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ABSTRACT
This study was carried out to assess the effect of Boron supplementation on male rabbit’s

reproductive performance. A total of 20 V. Line (V.L) adult rabbit bucks were divided into four
equal experimental groups (5 bucks for each). Groups 2, 3 and 4 were fed rations supplemented
with 17.5, 35 and 70 mg boron/kg feed in the form of boric acid (100, 200 and 400 mg boric acid,
respectively) over 8 weeks. The first group was served as a control group. Results obtained by the
Boron groups revealed that adding Boron to rabbit bucks rations at any tested doses resulted in a
non-significant increase in the ejaculate volume of male rabbit by approximately 25% above the
control group. Adding Boron at any dose exhibited a significant increase (p#0.01) in sperm
concentration, total sperm output, sperm motility, live sperm and normal sperm compared to the
control group and the high Boron dose had the highest effect on previous measurements compared
to the low and medium Boron doses. Opposite trend was shown in the reaction time (libido) and
seminal plasma fructose concentration which showed a significant decrease in these parameters in
the Boron treated groups compared to the control. Plasma total protein, glucose, total lipids and
triglycerides concentration were boosted in the Boron groups compared to the control (p#0.01) for
glucose and triglycerides measurements. On the contrary, treated male rabbits with Boron at any
tested doses resulted in a significant reduction in plasma cholesterol concentration. Blood and
seminal plasma AST and ALT enzymes activities showed a tendency to decrease by Boron
treatments compared to the control group. Treating bucks by different Boron doses resulted in a
significant increase (p#0.01) in Total Antioxidant Capacity (TAC) to reach 110, 128 and 163% of
blood plasma and 114, 121 and 122% of seminal plasma compared to the control value. On the
other side, adding Boron to bucks rations did not affect the activity of seminal plasma alkaline
phosphatase enzyme. Blood testosterone hormone had a tendency to increase in the Boron groups
compared to the control group but this increase was not significant. It could be concluded that
feeding rabbit bucks on rations containing the studied Boron doses results in a significant
improvement in semen quality characteristics and had a positive effect on their physiological status.
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INTRODUCTION
Boric acid is derived from Boron, a naturally occurring element found in rocks, soil and water.

Boron  is  universal  in  the  environment  and  typically is found in the form of borates or combined
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with other chemicals (WHO., 1998; Woods, 1994; Eisler, 1990). Boric acid products are used on a
variety of sites including sewage systems, food and non-food crops, outdoor residential areas and
indoor sites such as homes, hospitals and commercial buildings (EPA., 1993).

In the last 20 years, several researches have shown that Boron may have some positive effects
for human health (Ku et al., 1993; Brown et al., 1989). In addition, it has been shown that Boron
has many regulative roles in macromineral metabolism (Brown et al., 1989; Hegsted et al., 1991),
energy metabolism (Hunt et al., 1997) and on the immune system (Hunt and Idso, 1999).

In the field of animal nutrition, the role of some trace minerals is not completely elucidated and
contradictory results are reported in the literature as well there is no concrete definition of the real
function of Boron and its possible requirements for poultry (broilers, laying hens and breeders)
(Fassani et al., 2004). Some functions and relationships of Boron were suggested including
improvement of the growth rate, nutritional efficiency, calcium and phosphorus retention in
broilers, besides reduction of vitamin D deficiency symptoms (Hunt and Nielsen, 1981). Although,
Boron is not considered essential for poultry or most animals, the inclusion of 2 ppm in poultry feed
was recommended by NRC (1984). At the molecular level, Boron influences the activities of at least
26 enzymes (Hunt, 1998) and many of these enzymes are essential in energy substrate metabolism.
In vitamin D deficient chicks, dietary Boron decreased the abnormally elevated plasma
concentrations of pyruvate, hydroxybutyrate and triglycerides that are typically associated with
vitamin D deficiency (Hunt et al., 1994).

Boric acid is practically nontoxic to birds acutely (LD50>2510 mg kgG ) and the U.S. EPA.1

(1993) does not anticipate adverse effects to birds from the use patterns of boric acid products.
Wilson and Ruszler (1997) studied the effects of Boron supplementation in broiler diets and
suggested that the addition of 50 ppm Boron improved some bone characteristics (resistance to
breaking, shear force and ash percentage) but did not influence weight gain. Moreover, low levels
of Boron added to pig diets (5 and 10 ppm) were beneficial, resulting in improved weight gain,
nutritional efficiency and calcium and phosphorus retention (Goihl, 2002).

It is known that semen profile is directly affected by various environmental, physical and
chemical factors (Oliva et al., 2001). There is no enough knowledge about the effect of Boron on
male  reproduction  and  semen  quality. Armstrong et al. (2002) studied the long-term effects of
5 mg kgG  Boron supplementation on the reproductive characteristics of gilts, it was reported that1

Boron did not alter the fertilization rate or embryonic mortality (Armstrong et al., 2002). During
the previous studies on humans residing in regions with high Boron content, no negative findings
were  obtained  regarding  fertility  in  a  retrospective  questionnaire  study.  According  to
Korkmaz et al. (2007), regarding male fertility did not report any value for chronic Boron exposure.

The aim of present study was to investigate the impact of dietary Boron supplementation to
bucks’ rations on their semen quality and some blood and seminal plasma constituents.

MATERIALS AND METHODS
To investigate the impact of adding Boron to bucks ration on reproductive performance, a total

of  twenty  V.  line  adult  male  rabbits  (at 10 months of age) were used during spring season
(from April to May). Bucks were randomly distributed into 4 homogeneous groups (5 bucks each).
The rabbits were individually housed in a naturally ventilated building and kept in individual
galvanized wire cages. Batteries were equipped with feeders for pellet rations and automatic
drinkers.  Animals  were  kept  under  similar  management   and   hygienic   conditions.  All groups
were fed  ad  libitum  the  same  commercial  pellet  diet,  containing 17.27% crude protein and
2640 kcal kgG .1



Asian J. Poult. Sci., 9 (2): 85-96, 2015

87

Groups 2, 3 and 4 were fed rations supplemented with 17.5, 35 and 70 mg boron/kg feed in the
form of boric acid (100, 200 and 400 mg boric acid, respectively), over 8 weeks experimental period.
The first group was served as a control group that was fed on a basal diet only.

Semen specimens were artificially collected biweekly using an artificial vagina. Reaction time,
the time between introducing the teaser doe to the buck and ejaculation (RT/sec) was estimated.
The volume of each ejaculate was recorded nearest 0.1 mL (using a graduated collection tube) after
removal of the gel mass. Sperm motility was estimated using phase contrast optics at 40×and
assessed from 0 to 100%. A weak eosin-formalin (10% formalin) slain solution was used to evaluate
the sperm concentration (Elkomy, 2003), using the improved Neubauer haemocytometer slide
(Smith and Mayer, 1955). Total sperm output was calculated by multiplying semen ejaculate
volume and semen concentration. Seminal plasma initial fructose concentration was determined
immediately after semen collection according to Mann (1948). Assessments of live and normal
spermatozoa were performed using an eosin-nigrosine blue staining mixture (Blom, 1950). Total
number of motile sperm was calculated by multiplying the percentage of motile sperm and total
sperm output and Total Motile Normal Sperm (TMNS) {(the product of total sperm output×motility
(%))×normal morphology sperm (%)} (Correa and Zavos, 1996).

Seminal plasma was obtained by centrifugation of semen samples at 3500 rpm for 20 min at
4°C and was stored at -20°C until later analysis. Heparinized tubes were used to collect blood
samples which obtained from the ear vein of each buck every 2 weeks. Blood samples were
centrifuged at 3500 rpm for 20 min to obtain plasma which was stored at -20°C.

Seminal and blood plasma samples were analyzed for Total Protein (TP) by the Biuret method
according to Henry et al. (1974). Albumin (Al) concentration was determined by the method of
Doumas et al. (1977). Total lipids (TLp) were measured according to Frings et al. (1972). The
enzymes activities of Aspartate  aminotransferase  (AST)  and  Alanine  aminotransferase (ALT)
were assayed by the method  of  Reitman and Frankel (1957). Seminal plasma Alkaline
phosphatase (AlP) activity was measured at 405 nm by the formation of para-nitrophenol from
para-nitrophenylphosphate as a substrate (Principato et al., 1985). Blood triglycerides and Total
cholesterol were determined according to Fossati and Prencipe (1982) and Richmond (1973). Lipid
peroxidation biomarkers such as Malondialdehyde (MDA) were assayed in the blood and seminal
plasma according to Conti et al. (1991). Total antioxidant  capacity  was  measured  according to
Erel (2004). Blood thyroxin hormone concentration  was  determined  using  immunoassay Elisa
kit.  Blood  testosterone  concentration was measured using immunoassay commercial Elisa kit
(DRG international, Inc., USA) (Tietz, 1986).

Statistical analysis: Data were analyzed as a complete randomized design (Steel and Torrie,
1980) using the general linear model procedures of SAS (2001). Significance of the effects was
tested at level p#0.05 and p#0.01 with the appropriate F statistic. Duncan’s multiple range tests
was used to detect any significant differences among the experimental means (Duncan, 1955).

RESULTS AND DISCUSSION
Semen characteristics: Supplemented bucks' rations with Boron was conducted to improve libido
for bucks (measured by the reaction time/ seconds) which had less time before ejaculation compared
to the control group and this effect was significant (p#0.01) (Table 1). On the other hand, no
significant differences were found between Boron groups in reaction time. The previous effect may
be  due  to  increased  testosterone  level in the treated rabbits’ groups, as they had higher level of
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Table 1: Dietary Boron supplementation and its impact on libido, semen characteristics, sperm output and Initial fructose concentration

of adult male rabbits

Boric acid levels (mg kgG  feed)1

-------------------------------------------------------------------------------------------------------------------------

Measurements Control (0 ppm) 10 ppm 200 ppm 400 ppm

Ejaculate volume (mL) 0.51±0.06 0.66±0.06 0.62±0.05 0.62±0.03

Sperm motility (%) 60.00±4.23 81.88±1.64 87.19±1.44 91.88±1.01c bc ab a

Sperm concentration (n×10  mLG ) 228.56±4.18 259.00±2.95 258.50±2.88 265.38±2.836 1 b a a a

Total sperm output (n×10 ) 118.18±13.82 171.95±15.39 161.03±13.37 165.50±12.146 b a a a

Total motile sperm (n×10 ) 71.92±10.04 142.13±13.50 141.36±12.85 152.21±11.316 b a a a

Total motile normal sperm (n×10 ) 70.81±10.77 147.57±12.01 137.32±10.99 159.45±12.156 b a a a

Alive sperm (%) 92.86±0.71 95.79±0.36 96.34±0.17 96.74±0.59b a a a

Dead sperm (%) 7.14±0.71 4.21±0.36 3.66±0.17 3.26±0.30a b b b

Abnormal sperm (%) 10.34±1.00 4.08±0.46 4.85±0.53 3.98±0.35a b b b

Libido (Reaction time/sec) 9.88±0.45 7.94±0.40 7.25±0.40 7.44±0.36a b b b

Initial fructose conc. (mg dLG ) 251.12±10.19 209.78±10.67 214.53±10.44 200.00±9.471 a b b b

Means in same rows with different superscripts are significantly different (p#0.05)a,b,c

Table 2: Dietary Boron supplementation and its impact on blood biochemical constituents and testosterone concentration of adult male

rabbits

Boric acid levels

-----------------------------------------------------------------------------------------------------------------------------------

Treatments Control (0 ppm) 100 ppm 200 ppm 400 ppm

Total protein (g dLG ) 4.850±0.36 5.440±0.23 5.130±0.15 5.530±0.251

Albumin (g dLG ) 2.870±0.13 2.910±0.18 2.930±0.12 3.030±0.111

Globulin (g dLG ) 1.940±0.36 2.560±0.27 2.200±0.17 2.490±0.221

Glucose (mg dLG ) 73.490±6.99 86.250±4.72 95.500±3.96 98.680±4.601 b b ab a

Total lipids (g dLG ) 197.790±18.83 204.120±16.00 219.800±13.85 211.820±10.781

Triglycerides (mg dLG ) 64.750±5.59 97.510±12.56 103.950±8.26 94.690±6.641 b a a a

Total cholesterol (mg dLG ) 70.340±2.14 66.650±4.41 62.920±4.90 67.530±4.551

AST (IU LG ) 127.740±3.24 124.510±2.26 121.200±3.43 119.250±3.501

ALT (IU LG ) 42.290±3.92 39.850±2.35 40.600±1.60 38.880±2.041

TAC (mm LG ) 56.900±3.11 63.210±5.10 72.820±10.33 93.050±6.831 b b ab a

MDA (mg dLG ) 4.510±0.47 3.910±0.42 3.400±0.70 2.280±0.241 a a ab b

Thyroxin (ng mLG ) 0.790±0.07 1.460±0.07 2.130±0.07 2.800±0.071 d c b a

Testosterone (ng mLG ) 2.370±0.17 2.930±0.25 2.950±0.24 3.070±0.221

Means in same rows with different superscripts are significantly different (p#0.05)a,b,c

testosterone hormone than the control group (Table 2). The previous finding was in agreement with
that found by Elkomy et al. (2008) and Kamel et al. (2009), who reported a good relation between
increased testosterone hormone concentration and increase libido in male rabbits.

Data of semen quality characteristics (Ejaculate volume, Sperm motility, sperm concentration,
live and dead sperm, abnormal sperm, total sperm output, total motile sperm and total motile
normal sperm) are illustrated in Table 1. Ejaculate volume of bucks which put on rations
supplemented with Boron was increased by 29.4, 21.5 and 21.5% for 100, 200 and 400 ppm boric
acids groups respectively, the control group mean but this increase was not significant. Adding
Boron in rabbit’ bucks rations resulted in a significant increase (p = 0.01) in sperm concentration
at any studied levels to reach 13.3, 13.0 and 16.2% for 100, 200 and 400 ppm boric acid levels
respectively,  over  the  control  group.  Also,  fed  rabbits’ bucks on diet supplemented with different
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levels of Boron resulted in a significant increase (p#0.01) Total Sperm Output (TSO), Total Motile
Sperm (TMS) and Total Motile Normal Sperm (TMNS) per ejaculate compared to the control group.
Moreover, the increased semen ejaculate volume in the Boron groups was correlated with a
significant increase in sperm concentration (SCon.) and TSO in all Boron treated groups. According
to Kamel et al. (2009), increase in ejaculate volume was necessary for sperms to provide them by
nutritious elements that are needed for their live.

Adding Boron at any inclusion level resulted in a significant increase (p#0.01) in live sperm to
reach 3.1, 3.7 and 4.1% above the control group mean. Supplemented bucks’ rations with Boron
at any studied level conducted to produce more normal shape sperm than the control group and this
effect was significant (p#0.01). The opposite trend was shown in the dead and abnormal sperm
which showed a significant decrease (p#0.01) in all Boron levels. The percentage of abnormal sperm
was significantly decreased in the all Boron groups to reach -60.5, -53.1 and -61.5 less than the
control group. On the other hand, no significant differences were found between Boron groups on
the previous semen quality measurements. Data revealed that improvement in percentage of live
and motile sperm that found in the Boron groups were conducted to a significant increase (p#0.01)
in TMS and TMNS per ejaculate compared to the control group. The positive effect of Boron on the
previous measurements may be attributed to the Boron affects several enzymes that enhance and
activate the spermatogenesis in seminiferous tubules to produce a complete sperm. Whereas, at the
molecular level, Boron influences the activities of at least 26 enzymes (Hunt, 1998) and many of
these enzymes are essential in energy substrate metabolism. In addition, it has been shown that
Boron has many regulative roles in macromineral metabolism (Brown et al., 1989; Hegsted et al.,
1991), energy metabolism (Hunt et al., 1997) and on the immune system (Hunt and Idso, 1999).
Data of fructose concentration in seminal plasma (Table 1) revealed that there was a significant
decrease in fructose concentration (p#0.05) after feeding bucks on different levels of boric acid
compared to the control group. Decreased semen fructose concentration in the DTP treated groups 

may be due to increase sperm concentration per ejaculate (Table 1) that consumed more fructose
to meet the needs of the energy required for metabolism.

Seminal plasma characteristics: Data of seminal plasma Total Protein (TP), Albumin (Alb),
Total Lipids (TLp), activities of aspartate amino transferase (AST) and alanine amino transferase
(ALT), alkaline phosphatase enzyme activity (AlP), Total Antioxidant Capacity (TAC) and
Malondialdehyde  (MDA)  are  presented  in  Table  3.  There   was   a  non-significant increase in

Table 3: Dietary Boron supplementation and its impact on seminal plasma biochemical constituents of adult male rabbits

Boric acid levels

------------------------------------------------------------------------------------------------------------------------------

Treatments Control (0 ppm) 100 ppm 200 ppm 400 ppm 

Total protein (g dLG ) 1.36±0.100 1.480±0.10 1.500±0.16 1.700±0.131

Albumin (g dLG ) 0.86±0.13 0.890±0.11 0.890±0.05 1.110±0.331

Total lipids (g dLG ) 77.72±10.75 86.820±7.32 98.590±11.33 103.920±12.741

AST (IU LG ) 32.50±3.13 28.530±1.18 28.790±1.26 27.390±1.781

ALT (IU LG ) 9.17±0.33 7.600±0.31 7.920±0.23 6.750±0.171 a b b c

TAC (mm LG ) 153.90±0.01 175.400±0.00 186.300±0.01 188.700±0.011 b a a a

MDA (mg dLG ) 2.40±0.207 3.910±0.42 3.400±0.71 2.280±0.241 a a ab b

Alk.Phosphatase (mg dLG ) 186.38±0.70 188.740±1.19 189.330±1.59 188.480±1.221

Means in same rows with different superscripts are significantly different (p#0.05)a,b,c
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seminal plasma TP and Alb by 8.8, 10.2 and 25% of TP and 3.4, 3.4 and 29% of Alb (for 100, 200
and 400 mg boric aid/kg feed, respectively) due to feeding bucks the rations supplemented with
different Boron levels compared to the control group and the highest treated Boron group had the
highest TP and Alb values. Treated bucks with Boron at any studied level resulted in increasing
seminal plasma total protein and albumin concentration which was associated with an improvement
in semen quality and this finding was corresponding with Elkomy et al. (2008), they reported an
increase in seminal plasma total protein and albumin concentrations were showed in high fertile
male rabbits compared to low fertile rabbits and this increase was associated with increase in their
seminal quality measurements. Many studies have shown that low content of seminal plasma
proteins is associated with poor semen  quality  (White  et  al.,  1987;  Ashworth  et  al.,  1994).
Taha et al. (2000) revealed that there was a positive relationship between semen quality and level
of seminal plasma total proteins. Similar results were found by Osama and El-Sahn (2006), they
found a positive relationship between increasing seminal plasma total proteins and albumin and
increasing total number of sperm output. Kulkarni et al. (1996) showed that, seminal plasma total
protein is mainly composed of albumin and globulin, in addition of small quantities of non-protein
nitrogen, amino acids and peptides. These compounds make up the amphoteric property of seminal
plasma proteins, thus, low protein content in seminal plasma reduce its buffering capacity and in
turn semen quality (Dhami et al., 1994).

It can be noticed that there was a decrease in seminal plasma activities of AST and ALT due to
feeding bucks on Boron rations at any inclusion level compared to untreated bucks and this effect
was significant (p#0.01) with ALT only. additionally, the high Boron level had the lowest
transaminases enzymes activities (AST and ALT). The transaminases activities in semen are a good
indicator of semen quality because they measures sperm membrane stability (Kelso et al., 1997;
Zedda et al., 1996). Also, the increments of the activities of AST and ALT in seminal plasma are
mainly due to the leakage of these enzymes (Navarro et al., 1993). Yousef and Zeitoun (1998)
found that there were negative correlation coefficients between decreased sperm motility on one
side and AST and ALT release on the other side. They reported that the activities of these enzymes
could be used as an indicator of sperm integrity. Yousef et al. (2003) reported that there was a
negative correlation between increased ALT and AST activities and decrease ejaculate volume,
sperm concentration, total sperm output, sperm motility index, total motile sperm, therefore, the
decrease in the activities of these enzymes coincided with the increase of semen quality. Similar
results were found by Elkomy et al. (2008), Kamel et al. (2009) and El-Sbeiy et al. (2008), they
reported that the AST and ALT enzymes activities were significantly decreased in bucks that
produced high motile sperm.

Supplementing bucks’  rations  with Boron  at  any  studied  level  resulted in a gradual and
non-significant increase in seminal plasma TLp concentration by 11.7, 26.8 and 33.7% above the
control group. In addition, there was a significant effect of adding Boron to bucks' rations on TAC
and MDA. Whereas, feeding bucks on rations supplemented with different Boron levels (100, 200
and 400 mg boric aid/kg feed) significantly increased (p#0.01) TAC by 14, 21 and 22.6% above the
control value and this effect was in a dose-dependent manner. In contrary, the influence of dietary
Boron supplementation on the measured biomarkers of oxidative stress (MDA) showed that
treading bucks with Boron at any tested doses had significantly reduced (p#0.01) MDA by 5.8, 14.1
and 40.4.6% compared to the control group. Boron treatment resulted in the increase in TAC levels
in seminal plasma that protect its lipids content and sperm membrane against lipid peroxidation.
According to Niedernhofer et al. (2003), MDA is an endogenous genotoxic product of enzymatic and
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oxygen radical-induced lipid peroxidation. Oxidative stress causes damage to biologic
macromolecules (such as nucleic acids, membrane lipids and proteins) and disorder of normal
metabolism and physiology (Roberts and Sindhu, 2009; Pohanka et al., 2009).

Adding Boron to bucks rations with different studied levels did not had effect on seminal plasma
ALP enzyme activity in all groups treated compared to the control group. The phosphatases
enzymes in semen play an important role in transamination and phosphorylation processes in
sperm metabolism and thus explain the differences observed in the semen quality (Dhami et al.,
1994).

From the results of semen quality and seminal plasma characteristics it could be noticed that
adding Boron to rabbit bucks' rations had a beneficial effects on spermatogenesis in seminiferous
tubules to produce a complete and motile sperm, In addition, it stimulated the secondary sexual
gland to secrete the seminal plasma components which is necessary for sperm life. Whereas, Boron
influences the activities of at least 26 enzymes (Hunt, 1998) and many of these enzymes are
essential in energy substrate metabolism.

Blood biochemical constituents: Blood plasma protein constituents (total protein, albumin and
globulin) of bucks’ groups that were fed Boron rations showed an increase in these measurements
than the control group and these increases were not significant (Table 2). Thus, these increases
were 12.1, 5.7 and 14% of total protein, 1.4, 2.1 and 5.5% of albumin and 31.9, 13.4 and 28.3% of
globulin concentration above the control value for 10, 200 and 400 mg boric acid/kg feed,
respectively. The present data revealed that Boron administration had a beneficial effect on rabbits’
health and immune status, whereas, the protein profile (Total protein, Albumin and globulin
concentrations) was increased in Boron bucks groups and this increase was necessary to meet the
vital physiological processes.

Treated bucks with different levels of Boron conducted to a gradual and significant increase in
blood plasma glucose concentration (p#0.01) and this increase was 17.3, 29.9 and 34.2% above the
control value. Increasing plasma glucose concentration may be due to the increase thyroid gland
activity, whereas, the thyroxin hormone secretion from thyroid gland was gradually and
significantly increased with increase Boron level.

From Table 2 it could be noticed that there was an increase in blood plasma total lipids and
triglycerides concentrations due to feeding bucks on rations supplemented with different Boron
levels (10, 200 and 400 mg boric acid/kg feed) compared to the control group that fed the basal diet
and this increase was significant for triglycerides only (p#0.01). Moreover, data revealed that the
medium Boron level (200 mg boric acid/kg feed) had the highest values of these two parameters
than the low and high Boron levels. On the other side, blood plasma cholesterol concentration
showed a non-significant decrease in all Boron groups than the control group and this decrease was
5.2, 10.5 and 4% less than the control value. The previous study of Bakken and Hunt (2003)
supposed that the dietary Boron influences energy substrate metabolism in a wide variety of
biological species including humans. In addition, Scorei and Cimpoiasu (2006) demonstrated that
Boron in animals are still not well unknown but it might be involved in metabolism and utilization
of various elements, glucose, triglycerides and reactive oxygen. The improved antioxidant status
protect against lipid oxidation in animals (Cai and Wei, 1996).

Liver aminotransaminase enzymes activities (AST) and ALT) showed a gradual decrease when
bucks were fed on rations supplemented with different Boron levels compared to the basal diet
group  and  this  decrease  was  non-significant.  From the previous studies, serum AST activity was



Asian J. Poult. Sci., 9 (2): 85-96, 2015

92

decreased  by  100,  200  and 400 mg boron/kg feed supplementation in layer hens (Eren and
Uyanik, 2007). The AST in  rats  (Hunt  and  Herbel,  1991)  and  both  AST  activities  in mice
(Ince et al., 2012) were  also  decreased  by Boron.  According  to  Hunt  and  Herbel (1991) and
Ince et al. (2012), the decreases in AST and ALT enzymes activities by Boron supplementation may
result from the protective effects of the Boron on normal liver metabolism. The same finding was
found by Eren et al. (2012) when they fed broiler chicks on 500, 750 and 1000 mg boron/kg feed.
Data for plasma (TAC and MAD are shown in Table 2. There was a significant effect of adding
Boron to bucks’ rations on Total Antioxidant Capacity (TAC) and malondialdehyde (MDA) (p#0.01).
Whereas, adding Boron to rations at any inclusion level (100, 200 and 400 mg boric acid/kg feed)
gradually boosted TAC by 11.9, 27.9 and 63.5% over the control group and this effect was highly
significant with 400 mg boron/kg feed only. The increase TAC level in Boron groups was offset by
a gradually decreased in blood MDA level which reached 13.3, 24.6 and 49.4% less than the control
group and this effect was dose-dependent. Also, it could be concluded that the highest Boron level
had significantly lowest MDA level than the control group or the other two Boron treatment.
Increased TAC in Boron groups is an indicator for protection against oxidative statuses which
reflected on and decrease MDA level in treated groups and this decrease was an indicator for
protection against lipids peroxidation. According to Nielsen et al. (1997), MDA concentration in
plasma is one of the most frequently biomarkers providing an indication of the overall lipid
peroxidation level and the MDA is one of several byproducts of lipid peroxidation processes.

Thyroid hormone secretion (T ) showed a gradually significant increase (p#0.01) due to treated4

bucks with Boron at any studied levels compared to the control group. The increase thyroid gland
activity and its thyroxin hormone secretion in the Boron groups may be due to the effect of Boron
on stimulate energy metabolism. According to Hunt et al. (1997), Boron has many regulative roles
in energy metabolism (Hunt et al.,  1997),  moreover, Boron  influenced  the  activities of at least
26 enzymes (Hunt, 1998) and many of these enzymes are essential in energy substrate metabolism.

Treating male rabbits with 100, 200 and 400 mg boric acid/kg feed boosted blood testosterone
concentration to reach 23.6, 24.4 and 29.5%, respectively above the untreated group values which
was not significant. Naghii and Samman (1993) noted  that   the   mechanism  of  Boron  action
may be mediated by increasing the concentration  of  steroid  hormones  such  as  testosterone  and
beta-estradiol.

CONCLUSION
It is clear from the present results that supplementing bucks’ rations with boric acid as a source

of Boron at any studied level improved semen characteristics and had positive effect on semen
quality. Whereas, inclusion of Boron to bucks' rations resulted in a significant increase in sperm
concentration, total sperm output, sperm motility, live sperm and normal sperm compared to the
control group and the high Boron dose had the highest effect on the previous measurements
compared to the low and medium Boron doses. Moreover, treating bucks by different Boron doses
had a positive effect on their physiological status. Blood testosterone hormone had a tendency to
increase in the Boron groups compared to the control group but this increase was not significant.
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