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Abstract
Introduction: In the literature, we find studies about the possibility of neurologic adverse events like
Autism Spectrum Disorder (ASD) after vaccine paediatric doses. Controversial opinions interference with
compliance Italian Routine Childhood Immunisation Programme and Health Minister Indication. The aim of this
study is to analysis this phenomena from jurisprudential sentences occur in a Local Social Sanitary Agency-2 of
Milan (about 600.000 inhabitant) and the association among vaccination, encephalitis, and suspected ASD.
Subjects and methods: A retrospective study is based on denounce and clinical reports, and linkage of
different vaccine doses specially for suspected ASD cases. In the Local Social Sanitary Agency-2 of Milan, we
calculate a mean of 80.000 vaccinated children for year, of which vaccination dose units are 237.211 since 2011
to 2013. The incidence of ASD and encephalitis vaccine denunciation are of 0.4 subject every 100.000 vaccine
doses. In Lombardy region, the annual incident of ASD diagnosis is 5 every 10.000 with immigrant and atypical
patients. We record 115 reclaims for Italian Law 210/1992, of which 18 [16%] are suspected ASD reports by
vaccine doses and 4 [27%] was paid just denunciation after a long jurisprudential processes.
Results: We divided an suspected ASD and non-ASD children group, these data have a significant
correlation [r=0,96; p < 0.0001] between pre-existing regression and vaccine dose age. While subjects with
convulsion have a significant association with later linguistic regression age [p < 0.049]. This group who has
worse health conditions, after vaccine doses, is characterized by signs of encephalitis and epilepsies like
investigation reports. The fever time, after imputed vaccine injection, isn’t significant with general cognitive
development in suspected ASD without correlation in STATA analysis system.
Conclusions: We observe patients with a regression age occurred before denounced vaccine age and an
association with congenital diseases and not with ASD. We need to do a paediatric recommendation for a strict
clinical follow-up before and during vaccine program to identify and start an early behaviour and linguistic
treatment. So we suggest a periodic check-up with Modified-Check-list for Autism Toddlers-Revised (MCHAT-R) and a delay vaccine schedule for subjects affected by convulsion and/or language regression until
completed definition of disease.
Keywords: vaccine program, childhood immunisation programme, autism spectrum disorder (ASD)

1. Introduction
In the literature, we find many controversial studies about the possible correlations of neurological
adverse effects with the onset of a Autistic Spectrum Disorder (ASD) as a result of vaccine doses performed in
paediatric age. These opinions interfere with the adhesion to Italian Immunization Paediatric Program and the
indication of the Italian Ministry of Health.
The purpose of this study is to analyze this phenomenon from the point of view of significant cases that
are occurring in the Local Social Sanitary Agency-2 of Milan; where there are about 600.000 inhabitants. The
associations between vaccination, encephalitis and ASD suspicions were correlated to one or more vaccine doses
administered in such health institution by a paediatrician or nurse vaccinator of the Local Social Sanitary
Agency-2 of Milan (LSSA-2 of Milan).
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1.1. Requests of Vaccine Compensation
From the analysis of individual cases in which was made written request for compensation for adverse
event occurred from suspected vaccine doses since 1960 to 2014, we note that 4 cases have been filed without
nothing to proceed, 4 were indemnified, 3 cases were closed and 1 case was discarded for in appropriateness of
the request, while other 4 cases were rejected and the last 2 cases are still in the process of defining (Table 1).
Tab. 1 Complaints for Requests of Vaccine Compensation.

Groups

Archived

Indemnified

Closed

Rejected

Other

Numbers

4 patients

4 patients

3-4 patients

4 patients

2 patients

%

22%

22%

16-22%

22%

11%

Legend: 4 =Archived, 4=Indemnified, 3=Closed, 4=Rejected and 2=Other in defining.

The Autism from Diagnostic and Statistical Manual of Mental Disorders (DMS IV-TR edition1) is a
disorder of the Autistic Spectrum currently considered to be a syndrome due to organic factors that may be
caused by many cerebral diseases involved in early time during pregnancy, at the moment of birth or within the
first three years of life. Only some of these diseases are known and most of them are of genetic nature as Rett
Syndrome2-3, Tuberous sclerosis4 and Syndrome X-Fragile5.
These diseases affect the normal development and functioning of the Central Nervous System (CNS)
and they highlight how into subjects with a disturbance of the Autistic Spectrum (ASD) lack certain connections
between the two hemispheres of the brain, instead present in normal subjects.
For this reason, the early diagnosis and rehabilitation timely repair thanks to early neuronal plasticity
the deficit initially established, activating other brain connections and enhancing other abilities of the patient
suffering from disturbance of the Autistic Spectrum, it makes him/her no longer a "Disabled Patient" but a
"Special Child".
After the first description of Leo Kanner's Syndrome in 1943, there had been a lengthy process of
refining and validating of this particular diagnosis and those of the related conditions, that we know as Autistic
Spectrum Disorder. If initially there had been talked of a disorder derived from "hostile" behaviors of parents
toward their son or their daughter with autism, with consequent closure in a child's world "all his/her", we note
now that this interpretation was incorrect on the whole line, such as the use in the past of obsolete term "infantile
psychosis".
Since 1980, in fact, the diagnostic manuals recognized internationally define the Autism as a disorder of
development, innate, present in some child irrespective of culture, religion and social status. The Autistic
Disorder entered to make part of a set of disorders grouped together, in diagnostic manuals, in the chapter
on Generalized Disorders of Development (GDD) and then Pervasive Disorders of Development
(PDD) diagnosed within the first three years of life, as indicated by Diagnostic and Statistical Manual of Mental
Disorders IV-TR1 of ICD106.
These diagnosis require the need to do consults in paediatric or neuropsychiatric office generally as
outpatient or with examination at domicile or in the school to make an early diagnosis, set up and modify of
therapy based on early signs and symptoms of their individual spectrum7.

2. Subjects and methods
This retrospective study is based on complaints and requests of compensation for vaccine cause
presented to institutions of the Local Social Sanitary Agency-2 (LSSA-2) in Milan, where we calculate an
average of about 80,000 children vaccinated residents and domicile per year and whose vaccine
doses administered are exactly 237,211 from 2011 to 2013.
In the LSSA Milan-2, the annual incidence of complaints for diagnosis of Autistic Spectrum Disorder
(ASD) and Encephalitis Post-Vaccine was about 0.4 per 100.000 vaccine doses from 1960 to 2013. While the
annual incidence of diagnosis of ASD was 5 every 10.000 vaccinated subjects from 2011 to 2013 including
residents, immigrants and the atypical ASD subjects.
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There had been 115 requests for compensation on the basis of the Italian Law 2107, of which 18 [16 %]
were suspected clinical cases of ASD or encephalitis from vaccine doses and were compensated only 4 of 15
reported cases after a long process [27%]; despite the absence of scientific evidence and the variability of the
signs and symptoms of disease in these patients (Table 2).
Table 2- Signs and main symptoms of 18 patients claiming the compensation.

There were some requests for compensation post-vaccine dose in subjects suffering from symptoms and
signs of diseases, similar but different from diagnostic criteria of the typical Autistic Spectrum Disorder (ASD)
as from DSM-V1. In the course of this study we find atypical ASD subjects increasingly often be traced to
genetic diseases as it can be seen between the cases filed of the sample (Table 3).
Table 3- Differential diagnosis and co-morbidity involve other diseases and not with ASD.

The Immunization Program of the National Childhood is approved at the regional level and allows an
immunization almost complete of the territorial population. In the paediatric field, the study of abandonment to
vaccine doses and the latency between the first hospitalization and vaccine age allows us to respond to questions
on the emerging judgments from vaccine damage. The present epidemiologic research also proposes to take an
analysis of the municipalities of ASD cases (ASDs) in LSSA-2 of Milan and do a correlation with the vaccine
doses performed by residents of this area from 2004 to 2013. Moreover, the vaccinated population with one or
more doses vaccine is divided in two comparative groups; male 47% and female 53%.
2.1. The vaccine schedule divided in three age groups
The vaccine doses were performed in childhood, adolescence and adulthood and were analyzed and
divided into the following three age groups: 0-7 years, 7-18 years and more than 18 years (Table 4).
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Tab 4- The vaccination schedule and the latency in ASDs hospitalization considered at risk for age.
Type of vaccine

Vaccination Age in years

Vaccine Latency in years

Total

0-7

7-18

>18

0-7

7-18

>18

Autism

ANTI HEPATITIS A ADULT

1

0

1

4

.

-11

2

ANTI MENINGOCOCCUS C

4

0

0

10

.

.

4

ANTI-MEASLES PAROTIT

11

1

0

5

-12

.

12

ANTI PAPILLOMAVIRUS 2

0

2

0

.

1.5

.

2

ANTI PAPILLOMAVIRUS 4

0

2

0

.

-9

.

2

ANTI PNEUMOCOCCUS 13-V

7

0

0

7.6

.

.

7

ANTI PNEUMOCOCCUS 23-V

0

1

0

.

0

.

1

ANTI POLIO SALK TETAN 1

4

0

0

-1.5

.

.

4

ANTI POLIO SALK TETAN 2

9

0

0

5.1

.

.

9

ANTI TETANUS-DIPHTHERIA

0

3

0

36

9

1

-10.7

3

Total -0.7774 (p<0.0001 )

46

To focus the paediatric range is necessary divide them by 10 types of vaccine according to age.

To analyzed the paediatric range we needed to study every group for types of vaccine (p<0.0001) and
not for single dose, given that the neurological disease in act needed often the shifting of vaccine calendar; as in
the case of epilepsy, mental retardation or behavioral disorders. Then the age not correlated with vaccine dose
and the disease (p<0.60 ), the latency instead was exchanged between the diagnostic event and vaccine doses and
it correlated also with different co-morbidities with a p of <0.055 and with respectively age; which as is showed
before, it is related in this study with various groups of pathology (range 0-10) with a significance p of <0.036.
2.2. The Cover of Local Immunization Program
The general membership of the Vaccination Program had continued to decline from 2011 to 2013;
where it was possible to observe an overall decrease of 3.4 % (Table 5).
Tab. 5-Italian Immunization Program in 2011-2013 and difference between ASDs (blue) and not ASDs (red).
100%

83%

71%

88,40%

80%
60%
40%
29%

20%

17%

11,60%

0%
2011

2012

2013

The frequency of ASDs among the vaccinated subjects in 2011 was of 17 %, in 2012 of the 29%
and in 2013 of the 11.6 % with a trend in gradual decrease of diagnosis.
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3. Results
The incidence of “new cases” of ASD recorded in 2011 was of 0.02 and between the 2012 and 2013
were respectively of the 0.03 and 0.01. The retrospective study of correlation between the data of the vaccine
doses (2011-2013) and cases of Infantile Autism (diagnosed 2004-2013) allowed us to calculate the latency
between the first date of hospitalization, that it could be traced by the Schedules of Hospital Discharge or SHD
of area9, and respective vaccine doses performed by the Local Social Sanitary Agency-2 of Milan (Table 7).
Tab.7- The latency between performance in hospital and days of ambulatory after or before vaccine dose.
REGIME of SHD



Latency (clinical
investigation/vaccination)

HOSPITALIZATION
Hospital Days

0.2667

OUTPATIENT
Days of performance

-0.4434

Sig.

Age of
vaccination dose

Sig.

0.0732

-0.2308

0.1227

0.0026

0.3051

0.0441

These date of hopitalization and outpatient show the priority of diagnostic investigation respects to vaccination.

3.1.The Latency time between hospitalization and vaccination decreases regardless by the
vaccine doses
According to recent data from the literature in the early diagnosis of Autism, the "target diagnostic" has
shifted from II-III year of life into the neonatal period thanks to clinical signs of pathology as the quality of early
vocalization1, hypotonia, emi-attention, irritability and the presence of uncoordinated movements2 (Graphic 1).
Graphic 1-Latency clinical evaluation and vaccine age

Graphic 2- Latency both vaccine dose and morbidities
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Age of the first hospitalization respects to vaccination

Days of performance
We must distinguish between the group of subjects who had been hospitalization with a first diagnosis
of Infantile Autism (SHD Diagnostic: 29900 with MS-DRG: 4299) from the group of subjects hospitalized for
other problems, and among the first we needed to distinguish between these with primary diagnosis and those
suffering from other morbidities (Graphic 1-2). If we classify 116 on 120 autistic patients, that were hospitalized
for different diagnosis and co-morbidity, because recruited by matched of a suspicion vaccine dose, we
distributed them in 10 separate classes for group of diseases and we noted among these ASD patients, cases of
mental retardation, caries and tumors; these represented the main causes of hospitalization.
8

3.2.The Discrepancy between timing requests for compensation according to Law 210/1992 .
Differently from what is stated in the judgments for requests for compensation on the basis of the Law
210/19928 who indicated in the first three doses vaccine a close causal link between event injection of vaccine
with an onset of symptoms within few days or two weeks. This discrepancy in Autistic people (2011-2013) give
us the task to identify the effective time of onset of the symptoms given that many individuals had been
clinically investigated also prior to the commencement of the vaccinations; similarly to the data found in the
folders of patients compensated after a long process. The latency time between the investigation and vaccination
was positive in early childhood because these subjects were taken in analysis as a vaccine court from the
Database of SHD9 with a diagnosis of Autism performed after the vaccine dose closest in age; while the latency
was negative in subsequent age with an overall average of three years and an half (Standard Deviation of 9.50).
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4. Conclusions
Then we can infer that if the age vaccine is not correlate with the pathology (p<0.60 ), the time latency
instead exchanged between the diagnostic event and vaccination correlates with various co-morbidities with a p
of <0.055 for age, as already known in the literature. These correlations with various groups of pathology (1-10)
have a high significance in these cases with a p of <0.036. By analyzing the data of the Schedules of Hospital
Discharge (SHD9), we noted that the age for disease was prevalent in adulthood, while for other ages the vaccine
of correlation was absent in childhood and pre-teenagers except for 1 case to pneumococcal vaccine, to which
was followed almost immediately an hospitalization under one year of latency. Thanks to these observations
emerged from analysis of 116 SHDs, we can better understand the significance of the data emerged between 18
requests for compensation of Local Social Sanitary Agency-2 (LSSA-2 of Milan). The analyzed data from the
list of folders found in the judgments for requests of compensation had a significant correlation (r=0.96;
p<0.0001] with the regression data pre-existing the vaccine doses charged for age (Graphic 3). While those
persons who had advanced request for compensation for convulsions post-vaccination highlighted a significant
association with the period of linguistic regression which was decidedly later [p<0.049 ] (Graphic 4).
Graphic 3- Age regression psycho-cognitive.

Graphic 4- Language regression age in 0=ADSs.

Therefore only this group with a linguistic regression for age, after a suspected vaccine dose, was worse
in health conditions because they were characterized by symptoms of encephalitis and epilepsy as determined
from the data and tests reported in their medical records. While the appearance of fever after injection of vaccine
dose did not seem to be significant with the cognitive development of subjects reported for suspected of Autistic
Spectrum Disorder post-vaccination. Knowing these descriptive data and the prevalence of these neurological
diseases in paediatric population from childhood to adolescence can help us with an epidemiological and
periodic statistical analysis to understand its impact on public health, with a planning resources and regional
expenses on the basis of needs. So we suggest pediatric controls with Modified-Check-list for Autism ToddlersRevised with Follow-up (M-CHAT-R/F10) and a Database of delay vaccine doses for subjects affected by
general movement disorders, convulsion, language regression until completed definition of disease.
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Introduction
Tuberous Sclerosis Complex (TSC) has been historically classified as a neurocutaneous disease;
however, the manifestations of TSC extend well beyond the brain and skin. Many experience TSC as a chronic,
lifelong condition punctuated by the intermittent development of systemic signs, such as multisystem tumors
and/or cysts. Epilepsy and neurodevelopmental disabilities, such as autism spectrum disorder (ASD) and/or
intellectual disability are not diagnostic clinical features of TSC, but are often present. Clinically, the diagnosis is
established based upon the presence of major and minor features. (Northrup et al 2013) TSC may be inherited in
an autosomal dominant fashion or occur spontaneously. Although genetic data is not required for the diagnosis,
it is known that mutations in either TSC1 or TSC2 result in loss of regulation of the protein kinase mammalian
target of rapamycin (mTOR). The neurobiology of disease in TSC and related conditions has been linked to this
deregulation. (Han et al.2011, Hoeffer, Klann 2010)(Figure 1) Rapamycin and everolimus are both mTOR
inhibitors with demonstrated efficacy as targeted therapy for TSC. Everolimus is available for the treatment of
both renal angiomyolipomas and subependymal giant cell astrocytomas in TSC.(Young, Schenk et al. 2010);
(Kotulska, Chmielewski et al. 2013) The availability of these targeted therapies has revolutionized the treatment
of TSC by providing families with an alternative to surgery for renal and brain tumors. Further, vigabatrin, an
irreversible inhibitor of GABA transaminase may be another targeted therapy as it restores the balance of
glutamate/GABA disrupted by excessive activation of mTOR.(Zhang, McDaniel et al. 2013) Vigabatrin has
demonstrated superiority in seizure control in TSC in some studies (Appleton, Fryer 1995, Jozwiak, Kotulska et
al. 2011, Bombardieri, Pinci et al. 2010) and has been recommended as first line treatment for all seizure types
among infants with TSC in Europe (Curatolo, Jozwiak et al. 2012) . Despite significant progress in the field,
effective intervention for intellectual disability in TSC remains elusive.

Autism spectrum disorder (ASD) in TSC
ASD is a neurodevelopmental condition characterized by deficits in language, social interaction and the
presence of repetitive, nonfunctional behaviors. Importantly, these features must not be better explained by the
presence of intellectual disability. (Briere, J. 2005) TSC is a leading genetic cause of ASD and has been reported
in as many as 61%. (Webb, Fryer et al. 1996a, Gillberg, Gillberg et al. 1994) Although the cause of ASD in TSC
remains unknown, several risk factors have been identified. Epilepsy which affects as many as 90% of
individuals with TSC has emerged as a prominent risk factor (Webb, Fryer et al. 1996b, Gomez, Sampson et al.
1999, Osborne, Fryer et al. 1991, Cross 2005, Curatolo, Bombardieri et al. 2005, Jansen, Vincken et al. 2008a,
Kaczorowska, Jurkiewicz et al. 2011, Bolton, Park et al. 2002, Bolton 2004, Shepherd, Houser et al. 1995,
Shepherd, Stephenson 1992, Chu-Shore, Major et al. 2010a). Seizure type (infantile spasms)(Webb, Fryer et al.
1996a, Jambaque, Cusmai et al. 1991, Gutierrez, Smalley et al. 1998, Kaczorowska, Jurkiewicz et al. 2011,
Bolton 2004, Shepherd, Stephenson 1992, Shepherd, Houser et al. 1995, Chu-Shore, Major et al. 2010b, Bolton,
Park et al. 2002, Zaroff, Barr et al. 2006a, Goh, Kwiatkowski et al. 2005, Asano, Chugani et al. 2001a, Jozwiak,
Goodman et al. 1998, Doherty, Goh et al. 2005a, Chu-Shore, Major et al. 2009) and early age of seizure onset
(Webb, Fryer et al. 1996a, Jansen, Vincken et al. 2008b, Kaczorowska, Jurkiewicz et al. 2011, Shepherd, Houser
et al. 1995, Shepherd, Stephenson 1992, Chu-Shore, Major et al. 2010b, Bolton, Park et al. 2002, Zaroff, Barr et
al. 2006a) emerged as the most common risk factors among these studies. The association of ASD and pervasive
developmental disorder with temporal lobe epileptiform activity and early onset of seizures (Bolton, Park et al.
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2002); the 15 fold increased likelihood of developing ASD in the presence of interictal temporal lobe spikes
(Numis, Major et al. 2011); and poor neurodevelopmental outcome associated with a subtype of hypsarrhythmia
(Muzykewicz, Costello et al. 2009) have revealed the importance of also considering the electrophysiological
phenotype in identifying risk factors for ASD in TSC.
Neuroradiological studies have transitioned from structural, location-based hypotheses, i.e. ASD is
associated with temporal lobe tubers (Kaczorowska, Jurkiewicz et al. 2011, Bolton, Park et al. 2002, Zaroff, Barr
et al. 2006b, Asano, Chugani et al. 2001b, Doherty, Goh et al. 2005b, Raznahan, Higgins et al. 2007) to studies
using advanced techniques, such as DTI. (Bolton, Griffiths 1997, Curatolo, Cusmai 1987, Gallagher, Grant et al.
2010, Chou, Lin et al. 2008) For example, deficits in the normal-appearing white matter illuminated using
diffusion tensor imaging (DTI) distinguished individuals with TSC-associated ASD from 2 control populations individuals with TSC and no ASD and those with neither TSC nor ASD. (Peters, Sahin et al. 2012) Examination
of cortical tuber burden (Jambaque, Cusmai et al. 1991, Jansen, Vincken et al. 2008a, Shepherd, Houser et al.
1995, O'Callaghan, Harris et al. 2004, Chou, Lin et al. 2008) and cortical tuber type (Gallagher, Grant et al.
2010) have also been linked to poor neurodevelopmental outcomes.

Intellectual disability in TSC
Intellectual disability is a neurodevelopmental condition characterized by an intelligence quotient (IQ)
<70 and significant impairments in at least 3 areas of adaptive functioning. (Briere, J. 2005) Vogt’s triad
‘epilepsy, idiocy and adenoma sebaceum’ conveyed the misnomer that intellectual disability was a part of the
diagnosis of TSC for 60 years. (Vogt 1908) However, the Gomez criteria, now newly revised, corrected that
misinterpretation. (Northrup, Krueger et al. 2013) Intellectual disability affects up to 45% of individuals with
TSC. (Joinson, O'Callaghan et al. 2003) In our recent review, we sought to identify risk factors related to
intellectual disability. (Gipson, Gerner et al. 2013) However, the majority of the studies did not include
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structured evaluations that would clearly detangle intellectual disability from ASD. Further, the measures for
cognition varied limiting our ability to compare outcomes across studies.
Shortly after the publication of our review, one study used consistent cognitive measures to examine the
prospective intellectual development of infants and toddlers with TSC-associated epilepsy. The results revealed a
progressive decline in intellectual development related to the presence and duration of infantile spasms as
opposed to other seizure types and duration of infantile spasms. (Humphrey, MacLean et al. 2014)

Severe behaviors in TSC
Aggression (13.3% - 58%) (Hunt 1998, Kopp, Muzykewicz et al. 2008, de Vries, Hunt et al. 2007a) and
self-injurious behavior (SIB) (10% - 41%) (Hunt 1998, de Vries, Hunt et al. 2007b, Staley, Montenegro et al.
2008) have been reported among individuals with TSC. A recent study revealed that these behaviors were linked
to various risk factors and not more likely to occur in TSC when compared to other neurogenetic conditions and
were linked to various risk factors. (Eden, de Vries et al. 2014) However, detailed analysis of individualized
behaviors and the results of interdisciplinary intervention are not often reported. To address this gap, we
published the case of an adolescent with TSC associated with severe aggression, self-injurious behavior,
epilepsy, intellectual disability and autism spectrum disorder, for whom we utilized direct behavioral observation
and functional analysis (applied behavioral analysis) to characterize behaviors and provide treatment. We
discovered that aggression was related to escape from transitions, academic tasks and daily living tasks;
however, a function of SIB was not identified. Behavioral intervention and medication management was
successful in decreasing the frequency of aggression. In contrast, the frequency of SIB diminished in response to
treatment with everolimus for a subependymal giant cell astrocytoma (SEGA) raising the question of whether or
not SIB may represent a novel therapeutic target in this population. This question has prompted the initiation of
an ongoing study to examine the feasibility of treating this severe ASD phenotype of TSC with rapalogues.

Discussion
Intellectual disability and ASD are extremely common among individuals with TSC and may be
complicated by severe behaviors. These disorders may impact not only the individual, but also the families
caring for them. It is hoped that reduction and eventual prevention of symptoms may be made possible by timely
treatment with targeted therapeutics.
In the pursuit of preventing intellectual disability, there are many challenges facing the community of
individuals with TSC. Chief among them is the potential for misdiagnosis of neurodevelopmental disorders.
(Gipson, Gerner et al. 2013) Guidelines exist for the neurodevelopmental evaluation of individuals with TSC.
Unfortunately, specific resources for implementation are sparse and few outcome measures have been developed
and validated specifically for TSC. Finally, there is no known cause for neurodevelopmental disabilities in TSC.
Although studies are ongoing in this arena, they are almost exclusively focused on individuals who have been
diagnosed with ‘high-functioning’ ASD and/or mild intellectual disability (IQ >60).
The encouraging news is that there is great potential in TSC becoming the next preventable cause of
intellectual disability. First, the ability to detect TSC in utero provides ample opportunity for early screening,
recognition and neurodevelopmental intervention. In a case series, we demonstrated the use of the Capute Scales
as a part of a structured neurodevelopmental examination that could be useful in this regard. (Gipson, Gerner et
al. 2014). Secondly, the development of intellectual disability in TSC has been linked to the onset and duration
of infantile spasms in a prospective study. (Humphrey 2014) Vigabatrin has been recommended as a first line
treatment for all seizure types in infants with TSC. (Curatolo, Jozwiak et al. 2012) Therefore, there may be an
opportunity to make the impact of epilepsy on the neurodevelopment of individuals with TSC a modifiable risk
factor. (Humphrey, MacLean et al. 2014) Third, to date, at least 3 studies have examined the possibility of
prevention using mTOR inhibitors. In preclinical studies, early treatment with rapamycin was associated with
prevention of epilepsy in a mouse model of TSC. (Zeng, Xu et al. 2008) Further, prenatal administration of
rapamycin to mice was associated with increased survival and a reduction in the hyperactivation of the mTOR
pathway in the pups. (Anderl, Freeland et al. 2011, Gipson, Gerner et al. 2014)
Clinical data is also emerging. Examination of identical twins with TSC revealed that treatment with an
mTOR inhibitor in 1 twin was associated with lack of development of renal angiomyolipomas, renal cortical
cysts and facial angiofibromas features that were evident in the untreated twin. (Kotulska, Chmielewski et al.
2013) Collectively, the availability of these targeted therapeutics, the ability to identify TSC in utero and
promising data from early preclinical and clinical studies make it quite feasible that we may well witness TSC
becoming the next preventable cause of intellectual disability.
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Abstract
The concentrations of 25 chemical elements were determined in the breast milk on the 7-16 day after the
delivery by atomic emission spectrometry plasma method. The study was conducted in 70 women, among them
there were 20 healthy mothers and 50 mothers were with the pathology of recent pregnancy and delivery, and
gynecological diseases. Such elements as Sr, Cr, Ti, Si, Ba, Cu, Zn, Fe, Mn, Sn and B were detected in all these
surveyed women. These elements were met in the concentrations which exceeded the upper limit of normal by 15
– 450 percent among mothers with pathological states. Pb, Au, Ga, Zr, Bi, As, Co, Cd, Mo, Sb, Ag and In were in
the milk of women with diseases. With the highest frequency were met such elements as Pb, Au, Ga (66, 60, 52
percent of women, respectively). Ni and Au were detected in single cases of healthy women (5 percent) and quite
often it was met among women with diseases (60 percent and 30 percent). As for the last group of women, the
average concentration in the group of Ti, Ba and B was significantly increased in comparison with the group of
healthy women. The increase in the quantity or emergence of elements as Pb, Cd, As, Sb, As, Bi, Ni, Al, Sr in the
breast milk may point at their possible damaging action. The increased content of essential elements rather
related to the activity of the pathological process and the release of elements from the depot.
Key words: Newborn, breast milk, heavy metals, diseases of pregnant women, gynecological diseases
Nowadays one of the most important issues in medicine is a negative impact of toxic substances
environment of the human body. [1, 2, 12]. The poisoning by salts of heavy metals is occupied an important
place among chronic poisoning. Among these the most frequently met are the following – chromium, mercury,
copper, cadmium, iron, lead, bismuth, antimony, arsenic and others. They are widespread in the environment in
the form of chemical compounds. [1, 5, 12].
Usually in the pregnant woman’s body these compounds penetrate with content of food, an inhaled air,
through the skin and mucous membranes. Heavy metals are easily absorbed from the digestive tract, they are
transported into all vital organs and accumulated therein. The biggest amount of heavy metals salt is
concentrated in kidneys, liver and bone tissue, where from they are extremely slow derived. Long permanent
contact even with small doses of these harmful compounds can lead to the chronic poisoning of woman’s body,
however, it not only affects her health but also the newborn’s health. [1, 6, 12, 13].
Chemical elements in the form of organic and inorganic compounds are capable to damage the digestive
organs with the development of the inflammatory process and motor disability of the gaster and intestinal tract.
Renal irritation may lead to acute or chronic renal failure. It is known that toxic effects of heavy metals on the
central nervous system, blood-forming organ and immune defenses. [1, 2, 12].
The clinical manifestations of chronic poisoning to a large extent depend on the type of chemical
compound, its amount and duration of exposure on the human body. [1, 2, 9, 12].
So far there not enough attention has been paid to the study of heavy metals’ influence on the health of pregnant
woman and breast-feeding mother, although you can expect serious negative consequences of these substances’ toxic
effects on the woman’s body and her child. Just a few works are focused on these questions. [6, 8, 12].
At the same time, we have not met research studies devoted to the content of chemical elements in the
breast milk of women who had the pathology of pregnancy and delivery. The determination of the elements’
concentration in breast milk may be a marker value of technogenic impact on woman’s body. Besides, breast
milk is the most comfortable item for the studying of biological materials. It is possible to get by a non-invasive
way and in sufficient amount for studying.
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The continuation of research in this direction will determine the degree of accumulation of dangerous
toxic substances in a woman’s body, their interaction with the formation of pathological pregnancy and delivery
and to develop methods of prevention and neutralization of the toxic effects.

Objective
To define the content of heavy metals in the breast milk and their influence on the development of
diseases of pregnant women and nursing mothers.

Patients and methods
The study of chemical elements in the breast milk was performed in 70 women aged 19-42 years.
There were diagnosed somatic and/or obstetric-gynecological diseases among 50 women (main group).
This group with 15 women gave birth at term and there were preterm delivery at 31-37 weeks’ gestation in 35
women. The patients of the main group were divided into subgroups based on having different diseases. This is
regular premature delivery (7), threatened miscarriage (23), toxicosis in early pregnancy (16), gestosis (13),
exacerbation of chronic infectious inflammatory diseases during pregnancy (bronchitis, pyelonephritis, sinusitis,
cystitis – in 23 women), poor uterine contraction strength (8), prenatal amniorrhea (6), pathology of the placenta
(8), gynecological diseases (adnexitis, ovarian dysfunction, cervical erosion, ovarian cyst) (13). If the patient had
more than one disease, she had been included in all relevant subgroups.
20 mothers were healthy and gave birth to healthy full-termed infants. These women were in the control
group.
An occupational hazard was not established among the surveyed women. These patients lived in
Moscow (Russia).
The study of 25 chemical elements concentration, mainly heavy metals, in breast milk was conducted
on 7-16 days after delivery by atomic emission spectrometry method using plasma atomic emission spectrometer
with inductivity coupled plasma («Baird» company, The USA). Element concentration was valued by weight in
mg per 1 kg of breast milk (mg/kg).

Results
Analysis of survey findings showed that the spectrum of chemical elements in the milk both healthy
women and with pathology was very diverse and individual. All 25 elements were found with different
frequencies (from 4 to 100 percent of women) and in a very wide concentration range (from 0.006 mg/kg till
21.1 mg/kg). The minimum concentration of manganese (0.004 mg/kg) was found in women with pathology of
delivery, and the maximum concentration of zinc (32.2 mg/kg) was found in a woman with premature delivery
with a history of diagnosed adnexitis, chronic endometritis, and gestosis.
A wide range of elements was present in the breast milk of all examined healthy women who gave birth
to healthy infants. The arithmetic average of concentration (M±m) and range from minimum to maximum
concentrations (min - max) of the chemical elements (mg/kg) were the following: strontium (Sr) – 0.203±0.0829
(0.125 – 0.366); chromium (Cr) – 0.727±0.055 (0.593 – 0.968); titanium (Ti) – 0.422±0.035 (0.343 – 0.603);
silicium (Si) – 1.94±0.632 (0.273 – 4.04); barium (Ba) – 1.75±0.24 (0.906 – 2.62); copper (Cu) – 0.564±0.1171
(0.165 – 0.943); zink (Zn) - 5.15±0.670 (2.82 – 7.22); aluminium (Al) – 12.2±0.96 (9.42 – 15.3); iron (Fe ) –
2.23±0.307 (1.08 - 3.38); manganese (Mn) – 0.034±0.0118 (0.006 – 0.092); stanum (Sn) – 1.96±0.164 (1.49 –
2.5); boron (В) – 1.38±0.283 (0.696 – 2.78). Aurum (Au) in an amount 0,110 mg/kg and nickel (Ni) in an
amount of 0,155 mg/kg were found only once.
Elements such as plumbum (Pb), cobalt (Co), cadmium (Cd), molybdenum (Mo), stibic (Sb), arsenic
(As), bismuth (Bi), argentum (Ag), indium (In), gallium (Ga) and zirconium (Zr) were not found in a breast milk
of healthy women within the sensitivity of the analytical method (the smallest number of elements that can be
observed by this method was for Pb - 0.200; Co - 0.02; Cd - 0.010; Ag - 0.020; In - 0.010 Mo - 0.200; Sb 0.200; As - 0.100; Bi - 0.140; Ga -0.02; Zr -0.02 mg/kg).
The composition of individual samples of breast milk in 47 women (94 percent) of the main group
might be different from the normal content from 1 to 17 chemical elements. Changes in the chemical spectrum
were found in all women who gave birth prematurely. The structure of milk was not different from the norm in 3
women with pathology of pregnancy and delivery, but with given birth in the term.
The deficiency of some essential trace elements was detected in breast milk of 5 women in main group
of our study. Thus, the chromium content was reduced in 5 patients, manganese, zinc – in two women, iron – in
1 woman. One woman had reduction of the 5 elements and the rest had lowering of one or two elements.
Micronutrient deficiency probably might have been connected with both alimentary features as well as the
spending of these components in the activation of biochemical process in the disease.
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However, in most cases of the main group there was the concentration’s increase of the chemical
elements or the appearance of those elements which were absent in the control group. So, there were revealed the
content changes from 2 to 6 chemical elements (M±m=3.3±0.98) with refractory pregnancy loss, from 4 to 17
(4.0±0.78) with threatened miscarriage, from 4 to 14 (4.3±0.97) with the pathology of pregnancy, from 3 to 11
(4.8±0.94) with gestosis, from 2 to 16 (6.2±0.95) with an exacerbation of chronic infectious diseases during
pregnancy, from 7 to 13 (11.0±0.93) with poor uterine contraction strength, from 6 to 11 (8.25±0.960) with predelivery discharge of waters, от 1 до 8 (2.91±0.933) with placenta pathology, from 1 to 12 (3.8±0.96) with
gynecological disorders.
The concentration of chemical elements in the breast milk of the main group’ patients was the
following: Sr–0.2157±0.0178 (0.096–0.686); Cr– 0.740±0.0279 (0.309 -1.240); Ti–0.607±0.0369 (0.343–1.670);
Si–2.130±0.241 (0.304 – 6.940); Ba–2.476±0.189 (0.906–7.890); Cu–0.604±0.0730 (0.165–3.650); Zn 7.179±0.8683 (2.43–32.2); Al – 13.57±0.439 (9.40–21.1); Fe–2.60±0.184 (0.098–7.26); Mn–0.0964±0.03825
(0.002–0.362); Sn–1.993±0.168 (1.25–3.54); В–2.496±0.3776 (0.405–12.0); Au-0,409±0.0483 (0.029-0.842);
Ni-0,169±0.0146 (0.104–0.321); Pb–0.474±0.0601 (0.100-1.56); Co–0.0279±0.0.0029 (0.02-0.041); Cd–
0.0235±0.00523 (0.010–0.467); Mo–0.461±0.0672 (0.233-0.733); Sb–0.249±0.0092 (0.226-0.273); As–
0.607±0.00808 (0.240-0.821); Ag–0.342±0.0978 (0.038–0.822); In–0.254±0.0235 (0.212–0.326); Ga–
0.770±0.1517 (0.012-2.29); Zr–0.1096±0.03387 (0.02-0.394) mg/kg. An accurate increase of the mean value in
comparison with the control had titanium, barium and bromine (p<0.05), and zinc (t=1.86) had tendency to
increase.
Such elements as Sr, Cr, Ti, Si, Ba, Cu, Zn, Al, Fe, Mn, Sn and В were found in all women of the main
and control groups. The concentration of these elements was increased in the main group in comparison with
upper limit of normal with different frequency: Ti – in 19 patients (38 percent), Ba, - in 16 (32 percent), Al – in
15 (30 percent), Zn – in 12 (24 percent), В – in 11 (22 percent), Mn – in 9 (18 percent), Fe – also in 9 (18
percent), Si - in 8 (16 percent), Sn – in 6 (12 percent), Cr – in 5 (10 percent), Sr and Cu – in 4 (8 percent) .
The other elements were met in the main group in the following number of women: Pb – in 33 patients
(66 percent), Au – in 30 (60 percent), Ga – in 26 (52 percent), Ni and Zr – in 15 (30 percent), Bi – in 11 (22
percent), As – in 9 (18 percent), Co and Cd – in 8 (16 percent), Mo – in 6 (12 percent), Sb – in 5 (10 percent), Ag
and In – in 4 (8 percent).
The concentration of elements in the breast milk of patients was increasing by a different amount in
comparison with upper limit of normal. Thus, the content of boron (В) increased by 22-450 percent, Zn – by 15346 percent, Mn – by 10–227 percent, Ba – by 21-200 percent, Ti – by 11-158 percent, Al - by 10-128 percent,
Sr – by 21-75 percent, Si – by 20-61 percent, Cu – by 28-40 percent, Cr – by 28 percent, Sn – by 20 percent.
The concentrations of chromium, titanium, silicium, zinc, iron and aluminum were raised in women for
all the studied pathology.
The cuprum content was increased in all diseases except gestosis and placenta damage, and aurum
concentration was raised for all the studied pathology except for the poor uterine contraction strength.
Increased barium content was at all pathological conditions apart from the placenta damage and poor
uterine contraction strength, and boron (B) - except for the placenta damage and gynecological diseases.
Strontium is found in high concentrations in women with threatened miscarriage, toxicosis and gestosis,
exacerbation of chronic infectious inflammatory diseases, habitual miscarriage and gynecological diseases.
The amount of stanum was raised in chronic infectious inflammatory and gynecological diseases.
With all the studied pathology of the last pregnancy and delivery, there were appeared in the breast milk
such elements as plumbum, aurum, gallium, nickel, bismuth, cadmium, molybdenum, arsenium, antimony and
indium. Zirconium was revealed with all women’s pathology under the study, except damage placenta. Argentum
was found in 6 women with threatened miscarriage, toxicosis, gestosis, and poor uterine contraction strength.
Cobalt was found in the breast milk of women with threatened miscarriage in the second half of the pregnancy,
exacerbation of chronic infectious and inflammatory diseases, toxicosis of pregnancy and gestosis. Gallium and
zirconium were in the breast milk of women with refractory pregnancy loss.
Molybdenum, argentums, indium and antimony were found only in the breast milk of women, who gave
birth prematurely. Bismuth, cobalt and zirconium were met with the same frequency in patients with premature
delivery and delivery at term (Bi – in 20 and 23 percent, Zr – in 29 and 33 percent, Co - in 17 and 13 percent,
respectively, р>0,05). The remaining elements appeared more often in mothers’ breast milk who had delivered
prematurely: Cd – in 17 percent vs 7 percent of women, who gave birth in term; Au – in 69 percent vs 40
percent; Pb - in 74 percent vs 47 percent; As – in 26 percent vs 7 percent; Ni- in 34 percent vs 17 percent; Ga –
in 63 percent vs 27 percent.
The increased content of Cr, Мо, Cu, Zn, Co, Mn, Fe, Si in the breast milk of mothers with various
diseases can be bound with these essential elements’ delivery from the depot and an increased ferments synthesis
and other biologically-active substances, as part of it. The increase in the quantity or their appearances in the
breast milk such elements as Pb, Cd, As, Sb, В, Bi, Ni, Al, Sr, may point to their possible damaging effect.
Among them plumbum, cadmium, arsenic, aluminium, and antimony are particularly toxic elements. It should be
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also kept in mind that nickel, boron and bismuth are needed for the human in small amounts, but chronic
intoxication may adversely affect on the gestation course, delivery and lactation. The presence of Au and Ag in
the breast milk may probably have a positive value as antibacterial components and component of biochemical
processes. The biological role of Ba, Ga, Zr and In is poorly known.

Discussion
The study of the concentration of the breast milk’s chemical elements was conducted in many parts of
the world [3, 4, 5, 7, 10, 11, 13, 14]. The wide variability in the chemical elements’ concentrations in different
countries and regions of the world draws attention to itself. Their level in biosubstrates may differ in tens of
times. It depends on the particularity of the elements’ content in ground, water, air, food as well as the technique
of laboratory research [13,15]. The concentrations of elements in the breast milk also depend on the timing of an
examination after delivery [13].
It is well known that the breast milk affects the health of a newborn baby as a carrier of anthropogenic
contamination. If necessary the research of the breast milk’s chemical composition can be a basis for its
correction. Deficiency of essential elements in the breast milk can be compensated for assigned multielement
complexes to the mother.
In order to eliminate the toxic load and reduce the concentration of toxic substances – heavy metals in
biological system: mother-fetus-infant, it is advisable to include food, containing substances of chelates in the
diet of pregnant women and nursing mothers. Milk and dairy products, rich protein food that inactivated heavy
metals as well as food that contain large amount of vitamin P. Natural chelates (proteins and vitamin P) form
strong complexes with metals and remove them from the body.
For the protection of body cells from the damaging effect of heavy metals it is useful to enrich the diet
with products that contain bioantioxidants - А, С, Е, Р, РР vitamins. However, for the general recommendations
on the breast milk correction that contains heavy metals, additional research is needed.

Summary
It was found that there was an increased content of heavy metals in the breast milk of women with
pathologic pregnancy and delivery in comparison with healthy women’s milk.
The study of heavy elements content in milk can be a marker for detection of increased anthropogenic
impact on a woman's body. Probably the chronic effect of small doses of these xenobiotics has a damaging effect
on organs and tissues of the reproductive system of women of reproductive age.
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Abstract
The diagnostic criterion of hypoxia was studied in 170 children with congenital and hereditary
cardiomyopathies. The control group consisted of 30 healthy children. Cardiomyopathy is characterized by lower
exercise tolerance, muscle hypotonia and rapid fatigability of children. Biochemical parameters of blood, urine
and saliva point to increasing anaerobic glycolysis, reduction of bioenergy, also it had signs of peroxidation
process’ increase and significant disturbances of the metabolism of purines. It was determined the increase of
numbers of the HGPRT somatic mutations’ number in lymphocytes.
Keywords: diagnostic criteria, hereditary cardiomyopathy, hypoxia, children.

Introduction
Hypoxia is low oxygen content in the whole body or individual organs and tissues. Hypoxia occurs
when a lack of oxygen in the inhaled air and in the blood (hypoxemia), and in violation of the biochemical
processes of tissue respiration. This condition develops when the cardiomyopathy in children as a result of
dysfunction of the cardiovascular system [1]. Due to hypoxia in organs may develop irreversible changes. Most
sensitive to oxygen deficiency are the Central nervous system, myocardium, kidneys and liver in children. These
disorders may require pharmacological correction [2]. However, the characteristics of such violations by
cardiopatie poorly studied in children. To date, found that in children with hereditary and congenital disorders
almost always indicates tissue hypoxia and/or hypoxemia, characterized by the partial reduction of oxygen
content in the blood, impaired oxidative-reduction processes in mitochondria – the main suppliers of energy in
the cells. The decrease in the function of mitochondria is accompanied by the activation of the process of
glycolysis with increased in the tissues of lactic and pyruvic acids, peroxide compounds (hydrogen peroxide),
disturbances of calcium metabolism. The increase of lactate in saliva dentists is considered a high risk factor of
dental caries. Very often a chronic hypoxic condition are identified for different types of hereditary
cardiomyopathy in children, in particular cardiomiopatia syndrome and Ehlers-Danlos’ syndrome. EhlersDanlos’ syndrome comprises a group of diseases which are based on various hereditary defects of collagen (11
types) with different nature and severity of the clinical symptomatic, with the change in the function of the heart
and blood vessels (90% patients), pathology of the eye, musculoskeletal, skin.
The purpose of this work was to determine the main symptoms of hypoxic syndrome (hypoxia) in
children with different types of hereditary and congenital cardiopathy in order to optimize its therapy and
prophylaxis.

Materials and methods
170 children with cardiopathies, including hypertrophic cardiomyopathy (85), dilated cardiomyopathy
(10), sick sinus syndrome (5) and Ehlers-Danlos’ syndrome (70) in combination with mitral valve prolapse and
congenital heart deceases (such as sick sinus syndrome and right bundle-branch block) were examined. 30 almost
healthy children were examined as the control group. Age of all children ranged from 7 to 17 years (13 ± 2).
Biochemical analyses of blood, saliva and urine were examined to diagnose the symptoms of hypoxia
[3]. Standard kit “Human” and biochemical combine “KoneLab”, lymphocyte culture with 6-thioguanine, color
reactions for lactate (by hydroquinone) and pyruvate (by diphenylhydrazine), concentrations of lysozyme and of
sIgA, antioxidant activity (AOA) (by diphenyl-pycril-hydrazine), malondialdehyde (MDA) (by thiobarbituric
acid) were used; xanthine oxidase (XO) activity was measured by the color reaction with nitrotetrazolium violet
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and hypoxanthine as a substrate [3]. Hydroperoxides were determined by UV – spectrometry [4]. Skeleton
muscles biopsy was also examined. Skeleton muscles morphology was examined by light and electron
microscopies [5].
The activities of hypoxanthine-guanine phosphorilbosyltransferase (HGPRT) and cell cycle S-phase
were measured by lymphocyte culture with 6-thioguanine. Adenosine triphosphate (ATP) was measured by
electrophoresis. Biomaterial microelements were measured by X-ray fluorescence analysis using the PICOFOX
spectrometer. Blood gases were measured using the ABL500 (Radiometer) gas analyzer.

Results and discussion
The common clinical symptoms were muscular hypertonia, rapid fatigability and muscle pain,
especially after physical activity. Change of the stomatological status was typical for both groups of children.
Raised incidence of systemic enamel hypoplasia (from ordinary 10 – 15% to 45 – 50%) of both prenatal and
postnatal genesis, multiple caries (80% of children) and chronic inflammation of parodentium (100% of
children) were the features of the stomatological status.
Saliva’s mineralizing function disorder (decrease of calcium and phosphorus amount in enamel),
decreased salivation speed (in 5-8 times) and amount of lysozyme and were also typical. Increased concentration
of lactate and pyruvate in saliva of all children caused its all-time low pH value (5 – 5,5), which was the risk
factor for chronic caries (table 1, fig. 1).
Table 1. Biochemical parameters of saliva in children with cardiomyopathy

Parameters
Lactate
Pyruvate
Н2О2
Lipid hydroperoxide
Alkaline phosphatase
Lactate dehydrogenase
sIgA
Middle molecules
NO
Antioxidant activity
pH
Lysozyme

Ehlers-Danlos’
syndrome
0.44±0.05
0.08±0.01
16.0±2.0
500.0±30.0
18.0±1.0
400.0±30.0
64.0±2.0
0.4±0.03
0.5±0.01
22.0±2.0
5.0±0.1
18.2±2.0

Group
Cardiomyopathy

Control

Units

0.40±0.03
0.1±0.01
10.0±1.0
350.0±30.0
16.0±2.0
350.0±30.0
100.0±10.0
0.37±0.03
0.3±0.04
32.0±3.0
5.0±0.1
-

0.32±0.03
0.032±0.001
0
< 150.0
13.0±1.0
200.0±20.0
214.0±12.0
< 0.3
abs
>40
8.0±1.0
48.9±5.3

mmol/l
mmol/l
U/l
U/l
mmol/l.min.
U/l
mcmol/ml
U/l
U/l
%
U
%

Fig. 1. System hyperplasia of enamel in children with cardiomyopathy: the mixed form in the girls 14 years with ventricular
premature contractions (A) and the spotted form of a boy 13 years of age with arrhythmias (B).

More or less apparent decrease of the pO2 value (in 15 – 25 % from the ordinary value 90 – 95%) in blood
(hypoxemia) combined with rapid fatigability for physical stress and hypomyotonia were typical for all children.
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Biochemical blood parameters in children with cardiomyopathy are presented in table 2.
Table 2. Biochemical blood parameters in children with cardiomyopathy

Parameters

Group

Units

Ehlers-Danlos’ Cardiomyopathy
Control
syndrome
Uric acid
0.35±0.03
0.33±0.03
0.24±0.02
mmol/l
Xanthine oxidase
385.0±31.0
327.0±28.0
90.0±10.0
mmol/l · min
HGPRT
17.3±2
50.0±4
2.0±0.2
L/106
LDH
894.0±70.0
500.0±49.0
< 490,0
U/l
Alkaline phosphatase
815.0±56.0
580.0±57.0
< 500,0
mmol/l
ATP
350.0±20.0
700.0±60.0
mcmol/l
ADP
117.0±10.0
122.0±10.0
mcmol/l
AMP
14.0±1.0
32.2±2.0
mcmol/l
Lactate
2.4±0.35
1.7±0,1
1.24±0.1
mcmol/l
Pyruvate
0.27±0.01
0.15±0.01
< 0,09
mcmol/l
pO2
70.0±5.0
75.0±6.0
90.0 – 100.0
mm Hg
Antioxidant activity
29.8±1.48
35.0±3.0
>50.0
%
MDA
4.0±0.1
4.1±0.1
< 2,5
nmol/ml
Note: HGPRT - hypoxanthine-guanine phosphorilbosyltransferase, LDH - lactate dehydrogenase, MDA –
malondialdehyde, ATP, ADP, AMP - adenosine triphosphate, diphosphate, monophosphate.
Biochemical symptoms of hypoxia were the increased concentration values of lactate and pyruvate in
blood of all children (1,24 mmol/L and 0,03 mmol/L are the ordinary values) in 2-3 times. Such an increase
remained stable during the glucose tolerance test. These symptoms of anaerobic glycolysis in tissues were
combined with at least double decrease of ATP concentration value in blood (700 mmol/L is ordinary value),
increased activity values of lactate dehydrogenase (LDH) and alkaline phosphatase among 77 – 85% of children.
Increased concentration value of uric acid (more than 0,25 μmol/L) in blood or/and urine, which has a prooxidant effect in spite of its antioxidant properties, was typical for all children. Change of the uric acid
concentration value was combined with decreased activity of HGPRT within lymphocytes (in 5 – 10 times),
increased XO activity in serum (in 3 – 4 times) and decreased activity of adenosine deaminase (which is
determined by lymphocyte number decrease in 2 – 3 times during the cell cycle S-phase) [6]. Increased
concentration values of MDA and AOA (in 2 – 5 times) in blood serum were the symptoms of intense
peroxidation process. The content of glucose, urea, cholesterol, triglycerides, creatinine in the blood did not
differ from normal values in both groups of sick children.
Thus the intense anaerobic glycolysis, lower bioenergetics, symptoms of intense peroxidation process
and apparent purine transmission disorders were typical for the examined children.
Results of the daily urine analysis were rather reliable proof of hypoxia (table 3).
Table 3. Biochemical parameters of urine in children with cardiomyopathy

Parameters
Proteins
Ferrum
Zn
Uric acid
Ca/cr
P/cr
Middle molecules
Antioxidant
activity
Н2О2
NO

Ehlers-Danlos’
syndrome
116.0±11.0
220.0±40.0
110.0±10.0
3.5±0.23
0.75±0.05
3.7±0.32
0.7±0.1
41.0±3.0

Group
Cardiomyopathy

Control

137.0±14.0
150.0±10.0
100.0±10.0
4.7±0.4
0.6±0.1
1.8±0.2
0.87±0.1
47.0±5.0

60.0±6.0
50.0±5.0
50.0±4.0
< 3.0
0.5±0.1
< 2.0
< 0.5
> 5.0

0.33±0.02
1.2±0.1

0.38±0.02
0.8±0.05
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U
U
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%
U/24
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Besides the intense excretion of uric acid, lower AOA value, increased concentrations of hydrogen
peroxide and glycosaminoglycan in urine were typical for all children during the year but less in summer. The
increased concentration of lipid hydroperoxides to 1000 RVUs/day (which is almost undetectable in healthy
children's urine) and other hydroperoxides was also the symptom of hypoxia. Most children with cardiopathies
had the intense excretion of calcium salts and phosphates with urine. 85% of children in each band had
significant concentration of medium molecules in their urine, indicated the level of endogenous intoxication.
Half of children with cardiopathies had the acute-phase protein (fibrinogen) in their urine (about 2-3 mg/day),
which was the risk factor for inflammation process or blood coagulation disorder. The typical symptom of
inflammation was the intense excretion (50 – 70 mg/day is the ordinary value) of precipitable by acetone
proteins (microproteins) with urine. The higher concentration of these proteins in urine was typical for 55 – 65%
children with cardiopathies. Albumin was the main fraction of these proteins (about 85 – 90%, when 60% is the
ordinary value) and the concentration of egested microelements exceeded the ordinary value by 2-3 times (Fe
and Zn increase was typical for Ehlers-Danlos’ syndrome, Fe, Zn, P and K increase – for cardiomyopathies).
The analysis of thigh muscles’ morphology among the children with Ehlers-Danlos' syndrome detected
the ragged red fibers phenomenon (RRF) – the symptom of mitochondrial insufficiency. Fibre structure was
changed and the moderate level of generally regional necrosis was found. The disorders of mitochondrial
enzymes’ histochemical properties (decreased activity and maldistribution) were noted (Fig. 2).

a) Ehlers-Danlos’ syndrome

b) norm

Fig. 2. Electron microscopy of muscle biopsy of the femur: a) in a boy 12 years with Ehlers-Danlos’ syndrome and b) norm.

The ultrastructural changes of mitochondrion consisted in major increase of its amount under the
sarcolemma and among the fibrils. In addiction, the lipids, glycogen and calcium depositions, which are typical
for mitochondrions’ disfunction and systemic hypoxic syndrome with the intense peroxidation process, were also
diagnosed. This syndrome can be the reason of mitochondrions’ disfunction itself and thus intensify the
consequences of hypoxia [5].

Conclusions
Thus the symptoms of hypoxia are: 1. Decrease of the pO2 value in blood following the activation of
anaerobic glycolysis with lactate and pyruvate concentrations’ increase in blood and mouth (hemic and tissue
hypoxia).
2. Decrease of the ATP, ADP (adenosine diphosphate) and AMP (adenosine monophosphate)
concentrations in blood following the increased excretion of calcium salts and phosphates with urine.
3. Increased amount of lactate and pyruvate in mouth was the risk factor for multiple caries (80% of
children) and chronic gingivitis. The prenatal and postnatal hypoxia was characterized by the high frequency of
the congenital and acquired systemic enamel hypoplasia and decreased amount of phosphorus and calcium in
enamel.
4. Increase of the HGPRT somatic mutations’ number in lymphocytes in 5 – 20 times (the ordinary
value is 2) following the increased concentration of uric acid in blood and urine, which strengthens peroxidation
process in spite of antioxidant properties when its concentration is less than 0,25 μmol/L.
5. Increase of the peroxides’ excretion, including lipid hydroperoxides when antioxidant activity of
urine is decreased.
6. Endogenous intoxication by peroxides and metabolites of disordered metabolism is the result of
intense peroxidation process at hypoxic syndrome that is characterized by the high concentration of medium
molecules and microproteins loaded with micro- (Fe, Zn) and macroelements (K, P) in urine.
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7. Changes of skeleton muscles’ morphology, concerned with RRF, glycogen, lipids and calcium
depositions, with structural and quantitative changes of mitochondrions, turned out to be typical for hypoxic
syndrome.
It is necessary to include some antihypoxic medicine in therapy of children with hereditary and
congenital cardiopathies.
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Authors submitting to the International Reviw are requested to email full paper in English.
Pictures, if imported, should be placed separately in the zip file in TIFF, JPG, GIF or CDR format
in resolution of 300 dpi.
Manuscripts are blind reviewed with the understanding that they are substantially new and
have not been previously published in whole. Publisher has the copyright to all published
articles.
Practical guidelines
1)The length of the manuscript should not exceed 8 pages (including notes, references,
appendices, tables, figures, charts, etc.). A paper must be written in English in text processor
Microsoft Word, using font Palatino Linotype (size 11), in Latin alphabet, single spacing.
2) Page setup:B5, margins: top 3 cm; bottom 3 cm; left 2,5 cm; right 2,5 cm.
3) Paragraph setup: first line indentation 0,6 cm, paragraph spacing: before 2 pt and after 2 pt.
4) Title: right, bold, size 16
5) The author's name: last, middle and first name (bold, size 11) without titles. The author's
affiliation name of institution, city, state, and country should be together with the author's
name. Behind the name of the first author, a footnote should be inserted containing address
and email of the first author. The maximum number of authors of one paper is three.
6) Abstract: italic, size 11, 3 line behind the author's name, the maximum length of 250 words.
Key words should be 1 line behind the abstract up to ten key words.
7) Avoid endnotes.
8) Tables and figures should be numbered (1,2,3 etc.), in italics centred. All tables and figures
(drawings) must be black & white.
9) Structure of the manuscript (only two levels). First heading: left, bold, size 12, before 18 after
9 pt. Second heading: left indention 0,6 cm, bold, size 12, before 12 after 6 pt.
10) Reference to articles and books in the text: Give full name (first name, middle initial, and last
name) of author(s) and year of publication in the first citation, with page number(s) where
appropriate. For example: Glenn Firebaugh (1999) [first reference]; Firebaugh (1999)
[subsequently]; Andrea Boltho and Gianni Toniolo (1999) [first reference], Boltho and Toniolo
(1999) *subsequently+; Albert Berry, François Bourguignon, and Christian Morrisson (1983)
[first reference], Berry, Bourguignon, and Morrisson (1983) [subsequently]. When more than
one work by the same author is cited, give the last name of author and year of publication in
parentheses for each subsequent citation. When listing a string of references within the text,
arrange first in chronological order, then alphabetically within years. If there are four or more
authors, refer to the first author, followed by et al. and the year; for example: Stefan Fölster et
al. (1998). If there is more than one publication referred to in the same year by the author(s),
use the year and a, b, etc. (example: 1997a, b). References to authors in the text must exactly
match those in the Reference section.
11) List of references (in alphabetical order by author' last names) should be at the end of the
manu. JR uses AEA rules for references (Harward style).

