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The Increase in LEAP-2 mRNA Suggests a Synergistic
Probiotics-Doxycycline Interaction in Chickens
LEAP-2 mRNA’sındaki Yükselme, Piliçlerde Probiotikler ile Doksisiklin Arasındaki
Sinerjik İlişkiyi İşaret Etmektedir
Ivelina Pavlova1, Aneliya Milanova1

Abstract
Background: Extensive interaction between gut microbiota and the host immune system has significant impact on
chicken performance.
Objective: Therefore, the influence of doxycycline, administered with or without Lactobacillus spp., on PepT1 and
LEAP-2 mRNAs expression in duodenum, jejunum and liver was investigated in Duc chickens.
Methods: One-day-old Duc broiler chickens were divided in four groups. Chickens without treatment served as
controls. Five days after hatching the second group was treated with Lactobacillus brevis, L.plantarum and L.bulgaricus
probiotics via feed for 15 days. The third group was treated with probiotics (as in group 2) and doxycycline (10
mg/kg bw, via drinking water for five days, started 15 days after hatching). The fourth group received antibiotic
only as described above. Water and food (broiler starter without drugs) were supplied ad libitum. Samples from liver,
duodenum and jejunum were collected at the end of the treatment with doxycycline (21 days after hatching).
Expression levels of LEAP-2 and PepT1 mRNAs were determined by qRT-PCR.
Results: Doxycycline administered alone or in combination with probiotics, provoked a statistically significant upregulation of LEAP-2 mRNA in the liver and in the duodenum. Abundance of PepT1 mRNA was increased in the
duodenum. Administration of doxycycline alone caused a moderate induction of LEAP-2 mRNA and down-regulation
of PepT1 mRNA in the liver.
Conclusion: Up-regulation of the studied antimicrobial peptides provoked by combination of Lactobacilli and
doxycycline might be beneficial in terms of host protection.
Keywords: Doxycycline, LEAP-2 mRNA, PepT1 mRNA, chicken, Lactobacillus probiotics

Öz
Genel Bilgi: Barsaktaki mikrobiata ile konağın bağışıklık sistemi arasında olan ilişki, piliçlerin verimliliğine önemli
derecede etki eder.
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Amaç: Laktobasil tipi bakterilerin verildiği ve verilmediği, doksisiklin verilen Duc piliçlerde duodenum, jejunum ve
karaciğerde PepT1 ve LEAP-2 mRNA ifadeleri araştırıldı.
Yöntemler: 1 günlük Duc etlik civcivler 4 gruba ayrıldı. Tedavi verilmeyen civcivler kontrol grubu olarak alındı.
Yumurtadan çıktıktan 5 gün sonra ikinci gruba Lactobacillus brevis verildi. L. plantarum ve L.bulgaricus probiotikleri
15 gün boyunca verildi. Üçüncü gruba ikinci gruba olduğu gibi, probiotik ile birlikte doksisiklin(yumurtadan çıktıktan
sonra 15. günde içtikleri suya karıştırarak 10 mg/kg vücud ağırlığı olacak şekilde) uygulandı. Dördüncü grup, yukarıda
tanımlandığı şekilde sadece antibiyotik aldı. Civvicler, suyu ve yiyeceği serbest olarak (ad libitum) aldı. Doksisiklin
tedavisi bittikten sonra (yumurtadan çıktıktan 21 gün sonra) karaciğer, duodenum, jejunum ve karaciğerden örnekler
alındı. LEAP-2 ve PepT1 mRNA düzeyleri qRT-PCR ile ölçüldü.
Bulgular: Tek başına ya da probiotikler ile birlikte verilen doksisiklin, karaciğer ve duodenumda anlamlı ölçüde LEP-2
mRNA’sı sentezine yıl açtı.PepT1 mRNA’sı artışı en çok duodenum’dan alınan örneklerde görüldü. Sadece doksisiklin
verilmesi karaciğerde LEAP-2 mRNA üretiminde hafif bir artışa ve PepT1 mRNA düzeyinde düşüşe neden oldu.
Sonuç: Laktobasil ve doksisiklin kombinasyonu ile sentezi arttırılan antimikrobial peptidler, konağın infeksiyondan
korunmasına yardımcı olabilir.
Anahtar Kelimeler: Doksisiklin, LEAP-2 mRNA, PepT1 mRNA, piliç, Lactobacillus probiotikler

Introduction
Doxycycline is a second generation, semisynthetic broad spectrum antibiotic, used for
many years in treatment of bacterial diseases in farm animals.[1] It has some advantages over
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other tetracycline antibiotics such as higher bioavailability
after oral administration together with lower affinity to
Ca2+ ions, better penetration in tissues, and longer halflife of elimination, and lower MIC values against many
Gram-positive and Gram-negative pathogens for poultry.
[2–5]
This antibacterial drug showed good stability in
water solutions which is favorable for oral treatment
of big groups of animals.[6] Doxycycline is widely used
in poultry due to its efficacy in treatment of diseases
caused by pathogenic bacteria such as Staphylococcus
pyogenes, Streptococcus spp., Escherichia coli, Enterobacter,
Klebsiella, Haemophilus influenza, Pseudomonas aeruginosa,
Chlamydia, Mycoplasma and Rickettsiae spp.[7,8]
Apart from the problem with antibacterial resistance
against tetracyclines[9,10], their administration is related
to rapid changes in microbiota composition with increase
in the number of microorganisms such as Escherichia coli
and Enterococcus spp.[11] Administration of probiotics is
often used for restoration of microbiota complexity after
therapy with antibiotics.[12] Several studies characterized
Lactobacillus spp. as suitable probiotic strains for
poultry.[13,14] Probiotics used routinely in poultry lead
to better body weight gain, lower feed conversion ratio
(FCR) and decreased mortality.[15,16] Part of these effects
can be attributed to the changes in the expression levels
of transporter proteins such as Na+/glucose cotransporter
(SGLT-1) and P-glycoprotein (P-gp).[17] Additional
benefit from probiotics supplementation to poultry feed is
production of small molecules with antibacterial properties
called bacteriocins and defensins.[18–20] Their influence on
the function of the immune system through modulation
of the microbiota in the gastrointestinal tract and through
activation of Toll-like and NOD-like receptors has been
described.[21]
LEAP-2 was described in poultry and it was recognized as
an antimicrobial peptide with activity against Salmonella
spp., Streptococcus spp., and Staphylococcus spp.[22,23] PepT1
is responsible for peptide absorption from gastro-intestinal
tract which is related to feed utilization in poultry.[24]
Its expression can be influenced by the microbiota in
the gastro-intestinal tract and is down-regulated by Cl.
perfringens.[25] Although increased knowledge on the effect
of gastro-intestinal health and its impact on the performance
of broilers there are no published data about the influence
of probiotics and antibiotics on the expression of PepT1
and LEAP-2 mRNAs.
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Therefore, the present study was designed as a pilot
investigation of the effect of doxycycline administered
with or without Lactobacillus plantarum 11, Lactobacillus
brevis 51 and Lactobacillus bulgaricus 13 as well as the
combination of these strains on the expression of PepT1
and LEAP-2 mRNAs in the duodenum, jejunum and liver
of Duc broiler chickens.

Materials and Methods
Drugs
Doxycycline hyclate (Doxy-200 ws. Interchemie, Venray,
Holland, Serial No: 255292/05–2015). Each 1 g of
doxycycline contained 200 mg doxycycline hyclate.

Microbial cultures
Lactobacillus brevis 51, L.plantarum 11 and L.bulgaricus
13 (Microbial Collection-Laboratory of Genetics of
Probiotic Bacteria, Institute of Microbiology, BAS) were
used as probiotic strains. They were natural isolates from
traditional dairy products and showed scientifically proven
probiotic potential, a broad spectrum of antimicrobial
activity and examined molecular mechanisms of the
possible healthful effects.[26] They were characterized as
candidate probiotics according to the in vitro criteria
of WHO.[27,28] The Lactobacillus strains were cultured
overnight at 37°C in De Man, Rogosa and Sharpe (MRS,
Merck, Germany) broth under anaerobic condition (BBL®
Gas Pak Anaerobic System Envelopes, Becton Dickinson).
Exponential cultures of the investigated strains were
used separately to inoculate 10% (w/v) sterile skimmed
milk (Humana, Holdorf, Germany). After an overnight
cultivation process at 37°C they were lyophilized, and
stored at -20°C until administration to the chickens.
Each mg of the lyophilized L.brevis 51 contained 1.6x106
CFU/mg, L.plantarum 11 1.06x106 CFU/mg lyophilized
product and L.bulgaricus 13–0.25x103 CFU/mg. The
viability of the used strains lactobacilli was tested after the
lyophilization and before the in vivo assays by a standard
plate count procedure using MRS agar.

Animals and experimental design
The experimental procedure was approved by the Ethical
committee at Trakia University, Stara Zagora (Reference
No: 65/18.10.2013). The euthanasia of the chickens was
done according to Regulation No: 20/01.11.2012.
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Table 1. Experimental design of the study with Duc broiler chickens
Experimental
groups

Probiotics in the feed

Doxycycline
(10 mg/kg via water)

Sampling for qPCR analysis

Group 1

Not supplied

Not administered

On 21-st day after hatching, n=6

Group 2

Supplied for 15 days
from 6-th to 20-th day after hatching

Not administered

On 21-st day after hatching, n=6

Group 3

Supplied for 15 days
from 6-th to 20-th day after hatching

Treated for 5 days, from 16-th day to 20th day after hatching

On 21-st day after hatching, n=6

Group 4

Not supplied

Treated for 5 days, from 16-th day to 20th day after hatching

On 21-st day after hatching, n=6

One-day-old Duc chicks (n=120) were included in the
experiment. They were equally divided in four groups,
ten animals per pen, three pen for each group. They
were kept according to the species requirements, at 24 h
lighting regimen and room temperature between 26 and
28°C (temperature under the lights between 35 and 30°C
according to the age of the chickens). Water and food
(broiler starter without drugs) were supplied ad libitum.
The chickens were clinically healthy and any signs of
disease were not observed.
First group was used as control and it was not treated.
Second group was treated with probiotics at a rate
of 1 g of each probiotic strain per kg feed. Probiotics
supplementation started 5 days after hatching and lasted
15 days. The probiotic strains were stored at -20°C until
delivery to the chickens and they were added daily to the
feed. Feed with probiotics was administered each morning
between 7.30 and 8 h. Third group received a combination
of probiotics as described above and doxycycline orally at
a dose of 10 mg/kg body weight via drinking water. The
treatment with doxycycline started 15 days after hatching
and lasted five consecutive days. Chickens from the
fourth group were treated with doxycycline only with the
same dosage regimen as in the third group. Each day, the
solutions in drinking water were freshly prepared between
7.30 and 8 h in the morning and between 16 and 17 h
in the afternoon. The ingested dose of doxycycline did
not differ from aimed dose of 10 mg/kg. The medicated
water was administered ad libitum. Consumption of water
was measured, and the body weight of the animals was
registered. Feed consumption and body weight of the
chickens were measured every day and average daily gain
and FCR were calculated. These data were collected for all
of the chickens included in the experiment.

Six chickens from each group (Table 1) were euthanized
by cervical dislocation 126 hours after the beginning of
the treatment with doxycycline. Tissue samples from liver,
duodenum and jejunum were collected. They were snapfrozen in liquid nitrogen and stored at -70°C until RTPCR analyses.

RNA isolation and RT-PCR analysis
Total RNA was isolated by using TriReagent for DNA and
protein extraction (Genaxxon bioscience GmbH, Lot-No.
3T004856). Tissue samples were homogenized in 0.6
mL TRItidy G for 10–20 sec. The lysate was centrifuged
at 12000 g for 10 min at 4°C and the upper aqueous
phase was transferred to a new sterile tube which was
incubated at 25°C for 5 min. Then 0.2 mL chloroform
was added, the tubes were incubated for 30 min at 30°C
and centrifuged at 12000 g for 15 min at 4°C. The upper
aqueous phase was transferred in a sterile tube and 500
µL isopropanol was added. The organic phase with the
DNA was centrifuged at 12000 g for 15 min at 4°C
and the residual aqueous supernatant was removed. The
pellets were washed with 1 mL 75% ethanol by vortexing
and subsequently with absolute ethanol, then they were
centrifuged at 7500 g for 5 min at 4°C. The ethanol was
removed and after drying the RNA was dissolved in 20 µL
DEPC-treated water. After that the tubes were incubated
at 55–60°C for 10 min. RNA concentrations were
measured with spectrophotometer A260/280 and stored at
-70°C until reverse transcription. Single-stranded cDNA
was synthesized from 3 µg total RNA using the First
Strand cDNA Synthesis Kit (Fermentas Life Science) on
a Quanta Biotech QB-96 (Quanta Biotech Ltd., Surrey,
United Kingdom). The reaction mixture (total volume
20 µL) was incubated according to the manufacturer’s
instructions: for 60 min at 37°C, and then the enzyme
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Table 2. Specific gene primers in poultry used in the study
Gene

NCBI accession number

Forward (F) and reverse (R) primers, 5′→3′

Ta, °C

LEAP-2

NM_001001606.1

F: CTCAGCCAGGTGTACTGTGCTT
R: CGTCATCCGCTTCAGTCTCA

65

PepT1

AY029615.1

F: CCCCTGAGGAGGATCACTGTT

58.7

R: CAAAAGAGCAGCAGCAACGA
HPRT
H6PD

NM_204848
XM_425746.4

65
64

F: GATATCCCACACTTCGAGGAG
R: CGTTGCTGTCTCTACTTAAGCAG
F: GAGAACCAGCACTTCTTAGAC
R: GGGTTCAGCAACTCCACTG

LEAP-2, liver expressed antimicrobial peptide; PepT1, peptide transporter 1; HPRT, hypoxanthine phosphoribosyltransferase; H6PD, hexose-6-phosphate dehydrogenase;
NCBI, the National Centre for Biotechnology Information; Ta, optimal annealing temperature.

was heat inactivated at 70°C for 5 min and the reaction
mixture rapidly cooled to 4°C.
Specific primers for chicken PepT1 and LEAP-2 were used
for RT-PCR (Table 2). Sybr Green method was applied
for the real-time PCR analysis by using iQTM Sybr Green
Supermix (Cat. No. 170–8885, Bio-Rad, Hercules, CA).
iCycler iQ system (Bio-Rad, Hercules, CA) was used for
RT-PCR and MyiQ System Software, v.1.0.410 (Bio-Rad
Laboratories Inc.) was applied for analysis of results. Each
reaction went through a PCR cycle with a denaturation

step at 95°C for 20 s, an annealing step specific for each
set of primers for 30 s and an elongation step at 72°C
for 30 s. After 35 cycles a melting curve was obtained by
increasing the temperature with 0.5°C every 10 s from
6°C to 95°C demonstrating the formation of only one
product. Efficiencies for each reaction were estimated
by LinRegPCR 7.0 software. Relative gene expression
level was assessed using the algorithm described by
Vandesompele et al.[29] HPRT and H6PD (Table 1)
were used as reference genes for the normalization of the
expression levels of gene of interest.

1

Control

Relative expression level

b
a
0.1

a

a

a

Probiotics

b

Probiotics and Doxycycline
Doxycycline

a
b

b

0.01

Liver

Duodenum

Jejunum

Figure 1. Relative expression levels of PepT1 mRNA in Duc broiler chickens, treated orally with doxycycline at a dose rate of 10 mg/kg via
drinking water for 5 consecutive days with or without Lactobacillus probiotics. The experimenal groups were control (n=6), probiotics treated
group (n=6), doxycycline and probiotics received chickens (n=6) and doxycycline treated group (n=6). Different latters indicate, statistically
significant differences between groups for each tissue at P<0.05. The absence of letters and the same letters show lack of statistically significant
differences between the groups.
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Figure 2. Relative levels of expression of LEAP-2 mRNA in Duc broiler chickens treated orally with doxycycline at a dose rate of 10 mg/kg via
drinking water for 5 consecutive days with or without Lactobacillus probiotics. The experimental groups were control (n=6), probiotics treated
group (n=6), doxycycline and probiotics received chickens (n=6) and doxycycline treated group (n=6). Different letters indicate satistifically
significant differences between groups for each tissue at P<0.05. The absence of letters and the same letters show lack of statistically significant
differences between the groups

Statistical analysis
The data were analyzed with Mann-Whitney
nonparametric test (Prism 4.0 software) after a test for
normal distribution. Effect of the different treatments
on mRNA expression levels of the studied genes was
evaluated. Data for each tissue were analyzed separately
and comparison between different treatments was
performed for each tissue. Differences were considered as
statistically significant at p<0.05.

Results
PepT1 mRNA expression was found in the studied
tissues in healthy Duc broilers (Figure 1). Administration
of Lactobacillus probiotics resulted in a tendency to upregulation of PepT1 mRNA in all investigated tissues.
Combination of doxycycline and probiotics lead to its
significant up-regulation in the duodenum if compared to
the control and probiotics supplemented groups. The same
changes were observed in the duodenum of doxycycline
treated chickens. Opposite results were observed in
the liver, where PepT1 mRNA was significantly downregulated in doxycycline treated group in comparison to
the controls and probiotics treated poultry. Doxycycline
administration provoked significantly lower levels in the

jejunum than the probiotics supplementation. Increased
levels of PepT1 mRNA in the duodenum are accompanied
by the lower FCR in the groups treated with doxycycline
in comparison to the controls and group that received
probiotics. The body weight at the end of the experiment
was the lowest in control group (424.06±49.20 g) and
the FCR was 1.84±0.28 kg/kg (coefficient of variation,
CV=14.14%), followed by the probiotic treated group
(435.75±41.53 g) with FCR 1.91±0.22 kg/kg and CV
11.62%. Chickens treated with doxycycline and probiotics
had the highest body weight of 496.84±68.19 g and the
lowest FCR (1.67±0.33 kg/kg, CV 13.66%) and these,
that received the antibiotic only were 464.84±68.48 g
with FCR 1.79±0.34 kg/kg and CV 16.87%.
Administration of doxycycline provoked significant
increase in LEAP-2 mRNA expression in the liver. Levels
of LEAP-2 mRNA expression in the duodenum were
significantly up-regulated in both groups treated with
the antibiotic (Figure 2). LEAP-2 mRNA expression in
the jejunum was statistically up-regulated in probioticsdoxycycline treated group compared to the control and
probiotics treated group. Its expression in doxycycline
treated chickens was down-regulated to the levels of
control and probiotics group. Similar results were observed
in the duodenum.
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Discussion
Published literature show a lot of data about
pharmacokinetic properties and susceptibility of
pathogenic bacteria to doxycycline in poultry. Influence
of the treatment with this broad spectrum antibiotic
on microbiota of gastro-intestinal tract with decrease in
number of Lactobacillus spp. was also described.[30] These
changes were related to the gain of body weight. Previous
studies investigated the effect of heat stress of broiler
chickens or administration of Lactobacillus plantarum in
mice on the mRNA expression of nutrient transporters
(including PepT1)[31,32] but the effect of Lactobacillus
probiotics and doxycycline on the expression of PepT1 is
not studied yet. Therefore, in this study effect of doxycycline
treatment with or without Lactobacilli supplementation
on the mRNA expression level of the peptide transporter
PepT1 was investigated due to its importance in protein
utilization and weight gain in broilers. PepT1 mRNA
was found in the duodenum, jejunum and the liver of
Duc broilers as has been previously described by Gilbert
et al.[33] Administration of combination of Lactobacillus
plantarum 11, L.brevis 51 and L.bulgaricus 13 in our
study did not change the expression level of PepT1
mRNA in the studied tissues which was accompanied by a
tendency to higher body weight and slightly higher values
of FCR. Lactobacillus plantarum restored the decreased
expression of PepT1 mRNA in the gastro-intestinal tract
of mice with colitis to the levels of healthy animals.[31]
The results in our study demonstrate that Lactobacillus
plantarum 11, L.brevis 51 and L.bulgaricus 13 support the
health in the intestines of Duc broilers through keeping
the expression of PepT1 mRNA as in healthy controls.
Statistically significant up-regulation of PepT1 mRNA in
the duodenum and the tendency to increasing in the other
two tissues in doxycycline-probiotics treated broilers can
be discussed as positive influence on peptide absorption
which resulted in the highest body weight and the lowest
FCR in this group. Previous studies found the positive
relationship of increased expression of PepT1 mRNA and
feed utilization due to the role of PepT1 in absorption of diand tripeptides.[33] Effect of doxycycline on PepT1 mRNA
level can be attributed to its possibility to modulate the
expression of the studied gene. The expression of PepT1
mRNA can be modulated by stress conditions in broilers
or feed restriction as well as drug administration such as
5-fluorouracil and clonidine.[34–37] Furthermore, some
frequently used pharmaceutical excipients like Tween 20
and Tween 80 exert inhibitory effects on the expression
of PepT1.[38] Up-regulation of PepT1 mRNA, lower FCR
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ratio with higher body weight in the group of docycycline
treated Duc broilers in comparison to controls can be
explained by the effect of doxycycline administration.
Doxycycline treatment has been associated with increased
weight gain in humans due to changes in the microbiota
in gastro-intestinal tract.[30] Our data about the influence
of this antibiotic can be related not only to PepT1 mRNA
expression but also to changes in the microbiota in the
intestines of poultry.
Efficiency in the poultry industry depends on the
health of the birds, respectively, on the function of the
immune system. Antimicrobial peptides such as LEAP2 are recognized as part of innate immunity and their
expression can be changed by pathogens.[39] Infection
with Salmonella enteritidis resulted in up-regulation of
LEAP-2 mRNA but Eimeria tenella caused its significant
down regulation.[40,41] Shao et al.[42] demonstrated that
Salmonella enteritidis up-regulated LEAP-2 mRNA in the
jejunum of broiler chickens and that supplementation
of yeast ß-D-glucans restored expression of LEAP-2
mRNA to the levels of healthy birds. These levels were
not affected in healthy chickens.[42] Unlike the effect
of pathogens, supplementation of beneficial bacteria
from Lactobacillus spp. to Duc broilers did not provoke
changes in the expression of LEAP-2 mRNA. Similar
data were observed in broilers, treated with Lactobacillus
acidophilus, Bifidobacterium bifidum and Enterococcus
faecalis.[43] Significant up-regulation of LEAP-2 mRNA in
the duodenum of the chickens treated with doxycyclineprobiotics combination and same tendency in the jejunum
and liver can have positive impact on the innate immunity
and disease resistance. Doxycycline administration resulted
in significant up-regulation of LEAP-2 mRNA in the liver
and in the duodenum in comparison to the controls and
probiotics supplemented group. Its levels were further
up-regulated in the intestines when the antibiotic was
combined with probiotics. Although the lower expression
in antibiotic administered animals if compared to the group
treated with the combination doxycycline-probiotics, our
data allow us to conclude that the benefit of doxycycline
treatment can be enhanced by increase of antimicrobial
peptide. It is difficult to compare the results from the
current study due to absence of published data about such
effects of doxycycline. In vitro investigation with Caco2 cells and RAW 264.7 macrophages, and in vivo rat
model of colitis supports the potential use of doxycycline
in association with the probiotic Saccharomyces boulardii
for the treatment of inflammatory bowel diseases due to
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their anti-inflammatory effect.[44] In conclusion, finding
combinations between probiotics and antibiotics that
work synergistically in the stimulation of the host immune
system would be a great relevance for the clinical practice
in poultry husbandry. The results from this pilot study
have to be further validated in functional studies and in
experimental conditions with diseased animals in order to
suggest the right doses of Lactobacilli and doxycycline.
Conclusion
Doxycycline administered alone and in combination with
the three strains lactic acid bacteria led to significant upregulation of PepT1 and LEAP-2 mRNAs in the duodenum
in Duc broilers which contribute to better feed utilization
and stimulation of innate immunity. These changes can
have positive impact on health of broilers and they have to
be further validated in models of economically significant
bacterial diseases of chickens.
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