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Abstract: The experiment goal was the investigation of thyme (T), celery (C) and salinomycin effects on immune response,
neurotransmitters related to milk production in Barki ewes. Total 72 mature ewes (2-3 years & 40£1.5 Kg BW) randomly
pined equally into five groups. Group-1 was control; groups 2 & 3 received 20g/head/day T and C, respectively. Group-4
received 10g T+ 10g C/head/day, group-5 treated with salinomycin 1g/head/day. Samples collected during 2™, 3™ trimester of
pregnancy and on delivery day (DD); milk yield assessed on 15, 30 and 45-day postpartum. T and/or C and salinomycin
increased (P<0.05) superoxide dismutase (SOD), reduced glutathione (GSH) and glutathione disulfide (GSSG) during mid-,
late-pregnancy and DD compared to control, celery and thyme increase malondialdehyde (MDA) (p<0.05) during mid-and
late-pregnancy, respectively compared to other groups. Nitric oxide (NO) levels increased in thyme X celery (TxC) group
during mid-pregnancy and DD with insignificantly compared with other groups. During mid-pregnancy TxC treatment
increased (p<0.05) serotonin (5-HT) levels compared with other groups, the same was dopamine (DA), norepinephrine (NE)
and tryptophan (Trp) levels (P>0.05). During late pregnancy 5-HT, DA, NE & Trp increased (P<0.05) in the thyme and/or
celery group. While on DD salinomycin increased neurotransmitters (P<0.05) with an insignificant increase in other groups.
Milk yield increased (P<0.05) during 15, 30 and 45 days postpartum in T and/or C groups than control and salinomycin. In
conclusion, the applied treatments had a significant effect on reproductive performance, immune response in ewes throughout
pregnancy and DD periods, and milk production during the postpartum period.
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milk components [1, 2]. Medicinal plants and ionophores had
a wide consideration as feed additives that improve farm
animals’ antioxidant status and ameliorate physiological
stress generated from changes in the reproductive (i.e.,
pregnancy and/or parturition) or productive (lactation) stage
because of their chemical composition and functional groups;
such as phenols, thymol, carvacrol, terpenes [3] for thyme;
and mono, bi, and sesquiterpenes hydrocarbons [4] for Celery,
that gives them the antioxidant, and antimicrobial potentiality
[5-7]. Celery supplementation reduced glutathione, catalase,

1. Introduction

Pregnancy sustainability and increase milk yield after
parturition are vital goals for animal breeders that guarantee
the normal and healthy growth of newborn offspring. Milk
production is a unique physiologic completion of the
reproductive cycle that is regulated by an array of interacting
endo- and neurocrine process. prolactin (PRL) is the most
hormone required for lactogenesis, which provides a
comprehensive signal that fosters synthesis and secretion of



24 Sherif Yousif Eid ef al.: Thyme, Celery and Salinomycin Implication on Antioxidant Capacity and
Neurotransmitters Related to Milk Production in Pregnant Barki Ewes

lipid peroxidation [8], and showed a suppressive effect
against malonaldehyde generation [9]. Salinomycin is a
fermentation product of various Streptomyces spp used on
large scale as a growth stimulus as well as animal health and
welfare enhancer via the shedding of pathogens [10]. Rare
investigations have examined the effect of T, C and
salinomycin on reproductive performance and sexual-
immune response throughout pregnancy and parturition in
sheep, rather than milk production during the postpartum
period. The objective here was to examine T, C, and
Salinomycin effects on neurotransmitters related to milk
production, antioxidant capacity and sexual hormone profile
in ewes throughout pregnancy and delivery day, and milk
production during the postpartum period.

2. Materials and Methods

The current study was conducted in sheep experimental
farm, Nuclear Research Center, Egyptian Atomic Energy
Authority. The study was approved by the EAEA Committee,

Cairo, Egypt.
2.1. Herbal Plants

Thyme (dried leaves) and seeds of celery were brought
from HARAZ herbal store, Cairo, Egypt. Then ground
separately and used in the study.

2.2. Experiental Animal Management and Treatments

Total of 72 mature ewes (2-3 years & 40+1.5 Kg mean
body weight) were randomly pined equally into 5 groups as
in Table 1. The concentrate feed mixture (CFM) used in the
feeding trial of ewes consisted of (as a percentage): 24.0 corn,
22.5 sugar beet pulp, 20.0 wheat bran, 30.0 undecorticated
cotton seed cake, 1.0 sodium chloride, 0.3 mineral mix, 2.0
dicalcium phosphate, 0.1 ADsE, and 0.1 sodium bicarbonate.
Ewes were fed twice daily at 07:00 and 21:00 hrs. Fresh
drinking water was available at all times. The animals
received treatments 6weeks before breeding and continued
until the end of the experiment.

Table 1. The experimental design used in feeding the study.

Control Treated groups

Feedstuffs program Gl G2 G3 G4 Gs
CFM, % 60 60 60 60 60
Berseem % 40 40 40 40 40
Thyme (T) --- 20g/h/d --- - ---
Celery (C) - - 20g/h/d -

Thyme x Celery (TxC) --- -—- --- 10x10g/h/d --
Salinomycin (S) --- - - 1g/h/d

Gl=control, G2=Thyme, G3=Celery, G4=TxC, G5=Salinomycin and CFM=Concentrate feed mixture.

2.3. Blood Sampling, Milk Yield, and Hormones Analysis

Evacuated non-heparinized glass tubes were used to
collect blood samples from the jugular vein, then left at room
temperature from 30 to 60 min for clotting. Later the tubes
centrifuged at 3000 rpm for 15 min to harvest serum. The
latest was stocked up on -70°C until analysis. Samples were
taken during the 2™ and 3™ trimester of pregnancy as well as
on delivery day (DD). Milk yield was recorded for
individuals once every two weeks started from the second
week until 8 weeks of lactation. Twenty-four hours before
hand milking, the lambs were kept away from their dams.
Ewes were completely hand milked. Blood E2-178 (pg/ml) &

P4 (ng/ml) levels were determined using ELISA kits (Cat. No.

MBS734529; MBS269207, respectively).
2.4. Antioxidant’s Capacity Estimations

The activities of GSH, GSSG were determined
according to the procedure of chromatographic method
with standard Sigma-Aldrich Cat. No. 70-18-8, 27025-41-
8, respectively [11]. MDA and SOD serum contents were
assessed following kits' instruction of Bio-diagnostic®
firm (Cairo, Egypt) (Cat. No: SD 2521 & MD 2529,
respectively). Nitric oxide was calculated as the sum of
nitrite and nitrate by using anion exchange column
(Hamilton PRP-X100) using the parameters (150*4.1mm,

10 _m, mobile phase 45:55 of 0.1 M NaCl-methanol);
wavelength was adjusted to 230 nm, according to HPLC
procedure [12].

2.5. Determination of the Neurotransmitter Concentrations
by HPLC Method

The HPLC system consisted of a quaternary pump; a
column oven, Rheodine injector and 20ul loop, UV variable
wavelength detector. The report and chromatogram were
taken from the data acquisition program purchased from
Chemstation. The sample was immediately extracted from
the trace elements and lipids by the use of solid-phase
extraction CHROMABOND column NH2 phase cat. No.
730031. The sample was then injected directly into an
AQUA column 150 mm 5p C18, purchased from
Phenomenex, USA under the following conditions: mobile
phase 20mM potassium phosphate, pH 2.5, flow rate
1.5ml/min, UV 190 nm. Noradrenalin, dopamine, and
serotonin were separated after 12 minutes .The resulting
chromatogram identified each monoamine position and
concentration from the sample as compared to that of the
standard, and finally, the determination of the content of each
monoamine as pug per mL [13].

2.6. Statistical Analysis

Data were expressed as mean+SE. Statistical analysis of
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the obtained data was performed using the general linear
model (GLM) using SAS software [14]. Significant
differences among means were evaluated using Duncan’s
Multiple Range Test.

3. Results

C, T and TxC treatments increased (P<0.01) SOD
activity more than control during the second and third
trimester of pregnancy and DD with the highest values of
223.6, 215.0 & 210 U/mL, respectively through the 31
trimester. On DD, all treatments revealed the lowest
(P<0.01) SOD mean values compared with the pregnancy
period. Throughout mid and late pregnancy applied
treatments did not affect (P<0.01) MDA content than
control, except celery (21.2 nmol/mL) at mid-pregnancy,
Thyme (16.82 2 nmol/mL) and Salinomycin (16.732
nmol/mL) during late pregnancy. On DD, MDA was at the
highest values either for treatments or control group in
comparison with mid and late pregnancy period, the highest

mean value was about 26.8 2 nmol/mL for Thyme (Table 2).

TxC treatment showed the best enhancement in GSH
activity (2.49 pumol/mL) followed by Thyme (2.17
pmol/mL) during mid-pregnancy, then Celery (2.34
pmol/mL), thyme and TxC during late pregnancy. The
noticeable (P<0.01) increase in GSH at parturition was due
to Thyme (Table 4). Salinomycin did not affect GSH other
than control except an increase (1.948 pumol/mL; P<0.01)
during mid-pregnancy. GSSG increased (P<0.01) due to C,
TxC treatments during mid-pregnancy while at late
pregnancy and DD salinomycin recorded the highest GSSG
mean value 0.353 umol/mL. Celery caused a marked
(P<0.01) decrease in GSSG level at late pregnancy and
parturition. There are no significant changes in NO levels
due to treatments during mid-pregnancy, but through late
pregnancy, all treatments lowered (P<0.01) NO less than
control. Celery markedly decreased NO (0.29 pmol/mL;
P<0.01) at parturition whereas TxC showed an opposite
trend (Table 2).

In general, estimated neurotransmitters (5-HT, DA, NE &
Trp) gradually increased (P<0.01) for more than 3 folds from
mid-pregnancy to late-pregnancy trimester then significantly
declined about 6 folds at parturition which recorded the lowest
(P<0.01) mean values for all parameters in each group (Figure
1). During mid-pregnancy only 5-HT that significantly
affected by treatments due to TxC supplementation with a
mean value of about 1.27 vs 1.08 pg/mL for control. Celery
and Thyme groups had the highest (P<0.01) levels of 5-HT,
DA, NE & Trp throughout late pregnancy as compared to
control. Salinomycin recorded an increase (P<0.01) in 5-HT,
DA, NE & Trp concentrations at parturition, without any
significant changes except these (Table 3).

It noticeable that E2 levels decreased (P<0.01) to 6.912
pg/ml at mid-pregnancy than late-pregnancy (9.486 pg/ml)
then continued to rise to reach 11.565 Pg/ml on DD. whereas
P4 concentrations showed an opposite trend through the
previous stages, recoded the lowest overall mean value of

0.542 ng/mL; P<0.01 at parturition (Figure 2). T, C and TxC
groups were higher (P<0.01) in E2 levels than control at late-
pregnancy and DD, the highest E2 mean value was 12.38
Pg/mL for T treatment on DD. During late pregnancy, only
TxC group recorded an increase (P<0.01) on serum P4 than
control, while at mid-pregnancy P4 levels increased (P<0.01)
than control due to treatments (except Salinomycin) with the
highest mean value 4.11 ng/mL for Celery. No significant
changes in P4 levels than control on DD (Table 4).

As shown in Table 5, ewes’ supplementation with thyme
and/or celery showed a significant increase (P<0.001) in total
milk yield than control and salinomycin. The addition of
20g/h/d thyme to the basal diet increased (P<0.01) milk yield
from 566 to 757g in comparison to control. The highest daily
milk yield was on day-15 postpartum due to thyme and/or
celery treatments, however, the salinomycin group recorded
its own on day-30 PP with 712 versus 549 g/d; P<0.007 for
control (Table 5).
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Figure 1. Serotonin (5-HT), Dopamine (Dopa), Nor Epinephrine (NE) and
Tryptophan (Trp) profile throughout mid-, Late pregnancy and Delivery day
of Barki ewes in response to thyme, celery and salinomycin supplantation.
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Figure 2. The pattern of Estradiol-17f (pg/mL) and progesterone (ng/mL) of
Barki ewes during mid-, late pregnancy and delivery day as affected by
Thyme, Celery and Salynomicyn supplementations.
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Table 2. Effect of thyme, celery and salinomycin on antioxidant capacity of pregnant Barki ewes.
Mid-pregnancy
Parameters Crl T C T=C S
SOD 161.3+1.6g 212.4+2.5bc 189.9+5.1d 202.7+1.4c 176.7+1.9ef
MDA 14.93+0.4f 14.83+0.2f 21.20+0.9bc 14.13+£0.2f 14.60+0.4f
GSH 1.7340.05f 2.17+0.04¢ 1.83+0.02def 2.49+0.03a 1.948+0.03d
GSSG 0.24+0.01fg 0.251+0.01fg 0.313+0.01bc 0.263+0.01ef 0.255+0.01efg
NO 0.503+0.03cd 0.447+0.03d 0.518+0.01bcd 0.573+0.01abc 0.498+0.02¢cd
Parameters Late-pregnancy
Ctrl T C TxC S
SOD 173.1+0.2f 215.0+1.3ab 223.6+0.7a 210.8+4.7bc 183.3+1.1de
MDA 15.11+0.3f 16.83+0.2¢ 15.21+0.3f 14.95+0.4f 16.73+0.3¢
GSH 1.9140.1de 2.28+0.1cd 2.34+0.1b 2.21+0.1bc 1.78+0.02ef
GSSG 0.23+£0.01g 0.235+0.01fg 0.200:+0.01h 0.258+0.01ef 0.300+0.01bcd
NO 0.605+0.01a 0.445+0.02d 0.565+0.01abc 0.555+0.04abc 0.537+0.01abc
Delivery Day P-Value
Parameters  —r, ) T C TxC S MSE Stg Trt.
SOD 133.0+6.7i 161.0+4.2¢g 171.8+0.6f 148.8+5.7h 125.7+2.71 10895.851 <0.0001 <0.0001
MDA 18.27+0.2d 26.80+1.0a 20.19+0.5¢ 21.63+0.6bc 21.97+0.7b 167.477 <0.0001 <0.0001
GSH 1.43+0.1g 2.14+0.04¢ 1.94+0.04d 1.91+0.1de 1.57+0.04g 1.028 <0.0001 <0.0001
GSSG 0.325+0.01b 0.28+0.01de 0.198+0.01h 0.29+0.01cd 0.353+0.01a 0.023 <0.0001 <0.0001
NO 0.523+0.03abcd 0.500+0.04cd 0.29+0.01¢e 0.595+0.05ab 0.545+0.04abc 0.072 0.0088 <0.0001
a,b,c... means within column with different superscript are significantly different at P<0.05.
Ctrl Control, T Thyme, C Celery, TxC thyme x celery, S salinomycin.
Stg pregnancy stage (mid- late pregnancy & delivery day), Trt treatment.
SOD superoxide dismutase, MDA malondialdehyde, GSH redused glutathione, GSSG glutathione disulfide, NO nitric oxide
Table 3. Effect of thyme, celery and salinomycin on neurotransmitters related to milk production of pregnant Barki ewes.
Mid-pregnancy
Parameters
Ctrl T C TxC S
5-HT 1.08+0.07¢ 1.11540.08de 1.07+0.09¢ 1.27+0.02d 0.948+0.06ef
DA 5.74+0.35de 5.61+0.35de 5.675+0.52de 6.518+0.12d 4.885+0.30ef
NE 2.90+0.17ef 3.028+0.21e 2.883+0.25¢ef 3.345+0.09¢ 2.525+0.16fg
Trp 0.308+0.02¢ef 0.318+0.02¢f 0.328+0.03¢ 0.353+0.01¢ 0.265+0.02fg
Parameters Late-pregnancy
Ctrl T C TxC S
5-HT 3.188+0.04¢ 3.42+0.06 b 3.65+0.02a 3.568+0.06 ab 3.120+0.02¢
DA 16.23+0.16¢ 17.90+0.23b 19.47+0.15a 19.06+0.31a 15.68+0.24¢
NE 8.71+0.06 ¢ 9.258+0.21b 10.105£0.09a 9.535+0.10b 8.043+0.05d
Trp 0.93+0.02 ¢ 0.998+0.02b 1.07+0.01a 1.018+0.01b 0.860+0.01d
Delivery Day P-Value
Parameters  —o ) T C TxC S MSE Stg Trt.
5-HT 0.455+0.02¢ 0.528+0.02¢ 0.465+0.02¢ 0.49+0.02g 0.81+0.15f 19.758 <0.0001 0.0007
DA 2.373+0.10g 2.763+0.10g 2.94+0.03 g 2.53+0.12 g 4.308+0.78f 537.070 <0.0001 <0.0001
NE 1.205+0.06h 1.443+0.06h 1.50+0.01h 1.33+0.06h 2.17+0.40 g 143.075 <0.0001 <0.0001
Trp 0.13+0.01hi 0.158+0.01h 0.095+0.01i 0.145+0.01hi 0.243+0.05¢ 1.660 <0.0001 0.0012
a,b,c... means within column with different superscript are significantly different at P<0.05.
Ctrl Control, T Thyme, C Celery, TxC thyme x celery, S salinomycin.
Stg pregnancy stage (mid- late pregnancy & delivery day), Trt treatment.
5-HT 5-hydroxytraptamine (serotonin), DA Dopamine, NE Norepinephrine, Trp Tryptophan.
Table 4. Effect of thyme, celery and salinomycin on estradiol-17f and progesterone levels of pregnant Barki ewes.
Mid-pregnancy
Parameters Cirl T C TxC S
E2 6.9+0.041 7.483+0.06h 7.083+0.04hi 7.168+0.14hi 6.00+0.14j
PROG 3.518+0.04c 3.798+0.05b 4.115+0.02a 3.923+0.05b 3.310+0.03d
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Late-pregnancy

Parameters Ctrl T C TxC S

E2 8.768+0.11f 9.908+0.20e 10.893+0.27¢cd 9.525+0.28¢ 8.335+0.15¢g

PROG 1.183+0.07f 1.22+0.08ef 1.24+0.11ef 1.355+0.02¢ 1.025+0.07g
Delivery Day P-Value

Parameters Ctrl T C TxC S MSE Stg Trt.

E2 11.19+0.07¢ 12.38+0.17a 11.89+0.01b 11.715+0.14b 10.648+0.14d 52.697 <.0001 <0.0001

PROG 0.500+0.02h 0.593+0.02+0.01h 0.587+0.01h 0.54+0.02h 0.49+0.01h 24.709 <0.0001 <0.0001

a,b,c... means within column with different superscript are significantly different at P<0.05.
Ctrl Control, T Thyme, C Celery, TxC thyme x celery, S salinomycin, Stg pregnancy stage (mid- late pregnancy & delivery day), Trt treatment, E2 estradiol-

17B, PROG progesterone.

Table 5. Effect of thyme, celery and salinomycin feeding on milk yield of Barki ewes.

Milk yield Ctrl T C TxC S MSE P-Value
15-day PP g* 601+42° 826+40" 787+56% 822+65° 670+45% 149075 0.006
30-day PP g 550+41° 769+41° 713:+45° 706+51° 712+31° 99993.3 0.007
45-day PP g¢ 549427 677+32° 612430 591428 501436° 61873.4 0.002
Total Milk Yield g/d 566+21° 757+23° 704+28" 707432 628+26" 2588 0.001

a,b,c... means within column with different superscript are significantly different at P<0.05.
Ctrl Control, T Thyme, C Celery, TxC thyme x celery, S salinomycin, PP postpartum.

4. Discussion

Many studies have shown that active herbal ingredients
have a strong antioxidative effect due to scavenging of free
radicals or by increasing the production of CAT, SOD and
GPx as essential parts of the antioxidant defence system in
cells [15]. In concomitance of the current results,
administration of thyme and/or celery throughout ewes’
estrous cycle enhanced immune response via increasing
serum GSH, GSSG, SOD with a decrement in MDA and NO
concentrations [16]. It stated that the phenolic OH group in
thymol is responsible for its antioxidant properties, whereby
it serves as a hydrogen donor and can neutralize the peroxyl
radicals which are produced during the initial step of lipid
peroxidation [17].

Prolactin is a peptide hormone primarily synthesized and
secreted by adenohypophysis, then secreted into the
bloodstream in response to an appropriate stimulus like
suckling or milking process. The mechanisms that control
PRL secretion range from the direct stimulation of the
adenohypophysis to the suppression of the hypothalamic
secretion of PRL inhibitory factor (PIF) and stimulation of
the hypothalamus to secrete PRL releasing hormone neurons
[18]. Prolactin secretion is normally tightly regulated by a
short - loop negative - feedback mechanism, whereby
prolactin stimulates the activity of tuberoinfundibular
dopamine (TIDA) neurons to increase dopamine secretion
into the pituitary portal blood. Dopamine (DA) is a
neurotransmitter functions as a PRL-inhibiting factor (PIF) in
the hypothalamic-hypophysial system [19]. During early and
mid-pregnancy, there is a tight association between TIDA
neuronal activity and prolactin secretion. However, late
pregnancy is different because TIDA neuronal activity
reduced during periods of low prolactin secretion before the
antepartum prolactin surge, as well as during the antepartum
prolactin surge [20]. During late pregnancy, plasma prolactin

levels remain low until a large prolactin surge occurs during
the dark period immediately preceding parturition [21] which
declare and support the current results that showed a
significant increase in DA during late pregnancy of Barki
ewes, especially in thyme and/or celery treatment groups
which were higher in DA than control, followed by a decline
(P<0.01) on delivery day. In sheep, Eliot [22] recorded a
significant increase in DA concentrations only during the last
30 min in spontaneous labor ewes. Highly increase in
prolactin levels noticed during late pregnancy and early
lactation period [23]. Dopamine converts into epinephrine
and then the epinephrine converts into norepinephrine by the
cortisol-dependent enzyme. Any form of stress that increases
the cortisol level (such as near of delivery day) stimulates
epinephrine production [24], which may be an explanation of
DA and NE increases in the current study.

With the wvast literature implicating dopamine in the
control of prolactin secretion, some studies suggest that
serotonin is a neurotransmitter involved in the stimulation of
PRL release. Serotonin administration induced prolactin
release by either injecting into the third ventricle [25], or
systemic administration [26]. Furthermore, in rats, serotonin
precursor, Shydroxy-tryptophan (5-HTP), induced prolactin
release [27]. On the other side, the current results show a 5-
HT decline (P<0.01) from late pregnancy trimester to after
parturition, in accordance to Moore [28] who found a 57.9%
and 29.5% decline in circulating 5-HT occurred from peak
prepartum (d -3&-1) to 5-HT nadir postpartum in Jersey and
Holstein multiparous cows, respectively. From another point
of view, throughout late pregnancy and the rapid growth of
fetus that press on rumen results a decrease in feed intake and
changes animal appetite which may lead to serotonin (mood
and appetite regulator) increment.

Tryptophan (Trp) amino acid, is very important in
pregnancy, because of the increased demand for maternal
protein synthesis and fetal requirements for growth and
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development, therefore, it is physiologically unfavorable if
maternal Trp is depleted through pregnancy. Also, Trp is a
precursor of many important metabolites such as serotonin
(5-HT) [29]. Data of Tsuji [30] pointed to the increased
requirement of the fetus for Trp. In addition to its essential
role in protein synthesis and hence fetal growth, Trp
requirements extend to the importance of its metabolites in
pregnancy. On day 20 (Late-pregnancy), free Trp was hugely
elevated (by 122%), presumably because of the continued
decrease in albumin (21%) and, more importantly, the 76%
increase in NEFA. The 21% decrease in total Trp on day 20
can be explained by increased tissue uptake of free Trp and
the rapid equilibration between the free and albumin-bound
fractions [31]. In general, thyme essential oil (carvacrol) is a
brain-active molecule that influences neuronal activity
through the modulation of neurotransmitters action [32].

Our results displayed an elevation (P<0.05) in E2 (during
late-pregnancy and DD) and P4 (during mid-pregnancy)
levels, also salinomycin treatment (during late pregnancy);
which acts through inhibiting enzymes that metabolize
steroid hormones and therefore increase their levels in serum.
The earlier studies reported that Thyme and Celery are a
source of phytoestrogen compounds, that show estrogenic
activity via estrogen receptors and may affect estrogen
synthesis and metabolism [33-35]. In addition, Apigenin is a
flavonoid in C, T, and other herbs, which may mimic
estrogen [36]. The essentiality of Progesterone lies in the
success and maintenance of pregnancy. These sexual
hormones' herbal mimics may bind to the respective
receptors for the endogenous hormones in the target cells of
the brain and reproductive tract and induce or inhibit
biological responses similar to the sex hormones [33].

In the current study, thyme and/or celery increased (P<0.05)
total and daily milk yield than control, thyme increased total
milk yield by 33.8%, while celery and TxC were 25% higher
than control. The high milk production is mediated by Trp,
and 5-HT increases throughout the late gestation period since
increasing Trp with 0.12%an increaserevealed (P<0.05) in
milk yield by 16.5% [37].

5. Conlusion

Thyme and/or celery and salinomycin supplementations
significantly affect antioxidant capacity, neurotransmitters,
and steroid hormones profile related to milk production
which in turn enhances reproductive performance in Barki
ewes throughout pregnancy and parturition periods, which
lead to increase milk yield during the postpartum period.

Acknowledgements

The authors express their deep thanks to Dr. Ahmed M.
Abdel-Tawab and Dr. Mostafa S. Khattab, Department of
Dairy Sciences, National Research Center, Egypt, for
providing the herbal plants, salinomycin and contributing to
the design of the experiment.

References

(1]

(2]

(3]

(3]

(7]

(8]

[10]

[13]

Anderson, S. M., MacLean, P. S., McManaman, J. L. and
Neville, M. C. (2015). Lactation and its hormonal control.
Knobil and Neill’s Physiology of Reproduction, Fourth
Edition. http://dx.doi.org/10.1016/B978-0-12-397175-
3.00031-4.

Lawrence, R. A. and Lawrence, RM (2011). Physiology of
lactation. In Breastfeeding. 7th Ed., W. B. Saunders: Elsevier,
2011, pp. 62-97. https://doi.org/10.1016/B978-1-4377-0788-
5.10003-3.

Grosso, C., Figueiredo, A. C., Burillo, J., Mainar, A. M.,
Urieta, J. S., Barroso, J. G. et al. (2010). Composition and
antioxidant activity of Thymus vulgaris volatiles: comparison
between supercritical fluid extraction and hydrodistillation.
Journal of Separation Science. 33 (14): 2211-2218.

Hassanen, N. H., Eissa, A. M. F., Hafez, S. A. M. and Mosa, E.
A., (2015). Antioxidant and antimicrobial activity of celery
(Apium graveolens) and coriander (Coriandrum sativum) herb
and seed essential oils. Int. J. Curr. Microbiol. App. Sci. 4 (3):
284-296.

Calsamiglia, S., Busquet, M., Cardozo, P., Castillejos, L. and
Ferret, A. (2007). Essential oils as modifiers of rumen
microbial fermentation: a review. J Dairy Sci 90: 2580-2595.

Stankevicius, M., Akuneca, 1., Jakobsone, 1. and Maruska, A.
(2011). Comparative analysis of radical scav-enging and
antioxidant activity of phenolic compounds present in
everyday use spice plants by means of spectrophotometric and
chromatographic methods. J Sep Sci 34: 1261-1267.

Cao, G., Chen, M., Song, Q., Liu, Y., Xie, L., Han, Y., Liu, Z.,
Ji, Y. and Jiang, Q. (2012) EGCG protects against UVB-
induced apoptosis via oxidative stress and the JNK1/c-Jun
pathway in ARPE19 cells. Mol Med Rep 5 (1): 54-59

Kolarovic, J; Popovic, M.; Mikov, M.; Mitic, R. and
Gvozdenovic, L. (2009) Protective effects of celery juice in
treatments with Doxorubicin. Molecules 14 (4): 1627—-1638.

Wei, A. and Shibamoto, T. (2007) Antioxidant activities of
essential oil mixtures toward skin lipid squalene oxidized by
UV irradiation. Cutan Ocul Toxicol 26: 227-233.

Sapkota, A. R., Lefferts, L. Y., McKenzie, S. and Walker, P.
(2007). What do we feed to food-production animals? A
review of animal feed ingredients and their potential impacts
on human health. Environmental Health Perspectives., 115 (5),
pp. 663-670.

Jayatilleke, E. and Shaw, S. (1993). A High-Performance
Liquid Chromatographic Assay for Reduced and Oxidized
Glutathione in Biological Samples. 214 (2): 452-457.

Papadoyannis, L. N., Samanidou, V. F. and Nitsos, C. C.
(1999). Simultaneous determination of nitrite and nitrate in
drinking water and human serum by high performance anion-
exchange chromatography and UV detection. J. Liquid
Chromatogr. Related Technol., 22: 2023-2041.

Pagel, P., Blome, J. and Wolf, H. U. (2000). High-
performance liquid chromatographic  separation and
measurement of various biogenic compound possibly involved
in the pathomechanism of Parkinson's disease. J. Chromatog.
B: Biomed. Sci. Appl., 746: 297-304.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Advances in Applied Physiology 2021; 6(1): 23-29 29

SAS (1998). Statistical Analysis System User’s Guide,
Release 6.0 edn. 4th edn, SAS Institute Inc. Cary, NC, USA.

Dhama, K., Latheef, S. K., Mani, S., Samad, H. A., Karthik,
K., Tiwari, R., Khan, U. R. et al. (2015). Multiple Beneficial
Applications and Modes of Action of Herbs in Poultry Health
and Production-A Review. International Journal of
Pharmacology 11: 152-176. doi: 10.3923/ijp.2015.152.176.

El-Zaher, H., Eid, S., Shaaban, M., Ahmed-Farid, O., Abd El
Tawab, A., & Khattab, M. (2021). Ovarian activity and
antioxidant indices during estrous cycle of Barki ewes under
effect of thyme, celery and salinomycin as feed additives.
Zygote, 29 (2), 155-160. doi: 10.1017/S0967199420000611.

Lee, K. W,, Everts, H., Kappert, H. J., Wouterse, H., Frehner,
M. And Beynen, a. C. (2004). Cinnamaldehyde, but Not
Thymol, Counteracts the Carboxymethyl Cellulose-Induced
Growth Depression in Female Broiler Chickens. International
Journal of Poultry Science 3: 608-661. doi:
10.3923/ijps.2004.608.612.

Brogden, R. N., Carmine, A. A., Heel, R. C., Speight, T. M.
and Avery, G. S. (1982). Domperidone. A review of its
pharmacological activity, pharmacokinetics and therapeutic
efficacy in the symptomatic treatment of chronic dyspepsia
and as an antiemetic. Drugs. 24 (5): 360-400.

Ben-Jonathan, N. and Munsick, R. A. (1980). Dopamine and
Prolactin in Human Pregnancy. J Clin Endocrinol Metab 51:
1019-1025.

Andrews, Z. B. (2005). Neuroendocrine Regulation of
Prolactin Secretion During Late Pregnancy: Easing the
Transition into Lactation. Journal of Neuroendocrinology, 17:
466-473.

Grattan, D. R. and Averill, R. L. (1990). Effect of ovarian
steroids on a nocturnal surge of prolactin secretion that
precedes parturition in the rat. Endocrinology, 126: 1199—
1205.

Eliot, R. J.; Klein, A. H.; Glatz, T. H.; Nathanielsz, P. W.; And
Fisher, D. A. (1981). Plasma norepinephrine, epinephrine, and
dopamine concentrations in maternal and fetal sheep during
spontaneous parturition and in premature sheep during
cortisol-induced parturition. Endocrinology, 108 (5): 1678-
1682.

Lamming, G. E., Moseley, S. R., & McNeilly, J. R. (1974).
Prolactin release in the sheep. Reproduction, 40 (1), 151-168.

Bishop, M. L., Fody, E. P. and Schoeff, L. E. (2013). Clinical
chemistry: principles, techniques, and correlations. Lippincott
Williams & Wilkins.

Kamberi, 1. A., Mical, R. S. and Porter, J. C. (1971). Effect of
anterior pituitary perfusion and intraventricular injection of

[26]

[27]

[28]

[31]

[32]

[33]

[34]

catecholamines on prolactin release. Endocrinology 88: 1288.
doi: 10.1210/endo-88-4-1012.

Lawson, D. M. and Gala, R. R. (1975). The influence of
adrenergic, dopaminergic, cholinergic and serotoninergic
drugs on plasma prolactin levels in ovariectomized, estrogen-
treated rats. Endocrinology, 96 (2): 313-318.

Clemens JA, Sawyer BD, Cerimele B. 1977. Further evidence
that serotonin is a neurotransmitter involved in the control of
prolactin secretion. Endocrinology. 100 (3): 692-8.

Moore, S. A., Laporta, J., Crenshaw, T. D., Hernandez, L. L.
(2015). Patterns of circulating serotonin and related
metabolites in multiparous dairy cows in the peripartum
period. J Dairy Sci., 98: 3754+3765.
https://doi.org/10.3168/jds.2014-8841 PMID: 25828664.

Badawy, A. A. B. (2015). Tryptophan metabolism, disposition
and utilization in pregnancy. Biosci. Rep. 35: art: €00261 / doi
10.1042/BSR20150197.

Tsuji, A.; Nakata, C.; Sano, M.; Fukuwatari, T. and Shibata, K.
(2013). L-tryptophan metabolism in pregnant mice fed a high
L-tryptophan diet and the effect on maternal, placental and
fetal growth. Int. J. Tryptophan Res. 6, 21-33 PubMed.

Badawy, A. A. B. (2010). Perspective: plasma free tryptophan
revisited: what you need to know and do before measuring it.
J. Psychopharmacol. 24, 809-815 CrossRef PubMed.

Zotti, M., Colaianna, M., Morgese, M. G., Tucci, P,
Schiavone, S., Avato, P., & Trabace, (2013). Carvacrol: from
ancient flavoring to neuromodulatory agent. Molecules. 18 (6):
6161-72.

Zava, D. T., Dollbaum, C. M. and Blen, M. (1998). Estrogen
and progestin bioactivity of foods, herbs and spices. Exp Biol
Med (Maywood), 217, 369-78.

Modaresi, M; Ghalamkari, G. and Jalalizand, A. (2012). The
effect of celery (Apium graveolens) extract on the
reproductive hormones in male mice. APCBEE Procedia 4,
99-104.

Van-Duursen, M. B. M. (2017). Modulation of estrogen
synthesis and metabolism by phytoestrogens in vitro and the
implications for women's health. Toxicol Res (Camb). 1; 6 (6):
772-794.

Bak M. J., Gupta S. D., Wahler J. and Suh N. (2016). Role of
dietary bioactive natural products in estrogen receptor-positive
breast cancer. Semin Cancer Biol. 40, 170-91.

Miao, J., Adewole, D., Liu, S., Xi, P., Yang, C., & Yin, Y.
(2019). Tryptophan Supplementation Increases Reproduction
Performance, Milk Yield, and Milk Composition in Lactating
Sows and Growth Performance of Their Piglets. Journal of
agricultural and food chemistry, 67 (18), 5096-5104.



