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ABSTRACT

ARTICLE HISTORY

Objective: The present study aimed to evaluate the impact of dietary turmeric or garlic extract on
physiological responses, hematological parameters, antioxidants status, testicular functions, and
health indices of heat-stressed rabbit males.

Materials and Methods: Seventy bucks were distributed into seven experimental groups (ten/
group). A commercial diet (CD) was fed to rabbit males in the control group, while males in G2, G3,
and G4 were fed CD with turmeric at 30, 60, and 90 mg/kg, respectively. Males in G5, G6, and G7
were fed CD with garlic extract at 50, 75, and 100 mg/kg, respectively, for 8 weeks.

Results: The results showed that turmeric or garlic extract levels decreased ear temperature, res-
piration rate, germ cell apoptotic number, total cholesterol, triglycerides, malondialdehyde level,
libido, and sperm of dead and abnormal tail (p < 0.05). The hemoglobin and red and white blood
cells, platelets, total antioxidants capacity, mass motility, mitochondrial potential, normal, acro-
some reacted, normality, and a total functional fraction of spermatozoa and relative of epididymal
weight were increased (p < 0.05). The increased packed cell volume percentage and initial semen
fructose were significant only when 100 mg per kg garlic extract was supplemented.

Conclusion: Phytochemicals extract supplementation can be an effective dietary supplementation
to eliminate heat stress and improve health, oxidative capacity, and testicular functions of rabbit
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males.

Introduction

High environmental temperature changes farm animals’
health status and reproductive efficiency by causing
heat stress (HS). The HS causes alterations in physiology,
behavior, and production in animals [1,2]. Oxidative stress
is one of the main physiological alterations in rabbits
under HS due to increased reactive oxygen species (ROS)
and imbalances in antioxidant enzyme production [3].
These conditions can impair the health status by distur-
bance of the physiological homeostasis and marked reduc-
tion in the reproductive performance of male rabbits [2].
Negative influences on the testis structure and functions
may also cause DNA damage and low fertilizing capacity
[3]. Several authors have reported deterioration in males’

general health and testicular functions because of pro-
longed intense HS in the tropical and sub-tropical regions
[2,4,5]. Thus, focusing on maintaining reproductive effi-
cacy and health status in rabbit breeding farms under HS
has become necessary over the years. It is hypothesized
that the addition of phytochemicals to the diets was found
to ameliorate and protect the animals from the impaired
effects on spermatogenesis under HS [2,4,6].

Turmeric (Curcuma longa), one of such phytochemicals,
is a member of the Zingiberaceae family [7]. Also known
for its therapeutic and physiological activities, turmeric
contained essential oils, including some critical trace min-
eral elements [8]. Curcuminoids and their derivatives in
turmeric have biological activities and pharmacological
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properties [9]. Studies have reported that turmeric has dif-
ferent effects, such as antioxidant, anticancer, anti-inflam-
matory, and anti-cardiovascular disease [10]. Turmeric
also protects DNA damage, prevents the spermatogenic
cells from apoptosis, and develops the testicular tissues
[11]. In male rats, turmeric might be promising in enhanc-
ing semen quality [12]. In roosters, dietary curcumin at 30
mg per bird improved semen quality and fertility [13].

Garlic (Allium sativum L.), as a medicinal and therapeu-
tic agent [14], contains flavonoids and sulfur-containing
compounds as antioxidants [15,16]. These compounds act
against tumor, hyperlipidemia, hypocholesterolemia, and
oxidant [17].

Under normal conditions, garlic with vitamin-E supple-
mentation increased spermatogenesis and semen char-
acteristics in males [18]. Also, dietary garlic increases
testosterone levels in male rats fed a high fatty diet [19].
In Koekoek breeder cocks, dietary garlic supplementation
can enhance reproductive efficiency [20]. Results reported
on the effects of various levels of garlic or turmeric on rab-
bit male performance are conflicted. Dietary supplementa-
tion of garlic (at 2, 4, and 6 gm/kg) or turmeric (at 2, 4, and
6 gm/kg) was reported to improve the antioxidant capac-
ity of the liver in growing rabbits [14]. However, the infor-
mation on the optimal level of garlic or turmeric extracts,
as natural antioxidants, was not studied for rabbit males
under HS. It was hypothesized that phytochemical extracts
could be an economical and safe strategy to improve rab-
bit males’ health status and testicular functions under HS
conditions. It is well known that the levels of turmeric or
garlic extract play a key role in determining which effect
its administration would have on the physiology and bio-
chemistry of the body organs. Therefore, the current study
aimed to evaluate the impact of dietary supplementation
of turmeric at 30, 60, and 90 mg/kg, or garlic extract at
50, 75, and 100 mg/kg on physiological responses and
hematological parameters, antioxidants status, testicular
functions, and health indices of rabbit males under HS
conditions.

Materials and Methods

Ethical approval

The current study protocol used in this study was
approved by the Animal Care and Ethics committee of the
Department of Poultry Production, Faculty of Agriculture,
Damietta University, Egypt (Approval number: 03/2018/
du.edu).

Phytochemicals supplement, and analysis

Samples (n = 3) from turmeric and garlic powder were
taken for assaying the concentration of mono-unsatu-
rated fatty acids (MUFA) and poly-unsaturated fatty acids
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(PUFA), saturated fatty acids (SFA), and unsaturated fatty
acids (UFA) according to the methods described by Radwan
et al. [21]. Also, antioxidant activity inhibition percentage
[22], total phenolic contents [23], and total flavonoids [24]
were determined. Contents of mineral [25] and vitamin A,
C,and D [26,27] were determined.

Animals, management, and experimental design

Seventy sexually mature Animal Production Research
Institute (APRI) rabbit males, 6-7month-old, were used
in the present study [28]. Individual housing in galvanized
enclosures (40 x 50 x 35 cm?®) was used for males with feed-
ers containing food and water in automatic stainless-steel
nipple drinkers under similar management and environ-
mental conditions hygienic factors. At the beginning of the
experiment, the rabbits were allowed to feed the exper-
imental diets for 1 week as an adaptation interval. The
same diet was formulated to enable nutritional needs [29].
Ingredients and chemical analyses of the basal diet [30]
are presented in Table 1. Food and fresh, clean water were
offered ad libitum. The experimental males were divided
into seven experimental groups (10 in each). Seventy males
were distributed into seven experimental groups (10/
group). A commercial diet (CD) was fed to rabbit males in
the control group, while males in G2, G3, and G4 were fed CD
with turmeric at 30, 60, and 90 mg/kg, respectively. Males
in G5, G6, and G7 were fed CD with garlic extract at 50, 75,
and 100 mg/kg, respectively, for 8 weeks as a treatment
period, followed by 8 weeks for semen collection. Contents
of fatty acids, antioxidants indices, minerals, and vitamins
of turmeric and garlic powder are shown in Table 2.

Climatic parameters

During an adaptation and the experimental periods, the
recorded maximal and minimal ambient temperatures
inside the rabbitry were 30.45°C = 0.32°C and 26.24°C *
0.51°C, respectively. However, the relative humidity was
75.35% * 0.64% and 52.10% * 1.63%. The calculated val-
ues of THI were 29.23 + 0.30 and 24.57 + 0.91, indicating
severe HS conditions for males in this study [31].

Physiological parameters

We recorded the weekly body weight (gm) and feed intake
(gm/male). We also individually measured ear tempera-
ture (ET, °C) by placing the probe of a digital thermome-
ter (Type “K” thermocouple, = 0.01°C, Digi-Sense® Temp
Series Thermocouple Thermometers) in direct contact
with the internal central area of the auricle. In addition,
we recorded the respiration rate (RR, breaths/min) using
a hand counter and stopwatch to determine the frequency
of the flank movement per minute. The ET and RR were
recorded at the same time of measuring ambient tempera-
tures and relative humidity.
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Table 1. Ingredients and chemical analysis of the basal diet used in different experimental treatments.

Ingredients % Chemical analysis %

Clover hay 39.00 Organic matter 90.80

Barley 14.00 Crude protein 17.70

Wheat bran 15.00 Crude fiber 12.40

Soybean meal (44% CP) 17.50 Ether extract 2.27

Maize 9.50 NFE 58.43

Molasses 3.00 Ash 9.20

Di-calcium phosphate 0.50 Digestible energy (Kcal/kg diet) 2670

Limestone 0.80 *The vitamin premix provided the following (per kg of

Vitamin & Mineral Mixture* 0.30 B,, 2 mg; Pantothenic acid, 10 mg; Vitamin B, , 0.01 mg; Niacin,

DL-Methionine 01 50 mg; Folic acid, 3 mg; Biotin, 0.05 mg; Choline, 250 mg; Fe, 50
mg; Mn, 85 mg; Cu, 5 mg; Co, 0.1 mg; Se, 0,1 mg; I, 0.2 mg and

Clover hay 39.00 Zn, 50 mg.

Total 100

Table 2. Contents of fatty acids, antioxidants indices, vitamins, and minerals of turmeric and

garlic powder.

Samples Turmeric Garlic
Fatty acid (%)
SFA 12.67 +0.96 19.20+1.01
MUFA 69.38 £ 0.55 70.10 £ 0.62
PUFA 18.22 +0.66 18.95+0.92
UFA 78.95+2.29 70.1+2.20
Antioxidants indices
Antioxidant activity inhibition (%) 55.72£1.50 68.20 £ 1.65
Total polyphenols (mg gallic acid equivalent/gm) 1.65+0.08 4.36+0.36
Total flavonoids (mg quercetin equivalent/ /gm) 1.20+0.50 3.25+0.16
Minerals (mg/100 gm)
Potassium 3.95+0.28 12.18£0.39
Calcium 1552+1.11 2493 +0.65
Sodium 0.58 £0.01 3.98+0.23
Phosphorus 6.58 +0.48 11.20+1.14
Iron 3.85+0.19 7.28+2.01
Magnesium 0.90 £ 0.08 1.55+0.25
Zinc 18.20+0.16 8.62+0.23
Vitamins (mg/gm)
A 2.85+0.39 4.29 +£0.85
C 0.80 +0.04 1.95+0.06
E 0.45+0.01 1.50+0.13

Semen collection and evaluation (160 ejaculates/group) in the early morning (8 a.m.).
The insertion of a rabbit doe into a rabbit male cage until
complete ejaculation (reaction time) was recorded on the
day of semen collection. Net semen samples after remov-

ing the gel in a water bath (37°C) were transferred to

At the termination of the treatment period, semen ejac-
ulates were taken for eight consecutive weeks from 10
males per group (2 times/week), as a collection period
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the laboratory; then, semen was evaluated. Mass motility
(score, 1-5), and percentages of dead (stained sperm),
normal, tail abnormal (coiled tail, bent tail, and swol-
len tail), and head abnormal were determined in each ejac-
ulate (Fig. 1). Percentages of mitochondrial potential and
acrosome reactions of spermatozoa were determined [32].
Total functional sperm fraction was calculated according
to Abdel-Azeem et al. [33]. Initial fructose concentration
immediately after the collection was determined in raw
semen [34].

Blood constituents

In the last week of the experimental period, blood samples
(5 ml/male) were taken from the marginal ear vein of 5
males per group before feeding. Each sample was divided
into two tubes; the first tube was heparinized, and the sec-
ond was non-heparinized. The heparinized blood samples
were used to test hematological parameters, including
hemoglobin concentration (Hb, mg/dl), and count of red
blood cells (RBCs, 10°/mm?), white blood cells (WBCs,
103/mm?), platelets, and packed cell volume (PCV, %) using
blood hematology analyzer (HB 7021). Non-heparinized
blood samples were immediately placed and left for 2-3 h
to coagulate, and then clear serum was stored by centrif-
ugation at 700 x g for 20 min and stored at -20°C in 1.5
ml Eppendorf tubes until analysis. Serum total cholesterol
(mg/dl) and triglycerides (mg/dl) concentrations were
assayed by spectrophotometer (Shimadzu, Kyoto, Japan)
and commercial kits (Bio-diagnostics, Giza, Egypt). Serum
total antioxidant capacity (TAC) was measured using a
commercially available kit (Bio-diagnostics, Giza, Egypt),
as previously described [35]. Briefly, the most potent rad-
ical, hydroxyl radical, is produced. Firstly, the hydrogen
peroxide is mixed with a ferrous ion solution. The sequen-
tially produced radicals (brown colored dianisidinyl rad-
ical cations) produced by the hydroxyl radical are potent
radicals, then the antioxidative effect of the sample against

the potent free radical reactions was determined. The lead
concentration was observed by atomic absorption spectro-
photometry. A commercially available kit (Bio-diagnostics,
Giza, Egypt) was used for serum malondialdehyde (MDA)
by Thiobarbituric Acid (TBA) assay [36]. A spectropho-
tometer (Shimadzu UV-1601, Kyoto, Japan) was used to
observe the MDA-TBA complex at 532 nm wavelength.

Organs weights and health indices

At the end of the experiment, five rabbit males from each
were weighed and slaughtered. After slaughtering, tes-
tes were isolated immediately from the carcass, trimmed
of adhering tissues, and weighed. Also, epididymis was
removed from each testis and weighed. Then weights of the
testes and epididymal tissues relative body weight were
calculated. Testicular measurements (length, width, and
thickness) were estimated, and liver, kidney, spleen, and
abdominal fat weights were determined, and then organ
indices were computed. Evaluation of germ cell apoptosis
per seminiferous tubule was performed [5].

Statistical analysis

The complete randomized design was done for analyzing
the obtained data using SAS software (version 9.4). The
statistical model Y,=u+G +e, was used in one-way anal-
ysis of variance, where: YU. = observed values, u = mean,
G, = effect of treatment, and e, = random error. Before the
statistical analysis, all percentages were subjected to log-
arithmic transformation (log'®*!) to normalize data dis-
tribution. The significant differences were set by Duncan’s
new multiple range test [37].

Results
Physiological parameters

The mean final body weight and feed intake of males
were not affected by dietary turmeric or garlic extract

Figure 1. A photomicrograph showing normal (a), dead (b) and tail (c and d) and head (e) abnormalities of sperm in rabbit buck
stained with eosin (5%) and nigrosine (10%).
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supplementation, but the mean respiration rate and ear
temperature were reduced (p < 0.05) by all treatments
compared with the control (Table 3).

Hematological parameters

The effects of different dietary supplementations on hema-
tological parameters are shown in Table 4. The Hb concen-
tration and count of RBCs and WBCs and platelets were
increased (p < 0.05) due to dietary supplements; however,
the increase in PCV percentage was significant when 100
mg per kg garlic extract was supplemented.

Serum antioxidants status and lipid profile

Table 5 shows that blood serum TAC activity increased (p
< 0.05) due to different supplements while decreasing (p
< 0.05) serum MDA, total cholesterol, and triglycerides
levels.

Libido and semen characteristics

Results in Table 6 and Table 7 show that all treatments sig-
nificantly (p < 0.05) increased mass motility score and per-
centages of a normal and total functional fraction of sperm

Table 3. Impact of phytochemicals extract supplementations on physiological parameters of rabbit males (n =10 males per each group).

Turmeric (mg per kg diet)

Garlic extract (mg per kg diet)

Item Control p-value
30 60 90 50 75 100

Final body weight (gm) 3,062.6 + 101.33 3,067 + 3,061.9+ 3,063.0+ 3,066.1 + 3,060.3 + 3,065.2 + 0.9997

102.11 102.73 103.02 107.30 104.18 100.61

Feed intake (gm/day) 100.40+1.19 102.5+1.83 102.80* 105.90 + 107.100 + 108.90 + 110.40 + 0.1031
1.92 1.72 1.53 1.52 1.71

Respiration rate (Breath/min) 97.40° £ 0.51 94.80+0.71 94.50° + 94.45° + 94.38° + 94.10° + 94.39° + 0.0001
0.97 0.81 0.89 0.84 0.85

Ear temperature (°C) 38.89°+0.06 38.61+0.09 38.59°t 38.52° + 38.50° + 38.47° £ 38.45° + 0.0010
0.03 0.04 0.15 0.05 0.06

b Means in the same row without common superscript differ significantly (p < 0.05).

Table 4. Impact of phytochemicals extract supplementations on hematological parameters of rabbit males (n = 5 samples per each group).

Turmeric (mg per kg diet)

Garlic extract (mg per kg diet)

Item Control p-value
30 60 90 50 75 100
Hemoglobin (mg/dl) 9.74° +0.08 10.36°+0.16 10.50°+0.18 10.38*+0.17 10.54*°+0.20 10.55°+0.17 10.77°+£0.13 0.0051
Red blood cells (x10%/mm3) 5.149+0.04 6.06°+0.05 6.20**+0.03 6.10*+0.06 6.20*+1.74 6.22*+0.05 6.26*+0.04 <0.0001
White blood cells (x10°/mm3) 7.12¢+0.05 7.61°+0.08 7.40°+0.07 7.41°+0.02 7.59°+0.10 7.59°+0.04 7.69°+0.03 <0.0001
Platelets (x10°/mm3) 242.00° + 270.20° 274.00° £ 270.40° £ 273.40° £ 271.60° 280.40° £ 0.0140
2.46 7.97 7.64 11.81 4.76 4.31 4.26
Packed cell volume (%) 30.80° £ 1.24 33.20* + 35.40% 33.40* 33.80* + 34.60 + 36.20° £ 1.50 0.2637
1.46 1.02 1.88 1.74 1.41
#PMeans in the same row without common superscript differ significantly (p < 0.05).

Table 5. Impact of phytochemicals extract supplementations on serum antioxidant activity and lipid profile of rabbit males (n = 5 samples

per each group).

Turmeric (mg per kg diet)

Garlic extract (mg per kg diet)

Item Control p-value
30 60 20 50 75 100
Total antioxidant capacity (mmol/I) 01.05° + 0.05 01.35%+ 01.41° 01.36% 01.37° ¢ 01.36%+ 01.47° <0.0001
0.02 0.04 0.02 0.03 0.04 0.05
Malondialdehyde (nmol/I) 36.20°+ 1.8 28.20°+ 24.80 + 28.50° + 25.44 + 25.20 + 21.00° + 0.0016
2.22 1.98 2.33 2.70 2.48 1.18
Total cholesterol (mg/dl) 116.40°+2.73 97.60° + 92.40° + 97.00° + 88.00° + 89.60° + 92.20° + <.0001
4.03 2.50 5.12 2.55 2.04 2.69
Triglyceride (mg/dl) 163.00° £ 6.04 150.40% + 145.00° + 148.00° + 140.40° + 149.40%° + 143.80° + 0.0150
4.96 3.53 1.84 3.70 4.68 3.40
#bcMeans in the same row without common superscript differ significantly (p < 0.05).
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Table 6. Impact of phytochemicals extract supplementations on reaction time and semen characteristics of rabbit males (n = 10 males per

each group).

Turmeric (mg per kg diet)

Garlic extract (mg per kg diet)

Item Control p-value
30 60 920 50 75 100
Libido (sec) 2.01°+0.06 1.56°+0.05 1.49°+0.08 1.53°+0.09 1.52°+0.05 1.52°+0.06 1.54°+0.04 0.0001
Mass motility (score 1-5) 3.00¢+0.25 3.50%¢d + 3.40° + 3.22°+0.33  3.90*+0.22 4.10*+0.18 4.20*°+0.25 0.0043
0.23 0.16
Dead sperm (%) 38.80°+1.75 13.10% + 18.40°+ 1.51 17.11% + 11.90¢+1.52 17.10% + 14.00° + <0.0001
1.50 1.14 1.37 2.14
Normal sperm (%) 61.20°+1.76 86.90% + 81.60°+ 1.51 86.00% + 88.10%+1.52 82.90 + 82.889% + <0.0001
1.51 1.14 1.37 1.37
Tail abnormality (%) 16.90°+1.11  10.80*+0.81 12.50°+0.64 12.56°+0.78 10.10°*0.96 11.20°+0.90 10.50°+0.54  <0.0001
Head abnormality (%) 4.60 +£0.62 3.40+0.34 3.20+0.39 3.00 £ 0.50 3.30+0.42 3.10+0.35 3.70+0.47 0.2237
TFSF (10%/ejaculate) 49.939+1.93 116.29> + 127.84° + 114.56° + 126.68" + 125.69 + 146.31° <0.0001
3.50 293 4.99 4.22 4.47 6.05
MPS (%) 38.40°+0.65 50.80°+1.02 50.20°+1.41 52.40°+0.09 53.20°+1.13 51.80°+0.52 54.40°+1.10  <0.0001
Acrosome reacted sperm (%) 7.60°+1.14 15.20°+1.20 13.60°+0.85 14.80°+1.28 16.20°+1.25 15.60°+1.04 15.0°+1.45 0.0006
Initial semen fructose (mg/dl) ~ 70.70°+2.56  81.10°+3.98 86.90°+2.51 86.89°+2.53 87.50°+1.86 88.20°+2.09 86.50°+1.61  <0.0001

TFSF = Total functional sperm fraction; MPS = Mitochondrial potential sperm.

abedMeans in the same row without common superscript differ significantly (p < 0.05).

Table 7. Impact of phytochemicals extract supplementations on relative organs weights, apoptosis of germ cells and health indices of rabbit

males (n = 5 males per each group).

Turmeric (mg per kg diet)

Garlic extract (mg per kg diet)

Item Control p-value
30 60 920 50 75 100
Relative testicular weight/kg BW (%) 0.263 £0.011 0.287 + 0.296 + 0.278 0.294 + 0.287 0.309 0.5670
0.020 0.015 0.022 0.016 0.0145 0.012
Testicular length (cm) 2.38+0.01 239+0.02 241+0.01 235+£0.03 2.39+0.01 2.37+0.02 242+0.01 0.8224
Testicular width (cm) 1.25+0.02 1.27+0.01 1.24+0.03 1.25+0.02 1.27+0.01 1.25+0.03 1.28+0.01 0.8057
Testicular thickness (cm) 0.87+0.03 0.90+0.02 0.92+0.01 0.89+x0.02 090+0.02 0.89+0.01 0.92%0.01 0.3758
Relative epididymal weight/kg BW (%) 0.094¢ + 0.003 0.103°+ 0.107* + 0.102° + 0.106 0.105* + 0.111°* <0.0001
0.001 0.002 0.002 0.0004 0.0011 0.0015
Germ cell apoptotic/seminiferous 49.20°+1.38 32.0°+ 31.6°+ 36.80° + 30.2°+ 31.60° + 29.80°* <0.0001
tubule (n) 1.25 1.45 157 1.33 1.47 1.60
Hepato-somatic index 2.66 +0.06 2.64+0.09 2.65%0.06 2.648 2.677 2.684 + 2.681+ 0.9995
0.07 0.08 0.06 0.11
Renal-somatic index 0.69 +0.04 0.68+0.05 0.67+x0.06 0.67+0.04 0.724 £ 0.689 0.699 0.9969
0.08 0.041 0.04
Spleen-somatic index 0.055 + 0.001 0.057 £ 0.059 + 0.057 £ 0.057 £ 0.058 0.059 + 0.3604
0.00 0.002 0.008 0.001 0.002 0.001
Relative weight of abdominal fat/kg (%) 2.63*+0.09 2.20° + 2.07°+ 221+ 2.15% + 2,11+ 1.95°+ <0.0001
0.09 0.11 0.05 0.04 0.05 0.06

abeMeans in the same row without common superscript differ significantly (p < 0.05).

and initial semen fructose (p < 0.05). However, the reaction
time showed an opposite change and percentages of dead
and sperm tail abnormality. The differences in libido and
abnormal tail sperm percentage among turmeric or garlic
extract levels were not significant. However, the increase in
initial semen fructose was substantial only when 100 mg
per kg garlic extract was supplemented. On the other hand,
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supplementation of turmeric or garlic extract had no sig-
nificant effect on abnormal head sperm percentage.

Testicular and epididymal characteristics and health indices

Relative epididymal weight only was increased (p < 0.05)
while the number of germ cell apoptotic/seminiferous
tubule and abdominal fat weight relative to body weight
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was decreased (p < 0.05) in groups that received turmeric
or garlic extract in comparison with the controls. Relative
testicular weight and testicular measurements (length,
width, and thickness) and hepato-somatic, renal-so-
matic, and spleen-somatic indexes were not affected by
treatment.

Discussion

Based on the obtained results in our study, the addition of
phytochemicals extract of turmeric and garlic provision
sustained testicular measurements and health status in
rabbit males exposed to HS conditions in terms of main-
tenance of sperm function and reducing apoptosis of the
germ cells via reduction of the oxidative stress. These fea-
tures are indices of counter the negative effect of HS on
health status, characteristics of the testes, and semen qual-
ity to detect the positive impacts of phytochemicals extract
and minimize HS effect augmentation on the reproductive
efficiency of rabbit males. From previous studies, it seems
that HS could have negative effects on rabbit farms in hot
regions [2,4,6]. In our investigation, the average of THI
values (29.23 * 0.30) cleared that rabbit males were kept
under severe HS [31].

Rabbits had no functional sweat glands to increase heat
loss. Thus, they have increased ear temperature and respi-
ration rate under HS conditions. All treatments showed a
marked reduction of ear temperature and respiration rate
compared with the control males. This may indicate the
ability of phytochemicals to regulate body temperature [6].
In agreement with our results, El-Desoky et al. [4] reported
that vitamins in phytochemicals extract, as antioxidants,
have a positive impact on alleviating heat load in rabbits.
The phytochemical compounds present in turmeric and
garlic extract (Table 2) may facilitate the animal’s ability
to regulate body temperature to maintain body homeosta-
sis via provoking the cellular endogenous defense systems,
which can cope with the oxidative stress of HS condition
[38].

Hematological parameters and antioxidants are usually
related to animal physiology and health and evaluate the
effect of dietary supplementation [14]. The results indi-
cated positive effects of turmeric and garlic on the hemato-
logical parameters. In similar line with the present results,
garlic supplementation increased the counts of RBCs and
WBCs, and Hb concentration in rabbits [39,40]. The garlic
contains natural sulfur compounds which act as antiox-
idant active substances that imply the antioxidant action
of garlic sulfhydryl groups on RBCs counts [39]. Also, vita-
mins in garlic have a role in RBC formation, maturation,
and Hb biosynthesis, absorption, and utilization [39]. The
chemical components of garlic seem to act as an active oxy-
gen scavenger that competes with Hb in the RBCs for O,
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resulting in tissue hypoxia, stimulating the kidney to form
and secrete erythropoietin. The Hb synthesis and RBC pro-
duction were step up by the indirect effect of the end-prod-
uct of garlic metabolism in the body [40].

Garlicmighthelp inincreasing WBC count, consequently
the immune system in rabbit [41]. In broilers, dietary tur-
meric supplementation increased Hb and PCV, enhancing
the health status [42], which may be due to the antioxidant
activity of turmeric and its effect on strengthening the
digestive tract that may improve absorption of iron [42].
Also, some garlic constituents such as flavonoids, steroidal
glycosides, alkaloids, saponins, tannins, phenolics, pectin,
and amino acids, may play physiological action to stimulate
the immunity and the organ function (thymus, spleen, and
bone marrow) related to blood cell formation to stimulate
more blood production [39,41]. In addition, Alagawany
et al. [14] suggested that garlic compounds might have a
stimulatory effect on some hematopoietic growth factors
(cytokines) that interact with specific receptors on the sur-
face of hematopoietic cells, regulate progenitor cells pro-
liferation and differentiation, and mature cell maturation
and function.

It is well-known that the level of MDA increased and
TAC level decreased in animals under HS conditions. Lipid
peroxidation resulting in oxidative stress was caused by
the reaction of ROS with UFA in the cell membranes. In
the present study, phytochemicals had more excellent oxi-
dative stability via the increased TAC level and decreased
MDA in the blood serum of males under HS conditions. The
effectiveness of turmeric or garlic extract could be related
to their antioxidant components, which have properties
against oxidation, bacteria, fungi, protozoa, and inflamma-
tory [17,42]. The present data indicated that garlic extract
had a protective role against HS by improving the health
condition, which is probably through its excellent antiox-
idant properties.

In this way, turmeric or garlic extract eliminates the
impaired ROS effects in biological cells [43]. Each extract
may be essential for normalizing stability and antioxi-
dant enzyme function [44]. In rabbits, supplementation
of antioxidants increases antioxidant enzyme activity and
decreases MDA level in blood serum [45,46]. Garlic phy-
tochemicals extract augments antioxidant enzymes and
prevents the damage effects of ROS [12]. Elevated levels of
antioxidant enzymes may enhance the antioxidant defense
system steady-state in rabbit males. Allicin and selenium
as garlic components can attenuate the ROS signaling path-
ways and alleviate the activity of endogenous antioxidant
enzymes [47,48].

Interestingly, the increased TAC and reduced lipid
peroxidation in rabbit males treated with phytochem-
icals extract are paralleled with improved libido and
semen characteristics, which are essential for sperm
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fertilizability. Enhancement in these parameters was
explained to be due to antioxidant components (Table
2), which may prevent cellular damage by increasing the
enzymes of the antioxidant defense system of sperma-
tozoa. Reducing ROS generation from lipid peroxidation
improves mitochondria function in sperm cells and sperm
production [3]. Increased body temperature due to HS can
affect mitochondrial activity, which increases the apopto-
sis rate in testicular germ cells leading to adverse effects
on the spermatogenesis process [5]. In the present study,
the phytochemicals extract treatment might be related to
the decrease in ROS production under HS, which leads to a
reduction in the incidence of apoptosis rate in germ cells.
The antioxidant activity of phytochemicals extract (Table
2) may protect the germ cell in testes from apoptosis, lead-
ing to maintaining spermatogenesis and increasing sperm
production [49]. The enhancement in relative epididymis
weight of treatment groups might increase androgen secre-
tion compared with the control [50]. Androgens, especially
testosterone is necessary in the spermatogenesis process
and their maintenance in the testis [51].

In the present study, the enhancement in semen quality
observed could be related to the enrichment of turmeric
and garlic extract with fatty acids, minerals, and vitamin
components (Table 2). These compounds are efficient for
semen production maintenance [49]. Dietary fatty acid
manipulation was reported to affect the fatty acids pro-
file of sperm plasma membrane and alter characteristics
and function of spermatozoa [49,52]. The positive effect of
treatment on the quality of semen may be about its role
as a precursor of vitamin C, as an anti-stressor. Generally,
several reports indicated that natural antioxidant activ-
ity could increase characteristics of heat-stressed rabbit
semen [2,4,53].

In our study, the reduction observed in the concentra-
tion of total cholesterol and triglycerides was associated
with a significant decrease in the relative weight of abdom-
inal fat as affected by phytochemicals extract, which may
be with a positive effect of garlic on lipid metabolism [14].
Also, dietary turmeric increases the 3-hydroxy-3-methyl-
glutaryl coenzyme reductase inhibitor activity in rabbits
[54]; consequently reduced 3-hydroxy 3-methylglutaryl
coenzyme reductase leading to a marked reduction in the
biosynthesis of total cholesterol in rat cells [55].

Conclusion

Phytochemicals extract has a unique combination of phy-
tochemicals. This product can be used as a promising new
dietary additive supporting the future reproduction of rab-
bits under HS. These extracts could enhance heat tolerance,
semen characteristics, and health status of rabbit males,
particularly when used garlic extract at 100 mg per kg diet.

http://bdvets.org/javar/

List of Abbreviations

APRI, Animal Production Research Institute; CD,
Commercial diet; ET, Ear temperature; HS, Heat stress;
Hb, Hemoglobin; MDA, Malondialdehyde; PCV, Packed cell
volume; PUFA, Poly-unsaturated fatty acids; ROS, Reactive
oxygen species; RBCs, Red blood cells; RR, Respiration
rate; SFA, Saturated fatty acids; TBA, Thiobarbituric acid;
TAC, Total antioxidant capacity; UFA, Unsaturated fatty
acids; WBCs, White blood cells.

Acknowledgments

Nothing to disclose.

Conflict of interest

The authors do not have any competing interests.

Authors’ contribution

KHEK designed and executed the study and also drafted
the manuscript. WMW drafted and critically reviewed the
paper. HAEN and AMA reviewed the draft paper and deliv-
ered recommendations. ITER was involved in the study
design and thorough supervision of research activities and
finalized the article. All the authors read and approved the
final version for publication.

References

[1]  Wasti S, Sah N, Mishra B. Impact of heat stress on poultry health
and performances, and potential mitigation strategies. Animals
2020; 10:1266; https://doi.org/10.3390/ani10081266

[2] Hosny NS, Nesrein MH, Amr SM, Zahraa RA. Effects of organic sele-
nium on the physiological response, blood metabolites, redox sta-
tus, semen quality, and fertility of rabbit bucks kept under natural
heat stress conditions. Front Vet Sci, 2020; 290:1-12; https://doi.
org/10.3389 /fvets.2020.002

[3] Attia YA, Asmaa S, Bahaa M, Abdella A. Effect of supplementation
with trimethylglycine (betaine) and/or vitamins on semen qual-
ity, fertility, antioxidant status, DNA repair and welfare of roosters
exposed to chronic heat stress. Animal 2019; 8:547-61; https://
doi.org/10.3390/ani9080547

[4] El-Desoky NI, Hashem NM, Elkomy A, Abo-elezz ZR. Physiological
response and semen quality of rabbit bucks supplemented with
Moringa leaves ethanolic extract during summer season. Animal
2017; 9:1549-57; https://doi:10.1017/S1751731117000088

[5] NaseerZ, Ahmad E, Aksoy M, Epikmen ET. Impact of quercetin sup-
plementation on testicular functions in summer heat-stressed rab-
bits. World Rabbit Sci 2020; 28:19-27; https://doi.org/10.4995/
wrs.2020.12420

[6] El-Ratel IT, Attia K, El-Raghi A, Fouda SF. Relieve the negative
effects of heat stress on semen quality, reproductive efficiency and
oxidative capacity of rabbit bucks using different natural antioxi-
dants. Anim Biosci 2020; 34(5):844-54; https://doi.org/10.5713/
ajas.20.0258

[7]  Ogbuewu IP, Okehi MC, Jiwuba PC. Effect of phytobiotic (turmeric)
supplementation on semen and blood characteristics of rabbits.
Comp Clin Pathol 2017; 26: 817-22; https://doi.org/10.1007/
s00580-017-2452-0

El-Kholy et al. / J. Adv. Vet. Anim. Res., 8(2): 256—265, June 2021 263


https://doi.org/10.3390/ani10081266
https://doi.org/10.3389/fvets.2020.002
https://doi.org/10.3389/fvets.2020.002
https://doi.org/10.3390/ani9080547
https://doi.org/10.3390/ani9080547
https://doi:10.1017/S1751731117000088
https://doi.org/10.4995/wrs.2020.12420
https://doi.org/10.4995/wrs.2020.12420
https://doi.org/10.5713/ajas.20.0258
https://doi.org/10.5713/ajas.20.0258
https://doi.org/10.1007/s00580-017-2452-0
https://doi.org/10.1007/s00580-017-2452-0

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

http://bdvets.org/javar/

Ikpeama A, Onwuka GI, Nwankwo C. Nutritional composition
of turmeric and its antimicrobial properties. Int ] Eng Sci 2014;
5:1085-9.

Shankar A, Shankar A, Shankar A. Ayurveda a boon for epilep-
tics. ] Tradit Med Clin Naturopathy 2013; 2:134; https://doi.
org/10.4172/2167-1206.1000134

Jiang Z, Wan Y, Li P, Xue Y, Cui W, Chen Q, et al. Effect of curcumin
supplement in summer diet on blood metabolites, antioxidant sta-
tus, immune response, and testicular gene expression in Hu Sheep.
Animals 2019; 9:720; https://doi.org/10.3390/ani9100720
Bulku E, Stohs SJ, Cicero L, Brooks T, Halley H, Ray SD. Curcumin
exposure modulates multiple pro-apoptotic and anti-apop-
totic signaling pathways to antagonize acetaminophen-induced
toxicity. Curr Neurovascular Res 2012; 9:58-71; https://doi.
org/10.2174/156720212799297083

Ayodele ], Isaac AA, Gustavo RT, Vera MM, Monique TR, Lady KSM,
et al. Dietary supplementation of ginger and turmeric improves
reproductive function in hypertensive male rats. Toxicol Rep 2015;
2:1357-66; https://doi.org/10.1016/j.toxrep.2015.10.001
Kazemizadeh A, Zare Shahneh A, Zeinoaldini S, Yousefi AR,
Mehrabani Yeganeh H, Ansari Pirsaraei Z, et al. Effects of dietary
curcumin supplementation on seminal quality indices and fertil-
ity rate in broiler breeder roosters. Br Poult Sci 2019; 60: 256-64;
https://doi.org/10.1080/00071668.2019.1571165

Alagawany M, Elwy AA, Fayez MR. Effect of dietary supplementa-
tion of garlic (Allium sativum) and turmeric (Curcuma longa) on
growth performance, carcass traits, blood profile. Ann Anim Sci,
2016; 16:489-505; https://doi.org/10.1515/aoas-2015-0079
Lanzotti V, Scala F Bonanomi G. Compounds from Allium species
with cytotoxic and antimicrobial activity. Phytochemistry Rev
2014; 13:769-91; https://doi.org/10.1007/s11101-014-9366-0
Nakamoto M, Kunimura K, Suzuki J, Kodera Y. Antimicrobial prop-
erties of hydrophobic compounds in garlic: allicin, vinyldithiin,
ajoene and diallyl polysulfides (review). Exp Ther Med 2020;
19:1550-3; https://doi.org/10.3892/etm.2019.8388
Ghalehkandi JGh. Garlic (Allium sativum) juice protects from
semen oxidative stress in male rats exposed to chromium chloride.
Anim Reprod 2014; 11(4):526-32.

Ekuma BO, Amaduruonye W, Onunkwo DN Herbert U. Influence
of garlic (Allium sativum) and vitamin E on semen characteristics,
reproductive performance and histopathology of rabbit bucks.
Niger ] Anim Prod 2017; 44:117-28; https://www.ajol.info/index.
php/njap/article/view/193549

Omotoso GO, Jimoh AAG, Olawuyi TS, Olorunfemi O], Oyewopo AA,
George OS, et al. Evaluation of sex hormones of male rats treated
with garlic aqueous extracts and high fatty diet. West Afr ] Assist
Reprod 2012; 2:20-3; http://wajar.info/archive.html

Okoro VMO, Mbajiorgu ChA, Mbajiorgu EF. Semen quality char-
acteristics of Koekoek breeder cocks influenced by supplemental
inclusion levels of onion and garlic mixture at 35-41 weeks of age.
Rev Bras Zootecnia 2016; 45:433-40; https://doi.org/10.1590/
$1806-92902016000800002

Radwan SS. Coupling of two dimension thin layer chromatography
with gas chromatography for the quantitative analysis of lipids
glasses and their constituent fatty acids. ] Chromatogr Sci 1978;
16:538-42; https://doi.org/10.1093 /chromsci/16.11.538

Benzie IF, Strain J]. Ferric reducing/antioxidant power assay, direct
measure of total antioxidant activity of biological fluids and mod-
ified version for simultaneous measurement of total antioxidant
power and ascorbic acid concentration. Methods Enzymol, 1999;
299:15-27; https://doi.org/10.1016 /s0076-6879(99)99005-5
Blainski A, Lopes GC, De Mello JCP. Application and analysis of the
Folin Ciocalteu method for the determination of the total phenolic
content from Limonium brasiliense L. Molecules 2013; 18:6852-
65; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6270247/

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

El-Kholy et al. / J. Adv. Vet. Anim. Res., 8(2): 256—265, June 2021

Viuda-Martos M, Ruiz-Navajas Y, Fernandez-Lépez ], Pérez-
Alvarez JA. Chemical composition of the essential oils obtained
from some spices widely used in mediterranean region. Acta
Chim Slovenica 2007; 54:921-6; https://www.researchgate.net/
publication/237066907.

AOAC. Official methods of analysis. Association of Official Analytical
Chemists International, AOAC Press, Washington, DC, 2003.
Pearson D. Chemical analysis of food. 7th edition, Churchill
Ligstone, London, UK, pp 419-620, 1976.

Benderitter M, Maupoli V, Vergely C, Dalloz E Briot F, Rochette L.
Studies by electron paramagnetic resonance of the important of
iron in hydroxyl scavenging properties of ascorbic acid in plasma:
effect of iron chelator. Fundam Clin Pharmacol 1998; 12:510-643;
https://doi.org/10.1111/j.1472-8206.1998.tb00979.x

Abou Khadiga G, Youssef YMK, Saleh K, Nofa, RY, Baselga M.
Genetic trend in selection for litter weight in two maternal lines
of rabbits in Egypt. World Rabbit Sci, 2010; 18:27-32; https://doi.
org/10.4995/wrs.2010.18.04

NRC. Nutrient requirements of rabbits. 2nd edition, Washington,
DC: National Academy of Science, 1977.

AOAC. Official methods of analysis. 19th edition, Association of
Official Analytical Chemists, Washington, DC, 2007

Marai IFM, Ayyat MS, Abdel-Monem UM. Growth performance and
reproductive traits at first parity of New Zealand White female rab-
bits as affected by heat stress and its alleviation, under Egyptian
conditions. Trop Anim Health Prod 2001; 33:1-12; https://doi.
org/doi: 10.1023/a:1012772311177

Naseer Z, Ahmad E, Sahiner HS, Epikmen ET, Fiaz M, Yousuf MR, et
al. Dietary quercetin maintains the semen quality in rabbits under
summer heat stress. Theriogenology 2018; 122:88-93; https://
doi.org/10.1016/j.theriogenology.2018.09.009

Abdel-Azeem AS, Amal MAF, Azoz AA. Physiological response,
semen quality and blood biochemical parameters of rabbit bucks
supplemented with phytogenic components during summer sea-
son of Egypt. Egypt ] Nutr Feeds 2018; 21:711-24; https://doi.
org/10.21608/EJNF.2018.75777

Mann T. Fructose content and fructolysis in semen: practical appli-
cation in the evaluation of semen quality. ] Agric Sci 1948; 38:323-
31; https://doi.org/10.1017/S0021859600006109

Erel O. A novel automated method to measure total antioxidant
response against potent free radical reactions. Clin Biochem 2004;
37:112-9; https://doi.org/10.1016/j.clinbiochem.2003.10.014
Conti M, Morand C, Levillain P, Lemmonnier A. Improved fluo-
rometric determination of malondialdehyde. Clin Chem 1991;
37:1273-5; https://pubmed.ncbi.nlm.nih.gov/1855301/

Duncan DB. Multiple range and multiple F. test. Biometrics 1955;
11:1-42.

Akbarian A, Michiels ], Degroote ], Majdeddin M, Golian A, De Smet,
S. Association between heat stress and oxidative stress in poultry;
mitochondrial dysfunction and dietary interventions with phyto-
chemicals. ] Anim Sci Biotechnol 2016; 7:37; https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4924307/

El-Kelawy HM, Merveet AM, Randa EE, Nabila EME. Effect of
garlic (Allium sativum) treatment on hematological, biochemi-
cal, hormonal and fertility parameters of male Bouscat rabbits.
Egypt ] Rabbit Sci 2017; 27:341-58; https://doi.org/10.21608/
EJRS.2017.46587

Fazlolahzadeh F, Keramati K, Nazifi S, Shirian S, Seifi, S. Effect of
garlic (Allium sativum) on hematological parameters and plasma
activities of ALT and AST of rainbow trout in temperature stress.
Aust ] Basic Appl Sci 2011; 5:84-90.

Onu PN, Aja PM. Growth performance and haematological indices
of weaned rabbits fed garlic (Allium sativum) and ginger (Zingiber
officinale) supplemented diets. Int ] Food Agric Vet Sci 2011; 1:51-
9; http://www.cibtech.org/jfav.htm

264


https://doi.org/10.4172/2167-1206.1000134
https://doi.org/10.4172/2167-1206.1000134
https://doi.org/10.3390/ani9100720
https://doi.org/10.2174/156720212799297083
https://doi.org/10.2174/156720212799297083
https://doi.org/10.1016/j.toxrep.2015.10.001
https://doi.org/10.1080/00071668.2019.1571165
https://doi.org/10.1515/aoas-2015-0079
https://doi.org/10.1007/s11101-014-9366-0
https://doi.org/10.3892/etm.2019.8388
https://www.ajol.info/index.php/njap/article/view/193549
https://www.ajol.info/index.php/njap/article/view/193549
http://wajar.info/archive.html
https://doi.org/10.1590/S1806-92902016000800002
https://doi.org/10.1590/S1806-92902016000800002
https://doi.org/10.1093/chromsci/16.11.538
https://doi.org/10.1016/s0076-6879(99)99005-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6270247/
https://www.researchgate.net/publication/237066907.
https://www.researchgate.net/publication/237066907.
https://doi.org/10.1111/j.1472-8206.1998.tb00979.x
https://doi.org/10.4995/wrs.2010.18.04
https://doi.org/10.4995/wrs.2010.18.04
https://doi.org/doi: 10.1023/a:1012772311177
https://doi.org/doi: 10.1023/a:1012772311177
https://doi.org/10.1016/j.theriogenology.2018.09.009
https://doi.org/10.1016/j.theriogenology.2018.09.009
https://doi.org/10.21608/EJNF.2018.75777
https://doi.org/10.21608/EJNF.2018.75777
https://doi.org/10.1017/S0021859600006109
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://pubmed.ncbi.nlm.nih.gov/1855301/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4924307/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4924307/
https://doi.org/10.21608/EJRS.2017.46587
https://doi.org/10.21608/EJRS.2017.46587
http://www.cibtech.org/jfav.htm

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

http://bdvets.org/javar/

Attia YA, Al-Harthia MA, Saber SH. Turmeric (Curcuma longa
Linn.) as a phytogenic growth promoter alternative for antibiotic
and comparable to mannan oligosaccharides for broiler chicks.
Rev Mexicana Cienc Pecuarias 2017; 8:11-21; http://dx.doi.
org/10.22319/rmcp.v8i1.4309

Sukandar EY, Adnyana IK, Nurfitria RS. Antioxidant potential of
garlic and turmeric mixture-A traditional Indonesian formulation.
Indian ] Tradit Knowledge 2015; 14:632-6; http://hdlLhandle.
net/123456789/33030

Alexander Y, Yakov Y, Xiaoyan X, Boris N. Antioxidant activity of
spices and their impact on human health: a review. Antioxidants
2017; 6(70):1-18; https://doi.org/10.3390/antiox6030070

Eid SY, El-Zaher HM, Emara SS, Farid OA, Michael MI. Nano sele-
nium treatment effects on thyroid hormones, immunity and
antioxidant status in rabbits. World Rabbit Sci 2019; 27:93-100;
https://doi.org/10.4995/WRS.2019.11251

El-Ratel IT, Tag El-Din HT, Bedier MM. Beneficial effects of cur-
cumin as a native or nanoparticles form on productive efficiency,
liver and kidney functions, antioxidative status and immunity of
heat-stressed growing rabbits. ] Anim Physiol Anim Nutr 2020b;
104:1778-87; https://doi.org/10.1111/jpn.13420

Shaban S, El-Husseny MWA, Abushouk Al, Salem AMA, Mamdouh
M, Abdel-Daim MM. Effects of antioxidant supplements on the sur-
vival and differentiation of stem cells. Oxidative Med Cell Longevity
2017; 13:1-16; https://doi.org/10.1155/2017/5032102
El-Kholy KH, Tag El-Dein HT, Abd-El-Lateif Al, Aml IM. Effects of
dietary selenium sources on metabolic, enzymatic and immu-
noglobulin serum profiles in growing rabbits. Pak ] Nutr 2019;
18:430-6; https://doi.org/10.3923/pjn.2019.430.436

Hashem NM, AbdEl-Hady A, Hassan O. Effect of vitamin E or
propolis supplementation on semen quality, oxidative status
and hemato-biochemical changes of rabbit bucks during hot

[50]

[51]

[52]

[53]

[54]

[55]

El-Kholy et al. / J. Adv. Vet. Anim. Res., 8(2): 256—265, June 2021

season. Livestock Sci 2013; 157:520-6; https://doi.org/10.1016/j.
livsci.2013.09.003

Dafaalla MM, Salah A, Salah A, Abdel Wahab H, Omer FI. Effect
of ethanol extract of Moringa oleifera seeds on fertility hormone
and sperm quality of male Albino Rats. Int ] Multidisciplinary
Res Dev 2017; 4: 222-6; http://www.allsubjectjournal.com/
archives/2017/vol4/issue4/4-3-95

Ahangar M, Asadzadeh S, Rezaeipour V, Zareh Shahneh A. Effects
of L-Arginine supplementation on semen quality, testosterone
concentration and testes histological parameters of Ross 308
breeder roosters. Asian Pac ] Reprod 2017; 6:133-5; https://doi.
org/10.12980/apjr.6.20170307

Alizadeh A, Esmaeili V, Shahverdi A, Rashidi L. Dietary fish oil can
change sperm parameters and fatty acid profiles of ram sperm
during oil consumption period and after removal of oil source. Cell
] 2014; 16:289-98; https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C4204194/

El-Sawy MA, Ali KhAA, Hassanein MNF, Tag El-Din N, El-Kholy KH.
Effect of dietary arak (Salvadora persica) and season interaction
on performance of pre and post-sexual maturity of rabbit males.
Egypt ] Rabbit Sci 2017; 27:267-88; https://doi.org/10.21608/
EJRS.2017.46576

Wientarsih I, Chakeredza S, terMeulen U. (2002). Influence of cur-
cuma (Curcuma xanthorrhiza Roxb) on lipid metabolism in rabbits.
] Sci Food Agric 2002; 82:1875-1880; https://doi.org/10.1002/
jsfa.1235

Amin D, Gustafson SK, Weinacht JM, Cornell SA, Neuenschwander
K, Kosmider B, et al. RG12561 (dalvastatin): a novel syn-
thetic inhibitor of HMG-CoA reductase and cholesterol-low-
ering agent. Pharmacology 1993; 46:13-22; https://doi.
org/10.1159/000139024

265


http://dx.doi.org/10.22319/rmcp.v8i1.4309
http://dx.doi.org/10.22319/rmcp.v8i1.4309
http://hdl.handle.net/123456789/33030
http://hdl.handle.net/123456789/33030
https://doi.org/10.3390/antiox6030070
https://doi.org/10.4995/WRS.2019.11251
https://doi.org/10.1111/jpn.13420
https://doi.org/10.1155/2017/503210
https://doi.org/10.3923/pjn.2019.430.436
https://doi.org/10.1016/j.livsci.2013.09.003
https://doi.org/10.1016/j.livsci.2013.09.003
http://www.allsubjectjournal.com/archives/2017/vol4/issue4/4-3-95
http://www.allsubjectjournal.com/archives/2017/vol4/issue4/4-3-95
https://doi.org/10.12980/apjr.6.20170307
https://doi.org/10.12980/apjr.6.20170307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204194/
https://doi.org/10.21608/EJRS.2017.46576
https://doi.org/10.21608/EJRS.2017.46576
https://doi.org/10.1002/jsfa.1235
https://doi.org/10.1002/jsfa.1235
https://doi.org/10.1159/000139024
https://doi.org/10.1159/000139024

