
Trends Med Sci. 2022 November; 2(4):e136719.

Published online 2023 June 3.

https://doi.org/10.5812/tms-136719.

Research Article

In Vitro Anti-bacterial Effect of Ox-bile Against Some Important

Gram-positive and Gram-negative Bacteria

Shahram Shekarforoush 1, Amir-Mohammad Jaladat 2, Mahtab Hadadi 3, Zahra Salehi 2, Nafiseh
Hosseinzadeh Shakib 3, Mohammad Mahdi Parvizi 2, 3 and Mohammad Motamedifar 4, 5, *

1Department of Food Hygiene and Public Health, School of Veterinary Medicine, Shiraz University, Shiraz, Iran
2Research Center for Traditional Medicine and History of Medicine, Department of Persian Medicine, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
3Molecular Dermatology Research Center, Shiraz University of Medical Sciences, Shiraz, Iran
4Department of Bacteriology and Virology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
5Shiraz HIV/AIDS Research Center, Institute of Health, Shiraz University of Medical Sciences, Shiraz, Iran

*Corresponding author: Department of Bacteriology and Virology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran. Email: motamedm@sums.ac.ir

Received 2023 April 08; Revised 2023 May 22; Accepted 2023 May 22.

Abstract

Background: Ox-bile has been recommended as a natural remedy with several therapeutic potentials in traditional Persian
medicine. It has had efficacy against inflammation and infection according to traditional medicine. Evidence revealed that bile
disrupts bacterial cell membrane and degrades DNA structure, so it has anti-bacterial effects. However, there is no evidence of any
approved medication composed of ox-bile in Iran.
Objectives: The aim of this study was to evaluate the in vitro anti-bacterial effects of ox-bile.
Methods: Ox-bile was obtained under aseptic conditions and sterilized with a 0.22µm syringe filter, then examined for their steril-
ity status through culture on different media. Following incubation under aerobic cultures for 48 hours and the anaerobic cultures
for one week. Two different kinds of antimicrobial susceptibility tests, including well-diffusion method and serial dilution test were
employed to characterize the inhibitory effect of ox-bile extraction on Pseudomonas aeruginosa, Escherichia coli, Staphylococcus au-
reus, Staphylococcus epidermidis, and Propionibacterium acnes.
Results: Based on our study, no anti-bacterial effect of ox-bile was observed against selected gram-positive and gram-negative bac-
teria.
Conclusions: No in-vitro evidence of inhibitory effect was observed against studied gram-positive and gram-negative bacteria.
Though further evaluation of the anti-bacterial effects of different preparations of ox-bile seems is still required.
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1. Background

Bile is the exocrine secretion of the liver, which is a
product of cholesterol metabolism (1-3). It is stored in the
gallbladder and enters into the duodenum via the com-
mon bile duct (1, 2). Its major components include var-
ious amino acids such as glycine and taurine, as well as
bile acids, cholesterol, phospholipids and bile pigments,
biliverdin, and bilirubin (4, 5). Bile contains proteins, es-
pecially mucin glycoproteins, and a wide range of mineral
salts ions, and anti-oxidants (4, 6). According to this struc-
ture, bile has a wide range of functions throughout the
body (7).

Evidence suggest that anti-bacterial effects could be a
potential effect of ox-bile (2, 5). In this regard, some stud-
ies have mentioned the bactericidal role of bile salts (8,

9), and its bacteriostatic function has been explained (10,
11). Bile salts provoke intestinal cell proliferation and pre-
vent apoptosis, decrease mucosal damage, and improve
survival after intestinal injury (1, 12). Bile acid may pro-
tect the intestine from injury or infection and help with
compensation (12). It inhibits bacterial overgrowth and en-
dotoxin absorption too (13). Concomitantly, bile has anti-
inflammatory, immunomodulatory, and anti-oxidant ef-
fects. Indeed, it offers protection against oxidative stress
and detoxifies a wide range of free radicals to control bac-
terial infections (14-16). The balance of bile acids and mi-
crobiota is also important for human health since dysbio-
sis and secondary bile acid deficiency can cause intestinal
inflammation to progress (17).

Zootherapy is an important alternative therapy in
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some countries (18). This is because three million years ago
animal bile’s was used in traditional Chinese medicine for
the treatment of different infections and inflammations
such as ocular infections and skin diseases, suppurative
otitis media, sinusitis, rhinitis, tonsillitis, gingivitis, laryn-
gitis as well as pharyngitis, bronchitis, pneumonia, cysti-
tis, and hepatitis (19, 20).

In previous studies of traditional Persian medicine,
several therapeutic indications have been mentioned for
bile. For example, a study reported topical application of
bile for the treatment of ear infections, purulent ulcer, and
smallpox (21). In addition, some studies demonstrated that
gram-positive and gram-negative bacteria have different
rates of resistance or sensitivity to bile, gram-positive bac-
teria seem to be more sensitive to bile (2). To the best of
our knowledge, although numerous uses of animal bile, es-
pecially ox-bile (bile of caw) were reported, there is no evi-
dence of approved ox-bile related drugs in Iran.

2. Objectives

The aim of this study was to evaluate the anti-bacterial
effects of ox-bile on some clinically important gram-
positive and gram-negative bacteria.

3. Methods

3.1. Ox-bile Preparation

The bovine gallbladder was obtained from Marvdasht
slaughterhouse (Marvdasht, Iran). Immediately after
slaughtering and evisceration of the male cattle (1.5 - 2
years old), under aseptic conditions, their gallbladder was
removed from the liver junction, the bile duct was ligated,
and they were transported to the laboratory in plastic bags
under cold conditions. In the laboratory, the surface of the
gallbladders was sterilized with a hot spatula, their con-
tents were sucked with a 50 mL syringe, collected in a ster-
ile beaker, and then sterilized with a 0.22µm syringe filter.

3.2. Sterility Status

Ox-bile samples were then examined for their steril-
ity status through culture on different media, including
EMB agar (MERCK, Germany), Blood agar (MERCK, Ger-
many), Thioglycolate broth (MERCK, Germany), and TSB
broth (MERCK, Germany) following incubation under both
aerobic and anaerobic conditions. The aerobic cultures
were checked for 48 hours and the anaerobic cultures for
one week.

3.3. Minimum Inhibitory Concentration

The well diffusion and micro-broth dilution tests were
performed to determine the minimum inhibitory con-
centration (MIC) of ox-bile against gram-positive and
gram-negative bacteria, including Pseudomonas aerugi-
nosa (PAO1), Escherichia coli (ATCC 25922), Staphylococcusau-
reus (ATCC 25923), Staphylococcus epidermidis, and Propioni-
bacterium acnes (ATCC 6919).

Through the well diffusion method, bacterial suspen-
sion of each species (equal to 0.5 McFarland turbidity) was
cultured on distinct Muller Hinton agar plate wells were
made, four different concentrations of ox-bile (3, 1/5, 0/75,
0/375%) according to two folds serial dilution with primary
concentration of 6% bile were prepared and 50 µL of each
prepared concentration of ox-bile was inoculated in the
wells. In each plate, one well was dedicated to penicillin
as a positive control. This test was done twice for each ex-
amined bacterium.

For the MIC test, the procedure was done based on CLSI
guidelines (22). This test was also done twice for each bac-
terium

Finally, the plates were incubated in the proper atmo-
sphere and temperature given the bacterium they con-
tained. P. aeruginosa, E. coli, S. aureus, and S. epidermidis
were incubated aerobically, but P. acnes was incubated
anaerobically.

3.4. Ethical Statement

The study was approved by the Research Ethics Com-
mittee of School of Medicine- Shiraz University of Medical
Sciences (IR.SUMS.MED.REC.1400.117).

4. Results

After 24 - 48 hours of incubation, plates of well diffu-
sion assay were examined for inhibition zone, no inhibi-
tion zone was detected in any of the plates. Microplates
were examined for the well with no growth, but no in-
hibitory effects were detected for any concentrations of ox-
bile against the examined bacteria.

5. Discussion

The results of our study revealed that ox-bile did not
show any anti-bacterial effect against evaluated gram-
positive and gram-negative bacteria, including P. aerugi-
nosa, E. coli, S. aureus, S. epidermidis, and P. acnes in the in-
vitro setting.

Not concurring with our results, previous studies have
mentioned anti-bacterial effects of bile and several mecha-
nisms, especially damaging the bacterial cell membranes,
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DNA and RNA via oxidative stress mechanisms, resulting
in alteration of protein expression and cell wall disruption
(23, 24). Also, it has been reported that it affects the lipid bi-
layer structure of bacterial membranes due to hydropho-
bicity and the amphipathic nature of the membrane (25,
26). Further, there are reports that indicate the detergent
role of bile acids and potential antimicrobial activity (27,
28).

Some evidences showed that ox-bile has an anti-
bacterial effect on gram-positive and gram-negative bacte-
ria as Kandell and Bernstein reported that bile salts could
induce damage to the DNA of E. coli (9, 29). Yan and Zou
mentioned that bile powder has a significant inhibitory ef-
fect on S. aureus and E. coli (30). In another study, the zone
of inhibition againstS. aureuswas 28 mm at 100 mg/mL and
for E. coli it was 29 mm (31). Prieto et al. reported that the
MICs of ox-bile for Salmonella typhimurium and Salmonella
typhi were 18% and 12%, respectively (32). Amine et al. ex-
plored the mechanism of action of ox-bile on Salmonella ty-
phimurium at the molecular level. They revealed that alter-
ation of seq A and its protein changed the phospholipids
and fatty acids and enhanced bacterial sensitivity to bile
acid (25). In another study, both E. coli and Salmonella en-
terica were sensitive to bile due to the alteration of cellular
functions (32, 33).

On the other hand, some investigations reported dif-
ferent information and mentioned thatE. coli is considered
to be bile-resistant or Listeria monocytogenes strains are in-
herently bile-resistant (2, 34). These differences in bile tol-
erance can be related to the concentration of bile, expo-
sure to various pH and temperatures, or the type and struc-
ture of bile (35, 36). Other factors include alteration of the
cell membrane structure and composition, especially dif-
ferent lipopolysaccharides of the outer membrane, as well
as changes in membrane electric charge and hydrophobic-
ity (6). Capacity of cell wall to maintain intracellular home-
ostasis and altered activity of critical enzymes (2, 37), dif-
ferences in gene transcription and protein expression are
important too (9, 38).

There were some limitations in our study. First, we se-
lected some positive and negative micro-organisms to test
their sensitivity against ox-bile in this study. Therefore, it
is not possible to generalize these results to all gram pos-
itive and negative micro-organisms. In this regard, evalu-
ation of the anti-bacterial efficacy of ox-bile against other
micro-organism and fungal agents are necessary. Next, it
is possible that the animal race is a factor that can affect
the results, so we recommend that this factor will be con-
sidered in further studies. Our suggestion for other re-
searchers is to work on different organisms of specific dis-
eases and to evaluate its efficacy on bacteria apart from the
bacterial strains examined in this study or detecting other

mechanisms for ox-bile such as anti-fungal effects. Another
suggestion is to combine ox-bile with herbal medication
for evaluating the other possible effects of ox-bile such as
enhancing the penetration of drugs to the bacterial struc-
tures or their synergistic anti-bacterial effects.

5.1. Conclusions

According to the results of this study, the use of ox-bile
to inhibit the growth or kill of the evaluated organisms is
not recommended, and the evaluation of the antibacterial
utility of ox-bile warrants further research.
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