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Tannins extract from Galla Chinensis can
protect mice from infection by
Enterotoxigenic Escherichia coli O101
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Abstract

Background: Enterotoxigenic Escherichia coli (ETEC) is classically associated with acute secretory diarrhea, which
induces 2 million people death in developing countries over a year, predominantly children in the first years of life.
Previously, tannins (47.75%) were extracted from Galla Chinensis and prepared as Galla Chinensis oral solution (GOS)
which showed significant antidiarrheal activity in a castor oil-induced diarrhea in mice. Whether the tannins extract
were also effective in treatment of ETEC-induced diarrhea was determined in this study.

Methods: Mice were randomly divided into 6 groups (n = 22). The mice in the normal and untreated groups were given
normal saline. Three GOS-treated groups were received different concentrations of GOS (5, 10 and 15%, respectively) at a
dose of 10mL/kg. Mice in the positive control group were fed with loperamide (10mg/kg). The treatment with GOS
started 3 days before infection with ETEC and continued for 4 consecutive days after infection. On day 3, mice were all
infected with one dose of LD50 of ETEC, except those in the normal group. Survival of mice was observed daily and
recorded throughout the study. On days 4 and 7, samples were collected from 6 mice in each group.

Results: GOS could increase the survival rate up to 75%, while in the untreated group it is 43.75%. The body weights of
mice treated with 15% GOS were significantly increased on day 7 in comparison with the untreated group and the
normal group. GOS-treatment recovered the small intestine coefficient enhanced by ETEC-infection. The diarrhea index of
mice treated with GOS was significantly decreased. GOS increased the levels of IgG and sIgA in the terminal ileum and
decreased the levels of pro-inflammatory cytokines (IFN-γ, TNF-α, IL-1β, IL-6 and IL-8) in serum. GOS could increase the
amount of intestinal probiotics, Lactobacilli and Bifidobacteria. GOS could alleviate colon lesions induced by ETEC-infection.
GOS showed higher potency than loperamide.

Conclusions: GOS could be a promising drug candidate for treating ETEC infections.
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Background
Enterotoxigenic Escherichia coli (ETEC) are a diverse
group of pathogens that have in common the ability to
colonize the small intestine, which are classically
associated with acute secretory diarrhea [1]. ETEC is a
food and water-borne pathogen, typically ingested by
contaminated food and drinking water; animals and
humans are easily infected [2, 3]. Two major types of
toxins, heat-labile enterotoxin and heat-stable entero-
toxin, are secreted by ETEC, which activate the cystic
fibrosis transmembrane conductance regulator (CFTR),
and then leads to a net flow of water from the cell into
the intestinal lumen, resulting in profuse watery diarrhea
[4]. On any given day, an estimated 200 million people
worldwide will suffer from gastroenteritis. Approxi-
mately 2 million of these people living in developing
countries would die as a result of these diseases in a
year, predominantly children in the first years of life [5].
Multiple pathogens are responsible for this suffering and
death in developing countries, but ETEC is regarded as
the most common bacterial cause of diarrhea [6]. There
are six major serotypes of ETEC, including O6, O27,
O101, O148, O149 and O159, and O101 is one of the
commonly causative agents for diarrhea [7]. Thus, in the
present study, the O101 strain is used to establish a
mouse model of ETEC -induced diarrhea.
Antibacterial activity against E. coli is always related to

antidiarrheal activity. Many medicinal plants were
validated as treatments for ETEC-infected diarrhea on
the basis of their ability to prevent or ameliorate diar-
rheal symptoms, such as anti-secretory and anti-motility
activities [8, 9]. Magnolol and honokiol could inhibit
ETEC O78-induced diarrhea by regulating the calcium-
activated potassium channels [10]. Chaenomeles speciosa
could inhibit E. coli heat-labile enterotoxin-induced
diarrhea [11]. Most of these plants contain tannins. It
was reported that tannins were one of the active
compounds to resist E. coil [9]. An herbal medicine
named modified Pulsatilla powder showed antibacterial
activity against ETEC O101 infection in mice [12].
Galla chinensis contains a large amount of tannins

[13]. It is the term used to describe the gall caused by
the Chinese aphid (family Pemphigidae) on the Rhus
leaves of the family Anacardiaceae (mainly Rhus chinen-
sis Mill, Rhus potaninii Maxim, and Rhus punjabensis
var. sinica (Diels) Rehd. et Wils) [14]. The medical uses
of Galla chinensis are various, including diarrhea,
inflammations, antibacterial and intestinal cancer [15].
It is reported that Galla chinensis extracts can inhibit
various bacterial growth in vitro, such as periodonto-
pathic bacteria [16], Staphycoccus aureus [17], E. coli
[18] and intestinal bacteria [19]. Other studies showed
Galla chinensis extract was effective on inactivation
of ETEC enterotoxin [20].

In our previous study, tannins extracted from Galla
Chinensis were prepared as oral solution (GOS), which
contained the tannins extract, purified water, appropriate
sweeteners and antioxidant. We found that tannins
extract showed significant antidiarrheal activity in a
castor oil-induced diarrhea model in mice [21]. The
acute toxicity study showed that the GOS is safe under
the dose of 2500mg/kg, and the LD50 is 3247.47 mg/kg
(Unpublished data). In the present study, whether
tannins from Galla Chinensis also possessed antibacterial
activity in the ETEC-infected mice model was tested for
the purpose of developing a new antidiarrheal drug.

Materials and methods
Tannins extraction and preparation of Galla chinensis oral
solution
The extraction process of tannins and preparation of
Galla chinensis oral solution (GOS) was described in
our previous report [21]. Briefly, tannins from Galla chi-
nensis were extracted by boiling water, and purified by
removal of impurities through chloroform extraction
and ethylacetate extraction, respectively. The content of
tannins was 47.75%. For convenient application, the tan-
nin was prepared as GOS with the tannins extract, puri-
fied water, appropriate excipients (sucrose, benzoic acid,
ethyl p-hydroxybenzoate and natrium pyrosulfurosum).
The GOS containing different concentrations of tannins
extract (5, 10 and 15%) were used in this study.

Animals
Four-week-old male ICR mice (Average body weight of
20 ± 2 g) were purchased from Chengdu Dossy Experi-
mental Animals Co., Ltd. [License No. SCXK (Sichuan)
2015–030]. The mice were reared in polypropylene
cages, for each cage with no more than 5 mice. Mice
were fed normally with NIH-07 standard diets
(TROPHIC Animal Feed High-tech Co Ltd., China) in
animal house at controlled temperature (23 ± 2 °C), with
alternating 12 h periods of light and dark. It took 7 days
to make animals get acclimatized to the new conditions.
Animals were monitored at least once daily prior to

infection and at least twice daily after infection. Any ani-
mal, body weight loss above 15% of initial weight [22],
showing signs of severe and enduring distress or charac-
terized as moribund [23], was considered as dead, and
then was euthanized by cervical dislocation. 34 of total
150 mice (22.6%) in these studies did succumb prior to
administration of euthanasia; this was within the 30%
anticipated in the approved protocols.

Bacteria strains
Standard E. coli strains (CVCC3749, serotype O101)
were bought from China Veterinary Culture Collection
Center (Beijing, China). The bacteria was grown at 37 °C
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in Mueller-Hinton Broth (MHB) cultures overnight and
suspensions were determined with a turbidity equivalent
to that of a 3 McFarland standard (108 CFU / mL).

Determination of E. coli O101 LD50 in mice
LD50 of E. coli O101 was calculated using a dose–re-
sponse method [24]. Twenty-four male mice were
randomly divided into six groups. All of them fasted for
6 h before treatment. Animals in different groups were
challenged through intraperitoneal injection with ap-
proximately 1.78 × 108, 1.11 × 109, 2.18 × 109, 4.47 × 109,
8.91 × 109, 1.77 × 1010 CFU of E. coli O101 at a volume
of 0.2 mL per mouse, respectively [25, 26]. Control
group received equal volume of normal saline. After in-
fection, the animals were observed for behavioral
changes, signs of toxicity and death during the first 12 h
and thereafter twice a day for 14 days. Mice that stay
alive throughout 14 days’ observation were recorded as
survivors. The number of dead mice at each dose were
used to calculate the LD50 according to Karber’s method
[27] and a dosage-mortality curve were obtained using
the GraphPad Prism software (SanDiego, CA, USA).

Antibacterial test in mice
Experimental design
Animals were randomly divided into 6 groups (n = 22).
Before pre-treatment, mice were fasted for 6 h. The mice
in the normal and untreated controls were given normal
saline. The three GOS groups were received different
concentrations of GOS (5, 10 and 15%, respectively) at a
dose of 10 mL/kg. Mice in the positive control group
were fed with loperamide (10 mg/kg) which suspended
in distilled water [28]. Treatment with GOS started 3
days before infection and continued for 4 consecutive
days after infection. On day 3, after weighed, mice were
all infected with one dose of LD50 of ETEC, except those
in the normal group. Survival of mice was observed daily
throughout the study. On day 4, 6 mice in each group
were used for blood samples collection through retro or-
bital puncture under anaesthesia by isoflurane inhal-
ation. In order to minimize animals suffering during
blood samples collection, an eye drop of tetracaine 1%
was applied [22]. Then, the animals were subjected to a
full necropsy. The cecum contents were collected into
sterile plastic tubes and stored at − 80 °C until analysis.
On day 7, 6 mice were randomly chosen from the sur-
vival mice for sample collection as described above.

Diarrhea index
After infection, the numbers and morphology of the
stools were observed daily. The loose stool incidence
rate (LSIR) is calculated as the ratio of number of loose
stools to the total stools within an animal. The loose
stool grade (LSG) is the degree of loose stools which was

classified into four grades according the diameter of
loose stools on the filter papers: Grade 1 (< 1 cm), Grade
2 (1–2 cm), Grade 3 (2–3 cm), and Grade 4 (> 3 cm).
The average loose stool grade (ALSG) is calculated as
the ratio of the sum of LSG of each loose stool to the
total number of loose stools within an animal. The
diarrhea index is calculated by multiplying LSIR with
ALSG [12].

Body weight
Body weights of all mice were constantly monitored
every day throughout the study.

Survival rate
Animals were observed daily throughout the experiment
and percentage of survival mice was recorded. The sur-
vival rate in each group was calculated using the follow-
ing formula [25]:

survival rate ¼ Number of surviving mice after challenge
Number of mice injected with bacteria

� 100%

Organ coefficient assay
Liver, spleen, and small intestine of animals were
weighted. The relative weight of organs (Organ coeffi-
cient) was calculated using the following formula [29]:

Organ coefficients ¼ Organ weight gð Þ=Body weight gð Þ � 100%

Levels of cytokines and immunoglobulins
The concentrations of 6 cytokines (IFN-γ, TNF-α, IL-1β,
IL-4, IL-6 and IL-8 in serum) and IgG in serum and
sIgA in the terminal ileum were measured by enzyme-
linked immunosorbent assay (ELISA) with commercially
available ELISA kits (MLBIO Biolotechnology Co. Ltd.,
Shanghai, China). ELISA was performed according to
the manufacturer’s instructions. All the samples were
assayed in duplicate and the absorbance values were an-
alyzed by non-linear regression.

Determination of selected cecum microbiota
The dilution plate counting method was used to evaluate
the regulatory effect of GOS on the intestinal flora in
mice. The fresh stool samples in the cecum were col-
lected, serially diluted, and plated on MRS, TPY, VRBA,
and Kanamycin Aesculin Azide agar (Qingdao Hope
Bio-Technology Co. Ltd., China) to identify and count
the number of Lactobacilli, Bifidobacteria, E. coli,
Enterococcus, respectively [12].

Histopathological examination
The colon was preserved in 4% paraformaldehyde. After
gradient dehydration and enclosed in paraffin, samples
were cut into 5 μm thick serial sections for hematoxylin
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and eosin (HE) staining. The lesions were observed
under optical microscope [26].

Statistical analysis
The statistical significance was compared by one way
analysis of variance (ANOVA) followed by the Student-
Newman-Keuls test using the IBM SPSS Statistics,
version 24 (NY, USA). The differences between groups
would be considered significant when p-value is less
than 0.05.

Results
Determination of E. coli O101 LD50

As shown in Fig. 1, it was found that the E. coli O101 at
the dose of 2.18 × 109 CFU caused death, and at the dose
of over 8.89 × 109 CFU induced 100% mortality. The
LD50 of the E. coli O101 was determined to be 3.73 ×
109 CFU in male ICR mice. Therefore, for all subsequent
experiments, mice were infected with LD50 dose of
3.73 × 109 CFU.

Survival rate
The results were listed in Table 1. The mice infected
with ETEC survived less than half (43.75%). The survival
rate in the loperamide group is 62.50%. Treated with 10
and 15% GOS, the survival rates were 68.75 and 75%, re-
spectively, which are higher than loperamide. GOS could
dose-dependently enhance the survival rate of ETEC-
infected mice.

Diarrhea index
ETEC infection induced clinical diarrhea in mice
(Table 2). On day 4, all the infected groups showed diar-
rhea, and the diarrhea index of GOS (10 and 15%) and

loperamide groups were significantly lower than that of
the untreated group (P < 0.05). The diarrhea index of the
15% GOS group is significantly lower than that of other
GOS groups (P < 0.05). On day 5, the diarrhea index of
all the treated-groups were significantly decreased when
compared with the untreated group (P < 0.05). On day 6,
the mice in the GOS and loperamide groups were recov-
ered from diarrhea. The ETEC-infected mice without
treatment did not show diarrhea until day 7. The anti-
diarrhea activity of GOS showed a dose-dependent
manner.

Body weight
The body weights of mice in each group during the test
were displayed in Fig. 2. The body weight showed an up-
ward trend and no significant difference was detected in
all mice before infection. Without treatment, the body
weight of mice was significantly declined after infection
on day 4 (P < 0.05). Compared with the untreated group,
10% GOS could significantly increase the weight of mice
on day 4 (P < 0.05); the body weight is almost the same
as the normal mice on day 5. The weight gain of mice in
the 10% GOS-treated group was significantly (P < 0.05)
higher than that in other treated groups (loperamide, 5
and 15% GOS) after infection.

Relative weight of organs
The results of organ coefficients were showed in Fig. 3.
On day 4, spleen coefficient of the 10% GOS-treated
group was significantly enhanced than that of negative
control (P < 0.01). ETEC can cause diarrhea, inducing
excessive secretion and intestinal motility [30]. Small in-
testine coefficient reflected the fluid secretion of small
intestine [21]. GOS reduced the fluid secretion dose-

Fig. 1 The dosage-mortality curve of E. coli O 101 in ICR mice
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dependently. Without treatment, infection induced sig-
nificant increased small intestine coefficient in compari-
son with the treated groups (P < 0.01), indicating that
GOS could decrease the fluid secretion caused by ETEC
infection in mice. On day 7, mice in each group that sur-
vived from ETEC infection showed no significant differ-
ences. The organ coefficients of loperamide and GOS
were numerically close to the normal group, which may
due to the anti-secretory and anti-motility activities [21].

Levels of cytokines and immunoglobulins
The concentrations of serum cytokines (IFN-γ, TNF-α,
IL-1β, IL-4, IL-6 and IL-8) and immunoglobulins (IgG
and sIgA) were shown in Fig. 4. After infection, the
levels of IL-6, IFN-γ and TNF-α on days 4 and 7 in the
untreated group were significantly increased (P < 0.01),
and treatment with loperamide and GOS could inhibit
the secretion of IFN-γ and TNF-α. ETEC infection sig-
nificantly decreased the levels of IL-4 (P < 0.01), IgG
(P < 0.01) and sIgA (P < 0.05) on days 4 and 7 in serum,
and treatment with loperamide and GOS could recover
the levels. The level of IL-8 on days 4 and 7 was not sig-
nificantly changed after infection. The level of IL-1β in
the untreated group was not significantly changed on
day 4, but significantly increased on day 7 in comparison
with normal group (P < 0.01). After treatment with lo-
peramide and GOS, it declined to the normal level. The
GOS could dose-dependently decrease the levels of

proinflammatory cytokines (IFN-γ, TNF-α, IL-1β, IL-6
and IL-8) and increase the level of anti-inflammatory
cytokine IL-4.

Determination of selected cecum microbiota
The results of selected cecum microbiota in mice were
listed in Table 3. On days 4 and 7, the number of E.coil
was significantly increased in the infected groups (P <
0.01). After treatment with loperamide and GOS, It was
significantly decreased in comparison with the untreated
group (P < 0.05). The number of Enterococcus, Lactoba-
cilli and Bifidobacteria were not significantly changed
on day 4. The number of Enterococcus was significantly
increased without treatment (P < 0.05) on day 7; lopera-
mide and GOS could recover the number of Entero-
coccus to normal level. The number of Lactobacilli and
Bifidobacteria were significantly increased in the treated
groups on day 7, which were significantly higher than
those in the normal group.

Histopathological examination of colon
The histopathological changes of colon were shown in
Fig. 5. ETEC infection induced diarrhea on day 4, thus
the structure of mucous layer was destroyed and goblet
cells disappeared in the untreated group (Fig. 5b). The
mice treated with loperamide showed increased number
of goblet cells (Fig. 5c). In the 10% GOS group, no le-
sions were observed (Fig. 5e). In the 5% GOS group,

Table 1 Survival of mice after challenge with the LD50 of E. coli O101 on day 7

Group Total number a Survivor number Survival rate(%)

Normal 16 16 100

Negative control 16 7 43.75

Loperamide 16 10 62.50

GOS 5% 16 9 56.25

GOS 10% 16 11 68.75

GOS 15% 16 12 75.00
a Total number of mice was excluded the 6 killed mice on day 4. Normal, the uninfected-untreated control. Negative control, the infected-untreated control.
Loperamide, the infected group with Loperamide-treatment (10 mg/kg). The 5, 10 and 15% GOS were the infected groups treated with corresponding
concentration of GOS at a dose of 10mL/kg, respectively

Table 2 The diarrhea index in each group

Group Day 4 Day 5 Day 6 Day 7

Normal 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Negative control 2.87 ± 0.59 1.26 ± 0.31 0.25 ± 0.16 0.00 ± 0.00

Loperamide 1.51 ± 0.52 * 0.11 ± 0.09 ** 0.00 ± 0.00* 0.00 ± 0.00

GOS 5% 2.06 ± 0.24 a 0.22 ± 0.24 ** 0.00 ± 0.00* 0.00 ± 0.00

GOS 10% 1.64 ± 0.41 *a 0.15 ± 0.04 ** 0.00 ± 0.00* 0.00 ± 0.00

GOS 15% 1.18 ± 0.33 **b 0.06 ± 0.04 ** 0.00 ± 0.00* 0.00 ± 0.00

Normal, the uninfected-untreated control. Negative control, the infected-untreated control. Loperamide, the infected group with Loperamide-treatment (10 mg/
kg). The 5, 10 and 15% GOS were the infected groups treated with corresponding concentration of GOS at a dose of 10mL/kg, respectively. * P < 0.05 and ** P <
0.01, compared with the negative control. a, b Different letters indicate significant differences existed among the three GOS groups (P < 0.05). Data are presented
as mean ± S.E.M. n = 16
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some of goblet cells were fused (Fig. 5d). Treated with
15% GOS, congestion and enlarged goblet cells were ob-
served (Fig. 5f). When mice survived from E. coli O101
infection (Day 7, Fig. 5g-l), the structure of mucous layer
recovered in different degrees. In the untreated group,
fused goblet cells were observed (Fig. 5h). Treatment
with loperamide (Fig. 5i) and 10% GOS (Fig. 5k), the
mice showed normal structure of colon. In the 5 and
15% GOS groups, the number of goblet cells was in-
creased (Fig. 5j and l).

Discussion
It is well known that traditional herbal medicines can
inhibit bacteria growth and be used in the treatment of
infectious diseases. Galla chinensis has been traditionally
used for a long time for the treatment of diarrhea, pro-
longed coughing and spontaneous perspiration in China
[31]. Previously, we had found that GOS showed signifi-
cant antidiarrheal activity in a castor oil-induced diar-
rhea model in mice [21]. In this study, we performed
antibacterial experiments in ETEC-infected mice in order

Fig. 2 The body weight of mice from day 1 to day 7. Data are presented as mean ± S.E.M, n = 6. Normal, the uninfected-untreated control.
Negative control, the infected-untreated control. Loperamide, the infected group with Loperamide-treatment (10 mg/kg). The 5, 10 and 15% GOS
were the infected groups treated with corresponding concentration of GOS at a dose of 10 mL/kg, respectively

Fig. 3 Organ coefficients in each group. Normal, the uninfected-untreated control. Negative control, the infected-untreated control. Loperamide,
the infected group with Loperamide-treatment (10 mg/kg). The 5, 10 and 15% GOS were the infected groups treated with corresponding
concentration of GOS at a dose of 10 mL/kg, respectively. * P < 0.05 and ** P < 0.01, compared with the negative control. a, b Different letters
indicate significant differences existed among the three GOS groups (P < 0.05). Data are presented as mean ± S.E.M. n = 6
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to find the potential of GOS for treatment of infectious
diarrhea.
Throughout the in vivo study, the changes of body

weight were observed; 10% GOS had improved more
than other groups. Galla Rhois tannins extract had been
reported to alter growth performance in post-weaning
piglets [32], which supported our results indeed. Spleen
is main immune organ, and spleen coefficients in 10%
GOS group was significantly enhanced compared with
the untreated group. The proliferation of lymphocytes in
the body often induces the increased immune organ
weight that directly reflects the state of immune re-
sponse [33], suggesting that GOS might promote the
proliferation of lymphocytes. The proportional relation-
ship between organ weight and body is required for the
valid use of the organ-to-body weight ratio [34]. In the
present study, the small intestine ratios in the infected
groups were significantly changed at 4 dpi, and the slope
term (p-value of 0.026) of the proportional relationship
between small intestine weight and body is significantly
different from 0 and the intercept (p-value of 0.153) is
not, which suggested that relationship between the small
intestine weight and body weight is proportional and the
small intestine ratio is optimal to evaluate the toxicity
[34]. These results suggested that the ETEC infection
produced toxic to the small intestine. After treated with
GOS, it was significantly decreased after treatment with
GOS, indicating that GOS could inhibit fluid secretion,
which was similar to our previous study [26].
ETEC infection always causes inflammation. Cytokines

are the key signals in the immune system and are known
to participate in inflammation [35]. The intensity of pro-
inflammatory response is associated with tissue damage
that is neutralized by the release of anti-inflammatory
cytokines [36]. The function of the intestinal barrier may
be regulated by a network of multiple cytokines, includ-
ing ILs, IFNs and TNF-α [37]. The cytokines resulted in
immune activation and tissue inflammation are thought
to be important in the initiation and/or development of
several intestinal and systemic diseases [38]. It is said
that IFN-γ promotes immune responses by activating
macrophages, and inhibits signaling pathways downstream
of anti-inflammatory cytokines to antagonize their
suppressive functions [39]. IL-1β is markedly elevated in

Fig. 4 The concentrations of IFN-γ, TNF-α, IL-1β, IL-4, IL-6, IL-8, IgG
and sIgA in serum. Normal, the uninfected-untreated control.
Negative control, the infected-untreated control. Loperamide, the
infected group with Loperamide-treatment (10 mg/kg). The 5, 10
and 15% GOS were the infected groups treated with corresponding
concentration of GOS at a dose of 10 mL/kg, respectively. * P < 0.05
and ** P < 0.01, compared with the negative control. a, b, c Different
letters indicate significant differences existed among the three GOS
groups (P < 0.05). Data are presented as mean ± S.E.M, n = 6
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intestinal mucosa under inflammatory conditions [38]. Ex-
cessive secretion of IL-6 and dysregulation of the signaling
pathway may play a major role in the pathogenesis of
many diseases [38]. TNF-α exerts its pro-inflammatory
effects through increased productions of IL-1β and IL-6,
expressions of adhesion molecules, proliferation of fibro-
blasts and procoagulant factors, as well as initiation of
cytotoxic, apoptotic and acute-phase responses and inhib-
ition of apoptosis [35]. IL-8 plays a causative role in acute
inflammation by recruiting and activating neutrophils
[40]. IL-4 is a stimulatory molecule for B and T cells and
has known immunosuppressive effects in the intestine,
which may decrease IFN-γ [35]. In these studies, E. coli in-
fection increased the concentrations of pro-inflammatory
cytokines (IFN-γ, TNF-α, IL-1β, IL-6 and IL-8) and de-
creased the concentrations of anti-inflammatory cytokine
(IL-4), indicating that E. coli could induce inflammation in
mice through regulation of cytokines. However, levels of
pro-inflammatory cytokines had been reduced by GOS,

while the levels of the anti-inflammatory cytokine had
been increased. Tannin-rich plant had been reported to
down-regulate the levels of cytokines [41]. As a tannin-
rich product, the activity of GOS was closely associated
with the inhibition of inflammation caused by infection of
E. coli O101.
GOS could enrich the concentrations of IgG in serum

and sIgA in the terminal ileum. Resistance to infection is
due, in part, to the presence of sufficient levels of serum
and secretory immunoglobulins, especially the antigen-
specific antibodies IgG and sIgA [42]. IgG has specific
antibody activity against microbial agents or antigens
[42]. sIgA is produced at mucosal surfaces contributes to
host defense against intestinal pathogens [43]. Therefore,
the increase of IgG and sIgA induced by GOS is mean-
ingful to body infection.
Intestinal bacteria regulate the immune system, the

development of the gut-associated immune system and
epithelial cell functions. One of the most important

Table 3 The counts of E.coil, Enterococcus, Lactobacilli and Bifidobacteria in cecum

Group Day 4 Day 7

E.coil Enterococcus Lactobacilli Bifidobacteria E.coil Enterococcus Lactobacilli Bifidobacteria

Normal 5.45 ± 0.10 ** 5.21 ± 0.17 8.19 ± 0.08 8.34 ± 0.13 5.55 ± 0.17 ** 5.27 ± 0.29 * 8.76 ± 0.49 * 8.87 ± 0.30 *

Negative control 9.00 ± 0.09 5.96 ± 0.61 8.55 ± 0.46 8.38 ± 0.91 7.24 ± 0.56 6.07 ± 0.47 7.77 ± 0.38 8.01 ± 0.62

Loperamide 7.27 ± 0.67 ** 5.83 ± 0.57 8.83 ± 0.25 8.30 ± 0.93 6.20 ± 0.84 ** 5.93 ± 0.38 9.61 ± 0.28 ** 9.40 ± 0.32 **

GOS 5% 8.40 ± 0.34 *a 6.29 ± 0.61 8.33 ± 0.80 8.40 ± 0.54 5.38 ± 0.13 **a 5.36 ± 0.32 * 9.03 ± 0.50 ** 9.35 ± 0.38 **

GOS 10% 7.44 ± 0.32 **b 6.13 ± 0.67 9.02 ± 0.36 9.54 ± 0.31 5.56 ± 0.38 **a 5.31 ± 0.32 * 8.89 ± 1.02 * 9.74 ± 0.30 **

GOS 15% 8.15 ± 0.26 **a 6.26 ± 0.30 8.93 ± 0.59 9.64 ± 0.44 6.43 ± 0.34 *b 5.94 ± 0.60 * 9.31 ± 0.51 ** 10.15 ± 0.55 **

Normal, the uninfected-untreated control. Negative control, the infected-untreated control. Loperamide, the infected group with Loperamide-treatment (10 mg/
kg). The 5, 10 and 15% GOS were the infected groups treated with corresponding concentration of GOS at a dose of 10mL/kg, respectively. * P < 0.05 and ** P <
0.01, compared with the negative control. a, b Different letters indicate significant differences existed among the three GOS groups (P < 0.05). Data are presented
as mean ± S.E.M, n = 6

Fig. 5 The histological appearance of colon. On day 4 (a-f), the structure of mucous layer was destroyed and goblet cells disappeared in the
untreated group (b, denoted by arrowhead); the mice treated with loperamide showed increased number of goblet cells (c, denoted by
arrowhead); in the 5% GOS group, some of goblet cells were fused (d, denoted by arrowhead); in the 10% GOS group, no lesions were observed
(e); after treated with 15% GOS, congestion and enlarged goblet cells were observed (f, denoted by arrowhead). On day 7 (g-l), in the untreated
group, fused goblet cells were observed (h, denoted by arrowhead); treatment with loperamide (i) and 10% GOS (k), the mice showed normal
structure of colon; in the 5% GOS and 15% GOS groups, the number of goblet cells was increased (j and l, denoted by arrowhead). a and g,
normal structure of colon. Normal, the uninfected-untreated control. Untreatment, the infected-untreated control. Loperamide, the infected group
with Loperamide-treatment (10 mg/kg). The 5, 10 and 15% GOS were the infected groups treated with corresponding concentration of GOS at a
dose of 10 mL/kg, respectively
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functions of the intestinal flora is the prevention of bacter-
ial overgrowth and susceptibility to infection with extrane-
ous pathogenic organisms [44]. The current study showed
that ETEC challenge enhanced the number of E.coil in
cecum flora. In those conditions, GOS significantly
reduced the number of E.coil. GOS also significantly
enhanced the number of probiotics like Lactobacilli and
Bifidobacteria. Bifidobacterium and Lactobacillus are the
most widely used probiotic bacteria, exerting health-
promoting properties [45]. It is believed that probiotics
appear to have clear beneficial effects in shortening the
duration and reducing stool frequency in acute infectious
diarrhea [46]. The increase of probiotics may be associated
with antidiarrheal activity of GOS.
Toxigenic bacteria, like ETEC, which produce entero-

toxins able to cross the intestinal mucosa. Therefore, a
feature of ETEC infection is effacing of the intestinal
mucosa [37]. Our results suggested that E. coli O101
infection destroyed the structure of mucous layer and
decreased goblet cells in colon, while GOS protected or
recovered the intestinal mucosa and the number of
goblet cells. Colonic mucus systems is anchored to the
goblet cells, which functions as separation of the luminal
content, especially bacteria, from direct contact with the
epithelial cells [47]. In this study, GOS prevented the
damage of structure of the colonic mucosa by ETEC,
providing an evidence of its antibacterial activity.
Survival rate revealed that oral administration of GOS

increased the protective efficacy against E. coli O101,
which may be due to the GOS altering the levels of
cytokines and immunoglobulin, regulating the intestinal
bacteria and protecting the structure of colonic mucosa.
The GOS also reduced the secretion fluid in the small
intestine, which might relieve the symptoms of ETEC
infection.
Accumulated evidences have demonstrated that tan-

nins showed inhibitory effects on enterotoxin-induced
secretory diarrheas, which are involved in the hyperacti-
vation of CFTR channel function. Tannins have been
shown to inhibit CFTR-dependent Cl− secretion in
Caco-2, FRT, T84 and HT29-CL19A cells [48]. It has
also been shown that tannins could inhibit enterotoxin
production and activities [49]. In the previous study,
GOS mainly consisted of tannins can inhibit castor oil-
induced diarrhea in mice through reducing the fluid
secretion. In the present study, GOS was also proven to
inhibit ETEC-induced diarrhea in mice. Thus, whether
the antidiarrheal activity of GOS against two types of
diarrhea mode was related to inhibition of CFTR func-
tion needs to be further clarified.

Conclusion
GOS has therapeutic and protective effects against
ETEC infection by altering the levels of cytokines and

immunoglobulins, regulating the intestinal bacteria
and protecting the structure of colonic mucosa. GOS
is a potent antidiarrheal preparation, which is expected to
be applied to treat ETEC infection. Further study should
be conducted to elucidate the antidiarrheal mechanism of
GOS.

Abbreviations
GOS: Galla Chinensis oral solution; ETEC: Enterotoxigenic Escherichia coli;
LD50: Median lethal dose; CFTR: Cystic fibrosis transmembrane conductance
regulator

Acknowledgements
Not applicable.

Authors’ contributions
SX, YY, LJ, YZ designed and conducted this study. HM, ZY, JR collected the
samples. LL, HJ, CM analyzed and interpreted the data. BL performed the
histological examination. All authors read and approved the final manuscript.

Funding
This research was financially supported by the Sichuan Veterinary Medicine
and Drug Innovation Group of China Agricultural Research System (CARS-
SVDIP), the Science and Technology Project of Sichuan Province (Grant Nos.
2018NZ0043 and 2018NZ0064). The funding body doesn’t have any roles in
the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The experimental protocol was approved by the National Institute of Ethics
Committee at Sichuan Agricultural University [approval number SYXK
(Sichuan) 2014–187]. The humane endpoints were a weight loss above 15%
of initial weight or animals in a state of prostration. Animals that reach one
of these endpoints were euthanized by cervical dislocation by caretakers. All
efforts were made to minimize suffering of animals.

Consent for publication
All authors consent to publish this study in BMC Complementary and
Alternative Medicine.

Competing interests
The authors declare that they have no competing interests.

Author details
1Natural Medicine Research Center, College of Veterinary Medicine, Sichuan
Agricultural University, Chengdu 611130, China. 2College of Veterinary
Medicine, Sichuan Agricultural University, Chengdu 611130, P. R. China.

Received: 29 December 2019 Accepted: 24 February 2021

References
1. Fleckenstein MJ, Hardwidge PR, Munson GP, Rasko DA, Sommerfelt H,

Steinsland H. Molecular mechanisms of enterotoxigenic Escherichia coli
infection. Microbes Infect. 2010;12:89–98.

2. Gonzales-Siles L, Sjoling A. The different ecological niches of
enterotoxigenic Escherichia coli. Environ Microbiol. 2016;18:741–51.

3. Nagy B, Fekete PZ. Enterotoxigenic Escherichia coli in veterinary medicine.
Int J Med Microbiol. 2005;295:443–54.

4. Madhavan TPV, Sakellaris H. Colonization factors of enterotoxigenic
Escherichia coli. Adv Appl Microbiol. 2015;90:155–97.

5. Bern C, Martines J, de Zoysa I, Glass RI. The magnitude of the global
problem of diarrhoeal disease: a ten-year update. Bull World Health Organ.
1992;70:705–14.

Song et al. BMC Complementary Medicine and Therapies           (2021) 21:84 Page 9 of 10



6. Walker RI, Steele D, Aguado T. Ad Hoc ETEC technical expert committee.
Analysis of strategies to successfully vaccinate infants in developing
countries against enterotoxigenic E. coli (ETEC) disease. Vaccine. 2007;25:
2545–66.

7. Sun X, Gao Y, Wang X, Hu G, Wang Y, Feng B, Hu Y, Mu X, Zhang Y, Dong
H. Escherichia coli O101-induced diarrhea develops gut microbial dysbiosis
in rats. Exp Ther Med. 2019;17(1):824–34.

8. Palombo EA. Phytochemicals from traditional medicinal plants used in the
treatment of diarrhoea: modes of action and effects on intestinal function.
Phytother Res. 2006;20:717–24.

9. Dubreuil JD. Antibacterial and antidiarrheal activities of plant products
against enterotoxinogenic Escherichia coli. Toxins. 2013;5:2009–41.

10. Deng Y, Han X, Tang S, Xiao W, Tan Z, Zhou C, Wang M. Kang J Magnolol
and honokiol regulate the calcium-activated potassium channels signaling
pathway in Enterotoxigenic Escherichia coli-induced diarrhea mice. Eur J
Pharmacol. 2015;755:66–73.

11. Chen JC, Chang YS, Wu SL, Chao DC, Chang CS, Li CC, Ho TY, Hsiang CY.
Inhibition of Escherichia coli heat-labile enterotoxin-induced diarrhea by
Chaenomeles speciosa. J Ethnopharmacol. 2007;113:233–9.

12. Yu J, Zhang Y, Song X, Yang Y, Jia R, Chen X, Sun K, Li L, Zhao X, Cui Q, Fu
Q, Zou Y, Li L, Yin Z. Effect of Modified Pulsatilla Powder on Enterotoxigenic
Escherichia coli O101-Induced Diarrhea in Mice. Evid Based Complement
Alternat Med. 2017;2017:3687486.

13. Preedy VR, Watson RR, Patel VB. Nuts and seeds in health and disease
prevention. Oxford: Academic press. Elsevier LTD; 2011.

14. Tian F, Li B, Ji B, Yang J, Zhang G, Chen Y, Luo Y. Antioxidant and
antimicrobial activities of consecutive extracts from Galla chinensis: the
polarity affects the bioactivities. Food Chem. 2009;113:173–9.

15. Djakpo O, Yao W. Rhus chinensis and Galla Chinensis--folklore to modern
evidence: review. Phytother Res. 2010;24:1739–47.

16. Zhu XL, Cheng Q, Tang RY. The inhibition of the aqueous extract of Chinese
nutgall on five periodontal bacteria in vitro. Chinese J Conserv Dentistry.
2002;51:255–7.

17. Li ZX, Wang XH, Zhang MM, Shi DY. In-vitro antibacterial activity of ethanol-
extract of Galla Chinensis against Staphycoccus Aureus. Tradit Chinese Drug
Res Clin Pharmacol. 2005;16:103–5.

18. Ho TY, Lo HY, Li CC, Chen JC, Hsiang CY. In vitro and in vivo bioluminescent
imaging to evaluate anti-Escherichia coli activity of Galla Chinensis.
Biomedicine. 2013;3:160–6.

19. Ahn YJ, Lee CO, Kweon JH, Ahn JW, Park JH. Growth-inhibitory effects of
Galla Rhois-derived tannins on intestinal bacteria. J Appl Microbiol. 1998;84:
439–43.

20. Chen JC, Ho TY, Chang YS, Wu SL, Hsiang CY. Anti-diarrheal effect of Galla
Chinensis on the Escherichia coli heat-labile enterotoxin and ganglioside
interaction. J Ethnopharmacol. 2006;103:385–91.

21. Yang Y, Luo H, Song X, Yu L, Xie J, Yang J, Jia R, Lin J, Zou Y, Li L, Yin L, He
C, Liang X, Yue G, Yin Z. Preparation of Galla Chinensis Oral solution as well
as its stability, safety, and antidiarrheal activity evaluation. Evid Based
Complement Alternat Med. 2017;2017:1851459.

22. Dorso L, Bigot-Corbel E, Abadie J, Diab M, Gouard S, Bruchertseifer F,
Morgenstern A, Maurel C, Chérel M, Davodeau F. Long-term toxicity of 213
bi-Labelled BSA in mice. PLoS One. 2016;11:e0151330.

23. Stokes WS. Humane endpoints for laboratory animals used in regulatory
testing. ILAR J. 2002;43:S31–8.

24. DePass LR. Alternative approaches in median lethality (LD 50) and acute
toxicity testing. Toxicol Lett. 1989;49:159–70.

25. Kadum Yakob H, Manaf Uyub A, Fariza SS. Immune-stimulating properties of
80% methanolic extract of Ludwigia octovalvis against Shiga toxin-
producing E. coli O157:H7 in Balb/c mice following experimental infection. J
Ethnopharmacol. 2015;172:30–7.

26. Wang G, Kang S, Yin Z, Jia RY, Lai X, Zhou X, Liang XX, Li LX, Zou YF, Lv C,
He CL, Ye G, Yin LZ, Jing B. Therapeutic effect of Chinese patent medicine
"Wuhuanghu" on porcine infectious pleuropneumonia and its acute and
subchronic toxicity as well as evaluation of safety pharmacology. Environ
Toxicol Pharmacol. 2015;40:388–96.

27. Wan D, Zhou X, Xie C, Shu X, Wu X, Yin Y. Toxicological evaluation of
ferrous N-carbamylglycinate chelate: acute, sub-acute toxicity and
mutagenicity. Regul Toxicol Pharmacol. 2015;73:644–51.

28. Ojewole JA, Awe EO, Chiwororo WD. Antidiarrhoeal activity of Psidium
guajava Linn. (Myrtaceae) leaf aqueous extract in rodents. J Smooth Muscle
Res. 2008;44(6):195–207.

29. Zhao X, Zhang Y, Song X, Yin Z, Jia R, Zhao X, Lai X, Wang G, Liang X, He C,
Yin L, Lv C, Zhao L, Shu G, Ye G, Shi F. Effect of Chuanminshen violaceum
polysaccharides and its sulfated derivatives on immunosuppression induced
by cyclophosphamide in mice. Int J Clin Exp Med. 2015;8:558–68.

30. Dickinson B, Surawicz CM. Infectious diarrhea: an overview. Curr
Gastroenterol Rep. 2014;16:399.

31. Committee for the Pharmacopoeia of China. Pharmacopoeia of the People's
Republic of China. Beijing: China Medical Science Press; 2015.

32. Cha CN, Yu EA, Park EK, Kim S, Lee HJ. Effects of dietary supplementation
with Galla Rhois on growth performance and diarrhea incidence in
Postweaning piglets. J Vet Clin. 2013;30:353–8.

33. Kodama R, Okazaki T, Sato T, Iwashige S, Tanigawa Y, Fujishima J, Moriyama
A, Yamashita N, Sasaki Y, Yoshikawa T, Kamimura Y, Maeda H. Age
difference in morphology and Immunohistology inthe Thymus and spleen
in Crl:CD (SD) rats. J Toxicol Pathol. 2012;25:55–61.

34. Bailey SA, Zidell RH, Perry RW. Relationships between organ weight and
body/brain weight in the rat: what is the best analytical endpoint? Toxicol
Pathol. 2004;32(4):448–66.

35. Sanchez-Muñoz F, Dominguez-Lopez A, Yamamoto-Furusho JK. Role of
cytokines in inflammatory bowel disease. World J Gastroenterol. 2008;14:
4280–8.

36. Chowdhury IH, Ahmed AM, Choudhuri S, Sen A, Hazra A, Pal NK,
Bhattacharya B, Bahar B. Alteration of serum inflammatory cytokines in
active pulmonary tuberculosis following anti-tuberculosis drug therapy. Mol
Immunol. 2014;62:159–68.

37. Xu C, Wang Y, Sun R, Qiao X, Shang X, Niu W. Modulatory effects of
vasoactive intestinal peptide on intestinal mucosal immunity and microbial
community of weaned piglets challenged by an enterotoxigenic Escherichia
coli (K88). PLoS One. 2014;9:e104183.

38. Suzuki T. Regulation of intestinal epithelial permeability by tight junctions.
Cell Mol Life Sci. 2013;70:631–59.

39. Hu X, Ivashkiv LB. Cross-regulation of signaling pathways by interferon-
gamma: implications for immune responses and autoimmune diseases.
Immunity. 2009;31:539–50.

40. Harada A, Sekido N, Akahoshi T, Wada T, Mukaida N, Matsushima K. Essential
involvement of interleukin-8 (IL-8) in acute inflammation. J Leukoc Biol.
1994;56:559–64.

41. Giménez-Bastida JA, Larrosa M, González-Sarrías A, Tomás-Barberán F, Espín
JC, García-Conesa MT. Intestinal Ellagitannin metabolites ameliorate
cytokine-induced inflammation and associated molecular markers in human
Colon fibroblasts. J Agric Food Chem. 2012;60:8866–76.

42. Nieman DC, Nehlsen-Cannarella SL. The effects of acute and chronic
exercise of immunoglobulins. Sports Med. 1991;11:183–201.

43. Mathias A, Pais B, Favre L, Benyacoub J, Corthésy B. Role of secretory IgA in
the mucosal sensing of commensal bacteria. Gut Microbes. 2014;5:688–95.

44. Frick JS, Autenrieth IB. The gut microflora and its variety of roles in health
and disease. Curr Top Microbiol Immunol. 2013;358:273–89.

45. Plaza-Diaz J, Gomez-Llorente C, Fontana L, Gil A. Modulation of
immunity and inflammatory gene expression in the gut, in
inflammatory diseases of the gut and in the liver by probiotics. World J
Gastroenterol. 2014;20:15632–49.

46. Allen SJ, Martinez EG, Gregorio GV, Dans LF. Probiotics for treating acute
infectious diarrhoea. Cochrane Database Syst Rev. 2010;11:CD003048.

47. Birchenough GM, Johansson ME, Gustafsson JK, Bergström JH, Hansson GC.
New developments in goblet cell mucus secretion and function. Mucosal
Immunol. 2015;8:712–9.

48. Zhang W, Fujii N, Naren AP. Recent advances and new perspectives in
targeting CFTR for therapy of cystic fibrosis and enterotoxin-induced
secretory diarrheas. Future Med Chem. 2012;4(3):329–45.

49. Girard M, Bee G. Invited review: tannins as a potential alternative to
antibiotics to prevent coliform diarrhea in weaned pigs. Animal. 2020;14(1):
95–107.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Song et al. BMC Complementary Medicine and Therapies           (2021) 21:84 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Tannins extraction and preparation of Galla chinensis oral solution
	Animals
	Bacteria strains
	Determination of E. coli O101 LD50 in mice
	Antibacterial test in mice
	Experimental design
	Diarrhea index
	Body weight
	Survival rate
	Organ coefficient assay
	Levels of cytokines and immunoglobulins
	Determination of selected cecum microbiota
	Histopathological examination

	Statistical analysis

	Results
	Determination of E. coli O101 LD50
	Survival rate
	Diarrhea index
	Body weight
	Relative weight of organs
	Levels of cytokines and immunoglobulins
	Determination of selected cecum microbiota
	Histopathological examination of colon

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

