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INTRODUCTION

The re-emergence of gastroenteritis caused by 
multidrug-resistant bacteria presents a serious challenge 
to clinicians [1], and the development of novel treatment 
strategies is needed. The use of antimicrobial peptides 
(AMPs) offers a potential chemotherapeutic strategy to 
target drug-resistant bacterial pathogens [2–5]. A four‒
tryptophan‒substitution mutant (KWKLWKKIEKWGQ 
GIGAVLKWLTTWL‒NH2; CAM-W) [6] from cecropin  
A‒melittin (KWKLFKKIEKVGQGIGAVLKVLTTGL‒ 
NH2; CAM) [7] has recently been developed through 
the replacement of specific amino acid residues by four 
tryptophans (W). Compared with its parent peptide CAM, 
CAM-W displays a more potent antimicrobial activity against a 
wide range of important clinical bacterial and fungal pathogens 
in vitro, such as Escherichia coli and Aspergillus flavus, and 
also shows an improved proteolytic stability under a series of 
proteases including trypsin, pepsin and Staphylococcusaureus 

V8 protease, which is commonly present in the gastrointestinal 
tract [6]. In addition, the pH range in the gastrointestinal tract 
appears to be suitable for the function of CAM-W [6]. Thus, it 
is suggested that CAM-W has potential as a therapeutic agent 
in treating bacterial gastroenteritis.

Like other biosynthesized AMPs, such as sublancin 
[8, 9] and cecropin AD [10], CAM-W was just recently 
recombinantly produced in a Bacillus subtilis host 
[11]. The present study investigated the potential of 
recombinant CAM-W in treating bacterial gastroenteritis, 
including the in vitro cytotoxicity towards a human 
colorectal adenocarcinoma cell line HT-29, acute oral 
toxicity, the bioavailability, and the in vivo antibacterial 
activity using a Shiga toxin-producing E. coli (STEC) 
infection mice model. In this study, we used an improved 
streptomycin-treated STEC oral infection mice model, 
which was developed after oral administration with 
only about 5 × 103 CFU of STEC followed by multiple 
mitomycin C (MMC) treatment [12].
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ABSTRACT 
Cecropin A-melittin mutant (CAM-W) is a novel antimicrobial peptide with 

promising proteolytic stability and in vitro activity against bacteria and fungi 
associated with gastroenteritis. To assess the clinical value of CAM-W for treatment of 
bacterial gastroenteritis, we tested CAM-W in a HT-29 cell line model and a Kunming 
murine model challenged with Shiga toxin-producing E. coli (STEC) strains. Our 
results showed that CAM-W is 100% protective in Kunming mice challenged with STEC 
strains. Moreover, CAM-W exhibited only moderate cytotoxicity against HT-29 cells 
(IC50 > 300 mg/L), and oral administration of a single dose of CAM-W (5000 mg/kg)  
caused no observable side effects in mice. Notably, little if any CAM-W entered 
the bloodstream of treated mice. These findings demonstrate the potential utility 
of CAM-W for treatment of bacterial gastroenteritis and provide a basis for further 
investigation.
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MATERIALS AND METHODS

HT-29 lytic activity

The human colorectal adenocarcinoma cell line 
HT-29 was obtained from ATCC (Rockville, USA) and 
cultured in RPMI‒1640 medium (Invitrogen, USA)  
supplemented with 0.2 g/L streptomycin, 0.1 g/L penicillin,  
10% heat-inactivated fetal calf serum (FCS, Germany). 
Cells were maintained at 37°C in 5% CO2. For the assays, 
the HT-29 cells were first starved for 24 h in serum-free 
medium and then were seeded in a 24-well plate (Nunc, 
Germany) at 1 × 105 cells/well. At subconfluency, the 
medium was replaced, and the cells were incubated with 
serial CAM-W dilutions (CAM-W sample was obtained 
by using the recombinant Bacillus subtilis strain stored 
in our laboratory with reported method [11]) of 300, 
150, 75, 40, 20, 10, 5, 2.5, 1.2, 0.6, and 0.3 mg/L in a 
volume of 100 μl for 24 h [13]. Cell viability was assessed 
in exposed cultures by using a colorimetric 3‒(4,5‒
dimethylthiazol‒2‒yl)‒2,5 diphenyl tetrazolium thiazolyl 
blue assay (MTT, Roche Diagnostics, Germany). The 
reaction samples were detected at 570 nm with a microtiter 
ELISA reader (Epoch™, BioTek‒® instruments, Inc., 
USA).

Animals and preparation of CAM-W solution

Experiments were conducted using Chinese Kunming 
mice (Kunming Institute of Zoology, Chinese), weighing 
20 ± 2 g. Animals were housed in stainless steel cages by 
gender in a ventilated animal room with temperature and 
relative humidity of 22 ± 2°C and 55 ± 10%, respectively, 
in a 12 h light/dark cycle for 7 days prior to treatments. 
Sterilized food and distilled water for mice were available 
ad libitum. All experiments in this section were approved 
by the Animal Ethical Committee of the Chinese Academy 
of Agricultural Sciences (Beijing, China). Appropriate 
amounts of CAM-W was dissolved in a vehicle of  
5% ethanol/5% Cremophor EL/0.9% NaCl aqueous solution 
to a concentration of 100 mg/ml, which was further diluted 
with vehicle to an appropriate concentration according to 
the requirements of the experiment.

Acute oral toxicity

According to Table 1, 60 Kunming mice were 
randomly divided into 5 groups (half males and half 
females in each group). Groups I, II, III and IV were orally 
administered with single doses of 500, 1000, 2000 or 5000 
mg/kg body weight and were monitored for 2 weeks. The 
control group was administrated the vehicle solution. The 
volume of 0.5 ml solution was used in all treatments. 
At the end of the experiments, the viscera (heart, lungs, 
kidneys, liver, thymus, spleen, and stomach) of mice were 
weighed immediately after euthanization. Pathological 
changes in visceral organs were observed. Mean organ-

to-terminal body weight ratios were calculated against 
fasting body weight. Biochemical parameters were 
examined using Modular analytics (Roche, Germany), 
including alanine amino transferase (ALT), albumin 
(Alb), alkaline phosphatase (ALP), aspartate amino 
transferase (AST), blood urea nitrogen (BUN), creatinine 
(Cre), globulin (GB), total cholesterol (TC), total protein 
(TP), and triglyceride (TG). This part of the experiments 
was conducted in accordance with the guidelines of the 
Organization for Economic Cooperation and Development 
(OECD, 2007).

Oral bioavailability

A single dose of CAM-W (50 mg/kg) was 
administrated to 60 mice (half males and half females) 
in the experiment group, and vehicle solution was 
administrated to 60 mice (30 males and 30 females) in 
the control group. Blood samples were collected from the 
retro-orbital venous plexus in heparinized tubes under 
diethyl ether anaesthesia at 0.5, 1, 2, 3, 4, 6, 8, 12, 16 
and 20 h after drug oral administration, using 6 mice 
(half males and half females) per time point. Blood was 
centrifuged at 2000 × g for 10 min, and the plasma fraction 
was separated and stored at –20°C for further use.

Determination of CAM-W concentration in 
blood

CAM-W concentration in blood samples was 
determined by RP-HPLC with an analytical Zorbax 300SB-
C8 column using the procedure as described above. The 
determined concentration of purified CAM-W solution was 
used as a standard. The area under plasma concentration-
time curve (AUC) was calculated by the linear trapezoidal 
rule without extrapolation to infinity, and the standard 
deviation (SD) of the AUC was calculated with the law of 
propagation of errors.

Antibacterial activity in vivo

A clinically isolated streptomycin-resistant STEC 
O157:H7 strain capable of producing both Stx1 and Stx2 
was used as an indicator strain in antibacterial activity of 
CAM-W in a STEC gastrointestinal infection mice model 
[12] that was developed as reported [14]. After overnight 
growth at 37°C in Casamino Acids‒yeast extract broth 
[15], the indicator strain was suspended in sterile saline at  
5 × 104 CFU/ml. Following that, mice in each group were 
orally administrated with 100 μl of indicator strain suspension. 
At 18, 21, and 24 h after STEC oral administration, when 
as much as 109 CFU STEC was obtained from 1 g fecal 
excretion, 0.25 mg/kg body weight of MMC (Sigma, USA) 
in total, was intraperitoneally administrated 3 times per 
day [12]. In the experiment group, CAM-W (10 mg/kg)  
was orally administrated to every mouse (10 males 
and 10  females) 3 times per day 24 h after STEC oral 
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administration for 15 days. The control group (10 males and 
10 females) was administrated the vehicle solution 3 times 
per day. Drinking water was dissolved with streptomycin 
sulfate (Sigma, USA) at a concentration of 5 mg/ml. For 
counting the viable STEC number in feces, fresh samples 
were aseptically collected from experimental mice, 
homogenized in 1 ml sterile saline solution and subsequently 
cultured on sorbitol-MacConkey agar (Difco, USA). The 
amount of viable STEC was counted by culturing them at 
37°C for 24 h on sorbitol-MacConkey agar supplemented 
with 2.5 mg/ml of cefixime (Sigma, USA) and 0.05 mg/ml 
of potassium tellurite (Sigma, USA).

Antibacterial activity in vitro

The streptomycin-resistant STEC O157:H7 
strain was used as an indicator strain. A minimum 
inhibitory concentration (MIC) assay was performed 

and depended on a microtiter broth dilution method 
as described [16], with slight modification. Deionized 
water, 0.1 M NaOH, 2 M NaCl, 70% ethanol, and 10 
mM Tris buffer (pH 7.4) were used to pre-equilibrate a 
volume packed with DEAE-Sephacel (Sigma–Aldrich, 
Schnelldorf, Germany), to which 100 mL of Luria–
Bertani (LB) broth medium in the same Tris buffer was 
applied twice to prepare the refined medium. The peptide 
samples were dissolved into Tris buffer to prepare the 
required tenfold serial dilutions. The overnight culture 
of indicator strain was washed twice with Tris buffer 
and then diluted to approximately 5 × 105 CFU/mL  
in refined medium. The wells of a 96-well microtiter plate 
were filled with aliquots of 90 µL of bacterial solution. 
Thereafter, aliquots of 10 µL of above tenfold peptide 
dilutions were placed into the corresponding wells, 
yielding serial working concentrations of 64, 32, 16, 8, 
4, 2, 1, 0.5, 0.25, 0.12, and 0.06 mg/L. The mixtures were 

Table 1: Effect of CAM-W on body weight, death rate, and coefficients of different organs

Index Control
Test groups

I II III IV
Mice number (n) 6 6 6 6 6
Dose (mg/kg) 0 500 1000 2000 5000
Male mice

Initial BW (g) 20.1 ± 1.6 19.8 ± 1.5 20.6 ± 1.9 19.8 ± 1.7 20.3 ± 1.7
Ending BW (g) 25.3 ± 1.9 25.2 ± 2.0 25.5 ± 1.9 25.7 ± 2.1 25.4 ± 1.6
Death rate (%) 0 0 0 0 0
Heart (mg/g) 5.62 ± 0.51 5.82 ± 0.44 5.91 ± 0.33 5.57 ± 0.46 5.59 ± 0.35
Kidney (L; mg/g) 7.28 ± 0.62 7.53 ± 0.48 7.66 ± 0.65 7.59 ± 0.81 7.39 ± 0.78
Kidney (R; mg/g) 7.76 ± 0.75 8.18 ± 0.88 8.32 ± 0.67 8.06 ± 0.92 7.99 ± 0.70
Liver (mg/g) 42.30 ± 3.20 44.11 ± 4.12 43.45 ± 4.33 43.84 ± 4.88 44.36 ± 4.10
Lung (L; mg/g) 2.10 ± 0.21 2.34 ± 0.18 2.19 ± 0.23 2.47 ± 0.35 2.29 ± 0.25
Lung (R; mg/g) 3.40 ± 0.38 3.80 ± 0.27 3.62 ± 0.30 4.01 ± 0.42 3.88 ± 0.40
Spleen (mg/g) 2.73 ± 0.17 2.75 ± 0.22 2.74 ± 0.20 2.74 ± 0.25 2.82 ± 0.20
Stomach (mg/g) 8.32 ± 0.82 8.56 ± 0.91 8.45 ± 0.90 8.12 ± 0.71 8.26 ± 0.84

Female mice
Initial BW (g) 20.3 ± 1.5 19.5 ± 1.9 20.2 ± 1.7 19.9 ± 2.1 20.7 ± 2.0
Ending BW (g) 25.0 ± 1.8 25.4 ± 2.2 26.0 ± 1.9 25.8 ± 2.0 25.2 ± 1.8
Death rate (%) 0 0 0 0 0
Heart (mg/g) 5.43 ± 0.54 5.56 ± 0.50 5.29 ± 0.41 5.34 ± 0.52 5.71 ± 0.63
Kidney (L; mg/g) 6.14 ± 0.65 6.42 ± 0.58 6.52 ± 0.60 6.49 ± 0.75 6.29 ± 0.80
Kidney (R; mg/g) 6.73 ± 0.60 6.02 ± 0.55 5.95 ± 0.57 5.99 ± 0.63 6.87 ± 0.61
Liver (mg/g) 43.15 ± 3.89 44.78 ± 4.32 43.96 ± 4.03 44.03 ± 4.69 44.50 ± 4.27
Lung (L; mg/g) 2.56 ± 0.28 2.64 ± 0.23 2.43 ± 0.30 2.69 ± 0.32 2.48 ± 0.30
Lung (R; mg/g) 3.67 ± 0.40 3.95 ± 0.37 3.72 ± 0.35 4.11 ± 0.45 3.80 ± 0.39
Spleen (mg/g) 3.52 ± 0.22 3.40 ± 0.28 3.45 ± 0.30 3.60 ± 0.40 3.69 ± 0.37
Stomach (mg/g) 8.83 ± 0.79 8.90 ± 0.92 8.23 ± 0.88 8.40 ± 0.79 8.86 ± 0.80
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incubated at 37°C for 21 h, and the result was determined 
using a described method [17]. Meanwhile, a negative 
control was set up by adopting an identical reaction system 
without peptide solution. MIC was defined as the lowest 
concentration required for inhibiting bacterial growth by 
more than 90% after overnight incubation.

Statistical analysis

Statistical difference was established using the 
Student’s t-test to compare with control. The mean  
± standard deviation (SD) was used as the mean value. 
Values of P < 0.05 were considered statistically significant.

RESULTS

In vitro HT-29 lytic activity and antibacterial 
activity

CAM-W was evaluated for its in vitro cell lytic activity 
using the human colorectal adenocarcinoma cell line, HT-29. 
Under CAM-W treatment, the % of lysed HT-29 cells was no 
more than 20%. The maximum lysis rate was 19.22% when 
treated with 300 mg/L of CAM-W (Figure 1), indicating that 
the IC50 of CAM-W against HT-29 cells was more than 300 
mg/L. In addition, CAM-W displayed potent antibacterial 
activity against the streptomycin-resistant STEC O157:H7 
strain, with a MIC of 0.3 ± 0.10 mg/L.

Acute oral toxicity test

All mice in all groups survived when CAM-W was 
orally administrated. Physical signs of toxicity, such as 

abnormal breathing, movement and stool, were also not 
observed. As shown in Table 1, no statistically significant 
changes in body weight existed between the treated and 
control groups. In addition, no significant changes in 
organ/body weight ratios were observed in any of the 
organ weights between treated and control groups.

With regard to the biochemical marker BUN, the 
5000 mg/kg treated mice showed a statistically significant 
increase versus the control group (Table 2). No other 
biochemical marker showed in a significanct difference 
between treated and control groups. In addition, no 
visible histopathological changes in visceral organs were 
observed between treated and control groups.

Oral bioavailability

The CAM-W concentrations in blood plasma from 
3 female and 3 male mice were determined at 10 time 
points within 20 h following consumption of CAM-W (50 
mg/kg). CAM-W was not detectable at any of the 10 time 
points throughout the 20 h duration (data not shown). 
Notably, the peak of CAM-W was not detected by our 
RP-HPLC system.

In vivo antibacterial activity

A murine model of STEC gastrointestinal infection 
was used to assess the in vivo antibacterial activity of 
CAM-W. The STEC excretion levels in feces after the 
oral infection of 5 × 103 CFU/body confirmed a dramatic 
proliferation of STEC in the gastrointestinal tracts within 
24  h (Figure 2A). CAM-W was orally administered 
everyday for 14 days. CAM-W could significantly inhibit 

Figure 1: HT-29 cell viability treated by a series of CAM-W dilutions, in working concentrations of 300, 150, 75, 40, 
20, 10, 5, 2.5, 1.2, 0.6, and 0.3 mg/L, at 37ºC for 24 h. The data points show the means, and error bars show the standard deviations 
of three independently generated data points.
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the further colonization of STEC once its proliferation 
reached a plateau (Figure 2A). In the control group, body 
weights decreased dramatically (Figure 2B), and 18 of 
the 20 mice died within 14 days after MMC treatment 
(Figure  2C). In contrast, in the CAM-W-treated group, 
body weights were stable (Figure 2B) and no mortality was 
observed throughout the observational period (Figure 2C).

DISCUSSION

CAM-W demonstrates a moderate cytotoxicity 
(IC50 > 300 mg/L) in an erythrocyte viability test, a potent 
antimicrobial activity and also overcomes several challenges 
under various conditions, involving specific temperatures  
(20, 30, 40, 50, 60, 70, 80, and 90 C), pH values (2.0, 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, and 9.0), and proteases (trypsin, pepsin, 
human neutrophil elastase, Pseudomonas aeruginosa elastase, 
and Staphylococcus aureus V8 protease) [6]. This suggests 
CAM-W having a potential in serving as an alternative to 
conventional antibiotics against bacterial gastroenteritis. In 

this work, CAM-W displayed an antibacterial activity with 
a MIC of 0.3 ± 0.10 mg/L toward streptomycin-resistant 
STEC O157:H7 strain, which is consistent with the MICs 
ranged from 0.3 to 1.0 mg/L against Gram‒negative bacteria 
reported in the literature [6]. Meanwhile, IC50 of more than 
300 mg/L towards human colorectal adenocarcinoma cell line 
HT-29 indicates CAM-W having a low cytotoxicity [13]. All 
these reveals the medicinal value of CAM-W.

In a 15‒day study, CAM-W was orally administered 
once to both male and female mice at single doses of 500, 
1000, 2000, and 5000 mg/kg, according to the OECD 
guidelines (OECD, 2007). CAM-W administration neither 
demonstrated any clinical signs nor caused mortality. 
In addition, BUN levels in 5000 mg/kg of CAM-W-
treated mice compared with that in the control group 
showed statistically significant increases but remained 
in the normal range (4.63‒11.75 mmol/L) [17]. This 
result indicates that CAM-W increased the end product 
of protein metabolism but was not toxic to the kidneys. 
Therefore, a single oral dose of CAM-W did not induce 

Table 2: Biochemical parameters of treated mice after a single oral dose of CAM-W

Index Control
Test groups

I II III IV
Male mice
  Alb (g/L) 31.5 ± 2.1 32.2 ± 2.3 32.8 ± 2.0 33.1 ± 2.1 32.4 ± 2.4
  ALT (U/L) 30.1 ± 2.3 29.4 ± 2.0 29.8 ± 1.9 30.5 ± 3.1 28.9 ± 2.9
  ALP (U/L) 138.4 ± 10.1 139.5 ± 9.8 140.9 ± 11.5 142.0 ± 12.2 141.6 ± 12.4
  AST (U/L) 62.3 ± 3.4 65.8 ± 5.6 60.4 ± 4.9 65.0 ± 5.3 68.7 ± 6.0
  BUN (mmol/L) 4.9 ± 2.0 5.1 ± 2.2 5.3 ± 3.0 6.5 ± 2.8 10.4 ± 2.5*

  Cre (μmol/L) 29.32 ± 2.35 29.44 ± 2.53 30.12 ± 2.91 29.56 ± 2.69 29.83 ± 2.80
  GB (g/L) 19.3 ± 2.3 18.2 ± 1.5 19.4 ± 2.0 20.0 ± 1.9 19.5 ± 2.3
  TC (mmol/L) 3.73 ± 0.29 3.94 ± 0.43 3.82 ± 0.33 3.89 ± 0.42 3.76 ± 0.31
  TP (g/L) 51.2 ± 4.8 50.9 ± 5.2 53.3 ± 5.8 50.0 ± 4.9 52.2 ± 5.4
  TG (mmol/L) 2.13 ± 0.04 2.25 ± 0.05 2.04 ± 0.03 2.11 ± 0.04 2.24 ± 0.03
Female mice
  Alb (g/L) 35.3 ± 2.5 34.2 ± 2.8 36.0 ± 3.2 37.3 ± 3.5 36.4 ± 3.3
  ALT (U/L) 63.4 ± 25.6 48.3 ± 18.0 52.8 ± 22.2 56.3 ± 26.7 51.0 ± 19.5
  ALP (U/L) 123.0 ± 15.3 126.8 ± 14.5 128.0 ± 12.9 130.3 ± 12.0 133.3 ± 13.4
  AST (U/L) 137.8 ± 29.5 128.9 ± 24.8 125.0 ± 35.1 122.6 ± 34.8 130.4 ± 24.1
  BUN (mmol/L) 5.04 ± 0.83 6.28 ± 0.07 6.38 ± 0.07 7.49 ± 0.06 10.72 ± 0.08*

  Cre (μmol/L) 41.67 ± 0.52 40.35 ± 0.48 41.53 ± 0.42 41.68 ± 0.50 41.70 ± 0.53
  GB (g/L) 15.0 ± 2.3 15.3 ± 1.9 15.8 ± 2.0 16.2 ± 1.7 16.5 ± 2.4
  TC (mmol/L) 2.39 ± 0.11 2.18 ± 0.15 2.26 ± 0.18 2.31 ± 0.20 2.43 ± 0.23
  TP (g/L) 50.3 ± 3.5 50.8 ± 3.1 51.2 ± 4.1 51.9 ± 5.3 53.0 ± 4.9
  TG (mmol/L) 2.18 ± 0.14 1.98 ± 0.10 2.03 ± 0.12 2.10 ± 0.16 1.99 ± 0.13

Abbreviations: ALT, alanine amino transferase; Alb, albumin; ALP, alkaline phosphatase; AST, aspartate amino 
transferase; BUN, blood urea nitrogen; Cre, creatinine; GB, globulin; TC, total cholesterol; TP, total protein; TG, 
triglyceride.
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Figure 2: Inhibition of STEC infections by CAM-W in Kunming mice. 18, 21 and 24 h after STEC (5 × 103 CFU) oral 
administration on day 0, 0.25 mg/kg body weight of multiple mitomycin C, in total, was intraperitoneally administrated in three times. 
CAM-W solution at dose levels of 10 mg/kg body weight was orally administrated to 10 mice (5 males and 5 females) three times a day 
in the experiment group 24 h after STEC oral administration until day 15, and control group, composed by 5 males and 5 females, was 
administrated also three a day with the vehicle solution. (A) STEC strain number-counting for excretion feces in both experiment and 
control group mice on 0, 6, 12, 18, 24, 30, 36, 48 h, and on day from 3 until 15 after the STEC infection, using the method as described in 
the text. Symbols: (□) number of STEC strain in STEC infected control group. (∆) number of STEC strain in CAM-W-treated mice group; 
(B) All mice in both STEC-infected mice control group (□) and CAM-W-treated mice group (∆) were weighed once a day until day 15. 
(C) Survival rates in both STEC-infected group (□) and CAM-W-treated group (∆) were observed from day 0 until 15 after STEC oral 
administration. *indicated a statistically significant difference of CAM-W-treated group from the control group (P < 0.05).
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any harmful effects, and the LD50 of orally administered 
CAM-W was higher than 5000 mg/kg/d in both sexes.

Blood samples analysis after single-dose 
intragastric administration revealed that CAM-W did 
not reach detectable levels in the bloodstream within  
20 hours. The absence of CAM-W in the blood reflects 
poor bioavailability of this novel AMP. Together, both oral 
bioavailability and acute oral toxicity tests demonstrated 
that CAM-W can barely enter into the bloodstream of 
treated mice in its intact form.

CAM-W was assessed as a treatment for mice with 
streptomycin depleted the facultative intestinal flora, 
which appeared to allow for explosive opportunistic 
proliferation of streptomycin-resistant STEC strains 
(Figure 2A). CAM-W showed to be 100% protective to 
Kunming mice challenged with streptomycin-resistant 
STEC strains. The effective dose of orally administrated 
CAM-W protecting 50% of animals (ED50) was <10 mg/kg  
(Figure 2). However, these results will have to be extended 
in more formal toxicity tests, and further experiments will 
be necessary to produce relaible dose-response curves.

CONCLUSIONS

Our results showed that CAM-W was 100% 
protective to Kunming mice challenged with STEC 
strains. In regards to safety and toxicity, CAM-W 
displayed a moderate cytotoxicity against HT-29 cells 
(IC50 > 300 mg/L) and oral administration of a single dose 
of CAM-W (5000 mg/kg) did not cause any observable 
side effects in mice. Notably, CAM-W could barely 
enter the bloodstream of treated mice. These findings 
demonstrate the potential value of CAM-W as a treatment 
for bacterial gastroenteritis and provide a basis for further 
investigation.
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