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A metabolic disorder is a serious problem. Changes that occur at the cellular level and are associated with bio-
chemical processes lead to malfunctioning of the cell, and further, respectively, of tissue, organ, of the whole
organism. Metabolic care is the basis of metabolic therapy. For almost every metabolic regimen of autism
spectrum disorder, there is a counter-argument. For this reason, a unified approach to therapy is impossible,
since, apart from the “autistic triad”, each person has his own peculiarities. At the present stage, in addition to
a gluten-free and casein-free diet, vitamins of groups B and D, polyunsaturated fatty acids, various methods of
microbiome correction are used in therapy, but there is no serious evidence base for the effectiveness of therapy
for autism spectrum disorders. The article proposes options for the study of metabolic changes in the body,
which are the rationale for the development of a scheme of metabolic therapy in the framework of a personal-
ized medical approach to the treatment of autism spectrum disorders.
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he purpose of this article is to acquaint with

the complex biochemical processes occur-
ring in the brain, their dependence on the dietary
intake, metabolic features, and the gut flora con-
dition. It seems that the detailed description of
some biochemical processes, given in the article,
may be of interest to young researchers and ex-
perienced professionals working with children
with autism spectrum disorders.

People with ASD have varying degrees of
brain function deficiency. This is due to the
violation of neural pathways, the imbalance
of inhibiting and activating biologically active
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substances, which leads to a decrease in com-
munication skills, the impossibility of social-
ization, and to some people — to cognitive im-
pairment. Neurotransmitters are included in a
wide variety of chemical processes at the level
of neurons and synapses. The roles of gamma-
aminobutyric acid (GABA), glutamate /gluta-
minergic mechanism, transport and synthesis
of creatine, cholesterol, pyridoxine — which
are cofactors of many reactions of neurotrans-
mitter synthesis (serotonin, norepinephrine),
biotin, carnitine were studied. Autism, as a
symptom, is described in violation of the dis-
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eases of the urea cycle, partly due to receptor
deficiency in oxytocin and other mechanisms
[4; 8; 11: 19; 20]. In a small number of studies
on an autopsy of the brain of patients with au-
tism, glial cells (neuroglia) predominate over
neurons, whereas normally glial cells make up
about 40% of all brain cells. The brain sizes of
children under the age of one with autism ex-
ceed the brain sizes of neurotypical children.
But with age, the brain composition changes:
there is an increase of white matter, the cer-
ebellum, precisely due to glia [4—6; 8; 11; 14,
17; 19; 22; 24]. Gliosis is the result of the re-
placement of neurons by glia, and the causes
of neuron destruction in cases of autism are
variable. There are various theories: autoim-
mune lesions, post-vaccination reactions with
immune damage, infectious, trophic (includ-
ing hypoxic), metabolic. It is important to de-
termine the causes of gliosis and its location,
which significantly affects the clinical mani-
festations, aphasia, emotional sphere, motor
symptoms of people with ASD. In 3/4 of the
results of magnetic resonance spectroscopy of
patients with autistic traits, there was a de-
crease in the content of glutamic acid and glu-
tamate in the brain [8].

An individual approach to the treatment of
each patient is primarily the identification of
personal features of the metabolism. Patients
with ASD are known to have unusual eating
behavior, hypersensitivity to certain foods,
which can manifest themselves as aerophagia,
abdominal pain, bowel disorders (both diarrhea
and constipation), bloating, which ultimately
leads to unwillingness to try new food and the
formation of fear of eating [2]. The symptoms of
metabolic disorders that appear after a year are
described. That is, precisely when children ex-
pand their diets and try to introduce new foods
into their diets. And, first of all, it concerns glu-
ten-containing products [14; 15].

The essence of gluten intolerance
Cereal grains, especially wheat, are high

in high molecular weight protein, gluten.
The following are the current ideas about

the mechanisms of gluten intolerance with
a description of specific clinical entities and
manifestations:

— Allergic: wheat allergy (respiratory and
food allergies, gluten-dependent anaphylaxis,
contact urticaria);

— autoimmune (celiac disease, gluten atax-
ia, Duhring’s disease);

— and non-autoimmune non-allergic glu-
ten intolerance (or non-coeliac gluten intoler-
ance), see fig. 1.

Coeliac disease is a disease that often oc-
curs not only in children, but also in 1-3% of
the western population, including the United
States, which corresponds to 5 million people
living in Europe. Celiac disease is particularly
common in Sweden.

Wheat allergy is a type of allergy that is
most common in children in their early infan-
cy. In adolescents and adults, it is much less
common. In most cases, children “overgrow”
this type of allergy by the age of 12.

Non-coeliac gluten intolerance is a disease
whose symptoms are triggered by the use of
gluten by a patient without coeliac disease or
food allergies. For gluten intolerance, not as-
sociated with coeliac disease, there are no bio-
logical markers.

The most important step in the diagnosis
of this disease is the exclusion of coeliac dis-
ease and wheat allergy.

Gluten has two fractions — gluten and glia-
din. It is the amino acid composition of these
proteins that determine the properties and
characteristics of hydrolyzed wheat gluten.
The essence of the biochemical transforma-
tions of gluten in the process of digestion is
the overproduction of glutamic acid.

Sources and biological significance
of glutamic acid

glutamic acid is a part of proteins and means
a lot in their metabolism, being an amino acid
with a neurally mediated effect [16]. glutamic
acid belongs to the group of replaceable amino
acids and means a lot in the body. In the body,
it is up to 25% of all amino acids.

AyTV3M 1 HapyLueruns passutma. T. 17. N2 1 (62). 2019

56 Autism and Developmental Disorders (Russia). Vol. 17.No 1 (62). 2019



Polyakova S.I. The Pathophysiological Rationale for Personalized Metabolic Therapy of ASD...
MNonsikoBa C.WN. lMatogpusmonormyeckoe o6ocHoBaHUE nepcoHNpuULmMpoBaHHor metabonmyeckon Tepanmm PAC...

Glutamate (a salt of glutamic acid) pro-
vides, in particular, the functioning of NMDA
receptors and activates them, ensuring the
conduction of nervous impulses, organizing
such cognitive functions as learning and mem-
ory. According to some authors, the dysfunc-
tion of NMDA receptors leads to ASD [16].

The key amino acid in the hydrolysis of
gluten, gliadin, and glutelin is glutamine acid.
Another important point: glutamic acid itself
and its salts are flavor enhancers, creating a
so-called “umami” taste that the baby already
feels with breast milk, although in essence, it
is the taste of meat that was extracted during
long-term cooking. For all substances, toxic-
ity is a dose-dependent concept. For adults, it
is considered safe to consume up to 9 g of glu-
tamate per day.

The list of products excluded from the diet
of patients with ASD is expanded to the big
four harmful: gluten, casein, soy, and corn.

These foods, rich in glutamic acid, contribute
to atrophy of the villi in the small intestine
and have neurotoxicity, which is a hot theme
for discussion by Neuro Dietitians [21].

The mechanism of molecular mimicry ex-
plains the clinical intolerance of not only these
four (gluten (including millet and oats), ca-
sein, soy, and corn) but already six products:
rice and yeast are added to the list.

Contrary to popular belief, the corn-grain
protein consists of zein (a partial protein that
does not contain lysine) and glutelin (native
protein), i.e., 40% per one of each. Corn glute-
lin contains a large (10—40%) amount of glu-
tamine in its composition; moreover, breeders
grow varieties enriched with protein for use in
the food industry and to create animal feed [1].

Soy protein contains 21.6% of glutamine —
it is more than whey (16.9%), casein (19.5%),
egg (13.5%), beef (14.5%) [20]. Despite the
combative advertising of soybeans and prod-

Gluten intolerance

Allergy to wheat and

Coeliac Disease )
other cereal grains

The autoim¢mune disorder with genetic
susceptibility of HLA-DQ2/HLA-DQS8 (95%), with
the formation of jejunum mucosa atrophy.

1/ IgA total

TEA total
Ightatal low level
normal DGPA

Pt

7~ Non-coeliacgluten
sensitivity

Limited hydrolysis of
gliadin = Polypeptides
Opioid-
modulating peptides

2 / specific IgA, 1gG >10 times

* tissue transglutaminase IgA, (tTg)

* Anti-Endomisial Antibodies (EMA)

* lgG only > 10 norms of Deamidated
Gliadin Peptide Antibodies,(DGPA)

Jejunal Biopsy
IgA,t!gG >10 NOT
'mes REQUIRED
IgA, 1gG <10 Jejunal Biopsy
4/' times REQUIRED
\ IgA, IgG negative - coeliac disease
excluded

3/ nonspecific IgA and 1gG
to gluten (1gG47?)

4/ IgE to grasses, wheat, rye, oats, barley

Fig. 1. Gluten intolerance scheme, diagnostic markers. A fragment of non-coeliac intolerance, characteristic
of children with ASD, is highlighted.

AyTV3M 1 HapyLuenuns passutmia. T. 17. N2 1 (62). 2019

Autism and Developmental Disorders (Russia). Vol. 17.No 1 (62). 2019 57



Polyakova S.I. The Pathophysiological Rationale for Personalized Metabolic Therapy of ASD...
MNonsikoBa C.W. Matopusmnonormnyeckoe o6ocHoBaHUE nepcoHnGULMpoBaHHo metabonmuyeckovi tepanum PAC...

ucts from it, soy is a stodgy product, that has
a large number of “insertions” in the molecule,
does not swell and, therefore, has low biologi-
cal value, referring to partial proteins, because
does not contain methionine. There is a lot of
information about the useful and not very use-
ful properties of soy, including products from
genetically modified soy.

The lack of gluten in the product is not a
guarantee of intolerance. It is not about aller-
gy and celiac disease, it is a hydrolysis prod-
uct — glutamic acid and peptides of gliadin
with opiate activity [12].

Glutamic acid is found in all foods of both
vegetable and animal origin. In grains— from
1500 mg/100 g of protein in product (corn),
to 3400 mg/100 g of protein in Poltavskaya
grain (wheat groats), in whole chicken eggs —
1773, in milk from 509 (cow’s milk protein) to
1164 mg/100 g of sheep protein milk, cheese —
from 4000 to 6300, fish 1700—3000 mg/100 g
of protein. The higher the fat content of the
product, the smaller the proportion of protein
and, accordingly, amino acids. Therefore, the
transition to a ketogenic, more fat-laden diet
is often useful not only due to a shift in me-
tabolism from carbohydrates to fats. So, soy
contains more than 6000 mg/100 g of glu-
tamic acid. Then a little less — in green peas
and parmesan cheese, and only then follow the
meat varieties (beef — 2800), etc.

An important role in the hydrolysis of pro-
teins is assigned to the enzyme dipeptidyl-pep-
tidase-4 (DPP-1V). It is a nonspecific enzyme
of many protein substrates, and in particular,
gluten and casein. The activity of DPP-IV
reduces the content of polypeptides with an
opioid effect on the CNS — gluten, and casein.
If necessary, on the Internet you can find the
trade names of enzymes containing DPP-1V,
to use them to improve the digestion of gluten.

Glutamine is an integral part of the most
important antioxidant complex — glutathi-
one, which protects cells from oxidative dam-
age. In addition, glutamine is an energy source
for rapidly dividing cells, including cells of
the immune system. About 1/3 of the energy
of these cells is obtained by the oxidation of
glutamine.

Ammonia as a neurotoxin

High levels of ammonia and glutamate in
the brain are neurotoxic [7; ten]. Their effect
on specific brain receptors (NMDA receptors)
causes anxiety states. The “circulation” of glu-
tamate is a complex mechanism that ensures
the operation of NMDA receptors [7; 10; 23].
Deamination of glutamine to glutamate leads
to the formation of ammonia, which, in turn,
is associated with a free proton and excreted
into the renal tubule lumen, leading to a de-
crease in acidosis. The conversion of gluta-
mate to a-ketoglutarate also occurs with the
formation of ammonia. But the reverse process
of ammonia binding leads to an increase of glu-
tamine (“time bomb”) with a potential risk of
a hyperammonaemia crise, which, in a severe
case, leads to coma, and in a lighter one — to
headache, vomiting, impaired consciousness
and behavior, other signs of intoxication. In
the central nervous system is about 106 gluta-
matergic neurons. Elevated level of glutamate
in the synapses between neurons can destroy
them, but astrocyte glial cells absorb excess
glutamate. It is transported into these cells
using the GLT1 transport protein, which is
present in the astrocyte cell membrane. Being
absorbed by astroglia cells, glutamate no lon-
ger causes damage to neurons.

The role of nutrition
in hyperammonaemia

Food selectivity, the rejection of certain
foods, which is often peculiar to people with
ASD, can lead to a lack of such amino acids
as ornithine, arginine, citrulline, which are
involved in ammonia detoxification. Refusal
of protein foods, in particular, of meat, fish,
eggs, cottage cheese, etc., can be associated
with excessive formation of ammonia during
the hydrolysis of dietary protein, as a result
of which ammonia is not sufficiently neutral-
ized by the liver, or too much of it is formed.
This once again underlines the importance of
the principle of balanced nutrition (a little
protein — bad, a lot — it can be even worse).

AyTV3M 1 HapyLueruns passutma. T. 17. N2 1 (62). 2019

58 Autism and Developmental Disorders (Russia). Vol. 17.No 1 (62). 2019



Polyakova S.I. The Pathophysiological Rationale for Personalized Metabolic Therapy of ASD...
MNonsikoBa C.WN. lMatogpusmonormyeckoe o6ocHoBaHUE nepcoHNpuULmMpoBaHHor metabonmyeckon Tepanmm PAC...

And yet — the autoregulation of metabolic
processes consists in the rejection of protein
foods, meat, cottage cheese, that is, in the met-
abolically grounded selectivity of appetite. It
should be considerate towards this.

Ammonia (and its ion — ammonium) is the
primary nitrogenous slag, which must be con-
verted into less toxic urea in the liver and ex-
creted with urine. With an excess of formation,
or with its insufficient neutralization, ammo-
nia easily penetrates the blood-brain barrier
and has a neurotoxic effect. The pathogenetic
effect of ammonia on the central nervous sys-
tem is associated with a violation of the Krebs
cycle and a decrease in ATP synthesis — ad-
enosine triphosphoric acid [10]. Ammonium
causes alkalization of blood (metabolic alkalo-
sis), inhibits gaseous exchange by increasing
the affinity of hemoglobin for oxygen, which
causes oxygen deprivation in tissues. A vicious
circle is formed — hypoxia leads to increased
respiration, loss of carbon dioxide, alkalization
of blood (respiratory alkalosis); a combination
of metabolic and respiratory alkalosis exacer-
bates impaired gas exchange and damages the
cellular Na*/K* pump.

Glutamine is formed from ammonia with
glutamic acid, has a high osmolarity, accumu-
lates in the cell, and, in excess, causes cerebral
edema, especially astrocytes. The concentra-
tion of ammonium in tissues and in the brain,
in particular, is 10 times higher than in the
blood, but it is the brain that is most sensitive
to hyperammonaemia. In the cell, glutamine
and asparagine are deaminated, respectively,
by glutaminase and asparaginase to form am-
monium ion [10]. When collapsing, glutamine
in high concentrations leads to hyperam-
monaemia — this cycle can be repeated many
times, supporting intoxication, in a crisis situ-
ation — cerebral edema, and in milder cases —
behavioral disturbance, vomiting, headache.

There are too little works aimed at studying
the level of ammonium in the blood of people
with ASD. Some clinical cases are combined
in reviews of studies of adult patients with
psychiatric diseases [7; 9; 28].

Hyperammonaemia as a symptom may be
due to various reasons: hypercatabolism of
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the protein (due to trauma, excessive physical
activity), protein overeating, starvation (and
as a result — autophagy, rhabdomyolysis —
processes in which the own tissues are used to
maintain homeostasis), disruption of micro-
biota functioning both in terms of production
and utilization of ammonia, lack of enzymes of
the urea cycle.

Thus, the ammonia toxicity does not cause
any doubts, the level of ammonium more than
60 umol/1 (110 pg/dl) is considered patholog-
ical; the normal level of ammonium ions does
not exceed 35 uMol/I (or 60 ug/dl), interme-
diate questionable results fall into the “gray
zone” and require repeated research.

The determination of the level of ammonia
is carried out at any time, not only on an emp-
ty stomach. Physiological amount of protein
(1 g/kg) challenge is more informative.

Ammonia is also formed from other amino
acids by deamination to form ammonium ion,
for example, cysteine into pyruvate + ammonia,
histidine is converted into urocaic acid and am-
monia, glycine into glyoxalic acid and ammonia,
glucosamine-6 phosphate into glucose-6-phos-
phate and ammonia, glutamine to glutamic acid
and ammonia. It is important to know for the
correct assessment of the spectra of the amino
acids, the prescription of a low protein diet and
amino acid mixtures and drugs.

The role of microflora in ammonia
homeostasis

The growth of yeast and bacteria in the
intestine is accompanied by the formation of
ammonia, which is easily soluble and over-
comes the hematoencephalic barrier [14; 17;
18]. A diet rich in animal protein can also in-
crease the level of ammonia in the body. Mag-
nesium, zinc and taurine are agonists that pre-
vent the activation of NMDA receptors and,
accordingly, reduce anxiety, including during
hyperammonaemia [16; 25].

Itis important to emphasize that the study
of the intestinal microbiota by the bacterio-
logical method makes it possible to identify
only 10% of the intestinal microbiota, since
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already dead microorganisms are taken for
analysis. In addition, the microbial commu-
nity of the small intestine is represented not
only by the luminal, but also by the parietal
flora, located under the protective layer of the
epepithelial mucus.

Alternative methods for the study of
microbiota include the sequencing of its
representatives, but this is a costly and in-
accessible study to date. Also used is regis-
tered more than 20 years ago, the diagnostic
method G.A. Osipov “Mass spectrometry of
microbial markers” (MSMM). This method
is based on the reconstruction of microbiota
by microbial markers: components of micro-
organism membranes, serum lipopolysaccha-
rides, punctates, drainage fluid, coprofiltrates,
urine, saliva. The advantage of this method
allows to evaluate the functional activity and
the qualitative diversity of the representatives
of the microbiota (including the intestine, and
it is more powerful). This promising method is
being actively developed.

Deviations in the intestinal microbiota in pa-
tients with ASD lead to an imbalance of repre-
sentatives: decrease in the number of bifidobac-
teria and lactobacilli (parietal flora), increase in
clostridia, fungi, some anaerobes (translucent

flora). Symbiont digestion, complementary to
its own, is accompanied by bloating, pain, in-
creased intestinal permeability. This important
point in conjunction with sensitization makes
the intestine a very weak barrier to the metabo-
lites of both the flora itself and the products of
protein hydrolysis with opioid action.

A personalized approach to the prescription
of a gluten-free and casein-free diet should be
based primarily on clinical efficacy, but labora-
tory diagnosis of gluten and casein sensitization
can be an argument in favor of this restrictive
diet. Prescription of the DPP-IV enzyme does
not solve the problems of coeliac disease, but
it has proven itself very well for the occasional
use of gluten for allergies and is especially effec-
tive for non-coeliac gluten intolerance.

The study of amino acids and the determi-
nation of ammonium must be included in the
diagnostic program of children with ASD.
Moreover, in the arsenal of specialists there
are medications for the correction of hyperam-
monaemia and various dietary supplements.

As a result of two years of work on the
study of metabolic features, eating behavior,
diet peculiarities and microbiota in children
with ASD, the diagnostic program presented
below is proposed.

Table

Diagnostic program for the study of potentially significant metabolic abnormalities
in children with autism spectrum disorders

Research methods

Therapeutic approach

Advanced research and
prescriptions

Exclusion of

antiglyadin — Test diet for at least 3 months. phins of gluten and casein
antibodies (to tissue Prescriptions: in urine
transglutaminase, — alpha-galactosidase — Magnetic resonance
deamidated gliadin — DPP-1V spectroscopy of the brain
peptide) and genetic | — Synthesis of continuity of the intestinal barrier — LCHF? diet in patients
susceptibility to — Mucous reparants with epilepsy

coeliac of HLA-DQ2/ |— Antisecretory drugs to reduce the aggressive prop-

HLA-DQS8 erties of luminal fluids

of hygienic skills)

Individual approach to a gluten-free and casein-free diet

— Production of physiological rest (enzymes)
— Correction of defecation (including in the absence

— FODMAP! diet with the administration of alpha-
galactosidase (allowed from 5 years to off-lable)

— Determination of exor-

! Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols.

2 Low Carb High Fat

60
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Research methods

Therapeutic approach

Advanced research and
prescriptions

Evaluation of liver
function tests
rations.

Optimization of detoxification and synthetic functions
using ademetionine, tocopherol, acetylcysteine prepa-

Breathing test

Ammonium control on
an empty stomach

— Consultation of a geneticist.

— Correction of amino acids, including subsidies
of arginine, ornithine, citrulline (coenzymes and

— after taking gluten  |substrates of the Krebs urea cycle).
— after protein load of |— Low protein diet.
1g/kg — Determination of orotic acid in the urine.

— Exclusion of diseases of the urea cycle.

Ammonium monitoring
(by individual devices)
according to indications

Determination of
amino acids in the

— Supplement of deficient amino acids
— With an excess of glutamine, the prescription of

Special formulas for pa-
tients with UCD (dis-

blood ammonium scavengers. eases of the urea formation
(including glutamine) |— Prevention of hyperammonaemic crises cycle)
MSMM study by G.A. |Specific and nonspecific decontamination, correction | — In the future, the
Osipov with metabiotics and symbiotics study of microbiota drug
resistance
— Microbiota
transplantation

— Deviation correction
— Prescription of carnitine

Research of acylcarni-
tines, free carnitine

nootropics, omega-3 fatty acids and similar substrates

Lactate test

Exclusion of mitochondrial insufficiency

Primary, secondary

Creatinine test + creatine phosphokinase

In an optimal way -
creatine test in the
cerebrospinal fluid

Vitamin-mineral At the request of the parents

premix

In conclusion, it is important to empha-
size that there are no uniquely bad or good
molecules in the metabolism, to ensure ho-
meostasis (constancy of the internal envi-
ronment of the body) there must be a mobile
biochemical equilibrium. As a doctor with
more than thirty years of experience, I can

recommend a reasonable and gradual nutri-
tional intervention of new products, diets,
and medicines.

And, of course, any medical recommenda-
tions should be understood and accepted by
parents, especially in the case of restrictive
and prohibitive measures.
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Hapymenue oOMeHa BelecTs — cepbesHast mpodJieMa: M3MEHEHMsI Ha KJIETOUHOM YPOBHE, CBA3aHHbIE ¢ OUOXU-
MUYECKMMU IIPOLECCAMU, IPUBOIAT K HEIIPABUIBHOI paboTe KJIETKH, a Jajee, COOTBETCTBEHHO, TKaHH, OPraHa,
Bcero opranusMa. Koppexiysa sTux HapylleHnil — 0CHOBa MeTa0OINYecKoi Tepanun. IIpakTiaecKn 11 Kaxk-
IIOi1 CXeMBI METabOINYECKOH TepAIK PACCTPOIICTE Ay TUCTUYECKOTO CIIEKTPA HAXOANUTCS CBOI KOHTPApTyMEHT,
U eIUHBIA MOAXO0/ K TePAN HEBO3MOKEH, MOCKOIBKY, KPOME «ayTUCTUYECKON TPUAAbI», KaiK bl YEeJI0BEK
umeert csou ocobennoctu. Ha coBpeMeHHOM aTalie, KpoMme 6e3rII0TeHOBO 1 6e3Ka3eMHOBON JIMeTbl, B TEPaIIiK
TIPUMEHATOTCA BUTAMWHBI prHH Bu D7 TTOTMHEHACBITIEHHDBIC JKUPHbBIE KNCJIOTBI, Pa3/IMYHbIE METO/IbI KOPPEK-
MM MUKPOOMOTBI, HO CEPhe3HOM 0Ka3aTebHON 6asbl 9h(PEKTMBHOCTH Tepanuy PacCTPOICTB ayTUCTUYECKO-
IO CIIEKTpa He CyIIEeCTBYeT. B craTbe MmpesiosKeHbl BAPHAHTbI NCCIEA0BAHNS METAOOINYECKUX U3MEHEHUI B
OpranuaMe, KOTOpbIE SIBJISIIOTCS 0GOCHOBAaHMEM JIIST pa3padOTKM cXeMbl MeTab0JMYeCKON Tepalnu B paMKax
[ePCOHATM3MPOBAHHOTO MEAUIIMHCKOTO MOAX0/IA K JIEYEHUIO PACCTPONCTB ayTHCTUYECKOTO CIIEKTPA.

Kniouesvte cnosa: paccTpoiicTBa ay THCTUIECKOTO CIIEKTPA, Ay TH3M, METab0INYECKAs TePAITHst, ePCOHATMH-
poBaHHas Teparnusl.

CITOKHBIMU OMOXMMHUYECKIMHU ITPOIlecca-
MU, TTPOUCXOAAIIUMU B MO3Te, UX 3aBUCUMO-
CTBIO OT TIMIIEBOTO PaI[MOHa, OCOOEHHOCTEH
oOMeHa BEIIECTB M COCTOSIHUSI MUKPOMJIOPHI
kunieyHuka. Ilpezncrasisiercss, 4to neranu-
3UPOBAHHOE OIMCAHWE B CTaThe HEKOTOPBIX
OUOXMMUYECKUX TIPOIECCOB MOJKET 3alHTEpe-
COBaTh MOJIOJIBIX UCCJIeIoBaTeel U ONBITHBIX
CIIEIUAJINCTOB, PA0OTAIONINX C JIETHMH, HME0-
HIMMU PAcCTPOMCTBA Ay TUCTUYECKOTO CIIEKTPa.

I | €JIb HACTOSIIEN CTaThd — O3HAKOMUTDH CO

Jlng nyraTthr

JItonu ¢ PAC umeloT pasHyio creneHp He-
JIOCTAaTOYHOCTH (DYHKITMOHUPOBAHUS MO3TA.
IT10 00bsICHsIETCST HApPYIIEHUEM HEHPOHHBIX
cBsi3eit, incOaIancoM TOPMO3SIIIINX U AKTHBH-
pytomux 6I/IOJIOTI/I‘~I€CKI/I aAKTHBHBIX BELIIECTB,
4TO TPpUBOAUT K CHUKEHNIO KOMMYHUKATUB-
HBIX CIIOCOOHOCTEl, HEBO3MOKHOCTH COTIHA-
JIn3alln 1 'y 4aCTu JIIOZ[eﬁ — K KOTHUTHUBHbIM
HapyuienudaM. HeitpomeauaTopbl BKJIIOYEHBI
B 0OJIBITOE KOJMYECTBO PA3HOOOPA3HBIX XU-
MHUYECKUX TIPOIIECCOB HA YPOBHE HEPOHOB U

Honsixoea C.H. Tlarodusuonornyeckoe obocHOBaHue nepcoHuduimpoBanHoii Merabonnueckoir Tepanun PAC. Ilep-
CIIEKTUBHBIE METOBI JiedeHust // Aytusm u mapymenus passutus. 2019. T. 17. Ne 1 (62). C. 55—70. doi: 10.17759/
autdd.2019170105

* Honsxosa Ceemaana Hezopesna, TOKTOp MeIUIIMHCKUX HAYK, TTpodeccop Kadeapsl TOCTINTATBLHON enaTpIUu MM. aKa-
nemuka B.A. Tabosuna DenepasbHOr0 roCyIapPCTBEHHOTO OOKETHOIO YUPEKIEeHUs Bbiciiero obpazosatnust «Poccuii-
CKUI HaI[MOHAJIBHBIN UCCIeI0BaTeNbCKUiT MequnHcekuii yuusepcurer um. H.W. ITuporosa», Mocksa, Poccus. E-mail:
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cuHaricoB. VM3ydeHbl posin raMMa-aMUHOMAC-
agnoit kucsaotel (FAMK), rayramat/rmora-
MUH-3PTUYECKOTO MeXaHN3Ma, TPAHCIIOpTa U
CUHTEe3a KpeaTrHa, X0JeCTepUHa, TUPUIOKCH-
Ha — KO(aKTOPOB MHOTUX PEAKINI CUHTEe3a
HEHPOTPAHCMUTTEPOB (CEPOTOHUHA, HOPIITH-
HedpuHa), GUOTHHA, KAPHUTHHA. AyTH3M Kak
CYIMIITOM OIIVCAH TIPW HapylleHun OosiesHeit
UK/ 00pPa3oBaHUst MOYEBHHBI, OTIACTH 00h-
SCHSIETCSI PEIeNTOPHON HeI0CTaTOYHOCTBIO K
OKCUTOIIMHY U NPOYUMM MeXaHusmamu [4; §;
11: 19; 20]. B nebosbiiom KoimvecTBe paboT
10 pe3yJbTaTaM ayTONCUU MO3Ta IallueHTOB
C ayTH3MOM TI0Ka3aHO MpeobJialaHue TInajb-
HBIX KJIeTOK (HeWporimu) Haj HelpoHaMmu,
TOT/Ia KaK B HOPME TJIMAJIBbHBIX KJIETOK TIPU-
mMepHo 40% OT Bcex KJieTOK Mo3ra. Pazmepbl
MO3ra JIeTell /10 To/1a, UMEIOIINX ayTU3M, Ipe-
BBINIAIOT pa3Mepbl MO3Ta HEHPOTUITMYHBIX Jle-
teit. Ho ¢ Bo3pacTom MeHsieTcs cocTaB MO3Ta:
MIPOMCXOANUT yBeanvyeHne OeJoro BelecTBa,
MO3’Keuka, UMeHHO 3a cueT ruu [4—6; 8; 11;
14, 17; 19; 22; 24]. I'muo3 — pe3yabrat 3ame-
HIeHWsT HEHPOHOB TJIMEH, a IPUYUHBI Paspy-
IeHKsT HEPOHOB TIPU ayTH3Me BapuabesIbHBI.
CyIiecTByIOT pPa3jnyHble TEOPUU: AyTOUM-
MYHHOTO MTOPa’KEeHUS, TTOCTBAKIIMHAIBHON pe-
aKIIMU C UMMYHHBIM MEXaHU3MOM ITOBPEXK-
neHus, nHQeKImonHas, Tpodudeckas (B ToM
qrce  TUTMOKCUYECKast), MeTaboJmuecKast.
BaxHo orpesnenenvie TpUYnUH TJIM032 U MECT
€T0 PacCIoNIOXKeHNs, YTO CYTECTBEHHO BIUIET
Ha KJIMHUYECKHe MposBieHus, ahasuio, aMo-
IMUOHATBHYIO chepy, MOTOPHBIE CHUMIITOMBI
mozeit ¢ PAC. B 3/4 pe3ybTaToB MarHUTHO-
PE30HAHCHON CIIEKTPOCKOTTUU TAIUEHTOB C
AyTUCTUYECKUMU YepTaMu OTMeYeHO CHUXKe-
HU€ COJIeP>KaHusI B MO3Te ITyTAMUHOBON KHC-
JIOTBL U IJI0Tamata [8].

NupauBuayaibublii  TMOAXOJ K Teparuu
KQK/IOTO TAlleHTa — 9TO TPEKIEe BCETO BbI-
SIBJIEHIE TIEPCOHAJIBHBIX 0COOEHHOCTE Me-
Tabosimama. V3BectHo, uto manuentsl ¢ PAC
OTJINYAIOTCS. HEOOBIYHBIM TIHIIEBBIM TIOBEIE-
HUEM, TUTIePUYYBCTBUTETHHOCTHIO K HEKOTOPBIM
MPOAYKTaM THTAHUS, KOTOpas MOXKET TIpo-
SBJISATBCST adpodarueii, 60IbI0 B JKUBOTE, pac-
CTPOMCTBOM cTyJIa (KaK ITOHOCAMU, TaK ¥ 3a110-
pamu), B3[yTHEM >KUBOTA U HAKOHEI] TPUBOIUT

K HeXKeJJaHU PoOOBaTh HOBBIE MPOLYKTHI U
(hopmupoBaHuUio cTpaxa mepes MprueMoM MU
u [2]. Onucanbl CUMITOMBI METAGOTMIECKUX
HapyUIeHUi, KOTOPbIe OSBJISIOTCS T1OCJIe FO/Ia,
MMEHHO TOT/Ia, KOT/Ia JIeTSIM PacHIUpSIIOT TUeTy
U TIBITAIOTCS BBECTH B PAIIMOH HOBBIE MTPOLYK-
ThL. V1 B IepBYyI0 ouepesib 3TO KacaeTcsi TII0TeH-
cojiepKalux MpoaykToB [ 14; 15].

CYTb HEIMMEPEHOCUMOCTH IJIIOTE€HA

B 3akax, a 0coOeHHO B TIIIEHUIIE, COEP-
JKUTCST BBICOKOMOJIEKYJISIPHBIN OEJIOK TJIIOTEH.
Hwuxe mepeunciensl coBpeMeHHbBIE TTPE/ICTAB-
JIEHUS 0 MeXaHU3MaX HellePeHOCUMOCTH TJIIO-
TeHa C ONMCAHWEeM KOHKPETHBIX HO30JI0THye-
CKUX (hOPM U IIPOSIBJICHUIA:

— aJulepruyeckue: ajaieprust Ha MIIeHUIly
(pectimpaTopHasd M TNuUIleBas ajajaeprus, Tio-
TeHO3aBUCUMAasg aHa(pUIAKCHUsS, KOHTAKTHAS
KpalMBHUIIA);

— ayTOMMMYHHBI€ (11eJIMaKus, IITI0TeHOBas
aTakcus, reprieTuOpPMHbBIIA IepMaTUT);

— ¥ HeayTOMMMYHHas HeaJlJlepriuyecKkas He-
MePeHOCUMOCTD TJIIOTeHa (M HelleJTnaKuiiHas
HeniepeHocuMOCTh rymoreHa (anra. NCGS —
non-coeliac gluten sensitivity)), cu. puc. 1.

Ilenuaxuss — 310 3abosIE€BaHUE, YACTO
BCTpeyaroteecs: He TOJIBbKO y neTeit, y 1—3%
3anasiHoro HaceseHus, Bkiouas CIIA, urto
COOTBETCTBYET 5 MUJIIMOHAM TIPOKUBAIOIINX
B EBporne mozeit. Oco6eHHO 4acTo 1eInaKkus
BcTpevaetcd B [IBerum.

Annepezus na nwenuyy — OJUH U3 BUIO0B
ajutepruu, HanboJjiee 4acTo MPOSIBJISIONIIII-
cs y JieTell B paHHEM MJIaJleHUeCKOM Bo3pac-
Te. Y TOIPOCTKOB M B3POCJIBIX OHA BCTpeyYa-
eTcst Topaszio peske. B 6obmnHCTBE CIyYaeB
JIeTH <«IlepepacTaioT» 3TOT BUJL aJlJIePTUU K
12 ropam.

He cssasannas ¢ yeauaxueu vysecmeumeiy-
Hocmo K emomeny — 310 3ab0JIeBaHUE, CHM-
ITOMBI KOTOPOTO 3allyCKalTcs yroTpebiie-
HUEM TJIIOT€HA TIPU OTCYTCTBUU Yy TMAlMeHTa
HeJIMaKUU WK [TUIeBON ajeprun. s qyB-
CTBUTEJBHOCTU K TJIIOTEHY, HE CBI3aHHOW C
IeJIMaKUeld, He CYIeCTByeT KaKux-gn6o Ono-
JIOTUYECKUX MApKePOB.
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Hau6oJ1ee BasKHBIM IIATOM IIPU IHATHOCTH-
K€ JJaHHOTO 3200/IeBaHNS IBJISETCS HCKII0Ye-
HUe I[eJUAaKUU ¥ aJUIepruy Ha MIIeHUILY.

['moren numeet nBe (ppaknmym — TAIOTEH U
rmaguH. VIMeHHO aMUHOKUCJIOTHBI COCTAaB
JaHHBIX OEJIKOB OOYC/IaBJUBaeT CBONCTBA M
ocobenHocTy Tuzppoausara mmeHuipl. CyTb
OMOXMMHMUYECKUX TIPEBpallleHuil TJII0TeHa B
npoliecce MUIIEBapeHNs 3aKII0YaeTcss B TU-
MePIPOAYKIIUN TTyTAMUHOBOU KUCJIOTBI.

N cTOYHUKY 1 OMOJIOTHYECKOEe 3HAYCHUE
Iy TAMMHOBOM KHCJIOTbI

[myramMmuaOBast KUCIOTA BXOAUT B COCTAB
6eJIKOB M WTPaeT Ba)KHYIO POJIb B UX 0OMeHe,
SIBJISISICH aMUHOKHUCJIOTON ¢ HelpoMeanaTop-
HbIM fleiicTBueM [ 16]. [myramunoBas kuciaora
OTHOCHUTCS K TPYIIIIe 3aMEHUMbIX aMUHOKHC-
JIOT U UTPaeT BaXKHYIO poJib B opranuame. Ee
cojiepsKaHye B OpraHr3Me COCTaBJISIET 10 25%
OT BCEX aMUHOKHCJIOT.

[nyramat (cosib TIyTaMUHOBOUM KUCJIOTHI)
obecrieunBaeT B 4aCTHOCTH (HYHKITMOHMPOBA-
nrue NMDA-perentopoB  akTUBHPYeET WX,
obecrieunBast TIPOBe/IEHIIE HEPBHOTO MUMITYJTh-
ca, OpPraHu3ysl TaKue KOTHUTUBHBIE (DYHK-
MU Kak oOydeHwe W mamsATh. [lo MHEHMIO
HEKOTOPBIX aBTOPOB, aAuchyHkiusga NMDA-
penteritopoB mpuBoauT kK PAC [16].

KiroueBast aMUHOKHMCIOTA TIPU THIPOJIN3€
KaK TJIIOTEHA, TINa/InHA, TaK U TJI0TeTNHA —
riiyraMuHoBas. Elle OfMH Ba)KHBIIT MOMEHT:
cama TJIyTaMUHOBAsI KUCJIOTA U €€ COJIN SBJISI-
I0TCSI YCUJINTEJIIMU BKYycCa, CO3/laBas TaK Ha-
3bIBAEMBINl BKYC «yMaMU», KOTOPBI peOEHOK
OIIYTIAeT YK€ C TPYAHBIM MOJIOKOM, XOTSI 10
CYIIIECTBY 3TO BKYC MsICQ, BBIIEJICHHBIN TIpU
NTATEbHON ero Bapke. /711 Bcex BelecTs
TOKCUYHOCTH — TIOHSITHE I0303aBUCUMOE, JIJIST
B3POCJIBIX CUUTAETCSl 0E30MacHBIM YIOTpe-
6J1Th 10 9 T ryryTamMaTa B CyTKU.

[Tepeuenn TPOAYKTOB, UCKIIOUAEMBIX U3 Pa-
1oHa nanventos ¢ PAC, pacuupen 10 60J1b-
IO BPEJIOHOCHOU YeTBEPKU: TJIIOTEH, KA3euH,
COST M KyKypys3a. ITH MTPOLYKTHI, GoraThie Try-
TAMUHOBOI KHCJIOTOM, CTOCOOCTBYIOT aTpohun
BOPCHHOK B TOHKOM KHIIEYHUKE U 00JaaioT

AyTV3M 1 HapyLuenuns passutmia. T. 17. N2 1 (62). 2019

HEHPOTOKCUYHOCTBIO, YTO SIBJISETCS TOpsiyeit
TeMoii 06CyKIeHusT HelpoaueToioros [21].

MexaHU3MOM MOJIEKYJISIPHONT MUMUKPUUN
00BSICHSETCST KITMHUYECKAsT HETEPEHOCUMOCTb
He TOJIbKO 3TUX YeTbIpeX (TyfoTeH (B TOM YuC-
Jie TIPOCO M OBeC), Ka3ewH, cosd U KyKypy3a), a
yIKe MIECTH TIPOAYKTOB: K CITMCKY M0OaBJISIOT-
Cs1 PUC, IPOKIKI.

Bornpeku cyiecTBoBaBiieMy MHEHHO Oe-
JIOK KYKypPYy3HOTO 3€pHa COCTOWT W3 3erHa
(HermoTHOTIEHHBIN OeJIOK, KOTOPBIN He comuep-
JKUT JIM3UH) U TJIIOTeINHA (TIOJIHOIIEHHBIIT ), 110
40% xaxaoro. [moTesn KyKypy3bl COAEPIKUT
6oubiioe (10—40%) KomuecTBO rJIF0TaMuHA B
CBOEM COCTaBe, MAJIO TOTO, CEJIEKIIMOHEPHI BbI-
pamuBaioT oboraieHHble GeJIKOM copTa s
WICIIOJIb30BAHMS B TIUIIIEBOI MTPOMBITIIJIEHHOCTH
U 7151 CO3/ITaHuST JKUBOTHBIX KOPMOB [1].

Coesprii niporeun cogpepsxkut 21,6% riio-
TaMUHA — 9TO OOJIbINE, YeM CHIBOPOTOUYHBII
(16,9%), xasemnosbiii (19,5%), AMYHBIIT
(13,5%), rossxuii (14,5%) [20]. Hecmotpst
Ha arpecCUBHYIO peKJaMy COU U TIPOAYKTOB
U3 Hee, COsT — TSIKEJIBII TIPOYKT, UMeeT GOJIb-
1110€e KOJIMYECTBO «IIPOIIUBOK» B MOJIEKYJIE, He
HabyXaeT M, COOTBETCTBEHHO, MMEET HUBKYIO
OUOIOTHYECKYI0 IEHHOCTh, OTHOCSICh K He-
MOJTHOTIEHHBIM OeJIKaM, T.K. He COIEPKUT Me-
ToHUH. O TOJIE3HBIX U He OYeHb CBONCTBAX
COM €CTh MHOTO MH(OPMAITNHU, B TOM YHUCJIE O
IPOJIYKTaX U3 FeHHOMOANMDUITMPOBAHHOM COH.

OrtcyTcTBUE T/IOTEHA B MPOAYKTE — ellle
He TapaHTUS OTCYTCTBUS HENEPEHOCUMOCTH,
MTOTOMY 4TO /IeJIO He B aJLIEPTUH U He B IeJTH-
aKWM, a B TPOAYKTE THAPOJIN3A — TIIOTAMITHO-
BOI KHCJIOTE U B ITENTH/IAX TJIMAINHA C OTTHAT-
HOI aKTUBHOCTHIO [12].

[moTamMuHOBast KUCJIOTA  COEPKUTCS  BO
BCEX MPOAYKTAX MUTAHUS U PACTUTETBHOTO, U
JKUBOTHOTO TIPOUCXOKAeHUs. B kpymax — ot
1500 mr/100 r Geska mpoaykTa (KyKypyse), 10
3400 mr/100 r Gesika B OJITABCKOI KPYIIE, B 11e-
JIBIX KypuHBIX sitiiax — 1773, B Mmosioke ot 509
(6enka xopoBbero mosoka) o 1164 mr/100 r
Gesika OBeULEro MOJIOKa, B cbipe — ot 4000 10
6300, peioe 1700—3000 mr/100 r Genka. Yem
BBITIE KMPHOCTH TIPOIYKTA, TEM MEHBIINE JOJIs
GesIKka ¥, COOTBETCTBEHHO, aMMHOKHUCIIOT. Ilo-
HTOMY HEPEIKO TIepexojl Ha KeTOreHHYyIo, boJiee
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HenepeHoCcMmoOCTb rntoTeHa

Anneprua Ha nweHnuy
W apyrue 3naku

Lennakua

AyTokuv\yﬁHoe 3aboneBaHMe C reHeTUYECKoM
npeapacnonokeHHoctbio HLA DQ2/DQS8 (95%)
¢ popmupoBaHMem aTpoPUM CANINCTOM TOLLEMN

1gA 06wt
HOPMaNbHbIi

KULWKK
gA obwui
HU3KUI

1/ 1gA obumin
DGPA

| ~

7~ HeuennakuitHaa N
HenepeHOCMMOCTb [II0TEHa

HenonHbii ruaponus
6enKa KneKoBUHbI =
nonaunenTuabl nenTuabl ¢

nMonaHbIM aencremne

2/ cneunduueckue IgA, IgG >10 Hopm

* K TKaHeBOM TpaHCcrIoTamuMHase (tTg),
*  aHTMMM3MANbHbIM aHTUTreHam (EMA)
* TOAbKOIgG >10 HOpMm

(DGPA)

AeammnanpoBaHHOMY nentmnay rnmagmnHa

buoncua
IgA, 1gG >10 TOLLEN KULLKK
HOPM HE HY}KHA
buoncua
IgA, 18G <10 TOLLEN KMLLKK
; HOpPM
: P HY}HA
IgA, 18G oTpuLaTenbHble —
LLe/IMaKMA UCKII0YeHa

'
'
W

3/ Hecneumnduryeckmne IgA n
IgG K rntoTeHy (1gG47?)

4/ 1gE K 31aK0oBbIM TPaBaMm, MIEHNLE, PXK, OBCY,

AYMeEHIO0

Puc. 1. Cxema HellepeHOCHUMOCTH TJIIOTEHA, IMarHOCTHYeCKre MapKepbl. Boiesien hparmeHT
HelleJTMaKUITHON HeIlepeHOCUMOCTH, CBOMcTBeHHOM feTsiM ¢ PAC

JKUPHYIO, IHeTy ObIBAET MOJIE3€H He TOJIBKO 3a
CYeT cMeleHrst MeTaboJI3Ma C YIJIeBOIOB Ha
supbl. Tak Bot, B coe 6osee 6000 mr/100 r riro-
TAMUHOBOH KHCJIOTBI, 3aT€eM MeHbIlle — B 3eJie-
HOM TOPOIITKE 1 ChIPe TapMe3aH, 1 TOJIBKO TOTOM
cremytoT copta msca (roBsauna — 2800) u T.1.

Basknast poJib B THIPOJI3e OETTKOB OTBO/IHT-
cst hepmenty aunentuani-rentuaase-4 (DPP-
IV), necrenuduyeckomy (epMenTy MHOTHX
6eTKOBBIX CyOCTPATOB, U B YaCTHOCTH, TJIIOTEHA
n kasenHa. AkrusHoctb DPP-IV ymenbinaer
cojiepsKaHye MOJUTENTH/IOB C OTTMOUTHBIM JIeii-
crBueM Ha IIHC — ruorena u xazenna. Ilpu
HeOoOXOIMMOCTH, B MHTEPHETE MOKHO Y3HATh
TOProBbIe HA3BaHUS (PEPMEHTOB, COMEPIKAIINX
DPP-1V, 4T00bI HCIOIB30BATD UX LIS yJIy9IIIe-
HUS TIePEeBAPUBAHNS TITIOTEHA

[ryTamMuH — cocTaBHASA YacTh Ba)KHEHIIETO
AHTUOKCHU/IAHTHOTO KOMIIJIEKCAa — TJIyTaTHOHA,
3aIUIIAIOINIETO KJIETKU OT OKUCJIUTETbHOTO
noBpeskaeHns. Kpome toro, riyraMuH — 3TO

66

HCTOYHWK HHEPTUU JUIST OBICTPOIEIISIINXCS
KJIETOK, B TOM YHCJIE U JIJISI KJIETOK MMMYHHO
cucrembl. OKoJ10 1/3 aHeprum TaHHbIX KJIETOK
MOJIy9aeTcs 3a CUeT OKUCJIEHWS TJIyTaMUHA.

AMMHaK Kak HEHPOTOKCUH

Boicokuii ypoBeHb aMMuaka U riryTamaTa B
Mmoasre Heiipotokcuuet [7; 10]. VIx Bauganue na
cueruduyeckue perentopbl Mozra (NMDA-
PEIeNnTOpPbl) BBI3BIBAET TPEBOKHBIE COCTOS-
Hust. «KpyroBopor» riryramata — CJIOKHBIT
MexaHusM, obecrieurBatomuii pabory NMDA-
perteritopoB [7; 10; 23]. [lesamunupoBaHue
rJyTaMUHa /[0 TJIyTamaTta MPUBOAUT K oOpa-
30BaHMIO aMMHUaKa, KOTOPBIii, B CBOIO 04Yepe/ib,
CBSI3BIBAETCSI CO CBOOOHBIM TIPOTOHOM M 9KC-
KpeTupyeTcsl B IIPOCBET IMOYEUHOTO KaHAJIbIIA,
IPUBO/IS K CHIKeHUo arniosa. [Ipespaienne
rJlyTaMara B 0-KeTOTJIyTapaT Tak ke MPOUCXo-
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Ut ¢ oOpasoBanreM amMMuaka. Ho n obpaTHbiii
MTPOIIECC CBI3BIBAaHUS aMMUaKa IIPUBOJINT K T10-
BBILIEHUIO I/II0TaMUHA («O0MOBI 3aMe/IIEHHOTO
NENCTBUS» ) C TIOTEHITUAJbHBIM PUCKOM THIIE-
PaMMOHMEMUYECKOTO KPU3a, KOTOPBIA B TsKe-
JIOM cJjlydyae TIPUBOAUT K KOMe, a B OoJiee Jier-
KOM — K TOJIOBHOH 00JIi, pBOTE, HAPYIIEHMIO
CO3HAHWUS U TTOBEJIEH NS, APYTUX TPU3HAKOB MH-
tokcukanuu. B ITHC naxomurest mopsiaka 108
riiyTamaTepruyeckux HeiipoHoB. [loBbiiiieHHOE
co/iepsKaHmle TJyTamaTa B CHHAICaX MEXKIy
HEPOHAMU MOJKET YHUUTOKUTh HEHPOHBI, HO
IJIMQJIbHbIE KJIETKU aCTPOIUTHI  ITOTJIONIAIOT
u30bITOK ryramaTa. OH TPAHCIOPTUPYETCS B
9TU KJIETKH C TIOMOII[bIO TPAHCIIOPTHOTO GesiKa
GLT1, xoTopblil IpUCYTCTBYET B KJIETOYHOM
MeMOpaHe acTPOIMTOB. DBymaydn MOTJIOIIEeH-
HBIM KJIETKaMK aCTPOIJIMH, TIyTaMaT OoJiblie
He IMPUBO/IUT K TIOBPEKIEHUIO HEHPOHOB.

Poab nuranus B runepaMMOHHUEMHUHN

[TumeBast U36UPaTENLHOCTD, OTKA3 OT HEKO-
TOPBIX ITPOLYKTOB, YACTO XapaKTePHbIE JIJIs JTI0-
neii ¢ PAC, MOTYT IPUBOJINTH K HEXBATKE TAKUX
AMMHOKHUCJIOT KaK OPHUTHH, ADTUHIH, [IUTPY.JI-
JINH, YYaCTBYIOUIUX B JETOKCUKAIIUU aMMUA-
ka. OTKa3 oT OEJIKOBOU NUINU, B YACTHOCTH, OT
Msica, PBIOBI, SIUII, TBOPOTA W JIP., MOKET OBITH
CBsI3aH ¢ M30BITOUYHBIM 00Pa30BaHIEM AMMUAKa
IPY THZIPOJIN3E TIAIIEBOTO OEJIKa, B Pe3yJIbTare
4ero B MeYeHU HeIO0CTATOYHO HeUTPaInu3yercs
aMMUaK, WA ero 0Opa3yeTcst CUIIKOM MHOTO.
ITO ellie pa3 MoIEPKUBAET BAXKHOCTH TTPUHITH-
na cbasaHCHPOBaHHOCTU TMTaHust (Majio OeJi-
Ka — IJIOX0, MHOTO — MOJKET OBITh €Ille XyiKe).
U eme — ayToperysiist 0OMEHHBIX ITPOIIEC-
COB 3aKJIIOYAETCST B OTKa3e OT OeJIKOBOIT MHUIITH,
Msica, TBOPOra, TO €CTh B MeTabondecku 060-
CHOBaHHOI M36MpatepHOCTH anmernTa. K a1o-
MY HaJI0 OTHOCUTHCS] BHUMATEIHHO.

AmMmuax (1 ero MOH aMMOHUI) — TIEPBUY-
HBII Q30TUCTBIN 1IJIaK, KOTOPBIN JIOJIKEH T1pe-
BpAIAThCSI B [1€Y€HU B MeHEee TOKCUIHYIO MO-
YeBUHY U BBIBOJUTHCS ¢ MOYOI. [Ipn u30biTke
00pas3oBaHWsl WJW TPU HEIOCTATOYHON €ro
HeliTpanus3anu aMMUaK OecrpensTCTBEHHO
IIPOHUKAET 4Yepe3 TeMaTodHIehaTuIecKIil

AyTV3M 1 HapyLuenuns passutmia. T. 17. N2 1 (62). 2019

Gapbep M OKa3bIBaeT HEHPOTOKCUYECKOE JIeii-
ctBue. [larorenernyeckoe BiUSHUE aMMMa-
ka Ha I[HC cBg3ano ¢ HapyleHnem HUKJIQ
Kpebca u camxennem cuaresa AT@D —aneno-
auntpudochopuoit kucaorst [10]. AMMonmit
BbI3bIBAET 3alllejadnBanue KpoBu (meTabo-
JIMYECKUH aJIKajio3), TOPMO3HUT Ta3000MeH 3a
CYET YBEJIMYEHUSI CPOJACTBA TeMOTJIOOMHA K
KHCJIOPO/LY, YTO BBI3BIBAET KUCJIOPOIHOE TO-
Jopanue B TKaHsAX. DopMUpyeTcst TOPOUHBIit
KPyr — THUNOKCUS TPUBOIUT K YUaIIEHUIO
JbIXaHus, ToTepe YIJIeKUCJIOTO rasa, ollleJia-
YUBAHUIO KPOBU (JIBIXATEJHbHOMY aJIKaJo3y);
coueTaHne MeTabOJIMIECKOTO U JbIXaTeIbHOTO
ajikasiosa ycyrybJisieT HapylieHrne rasoOMeHa
u oBpexkaeT Kietounblii Na*/ K Hacoc.

[Cnyramun obpasyeTcst U3 aMMuaka ¢ TJIy-
TAMUHOBOI KHCJIOTOI, UMEET BBICOKYIO OCMO-
JISPHOCTD, HAKaIlJIUBAeTCsl B KJIETKe, U, TPU
n30bITKE, BBI3BIBAET OTEK MO3ra, OCOOEHHO
acTporutoB. KoHIeHTpanms aMMOHUS B TKa-
HSIX U B MO3Te, B yacTHOCTH, B 10 pa3 BwiIIe,
YeM B KPOBH, HO IMEHHO MO3T HanboJee 4yB-
CTBUTEJIEH B TUllepaMMoHueMuu. B KieTke
IJIyTaMUH ¥ acliaparvi J1e3aMUHUPYIOTCH,
COOTBETCTBEHHO, TJIyTAMUHA301 U acraparu-
Ha3oi ¢ oOpasoBanueMm nona ammonwus [10].
Paspymasice, rimyTaMuH B BBICOKMX KOHIIEH-
TpaIusaX TPUBOAUT K TUMIEPAMMOHUEMUU, —
3TOT IUKJI MOKET MHOTOKPATHO ITOBTOPSATHCS,
HoJiIep>KUBasi MHTOKCUKAIIWIO, B KPU30BOM
CUTyallii — OTEK MO3ra, a B 0OoJjiee JIETKUX
cIy4asix — HapylleHue MoBeJIeHus, PBOTY, TO-
JIOBHYTO 6OJIB.

Pabot, HampaBJIeHHBIX HA WCCIEIOBAHUE
ypoBHsI aMMoHUsI B KpoBu y Jioeil ¢ PAC,
SIBHO HEIOCTaTOYHO, HEKOTOpble KJIWHHUYe-
CKHe crydan oObeIMHEeHbl B 0630pax UCCIe/0-
BaHWI B3POCJBIX MAIMEHTOB C TICUXUATpUde-
cknumu 3aboseBanusmu [7; 9; 28].

l'mmepamMMoHreMusT KaK CHUMIITOM MOJKET
ObITh O0YCJIOBJIEHA PA3JUYHBIMU TPUYMHA-
MM THTIepKaTabom3MoM Oeska (M3-3a Tpas-
MBI, Upe3MepHOll (HU3NYECKON aKTUBHOCTH),
OeJTKOBBIM TIepeelaHueM, TooaHneM (M Kak
crenctBre — ayrodarueii, pabIoMIOTN30M —
MPOIECCaMM, TPU KOTOPBIX COOCTBEHHBIE TKa-
HU MCIIOJIb3YIOTCS IS MOJJIePsKaHusl Tome-
octaza), HapylieHueM (YHKIIMOHUPOBAHUS
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MUKPOOMOTHI KaK B TJIaHe TIPOIYKIIUH, TaK W
YTUIU3AIUN  aMMHUaKa, HeI0CTaTOUHOCTHIO
(hepMeHTOB THKJIa 00pPa30BaHUSI MOYEBUHBIL.
Takum 06pa3oM, TOKCHYHOCTh aMMHUaKa He
BBI3BIBAET COMHEHUIA, TATOJIOTUIECKUM CUUTA-
ercst ypoBeHb aMmMoHust 6osiee 60 MKMouib /1
(110 MKr/mm); HOpMaJdbHBIN YPOBEHb MOHOB
aMMOHWUSsI He TpeBbiliaeT 35 MKMoJib/s1 (1in
60 MKr//J1), TPOMEKYTOUHbIE COMHUTEJIbHBIE
Pe3yJIbTaThI MOTA/IAI0T B «CEPYIO 30HY» U Tpe-
GYIOT TOBTOPHOTO MCCJIEIOBAHUS.
Omnpenesnenne ypoBHSI aMMHakKa IPOBO-
JUTCA B TI000€ BpeMsi, HE TOJIbKO HATOIIAK.
IIpoBokanusi (PpU3NOIOTHYECKUM KOJIUYe-
ctBoM Genka (1 r/kr) 6osee unpopMaTHBHA.
AmmMuak 06pasyeTcst ¥ 13 APYTHX aMUHOKIC-
JIOT TIyTEM Je3aMUHIPOBAHUS ¢ 00pa3oBaHIEM
MOHA aMMOHWS, HAIIPUMED, IIUCTENH — B IUPY-
BaT + aMMUaK, TUCTUIVH TIpeBpalliaeTcsi B ypo-
KanHOBYIO KUCJIOTY U aMMUAK, TJIUIMH — B TJIN-
OKCaJIeBYIO KUCJIOTY U aMMHUAK, TJTIOKO3aMIH-6
(ocdar B rrimokosy-6-docdar u ammuaxk, rio-
TaMUH B IJIIOTAMUHOBYTO KUCJIOTY U aMMHUAK. ITO
BaKHO 3HAThH JIJIST TIPABUJILHOM OIEHKHU CIIEKTPa
AMUHOKHCJIOT, Ha3HAYEHUsST HU3KOOETKOBOM [I1-
€Tbl 1 aMITHOKUCJIOTHBIX CMeCeli 1 TIPerapaToB.

Poab mukpodaopst
B TOMeOCTa3e aMMHaKa

Poct nposkxeil u Gakrepuii B KUIIEUHUKE
COIIPOBOJKIAETCS  0OpasOBaHMEM aMMUAKa,
KOTOPBII JIETKO PAacTBOPUM M ITIPEOJI0JIEBAET
remaroaHiedamndecknii 6apwep [14; 17; 18].
Jlueta ¢ BBICOKMM COJiepKaHUEM >KUBOTHO-
ro GeJKa MOXKET TakKe YBEJUYUTH YPOBEHb
aMMHUaKa B opranusme. Maruuii, IMHK U Ta-
YPUH — arOHKUCTbI, KOTOPbIE MTPEOTBPAIIAIOT
aktuBaiuio NMDA-perentopoB, a cooTBeT-
CTBEHHO CHWKAIOT TPEBOKHOCTD, B TOM UHCJIE
npu runiepammonuemun [16; 25].

Ba:kHO MOMYEPKHYTb, UTO HCCJIEOBaHHE
MHMKPOOHOTHI KHUINEYHHKAa OaKTepuoJiornye-
CKMM METOJIOM IO3BOJISIET BbISIBHTb TOJbKO
10% KuIevYHON MHKPOOUOTHI, MTOCKOJIbKY Ha
aHamm3 OepyTcst yike orpaborasiime (MepT-
Bbl€) MUKPOOpPraHu3Mbl. Kpome Toro, Mukpo6-
HOE COOOIIECTBO TOHKON KUIIKU ITPE/ICTABIEHO

He TOJbKO IPOCBETHON, HO U MPHUCTEHOYHOM
(ropoii, pacronokeHHOI 1Mo/ 3aMUTHBIM CJI0-
€M HaJIPNUTETNATHHON CJIN3H.
AnbTepHaTUBHBIE METO/IbI U3Y4YEHUS] MH-
KPOOHOTHI BKJIIOYAIOT CEKBEHMPOBAHHE €€
npejacraBuresieid (HO 3TO Joporocrogdiiee U
MAaJIO/IOCTYITHOE Ha CETOHSIIITHUN JIeHb uccJie-
JIOBaHMeE) U 3aperucTprpoBaHHblii Gosee 20 et
Hazaz auarHoctunyeckuii Mmetox I'.A. Ocumnosa
«Macc-cneKTpoMeTpusi MHKPOOHBIX Mapke-
poB» (MCMM), ocHOBaHHbBII1 Ha PEKOHCTPYK-
[N MUKPOOUMOTBI 110 MUKPOOHBIM MapKepaM:
KOMITOHEHTaM MeMOpaH MUKPOOPTaHU3MOB,
JIUTIOTIOJICAXaPH/IaM B CBIBOPOTKE KPOBU, TTYH-
KTaTaX, JAPEHAKHOU >KUIAKOCTH, KOMPO(hUIh-
TpaTtax, mode, ciioHe. IIpeumyiectBo aToro
METOIa TIO3BOJISIET OIEHUTh (hYHKIIMOHAJIBHYTO
aKTMBHOCTh ¥ KayeCTBEHHOE pasHooOpasue
npejicTaBuTeNeil MUKPOOHOTBI (B TOM YHCIIE
KUIIEYHUKA, a OHa OoJiee MOIITHAs). DTOT MHO-
rooGeIAoIIii METO/I AKTUBHO Pa3BUBAETCS.
OTKJIOHEHUST B MHUKPOOMOTE KHUIIEYHU-
ka y manuenToB ¢ PAC mpuBomsaT k maucha-
JIAaHCY TIpe/ICTaBUTeNIeil: CHUKEHUIO YHca
O6udumo-u makrobakrepuii  (IIPUCTEHOYHOMN
(hJI0pBI), YBETNYEHWTO KIOCTPUIHIA, TPUOKOB,
HEKOTOPBIX aHadPOOOB (IIPOCBETHON (DIIOPHI).
CuMOMOHTHOE THINEBapEHNe, IOMOTHSIONIee
cOOCTBEHHOE, COTIPOBOKIAECTCS B3y THEM, HO-
JISMU, TIOBBITIIEHNEM ITPOHUTIAEMOCTHU KUTIKU.
ITOT Ba)KHBII MOMEHT B COBOKYITHOCTH C CEH-
crbun3alueii esiaet KUKy BecbMa cJadbim
OGapbepoM Ha MyTH MeTabOJUTOB KaK caMOW
(JIOpBI, TaK ¥ TIPOYKTOB THAPOJIH3a OETKOB ¢
OTIMOUTHBIM JIEVCTBUEM.
[TepconnduimpoBannblii  MOAX0A K Ha-
3HAUEHUIO GE3TTIOTEHOBON U Oe3Ka3enHOBOM
JIMETHI JIOJKEH 0asMpoBaThCS MPEKIE BCETO
Ha KJIWHWYecKol sddekTuBHOCTH, HO M JIa-
6GopaTopHas AMArHOCTUKA CEHCUOMIU3AIUU K
TJTFOTEHY ¥ Ka3eMHY MOKET OBITh apTYMEHTOM B
MI0JIb3Y 9TOU OrpaHUYMTEIbHON reThbl. HaszHa-
yenne (epmenra DPP-IV He pemmur 1pobiie-
MBI 1[eJTHAKUN, HO OTJIUYHO 3aPEKOMEH/I0BAJIO
cebst TIpH CJIy4aifHOM yIOTPeOJIEHUH TIF0TEHA
IpU aJIeprund U 0cOOeHHO a(PGhEKTUBHO TPU
HeleJINAaKUIHON HellepeHOCUMOCTH TJIIOTEHA.
WccnepoBanre aMMHOKUCIIOT U OTIpeieie-
HIle aMMOHUST HEOOXOANMO BKJIIOYHTD B Jia-
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rHocTrdeckyio mporpammy zgeteii ¢ PAC. Tem
6oJiee 4TO B apceHale CIEIUaINCTOB eCTh Me-
TUKAaMEHTO3HbIe CPE/ICTBA KOPPEKIUU THuIle-
paMMoHuemMuu u paziandHbie BA/[bI.

BcerencrBue aByxierHeil pabGoThl 1O HC-
CcJIeIOBaHUI0 OCOOEHHOCTE 0OMEHa BEIECTB,
IIUIIEBOTO MMOBEIEHNSI, CBOEOOPasusi palinoHa
u Mukpobuotsl y gaereii ¢ PAC npemaraer-
cs1 TIpe/ICTaBJIeHHAs HIDKe JAMAaTHOCTHYeCcKast
mporpaMma.

B 3aksouenue BaKHO MOJYEPKHYTD, 4TO
B 0OMeHe BeIeCTB HeT KaKUX-TO OJHO3HAY-

HO TITIOXUX UJIU XOPOIIMX MOJIEKYJI, 1Jist 00e-
crieyeHns ToMeocTasza (TOCTOSTHCTBA BHY-
TPeHHel cpebl OpraHu3Ma) JOJIKHO ObITh
MOJIBUKHOE OMOXMMHUYECKOEe PaBHOBECHE.
Kak Bpau ¢ Gojee 4yeM TPHUAIATUICTHUM
CTa’keM MOTY PEKOMEH/I0BaThb PasyMHOE U
IOCTelleHHOe BBe/leHHne HOBBIX IPOIYKTOB,
TUeT U JIEKapCTB.

U, koHeuHo, /to6bie BpaueOHbIE PEKOMEH-
AUy JOJUKHBI OBITh TIOHSTHBI W TIPUHSITBI
POIUTENSIMHU, OCOOEHHO B CJIydae OrPaHUYU-
BAIOMIKMX U TeM O0JIee 3aIpenaroninx Mep.

Tabauna

HI/IaI‘HOCTI/I‘leCKaﬂ InmporpaMMa UCCJI€A0BaHUA IMMOTEHIIMAJIbHO 3HAYUMbIX
MeTa00IMYEeCKHX OTKJIOHECHHIH y ZleTeﬁ (¢ paCCTPOﬁCTBaMH AYTUCTUYECKOTO CIIEKTPa

MeTo/bI iCCI€OBAHUS

TepaneBTrnyecKue MOIXOIBI

HepCHeKTI/IBHI)Ie HCcCJIea0BaHUA
1 Ha3HAYECHUA

Wckmouenne anturian-
AQINHOBBIX AaHTUTEJ (K
TKaHEBOU TPAHCTJIIOTa-

0Oe3Ka3enHOBON AMeTe

MUHa3e, feamuauposan- | Haznauenus:
HOMY TIETITH/LY TJIHa- — asbha-TaTaKTO3UaA3bI
JINHA) U TeHeTUYECKON — DPP-IV

HbIX COKOB

MEHTBI)

off-lable)

M HAUBULYBHBII TTOX0T K OE3TII0TEHOBON 1

— TIpoGHas qreTa MUHUMYM 3 MecC.

— BoccranoBiienue 11€J10CTHOCTH KUIIIEYHOTO

MIPePACTIONOKEHHOCTU
k nemmakuy HLA-DQ2 | 6apbepa
n DQ8 — PenapanTsr cmsuctoit

— AHnTHcekpeTopHble IIperapaTsbl /1 YMeHb-
HIeHNs arPeCCUBHBIX CBOMCTB IUIIIEBAPUTEIIb-

— Cosnanue pusnorornaeckoro mokost (hep-

— Koppexknus gedekaruii (B Tom 4ucie npu
OTCYTCTBUY TUTHMEHUYECKUX HABBIKOB)

— FODMAP! quera ¢ HazaHaue€HUEM AJIb-
(ba-ramakTo3umaspl (pasperena ¢ 5 JeT, 10

— Omnpenenenne 3k30pHUHOB
TJI0TEHA U Ka3eHa B MOUue

— MarnuTHO -pesoHaHcHas
CTIEKTPOCKOTINST MO3Ta

— LCHEF? auera y mammeHnTos ¢
aNuJIericuen

O1tenka (OyHKITMOHATb-

HBIX P06 IeyeHn yecKol (hyHKITUN

OHTI/IMI/ISB.I_[I/IH JIETOKCUKAIIUOHHOU 1 CUHTETHU-

C IpUMEHEHNEM IIPEIIapaTOB a/IMUMETHOHNHA,

JlpIxaTeabHbBIN TECT

TOKO(I)epO]Ia, allCTUIIMCTENHA

Konrposb aMmmonus Ha-
TOIIAK

— 1ocJie mpruema -
TeHa

— mocJte 6eIKOBOM Ha-
rpy3ku 1 r/kr

— Koppekius aMuHOKUCIIOT, B TOM YHCJIE 10~
Tally aprUHIUHA, OPHUTHHA, IINTPYJIIHHA (KO-
HH3UMBI U CyOCTPAThl OPHUTHHOBOTO ITHKJIA).
— Huskobenxosad quera.

— OmnpezesieHue 0poTOBOI KMCIOTHI B MOYE.

— Koncybranus renetuka.

— Hckmouenne 6oJie3Heil 1uKia oOpasoBaHus
MOYEBUHBI

MouutopupoBanue aMMOHUS
(MHAUBULYaTbHBIMEI IPHGOPA-
MN) TIO TIOKA3aHWUSIM

! Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols. (pepmenTupyembie onmrocaxapubl, ucaxapusbl,

MOHOCaxapu/ibl U IMOJINOJIbL )

2 Low Carb High Fat («mazo yriieBooB, MHOTO JKIPOB» ).
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ITepcnexTuBHBIE HICCIEIOBAHUS
MeTtopl HCCieIOBaHUS TepaneBTHYECKHE MOIXO/IbI
U Ha3HAYEHUS
Ornpenenienrie aMmHO- — JloTamust eI THBIX aMITHOKHUCJIOT Crernnanbabie (hOPMYJIbI JIJIS
KUCTIOT B KpoBu (B T. 4. | — IIpu u36bITKe riiyTaMuHa HasHaueHue cka- | 6obpHbIx UCD (6osesHeil k-
TJIyTaMUHa) BCH/I)KCPOB aMMOHUS. Jia 06pasoBaHMsI MOUEBHIHBI)
— [Ipodunaxrrka runepaMMOHUEMITYECKUX
KPU30B
Uccnenoanne MCMM | Crienncduueckas u Hecrieniudpudeckas jekai- | — B nepciiekTuBe nccieoBane
o I.A. Ocurnosy TaMUHAIUST, KOPPEKIUSA METAOUOTUKAMY 1 JIEKAPCTBEHHOI PE3UCTEHTHOCTU
CUMOUOTHKAMM MUKPOOHOTHI
— TpancruanTaius MUKpoGHO-
TBI
Uccnenosanme anmmikap- | — Koppekiys oTKIOHEHU
HUTHHOB, CBOOOTHOTO — Haznauenne kapHUTHHA U HOOTPOIIOB, OMeE-
KapHUTHHA ra-3 JKK u mogo6ubIx cybeTpaton
Uccnenosanme makrata | Vckaiouenre MUTOXOH/IPUATBHON HelOCTa- [IepBuuHoii, BTOpUUHON
TOYHOCTHU
Wccnemosanne kpeatn- |+ KOK OnTuMaabHO — UCCIeI0BaHIE
HUHA KpeaTuHa B CTMTHHOMO3TOBOA
KUJKOCTU
MuxpoasieMeHTHBIT [To sxenannto poauresneit
COCTaB, BUTAMUHHbBII
1npouib
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