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Abstract
To investigate the effects of carvacrol supplementation in rainbow trout induced by
lipopolysaccharide (LPS), relative gene expressions levels of some pro-inflammatory
cytokines and apoptosis markers in kidney and liver were measured. Fish with a mean
weight of 44.71±1.33 g were studied using four different treatments with three
replicates each. Inflammation and apoptosis were performed using LPS of Escherichia
coli (25 µg ml-1) except in the control group and only carvacrol (100 µg ml-1 diet)
containing diets were fed to this group (CAR). The last group was the infected fish fed
carvacrol supplemented diet (+CAR). Kidney and liver tissues were removed 3 days
after to determine the levels of interleukin-1β (IL-1β), interferon gamma (INF-γ),
caspase 3 (Cas 3), caspase 8 (Cas 8) using Real-Time PCR analyses. IL-1β expressions
of both kidney and liver was significantly decreased (12.9 and 2.14 fold, respectively)
in LPS treated cells (p<0.05). While IFN-γ expression was up regulated in kidney, it
had down regulation in liver. LPS decreased both Cas 3 and 8 expressions in kidney but
increased in liver. +CAR increased expressions of IL-1β and IFN-γ compared with the
control (up to 2-3 fold) in all tissues except caspase gene expressions that were similar
in the control. In all tissues, IL-1β and IFN-γ expressions increased in +CAR group,
expect IFN-γ in the kidney. However, Cas 3 and 8 expressions including apoptosis was
induced by up-down regulations in all tissues compared to LPS-injected fish. The
results showed that carvacrol had pro-inflammatory and apoptotic effects especially on
liver tissue of LPS-induced inflammation model of Oncorhynchus mykiss.
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Introduction
Diseases
caused
by pathogenic
microorganisms in fish culture have
limited the quality of production.
Antibiotics have been used for many
years to effectively treat bacterial
diseases in fish. However, because of
the limitations to antibiotic use
(antimicrobial-resistant bacteria and
resistance genes and antimicrobial
residues), scientists have recently
focused on natural antibacterial and
antioxidants (e.g.: medicinal herb oil)
as alternatives to antibiotic treatments
(Akhtar et al., 2014; Kucukgul et al.,
2013a, b).
Carvacrol
[2-methyl5-(1methylethyl) phenol] and thymol (2isopropyl-5- methylphenol) are major
components of oregano and thyme
essential oils from medicinal herbs.
Several
studies
have
reported
antimicrobial activities of carvacrol in
many infected fish (Hellander et al.,
1998;
Rattanachaikunsopon
and
Phumkhachorn, 2010; Giannenas et al.,
2012). Bacterial lipopolysaccharide
(LPS) is one of the most common
molecular structures of pathogenic
microorganisms. It is the major
constituent of the external layer of the
outer membrane of Gram-negative
bacteria and is often involved in disease
processes
(Paterson
and
Fryer,
1974; Baba et al., 1988).
Inflammation is a complex process
initiated by several factors ranging from
bacterial infection and chemical injury
to environmental pollution that result in
cell injury or death (O’Byrne et al.,
2000; O’Byrne and Dalgleish, 2001).
Tissue injury induced by this trauma

results in the release of inflammatory
mediators including the cytokines and
tumor necrosis factor (TNF-α),
interleukin-1 (IL-1) from leukocytes,
monocytes and macrophages (Paterson
et al., 2003). IL-1β been identified in a
number of fish species such as rainbow
trout (Zou et al., 1999), carp (Fujiki et
al., 2000), sea bass (Scapigliati et al.,
2001). IL-1β is one of the earliest
expressed pro-inflammatory cytokines
and plays an important role in bacterial
and viral infections (Blum and
Miller, 2000). IL-1β and IFN-γ can be
stimulated by regulations in response to
various stimuli, such as LPS (Dao et al.,
1998; Zou et al., 1999, Scapigliati et
al., 2001; Lee et al., 2006). In addition,
pro-inflammatory cytokines can cause
diverse host responses including
apoptosis.
Apoptosis known as
programmed cell death is a highly
conserved process used by multicellular
organisms to eliminate those cells that
are either unnecessary or potentially
injurious to the host (Jacobson et al.,
1997). Apoptosis can occur both under
physiological and pathological events,
also in acute inflammation. Previously
published data show the up- or downregulations of apoptotic caspase
expressions studied in a number of fish
species (Sepulcre et al., 2007; Mary
Lini et al., 2013).
However, only a few studies have
investigated the studies relative to proinflammatory infected fish. The aim of
the present study is to assess the effects
of carvacrol supplementation diets on
mRNA gene expression of rainbow
trout induced by LPS.
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Materials and methods
Animals
Rainbow trout, O. mykiss (Walbaum,
1792) was used for this study. The fish
were obtained from a local fish farm
near Tunceli Province, Turkey.
Experimental fish were 44.71±1.33 g in
mean weight±SD. During the study,
water temperature, pH, and dissolved
oxygen values were maintained at 15.5
°C, 8.01, 9.57 mg L-1, respectively.
The experimental diets and design
100 µg mL-1 of carvacrol was sprayed
on 1 kg of commercial diet of trout to
prepare the experimental diet (Zheng et
al., 2009; Hashiem and Abd El-Galil,
2012). The study included four trial
groups, the first group was the control,
the second group included fish-infected
with E. coli LPS (25 µg mL-1) that fed a
control diet (commercial trout diet).
While in the third group fish were only
fed with the experimental diet, and the
last group was created with infected
fish fed the experimental diet for 3 days
(Harun et al., 2008; Raida and
Buchmann, 2009).

Target genes
IL-1β
IFN-γ
Cas-3
Cas-8
GAPDH

Total RNA isolation, cDNA synthesis
and real-time PCR
QRT-PCR analysis was performed in a
qPCR system (Bio-RAD, CFX96
Touch Real- Time PCR, South Korea).
Total RNA from fish tissues were
extracted by using TRIZOL reagent
(Sigma, USA) according to the
manufacturer’s instructions. 50 ng of
total RNA was taken from each sample
and cDNA synthesis and PCR analysis
were performed by using Verso Sybr
Green 1 step qRTPCR kit (Thermo Sci.
Coo. /EU). One microliter of each
cDNA was used as templates for
amplification using SYBER Green PCR
amplification reagent and gene-specific
primers. Temperature was maintained
at 50 °C for 15 min and then at 95°C
for 15 s for cDNA synthesis. PCR 40
cycles were completed at 95 °C (15 s),
60 °C (30 s) and 72 °C (30s) and then
melt curve analysis was carried out to
confirm a single PCR product per
reaction. The fish primer sets were
obtained from Ella Biotech Gmbh
(USA): The specific primers for IL-1β,
IFN-γ, Caspase 3 and 8 gene designs
and GenBank IDs are shown in Table 1.

Table 1: QPCR primers and GenBank IDs.
1) Forward primer (5’-3’)
2) Reverse primer (5’-3’)
CCG ACT CCA ACT CCA ACA CTA
TTG CTG GAG AGT GCT GTG GAA GAA
TCA CTG TCC TCA AAC GTG
GCT GTT CAA CGG AAA ACC TGT TT
TTT GGG AGT AGA TTG CAG GG
TGC ACA TCC ACG ATT TGA TT
CAG CAT AGA GAA GCA AGG GG
TGA CTG AGG GGA GCT GAG TT
TCC TCG ATG CCG AAG TTG TCG
ATG TCA GAC CTC TGT GTT GG

GenBank ID or
reference
AY617117
AJ841811
TC172513
TC172513
AF027130

Data analysis
The threshold cycle (Ct) values for the
transcripts are normalized to GAPDH
by subtracting the average Ct value for
each treatment (Pfaffi et al., 2002).
Each PCR reaction was performed in
triplicate. mRNA transcription values
were determined as down- or up
regulated for each gene.
Results
In the kidney, expression of IL-1β was
significantly decreased (by 12.9 fold) in
LPS treated as compared with the
control. However, +CAR caused an
increase in IL-1β expression by 6.66
C

fold in comparison to LPS. While IFNγ expression was increased by 4.82 fold
for the LPS-treated group, it decreased
by 3.13 fold with CAR application as
compared with the control. +CAR
group compared to LPS reduced the
expression of IFN-γ by 120.5 fold. LPS
treatment resulted in downregulation of
Cas 3 and 8 genes by 3.24 and 4.11
fold, respectively as compared with the
control group. +CAR decreased the
expression of Cas 3 by 2.38 fold and
increased Cas 8 expression by 3.37 fold
in comparison to LPS (Fig. 1).
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Figure 1: Relative to pro-inflammatory (IFN-γ and IL-1β, A-B) and apoptosis gene expressions
(Cas 3 and 8, C-D) of kidney. Shown the bars as *: versus control, ** versus LPS groups.

In the liver, the LPS-treatment reduced
IL-1β expression by 2.14 fold.
However, CAR up regulated this gene
expression by 2.01 fold as compared
with the control group. +CAR increased
IL-1β expression by 3.93 fold as
compared with the LPS-infection
group. IFN-γ expression was down
regulated by LPS treatment by 2.87 fold
and CAR increased the expression of
IFN-γ by 3.22 fold as compared with
the control group. +CAR increased
IFN-γ expression by 1.53 fold
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compared with the LPS group. LPS
increased both Cas 3 and Cas 8 levels
by 4.0 and 12.81 fold, respectively in
relation to the control group. CAR
alone increased the expression of Cas 3
(6.19 fold), but it decreased Cas 8
expression (1.45 fold) as compared with
the control. While +CAR increased the
expression of Cas 3 by 1.06 fold, it
reduced Cas 8 expression by 3.01 fold
in comparison with LPS (Fig. 2).
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Figure 2: Relative to pro-inflammatory (IFN-γ and IL-1β, E-F) and apoptosis gene expressions
(Cas 3 and 8, G-H) of liver. Shown the bars as *: versus control, ** versus LPS groups.
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Discussion
Antibiotics have long been used in
aquaculture to treat fish diseases.
However, the use of antibiotics is
becoming limited due to potential side
effects
on
animals.
Therefore,
phytogenic compounds have been
widely
recognized
as
potential
alternatives to antibiotics. Carvacrol
and thymol are the two main active
components of oregano essential oils.
Some phytogenic compounds are
known to have antimicrobial, antiviral,
antifungal and anti-oxidative properties
(Reichling et al., 2009). Recently, there
has been an increased interest in fish
fed diets containing compounds such as
carvacrol or thymol (Giannenas et al.,
2012; Volpatti et al., 2012; Kucukgul et
al., 2013a; Kucukgul et al., 2013b). Our
data indicated that carvacrol has a
strong antimicrobial
activity as
mentioned in other findings.
Pro-inflammatory fish cytokines like
interleukins (IL) and interferons (INFs)
are induced in the presence of LPS and
gram-negative bacteria that play an
important role in diverse host
responses, including cell proliferation,
differentiation, necrosis and apoptosis
(Secombes et al., 2001; Peddie et al.,
2002). Rainbow trout and carp IFNγ
have functional properties including the
ability to enhance phagocytosis of
bacteria in macrophages (Zou et al.,
2005; Arts et al., 2010). Many of the
effector roles of IL-1β are mediated
through the up- or down-regulation of
the expression of other cytokines and
chemokines (Dinarello, 1997). Ocaña
and
Reglero
(2012)
studied
inflammatory effects of thyme extracts

from three different species on cytokine
production and gene expression. They
reported that TNF-α, IL-1B, IL-6, and
IL-10 gene expression changes were
dose dependent and thyme extracts had
anti-inflammatory effects. In a previous
study, we found downregulations in
levels of IL-1ß and TNF-α expression
on Yersinia ruckeri-infected fish after 3
days, but upregulation in essential oil
application of injected fish (Kucukgul
et al., 2013a). The results of the present
study are in concordance with the data
observed previously. The observations
of Furnes et al. (2009) suggest that
IFN-γ gene expression up-regulates in
cod head kidney 24 h after injection of
Vibrio
anguillarum-inactivated
formalin. The upregulation of IFN-γ in
the kidney observed in our study was
later (3 days after), but similar to the
work reported by Furnes et al. (2009)
although the time was different. The
later upregulation might be because of
dose differences or that the bacterium
itself might have mechanisms to downregulate or at least delay the gene
expression.
Apoptosis
is
a
well-known
mechanism of programmed cell death.
Several
proteins
produced
by
pathogenic bacteria or bacterial
components, such as lipopolysaccharide
(LPS), are capable of specifically
initiating apoptosis in macrophages that
play an important role to activate proapoptotic signaling pathways indicating
caspase activation (Navarre and
Zychlinsky, 2000; Fukui et al., 2008).
In a study reported by Mary Lini et al.
(2013) who indicated that an increase in
the expression of caspase 3 from 0 to 6
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h in the gills, liver and kidney of
infected Labeo rohita and Aeromonas
hydrophila and returned to its initial
level after 24 h. A similar observation
was reported by Sepulcre et al. (2007)
who found that V. anguillarium evades
the immune response of the bony fish
sea bass (Dicentrarchus labrax)
through the down regulation of
apoptotic caspases. Our data obtained
indicated that infection of LPS resulted
in the down regulation of the apoptotic
caspases (Cas 3 and 8) in the kidney,
but an upregulation in the liver. Feeding
carvacrol to LPS-injected fish (+CAR)
showed decreases in caspases in the
kidney. We observed that there was a
decrease only in caspase-3 levels of
+CAR in the liver. Compared to the
data reported by Mary Lini et al (2013),
up-regulation of caspases in the liver
was similar to our results. This suggests
that apoptosis induction in LPS-infected
tissues could be linked to the activation
of caspases.
In conclusion, fully understanding
the modulation of the immune system
(including inflammation, apoptosis and
infection) of diet supplementation in
infected fish is important to develop
alternatives to antibiotics. The data
obtained indicated that both infection of
LPS and carvacrol supplementation
significantly stimulated the expression
of all genes, which had both proinflammatory and apoptotic effects on
tissue of O. mykiss.
Acknowledgments
We would like to thank TUNIBAP for
this study supported by Tunceli
University Scientific Research Projects

211

(TUNIBAP-TURKEY). We would like
to
thank
the
Department
of
Biochemistry, Veterinary Faculty of
Mustafa Kemal University, for helping
us with the laboratory analyses.
References
Akhtar, M.S., Degaga, B. and Azam,
T., 2014. Antimicrobial activity of
essential oils extracted from
medicinal
plants
against
the
pathogenic
microorganisms:
a
review, Biological Sciences and
Pharmaceutical Research, 2, 1–7.
Arts, J.S., Tijhaar, E.J., Chadzinska,
M., Savelkoal, H.F., Verburg-van
Kemenade, B.M., 2010. Functional
analysis of carp interferon-γ:
evolutionary
conservation
of
classical phagocyte activation. Fish
and Shellfish Immunology, 22, 793802.
Baba, T., Imamura, J. and Izawa, K.,
1988. Immune protection in carp,
Cyprinus
carpio
L.
after
immunization
with
Aeromonas
hydrophila crude LPS. Journal of
Fish Diseases, 11, 237–244.
Blum, A. and Miller, H., 2000. The
major histocompatibility complex
and inflammation. Southern Medical
Journal, 93, 169–171.
Dao, T., Mehal, W.Z. and Crispe,
I.N., 1998. IL-18 augments perforindependent cytotoxicity of liver NK-T
cells. The Journal of Immunology,
161(5), 2217-22.
Dinarello, C.A., 1997. Interleukin-1.
Cytokine and Growth Factor
Reviews, 8, 253-265.
Fukui, M., Imamura, R., Umemura,
M., Kawabe, T. and Suda, T.,

Downloaded from jifro.ir at 18:45 +0430 on Saturday May 25th 2019

212 Gulsafak et al., Bio-functions of carvacrol-supplemented feeds on…

2008. Pathogen associated molecular
patterns sensitize macrophages to
Fas ligand-induced apoptosis and IL1b release. The Journal of
Immunology, 171, 1868–1874.
Fujiki, K., Shin, D.H., Nakao, M. and
Yano, T., 2000. Molecular cloning
and expression analysis of carp
(Cyprinus carpio) interleukin-1 beta,
high affinity immunoglobulin E Fc
receptor gamma subunit and serum
amyloid A. Fish and Shellfish
Immunology, 10(3), 229-42.
Furnes, C., Seppola, M. and
Robertsen, B., 2009. Molecular
characterisation and expression
analysis of interferon gamma in
Atlantic cod (Gadus morhua). Fish
and Shellfish Immunology, 26, 28592.
Giannenas, I., Triantafillou, E.,
Stavrakakis, S., Margaroni, M.,
Mavridis, S., Steiner, T. and
Karagouni, E., 2012. Assessment of
dietary
supplementation
with
carvacrol or thymol containing feed
additives on performance, intestinal
microbiota and antioxidant status of
rainbow
trout
(Oncorhynchus
mykiss). Aquaculture, 350(353), 2632.
Harun, N.O., Zou, J., Zhang, Y.A.,
Nie, P. and Secombes, C.J.,
2008. The biological effects of
rainbow
trout
(Oncorhynchus
mykiss) recombinant interleukin8. Developmental
Comparative
Immunology, 32, 673–681.
Hashiem, M. and Abd El-Galil,
M.A.A.,
2012
Studies
on
edwardsiellosis
in
Clarias
gariepinus
fish
at
Sohag

Governorate. Journal American
Science, 8, 438-444.
Hellander, I.M., Alakomi, H.L.,
Latva, K., Mattila-Sandholm, T.,
Pol, I., Smid, E.J., Gorris, L.G.M.
and von Wright, A., 1998.
Characterization of the action of
selected essential oil components on
gram-negative bacteria. Journal of
Agriculture and Food Chemistry, 46,
3590–3595.
Jacobson, M.D., Weil, M.
and Raff, M.C., 1997. Programmed
cell
death
in
animal
development. Cell, 88, 347–354.
Kucukgul G.A., Kucukgul, A.,
Danabas, D., Ural, M., Seker, E.,
Arslan, A. and Serdar, O., 2013a.
Therapeutic effects of thyme
(Thymus vulgaris Linneaus) and
fennel (Foeniculum vulgare Miller)
essential oils in infected rainbow
trout,
Oncorhynchus
mykiss
(Walbaum). Digest Journal of
Nanomaterials and Biostructures,
8(3), 1069-1078.
Kucukgul, G.A., Danabas, D., Ural,
M., Seker, E., Arslan, A., Serdar,
O., 2013b. Effects of Mixed Using
of Thymus vulgaris and Fennel
vulgare Oils on Biochemical and
Electrolytes
Responses
against
Yersinia ruckeri in Rainbow Trout
(Oncorhynchus
mykiss).
Acta
Veterinaria Brno, 82, 297–302.
Lee, D.S., Hong, S.H., Lee, H.J., Jun,
L.J., Chung, J.K., Kim, K.H. and
Jeong, H.D., 2006. Molecular
cDNA cloning and analysis of the
organization and expression of the
IL-1beta gene in the Nile tilapia,
Oreochromis niloticus. Comparative

Downloaded from jifro.ir at 18:45 +0430 on Saturday May 25th 2019

Iranian Journal of Fisheries Sciences 18(2) 2019

Biochemisrty and Physiology Part A:
Moleculer Integr Physioloy, 143(3),
307-14.
Mary Lini, R., Kurcheti, P.P., Babu,
G. and Purushothaman, C.S.,
2013.
Effect of Aeromonas
hydrophila infection on caspase-3
expression and activity in rohu,
Labeo rohita.
Journal of
Aquaculture
Researchy
and
Development, 4(6), 1-4.
Navarre, W.W. and Zychlinsky, A.,
2000. Pathogen-induced apoptosis of
macrophages: A common end for
different
pathogenic
strategies.
Cellular Microbiology, 2, 265–273.
O’Byrne, K.J., Dalgleish, A.G.,
Browning, M.J., Steward, W.P.
and Harris, A.L., 2000. The
relationship between angiogenesis
and the immune response in
carcinogenesis and the progression
of malignant disease. European
Journal of Cancer, 36, 151-169.
O’Byrne, K.J. and Dalgleish, A.G.,
2001. Chronic immune activation
and inflammation as the cause of
malignancy. British Journal of
Cancer, 85, 473-483.
Ocaña, A. and Reglero, G., 2012.
Effects of thyme extract oils
(from Thymus vulgaris, Thymus
zygis, and Thymus hyemalis) on
cytokine production and gene
expression of oxldl-stimulated thp-1macrophages. Journal of Obesity,
e11.
Paterson, W.D. and Fryer, J.L., 1974.
Immune response of coho salmon
Oncorhynchus kisutch to Aeromonas
salmonicida
cells
administered
intraperitoneally
in
Freund’s

213

complete adjuvant. Journal of the
Fisheries Research Board of
Canada, 31, 1751–1755.
Paterson, H.M., Murphy, T.J.,
Purcell,
E.J.,
Shelley,
O.,
Kriynovich,
S.J.,
Lien,
E.,
Mannick, J.A. and Lederer, J.A.,
2003. Injury primes the innate
immune system for enhanced Tolllike receptor reactivity. Journal of
Immunology, 171, 1473-1483.
Pfaffi, M.W., Horgan, G.W. and
Dempfle, L., 2002. Relative
expression software tool (REST) for
group-wise
comparison
and
statistical analyses of relative
expression results in real-time PCR.
Nucleic Acids Research, 30(9), e36.
Peddie, S., Zou, J. and Secombes,
C.J., 2002. Immunostimulation in
the rainbow trout (Oncorhynchus
mykiss) following intraperitoneal
administration
of
Ergosan. Veterinary
Immunology
and Immunopathology, 86, 101–
113.
Raida, M.K., Buchmann, K., 2009.
Innate immune response in rainbow
trout (Oncorhynchus mykiss) against
primary and secondary infections
with
Yersinia
ruckeri
O1.
DevelopMental & Comparative
Immunology, 33(1), 33-45..
Rattanachaikunsopon,
P.
and
Phumkhachorn,
P.,
2010.
Assessment of synergistic efficacy of
carvacrol and cymene against
Edwardsiella tarda in vitro and in
tilapia (Oreochromis niloticus).
African Journal of Microbiology
Research, 4(5), 420–425.

Downloaded from jifro.ir at 18:45 +0430 on Saturday May 25th 2019

214 Gulsafak et al., Bio-functions of carvacrol-supplemented feeds on…

Reichling, J., Schnitzler, P., Suschke,
U. and Saller, R., 2009. Essential
oils of aromatic plants with
antibacterial, antifungal, antiviral,
and
cytotocic
properties-an
overview.
Forschende
Komplementmedizin, 16, 79-90.
Scapigliati, G., Buonocore, F., Bird,
S., Zou, J., Pelegrin, P., Falasca,
C., Prugnoli, D. and Secombes,
C.J., 2001. Phylogeny of cytokines:
molecular cloning and expression
analysis of sea bass Dicentrarchus
labrax interleukin-1beta. Fish and
Shellfish Immunology, 11(8), 71126.
Secombes, C.J., Wang, T., Hong, S.,
Peddie, S., Crampe, M., Laing,
K.J., Cunningham, C. and Zou, J.,
2001.
Cytokines
and
innate
immunity of fish. Developmental
and Comparative Immunology, 25,
713–723.
Sepulcre, M.P., López-Castejón, G.,
Meseguer, J. and Mulero, V., 2007.
The activation of gilthead seabream
professional phagocytes by different
PAMPs underlines the behavioural
diversity of the main innate immune
cells of bony fish. Moleculer
Immunology, 44, 2009-2016.
Volpatti, D., Chiara, B., Francesca,
T. and Marco, G., 2012. Growth
parameters, innate immune response
and resistance to Listonella (Vibrio)
anguillarum of Dicentrarchus labrax
fed carvacrol supplemented diets.
Aquaculture Research, 45(1), 31-44.
Zheng, Z.L., Tan, J. Y. W, Liu, H. Y;
Zhou, X. H, Xiang, X. and Wang,
K. Y., 2009. Evaluation of oregano
essential
oil
(Origanum

heracleoticum L.) on growth,
antioxidant effect and resistance
against Aeromonas hydrophila in
channel catfish (Ictalurus punctatus).
Aquaculture, 292, 214-218.
Zou,
J.,
Grabowski,
P.S.,
Cunningham, C. and Secombes,
C.J., 1999. Molecular cloning of
interleukin 1beta from rainbow trout
Oncorhynchus mykiss reveals no
evidence of an ice cut site. Cytokine,
11(8), 552-60.
Zou,
J., Carrington,
A., Collet,
B., Dijkstra,
J.M., Yoshiura,
Y., Bols, N., Secombes, C., 2005.
Identification and bioactivities of
IFN-gamma in rainbow trout
Oncorhynchus mykiss: the first Th1type
cytokine
characterized
functionally in fish. The Journal of
Immunology, 175(4), 2484-94.

