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ABSTRACT

Background: Coccidiosis is a costly and wide-spread infectious disease in mammals that causes huge losses in the poultry
industry worldwide. The present study was conducted to evaluate the potency of intact poultry gallbladder on the sporulation of
Eimeria papillata oocysts of mice and to determine the best concentration for the activity of poultry bile on the inhibition of
sporulation in oocysts.

Methods: In this test, we used potassium dichromate solution (2.5%) as control group. Unpopulated oocysts were exposed (1 x 10%3 ml)
to four concentrations of poultry bile (w/v; 10%, 25%, 50%, and 100%). It was incubated in petri dishes for 48, 72 and 96 hours at 25-
29°C, with 60-80% humidity. The sporulation was examined under an inverted microscope at 40 x to confirm oocyst sporulation.
Result: Showed through infrared spectroscopy of poultry bile that there are many expected active classes of chemical compounds.
At a 100% concentration of poultry bile, it was able to inhibit the Eimeria papillata oocysts by about 98% in potassium dichromate
solution. Also, it observed its ability to inhibit sporulation of oocysts in a dose-dependent manner at concentrations of 50%, 25%, and
10% of bile, the rate of inhibition was (71.7%, 33.11% and 19.88%), respectively. We found a direct relationship between inhibition

and sporulation related to the increasing time period.

Key words: Eimeria papillate, Inhibition, Poultry bile, Potassium dichromate, Oocysts Sporulation.

INTRODUCTION

Coccidiosis has spread worldwide, causing tremendous
economic losses and is thought to be one of the most serious
infectious diseases of birds (Johnson 1923, Chapman 2014,
Suohu and Rajkhowa 2021). It is the result of unicellular
protozoans of the Eimeria genus, which encompasses a
variety of species (Blake and Tomley 2014; Shivaramaiah
et al. 2014). Clinically, the disease causes digestive issues
such as bloody diarrhea, as well as a low feed conversion
rate, a slow growth rate, and poor weight gain. This has
also been identified to be a predisposing factor for infections
like bacterial diseases(Collier et al. 2008, Bachaya et al.
2012, Orengo et al. 2012, Kaur et al. 2019). When a bird
eats a sporulated oocyst from waste, it becomes infected.
The development of anticoccidial drug resistance, its
lingering effects on bird meat, and the harmful effects of
disinfectants have prompted the search for alternatives
(Abbas et al. 2012, Colwell and Gilleard 2012, Blake and
Tomley 2014, Shivaramaiah et al. 2014). For over 2500
years, researchers of Chinese material medicine have used
forty-four different animal bile, including human gallbladder
liquid, as pharmaceuticals in traditional Chinese medicine
(TCM) to treat patients suffering from a wide range of
illnesses (Wang and Carey 2014). because of their detergent
properties and membranolytic activity (Zhai et al. 1996). Bile
acids have microbicidal properties (Binder et al 1975; Begley,
et al 2005), a characteristic considered fundamental for
restricting the activity of bacteria in the proximal small
intestine (Begley et al. 2005; de Aguiar Vallim et al. 2013).
They have demonstrated efficacy in antimicrobial activity
and anti-coccidiosis chemotherapeutic effects and are being
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marketed following a chain of empirical trials for their
investigation and are an economically less costly method
for the elimination of coccidiosis (Zaman et al. 2012: Jones
et al. 2018).

Traditional Chinese medicine (TCM) has employed
gallbladder liquid and some bile ingredients from diverse
animals for centuries, together with plant drugs as garlic
extracts that performed on rabbits showed the lower number
of coccidia oocysts and other materials, to treat infectious
and non-infectious diseases, both chronic and acute,
including malaria (Cullen and Lo 2004, tapifiski et al., 2018).
Based on the chemical composition and pharmacologic
actions of bile, such as specific bile salts, the bile pigment
bilirubin and its glucuronides, minor bile components such
as Vitamins A, D, E, K and melatonin synthetic compounds,
and medicinal plants, bile from chickens, cattle, sheep and
others may be promising candidates for bear bile’s similar
and alternative therapeutic purposes (Li et al. 2016). Animal
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bile has been shown to improve liver function, dissolve
gallstones, suppress bacterial and viral reproduction, and
have anti-inflammatory, antioxidant, antipyretic, anodyne,
anticonvulsive, antiallergic, anti-congestive, antidiabetic and
antispasmodic properties (Wang and Carey 2014; Zehua
2015). Modern therapeutic research has suggested that bear
bile has a wide range of pharmacological properties,
including hepatoprotection, antibacterial, antiviral, anti-
inflammation, anti-gallstones, hypolipidemic and other
activities (Kou et al. 2014; Zhao et al. 2015). Goat bile was
used in traditional Chinese medicine therapeutically because
it was thought to be beneficial in treating optic atrophy, acute
hemorrhagic conjunctivitis and several infectious skin
diseases (Wang and Carey 2014). The main components
of chicken bile acid were TC: taurocholate, TCDC:
taurochenodeoxycholic and TAC: tauroglycocholate (Gu et al.
1994). Point studies used carcass residue (bile) in the
treatment of coccidiosis in birds (Remmal et al. 2013, Jones
et al. 2018). Since they were first introduced in the West
over a century ago (Little et al. 1992, Bortolini, Medici and
Poli 1997), bile acid precipitated with iron sulfate to form
ferrous salts of bile acids known as “Bilron,” has been shown
to be effective in treating patients with steatorrhea due to
bile acid deficiency, especially following ileectomy for
Crohn’s disease, since they were first introduced in the West
over a century ago (Little et al. 1992).

The aim of the present study was to evaluate the
potential of poultry bile liquid in vitro against sporulation and
the morphology of oocysts of Eimeria specie.

MATERIALS AND METHODS

Animal material

The experiment was conducted in the Department of
Zoology, Parasitology Laboratory, College of Science, King
Saud University, for a period of approximately one to two
months in October 2021. The preparation and activation
of oocytes in mice and then applying the concentrations of
the experiment in vitro. Poultry bile was obtained from the
intact gallbladder of a broiler chicken from a slaughterhouse
on a poultry farm in Riyadh (Saudi Arabia). Poultry
gallbladders were isolated from 10 healthy female chickens.
Gallbladders were sterilized with 70% alcohol before removal
of the bile by syringe, transferred and collected to a clean
tube and stored at 4°C until they were used on oocysts of
Eimeria species.

Infrared spectroscopy

A small portion of the material was combined with an excess
of potassium bromide powder (1: 99 wt%) and processed to
create a homogenous consistency. The material was then
coarsely mashed and placed in a pellet-forming die. The
optical spectrometer NICOLET 6700 Fourier-transform
infrared spectroscopy from Thermo Scientific was used to
examine infrared (IR) (FT-IR). The maximum absorption is
expressed as the number of waves (cm™). At 25°C, spectra

with a resolution of 4 cm were recorded, spanning from 4000
cmto 1to 400 cm’.

Oocyst sporulation test

In this study, E. papillata was used as a pathogenic species
in the small intestine (Danforth, Entzeroth and Chobotar
1992). which were obtained mainly from unpopulated
oocysts (Eimeria papillata) by Prof. Mehlhorn at the
University of Duesseldorf (Duesseldorf, Germany), To keep
the parasite alive, unpopulated oocysts of E. papillata were
passed on to mice (Al-Quraishy et al. 2011, Dkhil et al. 2013).
Oocysts were collected from the feces of mice infected with
E. papillata and surface sterilized with sodium hypochlorite
before being washed at least four times in sterile saline, as
described. An in vitro inhibition test of sporulation was utilized
to examine the effect of chicken bile on the oocyst
sporulation of E. papillate (Schito et al 1996). Bile liquid
was diluted with distilled water (100%, 50%, 25%, and 10%).
Then, we used 350 pl of un-sporulated oocysts containing
1 x 10° oocysts were added to 2.5% potassium dichromate
solution in petri dishes and exposed to four concentrations
of poultry bile with potassium dichromate (w/v; 10%, 25%,
50%, and 100%), was used as control group. The petri
dishes were partially covered to allow oxygen to pass through
and incubated for 48 hours at 25-29°C with water in two
petri dishes in the incubator to maintain 60—-80 percent
humidity. The petri dish contents were stirred off every now
and then (Gadelhaq, et al. 2018). Each dilution was
examined microscopically after 48 hours, 72 hours, and 96
hours in (10 ml) suspension. Then sporocysts were
examined under an inverted microscope at 40 x to confirm
oocyst sporulation. The number of oocysts left in a total of
50000 oocysts was counted to estimate the percentage
population of sporulated and inhibitory oocysts (Pieri et al.
2014).

For each concentration, three replicates were
performed, and the experiment was repeated to confirm the
results. The oocysts with 4 sporocysts were considered
sporulated regardless of the shape and size of the
sporocysts. The number of sporocysts within each
sporulated oocyst was counted, as well as the number of
abnormal sporocysts (in terms of shape and size). The
numbers of sporulated and non-sporulated oocysts using a
McMaster chamber were counted and the percent
sporulation was estimated by counting the number of
sporulated oocysts in 100 oocysts for E. papillate (Ruiz et al,
2006). The percentages of sporulation and inhibition were
calculated using the following equations:

Number of sporulated oocysts

Sporulation (%) = x 100

Total number of oocysts

As You described (You 2014), sporulation inhibition.

Sporulation of control-Sporulation of treated
(S1%) = - x 100
Sporulation of control
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Statistical analysis

The GraphPad Prism program and one-way ANOVA were
used to analyze the data, and Duncan’s multiple range test
was used to determine significance between groups.
Statistical significance was defined as P<0.05.

RESULTS AND DISCUSSION

Poultry bile fluid was analyzed with major bands at 3425.53
Cm, 2093.10 Cm™, 1641.41 Cm™, 1045.64 Cm", 410.42
Cm™, respectively. Chemicals were present as in the Fig 1,
Table 1. Modern physiological, physical-chemical, molecular
biological, and nuclear receptor regulation, as well as
homeostatic research on bile acid and bilirubin metabolism
in animal and model bile, have shed light on the possible
pharmacolo gical mechanisms involved in the mode of action
of various animal bile. These findings support the success
of TCM’s millennia-old heuristic tactics (Sjovall and Setchell
1988, Vitek and Ostrow 2009, Lefebvre et al. 2009). Our
findings are consistent with those of Remmal, who
discovered that the major components of essential oils tested
separately (carvacrol, thymol, isopulegol, eugenol, and
carvone) have oocysticidal activity in the fight against
coccidiosis (Remmal et al. 2013). Furthermore, bile acids
have been shown to be potent regulatory agents in the
gastrointestinal tract and liver over the last two decades,
activating specific nuclear receptors, a G-coupled protein
receptor and multiple cell signaling pathways
(Mukhopadhyay and Maitra 2004;Hofmann 1963; Lefebvre

et al. 2009). Generally, the statistical analysis showed that
all dilutions of poultry gallbladder (bile) significantly inhibited
different levels of sporulation in E. papillata, except
concentration 100% of bile compared to control group
(potassium dichromate solution 2.5%), Which depended on
dose concentration and incubation period, which increased
sporulation percentage with an increased incubation period
at 24, 48, 72 and 96 hrs, (Table 2). So, oocyst sporulation
incubation in a potassium dichromate solution 2.5% with
PB at a concentration of 100% for all periods presented
inhibited sporulation. This applies to those results that
showed that bile acids play an important role in the regulation
of the antimicrobial program of the terminal ileum and
suggest that they act as regulators of critical aspects of the
intestinal epithelial barrier and immunity. Similarly, animal
bile and commercially available bile acids were tested in
experimental allergic illness models for their anti-allergic
properties. In mouse models of delayed-type hypersensitivity
(type IV allergy), picryl chloride-induced contact dermatitis
(PC) and sheep red blood cells (SRBC)-induced footpad
swelling, pig bile had a significant protective effect. Kubo et al.
(1989) similarly inhibited PC-CD by the herb Felurs (dried
bear gallbladder)(Kubo et al. 1989).

After a 48-h incubation were observed significant
differences in all concentrations with PB. Showed the
E. papillata oocysts sporulation with potassium dichromate
solution 2.5% about 23%, while concentration 100% did not
show any sporulation. whereas the concentrations of PB
(50%, 25% and 10%) showed sporulation in varying

% T
i

a2 2650 -

Name Description
SB_1 Sample 702 By Analyst Date Sunday, March 13 2022

Fig 1: Infrared spectroscopy of poultry bile.

Table 1: IR spectrum of poultry bile liquid by frequency range.

Absorption (cm™) Appearance Transmittance (%) Group Compound class
3425.53 Medium 12 N-H stretching Aliphatic primary amine
2093.10 Strong 47 N=C=S stretchy Isothiocyanate

1641.41 Strong 23 C=C stretching Alkene

1209.12 Strong 42 C-O stretching tertiary Alcohol

1045.64 Strong, Broad 43 CO-0O-CO stretching Anhydride

410.42 Strong 3 C-H bending 1,2-disubstituted
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Table 2: Shows the rate of non-sporulation in the PDS group and the sporulation rate in the DW.

Treatments Time Non- sporulation (%) Sporulation inhibition (%) P. Value

CON+[PDS 2.5%] 48 89.7+4 0 0
72 56.5+2 0
96 9.33+1 0

100% PB+[PDS 2.5%)] 48 100+0.01 100+0.01 **
72 100+0.01 100+0.01
96 100+0.01 100+0.01

50% PB+[PDS 2.5%)] 48 78.67+2.3 79+2.5 *
72 47.67+2.1 43+2.3
96 38.67+1.9 7.7+2

25% PB+[PDS 2.5%] 48 69.25+3 71+2.5 *
72 32.33+3 363
96 20.67+2 6.2+3

10% PB+[PDS 2.5%)] 48 73.24+ 3 41+3
72 28.67+3 26+2.1 NS
96 17.66+2 5+1.5

PB: Poultry bile; CON: Control; PDS: Potassium dichromate solution; NS: No significant differences*: (p-value<0.05); **: (p-value<0.001).
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Fig 2: Effects of Poultry bile diluting potassium dichromate solution on sporulated oocysts of E. papillata of different concentrations,
after 48 hours in vitro. *: (p-value<0.05); ** (p-value<0.001).

proportions, (Fig 2). While, E. papillata oocysts incubation
of 72-hour with PB resulted decreased the sporulation ratio
with different levels of sporulation in concentrations 50%,
25%, and 10% approximately ratios of 26.76%, 42.33%,
63.67%, (Fig 2). However, oocysts incubation of 96-hour
with PB resulted in increasing sporulation percentage in
control group. while, at 100% concentration continue oocysts
without sporulation. On the other hand, we noticed that the
concentrations (50%, 25%, and 10%) increased the
percentage of sporulation than the previous ones with
increasing time, (Fig 4). These findings also point to a
potential therapeutic application of bile acids in the treatment
of enteric bacterial infections (Tremblay et al. 2017). The
primary biliary lipids of vertebrates, including cartilaginous
and bony fish, reptiles, birds and mammals, contain
conjugated steroidal bile acids as soluble salts(Lang et al.

2016). Bile alcohol sulfates of C27 and/or C24 bile acids,
as well as N-acyl amidites of C27 and/or C24 bile acids,
can be employed. Bile acids are always a molecular
combination of congeners created in the liver straight from
cholesterol. The number of known naturally occurring bile
acid species is in the hundreds (Sola et al. 2002, Mello-
Vieira et al. 2013) and is typified by the most evolved species
in humans(Zhao et al. 2015).

Bile liquid was utilized to dislodge intestinal worms from
dogs. As an outcome, it played a critical role in treating
infantile undernourishment caused by gastrointestinal
disruptions, and trematodes. According to paleopathological
evidence, these infestations were most probably caused by
roundworms (nematodes) (Zehua 2015; Liu 2016).

The main effects of experimental groups and time of
sporulation and concentrations ratio on sporulation (%) and
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Sporulation%, inhibition%

Concentration (mg/ml)

EX Sporulation
E3 Imhibition

Fig 3: Effects of diluting potassium dichromate on sporulated oocysts of E. papillata of different concentrations,

after 72 hours in vitro. *: (p-value<0.05); ** (p-value<0.001).

Sporulation®o, inhibition%

Concentration {(mg/mnl)

E= Sporulation
E Inhibition

Fig 4: Effects of PB diluting potassium dichromate on sporulated oocysts of E. papillata of different concentrations,
after 96 hours in vitro. *: (p-value<0.05); ** (p-value<0.001).

sporulation inhibition (%) of E. papillata oocysts are shown.
The sporulation percentage increased with increasing
incubation time and conversely that for non-sporulation
percentage. The sporulation inhibition rate increased
significantly with increasing incubation time up to 72 hours
(P<0.05), therefore, the sporulation inhibition rate did not
differ significantly between 72- and 96 hour exposure
(Fig 3, 4). The sporulation inhibition rate increased
significantly with the highest concentration (P<0.05).
Therefore, the sporulation inhibition rate disagreed
significantly between the concentrations (PB: 50%,25%, and
10%) that E. papillata oocysts were exposed (Fig 5, 6).

In Fig 7 PD shows that the percentage of sporulation
increased with increasing bile concentration and vice versa
for the percentage of no ovulation with the bile dilution visit.
The rate of sporulation inhibition increased significantly with

a decrease in bile concentration at 10% and 25% (P<0.05),
and therefore, the rate of ovulation inhibition differed
significantly between exposure to concentrations of 100%
and 10%. Bile acids are involved in the regulation of bile
acid, glucose, fatty acid, and cholesterol synthesis, transport,
and metabolism, as well as triglyceride homeostasis and
nutrient signaling that controls the utilization of energy, as
evidenced by their activation and repression of genes
encoding enzymes, other proteins, and transporters
(Lefebvre et al. 2009). Bile acids have also been used for
drug delivery to take advantage of their particular
physicochemical properties and biocompatibility, and as drug
absorption enhancers, for both drug solubilization and
permeation (Pavlovic et al. 2018). Further, UDCA, a bile
component, was used in a clinical trial with COVID-19
patients in the USA (Subramanian et al. 2020). The usage



The Anticoccidial Effects of the Poultry Bile against Eimeria papillata Oocysts of Mice: in vitro Study

PD

= EX sporulation
i E=3 Inhibition

Sporulation®o, imhibition%o

Time

Fig 5: E effects of Poultry bile diluting distilled water on inhibition oocysts of E. papillata of different times after 48, 72 and
96 hours in vitro. *: (p-value<0.05); ** (p-value<0.001).
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Fig 6: Cumulative effect of Poultry bile diluting potassium dichromate on inhibition oocysts of E. papillata of different times after 48,
72 and 96 hours in vitro. *: (p-value<0.05); ** (p-value<0.001).
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Fig 7: Cumulative effect of Poultry bile diluting potassium dichromate on sporulation oocysts of E. papillata of different times after 48,
72 and 96 hours in vitro. *: (p-value<0.05); **: (p-value<0.001).
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of bile compounds in their pure form, in our opinion, gives
higher pharmacological and toxicological safety.

More research into gallbladder bile is needed to identify
the component(s) responsible for poultry bile activities, as
well as in-vivo research to understand the histological
mechanisms, oxidative stress, and molecular of poultry bile
induced sporulation inhibition in the animal body and develop
the most cost-effective anti-coccidiosis treatment.

CONCLUSION

Conclude that these poultry bile liquid are of particular
interest in fighting coccidiosis since they have a destructive
effect against sporulation and the morphology of oocysts of
Eimeria species. The findings of this study point to the need
for necessitate more research into chicken bile to determine
the components effective, as well as, more in vivo research
in order to develop a less expensive and time-consuming
coccidiosis treatment. They could also help in the formulation
of radical and safe solutions to coccidiosis.

Data Availability

Data supporting this research are available from
corresponding author on reasonable request.

ACKNOWLEDGEMENT

This work was supported by King Saud University, Riyadh,
SaudiArabia, under Researchers Supporting Project number
RSP- 2022/3.

Conflict of interest

The authors declare that they have no conflicts of interest.

REFERENCES

Abbas, R., Colwell, D. and Gilleard, J. (2012). Botanicals: An alternative
approach for the control of avian coccidiosis. World’s
Poultry Science Journal. 68: 203-215.

Al-Quraishy, S., Delic, D., Sies, H., Wunderlich, F., Abdel-Baki,
A.A.S. and Dkhil, M.A.M. (2011). Differential miRNA
expression in the mouse jejunum during garlic treatment
of Eimeria papillata infections. Parasitology Research.
109: 387-394.

Bachaya, H., Raza, M., Khan, M., Igbal, Z., Abbas, R., Murtaza, S.
and Badar, N. (2012). Predominance and detection of different
Eimeria species causing coccidiosis in layer chickens. J
Anim Plant Sci. 22: 597-600.

Begley, M., Gahan, C.G. and Hill, C. (2005). The interaction between
bacteria and bile. FEMS Microbiology Reviews. 29: 625-651.

Binder, H. J., Filburn, C. and Volpe, B.T. (1975). Bile salt alteration
of colonic electrolyte transport: role of cyclic adenosine
monophosphate. Gastroenterology. 68: 503-508.

Blake, D.P. and Tomley, F.M. (2014). Securing poultry production
from the ever-present Eimeria challenge. Trends in
parasitology. 30: 12-19.

Bortolini, O., Medici, A. and Poli, S. (1997). Biotransformations on
steroid nucleus of bile acids. Steroids. 62: 564-577.

Chapman, H. (2014). Milestones in avian coccidiosis research: a
review. Poultry Science. 93: 501-511.

Collier, C., Hofacre, C., Payne, A., Anderson, D., Kaiser, P., Mackie,
R. and Gaskins, H. (2008). Coccidia-induced mucogenesis
promotes the onset of necrotic enteritis by supporting
Clostridium perfringens growth. Veterinary Immunology
and Immunopathology. 122: 104-115.

Cullen, C. and Lo, V. (2004). Medieval Chinese Medicine: The Dunhuang
Medical Manuscripts. Routledge.

Danforth, H., Entzeroth, R. and Chobotar, B. (1992). Scanning and
transmission electron microscopy of host cell pathology
associated with penetration by Eimeria papillata sporozoites.
Parasitology research. 78: 570-573.

De Aguiar Vallim, T.Q., Tarling, E. J., Kim, T., Civelek, M., Baldan,
A., Esau, C. and Edwards, P. A. (2013). MicroRNA-144
regulates hepatic ABCA1 and plasma HDL following
activation of the nuclear receptor FXR. Circulation research.
112: 1602.

Dkhil, M.A., Al-Quraishy, S., Abdel Moneim, A.E. and Delic, D. (2013).
Protective effect of Azadirachta indica extract against
Eimeria papillata-induced coccidiosis. Parasitology Research.
112: 101-106.

Gadelhaq, S.M., Arafa, W.M. and Abolhadid, S.M. (2018). In vitro
activity of natural and chemical products on sporulation
of Eimeria species oocysts of chickens. Veterinary Parasitology.
251: 12-16.

Gu, X, Li, M., Chang, J. and Cui, G. (1994). Comparison between
pharmacologic actions of rabbit bile and bear bile. Zhongguo
Zhong yao za zhi= Zhongguo Zhongyao Zazhi= China
Journal of Chinese Materia Medica. 19(8): 556-575.

Hofmann, A. (1963). The function of bile salts in fat absorption. The
solvent properties of dilute micellar solutions of conjugated
bile salts. Biochemical Journal. 89: 57.

Johnson, W. (1923). Avian coccidiosis. Poultry science. 2: 146-163.

Jones, M.W., Small, K., Kashyap, S. and Deppe, J.G. (2018). Physiology,
gallbladder.

Kaur, S., Singla, L.D., Sandhu, B.S., Bal, M.S and Kaur, P. (2019).
Coccidiosis in goats: pathological observations on intestinal
developmental stages and anticoccidial efficacy of amprolim.
Indian J. Anim. Res. 53(2): 245-249.

Kou, G., Zhang, C., Wang, Z., Xu, Q. and Wang, B. (2014). Study
progress on pharmacology of bear bile powder. Chinese
Journal of Drug Evaluation. 31: 142-145.

Kubo, M., Nakagami, T., Yamasaki, N., Ito, M., Nogami, M. and Taji,
S. (1989). Studies on Medicinal Resources from Livestock.
I.: Anti-allergic Effects of Pig Bile.(1). Chemical and
Pharmaceutical Bulletin. 37: 3409-3411.

Lang, E., Pozdeey, V.l., Gatidis, S., Qadri, S.M., Haussinger, D.,
Kubitz, R., Herebian, D., Mayatepek, E., Lang, F. and
Lang, K.S. (2016). Bile acid-induced suicidal erythrocyte
death. Cellular Physiology and Biochemistry. 38:
1500-1509.

Lefebvre, P., Cariou, B., Lien, F., Kuipers, F. and Staels, B. (2009).
Role of bile acids and bile acid receptors in metabolic
regulation. Physiological Reviews. 89: 147-191.

Li, S., Tan, H.Y., Wang, N., Hong, M., Li, L., Cheung, F. and Feng.
Y. (2016). Substitutes for bear bile for the treatment of
liver diseases: Research progress and future perspective.
Evidence-Based Complementary and Alternative Medicine.
doi: 10.1155/2016/4305074.



The Anticoccidial Effects of the Poultry Bile against Eimeria papillata Oocysts of Mice: in vitro Study

Little, K.H., Schiller, L.R., Bilhartz, L.E. and Fordtran, J.S. (1992).
Treatment of severe steatorrhea with ox bile in an ileectomy
patient with residual colon. Digestive Diseases and Sciences.
37: 929-933.

Liu, C. (2016). Review on the studies of unearthed Mawangdui medical
books. Chinese Studies. 5: 6.

lapifiski, S., Gacek, L., Gawrofiska, J., Guja, I., Kowal, J., Migdal,
L. and Niedbala, P. (2018). The effect of phytogenic feed
additives on the performance, meat quality and coccidial
infection rates of rabbits. Indian J. Anim. Res. 52(7): 1082-
1086.

Mello-Vieira, J., Sousa, T., Coutinho, A., Fedorov, A., Lucas, S.D.,
Moreira, R., Castro, R.E., Rodrigues, C.M., Prieto, M. and
Fernandes, F. (2013). Cytotoxic bile acids, but not
cytoprotective species, inhibit the ordering effect of
cholesterol in model membranes at physiologically active
concentrations. Biochimica et Biophysica Acta (BBA)-
Biomembranes. 1828: 2152-2163.

Mukhopadhyay, S. and Maitra, U. (2004). Chemistry and biology of
bile acids. Current Science. 1666-1683.

Orengo, J., Buendia, A., Ruiz-lbafez, M., Madrid, J., Del Rio, L.,
Catala-Gregori, P., Garcia, V. and Hernandez, F. (2012).
Evaluating the efficacy of cinnamaldehyde and Echinacea
purpurea plant extract in broilers against Eimeria acervulina.
Veterinary parasitology. 185: 158-163.

Pavlovic, N., Goloéorbin-Kon, S., Panic, M., Stanimirov, B., Al-
Salami, H., Stankov, K. and Mikov, M. (2018). Bile acids
and their derivatives as potential modifiers of drug release
and pharmacokinetic profiles. Frontiers in Pharmacology.
1283.

Pieri, F., Silva, V., Vargas, F., Veiga, V. Junior and Moreira, M. (2014).
Antimicrobial activity of Copaifera langsdorffii oil and
evaluation of its most bioactive fraction against bacteria
of dog’s dental plaque. Pakistan Veterinary Journal. 34.

Remmal, A., Achahbar, S., Bouddine, L., Chami, F. and Chami, N.
(2013). Oocysticidal effect of essential oil components
against chicken Eimeria oocysts. Int J Vet Med. 2: 133-139.

Ruiz, A., Gonzélez, J.F., Rodriguez, E., Martin, S., Hernandez, Y.I.,
Almeida, R. and Malina, J. M. (2006). Influence of Climatic
and Management Factors on Eimeria Infections in Goats
from Semi arid Zones. Journal of Veterinary Medicine.
Series B, 53(8): 399-402.

Schito, M.L., Barta, J.R. and Chobotar, B. (1996). Comparison of
four murine Eimeria species in immunocompetent and
immunodeficient mice. The Journal of Parasitology. 255-262.

Shivaramaiah, C., Barta, J.R., Hernandez-Velasco, X., Téllez, G.
and Hargis, B.M. (2014). Coccidiosis: recent advancements
in the immunobiology of Eimeria species, preventive
measures, and the importance of vaccination as a control
tool against these Apicomplexan parasites. Veterinary
Medicine: Research and Reports. 5: 23.

Sjovall, J. and Setchell, K. (1988). Techniques for extraction and
group separation of bile acids. In The Bile Acids: Chemistry,
Physiology and Metabolism. 1-42. Springer.

Sola, S., Brito, M.A., Brites, D., Moura, J.J. and Rodrigues, C.M. (2002).
Membrane structural changes support the involvement
of mitochondria in the bile salt-induced apoptosis of rat
hepatocytes. Clinical Science. 103: 475-485.

Subramanian, S., lles, T., lkramuddin, S. and Steer, C.J. (2020).
Merit of an ursodeoxycholic acid clinical trial in COVID-
19 patients. Vaccines. 8: 320.

Suohu, S., and Rajkhowa, T.K. (2021). Prevalence and molecular
diagnosis of hydropericardium hepatitis syndrome in the
poultry population of Mizoram, India. Indian Journal of
Animal Research. 55(1): 96-100.

Tremblay, S., Romain, G., Roux, M., Chen, X.L., Brown, K., Gibson,
D.L., Ramanathan, S. and Menendez, A. (2017). Bile acid
administration elicits an intestinal antimicrobial program
and reduces the bacterial burden in two mouse models
of enteric infection. Infection and immunity. 85: e00942-16.

Vitek, L. and Ostrow, J.D. (2009). Bilirubin chemistry and metabolism;
harmful and protective aspects. Current pharmaceutical
design. 15: 2869-2883.

Wang, D.Q. and Carey, M.C. (2014). Therapeutic uses of animal
biles in traditional Chinese medicine: an ethnophar
macological, biophysical chemical and medicinal review.
World journal of gastroenterology: WJG, 20: 9952.

You, M.J. (2014). Suppression of Eimeria tenella sporulation by
disinfectants. The Korean journal of parasitology. 52: 435.

Zaman, i., Gaylak, N., Delibap, H. Necefodlu and Hokelek, T. (2012).
trans-Tetraaquabis (isonicotinamide-kN1) cobalt (Il) bis
(3-hydroxybenzoate) tetrahydrate. Acta Crystallographica
Section E: Structure Reports Online. 68: m249-m250.

Zehua, L. (2015). Political and Intellectual Authority: The Concept
of the “Sage-Monarch” and Its Modern Fate. Ideology of
Power and Power of Ideology in Early China. 273.

Zhai, C., Tang, W., Jang, X. and Lorenz, K. (1996). Studies of the
safety of Chinese wild rice. Food and Chemical Toxicology.
34: 347-352.

Zhao, J.Y., Lin, W., Zhuang, Q.C., Zhong, X.Y., Peng, J. and Hong,
Z.F. (2015). Bear bile powder inhibits angiogenesis in vivo
and in vitro. Chinese Journal of Integrative Medicine. 21:
369-375.

8 Indian Journal of Animal Research



