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ARTICLE INFO ABSTRACT

Received: 21/9/2025 Globally, Salmonella is considered one of the most infectious zoonotic

s pathogens. New approaches to reduce the transmission of Salmonella by food
Revised: 1/11/2025 and other routes must be enforced to limit its infectious spread. The current
Accepted: 25/11/2025 study aimed to assess biochemical and pharmacological effects of
administration of either doxycycline, colistin sulphate, or their combination
on chicken experimentally infected with Salmonella typhimurium. A total of
25 healthy chickens were divided equally into 5 groups. Group (1) as control.
Group (2): Orally infected with S. typhimurium. Group (3): Orally infected
with S. #typhimurium before being administered doxycycline. Group (4):
Orally infected with S. syphimurium before being administered with colistin
sulphate. Group (5): Treated with doxycycline and colistin sulphate after .
typhimurium infection. The result illustrated a significant increase in kidney
function, as reflected in creatinine, blood urea nitrogen, and liver enzymes,
alanine aminotransferase, and aspartate aminotransferase, after S.
typhimurium infection. At the same level, the results showed an elevation in
interleukin-6 in Group 2 when compared with control; this increase was
improved after either doxycycline, colistin sulphate or their combination
treatment. In conclusion, this study found that either doxycycline treatment or
colistin sulphate and their combination are considered a promising treatment
for S. typhimurium infection.
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Disease prevention for broilers increases chicken
' ‘ ' output (Hassan et al., 2010). Salmonella causes
As a Gram-negative bacterium, Salmonella is a  several illnesses in chickens, including typhoid,
major contributor to illness, death, and financial  paratyphoid, and pullorum (Tatiane et al., 2013).
loss in the industry of broilers, and a major Salmonella causes enteritis and significant
source of foodborne illnesses in both people and  mortality (Kee et al., 2015). In chickens,
animals worldwide (Pulido-Landinez, 2019).  pullorum illness is a septicemia that mostly
Most frequently, Salmonella typhimurium is affects young chicks (Ahmed et al., 2021).

linked to cattle illnesses (Thung et al., 2016;

Lamas et al., 2016). According to Wyrsch et al.
(2019), Salmonella contamination in broilers
mostly results in intestinal health issues that
significantly impair growth and promote the
transmission of drug-resistant genes.

1. Introduction

According to Cinquina et al. (2003), tetracyclines
show a broad spectrum of antibacterial action
against both aerobic and anaerobic Gram-
positive and Gram-negative bacteria, which
makes them essential for therapeutic application.
Doxycycline is a broad-spectrum second-

Biol. Biomed. J. (2025) Vol. 3, Issue (2) Pages 276- 285 276



Biological and Biomedical Journal

Mahmoud et al., 2025

generation tetracycline that primarily inhibits the
growth of aerobic and anaerobic bacteria that are
Gram-positive and Gram-negative, as well as
Mycoplasma (Bettenay et al., 2003).

Doxycycline is typically recommended to treat
Lyme disease, Helicobacter pylori infection,
acute bronchitis, community-acquired
pneumonia, and some Sexually transmitted
diseases (STDs) (Singh et al., 2021). It also
exerts anti-inflammatory and
immunomodulatory properties in addition to its
bacteriostatic effectiveness against a range of
bacteria (Patel et al.,, 2020). In general,
doxycycline doesn’t cause severe side effects.
The most frequent adverse effects include
diarrhea brought on by antibiotics, nausea, and
epigastric discomfort. Numerous investigations
confirm that the host microbiota's resistance is
unaffected by the long-term treatment of sub-
antimicrobial dosages of doxycycline (Walker et
al., 2005). Studies have also shown that
doxycycline is less likely to cause hepatotoxicity
than tetracycline (Heaton et al., 2007).

According to Koyama et al. (1950), Bacillus
polymyxa subsp. colistinus produces the
antibiotic colistin. The primary target of colistin
1s Gram-negative bacteria. It develops its primary
activity in the gut against various strains of
Salmonella, Enterobacter, and Coli because it is
not absorbed from the gastrointestinal system.
The inactivation of bacterial endotoxins (E. coli)
is another benefit of colistin (Brander et al.,
1993).

2. Materials and Methods

Ethical Statement

The experiment protocol was accepted by the
Research Committee of the Agriculture Research
Center and Animal Health Research Institute
(ARC-IACUC), Ministry of Agriculture, Giza,
Egypt (approval number ARC-AHRI/153/24).

Bacterial strain

Salmonella typhimurium was purchased from the
serology department, Animal Health Research
Institute (AHRI), Dokki. One ml S. typhimurium
suspension, containing 1x10° CFU/ml. .
typhimurium was administered to chickens in
groups 2, 3, 4 and 5 orally once using a sterile
gavage.
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Doxycycline

Doxycycline was acquired from Pharma Swede,
Egypt, as a powder. Each one gm contains 200
mg doxycycline HCL. Doxycycline was
dissolved in water and given orally to each
chicken in groups 3 and 5 using a stomach tube.

Colistin sulphate

Colistin sulphate® is manufactured by

Pharma Swede, Egypt. It is a water-soluble
powder. Each one gm contains colistin sulphate
5,000,000 IU. Colistin sulphate was dissolved in
water and given orally to each chicken in groups
4 and 5 using a stomach tube.

Biochemical analysis

Creatinine, and blood urea nitrogen (BUN) were
quantitatively estimated according to Wybenga
(1971) and Tietz (1986), using kits manufactured
by Spectrum Diagnostics.

Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) were estimated using
the technique described by Reitman and Frankel
(1957) and Young (1997) wusing Kkits
manufactured by Spectrum Diagnostics.
Quantitative determination of serum interleukin-
6 (IL-6) was carried out using an ELISA kit that
was manufactured by GENORISE SCIENTIFIC,
INC., catalog No. #106294-2.

Experimental animals and design

The determination of the effectiveness of both
doxycycline and colistin sulphate alone and the
combination by using MIC, MBC, and FIC.

The present study was carried out at the AHRI,
El-Dokki, Giza, Egypt. It was conducted on 25
broiler chickens obtained from a private
commercial hatchery fed on a drug-free ration
and supplied with water ad libitum before and
during the experiments. Antibiotics (doxycycline
and colistin sulphate) were administered orally to
chicken groups after the appearance of symptoms
(clinical signs). Chicken was sectioned into 5
groups. Each group contained 5 chickens:

Group 1: Control negative (salmonella or
antibiotics were not given).

Group 2: Control positive (infected with S.
typhimurium orally to induce infection at a dose
of 1*109 CFU for each chicken) (He et al., 2019).
Group 3: Given S. typhimurium orally to induce
infection at a dose of 1x10° CFU for each
chicken. Antibiotic doxycycline was
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administered orally. Subsequently, with (10 mg/
Kg b.wt) once a day for 5 consecutive days
(Mansour et al., 2014).

Group 4: Given S. typhimurium orally to induce
infection at a dose of 1x10° CFU for each
chicken. Antibiotic colistin sulphate was
administered  orally.  Subsequently, with
(100,000 TU/ Kg b.wt) once a day for 5
consecutive days (Elbadawy and Aboubakr
2017).

Group 5: Given S. typhimurium orally to induce
infection at a dose of 1x10° CFU for each
chicken. Antibiotic doxycycline was
administered orally. Subsequently, with (10 mg/
Kg b.wt) in combination with oral administration
of colistin sulphate (100,000 IU/ Kg b.wt). Each
drug will be given once a day for 5 consecutive
days.

Clinical signs

Chickens showed dullness, dropping of wings,
loss of appetite, ruffled feathers and diarrhea
after 24 hours in all infected groups. The
symptoms alleviated gradually after
administration of doxycycline and colistin
sulphate, especially in the group given both drugs

(group 5).

Sampling

After 24 hours of administration of the last dose
of antibiotics, all birds were sacrificed. Blood
samples used in biochemical analysis were
collected from the chicken’s wing veins using a
syringe and left to coagulate at room
temperature, and then centrifuged (5 min, 3000
rpm). The resulting serum samples were
preserved at -20°C until it was time to use them.
The results were statistically analyzed and
discussed with providing a conclusion on
whether doxycycline or colistin sulphate, alone
or the combination, is more effective.

Antimicrobial activity of antibiotics

Determination of Antimicrobial test (AT),
minimum inhibitory concentration (MIC) and
minimal bactericidal concentrations (MBC) of
doxycyclin and/or colistin sulphate against S.
typhimurium.

The MIC for doxycycline and colistin sulphate
was determined using the broth microdilution
method recommended by the Clinical and
Laboratory Standards Institute (CLSI, 2019)
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against the S. fyphimurium strain. Double-fold
serial dilutions of Colistin sulphate were
prepared in a range of 0.250 to 8 pg/mL and 2 to
64ug/mL for doxycycline (EUCAST, 2024).
These dilutions of antibiotics were used in broth
with 1¥10° CFU/ml of S. typhimurium. Two
growth control tubes were tested, including a
control positive tube containing microbial
suspension without antibiotic and a control
negative tube containing broth with antibiotic.
The tubes were incubated at 37°C for 24h. MIC
was the lowest concentration of the antibacterial
agent that did not allow any bacterial growth
after 24 h of incubation based on turbidity. While
MBC was detected through the subculture of all
the tubes, not showing any bacterial growth in the
MIC test. The plates were incubated at 37°C for
24 hours. The lowest concentration with no
visible growth was defined as the MBC,
indicating 99.5% killing of the original inoculum
(Amita et al., 2013).

Fractional inhibitory concentration (FIC)
index

The combination of doxycycline and colistin
sulfate was assessed using the Checkboard
technique. Doxycycline concentrations ranging
from 1/32 MIC to four times of MIC (4xMIC)
were utilized with colistin sulphate at a
concentration equivalent to 1/2 MIC, and vice
versa (Jarrar et al., 2010). The formula, according
to Kamatou et al. (2006), was used to calculate
the fractional inhibitory concentration (FIC)
value.

The sum of FIC A and FIC B equals the FIC
index, where FIC stands for the combination's
MIC divided by the drug's MIC. When the drug
interaction's FIC index is less than 0.5, it is
deemed synergistic, meaning that its overall
effect is smaller than the sum of its separate
agents' effects. FIC values between 0.5 and 4 are
regarded as additive or indifferent, meaning that
the sum of the impacts of the various agents
equals the overall effect. FIC index values more
than 4 indicate an antagonistic impact, meaning
that the overall effect is smaller than the sum of
the effects of the individual agents.

Statistical analysis

A completely randomized design was selected.
Data analysis was carried out using SPSS
software (release 20, IBM CO). ANOVA and
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Fisher’s least significant difference test (LSD)
were used to find means, and significance was
tested at p < 0.05.

3. Results

Minimum inhibitory concentration, minimum
bactericidal concentration and fractional
inhibitory concentration index

MIC of doxycycline was 8 pug/mL , while MIC of
colistin sulphate against S. #yphimurium was
2ug/mL. MBC of doxycycline was 16 pg/mL,
while MBC of colistin sulphate against S.
typhimurium was 4 pg/mL. However, when used
together, they showed an additive effect against
S. typhimurium, as the recorded FIC index value
was 0.531(Table 1)

Table 1. MIC, MBC, and FIC index of
doxycycline and colistin sulphate against S.
typhimurium

Doxycycline  Colistin sulphate
MIC 8 ng/mL 2 pg/mL
MBC 16 ng/mL 4 ng/mL

FIC index 0.03125 pg/mL 0.5 pg/mL
FIC index of both  0.531 pg/mL

Biochemical results

The effects of doxycycline, colistin, and their
combination on the kidney, liver functions, and
cytokine IL-6 in chickens experimentally
infected with S. typhimurium are shown in Table
2. Regarding creatinine, BUN, they significantly
increased (p< 0.05) in the experimentally
infected group (group 2) (0.87 £0.03 and 7.65 +
0.26, respectively), in contrast to the negative
control (0.50+0.01 and 5.7 = 0.23, respectively).
This increase was significantly decreased after
treatment with either doxycycline (0.76 + 0.02)
or colistin (0.67 £ 0.02), and a non-significant
decrease in the combination group in creatinine
levels.

BUN levels in the doxycycline (7 + 0.26),
colistin-treated (6.47 =+ 0.24), and the
combination groups (6.97 + 0.3) showed a non-
significant decrease compared to the infected
group. At the same level there was a significant
elevation in liver function enzymes, AST, ALT
and cytokine IL6 in the experimentally-infected
non-treated group (53 + 1.53, 28.67 + 1.2, and
264.5 + 11.26, respectively), when compared to
the control group. The enzyme activities and IL-
6 level were significantly reduced after treatment
in all groups.

Table 2. The effect of Doxycycline, colistin, and their combination on the kidney, liver function, and
cytokine IL6 against experimentally induced S. typhimurium infection in chicken.

Parameter Control S. typhimurium  Infected /DOXY Infected /COL Infected/DOXY/COL
Infected
Creatinine  0.50 £0.01¢ 0.87+0.03 0.76 +0.02° 0.67 £0.02° 0.82 +0.04%®
BUN 5.7+£0.23¢ 7.65+0.26 7+£026% 6.47 £0.24% 6.97£0.3%®
AST 28.67+0.88° 53 +1.53* 39+1.53b 39.67£1.67° 35.67+2.73°
ALT 18 +0.58¢ 28.67+1.2° 20 +0.58% 21.5+1.32% 2433+£1.2°
IL6 115.7 £2.06° 264.5+11.26 1229+ 1.01° 130.37 +£7.63° 170 £5.77°

Mean values are significantly different at p < 0.05, DOXY; doxycycline, COL; colistin

4. Discussion

The most common food-borne zoonotic illness
worldwide is Salmonella. The main causative
agents of salmonellosis in chicken are non-
typhoidal Salmonella serotypes. The most
prevalent foodborne infection in the world is
Salmonella, which infects the gastrointestinal
tract and may cause cramps, nausea, and diarrhea
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in people. According to estimates from the
Centers for Disease Control and Prevention
(CDC), there are around 420 deaths and 1.35
million infections in the US annually (Majowicz
etal., 2010; Cosby et al., 2015; Jung et al., 2022).

Most human instances of salmonellosis are due
to non-typhoidal strains of Salmonella,
specifically S. enteritidis and S. typhimurium.
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Among animals that produce food, poultry is the
main reservoir for a variety of non-typhoidal
Salmonella (NTS) serotypes. In the United
States, 17.9% of foodborne illnesses between
1998 and 2008 were caused by chicken. 17.4%
and 34% of foodborne illnesses linked to chicken
were caused by S Enteritidis and S.
typhimurium, respectively (Painter et al., 2013).

According  to  estimates,  nontyphoidal
Salmonella linked to chicken costs society $2.79
billion annually in medical expenses and
economic hardship. This dilemma is growing as
the need for ready-to-eat foods rises globally.
Numerous  pre-harvest and  post-harvest
intervention techniques have been developed to

Selecting the best course of action may be aided
by the least MIC. It describes the degrees of
resistance or susceptibility of bacterial strains to
a particular antibiotic in vitro (Phillips et al.,
1998). Understanding MIC values aids in the
development of intelligent, focused treatment,
much like deciphering a bacterium's resistance
profile. Since January 1, 2019, two susceptible
categories and one resistant category have been
established in accordance with EUCAST (2019)
recommendations. Hence, MIC values help
determine how effectively an antibiotic can
inhibit bacterial growth. Low MIC values
indicate high bacterial susceptibility, meaning
the antibiotic is expected to work well at standard
doses. Intermediate MIC values reflect
borderline susceptibility, suggesting that higher
doses or combination therapy may be needed for
effective treatment. In contrast, high MIC values
indicate bacterial resistance, making the
antibiotic ineffective and unsuitable for useThe
present study showed that MIC of doxycycline
was higher than that of colistin sulphate against
S. typhimurium. This suggested that colistin
sulphate had more efficacy than doxycyclin
against the tested S. typhimurium. These MIC
values point to the necessity of constant
monitoring  of  antimicrobial  resistance,
particularly in agricultural environments where
S. typhimurium is common, such as Egyptian
chicken farms or duck farms.

These findings agreed with Amer et al. (2020),
who isolated S. enteritidis from broiler samples.
The isolated bacteria showed complete resistance
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ensure the cleanliness and safety of chicken
products. Preharvest treatments include farm-
level management practices such as biosecurity
measures and feed additives.

Preparing meat and slaughtering carcasses are
examples of post-harvest practices. The
importance of alternatives in the chicken
business is growing due to the appearance of
multidrug-resistant bacteria and the ensuing
public health issue (Tajkarimi, 2007; Scharff,
2020). To help the fight against pathogens
like Salmonella, more potent techniques for

treatment are needed, such as antibiotic
combinations.
to trimethoprim/sulfamethoxazole, moderate

resistance against doxycycline and low resistance
to colistin. A study on duck farms in Egypt found
that S. fyphimurium isolates were completely
sensitive to both colistin and doxycycline, though
resistance to other antibiotics like amoxicillin
was high (Khalifa et al., 2021).

The current result revealed that Salmonellosis in
broilers revealed a significant increase in kidney
function parameters and also liver enzymes ALT,
AST. Wells et al. (1986), claimed that high blood
creatinine is due to low glomerular filtration rate
of the renal kidney, whereas creatinine is the
result of muscular creatinine catabolism and is
expelled by the trunk kidney (Trumble et al.
(2006). Chicks infected with S. gallinarum
showed the same alterations in their liver and
kidney (Kumari et al., 2013).

It is commonly known that ALT and AST are
sensitive indicators for evaluating hepatocellular
damage (Oh et al., 2017). Salmonella-infected
broilers may have elevated AST and ALT
because the bacterial toxin may have destroyed
their liver cells (Halla et al., 2022). Liver cell
destruction is caused by Salmonella toxins, and
the release of liver enzymes increases liver
enzymes (Doxy, 1983). Additionally, according
to Ahmed and Mahmoud (2014), broiler
salmonellosis causes a substantial rise in ALT
and AST.

According to Monfrecola et al. (2013),
monocytes and keratinocytes release the
multifunctional cytokine IL-6 in response to
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inflammatory stimuli such as exposure to UV
light and Dbacterial endotoxins. IL-6's
inflammatory function and its position as a
mediator cause the persistence of inflammatory
manifestations, especially in resistant cases (Li et
al., 2003). Many host and bacterial variables
influence the riskiness and impact of Salmonella
infection. The host response to intracellular
infections was largely coordinated by cytokines
(Liles & Van Voorhis., 1995).

Salmonella has distinct bacterial products which
induce cytokine expression by immune cells
(Wilson et al., 1998; Ciacci- Woolwine et al.,
1998; Eman et al., 2018). Because monocytes
catalyze antigen by S. #yphi proteins, elevated IL-
6 gene expression in these cells may be the cause
of rising IL-6 levels (Kogut, 2005). Furthermore,
intestinal epithelial cells understand bacteria use
toll-like receptors to begin cellular immune
responses, of which elevated IL-6 is one
expression (Iankov et al., 2004).

Doxycycline is a bacteriostatic antibiotic based
on tetracyclines that prevents the production of
bacterial proteins and  metalloproteases.
Additionally, research has shown that it alters
proinflammatory cytokines and has anti-
inflammatory qualities (Conforti et al., 2020;
MohamadiYarijani and  Najafi.,  2021).
Tetracyclines are excellent antibiotics because of
their various qualities, which include their
capacity to combat both Gram-positive and
Gram-negative bacteria, their shown clinical
safety, their tolerability, and the fact that most of
the class is available in oral and intravenous (IV)
forms (Grossman, 2016).

Serum ALT, AST, and creatinine levels
significantly improved when doxycycline was
administered to salmonella-challenged chicken.
It is possible that this improvement is due to the
drug's bacteriostatic activity (Flower et al.,
2012), which minimizes the harmful and lethal
effects on the liver and kidney (Hosny et al.,
2020).

Following doxycycline treatment, there was a
noticeable decrese in the level of IL-6 rate.
Roberta et al. (2015) found that doxycycline,
even at low dosages, effectively modulated the
expression of the IL-6 gene, a proinflammatory
cytokine generated by lipopolysaccaride.
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In this regard, doxycycline's ability to
control  proinflammatory cytokine levels
was linked to a notable decrease in
circulating levels when taken orally every
day. Within seven days of therapy,
downregulation was quickly seen (Nishant
and Dinesh, 2018).

Paenibacillus polymyxa i1s one of numerous
types of bacteria that produce antibiotic
colistin. Colistin sulfate and colistimethate
sodium are the two commercial forms of
collistin. Colistin can also render bacterial
toxins inactive in vitro. To combat gram-
negative bacteria like Salmonella spp., the

antibiotic  polypeptide colistin  sulfate is
typically administered. Bird enteritis s
treated with oral colistin sulfate (Van

Hattum et al., 2000; EMEA, 2002).

One of the most remarkable features of colistin
sulfate is that it is absorbed orally by the birds'
gastrointestinal tract (Collell and Segura, 2013).
According to Rhouma et al. (2015) and Rasool
and Rasool (2018), colistin sulfate has a
particular and selective effect on intestinal
bacteria in the intestinal lumen in this scenario.
Furthermore, numerous sensitivity studies to
colistin sulfate, using various isolates of
Salmonella sp. in Spain, revealed a very low
percentage of resistance to this active ingredient,
with most results demonstrating 100%
sensitivity. This was consistent with our
parameter results in kidney, liver, or cytokine
functions, which worsen the effects of
Salmonella infection (Garcia, 2011). Colistin
increased the secretion of pro-inflammatory
cytokines, including TNF-a and IL-6 (Wang et
al., 2019).

Conclusion

In conclusion, doxycycline and colistin
administration showed a promising treatment
against the adverse consequences of .
typhimurium infection in chicken through its
anti-bacterial, hepato-protective, and anti-
inflammatory properties. Whether individually
or in combination, the treatments showed
different levels of improvement.
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