
_q [ Provided for non-commercial research and edaacatio~~ uss. I 

7-- 

! Journal of 

This article appeared in a Journai published by Elsevier* The attached 
copy is furnished to the author for internal non-commercial research 
airpd education use, including for instruction at the authors institution 

and sharing with colleagues. 

Other uses, including reproduction and distribution, or seiling or 
licensing copies, or posting to persona!, institutional or third party 

websites are prohibited. 

In most cases authors are permitted ts post their verslon af the 
articBe (e.g. in Word or Tex form) to their persona! website or 
Instiftutiona8 repository* Auth~rs requiring further information 

regarding Elsevier's archiving and manuscript policies are 
encouraged t~ visit: 



Journal of Trace Elements in Medicine and Biology 25s (201 1 ) S74-S77 

FOURTH INTERNATIONAL FESTEM SYMPOSIUM 

Indispensable and replaceable amino acids in .the blood serum and their 
relationship with macro- and microelemeilts in the newborns of Fe-deficient 
anemic mothers (in conditions of an industrial city) 

L i u d i n i l a  K o v a l ~ h u l < ~ . ~ 7 * ,  Alla ~ a r l < h a n o v a ~ , ~ ,  Andrey Tarkhanovavb 
a The Middle Urals Scientific Center of the Russian Academy of Medlcal Sciences, Laboratory of Adaptational Problems, Yekaterinburg, Russia 
The Obstefrics and G Y ~ ~ C O ~ O ~ Y  Department of the Pediatric Faculty of the Ural State Medical Academy. Municipal Hospital N2 1 Yekaterinburg. Russia 
The Ural Branch of the Russian Academy of Sciences. Institute of Ecology, 8 Marta 202, Yekoterinburg, 620144, Russia 

A R T I C L E  I N F O  A B S T R A C T  

Article history: 
Received 20 September 2010 
Accepted 26 October 2010 

Keywords: 
Iron-deficiency anemia 
Newborn 
Indispensable and replaceable amino acids 
Macro- and microelements 

Anemia of the newborn is undoubtedly an actual problem in pediatrics. The imbalance between 
amino acids and biologically active macro- and microelements participating in hematopoiesis and Fe 
metabolism play an important role in its pathogenesis. Therefore knowledge of amino acid metabolism 
in the newborn helps to gain insight into pathogenetic mechanisms and to choose the right therapy. 
A complex inspection of 169 newborns of 18-34-year-old women was done. The control group con- 
sisted of 42 newborns of women with normal pregnancy and parturition. The case group consisted of 
127 newborns of women with Fe-deficit anemia. Unquestionably one of the factors of Fe-deficit anemia 
of women aggravates the gestation period, delivery and after-birth period, and has an injurious effect 
on the newborn. Changes in the trace element and free amino acid metabolism were interconnected in 
the "mother-newborn" system as evidenced from correlations between the levels of some amino acids, 
trace element metabolism and erythropoiesis. The pathogenetic importance of the disturbance of the 
trace element and amino acid metabolism dictates the choice of the correct therapy of Fe-deficit anemia 
of pregnant women. The experience and results of our investigations support the necessity of preventive 
estimation of the content of macro- and microelements and amino acids in the blood serum of newborn 
to correct metabolic disturbances. 

0 2010 Published by Elsevier GmbH. 

Introduction 

The World Health Organisation reports that in all countries 
despite their economic development the number of pregnant 
women with iron-deficiency anemia has increased from 21% to  80% 
(hemoglobin level) and from 50% to 90%, respectively (serum Fe) 
[1.2]. The Ministry of Health of the  Russian Federation reports that  
during the  last ten years such cases have increased by 6.3 times 
[3.4]. In the Sverdlovsk region every second woman suffers from 
Fe-deficiency, during pregnancy; in Yekaterinburg - every third [5]. 

The unfavourable effect of a pregnancy with of Fe-deficit on the  
newborn's health is known [6.7]. According to official statistics, a 
threatening number of Fe-deficit anemic (FDA) children have been 
observed in Russia during the last 1 0  years. Among children under 
1 year the cases have increased to 58.3% and account for 11 2.6%.. In 

high prenatal and infant morbidity and newborn mortality of ane- 
mic women suggests that  the  solution of this problem goes hand in 
hand with an  actual medico-social trend towards prophylaxis and 
treatment of women to  decrease infant morbidity and mortality 
[ I  1-1 51. 

Anemia of the newborn is undoubtedly an  actual problem in 
pediatrics [7,9.13.16]. An important role in its pathogenesis is 
played by the  imbalance between amino acids and biologically 
active macro- and microelements participating in hemopoiesis and 
Fe metabolism; therefore knowledge of amino acid metabolism in 
the newborn helps to  gain insight into pathogenetic mechanisms 
and to  choose the right therapy [17-211. 

Cases and methods 

some regions the  number of FDA-children reaches 82% [8-101. The 
The research was  done in the Maternity Hospital Ng 1 in 

Yekaterinburg. 169 newborns (mothers were  pregnant a t  the age 
of 18-34) were  inspected. The control group was  42 newborns 
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and newborns as anemic was a hemoglobin level of llOg/L or 
lower. Fe-deficit anemia of the average degree was found in 127 
women (70 > Hb < 90 g/L). In the newborns an average magnitude 
of 6.0 f 0.44 on Apgar scale was found. 

Blood indices and ferrokinetics were investigated in all women 
in the third trimester of pregnancy and their neonate. The blood 
composition was estimated on the automatic blood analyzer "Micro 
SX." For the spectrophotometric estimation of Fe and Fe-bonding 
ability of the blood TlBS sets were used ("HUMAN, Poland). Fe- 
deposition ability was estimated from the concentration of the 
serum ferritine using the set produced by "Hoechst", Germany. 

We estimated the contents of macro- and microelements and 
amino acids in the blood serum of somatically healthy and anemic 
pregnant women and their newborns. 

The content of the trace minerals Cu. Zn. Fe, Mg. Ca, Pb. Cd, Co, 
and Sr in the blood serum was analyzed in triplicate by atomic 
absorption spectrophotometry (PerkinElmer Analyst 1000, USA) 
and by atomic absorption (spectrophotometer by "AAS", Germany). 
Separate and disposable sterilized plastic syringes were used for 
blood collection. The blood sample was left standing for I h to 
coagulate, and serum was separated at 2000 rpm centrifugation for 
10 min, transferred to a 5 mL polystyrene tube and stored at -18 "C 
to 20°C until the analysis was done. 

The amino acid pool of the blood serum was estimated by ion- 
exchange chromatography on the Automatic Amino Acid Analyzer 
("AAA-339M". Czechia). The women's blood was taken from the 
vein during delivery, and the newborns' blood was taken from the 
umbilical cord vein. Protein precipitation of the suspension was 
done immediately using 10% sulfosalicilic acid (SSA). A standard 
solution containing all amino acids was analyzed for quality control 
after every five samples. 

Statistical analysis was carried out with the program "Statis- 
tics & Microsoft Excel." Results were expressed as mean f standard 
error (SEM). Parameters showing a Gaussian distribution were ana- 
lyzed by Student's t-test. The Mann-Whitney U-test was used for 
the parameters with non-Gaussian distribution. The correlation 
between variables was evaluated by Pearson's correlation coeffi- 
cients, or Spearman's rank correlation coefficients were used to 
relate trace elements concentration, amino acids activities and 
medical data. The distinctions between the samples were consid- 
ered to be statistically significant a t  p < 0.05. 

Results and discussion 

During the first hours after the delivery the healthy newborn of 
the control mother group exhibited 180.0-214glL of hemoglobin 
and a high syderemia level (serum ferritine: SF= 165.0 f 1.7 ng/mL, 
serum Fe: 26.8 f 0.4 mkmol/L; transferrine saturation with Fe: 
66.8%) against the background of a very low total iron binding 
capacity of the serum: 40.12 f 0.9 mkmol/L (p<  0.05). The new- 
borns' syderemia levels were significantly higher than those of the 
mothers. The data give evidence of functional possibilities of liaison 
and neutralization mechanisms in the excess of organic iron in the 
bloodstream of the system mother-newborn. 

The children born by the anemic women exhibited microcy- 
tosis or accelerated formations of erythrocytes - an early sign of 
anemia. This was evidenced by the leftwards-shifted Price-John's 
curve. The number of erythrocytes and hematocrit was signifi- 
cantly lower (p < 0.001 ). The lower average erythrocytes volume 
(MCV= 71.2 f 0 . 7  mkm3) and hemoglobinopenia were marked: 
Hb < I01 g/L (p < 0.05). 

The anemic newborn exhibited lower contents of ferritin 
(26.0% 3.1 ng/mL) and ferrum (1 1.8 f 3.1 mkmol/mL) in the serum, 
transferrine saturation with ferrum was below 28% - an evidence 
of lower erythropoiesis effectiveness (p<0.05). The arising fetal 

hyposyderemia added to the pathogenesis of the prenatal hypotro- 
phy. A direct correlation in the serum Fe content was revealed 
between mothers and their newborn's body mass ( r =  074, p < 0.05). 
The stock of iron in a newborn's organism was dependent on that 
in the mother. This was supported by the direct correlation of the 
ferritine levels in the serum blood between the mothers and the 
newborns (r  = 0.61, p < 0.05). 

It is known that in the embryonic and fetal pathological devel- 
opment the microelement metabolism plays a great role, often 
influencing the whole metabolic processes. In anemic moth- 
ers a placenta with a high Cd and Pb level promotes the 
penetration of the toxic metals into the organism of the new- 
born, breaking early adaptation and disturbing infant health. In 
our preceding research anemic women exhibited placenta fail- 
ure accompanied by a deficiency in essential Fe. Cu, Ca, Zn, 
Mg in their newborn's blood during the first hours of birth 
120,221. The Cd level in the blood of such children increased 
5 times (0.02f0.001 mkg/mL), the Pb level increased 1.9 times 
(0.29 f 0.07 mkg/mL) compared to the children born by somatically 
healthy mothers. The essential microelements were measured at  
low levels: Cu - 0.68 f 0.085 mkg/mL; Zn - 1.4 f 0.95 mkg/mL; Fe 
- 0.81 f 0.05 mkg/mL; Mg - 14.5 f 0.06 mkg/mL (Fig. 1 ). 

Thus, the combined effect of metals through the system 
mother-placenta-newborn was unfavourable for the fetus, as oxy- 
gen entry was disturbed. A strong direct correlation was observed 
between the anemic newborn's body mass and microelements: 
Mn (r  = 0.87, p = 0.02), Fe (r  = 0.81, p = 0.04). These newborns were a 
group of high risk of the development of pathologies provoked by 
the transplacental entry of toxic microelements. 

The amino acid spectrum of the pregnant women's blood 
serum and their newborns in both groups was constant and con- 
sisted of 23 amino acids. The total concentration of amino acids 
(3226.9 f 88.7 mkmol/L) in anemic pregnant women was by 19.5% 
(p<0.05) lower compared to the women with a physiological 
pregnancy. The newborns (anemic mothers) exhibited total con- 
centrations of free amino acids in the blood serum that were 27.3% 
p < 0.05 lower (2714.7 f 77.0 mkmol/L) [22]. 

The pool of free amino acids in the blood serum of these 
newborns (anemic mothers) was lower than that of their moth- 
ers (15.9%, p<0.05). The analysis of the blood serum amino acid 
spectrum showed that in a physiological pregnancy the ratio 
between indispensable and replaceable amino acids in the system 
"mother-newborn" was 0.8 and 0.82 accordingly [22]. The genesis 
of anemia during the gestation period was based on the distur- 
bance of amino acid metabolism accompanied by the imbalance 
of amino acids in the blood serum, the ratio between indispens- 
able and replaceable acids being reduced down 0.63 (mother) and 
0.62 (newborn). The pool of indispensable amino acids in the blood 
serum of anemic pregnant women correlated with the low fetal 
mass at  birth ( r=  0.83, p = 0.004) (221. 

The impoverishment of the free amino acid pool in the anemic 
newborn was accompanied by the 26% reduction of the indis- 
pensable acid levels (p < 0.05). Concentrations of the indispensable 
aminoacids werealso significantly lower due to their intensivecon- 
sumption by the blood-forming tissue: methionine - 75.6% lower, 
histidine - 32.7%, leucine - 30.7%. isoleucine - 65% (the latter is 
intensively used in the hemoglobin formation (p < 0.05)), andvaline 
- 40.5%. This amino acid is responsible for the formation of the 
fetal blood-forming system (Fig. 2). We also observed decreased 
levels of low-hydrophobic amino acids participating in the cell 
proliferation stimulation and necessary for the fetal growth and 
development (lysine - 14.7% lower, arginine - 63.0%. p <  0.05), as 
well as reduced numbers of erytrocytes and hemoglobin in the 
blood serum ( r =  0.71. r =  0.63, accordingly, p < 0.05). It is important 
that fetuses used both pools of the pregnant women - Fe and amino 
acid - through the placenta membrane. 
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Fig. 1. Microelements in the umbilical cord blood of the newborn. ( 1 .  - somatically healthy mothers.) (2. - anemic mothers.) 

In anemic newborns a significant correlation was observed 
between hemoglobin and histidine levels ( r =  0.51, p<  0.05), 
between the number of eritrocytes and the lysine level (r=0.67, 
p<0.05). Correlations between the levels of indispensable amino 
acids (arginine, lysine, methionine, histidine), erytrocytes and 
hemoglobin evidenced of a connection between amino acids and 
the biogenic trace elements metabolism. 

The revealed Ca concentrations in the blood serum of the 
healthy newborns stimulated the synthesis of amino acids partic- 
ipating in the plastic processes: replaceable asparagine (R=0.82, 

p = 0.041 ), cysteine (R = 0.88, p = 0.01 8), indispensable leucine 
(R = 0.88, p =0.018). Mg stimulated replaceable glutamine (R = 0.82, 
p = 0.041 ), Fe stimulated cysteine (R = 0.82, p = 0.04). 

Reverse correlations were between Fe and aspartic acid 
(R = -0.82, p = 0.04), Fe and tryptophan (R = -0.82, p = 0.04) in 
the blood serum of children. Reverse correlations were marked 
between xenobiotic Cd and cysteine (R= -0.92. p = 0.008) leucine 
(R = -0.92, p = 0.008), lysine (R= -0.92, p = 0.008) (Table 1 ). Reverse 
correlations were marked between xenobiotic Pb and alanine 
(R = -0.81, p = 0.049). 

VAL 

MKT 

EJ 1 .- newborn (somatically healthy mothers) E l  2.- newborn (anemic molhers) 

Fig. 2. indispensable amino acids in the blood serum of the newborn. ( 1 .  - somatically healthy mothers.) (2. - anemic mothers.) 



Table 1 
Correlations between the levels ofamino andsam mc? elements i n  the newborn's 
blood serum (somatically healthy mockers;. 

Correlation pair's R :Speaman; p-level 

Cystein acid Mg  
Taurine Zn 
Aspartic acid Fe 
Asparagine Ca 
Asparagine Co 
Glutamine M g  
Proline Cu 
Alanine Pb 
Cysteine Fe 
Cysreine Ca 
Cystcine Cd 
M~r l i ion ine Sr 
lsoleucine Co 
lsoleucine Sr 
Leucine Ca 
Leucine Cd 
Tryptophan Fe 
Lvsine Cd 

Table 2 
Correlations between the levels ofaminoacidsand trace elements i n  the newborns's 
blood scrum (Fe-dcficit anemic mothers). 

Corrrlation nalrs R :S~earman:  level 

Cystein acid Cd 
Serine Fe 
Valine Fe 
Leuclne Cd 
Phenylalan~ne Cd 
Histidine Cd 
Arginine Fe 
Arginine Ca 

pensable amino acids and higher contents of some replaceable 
amino acids. Changes in the trace element and free amino acid 
metabolismwere interconnected in the "mother-newborn" system 
as evidenced from correlation between the levels of some amino 
acids, trace element metabolism and erythropoiesis. 

The pathogenetic importance of the disturbance of trace ele- 
ment and amino acid metabolism dictates the choice of correct 
therapy of Fe-deficit anemia of pregnant women. The results of the 
study support the necessity of preventive estimation of the con- 
tent of macro- and microelements, indispensable and replaceable 
amino acids in the blood serum of newborns and can be used for 
the prenatal diagnosis of iron deficiency and targeted correction of 
the metabolic disturbances. 
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Table 1 
Correlations between the levels of amir.0 andsand mace elements in the newborn's 
blood serum (somatically healthy moxkers: 

Correlation pairs 

Cystein acid Mg 
Taurinc Zn 
Aspartic acid Fe 
Asparagine Ca 
Asparagine Co 
Glutallline Mg 
Proline Cu 
Alanine Pb 
Cystrine Fe 
Cysteine Ca 
Cvstcine Cd 
Merhionine Sr 
lsoleucine Co 
lsoleucine Sr 
Leucine Ca 
Leucine Cd 
Tryptophan Fe 
Lvsinc Cd 

R {Spearman) 

-0,94286 
-0.94286 
-0.82857 

0.82857 
-0.83324 

0.82857 
-0.88571 

p-level 

0.004805 
0.004805 
0.041 563 
0.041 563 
0.039396 
0.041 563 
0,018845 

pensable amino acids and higher contents of some replaceable 
amino acids. Changes in the trace element and free amino acid 
metabolism were interconnected in the "mother-newborn" system 
as evidenced from correlation between the levels of some amino 
acids. trace element metabolism and erythropoiesis. 

The pathogenetic importance of the disturbance of trace ele- 
ment and amino acid metabolism dictates the choice of correct 
therapy of Fe-deficit anemia of pregnant women. The results of the 
study support the necessity of preventive estimation of the con- 
tent of macro- and microelements. indis~ensable and redaceable 

0.049858 amino acids in the blood serum of newdorns and can b; used for 
0.041563 the prenatal diagnosis of iron deficiency and targeted correction of 
0.01 8845 o~oososo the metabolic disturbances. 
0.019820 
0.00805o References 
0.001 249 

Table 2 
Correlations between the levels ofaminoacidsand traceelements in the newborns's 
blood scrum (Fe-deficit anemic mothers). 

Corrrlarion ~ d i r s  R !Sncarman: D-level 

Cystein acid Cd 
Serine Fe 
Valine Fe 
Leucine Cd 
Phenylalanine Cd 
Histidine Cd 
Arginine Fe 
Arginine Ca 

In the blood serum of the anemic newborn direct correlations 
were marked between the levels of trace elements and indispens- 
able amino acids: between Fe and valine (R=0.9, p=0.037), Fe 
and arginine (R = 0.9. p = 0.037). reverse correlations were marked 
between Cd and histidine (R=-0.89, p=0.04). Cd and pheny- 
lalanine ( K =  -0.89. p =  0.04). Cd and leucine (K = -0.89, p = 0.04). 
A significant reverse connection was between arginine and Ca 
(R = -0.9. p = 0.037) (Table 2). A reverse correlation was between 
Fe and serine in the blood serum of i l l  children (R= -0.9, p = 0.037). 

The revealed correlations between the levels in the blood 
of some amino acids, protein fractions, macro- and microele- 
ments, hemoglobin and erythrocytes supported the conclusion 
that metabolic changes in indispensable amino acids, proteins and 
microelements were interrelated in the anemic newborn. 
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