passages of human
rotavirus in MA-104 cells. Microbiol Immunol, 1981;25:1025-1035

27 Sato K, Inaba Y, Shinozaki T, Fujii R, Matumoto M. Isolation of
human rotavirus in cell cultures. Arch Virol, 1981;69:155-160

28 Fukusho A, Shimizu Y, Ito Y. Isolation of cytopathic porcine rotavirus
in cell roller culture in the presence of trypsin. Arch Virol, 1981;69:49-
60

29 Wyatt RG, James HD, Pittman AJ, Hoshino Y, Greenberg HB, Kalica
AR, Flores J, Kipikian AZ. Direct isolation in cell culture of human
rotaviruses and their characterization into four serotypes. J Clin
Microbiol, 1983;18:310-317

30 Schoub BD, Prozesky OW. Antiviral activity of ribavirin in rotavirus
gastroenteritis of mice. Antimicr Agen Chemother, 1977;12:543-544

31 Bell LM, Clark HF, O’Brien EA, Kornstein MJ, Plotkin SA, Offit PA.
G stroenteritis caused by human rotavirus (serotype three) ina suck-

ling mouse model. Proc Soc Exp Biol Med, 1987;184:127-132
32 Offit PA, Clark HF, Kornsterin MJ, Plotkin SA. A murine model for

oral infection with a primate rotavirus (simian SA11). J Virol, 1984;51:
233-236

33 Heyman M, Corthier G, Petit A, Meslin JC, Moreau C, Desjeux JF.
Intest inal absorption of macromolecules during viral enteritis: an
experimental study on rotavirus-infected conventional and germ-
free mice. Pediatr Res, 1987;22:72-78

34 Feng N, Burns JW, Bracy L, Greenberg HB. Comparison of mucosal
and systemic humoral immune responses and subsequent protection
in mice orally inoculated with a heterogous rotavirus. J Virol, 1994;68:
7766-7773

35 Horie Y, Nakagomi O, Kashimura Y, Nakagomi T, Sueuki Y, Oka T,
Sasaki S, Matsnda Y, Watanabe S. Diarrhea induction by rotavirus
NSP4 in the homologous mouse model system. Virology, 1999;262:
398-407

36 Guerin-Danan C, Meslin JC, Lambre F, Charpilienne A, Serezat M,
Boule y C, Cohen J, Andrieux C. Development of a heterologous
model in gernfree suekling rats for studies of rotavirus diarrhea. J
Virol, 1998;72:9298-9302

37 Hamilton JR. Infections diarrhea: clinic implications of recent research.
CMAJ, 1980;122:29-32

38 Qiao H, Nilsson M, Abreu ER, Hedllund KD, Johansen K, Zaori G,
Svensson L. Viral diarrhea in children in Beijing, China. J Med Virol,
1999;57:390- 396

39 Hieber JP, Shelton S, Nelson JD, Leon J, Mohs E. Comparison of
human rotavirus disease in tropical and temperate settings. Am J Dis
Child, 1978;132:853-858

40 Bishop RF, Davidson GP, Holmes IH. Virus particles in epithelial
cells of duodenal mucosa from children with acute nonbacterial
gastroenteritis. Lancet, 1973;2:1281-1283

41 Fields BN, Knipe DM, Howley PM, Chanock RM, Melnick JL, Monath
TP, Roizman B, Straus SE. Fields Virology. 3rd ed. Philadelphia:
Lippincott-Raven, 1996:1657-1708

42 Snodgrass DR, Ferguson A, Frances A, Angus KW, Mitchell B. Small
intestinal morphology and epithelia cell kinetics in lamb rotavirus
infections. Gastroenterology, 1979;76:477-481

43 Mavromichalis J, Evans N, McNeish AS, Bryden AS, Davies HA,
Flewett TH. Intestinal damage in rotavirus and adenovirus gastroen-
teritis assessed by D-xylose malabsorption. Arch Dis Child, 1977;52:
589-591

44 Angel J, Tang B, Feng N, Greenberg HB, Bass D. Studies of the role
for NSP4 in the pathogenesis of homologous murine rotavirus
diarrhea. J Infect Dis, 1998;177:455-458

45 Nalin DR, Levine MM, Mata L, Cespedes C, William V, Lizano C,
Loria AR, Siarhon A, Mohs E. Comparison of sucrose with glucose in
oral therapy of infant diarrhea. Lancet, 1978;2:277-279

46 Sack DA, Chowdhury AMAK, Eusof A, Ali MA, Merson MH, Islam
S, Black RE , Brown KH. Oral hydration in rotavirus diarrhea: a
double blind comparison of sucrose with glycose electrolyte solution.
Lancet, 1978;2:280-283

47 Kirwood CD, Palombo EA. Genetic characterization of the
nonstructural protein, NSP4. Virology, 1997;236:258-265

48 Ball JM, Tian P, Zeng CQ, Moris AP, Estes MK. Age-dependent
diarrhea induced by a rotaviral nonstructural glycoprotein. Science,
1996;272:101-104

49 Tian P, Estes MK, Hu Y, Zeng CQ, Schilling WP. The rotaviral
nonstructural NSP4 mobilizes Ca2+ from the endoplasmic reticulum.
J Virol, 1995;69:5763-5772

50 Zhang M, Zeng CQ, Dong Y, Ball JM, Saif LJ, Morris AP, Estes MK.
Mutations in rotavirus nonstructural glycoprotein NSP4 are associ-
ated with altered virus virulence. J Virol, 1998;72:3666-3672

51 Salin AF, Phillips AD, Walker-Smith JA, Farthing MJ. Sequential
changes in small intestinal structure and function during rotavirus
infection in neuonatal rats. Gut, 1995;36:231-238

52 Jayashree S, Bhan MK, Kumar R. Protection against neonatal rotavirus
infection by breast milk antibodies and trypsin inhibitors. J Med
Virol, 1988;26:333-338

Edited by Ma JY

740            ISSN 1007-9327      CN 14-1219/ R         World J Gastroenterol    October 2001   Volume 7   Number 5


