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The Association of Blood Boron Levels
with Blood Cell Counts, Mineral Levels
and Postnatal Nutritional Status in
Premature Newborn Infants

Prematiire Yenidoganlarda Kan Bor
Diizeylerinin Kan Sayimi, Mineral Diizeyi ve
Postnatal Beslenme Durumu ile Iliskisi

ABSTRACT Objective: To investigate the relationship between whole blood boron levels of premature
newborns and complete blood count, plasma calcium and phosphorus levels, postnatal nutritional status.
Material and Methods: This study included premature neonates who were born earlier than 35 weeks and
treated in the neonatal intensive care unit. We evaluated the relationship between blood boron levels and
gestational week, birth weight, sex, complete blood count, plasma calcium and phosphorus levels, nutri-
tional status, and growth. Postnatal malnutrition at the sampling day was also recorded. Patients were di-
vided into three groups according to feeding type as breast fed, mixed fed, or parenterally fed group 1, 2,
and 3, respectively. Blood was drawn from 50 premature newborns between postnatal day 21 and 23 to
evaluate the relation with feeding type and blood boron levels. Blood samples were frozen at 40°C. Total
parenteral nutrition (TPN) samples were collected at analysis day. All samples were analyzed for boron
by colorimetric spectrophotometry. Results: The mean boron levels of all patients were 1.75 + 1.11 mg/L,
the median level was 1.62 mg/L, and ranged between 0.25 to 5.74 mg/L. There was no correlation with
blood boron levels and gestational week, birth weight, complete blood count, or plasma calcium and phos-
phorus levels. Blood boron levels were higher in TPN group than others without significant difference.
TPN solutions were contaminated with boron. Blood boron levels were significantly lower in the postnatal
malnutrition group (p= 0.036). Conclusion: Blood boron levels of premature newborns were similar to
adults. All components of TPN were contaminated with boron. Blood boron levels were lower in malnu-
trition group. Low boron levels in malnourished patients may result from insufficient intestinal absorp-
tion or excess use of boron because of high catabolism.
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OZET Amag: Prematiire yenidoganlarin kan bor diizeylerinin tam kan sayim, serum kalsiyum ve fosfor
diizeylerine etkisini, beslenme sekli ve biiytime ile iligkisini incelemektir. Gereg ve Yontemler: Caligmaya
35 haftanin altinda dogan ve yenidogan yogun bakim iinitesinde yatan prematiire yenidoganlar alindi.
Gebelik yas1, dogum agirhiklar, cinsiyetleri, tam kan sayimi, serum kalsiyum ve fosfor diizeyleri, postnatal
malniitrisyon, beslenme ve biiyiime bilgileri kaydedildi. Hastalar beslenme sekline gére sadece anne siitii,
anne siitii + mama ve sadece total parenteral nutrisyon (TPN) olmak {izere 3 gruba ayrldi. Elli hastadan
postnatal 21-23. giinler arasinda beslenme sekli ile kan bor diizeyleri arasindaki iliskiyi degerlendirmek
i¢in venoz kan 6rnekleri alindi. Kan bor diizeyi 6l¢timii i¢in 6rnekler 40°C saklandi. TPN sivilarinin bor
miktarlarin 6l¢mek icin alinan 6rnekler ¢aligma giinii laboratuvara iletildi. Bor diizeyleri kolorimetrik
spektrofotometri ile 6l¢iildii. Bulgular: Prematiire yenidoganlarda kan bor diizeyinin 0.25 ile 5.74 mg/L
arasinda degistigi, ortanca 1.62 mg/L, ortalama 1.75 + 1.11 mg/L oldugu bulundu. Kan bor diizeyi ile gebelik
yas1, dogum agirligi, tam kan sayimi, serum kalsiyum ve fosforu arasinda iligki saptanmadi. TPN alanlarin
kan bor diizeyi yiiksek bulundu ancak fark anlamli bulunmadi. TPN sivilarinin bor ile kontamine oldugu
goriildii. Postnatal malniitrisyon gériilen bebeklerin kan bor diizeyi yeterli kilo alim1 olan bebeklere gére
istatistiksel olarak diisiik bulundu (p= 0.036). Sonug: Prematiire yenidoganlarin kan bor diizeyinin
erigkinlerin kan bor diizeyine benzer oldugu, TPN sivilarinin bor ile kontamine oldugu gésterildi. Postnatal
malniitrisyonu olan hastalarin kan bor diizeyi anlamh olarak diisiik saptandi. Neden olarak yetersiz
gastrointestinal emilim veya artmis katabolizma nedeniyle fazla bor kullanimi olabilecegi diisiiniildii.

Anahtar Kelimeler: Yenidogan; prematiirite; parenteral niitrisyon; malniitrisyon; bor
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oron (B) is an essential bioactive element for
B all vascular plants and animals but it is con-

troversial in humans.! In 1981, Nielsen sug-
gested that B might be an essential nutrient for
chicks, and that B deficiency causes depressed
growth.? B plays a role in the reproduction of flies,
fish, frogs, and mice. Boron is essential for repro-
duction, embryogenesis, organogenesis, and deve-
lopment in animals®* Armstrong et al have
suggested that B deficiency affects the immune re-
sponse and growth in gilts.”> B also plays a regula-
tory role in the metabolism of several micronut-
rients, such as calcium, phosphorus, and magnesi-
um.®

B level in humans’ affects blood cell counts and
hemoglobin concentrations.” Experiments measu-
ring brain and psychological function indicated that
inadequate dietary B led to lower performance in
cognitive and motor tests.®? The effects of B defici-
ency or toxicity on newborn and premature infants
are unknown. We know that B affects growth, he-
matological parameters, and bone metabolism; the-
refore boron may affect premature infants. The
present study was designed to investigate the asso-
ciation of blood boron levels (BBL) of premature
newborns with complete blood count (CBC), plasma
calcium (Ca) and phosphorus (P) levels, and postna-
tal nutritional status. We also investigated the amo-
unt of boron in TPN solutions to evaluate the
contamination.

I MATERIAL AND METHODS

This study included premature neonates who we-
re born earlier than 35 weeks and treated in the NI-
CU of Baskent University Hospital between
January and August 2005. Patients with major con-
genital anomaly, congenital heart disease, intrac-
ranial hemorrhage, and babies of diabetic or
hypertensive mothers were excluded. Informed
consent form was signed by parents and ethics
committee approval was taken from Medical Scho-
ol of Bagkent University. Gestational age, birth we-
ight, sex, feeding and total parenteral nutrition
properties, the amounts of red blood cell transfusi-
ons, weight on sampling day, CBC parameters,
plasma Ca and P levels were noted.
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Blood was drawn from 50 premature new-
borns between postnatal day 21 and 23 to check
plasma electrolyte levels and CBC parameters, and
2 cc blood was also drawn into a polypropylene sy-
ringe analyze for B at same time. Postnatal 21-23
days were chosen as sampling day to evaluate the
effect of feeding strategies for blood boron levels.
Blood samples were frozen at -40°C until analyzed
for B. Eleven components used in the formulation
of TPN solutions were selected for testing B con-
centration at analysis day. The colorimetric spec-
trophotometry method was chosen for determining
blood boron levels; becauese of reaching easily and
its cost effectivity. All blood and TPN samples we-
re put into porcelain glasses and were ashed in a
muffle furnace at 500°C, and ashed samples were
dissolved in dilute acid (HNO3) before dying with
azomethin-H at pH 5.1. Boric acid/azomethin-H
colored complexes were analyzed for B at 420 nm
wavelength absorbance by a colorimetric spectrop-
hotometry. Because dying and temperature can af-
fect the decomposition of B, all samples were
analyzed twice.

Patients were divided into three groups accor-
ding to feeding type during the last week before
sampling. Infants that were breast fed, mixed fed,
or parenterally fed were evaluated as group 1, 2,
and 3, respectively. Patients at sampling day smal-
ler than the 10 percentile for gestational age we-
re evaluated as the postnatal malnutrition group.’
The correlation between BBL and gestational week,
birth weight, sex, CBC, amounts of erythrocyte
transfusion, Ca and P levels, nutritional status we-
re evaluated with Pearson correlation analyse test.
The difference of BBL of groups were analyzed
with Independent-samples T-test or One-way
ANOVA tests.

I RESULTS

Among fifty cases, BBL of 46 infants (28 girls and
18 boys) was measurable. Demographical properti-
es of patients are listed in Table 1. The mean boron
levels of all patients was 1.75 + 1.11 mg/L, the me-
dian level was 1.62 mg/L, and ranged between 0.25
to 5.74 mg/L. Blood boron level in boys were hig-

Turkiye Klinikleri ] Pediatr 2009;18(4)



THE ASSOCIATION OF BLOOD BORON LEVELS WITH BLOOD CELL COUNTS, MINERAL LEVELS AND...

TABLE 1: Demographical properties of patients.

Boys/Girls (n) 18/28

Gestational weeks {(wk) 29.8+2.0 (26-34 wk)

Birth weigth (g) 1290 + 317 (680-1950)
Sampling day weigth (g) 1515 + 351 (780-2350)
Hemoglobin (g/dL) 10.1+£1.7 (7.03-13.5)
Hematocrit (%) 285+ 4.9 (18.8-37.8)
WBC count (K/mL) 12.7 + 3.9 (5420-22600)
Platelet count (K/mL) 376 + 181 (31-683)
Calcium (mg/dL) 9.54 £0.74 (7.2-11.6)
Phosphorus (mg/dL) 450+ 1.74 (2.2-8.1)
Blood boron levels (mg/L) 1.75 + 1.11 (0.25-5.74)

her than in girls, but not significantly (BBL of boys:
1.83 + 0.96 mg/L, girls: 1.69 + 1.19 mg/L; p> 0.05).
There was no correlation with BBL and gestational
week, birth weight, CBC and formulation; blood
hemoglobin concentration (Hb), hematocrit (Hct),
mean corpuscular volume (MCV), mean corpuscu-
lar hemoglobin (MCH), mean corpuscular hemog-
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lobin concentration (MCHC), red cell distribution
weight (RDW), red blood cell count (RBC), plate-
let count, mean platelet volume (MPV), white blo-
od cell count (WBC) and absolute neutrophil,
lymphocyte, monocyte, eosinophil, basophil cell
count, amounts of erythrocyte transfusion, plasma
calcium and phosphorus levels. There were no dif-
ferences in Hb concentration, Htc, MCV, MCH,
MCHC, RDW, MPV, RBC, platelet count, WBC
count and absolute neutrophil, lymphocyte, mono-
cyte, eosinophil, basophil cell counts, Ca and P le-
vels between feeding groups. BBL was higher in
parenterally fed infants (group 3) but not signifi-
cantly (Table 2). Blood boron levels were signifi-
cantly lower in the postnatal malnutrition group
than no malnutriton group (n= 14; 1.23 + 0.65
mg/L, n=232; 1.98 + 1.20 mg/L respectively, p= 0.036
(Figure 1). All components of TPN were contami-
nated with B (Table 3). The boron content of par-
enteral nutrition solutions was sufficient to meet
the daily demands.

TABLE 2: Results of feeding groups.
Feeding groups Breast fed mixed TPN mean
Number {n) 22 16 45
Boron (mg/L) 1.69 +0.86 1.52 +£0.92 2.03+1.48 1.75£1.11
(0.58-3.64) (0.36-3.64) (0.25-5.74) (0.25-5.74)
Hb (g/dL) 10414 10.1+£1.6 10.4+£21 101+£1.7
(8.93-12.1) (7.03-12.5) (7.90-13.5) (7.03-13.5)
Htc (%) 29.5+4.1 282+49 295+6.0 285+4.9
(25.1-38.3) (18.8-38.8) (22.5-37.4) (18.8-37.8)
MCV {iL) 93856 92.3+68 927+ 4.9 9R25+64
(88.7-101) (78.3-104) (84.5-97.6) (78.3-104)
MCH (pg) 333+29 33.1+26 328+20 33125
(30.1-37) (27.9-37.6) (29.7-34.6) (27.9-37.6)
MCHC (%) 35512 359+1.0 35404 35.8+1.0
(33.9-36.8) (34.0-38.3) (34.8-36.0) (33.9-38.3)
RDW (%) 175+1.3 17112 17.6+0.8 17212
(15.9-19.0) (15.0-20.2) (16.3-18.4) (15.0-20.2)
RBC (M/mL}) 3.14 +£0.45 3.10+0.60 3.17+£0.58 311058
(2.63-3.69) (2.18-4.10) (2.41-3.83) (2.18-4.10)
WBC (K/mL) 123+2.8 129+43 124+£1.3 12.7+£3.9
(9.68-16.10) (5.42-22.6) (10.9-13.7) (5420-22600)
PLT (K/mL) 376 + 139 368 +193 430 + 139 376 + 181
(197-515) (31.3-683) (252-581) (31-683)
Calcium(mg/dL) 9.24 +0.54 9.45+0.37 9.63+0.77 9.54 £0.74
(71£11.2) (7.3+11.2) (7.8+11.5) (7.2-11.6)
Phosphorus (mg/dL) 4.66+1.86 427 +1.67 4.42 +1.52 450+1.74
(2.6-8.1) (2.27.9) (2.4-8.0) (2.2-8.1)
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FIGURE 1: Blood boron levels and postnatal malnutrition.
BBL of the malnutrition group was significantly lower than no malnutrition
group (p=0.036).

TABLE 3: Boron contamination of TPN solutions.
Solution type Boron amount (mg/L)
Trophamin® (6% amino acid solution) 2.274
ClinOleic® (20% lipit solution) 2.724
Dextrose (10%) 1.262
NaCl (3%) 0.812
KCl 2.387
K-phosphate 3.174
Ca-gluconate 5.760
MgSO4 3.061
NaHCO3 2.720
Tracutil® (trace elements solution) 3.170
Soluvit® (water soluable vitamins solution) 2.836

All components of total parenteral nutrition were contaminated with B.

I DISCUSSION

Boron levels can depend on measurement techni-
que. BBL were measured in adults as 1.71 = 1.1
mg/L by colorimetric spectrophotometry.!® The
plasma B concentration in neonates ranged from
0.21 to 0.62 mg/L determined by atomic absorpti-
on spectrophotometry.!! There is no literature da-
ta about BBL in premature infants. This study
showed that the BBL of premature infants ranged
from 0.25 to 5.74 mg/L, the median value was 1.62
mg/L, and the mean value was 1.75 + 1.1 mg/L by
colorimetric spectrophotometry, which was similar
to adult levels determined by the same method.
The mean BBL of boys was higher than girls, but
not significantly, as in the literature.!?

In rats, B supplementation reduces the white
blood cell count and increases circulating concen-
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trations of natural T cells.!® Boron supplementation
increases blood hemoglobin concentration, MCHC,
and MCH, and decreases hematocrit, RBC count
and platelet count in humans. Dietary B did not af-
fect MCV, MPV, and WBC counts. These findings
suggested that B affects membrane function and
thus indirectly affects erythropoiesis or hematopo-
iesis.” Nielsen and Penland reported that periphe-
ral B supplementation increases WBC count and
the percentage of neutrophils, and decreases lym-
phocyte count in peripheral formulation.!* In our
study B levels did not correlate with CBC, absolu-
te cell counts in peripheral formulation, or the
amount of erythrocyte transfusions. All studies on
the relationship between B and hematological pa-
rameters have investigated the effects of B supple-
mentation, but no data exists about the effects of
BBL on hematological parameters.

Boron also seems to affect the metabolism of
Ca and P in animals and humans. Dietary B supp-
lementation increased apparent absorption and the
balance of Ca and P in vitamin D-deficient rats, in-
creased plasma Ca in cholecalciferol-deficient
chicks, increased plasma Ca, P, alkaline phospha-
tase in broiler chickens, decreased urinary Ca and
P excretion in women consuming a low-magnesi-
um diet, increased ionized Ca and vitamin D and
decreased serum calcitonin and osteocalcin in ol-
der humans.®'>'® These studies suggested that if the
diet is also low in other minerals or vitamin D, the
level of B in diet affects mineral balance. B may af-
fect premature infants because of their susceptibi-
lity to osteopenia and incomplete bone
mineralization. There was no data evaluating BBL
and mineral balance. No correlation was detected
with plasma Ca, P, levels and BBL. Ca and vitamin
D supplementation of all premature infants inclu-
ded in this study may explain this lack of correla-

tion.

Various trace elements, including iron, zinc,
copper, selenium, manganese and iodine are com-
monly added to formulas and TPN solutions. Ultra-
trace elements (boron, aluminum, molybdenum,
nickel and vanadium) are not added. Nearly all of
the components used for TPN solutions are conta-
minated with ultra trace elements.'*? Potential so-
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urces of trace element contamination include pac-
kaging, manufacturing methods, and inherent im-
purities in the chemical constituents used to
produce the component solutions. Berner et al re-
ported that solutions of Ca-gluconate, potassium
phosphate, and Mg sulfate consistently contained
the highest boron concentrations, but since inad-
vertent intake of B from TPN solutions is <10% of
the amount absorbed daily by normal subjects, B
deficiency does exist in long-term TPN patients."
Contrary to this report, Pluhator-Murton et al re-
ported that boron contaminates all of TPN soluti-
ons, especially amino acids, potassium chloride,
Ca-gluconate, and sodium chloride solutions were
substantial.?® In our study, eleven components used
in the formulation of TPN solutions were selected
for testing B concentration. Samples were analyzed
for B using colorimetric spectrophotometry. Boron
was present in every component analyzed. Ca-glu-
conate, potassium phosphate, Mg sulfate, and trace
element (Tracutil®) solutions contained the grea-
test amount. However, the total amount of these
solutions were lower than the total amount in TPN,
indicating that the main sources of boron in TPN
were dextrose and amino acid solutions. Boron
contamination in TPN ranged from 0.21 mg/day to
0.56 mg/day, which approximates the recommen-
ded daily boron intake for 6- to 11-month-old in-
fants. Mean blood boron levels were slightly, but
not significantly, higher in the TPN group than the
breast-fed or mixed fed groups. This excessive B
may be due to the administration of boron intrave-
nously. Trace element loading and toxicity (especi-
ally aluminum) have been reported in infants and
adults who have received trace element-contami-
nated TPN solutions.? Fortunately, there are no ca-
ses of boron toxicity via TPN solutions in the
literature. Although safe in adults, excessive B
and/or other trace elements in TPN solutions may
be toxic in premature infants because of kidney im-
maturity.

Recent studies showed that B supplementation
to a low-B diet increased performance of chicks fed
both of adequate and inadequate vitamin D-conta-
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ining diets, measures of bone in barrows, and impa-
ired the survivability of zebra fish embryos and
growth of trout embryos.!8?22® There are no studi-
es on the effects of B deficiency and/or B supple-
mentation in human fetal or infant growth. Here
we showed low boron levels in 14 premature new-
borns with postnatal malnutrition. Low boron lev-
els in malnourished patients may result from
insufficient intestinal absorption or excess use of
boron because of high catabolism. Nine of these 14
premature infants were also small for their gestati-
onal age, putatively due to maternal boron defici-
ency or intrauterine malnutrition, which could
lead to low BBL in these infants. A cohort study
should evaluate the effects of both dietary B and
cord blood boron levels on growth in infants of
pregnant women.

The study method was the most important li-
mitation of this study because blood boron levels
were measured cross sectionally. A cohort study
may ensure more valuable information about bo-
ron and growth. Also, the measurement of human
milk boron levels of breast-fed premature infants
could provide more quantitative values.

I CONCLUSION

Blood boron levels of premature newborn infants
were similar to adults. There was no correlation
with blood boron level and gestational age, birth
weight, complete blood count and formulation,
and plasma calcium and phosphorus levels. Blood
boron levels in parenterally fed infants were
slightly higher than breast-fed or mixed-fed in-
fants, probably due to TPN contamination with
boron. BBL were lower in the malnutrition gro-
up. Evaluation of boron levels of cord blood and
BBL in pregnant women with a cohort study will
ensure more valuable information about boron
and growth.
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