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ABSTRACT
The current study was carried out to study a high injection dose of the ethanolic extract thymus vulgaris leaf (500 ug /Kg)
against the immune response combination with partially purified extracted lipopolysaccharide ( LPS) from Proteus mirablis.
Study groups were included four groups; Group I :treated with normal saline. Group II : treated with LPS antigen, Group III:
injected subcutaneously ((500 ug /Kg) from ethanolic extract thymus vulgaris, group IV : injected subcutaneously (500 ug/Kg)
from ethanolic extract thymus vulgaris leaf and LPS antigen, the immunological assays were measured through the phagocytic
activity as (non specific immunity) after day 8 by using the phagocytic activity index. After day I4 the lymphocyte proliferations
was estimated by MTT index. For delayed-type hypersensitivity (DTH) reaction,the result was measured at 24, 48 and 72
hours after LPS antigens injection.While for Humoral immune response, after day 21 and day 28 the antibody production was
estimated by indirect immunoflourescent and by Gel electrophoreses.The results were showed no significant difference in the
NBT index between Groups but noticed Group III had a value lower than Group II, While the MTT results were revealed,
Group IV had the highest value. In the other side of the study the DTH results showed Group IV had the highest value after 48
hr with significant differences (p ≤ 0.05), in addition, the humoral immune response results were consisted gel electrophoresis
and indirect immunoflourescent results showed after day 21 and day 28 Group IV had the highest value.
The result was showed the ethanolic extract thymus in a high concentration combination with LPS from P. mirabilis had effects
on the immune response particularly Humoral immune response and Cellular immune response but still act as anti inflammatory
role as revealed in many previous studies.
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INTRODUCTION
Thyme (Thymus vulgaris L., Lamiaceae), has is a chemical
species,1 a flowering plant belonged to family Lamiaceae, 15 to
30 cm and about to 40 cm width.1,2 The medically importance
of the plant was attributed to many main components which are
phenolic components such as Thymol (5-methyl-1-2-isopropyl
phenol) and carvacrol (5-isopropyl-2-methyl phenol),,which
play as antioxidant scavengers3,4 reported the antibacterial
ctivity, anticoccidial activity, and antifungal potential, as
well and also rich in flavonoids and may improve the immune
functions,5 it has a role to enhance the digestibility, also to
keep the balance of the gut microbial ecosystem and help
stimulation of the secretion many of digestive enzymes and
thus improving growth rate specially in boilers chicken,4,6
in other hands Proteus mirabilis is one of a gram-negative
*Author for Correspondence: ali.maki@duc.edu.iq

bacterium belongs to Enterobacteriaceae family is well-known
in swarming phenomenon, rod also motile, urease-positive,7
causes UTI in most common, cell wall has LPS which is the
main component responsibles for toxicity and, pathogenesity
of gram negative bacteria 3 8 in many immunological studies
that revealed the, LPS is play significant functions in immue
system such as by enhancing the inflammation environments
during lymphocyte activation and as an immunodulator,9 the
aim of the study is to investigate the role of thymus extract
leaves on the immune response combination with LPS derived
from Proteus mirabilis cell wall, by using a high concentration,
MATERIAL AND METHODS
All experiments were done in the laboratories of the in Dijlah
University Collage, the research was done on male albino mice
(Blab-c) with average weight was 22–25 grams.
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Isolation and identification Proteus mirablis
Two proteus mirablis isolates were obtained from urinary
tract infection (UTI) patiences from Al- Numan hospital and
identified by laboratories of Dijlah University Collage
Suscepitibilty test
The antibiotic disks were applied to determine which the
isolate that had more resistance to antibiotics, the antibiotic that
used in this study are Ampicllin (AMP), Cefotaxime (CTX),
Erythromycin (E), Azithromycin (AZM), Imipenem(IMP),
Doxycycline(DO), Ticarcillin(TIC), Ciprof loxacin(CIP),
Gentamycin (CN), Amikacin (AK)
Extraction and partial purification of Lipopolysaccharide
(LPS) from Protues mirablis
Protues mirablis LPS Extraction by Hot EDTA method10 and
purified by Dailysis membrane (100 – 1000 kDa).11
Preparion of Ethanolic Extract of Thymus vulgaris leaf
The ethanolic extract preparation was according to12 by putting
(50) g of Thyme powder leaf in (Soxhelt) and added (350)
mL of ethanol (80%), extraction continued for (12) hours at
(40)°C by using vacuum rotary evaporator, also at (35)°C, then:
(500 µg/kg) of Ethanolic extract of thymus vulgaris leaf was
prepared.
Determination Lipopolysaccharide (LPS) antigen doses
This experiment included Four groups. three different doses of
LPS antigen and Control group was injected subcutaneously
in mice group included five mice to determine the level IgG
in serum by using Radial Immunodiffusion (RID).
*Group I (Control Group): Normal saline (0.5 mL) .
*Group II: 25ug/mL of LPS antigen.
*Group III: 55ug/mL of. LPS antigen .
*Group IV: 85 ug/mL of LPS antigen.
Groups of Study
This current study was included 4 groups, the mice in groups
were treated by subcutaneous injection as following
Group I : Normal saline (0.3mL).
Group II : LPS antigen.
Group III: Ethanolic extract of Thymus vulgaris leaf (500
µg/kg).
Group IV: LPS antigen + (500 µg/kg) of ethanolic Thymus
vulgaris leaf .
Laboratory Assessments
Innate immue response assay
• Phagocytic activity by nitroblue tetrazolium (NBT) index
The procedure was done depending on a method presented by.14
Adaptive immune response assays

• MTT Lymphocyte proliferation Test assay
The procedure of MTT was on extraction the lymphocytes
from the collected blood.14
• Delayed Hypersenstivity Test.
All mice in the groups was injected with 50 ul of LPS in the
right foot and measured at time zero and at 24 and 48 hours.15
• Serum Agarose Gel Electrophoresis
The procedure s done by a commercially available kit .
• Indirect Fluorescent Antibody Test (IFAT)
The procedure was presented by world health organization
(WHO)16 was followed for determination anti LPS antibodies titers.
Statistical Analysis
The Statistical Analysis values by SPSS by probability value
≤ 0.05.
RESULTS
The bacterial isolates were obtained from Al- Numan hospital.
and has been identified according to the morphological
characterization, swarming phenomenon in young culture on
blood agar according to17 and the identification was achieved
by Ap20 index.
The suspectibility test results were showed one isolate was
resist to CIP, CN, Amikacin and Amplicilin while the other
isolate were showed sensitivity to those antibiotics, the isolate
that showed resistance to antibiotics was selected to extract the
LPS from the cell wall as this isolate has more pathogenicity.
The isolate was activated with nutrient broth because those
media are enrichment14 to increase the growth for extraction
of LPS from the cell wall.
Result of LPS antigen doses were showed the concentration
IgG in Group III (55 ug/mL) was significantly difference
(p ≤ 0.05) with others groups as in Table 1.
The results of evaluation of phagocytsis activity of this
current study was reported was no significant differences
(p ≤ 0.05) between the groups but Group IV showed the highest
value 3.52 ± 0.32.
In other hand the MTT result were revealed Group III,
Group IV (0.290 ± 0.08, 0.331 ± 0.14 ) respectively were showed
significant differences (P ≤ 0.05) with other groups, Group I,
III as in as in Table 2.
More further, the results of DHT were showed Group IV had
the highest value after 48 hours significant different (P ≤ 0.05),
Table 1: IgG concentration rate (mean) of LPS antigen:
Groups

Dosage

IgG Mg/dL

Group I

0.5 mL

97 ± 1.8e

Group II

25 ug/mL

222.2 ± 3.8c

Group III

55 ug/mL

542.4 ± 6.18a

Group IV

85 ug/mL

250.3 ± 6.3b

Table 2: Result of NBT index and MTT assays in studied groups
Assay
NBT

Control

LPS antigen
a

500 µg/kg Thymus vulagris extract

b

1.72 ± 0.14

b

3.15 ± 0.39
a

2 .52 ± 0.32
b

c

MTT
0.259 ± 0.02
0.268 ± 0.02
0.290 ± 0.08
*The different letters denoted that a significant difference between the groups < p ≤ 0.05

500 µg/kg Thymus vulagris extract + LPS
3.52 ± 0.32b
0.331 ± 0.14d
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in other side there was no significant difference between Group
III and Group IV in time zero and after 24 hours, as in Table 3.
In addition, The humoral immune response was measured
by gel electrophoresis and Indirect fluorescent antibody, the
results of gel electrophoresis were showed the Group IV,
Group III have significant differences (p ≤ 0.05) in comparison
with Group II but the highest value showed in Group IV as
in Table 4.
In other side of this study the indirect fluorescent antibody
results were revealed after 21 day as Groups I, showed no
anti- LPS antibodies, While Group II, III, IV were showed

positive reaction but Group IV was recorded a highest at the
titer of antibodies which was 1:256, as presented in (Table 4).
Furthermore the result after 28 days were revealed Group II
showed the titer of Anti LPS was 1:32. But the highest titer of
anti LPS antibodies was revealed in Group III at titer I: 128,
and Group 1V at titer 1: 156 as in Table 5 and Figure 1 and 2.

Figure 1: Anti LPS antibodies at titer
I: 128

Figure 2: Anti LPS antibodies at titer
I: 256

DISCUSSION
This study was continued the previous studies about role of
thymus vulagris on the immune response but the researchers
were used different concentrations of extract. Furthermore

Table 3: Delayed type hypersensitivity (DTH) in studied groups
Group
Group I
Group II
Group III
Group IV

DTH index mean ± S.E mm
Time zero
2.0 ± 0.00a
2.2 ± 0.11 a
2.37 ± 0.27 a
2.57 ± 0.10 a

After 24 hours
2.07 ± 0.03 a
2.09 ± 0.14 b
± 0.00 b 3.0
3.64 ± 0.06 b

After 48 hours
2.1 ± 0.05 a
3.33 ± 0.17 b
3.41 ± 0.20 bc
3.81 ± 0.20 c

Table 4: The Results of Gamma globulin serum, Alpha-1 level, Alpha-2 level, Alpha-beta level
Groups
Gamma globulin level
Alpha-1 level
Group I
6.73 ± 0.13a
2.27 ± .0.15 a
Group II
15.39 ± 0,60b
2.3 ± 0.33 b
Group III
16.94 ± 0.38c
5.46 ± 9.2c
Group IV
17.83 ± 0.86d
7.54 ± 0.38dc
*The different letters denoted that a significant difference between the groups < p ≤ 0.05

Alpha-2 level
9.60 ± 0.23 a
7.64 ± 0.65b
10.62 ± 0.47c
18.5 ± 0.72bd

Alpha-beta level
10.83 ± 0.10 a
11.13 ± 0.25b
15.8 ± 1.18c
18.5 ± 0.57b

Table 4: Anti- LPS antibodies antibody titer after 21 days
Groups
I
II
III
IV

Anti- LPS antibodies Titer after 21 day
2
4
8
16
32
0
0
0
0
0
2
4
8
16
32
12
4
8
16
32
2
4
8
16
32

64
0
0
64
64

128
0
0
128
128

256
0
0
256
0

512
0
0
0
0

1024
0
0
0
0

Table 5: Anti- LPS antibodies antibody titer after 28 days
Groups
I
II
III
IV

Anti- LPS antibodies Titer after 28 day
2
4
8
16
0
0
0
0
0
0
8
0
12
4
8
16
2
4
8
16

32
0
0
32
32

64
0
0
64
64

128
0
0
128
128
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using the extract against induced immune response by Proteus
mirabilis LPS antigen to investigate the main role of the plant
on the immune response, considering thymus vulagis is an
immunodulator, which mediates the effectors mechanism of
the immune system through stimulation of immune to given
antigens.18 Therefore the current study was carried out the
effect of thymus vulgaris in induced immune response in mice
in a high concentration dose.
P. mirabilis causes most of urinary tract including cystitis
and pyelonephritis. UTIs are more common in individuals aged
20 to 50 years and most common in women of this age group.
Proteus spp caused for 5%. Complicated UTIs specially in
old people,19,20 in this study, the result of the suspitibilty The
suspectibility test results were showed three isolates were
resist to ciprofloxacin (CIP), gentamycin (CN), amikacin and
amplicilin and this agreed with21 overall all the pathogenic
bacteria got ability to resist to antibiotics This horizontal gene
transfer (HGT) can allow antibiotic resistance genes to be
transferred between different species of bacteria.22 Resistance
can also occur through mutation.23 and overuse, of antibiotics
are overprescribed worldwide.10 used those isolates that showed
more resistance to next experiment to extract LPS from the
cell wall because the LPS an important role in pathogensis of
gram negative bacteria as endotoxin but many studies used
LPS as an immunomodulator which stimulate the immunity
cells, macrophage, to produce inflammatory mediates and also
help to produce co stimulatory molecules.9
There was no morbidity ratio in all groups during
experiment because of thyme oil contained components
like thymol and carvacrol, have a potent antioxidant and
antibacterial properties24 also thymus extract help in increase
serum protein albumin and globulin which are very important
in metabolism of animal and growth.25 In experiment of
determining the dose of LPS Group III that treated with (55
ug/mL) was showed better immue response in RID and there
was a significant difference comparson with the Group II,
Group1V that Attributed to the immune system is showed
showed tolerance to those groups.26
The result of Phagocytic activity were showed there was
no significant differences between the treated group Group
II, III, IV this result were agreed with Vetvicka, V. et al.27
who used different thymus oil and showed all those oil has
no effect on the phagoctic activity and there are reduction in
intralukin (IL)-1b and intralukin-6 (IL-6) level and agreed with
Oca˜na et al.28 who reported that thymus extract reduce the
production and reduce the gene expression that important to
produce the proinflammatory mediators from the cells such as
TNF-α, IL-1B, and IL-6 but in same time increase produces the
antiflammtory such as IL-10,29,30 Neutrophiles and macrophage
are pahocytic cells and kill the bacteria by phagocytosis which
s led by proinflammatory mediators and release inflammatory
mediate to induce inflammatory response.31 Many studies
found the thymus have antiflammatory effect dued to Thymol
and carvacrol also exhibit anti-inflammatory activitie, and
induce high level of intinflammatory Cytokines IL 10, TGF-β

which those effect directly on indirectly against macrophage
and neutrophile by regulation the polymorphonuclear (PMN)
of phagocytosis while the absence of changes in CR1 (C3b) or
Fc receptors expression, leads to the Inhibition of phagocytosis
.in addition the inhibition of superoxide production from
PMA-stimulated PMN, by IL 10 suppressed the respiratory
burst,32 The other reasons is the extract of leaves have many
effects in different levels such as effect on proteins such as
C-reactive protein (CRP), also effect on molecules adhesion
such as vascular cell adhesion molecule- 1, and finally effect
on matrix metalloproteinase 933 and those were showed in
values group III which had value lower than Group II while
the group II which the animals injected with only LPS showed
a high value than group III, this attributed that the LPS act on
the TLR4 receptor system, leading to the production of proinflammatory cytokine as well as interferons, thus launching
the inflammatory and immune response.
In addition The MTT result was showed difference effects
between group IV and Group III and Group II and this agreed
with Menati1, J.K. et al.,34 who treated the boiler chicken with
different concentration of eqouse thymus vulagris and report
there was increasing in level of the T lumphocytes, Natural
killer cell and B lymphocyte, in addition the results of this
current studies were agreed those facts attributed to thyme
(Thymus vulgaris) that are full of flavonoids, can extend the
activity of vitamin C, act as antioxidants, and may enhance
the immune responses As well as contain compounds such
as Thymol and carafacrol and vitamins that helps in increase
level of immune response and make the titer of Abs high and
play as antioxidant.35 in Other hand some compounds such
as tannin and thymine are enhanced the activity and actions
of innate immue response as macrophage and neutrophiles
and also natural killer cells and associate to development T
lymphocyte and balance between the assistance and inhibitory
development, in addition to increase production of cytokines
the important in humoral immune response, IL4 (26), and
increase CD4+, CD8+,36 The reason behind this is thymus
vulgaris extract enhancing activation of T cell is by suppressing
the transcription factors as AP-1 and NFAT-2 and preventing
the production of IL-2 and IFN-γ. The inhibitory role of of
Thymus vulgaris on the IFN-γ, IL-6 and IL-17 expression
may be directly could be done via the modulation of signaling
pathways and transcription factor that associated with these
cytokines in Th1, macrophages, and Th17 cells 29,30 and
these resulted confirmed with our DHT result that revealed
no significant differences between group II, III, VI. As we
discussed the carvacrol and thymol effected on IL- thymus
vulagris 10 and TGF-β expression.29,37 The TGF-B is produced
by Treg cells. IL-10 is produced and released from T reg, Breg,
and Th2 cells.38 TGF-β helps the differentiations and survive
of T regs as well as maintaining self-tolerance.39 This is the
other role of enhancing effects of Thymus vulgaris on TGF-B
and IL-10 production may effects on T reg, B reg and The cells.
(Thymus important), for humoral immune response result in
this study was showed the serum protein was increased in
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Group III, Group IV with significant difference comparison
with Group II this result agreed with40 who studied the effect of
dairy thymus vulagris on boiler chicken and reported there was
significantly increasing the serum total protein and globulin
levels, Globulins are responsible for humoral immunity., the
and agreed with many studies,41 also thymol played a role in
to increase the total IgA and IgM levels.36 As this result was
confirmed result of the current study as showed in Group
III and GroupV1 after 21 days, and 28 days the (mention the
titer) and this because the thymol enhanced the B cell and
also improved/Th2 cell release IL4 and help B cell to produce
antibodies.26
CONCLUSION
The results were demonstrated the ethanolic thymus extract
had positive effects in a high concentration combination with
extracted LPS from P. mirabilis on the immune response
particularly Humoral immune response and cellular immune
response but still act as anti inflammatory role as revealed
in many previous studies, the researchers will contuine the
study by using higher concentration dose by using extracted
phenolic components which has the main role in benefit of
thymus vulgaris.
ACKNOWLEDGMENTS
The authors are grateful to Dijlah university collage, iraq
support us during the study and for providing the facilities.
REFERENCES
1. Hosseinzadeh, S., Kukhdan, A., Hosseini, A., Armand, R., (2015).
The application of Thymus vulgaris in traditional and modern
medicine: a review. Glob. J. Pharmacol. 9 (3), 260–266.
2. Reddy, P., Kandisa, R., Varsha, P., Satyam, S., (2014). Review on
Thymus vulgaris traditional uses and pharmacological properties.
Med. Aromat. Plants 3, 164.
3. Hoffman-Pennesi, D., Wu, C., (2010). The effect of thymol and
thyme oil feed supplementation on growth performance, serum
antioxidant levels, and cecal Salmonella population in broilers.
J. Appl. Poult. Res., 19(4): 432-443.
4. Cross, D. E., R. M. McDevitt, K. Hillman, and T. Acamovic.,
(2007). The effect of herbs and their associated essential oils on
performance, dietary digestibility and gut microflora in chickens
from 7 to 28 days of age. Br. Poult. Sci. 48:496–506
5. Manach F, Regerat F, Texier O., (1996). Bioavailability,
metabolism and physiological impact of 4-oxo-flavonoids. Nutr
Res. 16(3):517-44. dx.doi.org/10.1016/0271- 5317(96)00032-2.
6. El-Far, A.H., Ahmed, H.A., Shaheen, H.M. (2016). 2016Dietary
Supplementation of Phoenix dactylifera Seeds Enhances
Performance, Immune Response, and Antioxidant Status in
Broilers. Oxid. Med. Cell. Longev. 1-9.
7. O’Hara CM, Brenner FW, Miller JM., (2000). Classification,
identification, and clinical significance of Proteus, Providencia,
and Morganella. Clin Microbiol Rev. 13:534–546.
8. Beutler B, Rietschel ET., (2003). Innate immune sensing and its
roots: the story of endotoxin. Nat Rev Immunol. 3(2):169–176.
[PubMed] [Google Scholar]
9. Jeremy P. McAleer and Anthony T. Vella ., (2008). Understanding
how lipopolysaccharide impacts CD4 T cell immunity. Rev

Immunol. 28(4): 281–299
10. Chandan, V. and Fraser, A.D. (1994). Simple extraction of
Campylobacter lipopolysaccharide and protein antigens
and production of their antibodies in egg yolk. Inter.L.Food
Micriobiol. 22:189-200
11. Van Tellingen A1, Grooteman MP, Pronk R, van Loon J,
Vervloet MG, ter Wee PM, Nubé MJ, (2002). Lipopolysaccharide
concentrations during superf lux dialysis using unfiltered
bicarbonate dialysate. ASAIO J. 48(4):383-8.
12. Harborne, T.B., (1973). Phytochemical methods. Halasted press.
Johnwiely & Sons, New York.. 178.
13. Dixon, W. J., (1980). Efficient analysis of experimental
observation. Ann.Rev pharmacol .toxicol 20:441-462.
14. Zakaria,Z. A., ofiee,M. S. Teh L. K., Salleh, M. Z., Sulaiman,
M. R. Somchi, M. N., (2011). Bauhinia purpurea leaves’ extracts
exhibited in vitro antiproliferative and antioxidant activities.
African Journal of Biotechnology .10(1): 65-74.
15. Tansho, S. A; Mizutani, S; Yasuo, S; Kazutoh, O. T. and Hideyo,
Y., (2002). Protection of mice from lethal endogenous Candida
albicans infection by immunization with Candida membrane
antigen. Microbiol. Mmunol. 46:307-311.
16. World Health Organization (WHO)., (1998). The development of
new/improved Brucellosis vaccines: report of a WHO meeting
11-12 December 1997 Geneva WHO Geneva 19-21.
17. Saini, S. Katiyar, R. and Deorukhkar, S., (2011). Gram Stain
versus Culture for.Diagnosis of Pyogenic Infections. Pravara
Med. Rev. 6 (1) : 9 – 11 .
18. Bose, A; Chakraborty, K ; Sarkar, K; Goswami, S; Haque, E;
Chakraborty, T; Ghosh, D; Roy, S; Laskar, S. & Baral, R., (2009).
Neem (AzadirachtaIndica) leaf preparation prevents leukocyte
apoptosis mediated by cisplatin plus 5-fluorouracil treatment in
Swiss mice. Source 55:137-144.
19. Matthews SJ, Lancaster JW., (2011). Urinary tract infections in
the elderly population. Am J Geriatr Pharmacother. 9:286–309.
20. Papazafiropoulou A, Daniil I, Sotiropoulos A, Balampani E,
Kokolaki A, Bousboulas S, Konstantopoulou S, Skliros E,
Petropoulou D, Pappas S., (2010). Prevalence of asymptomatic
bacteriuria in type 2 diabetic subjects with and without
microalbuminuria. BMC Res Notes. 3:169.
21. Cernohorská L, Chvílová E., (2011). Proteus mirabilis isolated
from urine, resistance to antibiotics and biofilm formation. Klin
Mikrobiol Infekc Lek. 17(3):81-5.
22. Read AF, Woods RJ., (2014). Antibiotic resistance management.
Evol Med Public Health. (1):147.
23. Mellon M, Benbrook C, Benbrook KL. Hogging it., (2001).
Estimates of antimicrobial abuse in livestock. Cambridge (MA):
Union of Concerned Scientists.
24. Gabor, EF; Sara, A and Barbu, A,. (2010). The effects of some
phytoadditives on growth, health and meat quality on different
species of fish. Anim. Sci. Biotechnol. 43: 61-65.
25. Hoffman-Pennesi, D., Wu, C., (2010). The effect of thymol and
thyme oil feed supplementation on growth performance, serum
antioxidant levels, and cecal Salmonella population in broilers.
J. Appl. Poult. Res. 19(4): 432-443.
26. Kuby Immunology (6th ed.). Macmillan. (2006): p. 77. ISBN
978-1-4292-0211-4.
27. Vaclav Vetvicka and Jana Vetvickova., (2012). Effects of Thyme
Extract Oils (from Thymus vulgaris, Thymus zygis, andThymus
hyemalis) on Cytokine Production and Gene Expression of
oxLDLStimulated THP-1-Macrophages Journal of Obesity
(10): 10-21.

IJPQA, Volume 10 Issue 4 October 2019 – December 2019

Page 629

Evaluation of the Immunomodulatory Effects of Thymus vulgaris Ethanolic Leaf Extract Combination with Partially Purified...
28. A. Oca˜na and G. Reglero., (2012). Effects of Thyme Extract Oils
(fromThymus vulgaris, Thymus zygis, and Thymus hyemalis ) on
Cytokine Production and GeneExpression of oxLDL-Stimulated
THP-1-Macrophages. Journal of Obesity .Volume Article ID
104706, 11 pages
29. N. Gholijani, Z. Amirghofran., (2016). Effects of thymol
and carvacrol on T-helper cell subset cytokines and their
main transcription factors in ovalbumin-immunized mice,
Immunotoxicol. 13 (5) 729–737.
30. N. Gholijani, M. Gharagozloo, S. Farjadian, Z. Amirghofran.,
(2016), Modulatory effects of thymol and carvacrol on
inflammatory transcription factors in lipopolysaccharidetreated
macrophages, J. Immunotoxicol. 13 (2) (157–164.
31. Ferrero-Miliani L, Nielsen O, Andersen P, Girardin S., (2007).
Chronic inflammation: importance of NOD2 and NALP3 in
interleukin-1β generation. Clin Exp Immunol. 147:227–235.
[PMC free article] [PubMed] [Google Scholar]
32. Laichalk LL, Danforth JM, Standiford T., (1996). Interleukin-10
inhibits neutrophil phagocytic and bactericidal activity. FEMS
Immunol Med Microbiol.;15(4):181-7.
33. Y.-M. Yu, T.-Y. Chao, W.-C. Chang, M.J. Chang, M.-F. Lee.,
(2016). Effect of thymol on oxidative stress and inflammationrelated gene expression in high fat diet-induce hyperlipidemic
rabbits, FASEB J. 30 (Suppl. 1) 1174.4-1174.4.
34. Jassim Kassim Menati1, Nihad Abdul-Lateef Ali, Hassan Saad
Abidelhuseen., (2018). Effect of Using Different Concentrations
of the Aqueous Extract for Thymus Leaves in some Physiological,

35.

36.

37.

38.
39.
40.

41.

Histological and Immunological Traits for Broiler Chicks, Adv.
Anim. Vet. Sci. 6(10): 406-412.
Nadia, L.R., Hassan, R.A., Qota, E.M., Fayek, H.M., (2008).
Effect of Natural Antioxidant on Oxidative Stability of Eggs and
Productive and Reproductive Performance of Laying Hens. Int.
J. Poult. Sci, 7(2): 134-150.
Walter, BM and Bilkei, G., (2004). Immunostimulatory effect
of dietary oregano etheric oils on lymphocytes from growthretarded, low-weight growing-finishing pigs and productivity.
Tijdschr. Diergeneesk., 129: 178-181.
M. da Silva Lima, L.J. Quintans-Júnior, W.A. de Santana,
C.M. Kaneto, M.B.P. Soares, C.F. Villarreal., (2013). Antiinflammatory effects of carvacrol: evidence for a key role of
interleukin-10, Eur. J. Pharmacol. 699 (1) 112–117.
D. Lobo-Silva, G.M. Carriche, A.G. Castro, S. Roque, M.
Saraiva., (2016). Balancing the immune response in the brain:
IL-10 and its regulation, J. Neuroinflammation. 13 (1) 297.
I. Raphael, S. Nalawade, T.N. Eagar, T.G. Forsthuber., (2015).
T cell subsets and their signature cytokines in autoimmune and
inflammatory diseases, Cytokine 74 (1))5–17.
Doaa M. Abdel-Ghaney, Ali H. El-Far1, Kadry M. Sadek1, Yasser S.
El-Sayed2, Mervat A. Abdel-Latif., (2017). Impact of Dietary Thyme
(Thymus Vulgaris) on Broiler Chickens Concerning Immunity,
Antioxidant Status, and Performance. AJVS. 55 (1):169-179.
Zhu, X., Liu, W., Yuan, S., Chen, H., (2016). The Effect of Different
Dietary Levels of Thyme Essential Oil on Serum Biochemical
Indices in Mahua Broiler Chickens. Ital. J. Anim. Sci., 13(3): 3238.

IJPQA, Volume 10 Issue 4 October 2019 – December 2019

Page 630

