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Abstract: The aim of this study was to determine the effects of supplemental drinking boron on morphology
of ostrich chicks” cerebrum. Twenty four hatched ostrich chicks were divided into six group (I-VI) and
supplemented by the water with 0, 40, 80, 160, 320 and 640 mg I.~' boron, respectively for 45 days. Cerebrums
were obtained and weighed after dissection then measured the transverse diameter, longitudinal diameter and
height of cerebral hemisphere immediately. Paraffin embedded sections of cerebral tissues (4 um thick) were
stained with HE, Nissl’s and argentaffin and then micro photographed. Tt showed significant increase
(p<0.05 or p<0.01) in each anatomy index of group IV in comparison with the other groups while group VI
showed significant decrease. Histology study showed that neurons of the cerebrum of group I and IT were alike,
nerve fibers passed horizontally within the cortex. Neurons of group III were varied in size and shape and with
abundance of nerve fibers passed horizontally within the cortex tighter. Whereas neurons of group IV had more
types than the rest of groups and were well arranged from the edge to inside by size, the nerve fibers were rich
and mterweaved. In contrast, neurons of group V and VI were monomorphic with less neurite and nerve fibers
were tenuous and sparse. Findings showed that 80-160 mg L™ supplemental drinking boron promotes cerebrum
development, neurons differentiation, neurite formation and nerve fibers elongation of the cerebrum of

0-45 days old ostrich chicks.
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INTRODUCTION

African ostrich, Struthio camelus 1s the largest living
bird in the modem world. Wild ostriches had been
embossed out from their origin and now raised in the
North East of Africa and the desert regions of the Arabian
Perunsula m Asia. It 1s a primitive amumal that plays an
umportant role m the process of evolution. In addition, it
has high economic value. Ostrich had been list on the
Convention on International Trade in Endangered Species
(CITES) Appendix ((include all species threatened with
extinction which are or may be affected by trade)
(Goldsmith, 1978). Nonetheless, the decline in wild ostrich
population continues (BirdLife Tnternational, 2013). Boron
15 an essential trace element in mamntaimng normal
biological functions of humans and animals (Hunt, 2012;

Nielsen, 2008). Low-dose boron ingestion has
contributions to promote the metabolism of bone
(Cheng et al, 2011), energy substrate (Nielsen, 2009)
and other trace elements (Ross et al., 2011) to
promote the proliferation and differentiation of blood cells
(Bozkurt et al., 2012), T and B lymphocytes and germ cells
(Pizent et al, 2012) to mnprove growth performance
(Guelu et ai., 2006) functions of brain (Penland, 1994) and
mmmune system (Fry et al., 2010) and embryo development
(Rowe and Eckhert, 1999) to alter blood biochemical
index (Bozkurt et al, 2012) and various hormone
(Kucukkurt et al, 2013). Conversely, high-dose boron
ingestion, however will cause undesirable impact or even
toxic effect (Devirian and Volpe, 2003; Cortes et al., 2011).
Effect of boron to the cerebrum of African ostrich has not

been reported so far. In the present study, researchers
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launch the research from the morphological changes of
cerebrum of African ostrich chicks take m different levels
of boron.

MATERIALS AND METHODS

Animals, grouping, feed and management: Twenty four
newly hatched African ostrich chicks (Henan Ostrich
Farm, China) weighing (0.8040.05) kg were acclimated for
1 week and divided into control group (group I) and test
group (group I, TTT, TV, V and VT) randomly. Four chickens
in each group were marked on the outer leg for group mark
identification. Boron added water with different levels
were given to these groups (group I, O mg L™"; group II,
40 mg L™"; group 11, 80 mg L™, group IV, 160 mg L™,
group V, 320 mg L™ and group VI, 640 mg L"), until the
birds were 45 days old. Apart from the additional boron in
the water, the ostrich chicks were fed with a feeding and
management condition of the same.

Tissue and processing: Ostrich chicks were weighted and
anesthetized with 15% urethane (1 g kg™ body weight),
bleed to death, dissected and removed the brain.
Cerebrum were weighted the by electromc analytical
balance. The transverse diameter, the longitudinal
diameter and the height of cerebral hemisphere were
measured by the caliper. Then put the cerebral tissue mto
4% paraformaldehyde solution immediately. Samples of
cerebrum of ostrich chicks were fixed, paraffin embedded,
sectioned (4 pm thick) and stained with HE, Nissl’s and
argentaffin staining. Finally, the slides were observed
under bright field optical microscope, photomicrography
were taken by OLYMPUS DP2 BSW Imaging System.

Methods of analysis: The body and cerebrum weight,
transverse and longitudinal diameter and the height of
cerebral hemisphere of every ostrich chicks were
recorded The cerebral organ index was calculated. All
data were analyzed with SPSS Version 19.0 to assess the
effects of different levels of boron supplemented in
drinking water on cerebrum tissue and were expressed as
M+SD (Mean+Standard Deviation). Duncan’s multiple
range tests were performed to detect differences between
groups.

RESULTS

Anatomical data of ostrich chick’s cerebrum: The
longitudinal diameter, the transverse diameter and the
height of cerebral hemisphere were measured by a caliper
which anatomical data were as the Fig. 1a-c. The results of
the significant test of difference among groups of
anatomical data of ostrich chicks cerebrum were as
follows (Table 1).
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Fig. 1: Brain of African ostrich; a) dorsal surface of
ostrich brain, the line represents the longitudinal
diameter of the cerebral hemispheres; b) ventral
surface of ostrich bramn, the line represents the
transverse diameter of the cerebral hemispheres; ¢)
left surface of the ostrich brain, the line represents
the height of the cerebral hemispheres

Table 1: Effects of boron supplemented in drinking on the Organ Index of
cerebrum (OI) as well as the Longitudinal Diameter (LD) the
Transverse Diameter (TD) and the Height (H) of cerebral

hemisphere in ostrich chicks

Groups  OT (0/100) LD (mim) TD (min) H (mim)

1 7.37£0.21% 150440428 12.7240.41% 11.16+0.42480
il 7410155 1512+0.30%°  12.3440.58%  11.64+0.30%2
il 7514107 15324219 124240665 11.67+0.70"5
v 8.36£0.19%  17.05+0.39%  13,98+(.51% 12,330,328
v 7.70£0.28%5  15.7140.58%5  13.0440.38% 11.50:£0, 5048
VI 6.5440.62%  13.33+1.27%  11.614]1.52%° 10.79+1.85%

All the data were expressed as means+SD according to Duncan’s multiple
range. Capital letters in the same itern indicated significant differences among
groups (p<0.05) lowercase letters indicated highly significant difference
among groups (p<0.01), n=4
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Fig. 2: Effects of supplemental boron on histology of the cerebrum of 45 days ostrich chicks from group 1I-VI (HE
staining ); A) the cerebral cortex of group T, B) the cerebral cortex of group IT; C) the cerebral cortex of group 11T,
D) the cerebral cortex of group IV; E) the cerebral cortex of group V and F) the cerebral cortex of group V1

The statistical analysis showed significant difference
among groups of the cerebrum index, the longitudinal and
transverse diameter and the height of cerebral hemisphere.
All parameters in group IV were significantly increased
while in group VI were significantly decreased. There was
no significant difference in anatomical indicators in the
cerebrum of ostrich chickens among group II, III, V as
compared to group I. The organ data of cerebrum of
ostrich chicks of group II-V were increased 0.54, 1.90,
13.43 and 4.48% than group T respectively while group VI
were decreased 11.26% than group I. The longitudinal
diameter of cerebral hemisphere in ostrich chicks of
group II-V were increased 0.53, 1.86, 13.36 and 4.45% than
group I, respectively while group VI were decreased
11.37% than group 1. The transverse diameter of cerebral
hemisphere 1n ostrich chicks of group V and VI were
mcreased 9.91%, 2.52% than group 1, respectively whle
group IT, TIT, VI were decreased 2.99, 2.36 and 8.73% than
group L, respectively. The height of cerebral hemisphere
in ostrich chicks of group I1-V were increased 4.30, 4.57,
10.48 and 3.05% than group I, respectively while group VI
were decreased 3.32% than group I. Among the data there
were no sigmficant differences between group 11, 111, V
and group T as well as the height of cerebral hemisphere
n ostrich chicks of group IV, VI and group I (p=0.05). In
addition there were highly significant differences between
group IV and VI, the organ index of cerebrum,
longitudinal diameter, transverse diameter and height of
cerebral hemisphere in ostrich chicks of group IV were
increased 27.83, 27.91, 20.41 and 14.27% than group VI,
respectively.

Morphological changes of ostrich chick’s cerebrum: The
morphological changes of 45 days old ostrich chicks of
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each group were as follows: HE staining of the cerebrum
of 45 days old ostrich chicks showed: the cerebral cortex
of ostrich chicks of group I (control group; Fig. 2A) had
many neurons that were wregularly arranged, similarly
formed and single-typed, most of the neurons were
granule cells with deeply stained cell body. The
arrangement of the neurons of the cerebral cortex of
ostrich chicks of group II (Fig. 2B) and group III (Fig. 2C)
were similar to those of group 1 whereas the neurons of
group I were in different forms with different types, most
of them were stellate cells with few neurites. Moreover,
the neurons were larger and larger from the edge of
cerebral cortex to mside of the cerebrum. The neurons of
group IV (Fig. 2D) were most stellate cells and some
pyramidal cells with more and clearer neurites, the
neurons were regularly arranged and were larger and
larger from the edge of cerebral cortex to inside of the
cerebrum. The neurons of group V (Fig. 2E) and group VI
(Fig. 2F) were fewer than that of the other groups they
were irregularly arranged with lightly stamned cell body.
Niss!’s staning of the cerebral cortex of 45 days old
ostrich chicks of each group showed: the neurons of
ostrich chicks of group I (control group, Fig. 3a) were
deeply stamed with 1 or 2 neurites that were clearly
observed; the neurons of group II (Fig. 3b) and group III
(Fig. 3¢) were stained deeper then group I, 1 or 2 and
sometimes 3 neurites were found stamned mn most of the
neurons; molecular layer of the cerebral cortex were found
1n the cerebral cortex of group IV (Fig. 3d), most of the
neurons of group IV had 2-4 neurites some of them had
more neurites could be found whereas the neurons of
group V (Fig. 2e) and group VI (Fig. 2f) were fewer than
other groups, neurites of the neurons were hard to be
observed or even many neurons had fewer or no neurites

could be found.



J. Anim. Vet. Adv., 13 (8): 496-502, 2014

Fig. 3: Effects of supplemental boron on histology of the cerebrum of 45 days ostrich chicks from group I-VI
(Nissl’s staining); a) the cerebral cortex of group IT; b) the cerebral cortex of group IT; ¢) the cerebral cortex of
group IIT; d) the cerebral cortex of group IV]; e) the cerebral cortex of group V; ) the cerebral cortex of group VI,
g) the hippocampus of group I; h) the hippocampus of group IV; 1) the hippocampus of group VI of 45 days
ostrich, M: The molecular layer of group TV. Arrow for stellate cells with more neurites than other neurons

Fig. 4 Effects of supplemental boron on histology of the cerebrum of 45 days ostrich chicks from group I-VI
(argentaffin staining); a) the cerebral cortex of group I; b) the cerebral cortex of group IT; ¢) the cerebral cortex of
group III; d) the cerebral cortex of group IV, e) the cerebral cortex of group V; f) the cerebral cortex of group VI

Nissl’s staining of the hippocampus of 45 days old
ostrich chicks of each group showed: the newons of
hippocampus of group I and VI were larger and larger
from the mmer side of hippocampusto edge of the cerebral
cortex, however, the neurons of group VI were irregularly
arranged. The neurons of group T were stained deeply, the
neurons had 2 or more neurites; the neurons of group IV
were stamned deeper than group I and had at least 3
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neurites some neurons had 5 neurites. Furthermore, the
root of neurites were thicker than those of group T; the
neurons of group VI were lightly stained, the cell body
were oblate, un-sharp and smaller than group I, the
neurites of the neurons of hippocampus of group VI were
hard to be observed as only 1 neurite could be found.
Argentaffin staining of the cerebrum of 45 days old
ostrich chicks of each group showed: the nerve fibers of
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group T (control group; Fig. 4a) were clear and slender
they were regularly amranged that were parallel to
superficial edge of cerebrum however, the cell bodies were
lightly stained; the nerve fibers of group IT (Fig. 4b) were
stained deeper than those of group I and were thicker
they were regularly arranged in general but with some
parts irregularly arranged and were also parallel to
superficial edge of cerebrum whereas cell bodies were also
lightly stained. The nerve fibers of group TIT (Fig. 4c) were
stained the deepest, arranged the closest and paralleled to
superficial edge of cerebrum, some tiny nerve fibers that
were perpendicular to superficial edge of cerebrum and
the cell bodies were stained the deepest among each
group; the nerve fibers of group IV (Fig. 4d) were deeply
stained but lighter than those of group TIT they were
irregularly arranged, some of them were parallel to
superficial edge of cerebrum that were long and thin and
numbers of them were perpendicular to superficial edge of
cerebrum that were short and thick these two kinds of
nerve fibers interweaved a net. In addition, the reticular
formation were more and more apparent from the edge of
cerebrum to the inside, the cell bodies were deeply stained
but lighter than those of group III; the nerve fibers of
group V (Fig. 4e) and group VI (Fig. 4f) were stained
lightly, short and tiny and they were arranged irregularly,
the cell bodies were stained deeply with uneven size.

DISCUSSION

Boron is a necessary element for brain development: The
development of cerebrum was not only the weight gain of
bramn tissue but also morphological changes of cerebrum
such as the proliferation and differentiation of the
neurons (Qiu et al., 2007) the formation and growth of the
nerve fibers (Borrell and Reillo, 2012) the formation and
increase of synapses (Chen and Liu, 2011) and so on. The
development was suffered by the effects of hereditary,
environment and thewr interactions these factors may
affect to the histological structure and function or even
cause long time or permanent brain injury (Gao et al,
2000; Money and Stanwood, 2013). In fact, research has
shown that lack of boron would give rise to the changes
of the frequency of brain waves of sexual mature rats; the
mcrease of low frequency activities and the decrease of
high frequency activities proved the brain activity was in
decline (Penland and Eberhardt, 1993). Likewise, lack of
boron would experience symptoms as the changes of
constitution of mineral element in brain (Nielsen, 1997) but
not that violent (Penland, 1994). Hence, it was necessary
to supply a dose of boron according to the requirement
for animals to maintain brain activities as normal.

Effect of boron in different tissue development is dose
related: Previous studies have shown that low level
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dietary or drinking boron for animals could make
contributions to growth performance (Guclu et af., 2006)
bone development (Cheng et al, 2011) and strength
(Naghii et al., 2012) blood biochemical index balance
(Hunt, 2012) immmune cells proliferation and differentiation,
immune organs development (Fry et al., 2010) and so
forth at the same time, high level had toxicity effect
obviously. Previous studies m rats have shown, a
40 mg L7 supplement of boron in drinking water
promoted the development of adrenal gland (Ti et al.,
2012) tongue mucosa and taste buds, gastric mucosa and
glands (Li et al., 2008c) the genesis and proliferation of
blood cells (Li et al., 2009¢) however, a 80-640 mg L™
hinder those organs and cells development or even had
toxicity effect; as to the histological development of
thymus (Li et al., 2009e) and pancreas (Li et al.,2011)
40-80 mg L~ supplement of beron in drinking water
promoted well, 160-640 mg 1.~" were harmful. Previous
studies in Gushi chick have shown, a 100 mg L~
supplement of boron in drinking water had effect to the
proliferation and differentiation of blood cells (1.1 et al.,
2008b) T and B lymph cells and had benefits to the
histological development of myocardium (L1 ef af., 2009d)
hepar and pancreas (Cai et al., 2010), kidney (Li et al.,
2009b), spleen (Li et al., 2008a), thymus (Gu et al., 2007)
and bursa of Fabricius (L1 ef al., 2009a), it stunted the
development slightly in early phase then promoted
obviously but 200-400 mg 1.7' had detrimental effect to
those organs and cell earlier. And studies mn broilers
(Kurtuglu et al., 2005; Rossi et al., 1993) and laying hens
(Olgun et al., 2013) have shown, 5 mg B/kg diet made
contribution to bone development (Kurtoglu et af., 2005)
growth performance (Rossi et al., 1993) and eggs quality
(Olgun et al., 2013) 10-25 mg B/kg diet had adverse
impact. Previous studies in barrows (Armstrong and
Spears, 2001) have shown that 5-15 mg B/kg diet were
good for the growth performance and bone strength,
5 mg B/kg diet was better. Previous studies in ostrich
have shown that 100-200 mg 17" supplement of boron in
drinking water were beneficial to tibia development,
200 mg L~ was better but 400 mg L' was harmful
{Cheng ef ai., 2011). In the present study, 40-80 mg 1.~
supplement of boron in drinking water did something well
for cerebrum development mildly; 160 mg L™ promoted
the development of the ostrich chicks brain the best
greatly; 320-640 mg L.7' stunted the development of
ostrich chicks brain but no abnormality of the histological
structure has been seen so, that the inhibition of
320-640 mg L.™" were explicit but there was no toxicity.

Requirements of boron are diverse in different organ of
different species: The difference of promotion, inhibition
or toxicity of boron to organs of species were different.
Thus, the requirement and the tolerance dose were
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different among organs of species. By summarizing prior
research, it showed that larger animals such as swine and
ostriches or higher boron content organs for instance
bone, brain, kidney, spleen, liver and heart (Devirian and
Volpe, 2003) the requirement and the tolerance dose were
higher meanwhile smaller animals like rats and chicks or
lower boron content organs for example digestive glands
and adrenal gland, the requirement and the tolerance dose
were lower. Studies have pointed out that >82% of the
absorbed boric acid or borate excreted as original form
with urine (Devirian and Volpe, 2003). At the same low
dose of drinking or dietary boron, larger animals had to
drink or ingest multiples of the size of smaller animals to
satisfy the quantity of the development of their organs in
effect, the larger animal needed to drink or ingest much
more than earlier mentioned because the large amount of
excretion. Therefore, only a higher dose of drinking or
dietary boron would satisfy their organ development for
they could not drink or ingest that much in low dose. As
African ostrich is the largest avian and whose brain is one
of the high boron content organs, 40-160 mg 1.7
supplement of boric acid in drinking water were good
to ostrich chick’s brain development and the optimal
dosage (160 mg 1L7") was higher than rats or chicks;
320-640 mg 17" stunted the development but no toxicity
effects it means ostrich had more tolerance than smaller
animals. Furthermore, the structure and function of
cerebrum and bone tissue were different, the optimal
dosage for cerebrum tissue (160 mg I.7') and bone tissue
(200 mg 1.7") were close (Cheng et al., 2011) however,
toxic dose to cerebrum tissue were <640 mg ™' and that
to bone tissue was 400 mg 1.7' (Cheng et @i., 2011). The
dose of toxicity differed more depended on the difference
of organ.

CONCLUSION

The ostrich chicks under 45 days old experience their
critical period of development of brood stage. The results
of this research indicated that supplemental boron in
drinking water had positive effect on cerebrum
development of ostrich chicks but high level might stunt
their growth and development. Researchers found that the
dosage of boron was influenced by different size of
individual and different boron content of various organ.
According to the data of this research, a 160 mg L™
supplement of boron in drinking water was the optimal
dosage for cerebrum development of 0-45 days old ostrich
chicks.

ACKNOWLEDGEMENTS
Researchers would like to thank Mr. Chen Li and

Ph.D Zia ur Rehman from College of Animal Science and
Technology in Huazhong Agriculture University for their

501

valuable comments on the manuscript. This research was
supported by the National Natural Science Foundation of
China No.31272517.

REFERENCES

Armstrong, T.A. and TW. Spears, 2001. Effect of
dietary boron on growth performance, calcium and
phosphorus  metabolism and bone mechanical
properties in growing barrows. J. Anim. Sci.,
79: 3120-3127.

BirdLife International, 2013. Struthio camelus. TUCN Red
List of Threatened Species. http://Awww. iucnredlist.
org/details/22678068/0.

Borrell, V. and 1. Reillo, 2012. Emerging roles of neural
stem cells in cerebral cortex development and
evelution. Dev. Neurobiol,, 72: 955-971.

Bozkurt, M., K. Kucukyilmaz, A.U. Catli, M. Cinar,
M. Cabuk and E. Bintas, 2012, Effects of boron
supplementation to diets deficient m calcium and
phosphorus on performance with some serum, bone
and fecal characteristics of broiler chickens.
Asian-Aust. J. Anim. Se1., 25: 248-255.

Cai, ZH., S H. Ly Z.J. Chuand Y.F. Gu, 2010. Effect of
drinking boron on the growth performance and the
structure of liver and pancreas m Gushi chickens.
I. Yangzhou Univ., 31: 25-30.

Chen, J. and 7. Liu, 2011. The advances of studies on
neurodevelopment and neural repair of cerebrum with
acupuncture therapy. J. Pediatrics TCM, 7: 56-59.

Cheng, J., K. Peng, E. Tin, Y. Zhang and Y. Liu et al., 2011.
Effect of additional boron on tibias of African ostrich
chicks. Biol. Trace Elem. Res., 144: 538-549.

Cortes, 5., E. Reynaga-Delgado, AM. Sancha and
C. Ferreccio, 2011. Boron exposure assessment
using drinking water and urine in the North of Chile.
Sei. Total Environ., 411-411: 96-101.

Devirian, T.A. and S.L. Volpe, 2003. The physiological
effects of dietary boron. Crit. Rev. Food Sci.
Nutr., 43: 219-231.

Fry, RS, KE Lloyd SK. Jacobi, P.D. Siciliano,
W.P. Robarge andJ.W. Spears, 2010. Effect of dietary
boron on mmmune function mn growing beef steers.
I. Anim. Physiol. Amim. Nutr. (Berl.), 94: 273-279.

Gao, Q., 8. Zhang, T. Liu, Q. Jia, K. Guo and X. Guo, 2000.
The effects of high iodine on the ultrastructure
of hippocampus of mice. Chin. J. Ctrl. Endem.
Dis., 15: 270-272.

Goldsmith, EI., 1978. The convention on mternational
trade m endangered species of wild fauna and flora.
J. Med. Primatol., 7: 122-124.

Gu, Y., S. Li, J. Wang, C. Shang and H. Chen, 2007. Effects
of boron poisoning on thymus development in Gushi
chickens. Indian Vet. J., 84: 584-586.



J. Anim. Vet. Adv., 13 (8): 496-502, 2014

Guely, BK.1, F. Uyanik, M. Eren and N. Karabulut, 2006.
The effects of dietary boron supplementation on
performance, carcass composition and serum lipids in
Tapanese quails. . Anim. Vet. Adv., 5: 1105-1108.

Hunt, C.D., 2012. Dietary boron: progress in establishing
essential roles in human physiology. I. Trace Elem.
Med. Biol., 26: 157-160.

Kucukkurt, 1., E., Akbel, F. Karabag and S. Ince, 2013.
The effects of dietary boron compounds in
supplemented diet on hormonal activity and some
biochemical parameters in rats. Toxicol. Ind. Health,
10.1177/074823371 2469648,

Kurtoglu, F., V. Kurtogly, I. Celik, T. Kececi and
M. Nizamlioglu, 2005. Effects of dietary boron
supplementation on some biochemical parameters,
peripheral blood lymphocytes, splenic plasma cells
and bone characteristics of broiler chicks given
diets with adequate or inadequate cholecalciferol
(vitamin D,) content. Br. Poult. Sci., 46: 87-96.

L1y, S, G. Fan, K. Peng, I. Wang, G. Jin, H. Chenand Y. Gu,
2008a. Effects of different doses of boron on
development of spleen in Gushi chicken. Chin. Vet.
Sci., 38: 63-67.

Li, SH,Y.F. Gu, Y.Y. Li, G. Fan and K. Peng et ai., 2008b.
Effect of boron exposure through drinking water on
blood cells in Gu-shi chickens. J. Environ. Health,
25: 955-959,

Li, S.,, K. Peng, Y. Ma, G. Tin, J. Wang and Y. Gu, 2008c.
Effect of drinking boron on structure of lhingual
mucous membrane and gastric mucosa in rats. Chin.
I. Vet. Sci., 28: 1329-1334.

Ly, 8, G Iin, J. Wang, 1. Han, H. Chen and Y. Gu, 2009a.
Effect of drinking boron on the growth performance
and renal organization structure of gushi chickens.
Anim. Husbandry Feed Sci., 30: 1-3.

L1, SH, HG. Zhu J. Wang, G.M. Jin, Y.F. Guand D.Y. Liu,

2009b. Effect of environmental estrogen boron on

microstructure of thymus mn rats. J. Anhun Sci. Tech.

Univ., 23: 1-5.

SH, KM. Peng, X. Li, Y.F. Gu, I. Wang and

G.M. JIin, 2009¢. Effect of different doses of boren

supplemented in drinking water on blood cells in rats.

Acta Nutrimenta Sinica, 31: 42-46.

L1, S, G Fan, Y. Gu, J. Wang and K. Peng ef al., 2009d.
Effect of drinking boron supplemented on the
development of center immune organs in Gushi
chickens. J. Northwest A and F Univ., 37 52-58.

Li, 8., % Yuan, Y. Gu, J. Wang, G. Tin, D. Liuand H. Chen,
2009e. Effect of drinking boron on development of
myocardium m Gushi chickens. Jiangsu I. Agric. Sci.,
25: 440-442,

Li, S, I. Wang, I. Zhow, G. Jin, Y. Guand W. Xu, 2012.
Effect of drinking boron on microtructure of adrenal
gland in rats. Wei Sheng Yan Tiu, 41: 799-804.

3

502

Li, SH., L. Ruan, Y.F. Gu, GM. Jin, I. Wang and
13X Zhou, 2011. Effect of different levels boron
supplemented in drinking on microstructure of
pancreas in rats. J. Anhui Sci. Tech. Univ., 25: 6-10.

Money, K.M. and G.D. Stanwood, 2013. Developmental
origins of brain disorders: Roles for dopamine. Front.
Cell. Neurosci., Vol. 7.

Naghn, MR, P. Darvishi, Y. Ebralumpour, G. Ghamzadeh,
M. Mofid, M. Hedayati and A R. Asgari, 2012. Effect
of combination therapy of fatty acids, calcium,
vitammn D and boron with regular physical
activity on cardiovascular risk factors in rat. I. Oleo
Sei., 61: 103-111.

Nielsen, F.H., 1997. Boron in human and animal nutrition.
Plant Soil., 193: 199-208.

Nielsen, F.H., 2008. Ts boron nutritionally relevant. Nutr.
Rev., 66: 183-191.

Nielsen, F.H., 2009. Boron deprivation decreases liver
S-adenosylmethionine and spermidine and increases
plasma homocysteine and cystene in rats. J. Trace
Elements Med. Biol., 23: 204-213.

Olgun, O., O. Yazgan and Y. Cufadar, 2013. Effect of
supplementation of different boron and copper levels
to layer diets on performance, egg volk and plasma
cholesterol. J. Trace Elem. Med. Biol.,, 27: 132-136.

Penland, T.G. and M.T. Eberhardt, 1993. Effects of dietary
boron and magnesium on brain function of mature
male and female Long-Evans rats. J. Trace Elem. Med.
Biol,, 6: 53-64.

Penland, 1.G., 1994. Dietary boron, brain function and
cognitive performance. Environ Health, 102: 65-72.

Pizent, A., B. Tariba and T. Zivkoviv, 2012. Repreductive
toxicity of metals in men. Arh. Hig. Rada. Toksikol.,
63: 35-46.

Qu, L., CL. Zhu, X.Y. Wang and F.L.. Xu, 2007. Changes
of cell prohferation and differentiation in the
developing brain of mouse. Neurosct. Bull,, 23: 46-52.

Ross, A.C., I.E Manson, S.A. Abrams, J.F. Alcia and
P.M. Bramon ef al., 2011. The 2011 dietary reference
intakes for calcium and vitamin D What dietetics
practitioners need to know. I. Am. Dietetic Assoc.,
111: 524-527.

Rossi, AF., RD. Miles, B.L.. Damron and L.K. Flunker,
1993. Effects of dietary boron supplementation on
broilers. Poult. Sci., 72: 2124-2130.

Rowe, R.I. and C.D. Eckhert, 1999. Boroen 1s required for
zebrafishembryogenesis. I. Exp. Biol., 202: 1649-1654.
Armstrong, T.A. and J.W. Spears, 2001. Effect of
dietary boron on growth performance, calcium and
phosphorus
properties m growing barrows. J. Amm. Sci.,
79: 3120-3127.

metabolism and bone mechanical



	496-502_Page_1
	496-502_Page_2
	496-502_Page_3
	496-502_Page_4
	496-502_Page_5
	496-502_Page_6
	496-502_Page_7

