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RECONSTRUCTIVE OPERATIONS
IN AORTIC ROOF ANEURYMS
WITH AORTAL INSUFFICIENCY

Abstract. Reconstructive surgery of the aortic root is of great interest in the field of cardiac surgery. Over the
past three decades, a number of techniques, differing in technical performance and the anatomical area of the
correction, have been proposed for the correction of aortic root aneurysm with aortic valve insufficiency. The pur-
pose of these procedures is to maintain the functioning of the cusps and stabilize other components of the aortic root.
Reliable and long-lasting effect of such interventions is particularly important due to the lack of necessity of taking
anticoagulants. The choice of the method of surgical correction still remains controversial and in each case the
surgeon is the one to make the decision. This review describes the methods of the aorta root reconstruction with a
systematic approach of choosing a surgical correction method, accompanied by illustrations of the operations. The
description of the procedures, followed by illustrations, facilitates the selection of the surgical method in each
individual case.

Keywords: aortic root aneurysm, aortic insufficiency, reconstruction of aortic root.

Introduction. Most of the authors believed that the aortic aneurism is the local or widespread growth
of it’s diameter for 1.5 times (Svensson L.G., 1997, Ilokposckuit A.B. 1979, benos }0.B. 2011). In most
cases aortic root aneurism accompanies aortic valve’s inefficiency. The most frequent mechanisms of
aortic regurgitation with aortic aneurism are annule aortal ectasia, expantion of sinotubular junction and
sinus of Valsalva’s aneurism [84].

Over the past two decades, a number of methods were suggested for correction of aortic insuf-
ficiency, differing technical implementation and the anatomical area of aortic root. The purpose of these
technics is saving functional leaflets by valve repair, replacement or stabilization of aortic root’s other
components [1]. Reliable and long-lasting effect of these interventions particularly beneficial, in the
absence of the necessity of receiving anticoagulants.

The purpose of this article is to review development of operation methods, definition of indication to
the use of different methods, based on the restoration of the functional anatomy of the complex — "aortic
root".
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Functional anatomy of the complex — "aortic root" and aortic valve. In 1994, Kunzelman and co-
authors published an important work describing the anatomy of aortic root and equilibration with aortic
valve [2].

Finding of article was that the diameter of aortic root at the level of the middle Sinus was considered
as 100%, and the diameter of theat level of the sinus pecten made up 81% of diameter and size of normal
aortic root bases left 97% of the first indicator

In other words, diameter of cinotubular ridge is approximately 85% of the aortic ring’s diameter at
the base of the root.

This quantified analysis of the aortic root’s anatomy certifies da Vinci’s theory about on Vortex
flows created by cinotubular ridge (figure 1). Fluid’s vortex flows arising between the edges of the folds
of the valve leaflets and aortic wall create two effects:

1. In opening phase these flows avert contact valve leaflets with the wall of the aorta.

2. In closing phase flows initiate closing of leaflets

Cosing of aortic valve and flow division
AA=15-20%>STJ

Figure 1 — Statistic and functional anatomy of aortic root.Sinotubular Junction’s diameter (STJ)
is less than aortic root’s bottom (aortic rings — AA) for approximately 15%

The second effect described by authors, probably even more complicated than suggested,- the flow of
the fluid causes the closing of valve on the sistoly’s last moment and vortex fows protect leaflets from
flexure and encourage their smooth and synchronized closure.

Dynamic anatomy of the aortic root. Dynamic Anatomy of the aortic root has been described for an
understanding the mechanism of reducing stress on the leaf and thus avoiding aging and possible struc-
tural valve dysfunction [3-10]. A group of scientists from Stanford used radioactive marker on a model of
sheep’s aortic root, noting a number of complicated asymmetric deformations during the cardial cycle,
involving junctional zones (alleged aortic rings) and sinotubular junction as well as protraction, com-
pression, expansion and aortic root scretching [3]. Lansac and co-authors’ Four-dimensional study of
aortic root confirm’s that aortic root expansion begins at its base in isovolemic reduction phase and hence
extends to the comissure valve and ultimately-sinotubular junction [4]. Maximum expansion of the aortic
root get at the first third of systole, approaching the cylindrical form, then to mid-diastolic pressure goes
reduction in volume, and the root became conoid. Aortic root enlargement for 39% and 63% in the ko-
missural area, gives improvement of the blood outflow to systole, as well as makes the work of sinistral

— §f —
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stomach more effective.Lansac and Dagum’s research explains the importance of interpetaloid triangles
described in the works of Anderson and co-authors , which clearly define aortic ring as a valid subaortic
structure consisting of 3 basic interpetaloid triangles, similar to the rack attachment line cusps of the aortic
valve [3, 4, 9, 10]. Aortic root base tends to grow in accordance with kinetics ventricle.

Aortic root expands upward through disruption of m interpetaloid triangles, however, sinuses and
sinotubular ridge maximum expandes at the end of miocardia.

In addition, this aortic root’s exact dynamic enlargement cycle, should be a specific chronology, also
affecting to the position and degree of disjunction of the bottom on which attached leaflets of valves, as
was first described Thubricar [10] (figure 1). All valve-preserving techniques, to varying degrees, change
this dynamic geometry of the aortic root.

Diseases at which valve-sparing surgery are possible. Basically, all these reconstructive surgery
are only applicable in cases where the aortic insufficiency is caused by the following lesions (table):

Aortic root enlargement repeated to the ascending aorta aneurism:

1. Mechanism of aortic insufficiency connected with the expansion of the sinotubular zone and
disjunction commisure and incomplete Central koaptation leafets of the aortic valve.Annulo-aortic ectasia
and connective tissue disease as Marfan syndrome, Jellersa-Danlos syndrome and Lois-Dic: Sinus
Valsalva’s extension, sinotubular zones and the fibrous ring mechanism connected with cystic medial
necrosis. Interesting that the valve leaflets are not affected.

2. The reason of aortic insufficiency in these syndromes connected with the progressive expansion of
all components except the aortic root valve leaflets, which often leads to the dissection of the aortic wall.
Acute or chronic aortic dissection : when aortic root aneurism dissections there is an aortic insufficiency
or sinotubular valve extension (a), or detachment commisure with prolapse of leaflets (b). In the absence
of damage to the leaflets, the aortic wall and pathology of aortic root, often possible the replacement and
reconstruction of the aortic valve [11-27].

Reconstruction-oriented functional classification of aortic insufficiency
(de Kerchove and El Khoury. Anatomy and pathophysiology of the VAJ DOI: 10.3978/j.issn.2225-319X.2012.12.05) (.)

Type I — fibrous ring’s dilation or Type Il Type I
Category cusp’s fenestration in normal excursion Leaflets Limit of cusp’s
Ia Ib Ic Id prolapse excursion
Mechanism
Repairing Remodelling valve-sparing subcommuta- | replacement — free fimbria’s | — parietal
technique of CTC surgery : tional with xeno- plication exsection
ascending reimplantation or | annuplasty pericardial — free fimbria’s | — decalcination
aorta by remodeling with patch resuspensuion — using of patch
prosthesis subcommutational — triangural
annuplasty exsection
Postprimary | subcommuta- annuplasty of | subcommutati | subcommutatio- | subcommuta-
tional synotubular onal nal annuplasty tional
annuplasty junction annuplasty annuplasty

In accordance with this approach, it is proposed:

1. In the case of ascending aorta, extending to CTC use replacement of ascending aorta and
resuspension of CTC.

2. In the case of aneurism extending to sinus use remodeling procedure and subvalvular annuplasty or
reimplantation valve to prosthesis of ascending aorta

3. In the case of ring dilation implement different types of annuplasty.

4.In the case of cusp perforation — reconstruction leaflets’ autopericardium patch.

5. In the case of leaflets’ prolapse:
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a) reefing of free fimbria, it’s resuspension, rehabilitate length prolapsing cusp by the use of
pericardium;

b) sectoral exsection of excessive leaved tela.

6. In the case of leaflets’ excursion limit:

a) use the method of triangular and parietal exsection shaving of free fimbria, fibrous incrassated
fimbria for rehabilitate excursion , abolition commissural adherence;

b) rehabilitate length and integration shortened leaflets by use of autopericardium patch in order to
assure leaflets’ cooptation and regurgitation’s liquidation

Aortic valve conservation’s efficiency. The main idea of aortic valve conservation operations is the
rehabilitation of functional anatomy of aortic root,because we often face the aortic root deformation
without any structural and morphological changes on the part of valve leaflets [19, 20]. Aortic root recon-
sruction is more preferred than replacement , because there is no potential risk for complication as embo-
lization of thrombus, prosthesis disfunction and endocarditis. The risk of early technical failures can be
reduced through the regular usage intraoperative transoesophageal echocardiography and necessarily
immediate interference until the moment of relocation to intensive cure unit.

The history of development valve conservational surgery and plastic surgery to aortic root.
Corrigan first described aortic insuffiecency caused by the sinotubular junction’s dilatation, without
changes in valve leaflets. In 1913, Tuffier reported about the first aortic valve commissurotomy about his
stenosis [23]. In 1956, Lewis published own plastic aortic valve technique and in 1985 Hapken reported
about aortic stenosis’s decalcification and plastic;at the first results of these plastic operations’ were
unsatisfactory, the effect was evanescent [22, 23].

In 1958, Taylor described the technique reducing the aortic insufficiency, which consisted circular
saturation , coarctating and retracting the size of aortic ring and aortic aneurism [24]. In 1959 rony, Starzl
reported about the new technique of reducing aortic insufficiency through valve bicuspidization [25]. In
1960, Murphy described the technique of fibrous ring placation in the case of syphilitic aotic root damage
and aortic insufficiency, which implements without artificial blood circulation. It is similar to the Hur-
wit’s technique. (1960). In 1958, Garamella published his aortic insufficiency therapy theory through
commissure resuspension. This successful method became the important period in treatment development
and understanding of core’s semilunar valve fuctions [29].

In 1968, Bentall and De Bono, in a two-page message, described one patient who had replaced the
aortic root and the ascending aorta with a composite prosthesis consisting of a suction tube and a valve
prosthesis, the coronary artery mouth was implanted into the wall of the conduit. Subsequently, this
technique became the gold standard in surgery of an aneurysm of the ascending aorta and bundle [30]. In
1980 and 1983, Wolfe reported on a series of reconstructive surgeries - aortic valve resuspension - per-
formed in acute aortic dissection. In his work from 1983, 48 patients were reported, resuspension was
successfully performed in 35 of them [29,30]. Only in one case, 17 years after the operation, the patient
needed a reoperation - prosthetic repair of the aortic valve. In 1986, Frater described and emphasized the
anatomical and mechanical function of the sinotubular junction, noting that correction of the extended
sinotubular junction is often sufficient to eliminate aortic valve failure, provided that the valve flaps and
its fibrous ring are not dilated [31].

Development of modern methods of restoring the aortic valve in aneurysm and aortic
dissection. The technique was first described by M. De Bakey in 1956. It is one of the main valve-
preserving surgeries for an aneurysm of the ascending aorta with associated aortic insufficiency caused by
dilated STS [32, 33]. The technique consists in resection of the ascending aorta at the level of the STS,
followed by the imposition of proximal anastomosis at the level of CTC with a synthetic aortic prosthesis
(figure 2). Restoring the normal diameter of the CTC leads to the closeness of the valves and the resto-
ration of coaptation, which eliminates aortic insufficiency. Back in 1986, Frater described and emphasized
the anatomical and mechanical function of the sinotubular junction, indicating that only the reduction of
the expanded sino-tubular junction can be performed to correct aortic insufficiency, provided that the
valve flaps and its fibrous ring are not dilated. This technique is still widely used, showing good results in
the long-term, especially in patients with aortic aneurysms without delamination.

The aortic valve resuspension technique is used today to correct all types of stratification, involving the
ascending aorta above the synthubular crest or involving the non-coronary valve and its prolapse (figure 3).

— § —
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Figure 2 — Supracoronary prosthesis Figure 3 —
of the ascending aorta by Debakey Operation Wolfe

Surgery Wolfe, the non-coronary sinus (most often involved in the bundle) is excised and prosthe-
tized by the tongue of the dacron prosthesis. The commissure posts of the valve are suspended in the
Dacron tube, the biological glue is used to restore the exfoliated layers of the aorta, and also to seal the
anastomoses of this reconstruction.

Aortic valve reimplantation, David and Feindel technique: TD 1. In 1992, David and Feindel re-
ported a series of patients (n = 10) who underwent valve-conserving surgery for an aortic aneurysm with
aortic insufficiency (34).

This technique is the purpose of this review and will be referred to as Tirone David 1 (TD1), consis-
ting of a classic reimplantation of the aortic valve inside the dacronoptic prosthesis. To do this, aortic root
resection was performed with the coronary arteries left on the sites and valve flaps on commissures with a
4-5 mm sinus wall site (figure 3, A, B). Dacron prosthesis was sutured to the base of the root of the aorta
by stitches on the gaskets, the seams were placed below the valves of the AK so that they would pass
through the fibrous skeleton of the base of the outlet part of the left ventricle (pseudo-ring). The valve
commissures are sewn inside the Dacron tube in such a way, to achieve coaptation of the valves.

The operation is completed by sewing the coronary "pushes" to the neosinos and deposing the distal
anastomosis (figure 4). Features of the reimplantation operation TD1 is a cylindrical reconstruction, reim-
plantation of the coronary arteries and maximum stabilization of the base of the root of the aorta (ring). In

b c

Figure 4 — Technique Tirone David 1, sequentially shows the stages of the operation, first described in 1992

a
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the original technique, there is no description of the specificity of the sinotubular compound. Hvass
reports a change in this technique in such a way that the dacron prosthesis is stitched inside the root of the
aorta to the base of the valve flaps (in the David method — vice versa); Such a method of reimplantation
has disadvantages — the AK leaflet contacts with the dacron tissue, and a stable fixation of the fibrous
valve ring is not created [35].

Resection of the aneurysm of the ascending aorta, the valves and columns of the commissure of the
valve are cut out, leaving the sinus wall at the edge of 3-5 mm, for suturing. The mouths of the coronary
arteries are cut out on the "buttons". The vascular (dacron) prosthesis is sewn to the distal part of the
ascending aorta. These sutures are sewn the end of the selected dacron prosthesis. The prosthesis was
fixed to the base of the root of the aorta. The posts of the commissure are suspended inside the prosthesis
with a continuous suturing seam, like the implantation technique of the subcoronary homograft.
Anastomoses are applied with coronary arteries and a distal interstitial anastomosis.

Figure 5 — The technique of remodeling the root of the aorta Yacoub, 1993

In 1993, Sarsam and Yacoub give a series of observations (10 patients) of surgical treatment of aortic
insufficiency by a method called "remodeling of the aortic ring" [36].

The first version of the Yakub operation consisted of prosthetics of all three sinuses of Valsalva with
reimplantation of the coronary arteries with the use of a dacron prosthesis truncated as a three-petal
crown. The method involves reimplantation of the coronary arteries, but does not provide for the stabili-
zation of the base of the aortic root and the determination of the size of the sinotubular junction (figure 5).
In their technique, the authors emphasize the need to excise the sinuses of the aorta and the selection of a
dacron tube of diameter equal to the diameter of the base of the root of the aorta. The incisions on the
prosthesis are performed to increase the fixation height of the commissures of the valve. According to the
name, a cylindrical reconstruction of the root of the aorta is performed, there is no specific narrowing at
the site of the sinotubular junction, and there is no stabilization of the base of the aorta. Advantages of this
method is technical simplicity, than with reimplantation, and allows more accurate resurrection of com-
missural racks. Subsequent modifications of the Yakub operation include a narrowing in the area of the
sinotubular crest and the creation of swelling sinuses. Fig.5 Technique of remodeling Sarsam and Yacoub,
1993.

Reimplantation or remodeling. In 1995, David, Feindel and Boss reported the next step in the
evolution of Tirone David's methodology. In the article "Reconstruction of the aortic valve with its insuf-
ficiency and aneurysm of the root of the aorta" [37], there are two fundamentally different recovery me-
thods. The first was the reimplantation technique - TD1, which was used in patients with the expansion of
sinotubular junctions, the destroyed or dilated sinus of Valsalva and with annuloaortal ectasia. An alter-
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native technique, given immediately, was called "Tirone Davide-2" and described by the authors as a
technique of "remodeling", was used in patients without annuloaortal ectasia, in most cases with Valsalva
sinus deformity and the need for correction of the sinotubular junction. In this series, 45 patients were
described, death was observed only in two cases. Nineteen patients were operated on by the reim-
plantation technique TD-1 and 26 by the TD-2 remodeling technique, the aortic valve was restored by
reconstruction and prosthetics of all sinuses of the Valsalva coronary artery mouth was reimplanted into
the prosthesis using the "push" technique. There was no strengthening or reduction of the "aortic ring",
there was also no remodeling of the sinotubular junction (i.e., a decrease in diameter by 15% of the
diameter of the outlet LV).

Reimplantation of aortic root with reconstruction of pseudo-sinuses. Seattle technique methodology.
In 1995, Cochran and colleagues described a version of the operation of Tirone David, in which a Dacron
tube with formed convex pseudo-sinuses was used, with the same valve retention technique [38]. In
Seattle technique, the aortic valve is preserved and prosthetics of all sinuses of Valsalva is performed with
reconstruction of neosinos using special techniques. The swelling of these neo-sinus prevents the contact
of the leaf with the dacron tissue. In the normal aorta, the valves are protected by dynamic geometry (dila-
tation of the sinuses, lengthening of the valves and root of the aorta). This technique also stabilizes the
"aortic ring" with the proximal suture of the valve flaps below, similar to the TD-1 technique, as well as a
distal seam, above the flaps, designed to maximize fixation of the commissure racks. Cutting out the
petals at the proximal end of the prosthesis is necessary for the formation of neo-sinuses.

The hybrid technique was suggested by van Son and co-authors, in which the enlarged aortic root is
reduced and reconstructed (coronary arteries are cut out on the buttons) by wedge-shaped excision of the
Valsalva sinus walls, and then the reimplantation of the restored aortic root into the dacron tube, with
careful restoration of the height of the commissural racks; The distal suture between the prosthesis and the
root of the aorta is superimposed, and then the coronary arteries are filed [39]. This mixed technique
allows the reconstruction of sinuses, taking into account the control of the diameters of the sinotubular
junction and the fibrous ring, which avoids the contact of the valve with the dacron prosthesis, but does
not stabilize the base of the root of the aorta. Some authors leave the "cushions" of the aortic wall,
theoretically to protect the valves from damage [40, 41].

In 1996, T. David described another version of his remodeling method (TD-2), which is used for
annuloaortal ectasia (TD-3 technique). In this case, the aortic valve is reconstructed by prosthetics of all
those Valsalva sinuses, the coronary arteries are reimplanted into the prosthesis (figures 6, 7).

AJeel

Figure 6 — Remodeling the root of the aorta Figure 7 — Remodeling the root of the aorta
with stabilization of the fibrous valve ring (TD-3) with stabilization of the fibrous valve ring (TD-3)
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The main difference of this technique is the strengthening of the root of the aorta and the fibrous ring
with a teflon strip. This technique also provides an easier resuspension of the commissure columns,
similar to the Yakub technique, and the remodeling of the sino-tubular junction does not depend on the
size of the chosen prosthesis (figure 7 F-H). El Khoury and colleagues reported on this technique, but they
limited themselves only to strengthening the aortic ring with significant dilatation; they also recommend
the preservation of the intact sines of Valsalva [42].

Figures 6, 7. Remodeling Tirone David-3, 1996. Removal of the affected root of the aorta and the
ascending aorta. The aorta intersects immediately above the sinotubular crest. The root of the aorta is
mobilized to the very base, the coronary arteries are cut out on the sites. The aorta intersects immediately
above the sinotubular crest. The root of the aorta is mobilized to the very base, the coronary arteries are
cut out on the sites. The strip of Teflon is strengthened by the fibrosis of the exit region of the left ven-
tricle, which gives stabilization of the base of the root of the aorta, especially necessary for annuloaortal
ectasia. The diameter of the aortic ring (AA) was measured from it, the thickness of the aortic wall was
subtracted, in order to determine the diameter of the necessary dacronoptic prosthesis. Aortic root remo-
deling method according to TD-3: Replacement of aortic root with a cut prosthesis. Adequate resuspen-
sion of the commissure. Reimplantation of coronary arteries into the corresponding sinuses.

Recovery of the sinotubular crest. This method consists of simple prosthetics of the ascending aorta
with concomitant reconstruction (ie, constriction or reduction aortoplasty) of the sinotubular crest to
restore normal co-aortic valves in the root of the aorta. As a separate method it can be used only with
normal valves and sinuses of the Valsalva, and when the fibrous ring does not need reconstruction. Do not
perform prosthetics of sinuses, and reimplantation of the coronary arteries. This operation does not carry
in itself the strengthening and stabilization of the base of the root of the aorta, in essence this is the
method of restoring the sinotubular junction, which Frater proposed [31]. Dr. David included this ap-
proach in his updated version of reimplantation (called Dr. Miller, as TD-4), in which he chooses a 4 mm
dacron prosthesis larger than necessary and creates a sinotubular crest by its circular plication [43]. In the
technique of reimplantation TD-5 or Miller-1, the dacron prosthesis is applied even 8 mm more than
necessary, due to which synthetic pseudo-sinuses are formed [43, 44]. The "Jena" technique is hybrid, in
which the reconstruction of the aortic root aneurysm is performed by plication and excision of a portion of
the Valsalva sinus (U-shaped in the coronary and V-shaped in the non-coronary sinuses), and the sino-
tubular junction is reduced by the dacron prosthesis (26-28 mm). The advantage of this method is the
preservation of native tissue that contacts the valve flaps, as well as the dynamic properties of the root of
the aorta, but there is a risk of further dilatation of the reconstruction zone [45].

Remodeling of the root of the aorta with maximum stabilization, preservation of the valves and
reconstruction of the sinotubular junction. Hopkins proposed his method of reconstructing the aortic
valve, but in essence, this is one of the varieties of remodeling. In this technique, all sinuses are replaced
with reimplantation of the coronary arteries (similar to the Yacoub or TD-2 methods). The base of the root
of the aorta is strengthened by a circular seam applied below the valves (figure 8), this protects the aortic

Figure 8
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root enlargement in the following, and therefore is applicable to patients with congenital connective tissue
defect, such as Marfan syndrome. As in Yacoub or TD-3 techniques, an uncomplicated procedure for
resuspension of commissural racks is performed.

In this technique, the sinotubular junction is remodeled to ideal dimensions, i.e. 15% smaller than the
diameter of the aortic ring, by selecting a dacron prosthesis smaller in diameter than the aortic ring, the si-
nuses slightly bulge outward, which is achieved by higher notches on the prosthesis, which are suspended
by the commissure of the valve. The cuts on the prosthesis must be narrow to emphasize the place of the
synthobular transition, then the narrowing of this place is made by the Teflon strip. By narrowing the
sinotubular junction, the functional flows described by Da Vinci that prevent the valves from contacting
the dacronoptic prosthesis are retained. This reconstruction covers all components of the root of the aorta,
while preserving the natural valves of the aortic valve.

Method of Hopkins-1. Narrowing strips of Teflon are applied circularly after excision of the patho-
logically altered aorta, and after the mobilization of its root. The proximal band is fixed by a series of
mattress sutures, below the flaps. Commissures are kept with a site of surrounding tissue 3-5 mm. The
notches in the proximal end of the prosthesis are made a bit longer, which will allow the commissure to be
sutured even higher, and due to this, the neosinus will be convex. A proximal suture is applied at the base
of the root of the aorta, the sinuses are replaced by the dacron prosthesis. Reimplantation of coronary
mouths, the formation of constriction in the place where the commissure of the valve is sewn.

Reimplantation of the root of the aorta into the prosthesis. Method of Florida Sleeve, described
by R. Hess in 2005. The ascending aorta crosses 1 cm above the sinotubular junction, the root of the aorta
is allocated along the circumference to the level of the aortocastular contact. The diameter of the fibrous
ring of the aortic valve is determined by using standard-sized meters. The distance from the base of the
root of the aorta to the coronary arteries and the sinotubular crest for each commissure is also measured,
which is necessary for the preparation of the prosthesis. The choice of prosthesis is performed at a rate of
4-5 mm larger than the measured diameter of the fibrous ring. The height of the skirt of the prosthesis
should correspond to the measured height for each of the commissures, all commissures must be at the
level of the sino-tubular crest of the prosthesis. Then, the coronary arteries are located on the prosthesis,
after which vertical slots are made in the indicated positions in the form of a "keyhole". The length of the
slits corresponds to the measured distance from the root of the aortic root to the lower part of the coronary
artery. At the location of the coronary artery mouths, round holes are made. The next step is to place suban-
nular U-shaped seams with a 3/0 woven with Teflon liners, placing them horizontally in a circle 1-2 mm
below the aortic valve flaps from the inside out, so that the gaskets do not touch the cusps (figures 9, 10).
In the area between the non-coronary and right coronary sinuses, seams must be placed along the contour
of the valves to avoid complications from the side of the conductive system and the membrane part of the
interventricular septum [46-48].

Figure 9 — Method of Florida Sleeve Figure 10 — Method of Florida Sleeve
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Cases of failure of reimplantation and remodeling of the aortic valve. Unsuccessful valve-preserving
surgeries included procedures in which there is no adequate stabilization of the aortic base, and which in
the long-term period lead to dilatation of the aortic ring [49]. Part of the output aortic tract forms a
functional ring - in fact the bases of the interlobic triangles are below the fixation of the valves and is part
of the ventricular hemodynamics [9, 10]. Proponents of reimplantation technology suggest that the stabi-
lization of the aortic ring, especially in connective tissue diseases, is an important point. Remodeling
methods leave these triangles intact, which should positively influence the surgery of the preserved flaps
and the duration of reconstruction, since some elements of the dynamic expansion of the aortic root are
preserved. Implantation methods support or fix these interlobular triangles.

The theoretical reason for the accelerated degeneration of the valves is systolic contact with the
prosthetic wall, due to the lack of sinus expansion. Attempts to unsuccessfully reconstruct the root of the
aorta with a ring size of 25-27 mm were attributed to the injury of the valves due to restraint in the pros-
thesis [11, 50-52]. Such complications can be during reimplantation in a cylindrical prosthesis or during
remodeling, when a smaller prosthesis size is used. To avoid such problems, aortic prostheses with
artificial sinuses of Valsalva are being developed [53].

Pethig and colleagues, using an echocardiographic study, determined that the level at which the leaf-
let coaptation occurs is an important factor in the long-term reconstruction. They divided all patients into
three groups, depending on the level of coaptation: A — coaptation of the valves 2 mm above the plane of
the aortic ring; B — at the level of the plane of the base of the ring; C — below the level of the base of the
aortic ring. There was no regurgitation in group A (n = 56); in group B, severe AS occurred in 2 patients
(n = 11); all patients from group C had AK deficiency (54).

Early methods of remodeling the root of the aorta (Yacoub, David-2) were aimed at prosthetics of
pathologically altered sinuses of the Valsalva and preservation of the dynamic properties of the aorto-
ventricular zone. However, in patients with connective tissue diseases, long-term complications associated
with dilatation of unfortified aortic root components may develop, so this method developed further in the
direction of greater stabilization of the base of the aorta and sinotubular zone.

Dr. David compared his reimplantation technique with developing remodeling methods in patients
with an aortic root aneurysm and found some disparity in the long-term nature of these techniques. While
the 8-10 year survival was excellent, his study showed the best results (ie freedom from developing mo-
derate and severe AK insufficiency) for reimplantation technique [49]. He correctly noted that without
strengthening, the root of the aorta can expand after many of the remodeling techniques. While, the
technique of reimplantation theoretically has disadvantages - the contact of the cusps with synthetic
"sinuses", in reality this is not a serious problem [49, 53, 55]. In addition, dacron prostheses with convex
sinuses became available today [53, 56-58].

The extended service life of the reconstructed cusps can be achieved surgically by either Seattle
technique or the use of prostheses proposed by Zehr [59] or the described David technique [49] or by
using a Valsalva sinus prosthesis in combination with a smaller diameter tube, as in the Mayo Clinic [50].
However, the mechanism of the development of aortic insufficiency in the late period after the remodeling
surgery is not entirely clear, most likely because of insufficient strengthening of the residual fibromus-
cular components of the complex - the root of the aorta, which is characteristic for this procedure.

In addition, problems can arise due to brittleness and postoperative degeneration and subsequent
thinning of the cusps.

Choosing the size of the prosthesis for reimplantation or remodeling. A great attention was paid to
the choice of the size of the prosthesis for various methods of reconstruction of the root of the aorta. The
technique of reimplantation has the advantage of complete fixation of the whole complex of the root of
the aorta and placement of the valve in the dacron prosthesis, however, its choice differs from the process
of remodeling. Reimplantation requires the choice of a sufficiently large prosthesis, that would not
increase the area of coaptation of the cusps. David stressed that the sinotubular junction can be formed
either by narrowing the prosthesis or by sewing a smaller diameter prosthesis at the level of this junction
if necessary; the procedure of reimplantation in general requires a fairly wide prosthesis (30-34 mm),
which ideally corresponds to the size of the non-enlarged aortic ring. To select the size of the prosthesis in
remodeling surgeries, several methods are described [3].
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According to the method of M.Yacoub, in order to determine the required value commissures are
stretched vertically, the position of the cusps is determined and their ability to coapt without prolapse; the
necessary diameter is equal to the distance between the vertices of the commissure or one third of the
aortic circle at the level of the sinotubular junction. David suggested first to normalize the aortic ring, and
then choose a prosthesis, given that the diameter of the sinotubular transition is less than 15% of the aortic
ring. This corresponds to the Kunzelman morphometry [2]. The Yakub group suggests that you also mea-
sure the distances between commissures, with the maximum coaptation of the wings, and then calculate
the diameter of the prosthesis. K.Morishita et al. Have suggested to use the following formula:

d=2/3xid,
where d is the required diameter of the prosthesis, id is the distance between the commissure vertices.

David T. David's opinion is that the approximate diameter of the prosthesis is equal to the length of
the free edge of the aortic valve leaf, minus 10% of the figure, but there is absolutely no exact formula for
calculating the size of the prosthesis and the solution depends on the surgeon's experience. In valve-pre-
serving surgeries with the reconstruction of the sinotubular ridge, the required diameter of the prosthesis
is twice the height of the aortic valve leaflet. Dr. David noted that determining the size of the root of the
aorta and the sinotubular junction is more an art than an exact science [60]. In his hands, the choice of
prosthesis for reimplantation differs from that for remodeling [49]. The concept of choosing a prosthesis
for reimplantation is based on the external diameter of the root of the aorta (internal diameter + wall
thickness), while in remodeling - on the inner diameter. When remodeling, David is based on the size of
the valves and does not recommend the use of prostheses less than 30 mm to avoid restriction of the sines
and subsequent damage to the valves [49, 60, 66]. For remodeling, we described the following procedure.
After excision of the sinuses, the true diameter of the aortoventricular connection is made with the help of
the Gegar dilator. Horizontal horizontal mattresses are applied to the top of each commissural column,
which are then stretched up to the appropriate diameter of the sinotubular junction, while a hydrodynamic
coaptation test is performed. This diameter of the sinotubular zone usually corresponds to the internal
diameter of the exit aortic tract, which was measured by Gegar. If the coaptation area of the semilunar
valves seems insufficient, then a smaller diameter prosthesis should be selected. This is a very simple
method (similar to David's artistic approach), where the narrowing of the prosthesis is combined with a
strip of Teflon in the area of the sinotubular junction and an accurate selection of the commissure fixation
height, which gives a reliable result of the reconstruction of the sinotubular junction zone without defor-
mation of the sinuses.

The height of the commissure between the non-coronary-left coronary is measured to determine the
size of the graft from the line connecting the nadir of two adjacent flaps (the base of the triangle between
the rows) to the top of the commissure. This measurement corresponds to the size of the selected trans-
plant; B. In the Gelweave Valsalva ™ transplant (Vascutek Ltd, Terumo, Renfrewshire, Scotland), the
height of the sinus part is equal to its diameter, which corresponds to the labeled size.

Results of reconstruction of the root of the aorta with preservation or restoration of the aortic valve.
The level of surgery mortality varies from 0% to 6% [70,71] with a survival rate in 7 years 72-78% 8%
[71, 72]. Patients with an aneurysm of the ascending aorta have a survival rate lower than those with an
aortic root aneurysm, about 36% survive in the 8-year period [49]. This is a low survival rate, probably
associated with the elderly age of patients with an aneurysm of VA, as well as concomitant vascular pa-
thology. Resurgeries after aortic valve replacement for 7-8 years have a low frequency and according to
many authors the freedom from this kind of rsurgeries is 90-97% [68, 71, 73]. Moderate aortic insuffi-
ciency is a rarity, especially during the first 2 years after surgery. However, the expressed AS is often
close to 6%, although in some reports it reaches a level of up to 37% [34, 55, 73-78]. In addition to good
survival rates in patients who underwent reconstruction of the root of the aorta, two-thirds of those
observed are free from the risk of developing a moderate and severe degree of aortic valve failure within 8
years after surgery (49). David notes the superiority of reimplantation techniques (over remodeling) with a
low risk of aortic insufficiency in the future; the average and severe AS was found in 10% for the 8-year
period, while, when remodeling, this index was 45% [78]. The Hanover group achieved the same success
in reimplantation of the aortic root, hospital mortality was 3.8%, and 4% were reopera- ted for aortic in-
sufficiency [73]. Intraoperative transesophageal echocardiographic evaluation is important in determining
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the long-term duration of the surgery [55]. Later complications (aortic insufficiency) in patients with
connective tissue diseases are revealed more often, in methods where there is no maximum stabilization
of the root of the aorta root ("ring") [60, 66-69,78-80].

Patients with an aneurysm of the root of the aorta and an intact root complex diseases, in which the
reconstruction consisted of normalizing the diameter of the sinotubular zone, immediate and intermediate
functional results are very good, and more than two-thirds of patients are free from development of the
AS in the period of 8-10 years after surgery; however, the overall survival of these patients is relatively
low, and only a third remains alive by the year 8, and possibly concomitant vascular disease and the age
of the patients [49].

To compare the reconstruction technique, Dr. Gott and colleagues, examined the results of
prosthetics in 235 patients with Marfan syndrome, 232 of whom underwent Bental's surgery and pros-
thetic aortic root replacement. In this group, there were no deaths in 30 days, 85% of these patients were
alive at the time of publication of this article, and freedom from re-surgery for 20 years was 74% [81]. In
the Japanese study, corrugated conduit was used, the operative mortality was 8.3%, and the actuary sur-
vival rate by the year 5 was 82.7% 4.8% [82].

Edwards and colleagues, using the National STS Cardiac Surgery database, determined the rates of
operative mortality for isolated aortic valve replacement-4%; for patients with planned prosthetics AK-
3,3% [83]. These data suggest that in selective patients, planned valve-saving surgeries are currently per-
formed in most centers with a death rate approaching or better than for isolated aortic valve replacement.

Conclusion. The progress of these methods occurred after understanding the functional anatomy of
the aortic root complex. Preliminary results of such surgeries support interest in their use, but an ideal and
safe reconstruction technique, especially for connective tissue diseases, for example Marfan syndrome,
should be determined after a longer period of postoperative follow-up (43). Today, there are many me-
thods of reconstructing the root of the aorta, some of the original techniques have been replaced or modi-
fied by the same authors. The surgeon should consider the root of the aorta as a complex of elements, and
strive to optimize its functional anatomy in each patient individually. The development of new types of
prostheses also facilitates this task. Knowledge of the specific anatomy and history of the disease of each
patient should help in the successful reconstruction of the aortic root complex with lasting effect and low
lethality.
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KOJIKA KAKITAKIIACBIHBIH )KETICIIEY IILIITIMEH KOCAPJIAHFAH
KOJIKA TYBIPIHIH AHEBPU3MACKHI KE3IH/IET'T PEKOHCTPYKTHUBTI OIEPALIASIJIAP

Annoranus. Kazipri Tanma Konka TyOipiHiH aHeBpU3MAachl Ke3iHJeTi peKOHCTPYKTHBTI Olepalusiapra Kap-
TUOXUPYPTHUS CaJlachHIA KbI3Y TalKbpUIaHyna. COHFBI OTHI3 JKBUIABIKTA KOJNKA TYOipiHiH aHeBpH3Mackl Ke3iHe Ka-
CaJIaTBIH OTIepalUsUIapAbIH OipHemIe oic-Tocinaepi yebHbuFan. Omap 0ip-OipiHeH jkacary TEXHHKACKHI JKOHE TY3ETY
JKYPri3iJeTiH aHATOMUSJIBIK aiiMarblHa OAMIaHBICTBI epekiieneHei. byn omic-TocinaepaiH MakcaThl KbI3METI Cak-
TaJFaH JKapMajapAbl CakTal, KoJKa TyOipiHiH Oacka OemiKTepiHiH TyakTaHAsIpy Ooibin TaObpuiamel. bym mapa-
JapasH OepiKTiri MEH HOTMIKECIHIH Y3aK CAaKTaIyBIHBIH MaHBI3IBUIBIFBI aHTUKOATYJISHTApAbl KOJJaHyda KaKeT-
TUTIKTIH OOJIMaybIHJA KaThIp. XUPYPTHUIBIK TY3ETY/AIH 9IiC-ToCIJIepiH TaHJayAa OChl yaKbITKa JACHIH MiKipraiac
Oap, »oHe op KarJaiaa TaHJay XUpyprka Kanaabl. byn mosyaa Koika TyOipiHiH peKOHCTPYKIMBTI OllepalysuIapbH
TaHJAyAbl JKYHeNl Typle KapajfaH >KoHE OIllepalysuiapAblH TpaduKanblK HUIIOCTpalUsUIapMeH OepiiireH.
OnepanusuiapAblH WUTIOCTPAIUSUIAPMEH CYPETTEeNyl XUPYPITHIH 9JIiC-TaCUIIepAl TaHAAYbIH )KEHULAETe 1.

Tyiiin ce3mep: aopra TyOipiHIH aHeBpU3MACHI, KOJKa KaKITaKUIACBIHBIH JKETKUIIKCI3AIri, aopra TyOipiHiH pe-
KOHCTPYKIUSCHI.
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PEKOHCTPYKTUBHBIE OIIEPALIUN
P AHEBPU3MAX KOPHSI AOPTBI C AOPTAJIBHOM HEJOCTATOYHOCTHIO

AnHoTanus. PEKOHCTpYKTHBHAS XUPYPTHs KOPHS a0PTHI IIPEACTABISIECT OONBIION HHTEpPEC B 0OJIACTH KapaHo-
XUPYprud. 3a MOCIeTHIE TPH JECSTIICTHS OBLT MIPEUIOKEH Psl METOIUK ISl KOPPEKIHHA aHEBPU3MBI KOPHSI a0PTHI
C aOpTaNbHON HEIOCTATOYHOCTHIO, PA3NIMYAIONINEcCs TEXHWYECKAM BEHITIOJHEHHEM W aHATOMHYECKOW 00JacThIO
Koppekud. Llenpio JTaHHBIX MPOIeayp ABIAETCS COXpaHeHHe (PYHKIIMOHUPYIOIINX CTBOPOK M CTAaOMIN3AIH APYTHUX
KOMIIOHEHTOB KOPHSI aopThl. HameXHbIi 1 ATUTENhHBIN 3((eKT TaKuX BMEUIaTeIbCTB 0COOEHHO Ba)K€H BBHUIY OT-
CyTCTBHUSI HEOOXOIMMOCTH IpHUeMa aHTHKOAryJIsHTOB. BpIOOp MeTona XHUpPYyprHYECKOW KOPPEKIHH A0 CHX IIOp
OCTaeTcsl JUCKYTaOeIbHBIM, U B KaXJIOM ClIydae BBIOOp OCTaeTcs 3a ONEpUPYIOIIUM XHUpyprom. B nanHom o630pe
OIMCaHBl METO/IbI PEKOHCTPYKIIMU KOPHSI a0PThI C CUCTEMATHYEeCKUM IIO0JIX0/I0OM B BBHIOOpE XHPYPrHYeCcKOro METoza
KOPPEKLUH ¢ TpaduuecKUMU HIUTIOCTpanusMu orepaiuu. OnrcaHue ornepalyuy ¢ WIUTIOCTPALUSIMU CIIOCOOCTBYIOT
YIPOIIEHHUIO BBIOOPa XUPYPrUUeCKOro METO/1a B KaXKJOM MHANBHUIyaIbHOM CIIydae JUIs XUpypra.

KiroueBble cjI0Ba: aHEBpHU3Ma KOPHS aOPThl, a0pPTajbHasl HELOCTATOYHOCTh, PEKOHCTPYKLUS KOPHS aOPTHI.
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RECONSTRUCTIVE OPERATIONS
IN AORTIC ROOF ANEURYMS WITH AORTAL INSUFFICIENCY

Abstract. Reconstructive surgery of the ao36tic root is of great interest in the field of cardiac surgery. Over the
past three decades, a number of techniques, differing in technical performance and the anatomical area of the
correction, have been proposed for the correction of aortic root aneurysm with aortic valve insufficiency. The pur-
pose of these procedures is to maintain the functioning of the cusps and stabilize other components of the aortic root.
Reliable and long-lasting effect of such interventions is particularly important due to the lack of necessity of taking
anticoagulants. The choice of the method of surgical correction still remains controversial and in each case the
surgeon is the one to make the decision. This review describes the methods of the aorta root reconstruction with a
systematic approach of choosing a surgical correction method, accompanied by illustrations of the operations. The
description of the procedures, followed by illustrations, facilitates the selection of the surgical method in each
individual case.

Keywords: aortic root aneurysm, aortic insufficiency, reconstruction of aortic root.

YK 616.13213-007.64

P. M. Tyaeyraes', /1. O. Ypaséekos', K. O. Ourap6aes’, K. b. A63anus"?,
b. A. PaKnmeBI, T. 0. I/IﬁpaFI/IMOBl, Y.E. I/IMaMMupaaeBI, A. A. Omak6aes'

'AO «Harmonansubiit Hayunstii nentp xupypruu um. A. H. Coisranosay, Anmarsl, Kazaxcras,
A0 «Ka3axckuii MeIUIMHCKHIT yHHBEPCHTET HEMPEPBIBHOrO 00pa3oBanus», Anmarsl, Kasaxcran

PEKOHCTPYKTHUBHBIE OIIEPAIIUUA ITPU AHEBPU3MAX
KOPHS AOPTBI C AOPTAJIBHOM HEJOCTATOUYHOCTBIO

AHHOTanmsi. PEKOHCTpYKTHUBHAsE XUPYpPIUsi KOPHS aoOpTHI MPEACTaBIsieT OOJIBIION MHTEpec B 00JacTH Kap-
JUOXUPYPIUH. 3a MOCIEIHNAE TPH JECATHIICTHS! ObUT NPEUIOKEH Psii METOMUK JJIsl KOPPEKIMH aHEBPHU3MBI KOPHS
AOpTHl C AOPTAJILHOM HEJOCTATOYHOCTBIO, PA3IMYAIOIIMEecs TEXHWYECKHM BBIIOJIHEHHEM M aHaTOMHYECKOH 00-
JacThiO KOppekuuu. Llenbio TaHHBIX MPOLEAyp SABIAETCS COXpaHeHHEe (YHKIHMOHHPYIOIINX CTBOPOK M cTabmim3a-
IUsT IPYTHUX KOMIIOHEHTOB KOpHS aopThl. Hane)xHslit v [utnTenbHbIi 3P (EeKT Taknx BMEIMATeNbCTB OCOOEHHO BayKeH
BBU/IY OTCYTCTBHSI HEOOXOJMMOCTH IIPUEMa aHTHKOAryJsIHTOB. BBIOOp MeTO#a XHUpypruuecKoil KOPPEKIUH 10 CHUX
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MOp OCTAaeTCsl TUCKYTaOEIbHBIM, H B KaKIOM CIIydae BBIOOP OCTaeTCs 3a ONEPUPYIOLIMM XHUpyproM. B rmanHOM
0030pe OnHcaHbl METOIBI PEKOHCTPYKINH KOPHS a0PTHI C CHCTEMAaTHYECKUM HOAXOAOM B BBIOOPE XHPYpPrHIECKOTO
METOo/1a KOPPEKIUHU ¢ rpaUIeCKUMH HILTIOCTpausIMy oneparu. Onrcanue onepanyy ¢ WIUTIOCTPAlUsIMU CIIOCO0-
CTBYIOT YIIPOLIECHHIO BEIOOPA XUPYPIUYECKOT0 METO/IA B KaXKIOM HHIMBHAYAIbHOM ClIydae IJIs XUpypra.
Ki1roueBble cj10Ba: aHEeBpU3Ma KOPHSI a0PTHI, A0pTabHAS HEAOCTATOUHOCTh, PEKOHCTPYKIUSA KOPHS AOPTHI.

BBeIleHI/Ie. BonpmmHCcTBO aBTOPOB CUYHUTACT, YTO I10J AaHCBPU3MaMH aOpPThl CICAYET IOHUMAThH
MECTHOE WJIM PaclpOoCTpaHeHHOe yBenndeHue e€ nuamerpa B 1.5 pasza (Svensson L.G., 1997, Ilokpos-
ckuii A.B. 1979, benos 10.B. 2011). Bo MHOrux ciyuyasx aHeBpHU3MYy KOPHSI aOpThl CONPOBOXXIAET
HEJOCTaTOYHOCTh a0pTaIbHOTO KiamaHa. Hambomee 9acThIMH MEXaHW3MaMU aOPTAIEHOW perypruTanuu
NpYd aHEBPU3ME aopTHl SBISIIOTCS, AHHYJIO-aOpPTalbHAs DJKTa3Ws, PACHIMPEHHUE CHHOTYOYISPHOTO
COEIMHEHHS U aHEBPU3Ma CUHYCOB Banbcansssl [84].

3a mociegHWE N1Ba NECSATHIETHS OBUTO TPEAJIOKEHO PSA METOAWK JUISI KOPPEKIMH aopTalbHOMN
HEAOCTATOYHOCTH, PA3IMYAONIUCCA TCXHUYCCKUM BBIIIOJIHECHUCEM M aHATOMHUYECKOH 00J1aCThIO KOpHA
aopthl. Llenpio MaHHBIX mpoueayp SABISETCA COXpaHeHHe (HYHKIMOHHUPYIOMIMX CTBOPOK IIyTEM IIACTUKU
KJlarnaHa, NMPOTe3MPOBAaHUE WJIM CTAOMIM3alMU APYTMX KOMIIOHEHTOB KOpHS aopThl [1]. Hamexwslii u
JUTHTENBbHBIN 3((}EKT TaKMX BMEIIATENbCTB 0COOEHHO BBHITOJIEH, B BUAY OTCYTCTBHUS B HEOOXOAMMOCTH
npreMa aHTHKOAaryJIsHTOB.

Lenpto naHHOW CTAaThH SIBISICTCA 0030p HBOJIOLMH METOIOB ONEpally, ONpeACIeHUE MOKa3aHUU K
MPUMEHEHUIO Pa3INYHBIX METOIWK, OCHOBAaHHBIX Ha BOCCTAaHOBIEHHH (YHKIIMOHAIBHOW aHATOMHH
KOMITJIEKCA — «KOPEHB a0pbI».

@OYHKIUOHATBbHASI AHATOMMS KOMILIEKCa KOPHS a0PThI M A0PTAJBHOIrO0 Kjaanana. B 1994 rony,
Kunzelman ¢ coaBTopamu OImyOJUKOBaM BaXXKHYIO0 pa0OTy C ONHWCAaHWEM aHATOMHHU KOPHS aopTHl U
COOTHOIIEHHE B HEM aopTajbHOro KiamaHa [2]. BaxHoil HaXOAKOW CTaTbU SBUJIOCH TO, YTO JUAMETP
KOpHsI aopThl Ha ypOBHE CEpeIUHBI CHHYCOB paccMarpuBaics kak 100%, a auamerp Ha ypoBHE CH-
HycHOro rpebHs coctaBui 81% oT 3TOro pasMepa M JUaMETP HOPMAJIBHOI'O OCHOBAaHHS KOPHS aOpThI
octaBun 97% ot mepBoro nokazarens. UHIMA clioBaMH, THAMETP CHHOTYOYJIISIPHOTO TPEOHS COCTaBIISIET
npubIu3uTeNabHO 85% OT AMameTpa aopTalbHOIO KOJbLAa B OCHOBAaHUHM KOPHS. DTOT KOJIMYECTBEHHBIN
aHaJIM3 aHATOMHUM KOPHS aopThl MOATBEpkAaeT Teoprio Jla BuHum 00 BUXPEBBIX NOTOKAX, CO3NAaHHBIMU
cHHOTYOyIIApHBIM TpeOHeM (pucyHOK 1). 3aBuXpsriommecs MOTOKH JKHUIAKOCTH, BO3HHUKAIOIIAE MEXIY
KpasiMU CTBOPOK KJIallaHa U CTEHKOM aopThl CO3ar0T /1Ba 3P deKTa:

1. B a3y oTKpBITHSA 3TH TOTOKH HPEAOTBPAILAIOT KOHTAKT JIEECTKOB KJIAllaHA CO CTEHKOW aOpPTHI.

2. B ¢asy 3akpbITHs HOTOKH HHULUHPYIOT 3aKPbITHE CTBOPOK.

3aKpI>ITI/Ie A0pTaJIbHOI'O KjlaliaHa
" pacrpeacs€Hne nmoToKoB

AA=15-20%>STJ

Pucynok 1 — Cratudeckast ¥ QyHKIIMOHAIbHASL
QHATOMHMS KOPHS Q0PTHI.

Muamerp cunotyOynsipHoro coenunenus (STJ)
MEHbLIE OCHOBAHHUS KOPHS a0OpPThI
(aoprasnpHOTO KOJIbLa — AA)
npuMepHo Ha 15%
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Bropoii addext, onrcaHHbI aBTOpaMu, BEPOSATHO, Jaxke Ooliee CII0XKEH, YeM TPeUI0KEeHHBIH, — T0-
TOK JKHIKOCTH BBI3BIBAET 3aKpPHITHE KJIAallaHa B MMOCIEAHUNA MOMEHT CHCTOJBI, & BUXPEBBIC TIOTOKH 3aIllH-
IIAI0T CTBOPKH OT MEperuda u crnocoOCTBYIOT OoJjiee INIaKoOMy M CHHXPOHHOMY MX 3aKpPBITHIO.

Hunamuyecxasn anamomus KOpHs aopmel. JJlnHaMu4eckas aHaTOMUSI KOPHS aOPThI ObLIa ONMCaHa AJist
MMOHUMaHUsI MEXaHW3Ma CHU)KCHHUS CTpecca Ha CTBOPKH M TaKUM 00pazoM, H30eKaHMsI M3HOCA U BO3MOXK-
HOH cTpykTypHOU nuchyukmmm kinanada [3-10]. I'pynma u3 Crendopma HCIIoNb30BaNa paTioaKTHBHEIE
MapKepbl Ha MOJENH KOPHS aOpPTHI Y OBIIBI, 3aMETHB IPH 3TOM DS/ CIOXKHBIX aCUMMETPHYHBIX JIe(op-
Malii B TE€YEHHE CEpACYHOTO IMKJIA, C BOBICYCHHEM aTPHOBEHTPUKYISIPHOW 30HBI (TIPEAIIONaraeMoro
A0pTAIBHOTO KOJIBIIA) ¥ CHHOTYOYIIIPHOTO COeNMHEHMS, a TAK)Ke YUIMHEHNE, KOMIIPECCHIO, PACIINPEHHE
U pasrubanue KOpHs aopTsl [3]. UeThlpexMepHOE HCCleoBaHHE KOPHS aopThl, poBeaeHHoe Lansac u
COaBT., MOJABEPKIAET YTO PACIIMPEHHE KOPHS aOpThl HAYMHAETCA B €r0 OCHOBAaHHMU B (hazy H30BOJIe-
MHYECKOTO COKpAIIeHUsI M OTCIOJa PACIpPOCTPAHSETCS Ha KOMHCCYpPHI KilallaHa W B KOHEYHOM CYETe —
CHHOTYOYJIsIpHOE coenuHeHue [4]. MakcuMalnbHOTO PacHIMpeHUs] KOPEHb a0pThl JIOCTHUTAET B HEpPBOU
TPETH CHUCTOJBI, NpUOIIKasCh K MUIUHIPUYECKO (opme, 3aTeM K cepeAnHE OUACTOJBI HIACT yMEHb-
IIeHrne B 00beMe, 1 KopeHb pruodperaeT (opMy ycedeHHOro KoHyca. Pacmmpenue kopHs aopTsl Ha 39%
n Ha 63% B KOMHCCYpaJIbHOW 00JacTH, JaeT yIyd4IlIeHHe OTTOKAa KPOBH B CHCTONY, a TaK JKe JeJaeT
paboTy JIEBOTO JKeIy10uKa 0osee 3P PeKTUBHOM.

Pa6oter Dagum u Lansac onmmchIBarOT BaXKHOCTh MEXKIIENECTKOBBIX TPEYTOJIHLHUKOB, ONMMCAHHBIX B
paboTtax Anderson m cOaBT., KOTOPBIE YETKO OMPEENIOT A0PTAIFHOE KOJIBIIO, KaK ACHCTBYIOMIYIO CyO-
A0PTaJBHYIO CTPYKTYPY, COCTOSIIYIO U3 OCHOBAHHH 3-X MEXKJIEIECTKOBBIX TPEYTOJLHUKOB, IIOX0XKEE Ha
3yOuaTyr JUHHUIO MPUKPEIUICHUsSI CTBOPOK aopTaibHOro kiamaHa [3,4,9,10]. OcHoBaHUE KOpHS aOpThI
UMEET CBOWCTBO PACIIMPATHCS COOTBETCTBEHHO KHMHETHUKH JKEIyJouka. BBepX KOpeHb aopThl pacIlm-
pseTcsi 3a CUET PACXOXKACHUS MEXKIICTIECTKOBBIX TPEYTOJbHUKOB, OJHAKO CUHYCHI U CHHOTYOYJISPHBIN
rpebeHb MaKCUMaIbHO PACIIUPSIOTCS B KOHIIE CUCTOJNIBL. KpoMe TOro, 3TOT TOYHBIN AWHAMUYECKUN [TUKIT
pacimpeHus: KOpHS aopThl, CIIEAYeT ONPEACICHHON XPOHOJOTHU, TAKXKe BIUSS HA MO3UIUIO0 U CTEIICHb
PacxXoKIeHHsI OCHOBAHWH MO KOTOPBIM IIPUKPEIICHBI CTBOPKH KJIallaHa, Kak W OBLIIO BIIEPBBIE OIMHCAHO
Thubricar [10] (pucyHok 1). Bce kiamaHCOXpaHSIONIME METOAMKH B Pa3HOW CTEIICHH MEHSIOT JTY
JTUHAMHYECKYIO T€OMETPHIO KOPHS aOPTHI.

3a0o/1eBaHMsA, IPU KOTOPBIX BO3MOKHBI KJIaNaHcOeperapuue onepannu.

B ocHOBHOM, BCe 3TH PEKOHCTPYKTHBHBIC ONEpallMyd MPUMEHHMBI TOJIBKO B TEX CIIydasX, KOTAa
aopTajibHasi HEJOCTATOYHOCTH 00yCIIOBJICHA CIeIYIOIMMH OpaXeHUsIMH (Tadnuna ):

1. Pacmmpenne KOpHS aOpThl BTOPUYHO IO OTHOIICHHIO K aHEBPU3ME BOCXOSINEH aOpThI: MeXa-
HU3M a0pTaJbHOW HEOCTATOYHOCTH CBSI3aH C PACIIMPEHHEM CHHOTYOYJISIPHOIN 30HBI M PacXOKIEHHEM
KOMHCCYP U HETIOTHOH LEHTPAIbHON KOaITaluel JenecTKOB a0pTalIbHOTO KilanaHa.

2. AHHyJNO-aopTallbHAs 3KTa3Ms W 3a00JIeBaHUS COSAMHUTEIBHON TKaHW THIAa cuHApoma MapdaHa,
Omnepca-Jlanno u Jloiica-/[uTa: MexaHU3M pacUIUpPeHHs CHHYCOB BambcanbBhl, CHHOTYOYIAPHOW 30HEBI
1 GUOPO3HOTO KOJNBLA CBSA3aHHBI C KUCTO3HBIM METUOHEKPO30M. MHTEpEeCHO, YTO CTBOPKH KJiamaHa Mpu
3TOM OCTalOTCS HE TOpaXeHHBIMHU. [IpHuMHa aopTaJbHON HEJOCTATOYHOCTH MPH TaKUX CHHAPOMAax
CBsI3aHHA C TIPOTPECCHBHBIM PACIIUPEHHEM BCEX KOMIIOHEHTOB KOPHS aOpTHI KPOME CTBOPOK KIIalaHa,
YTO YacTO MPUBOJUT K PACCIOCHUIO a0PTAIBHON CTEHKH.

Paccroenue aopThl OCTpOE WM XPOHUYECKOE: IIPU PACCIauBaIOIeii aHEeBPH3ME KOPHSI a0pThl UMEeT
MECTO aopTajbHas HEIOCTATOYHOCTH BCIICACTBHE JINOO pacHIMpeHusi CHHOTYOyIsIpHOTO TpebHs (a), 0o
OTCIIOIiKa KOMHCCYpP C IpoJiaricoM CTBOPOK (0). Ilpu OTCYyTCTBHM TOBPEKIEHUS CTBOPOK, aOPTAIBLHOM
CTCHKU W TIAaTOJOTMW KOPHS aOpTHI, YaCTO BO3MOXKHA IIIACTHKA M PEKOHCTPYKIUS a0pTaIbHOTO KIlama-
Ha [11-27].

B cooTBeTCTBUM ¢ JAHHBIM MTOAXOJIOM IIPETATaeTCs:

1. Ilpu ameBpH3Max BocCXoAfIIed aopThl, pacmpocTpansionmxcs Ha CTC, BBHINOIHATH MPOTE3U-
poBaHue Bocxos1en aopTsl U pecycnensuto CTC.

2. Ilpu pacmpocTpaHEHUH aHEBPU3MBI Ha CHHYCHI HCIIOJIB30BaTh MPOIEIYPHl PEMOACTHUPOBAHHS U
CyOBaJIbBYJISIPHOW aHHYJIOIUIACTHKY JTHOO BBHITOJHEHNE PEUMIDIAHTAIIMM KJIallaHa B TPOTE3 BOCXOASLICH
AOPTHI.

3. [lpu qunatanuu KOJblia — BRITIOJIHATH PA3IMYHOTO PO aHHYJIOIIACTHKY.

4. Ilpu nepdoparnmu CTBOPOK — PEKOHCTPYKITUH CTBOPOK 3aILTATHI U3 ayTOMEpUKap/aa.
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PeKOHCTPYKIMA-OpPUEHTHPOBaHHAs yHKIMOHAIbHAS KIIaCCH(UKALUs a0PTaIbHOI HEAOCTATOYHOCTH
(de Kerchove and El Khoury. Anatomy and pathophysiology of the VAJ DOI: 10.3978/j.issn.2225-319X.2012.12.05) (.)

Tun [ — munaraiust GuOPO3HOTO KOJbIIA HITH Tun 11 Tun 11
Kuace (peHECTpaLMs CTBOPKH MNP HOPMAILHOM TIOABHKHOCTH CTBOPKH Tponarc Orgg;}:[;;ﬂne
CTBOPOK
Ia Ib Ic Id P HOCTH CTBOPKH

Mexanuszm / /

Texuuka Pemonenupo- Knamano- Cy0xom- [Inactuxa — IUTUKAnus — HapHeTab-
pEeKOH- Banue CTC cOeperaromue MHCCYypaJbHast ¢ 3aIIaTon cBOOOJHOTO Hasl pe3eKIus
CTPYKIHH TIPOTE30M orepanusi: aHHYJIO- u3 ayTo - Kpast — JIeKambIH-
(IlepBuunas) | BocxozsmIeit peUMITIaHTaIHS TUTACTHKA 13 KCEHOTIe- — pecychen- HaLuUs
A0PTHI 00 peMoJeIH- pHuKapaa 3us1 CBOOOK- — HCTIOJIb30Ba-
poBaHHe ¢ cy0- HOTO Kpast HHE 3aILIaTh
KOMMHCCYpab- — TpHAHTy-
HOU aHHYJIOIUIAC- JIsipHAast
TUKOMN pe3ekuus
Bropuunas | CyOxom- AmnHynomnac- Cy0Oxom- Cy0Okommuc- Cy0Okom-
MHCCYP THKa CHHOTYOy- | MHCCYp. cyp. MHCCYD.
aHHYJIO- JISIPHOTO aHHYJIO- aHHYJIO- aHHYJIO-
IUIACTHKA COCTMHEHHUS IUIACTHKA TUTACTHKA TUTACTHKA

5. Ilpu nposnarnce CTBOPOK:

a) WMCIOJb30BaTh IUIMKAIIMIO CBOOOJHOTO Kpasi, €ro PECYyCIeH3UI0, BOCCTaHABIMBAThH JJIUHY MPO-
NaOupyroIIei CTBOPKH MPH IOMOLIH NEpUKapa;

b) BBIITOJHSATH CEKTOPANBHYIO PE3EKIHNIO H30BITOUHON

CTBOpYATOM TKaHH.

6. Ilpu orpannyeHny (PECTPUKLINN) MOABMKHOCTH CTBOPOK:

a) IPUMEHATh METOAMKU TPEYTOJILHON U MapHeTaJbHON PEe3eKINN «BBIOPUBAHKE)» CBOOOIHOTO Kpas
(shaving) ¢uOPO3HO YTONIIEHHBIX KpaeB CTBOPOK IS BOCCTAHOBJICHHUS ITOJBI)KHOCTH, YCTPAHCHHS
KOMHCCYPaJIbHOTO UX CpaIlCHHUS;

b) BoccTaHaBNIMBATh AJIMHY U LEIOCTHOCTH YKOPOUYEHHBIX CTBOPOK NMPH HMOMOLIM 3arjiaT U3 ayTo-
nepuKapia i obecredeHust KOONTAlUU CTBOPOK U JIMKBUAALMH PErYPrUTALUH.

Payuonanenocmsv  coxpanenus aopmanvrozo kaanana. OCHOBHOM wujeell KianaHcOeperaromux
onepaluil sBJSIETCS BOCCTaHOBJICHHE (DYHKIMOHAIBHON aHATOMHM KOPHS AOPTHI, TaK KaK MBI 4acTo
BCTpedaeM AedopManuio KOpHS aopThl 0e3 KaKuX-IU0O CTPYKTYPHBIX U MOP(OIOrHYECKUX M3MEHEHHUH
CO CTOPOHBI CTBOPOK KJjamaH. PEeKOHCTPYKIMs KOpPHsS aopThl Oojiee MPeNodTUTENbHA, YeM MPOTE3UPO-
BaHME, TaK KaK MCUe3aeT MOTCHIUAILHBIA PUCK TAKUX OCIOXHEHHH KakK, TPOMOOIMOOIHHU, TUCHYHKIH
npoTe3a M SHAOKApAUT. PUCK paHHUX TEXHHYECKMX HEyNad MOXKET ObITh CHW)KEH MYTEM PYTHHHOTO
MpUMEHEHUsT WHTpaomnepanuoHHoi dpesnmumeBogHor DXOKI m mo HeoOXOIUMOCTH HEMEIIECHHOTO
BMEIIATEIHCTBA IO MOMEHTA IepeBoaa B peanumartuio [19, 20].

HcTtopus pa3BuTHS KJIANAHCOXPAHSIONIeHl XUPYPIrHM M PEKOHCTPYKTHBHBIX ONepanuii Ha
KopHe aopTthl. B 1832 roxy, Corrigan BriepBbIe OIMCAN a0pTaIbHYIO HEJJOCTATOYHOCTh, 00YCIOBICHHYIO
JTUIIATaIuel CHHOTYOYJISIpPHOTO COeTMHEHHS, TPUYeM CTBOPKH KJlanaHa He Obuth u3MeHeHsl. B 1913 rony,
Tuffier cooOmaer o mepBOl KOMHCCYpPOTOMHHM aopTaJIbHOTO KJjlamaHa, BBHIOJIHEHOH IO MOBOLY €ro
creros3a [23]. B 1956 rony, Lewis myOmuKyeT CBOIO TEXHUKY IDIACTUKU aOPTaJbHOTO KiamnaHa, u B 1958
rony, Hapken cooOmaer 00 nexanbIMHAIMK M MJIACTUKE A0PTAJIbHOIO CTEHO3a; ITOHAYaly Pe3yJIbTaThl
TaKuX IUIACTUYECKUX Orepaluii OblIM HEYAOBICTBOPUTEIBHBIMHU, d3PPEKT — HEMPOAOIKUTENHLHBIM [22,
23]. B 1958 rony, Taylor omucan TeXHUKY yCTpaHEHHs a0pTaJbHON HEJOCTATOYHOCTH, KOTOpasi COCTOsIIA
B HAJIOXXEHUM LUPKYJSIPHOTO IIBA, CYXXHMBAIOLIETO M YMEHBLIAIOLIETO pa3Mep aopTajIbHOIO KOJbLA U
aHeBpU3MBbI aopThl [24]. B 1959 romy, Starzl cooOupin o HOBOI TeXHHKE ISl JICYEHUS] aOpTAIbHOU He-
JOCTaTOYHOCTH MyTeM OuKycnuanusamuu kiamana [25]. B 1960 rogy, Murphy ommcan TeXHHKY
23 ——
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KA GUOPO3HOTO KOJIbIA MPH CU(DUINTUYECKOM TOPAKEHUHM KOPHS aOpThl U aOPTAILHOW HelloC-
TATOYHOCTH, KOTOpas BBIMONHSETCS 0€3 MCKYCCTBEHHOTO KpPOBOOOpAIIEHHUS, OHa CXO0Xa C TEeXHUKOM,
npemioxennoit Hurwitt (1960). B 1958 romy Garamella omyOyiMkoBan CBOK KOHIICTILHIO JICUCHHUS
A0PTaJbHOW HENOCTATOYHOCTH IyTeM pPeCcyCHeH3uH (TOABEIIMBaHMs) KOMUCCYp. JTa YCIEHIHAs METO-
KA SIBUJIACh Ba)KHBIM 3TallOM Pa3BUTHUS JICUEHHUS W TOHUMaHWs (YHKIHH IONYJyHHBIX KJIallaHOB
cepama [29].

B 1968 roxay, Bentall u De Bono B cooOmeHnn W3 OBYX CTpaHHMI, OMUCAIH OAHOTO IMAIllMCHTA,
KOTOpOMY OBLITO BBITIOJHEHO 3aMEIleHUe KOPHS aopThl U BOCXOMAIIEH aOpThI COCTaBHBIM IIPOTE30M, CO-
CTOAIINM U3 COCYCHAOCTOW TPYOKM M KIIAITaHHOTO TIPOTE3a, YCThsI KOPOHAPHBIX apTepHil MMILTAHTHPO-
BAINCh B CTCHKY KOHAyHTa. BroclencTBHM 3Ta METOJHMKA CTaja 30JIOTBIM CTaHAAPTOM B XUPYpPIHH
aHeBpH3M Bocxosiei aopTel U pacciioerus [30]. B 1980 u 1983 rogax, Wolfe coobuuit o cepun pekoH-
CTPYKTUBHBIX OTI€pAIHi — PECYCIIEH3UH a0PTAIBHOTO KIIallaHa — BBIIOJTHEHHBIX TIPH OCTPOM PACCIIOCHHU
aopthl. B ero pabote ot 1983 roma, coobmiaercst 0 48 GONBHBIX, PECYCIICH3HS ObLIa YCIEIIHO BEITIOTHEHA
y 35 u3 Hux [29, 30]. Toapko B ogHOM citydae, yepe3 17 JeT mociie onepanuu, O0JIBHOMY MOHAI00UIaCh
peorepanys — MpoTe3UPOBaHUE A0PTATBHOTO KJlaraHa.

B 1986 romy, Frater omwmcam u MOMYEpKHYJI aHATOMUYECKYIO M MEXaHUYECKYIO (DYHKIIMIO CHHOTY-
OyJISIpHOTO COCAMHEHHS, OTMETHB IPH ATOM, YTO KOPPEKLHS PACHIMPEHHOI'O CHHOTYOYJSIPHOTO COCIH-
HeHHUs OBIBae€T YacTO JIOCTATOYHOW MJisi JMKBUIAIMKA HEIOCTATOYHOCTH aOpTalbHOTO KIamaHa, HpH
YCJIOBHH, YTO CTBOPKH KjlamaHa u ero (pudpo3HOe KOJBII0 HE TUISTHPOBAHHI [31].

Pa3BuTHe cOBpeMeHHBIX METO/I0B BOCCTAHOBJIEHHS A0PTAJBLHOr0 KJIANaHA NMPH aHeBpU3Me H
paccjioenne aopThl. Metoauka Buepssie onucana M. De Bakey B 1956 rony. SIBisiercst OoZHOM U3 OCHOB-
HBIX KIJIANAHOCOXPAHSIONIUX OMEepaluii IpH aHeBPU3ME BOCXOJAIIETO OTIENa aOpThI C COIMYTCTBYIOIIEH
a0pTaTbHOM HEAOCTATOYHOCTHIO, BhI3BaHHOW ammartanmedr CTC [32, 33]. Mertoguka 3akitoudaeTcs B
PE3EeKIMU BOCXOAIIEro oTaena aopTsl Ha ypoBHe CTC ¢ mocnenyromuM HaloKEeHUEM MTPOKCHMAaTbHOTO
anacromo3a Ha ypoBHe CTC ¢ CHHTETMYECKHM IPOTE30M aopThl (PUCYHOK 2). BoccraHoBieHHE HOp-
ManpHOTO nuameTrpa CTC mpuBOIUT K CONMKEHHUIO CTBOPOK M BOCCTAHOBJICHHIO KOANTAIlUH, YTO yCTpa-
HSET aOpTaNIbHYI0 HegocTtaTogHOCTh. Eme B 1986 roay, Frater onumcan u mogdepkHysn aHATOMHYECKYIO U
MEXaHWYECKYI0 (PYHKINIO CHHOTYOYJISIPHOTO COSIMHEHHSI, YKa3aB Ha TO, YTO JJIs1 KOPPEKIIMU a0pTaTbHOU
HEJOCTATOYHOCTH MOXKET OBITH BBHINMOJIHEHA TOJBKO PEAYKIHS PACIIMPEHHOTO CHHOTYOYJISIPHOTO COEIH-
HEHHWsI, IPU YCIIOBUH, YTO CTBOPKHM KJalmaHa U ero (uOpO3HOE KOJNBLO HE MWIATHpOBaHBL JlaHHAs Me-
TOJUKA A0 CHUX IMOp LIMPOKO MCIIONIB3YeTCs, MOKa3bIBasi XOPOLINE pe3yJbTaThl B OTAAJICHHOM IEPUOJIE,
0COOCHHO y TIAIIMEHTOB P aHEBpPH3MaX aopTHI 0€3 PacciIOoeHUsI.

MeTtoauKka pecycreH3ur aopTaabHOTO KIlalaHa CEeTOMHS MPUMEHSETCS NPHU KOPPEKIHU BCEX BUIOB
paccioeHus, B KOTOpOE BOBJEYEHa BOCXOJSIIAs aopTa BBIIIE CHHTYOYJISpPHOro TpeOHS WM C BOBIIE-
YeHHEeM HEKOPOHAPHOW CTBOPKHU U €€ MPOIIarncoM (PUCYHOK 3).

GV

Pucynok 2 — CynpakopoHapHOE IPOTE€3UPOBAHUE Pucynok 3 —
BOCXOJIsIerootaena aopTel mo De Bakey Onepanus Wolfe

—— 4 ——
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Omneparss Wolfe, HekOpoHapHBIH CHHYC (Yalle BCEro BOBJICUYEHHBIH B PAcCIOCHUE) UCCEKACTCS U
MPOTE3UPYETCS SI3BIYKOM JaKpOHOBOrO mpoTe3a. CTOHKM KOMHCCYp KilalaHa IIOJBEIIMBAIOTCS B
JAKPOHOBYIO TPYOKy, OMOJOTWYecKHd Kield NpUMEHSETCS Ui BOCCTAHOBIICHHS PACCIOCHHBIX CIIOCB
AO0PTBHI, a TAKXKE JJIsl TEPMETH3alUU aHACTOMO30B STOH PEKOHCTPYKIINU

Peumnnanmayua aopmanvnoeo knanana, mexuuxa David u Feindel: TD 1. B 1992 rogy, David n
Feindel coobmmnm o cepun manreHToB ( n = 10), KOTOPHIM BBITIONHSIIN KJIAMTAHCOXPAHSIONINE OTIepaIliny
M0 TIOBOJY aHEBPHU3MBI BOCXOZSIIEH aoOpThl C aOpPTalIbHOW HENOCTaTOYHOCTHIO (34). JlaHHast MeTonuKa
SBJSIETCS LIENBIO 3TOro 0030pa u Oyzer obo3HaueHa kak Tirone David 1 (TD1), coctosina u3 kiaccuuec-
KO pEeMMIUIaHTallMK A0PTAJBHOTO KIalmaHa BHYTPh JAKPOHOBOTO Tpore3a. Iy 3TOro BBIMOJIHSIACH
PE3eKIMs KOPHSI a0OpThl C OCTABJICHUEM YCTHI KOPOHAPHBIX apTepHil Ha TUIOMIAKaX U CTBOPOK KilarmaHa
Ha KOMHCCYpax C Y4aCTKOM CTEHKH CHHYCOB 4-5 MM (pucyHOK 3, A, B). /lakpoHOBBI TIPOTE3 MOIINBAI-
Csl K OCHOBaHHUIO KOPHS a0pThHI IIBAMH Ha TPOKIIAJIKaX, Bl HAKJIAJABIBATUCH HIKE CTBOPOK AK Takum
00pa3oM, 4TO Obl OHU MPOXOIUIH Yepe3 (HPUOPO3HBIN CKEJIET OCHOBAHHUS BBIXOHOI'O OT/IENIA JICBOTO XKEITy-
nouka (rmceBao-komibplo). Komuccypsl kianaHa NOAMMBAIOT BHYTPh JaKPOHOBOW TPYOKH TakuM o0pas3om,
9T00BI JOCTUYb KOANTALMH CTBOPOK. Omepanunio 3aKkaHYMBAIOT MOAIINBAaHUEM KOPOHAPHBIX «ITYyTOBOK» K
HEOCHHYCaM M HAJOXEHHEM IHCTAbHOTO aHacTomo3a (pucyHoK 4). OcoOeHHOCTSIMHU ONeparui PerM-
wrantauu TD1 sBusercs munuHApUYecKas pPeKOHCTPYKIMS, pEUMIUIaHTaldd YCTHH KOPOHApHBIX ap-
TepHii 1 MaKCHMalbHasi CTa0MIN3AIMs OCHOBAHHS KOPHS aopThl (KOJbIla). B mepBoHaYaabHON METOIMKE
HET OMHUCAaHMS CIeMuUKH CHHOTYOymsipHOTO coenmHeHns. Hvass cooOmiaer 00 W3MEHEHWHM NaHHOU
TEXHUKU TaKHUM 06pa30M, qTOo )IaKpOHOBBIfI IMPOTE3 BIIMBACTCA BHYTPb KOpPHSA aOpPThl K OCHOBAHHWIO
cTBOpOK KiamaHa (B merone David — Ha000poOT); Takoil METOA PEUMILIAHTAIIMA UMEET HEJOCTaTKU —
co3maeTcss KOHTakT CTBOpoK AK ¢ akpOHOBOW TKaHBIO, M HE CO3JaeTCs CTaOMIbHOW (UKcanuu ¢u-
Opo3HOro KOJIbIIa Kianana [35].

\

a b c

Pucynok 4 — Meronuka Tirone David 1, mocienoBaTebHO MOKa3aHbI ATAIBI ONIEPAIIUH, BIICPBbIC ONMMCaHHOM B 1992 T.

Peseknust aHeBpU3MBI BOCXOJSIIEH a0OpThl, BBIKPOCHBI CTBOPKH M CTOJIOMKM KOMHCCYp KIalaHa ¢
OCTaBJICHHEM CTCHKH CHHYCAa IO Kparo 3-5 MM, JUIs HAJIOKEHUS IIBOB. Y CThsl KOPOHAPHBIX apTECPHil BbI-
KpPOEHBI Ha «ImyroBkax». CoCyIUCTBIH (HaKpOH) MPOTE3 MPUIIMBAIOT K JUCTAIFHOW YaCTH BOCXOJSIICH
aoptel. HakmanpiBaroTcss mBbl (6 CTEKKOB) HIDKE CTBOPOK A0PTANLHOIO KJamaHa, KOTOPBIE MPOXOJST
uepe3 (GUOPO3HYIO TKaHb B TOIE BEHTPUKYJI-0A0PTATBHOIO MEpeXoaa. JTUMH IIBAMHU TMOIIINBACTCS
KOHEeLl 0OTOOpaHHOTO JaKpOHOBOT'O MpoTe3a. BrinmonHeHa (ukcanus mpore3a K OCHOBAHUIO KOPHSI aOPTHI.
Croiiku KOMHCCYp TOABEIINBAIOTCS BHYTPb MTPOTE3a HEMPEPHIBHBIM OOBUBHBIM IITBOM, ITOJI00HO TEXHUKH
HMMIUTaHTAIMK TTOAKOPOHAPHOT0 roMorpadTa. HakaapiBaloTs aHaCTaMO3bl ¢ KOPOHAPHBIMU apTEPUSIMU U
JIUCTAITbHBIA MEXKITPOTE3HBIA aHACTOMO3.

B 1993 romy Sarsam um Yacoub mpuBomsaT cepuro HaOmonaeHwi (10 GOJMBHBIX) XUPYPrHYECKOTO
JICUCHHST aOPTaJIbHOW HEIOCTATOYHOCTH METOJIOM, Ha3BaHHBIM «PEMOJICITUPOBAHUE A0PTAIBHOTO KOJb-
na» [36].
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Pucynok 5 — TexHuka peMoaenupoBaHust KOpHS aopTsl Yacoub, 1993 rox

[TepBas Bepcus oneparnuu Sky0a cocTosia W3 MPOTE3UPOBAHMS BCEX TPEX CHHYCOB BanbcaibBhl ¢
peuMILIaHTauel yCTHH KOPOHAPHBIX apTepuil ¢ UCIOIB30BAHUEM JAaKPOHOBOTO MPOTE3a BHIKPOCHHOTO
M0 THITy TPEXJIETIECTKOBOW KOPOHBI. MeToJ BKIIOYAaeT PEHMILIAHTAIIMI0 KOPOHAPHBIX apTepwii, HO HE
MpelyCMaTpUBaeT CTAOMIM3AIMM OCHOBAaHUS KOPHS aOpPThI U OMPEACICHHUS Pa3MEpOB CHHOTYOYISIPHOTO
coequHeHns (pUCyHOK 5). B cBoeil mMeroanke aBTOpPHI MOAYEPKUBAIOT HEOOXOIUMOCTh MUCCEUEHUS CH-
HYCOB a0pTHI ¥ TTOI00pa AaKPOHOBOH TPYOKH MO AMAaMETPy PaBHON TUAMETPy OCHOBAHHIO KOPHS aOpPTHI.
Pa3pe3bl Ha MpOTE3€ BBIMOJHSAIOTCSA IS YBEIHUUEHHUS BBICOTHI (pukcammu KoMuccyp kianana. CorjiacHo
HA3BaHWIO, BHIMIOIHICTCS WIMHIPUICCKas PEKOHCTPYKIUS KOPHS a0PTHI, HE CO3J1aeTCs CIIeU(UISCKOTO
Cy’XKEHUS B MECTe CHHOTYOYJISIPHOTO COSIMHEHNS, M HET CTa0MIN3aliy OCHOBaHUS aopThl. [IpenmymecT-
BaMH 3TOTO0 METOJa SBIIACTCA TEXHUYECKas MPOCTOTA, YeM IMPU PEUMIUIAHTAINH, M IMO3BOJISIET Oojee
TOYHO BBIMOJIHUTH PECYCIICH3HI0 KOMHCCYPalbHBIX cTOeK. [locnenyromue Mmonupukanuu oneparyu Sky-
0a BKJIFOUAIOT B ce0s1 Cy)KeHHe B 001acTi CHHOTYOYISIPHOTO TPeOHS M CO3/JaHMsI BRIOYXAFOIINX CHHYCOB.

Peumnnanmayus umu pemooenuposanue. B 1995 romy David, Feindel m Boss coobmmum o
cleayroleM miare B 3o meroauku Tirone David. B crathe «PeKOHCTPYKIIMS a0pTalIbHOTO Kjlara-
Ha TIPU €r0 HEJOCTATOYHOCTH M aHEBpPH3ME KOpHS aopTe» [37], TOBOpUTCS O NBYX (yHIAMEHTaIbHO
pa3HBIX METONMKaX BoccTaHOBIeHUs. [lepBoil ObuTa TexHHMKa pemMIutaHTanmuu — TD1, koTopas mpume-
HSJIAch y OOJBHBIX C PACIIMPEHHUEM CHUHOTYOYISIPHOTO CEAMHCHUS, Pa3pyIICHBIMA WU JUISTHPOBAH-
HBIMH CHHycaMd BanbcaiabBbl U MpH aHHYJIOAOPTAIBbHON 3KTa3uu. AJNbBTEpHATUBHAS METOAMKA, MPHU-
BEJICHHAS TYT JKe, Imonydnia Ha3zBaHus «Tirone Davide- 2» u ommcaHHast aBTOpaMH KaK TEXHHKA «PEMO-
JICIIUPOBAHUS», MPUMEHSIACh y TMAlMEHTOB 0€3 aHHYJIOAOPTAIbHOW 3KTa3UM, B OOJBIICH YacTH IPH
nedopmali CUHYCOB BanbcallbBBI 1 HEOOXOIMMOCTH KOPPEKIMH CHHOTYOYJISPHOTO coenuHeHus. B
3TON cepur OBLIO omucaHo 45 OONBHBIX, CMEPTh HAOINOJANACh TONBKO B JBYX ciydasx. JleBaTHammatb
OOJBEHBIX OBLIM ONEPHPOBAHBI MO METOAWKE perMIriaHTaruu TD-1 u 26 — Mo METOIUKEe PeMOIeTHpO-
BaHusi TD-2, aopTanbHBI KjamaH ObUI BOCCTAHOBJICH IyTEM PEKOHCTPYKIIMU M MPOTE3UPOBAHUS BCEX
cUHYyCOB BanbcanbBbl YyCThS KOPOHApHBIX apTEpUil PEUMILIAHTHPOBAIUCH B MPOTE3 MO METOAUKE
«1yToBOK». He BBIMONHSIIOCh HUKAKOTO YKPETUICHUS WM YMEHBIICHHS «aopTaJbHOTO KOJIBIA», PEMO-
NETUPOBAHUS CHHOTYOYJISIPHOTO COSAMHECHMsS Takke He ObUIO (T.e. YMEHbIIeHHus auamerpa Ha 15% or
nramMerpa BeixonHoro otnena JIXK).

Peumnnanmayus xopna aopmul ¢ pexoHcmpykyuel nces00CUHYCO8: MEMOOUKA CUIMICKASL MEXHUKA.
B 1995 roxy, Cochran u xoiern onucand pa3HOBHIHOCTH omneparuu Tirone David, mpu koTopoit mpu-
MEHSUTaCh TaKpOHOBas TPyOKa ¢ (hOPMUPOBAHHBIMU BBITYKJIBIMH TICEBJIOCHHYCAMH, TIPU TOH ke TEXHUKE
coxpaHeHus: kianaHa [38]. B cHATICKON TEXHUKE AOpTalbHBIA KJIamaH COXPAHAETCA U BBINOIHICTCS
MPOTE3NPOBAHUE BCEX CHHYCOB BasbcanbBhl ¢ peKOHCTPYKIMEH HEOCHHYCOB IO CIICHUAIBHON TEXHHKE.
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BriOyxaHne 3TUX HEOCHHYCOB MPEAOTBPAIlaeT KOHTAKT CTBOPKH C JIaKPOHOBOH TKaHBIO. B HOpmanmpHOU
aopTe CTBOPKH 3alUINEHBl JHHAMAYECKOW TeoMeTpuell (paciimpeHHe CHHYCOB, YIJIMHEHHE CTBOPOK H
KOpHS a0pThl). JlaHHAs METOJMKA TaK Ke CTAOMIN3HPYET «KOJIBIIO a0PTHD C TTIOMOIIBIO MPOKCUMAILHOTO
IIBa PACIIOJIOKCHHOTO HIKE CTBOPOK KianaHa, MmoJo0HO TOMy, 4TO W mpu Metoguke TD-1, Tak ke
UMeeTCs AUCTaIbHBIN OB, BHIIIE CTBOPOK, MPEIHA3HAYSHHBIN IS MAaKCUMAIBHON (PUKCAIIUK CTOEK KO-
Muccyp. BrlkpanBanue JemecTKOB Ha MPOKCHMAIBHOM KOHIIE IPOTe3a HEoOXoAnMo sl popMHpOBaHHE
HEOCHHYCOB.

I'uOpunmHas meroamka OblIa MpEAioKeHa van SOn W COAaBTOpaMH, MPH KOTOPOHW pacIIUpeHHBIN
KOPEHb aOpTHl YMEHBIIAETCS M PEKOHCTPYHUPYETCs (KOPOHAPHBIE apTepry BBIKPAWBAIOTCSA HA MyTOBKaX)
MyTeM KIMHOBUIHOTO MCCEUCHUS CTCHOK CHHYCOB BaibCalbBhI, U 3aTEM PEUMIUIAHTAIIMA BOCCTAHOBIICH-
HOT'O KOPHS a0PThI BHYTPh JaKPOHOBOU TPYOKH, NP BHUMATEILHOM PECTABPAIIUH BBICOTHI KOMHCCYPailb-
HBIX CTOEK; HaKJIaJbIBAETCS AMCTAIBHBIN IIOB MEXIY MPOTE30M M KOPHEM aOPTHI, a 3aTeM IO IINBAIOTCS
YCThsl KOPOHApHBIX apTepuil [39]. DTa cMelnaHHas METOJIUKA IMO3BOJISET BBHIMONHATH PEKOHCTPYKIIHIO
CHUHYCOB, YUHTHIBas KOHTPOJIb JTUAMETPOB CHHOTYOYJSPHOTO COSAMHEHUS M (PUOPO3HOTO KOJbIA, UYTO U
MO3BOJISIET M30€KaTh KOHTAKTa CTBOPKH C TaKPOHOBBIM ITPOTE30M, HO TPU 3TOM HE MPOUCXOJUT CTaOWITH-
3allii OCHOBAaHHWS KOPHS aopThl. HEKOTOpBIe aBTOPHI OCTABISAIOT «IIOAYIIKI» CTEHKH aOPTHI, TEOPETH-
YECKH I 3aIIUTH CTBOPOK OT moBpexkaenus [40, 41].

B 1996 rony, T. David onmcan eme olHy pa3HOBHIHOCTE CBOETO MeToza pemojienupoBanus (TD-2),
KOTOPBIN TIPUMEHICTCS TPH aHHYJI0aopTanbHOH 3kTasun (Metonuka TD-3). B ganHOM ciydae aopraib-
HBIM KJTalmaH peKOHCTPYUPYETCS IyTeM MPOTE3UPOBAHUS BCEX TEX CHHYCOB BanbcaabBbl, KOpOHApPHEIE
apTepuy PEUMILUIAHTHPYIOTCS B IpoTe3 (PUCYHKH 6, 7).

PucyHnok 6 — PemogenupoBaHue KOpHs a0PThL Pucynok 7 — PemogenupoBaHue KOpHs a0PThL
co crabmm3anyeii Gpudposnoro xonela knamnaxa (TD-3) co crabmm3anyeit Gpudpos3noro xonela knamnaxa (TD-3)

[maBHBIM OTIMYHMEM NAHHON TEXHHKH SIBIACTCS YKpeIUICHHE KOPHA aopThl M (UOPO3HOTO KOJbIA
Te()IIOHOBOH TOJOCKOW. DTa METOAHMKA TakkKe oOecreunBacT 0ojee JIETKYIO PECYCIEH3HIO CTOJIIOMKOB
KOMHCCYp, MTOJOOHO B TexHUKe SIky0a, U peMoJenpoBaHue CHHOTYOYIIIPHOTO COCTUHEHUS! HE 3aBUCHT
oT pa3mepa BeiOpanHoro npote3a (pucyHok 7 F-H). El Khoury u komnern, cooOmianu o mojgo0HONH MeTo-
JUKEe, HO OHH OIPaHMYHMBAIHMCH TOJBKO YKPEIUICHHEM AaopTaJbHOrO KOJIbIA NPH €ro 3HAYUTEIbHOU
JUIATalluU; OHU TaKKe PEKOMEHAYIOT COXPaHSITh HHTAKTHBIE CUHYCHI Banbcanbsel [42].

Pucynku 6, 7. PemonenupoBanue Tirone David-3, 1996 r. Yganenne nmopakeHHOTO KOPHSI aOpTHl H
BOCXOJSIILIETO OT/ENa a0pThl. AOpTa ImepeceKaeTcs cpasy BbIle CHHOTYOysipHOro rpeOHs. KopeHs aopTh
MOOHMIM3UPOBAH JI0 CAaMOT0 OCHOBaHMSA, KOPOHAPHbIE apTepPHH BBIKPAUBAIOTCs Ha miomaznkax. I[logockoi
Te(IIOHa BBITIOJSETCS YKpeIuieHue (HUOPO3HOM 30HBI BBIXOJHOTO OTJENa JIEBOTO JKENYA0UYKa, 9TO JaeT
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CTaOMJIM3ALMI0O OCHOBAaHUS KOPHS aOpThl, 0OCOOEHHO HEOOXOIUMYIO NPH aHHYJIOAOPTAJbHON SKTa3HH.
H3mepeH nuaMeTp aopTanbHOro Kosbla (AA) U3 HEro BeIYTEHA TOJIIIMHA CTEHKU aOPTh, ATl TOTO 4TO OBl
OTIpEeACTUTh JUaMeTp HEOOXOAMMOr0 TaKpOHOBOTO MpoTe3a. MeToanka peMoAeTupOBaHus KOPHS aOpPTHI
no TD-3: 3amemnieHne KOpHSA aopThl BBHIKPOEHHBIM MPOTE30M. AJEKBaTHas PECYCHEH3Hs KOMHCCYD.
PenMmnnanTanys KOpOHAPHBIX apTEpPU B COOTBETCTBYIOLINE CHHYCHI.

Boccmanosnenue cunomy6ynapnoco epedons. ITOT METOL COCTOUT U3 MPOCTOrO IMPOTE3MPOBAHUS
BOCXOJAIIEHN aOpTHI C COMYTCTBYIOLIEN PEKOHCTPYKIMEH (T.€. Cy>KEeHHEM WM peAyKIHMOHHON aopToIiac-
TUKOW) CHHOTYOYJISIpHOTO IpeOHS AJISl BOCCTAaHOBJICHUS! HOPMAJIBHON KOANTALMM A0PTAIbHBIX CTBOPOK B
KOpHEe aopThl. Kak OTHenbHBIM METOX €ro MOXKHO IPUMEHSTH TOJBKO IPH HOPMAaJbHBIX CTBOPKax M
cuHycax BanbcanbBel, U Koraa ¢puOpo3HOE KOJIBLIO HE HYXXKJAeTcsd B PEeKOHCTpyKuuu. He BhIMonHSETCS
MIPOTE3UPOBAHUS CUHYCOB, U PEUMIUIAHTAIMM YCTUH KOPOHApHBIX apTepuid. DTa onepaunus HE HECEeT B
ce0e yKpeIvieHus U CTaOMIN3alMd OCHOBAHUS KOPHS aOpThl, IO CYLIECTBY 3TO METOJ BOCCTAHOBIICHHUS
CHUHOTYOYJIIPHOTO COSUHEHUS, KOTOPbIH npemoxun Frater [31]. Jokrop David BKIIOYHII 3TOT MOAXO B
CBOIO OOHOBJICHHYIO BEPCHIO peMMIUIaHTanuu (Ha3zBaHHYyIo noktopoM Miller, kak TD- 4), B koTOpoii OH
BBIOMpAET NaKpOHOBBIA MpoTe3 Ha 4 MM OoJblle HEOOXOAMMOTO M ITyTEM €ro LUPKYJSPHON IUIMKALMH
co37aeT CHHOTYOYISApHBIA Tpebens [43]. B texauke penmrmanTaruu TD-5 wim Miller-1 npumensieTcs
JAKPOHOBBIN MPOTE3 Aaxke Ha 8§ MM OOJblIe HEOOXOAMMOTO, 3a CUET Yero (POPMHUPYIOTCS CHHTETHYECKHE
niceBAOCUHYCHI [43, 44]. Texauka «Jena» sBiseTcs THOPUIHON, B KOTOPOW PEKOHCTPYKIHS aHEBPH3MBI
KOPHS a0pThl BBIIOJIHAETCS ITyTE€M IUIMKAlUU U UCCEYEHUs Mopuuu cuHycoB Banbcanesel (U-00pasHo B
KOPOHApHBIX U V-00pa3HO B HEKOPOHAPHOM CHHYCaX), a CHHOTYOyJIIpHOE COeNHEHHE YMEHbIIAeTCs 3a
CYET AaKpOHOBOTO TpoTe3a (26-28 mm). [IpenMyIecTBOM 3TOro MeToa SIBISETCS COXpaHeHNE HATUBHON
TKaHH, KOTOpas KOHTaKTHPYET CO CTBOPKaMM KIJallaHa, a TaKKe COXPaHSIEeTCs TUHAMHUYECKHE CBOMCTBA
KOPHSI a0pPThI, HO UMEETCS PUCK JaJIbHEHIIeN AUIATaluK 30HBI PEKOHCTPYKIUH [45].

PemoaesupoBanue KOPHA a0pThl ¢ MAKCHMAJIbHON cTa0uau3anueil, cOxpaHeHHeM CTBOPOK M
PEKOHCT pyKuueil cHHOTYOyasipHOro coexmHenusi. Hopkins mpemioskunn cBoil METOA PEeKOHCTPYKLMU
a0pTAJIBHOrO KJIallaHa, HO B CYUIHOCTH, 3TO OJHA W3 Pa3HOBUIHOCTEH pemojenupoBaHus. B sToil me-
TOJIWKE BCE CHHYCHI 3aMEIIaloTCA C PeUMIUIaHTAllMel yCTUH KOpPOHApHBIX apTepuil (1Mogo0HO MeTodaMm
Yacoub unmu TD-2). OcHOoBaHuE KOPHS aOpThl YKPEIUIIETCSl LUPKYJIAPHBIM IIBOM, HAJOXXEHHBIM HIXKE
CTBOPOK (PUCYHOK §), 3TO 3allMIIAET PACLHIMPEHUE KOPHS AOPTHI B MOCIELYIOLIEM, U IO3TOMY IpUMe-
HUMa K OOJBHBIM C BPOXKICHHBIM 1e(DeKTOM COCAMHUTENBHOM TKaHU, TAKUM Kak cuHApoM Mapdana. Kak
1 B MeToaukax Yacoub mnu TD- 3 BbINONHSETCS HECIIOKHAS IPOLEAYyPa PeCyCIeH3UN KOMUCCYPaIbHBIX
cTOeK. B 3TOl TexHUKEe CHHOTYOYJIIpHOE COCIMHEHNE PEMOJIEIUPYETCs 1O HAeaIbHBIX Pa3MepoB, T.c. Ha
15% ™eHbIIE OuaMeTpa aopTaIbHOIO KOJBIA, IyTEM II0J00pOpa JaKpOHOBOI'O MPOTE3a, MEHBILETO 110

\

Pucyhoxk 8
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JUaMeTpy, YeM aopTalbHOE KOJIBLO, CHHYCHI CJIeTKa BBIOYXalOT HapyXy, 4TO JOCTHraercsi 0ojee BHICO-
KHM BBIpE€3aM Ha MPOTE3€, KOTOPbIE MOJBEIINBAIOTCS KOMUCCYPHI KiIanlaHa. BeIpessl Ha MpoTe3e JOIDKHBI
OBITh Y3KHMH, 4TOOBI MOJYEPKHYTh MECTO CHHTOOYISIPHOTO Tepexoja, 3aTeM Te(IOHOBOH MOIOCKON
MPOM3BOJUTCS CYKEHHUE 3TOro MecTa. [lyTeM cykeHHs CHHOTYOYIAPHOTO Mepexoa, COXpaHsIoTcs QyHK-
LUOHAJIBHBIE TIOTOKM, onmucaHHble Jla BuHYM, KOTOpBIE MPEAOTBpPAILAIOT KOHTAaKT CTBOPOK KialaHa ¢
JAKpPOHOBBIM IIPOTE30M. OTa PEKOHCTPYKIMS OXBAaThIBAET BCE KOMIIOHEHTHI KOPHSA aOPThl, COXPaHAs
HAaTHBHBIE CTBOPKU a0PTAIBLHOTIO KiIalaHa.

Metonuka Hopkins-1. CyxwuBatomme mosocku u3 TedIoHa HaKIaIbIBAIOTCA LHUPKYJISPHO MOCIE
HCCEUYEHNUs MaTOJOTMYECKH M3MEHEHOW aopThl, U mociie MoOwiIn3anuu ee KopHs. lIIpokcumanbpHas 1mo-
Jocka (pUKCUpPYETCs cepreil MaTpacHBIX IIBOB, HIKE PACIOJIOXKEHHs CTBOPOK. KoMuccypbl COXpaHEeHBI C
YYacTKOM OKpy’Karomiel Tkanu 3-5 MM. BrIpe3sl B mpokcuManbHOM KOHIIE TPOTe3a cAellaHbl HECKOJIBKO
JUIMHHEE, YTO MO3BOJIUT MOJIINTh KOMHCCYPBI €lI€ BBIIIE, U 32 CUET 3TOr0 HEOCHHYCHl OyAyT BBIIYK-
neiMu. Hamoxxen HpOKCHMaHBHBIﬁ IIIOB B OCHOBAHHU KOPHA aOpPThl, CMHYCbhI 3aMCHICHBI JTaKPOHOBBIM
npote3oM. PenmmnanTranusi KOpoHapHBIX ycTHil, GopMUpOBaHUE CY>KEHUs B MECTE, TIe TIOALINTE KOMHUC-
CypBI KJIallaHa.

Penmmuiantanust KopHs aopThl B pore3 Metonuka Florida Sleeve, omucannoii P. Hess B 2005 r.
Bocxonsmuii oTnen aopThl nepecekaercss Ha 1 ¢M BbIle CHHOTYOYJISIPHOTO COeNMHEHUS, KOPEHb aopThl
BBIJICIISICTCS MO OKPY>KHOCTH A0 YPOBHS a0PTOXKEIYAOUYKOBOro KOoHTakTa. uamerp ¢pubOpo3HOro KomipLa
A0PTaJBbHOrO KJIAIlaHa OMNpEIEIsieTCs C MOMOINBI0 M3MEpUTENIeH CTaHIapTHOTO pa3sMmepa. Takke u3Mme-
pseTcsl pacCTOSIHME OT OCHOBAHMSA KOPHS aOpTHI 0 YCThE€B KOPOHAPHBIX apTepHil MU CHHOTYOYJISIPHOTO
rpebHs N0 KaXI0H KOMHCCYpe, 4TO HeoOXOOMMO UIA MOATrOTOBKM mpote3a. [lombop mportesa BBIMON-
HSAETCA M3 pacdyeTa Ha 4—5 MM OoJbIlie M3MEPEHHOTO nuaMeTpa (pudpo3Horo koisia. BeicoTa 100ku Tpo-
Te3a JIOJDKHA COOTBETCTBOBATh M3MEPEHHOW BBHICOTE IO KAKAOH U3 KOMHCCYP, IPU 3TOM BCE KOMHUCCYPHBI
JOJDKHBl HAXOIUTHCSA Ha YPOBHE CHHO-TYOYJIAPHOTO TpeOHsI MpoTe3a. 3aTeM Ha MpOoTe3e OTMEYaroTcs
PAacIIoNOXKEeHUSI KOPOHAPHBIX apTepHid, MOCIe Yero B HEM M3IOTAaBIUBAIOTCS BEPTUKAIBHBIC MPOPE3U MO
0003HAaYECHHBIM HO3UIMAM B BUIE «3aMOYHOM CKBaXKHHbD». [[nnHa mieneil cOOTBETCTBYET U3MEPECHHOMY
pacCTOSIHUIO OT OCHOBaHHS KOPHS aOpThl 0 HWXKHEH YacTH KOpOHApHBIX apTepuu. B mecte pacmoino-
JKEHHUs1 yCThEB KOPOHAPHBIX apTepuil AeaioT OKpyTible oTBepcTHs. Ha ciemyromem stane HaKkjIaabIBarOT
cybannymspabie [1-o0pa3Hbie mBE MIeTeHOH HUTHIO 3/0 Ha TE(IIOHOBBIX MPOKIAAKAX, pacrojaras ux
TOPU30HTANBHO 10 KPYTy Ha 1—2 MM HH)XE CTBOPOK aOpTaJbHOTO KJIallaHa M3HYTPU HAPYXKy Tak, YTOOBI
NPOKJIAAKN HE Kacaluch CTBOPOK (pucyHku 9, 10). B mecte Mexxay HEKOpPOHAapHBIM M TPAaBBIM KOPO-
HapHBIM CHHYCaMH IIBHl HEOOXOIMMO PacHojaraTtb 0 KOHTYPY CTBOPOK, YTOOBI N30€KaTh OCIOKHEHHUN
CO CTOPOHBI MPOBOJISIEH CHCTEMBI 1 MEMOPaHO3HOI YacTH MEXOKETyJOUYKOBON Tieperopoaxu [46-48].

Cnyuau neyoay peumniaumayuu u pemooeruposanus aopmaivHozo kianana. K HeynauHbIM Kia-
MaHCOXPAHSIOIINM OIepalysM ObUTM OTHECEHbI METOAUKH, B KOTOPBIX HET aJeKBaTHOW CTAOMIM3aLUU

Pucynok 9 — Metonuka Florida Sleeve Pucynok 10 — Meronuka Florida Sleeve
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OCHOBAHUS a0PThl, U KOTOPHIE B OTJAJICHHOM IIEPHO/E MPUBOIAT K AWIISTALIMH a0pTaIbHOTO KoJbia [49].
YacTp BBIXOJHOTO TpakTa aopThl (opMHUPYeT (QYHKIMOHAJIBHOE KOJIBLIO — (DAaKTUUECKH OCHOBAHHUSA
MEKJICTIECTKOBBIX TPEYTOJbHUKOB HM)KE MeCTa (PHKCAIUU CTBOPOK M SIBISIETCS] YaCThIO KETYJOYKOBOH
remoguHamuk [9, 10]. CTOpOHHUKH TEXHUKU PEHMILIAHTALUYU MTPEANOIATaloT, YTO CTA0MIN3AIUs KOJIb-
11a a0pThl, 0COOEHHO NPH 3a00JIEBAaHUAX COCAUHUTEIBHON TKAaHH, SIBISCTCS BaXHHIM MOMEHTOM. MeToIbI
PEMOZENUPOBAHNS OCTABIISIIOT MHTAKTHBIMU 3TH TPEYT'OJBHUKH, YTO JOJDKHO IOJOXKUTEIBHO BIMATH HA
paboTy coXpaHEHHBIX CTBOPOK M Ha JUIUTENBHOCTh PEKOHCTPYKLHUH, MOCKOJIBKY COXPAaHEHBI HEKOTOpHIC
3JIEMEHTHl TUHAMUYECKOT0 PACIIMPEHHS KOPHA aopThl. MeToIsl MMIUIAHTALMH MOAJNCPKHUBAIOT WIH
(UKCUPYIOT 3TH MEXJICTIECTKOBbIE TPEYTOJIbHUKH.

TeopeTnueckoi NPUUUHONW YCKOPEHHOU JAereHepaliii CTBOPOK SIBISIETCS CUCTOJIMYECKUI KOHTAKT €€
CO CTEHKOW IpoTe3a, BCIEACTBUU OTCYTCTBHS pacIIMpeHus: CUHYCOB. IIONMBITKY HEeyIauHON pEeKOHCTPYK-
MW KOPHS aOPTHI TIPH pazMepe Koybia 25- 27 MM ObUTH IPUTTHCAHBI K TPaBME CTBOPOK U3- 32 CTECHEHHS
B potese [11, 50-52]. Takue ocaox)HEHUS MOTYT OBITh NMPH PEUMIUIAHTAIIUN B LIUIMHIPUUECKUH MPOTE3
WK K€ BO BPEMS PEMOJICIIMPOBAHMs, KOTJa HCIIONb3yeTCsl MEHBIIHHA pa3mep mpoTe3a. Uto Obl n3dexarb
TAKOro poAa MpodieM pa3padaThIBalOTCSl MPOTE3bl aOPTHl C HCKYCCTBEHHBIMH CHHYycaMH Bamnbcaib-
BHI [53].

Pethig u xoieru, npuMeHUB 3X0KapAHOTrpadhUIecKOe UCCIICIOBAHNE, ONIPEACIIIIN, YTO YPOBCHb, HA
KOTOPOM HPOHUCXOAUT KOANTalHs CTBOPOK SBJSIETCS BaXXKHBIM (PAKTOPOM JONTOCPOYHOCTH PEKOH-
cTpykuuu. OHM HOAENIWIN BceX OOJBHBIX HA TPHU TPYHIBI B 3aBUCHMOCTH OT YPOBHs KoamnTaluu: A —
KOanTalys CTBOPOK Ha 2 MM BBIIIE MJIOCKOCTH KOJbLIAa aOpThl; B — Ha ypoBHE IJIOCKOCTH OCHOBaHHS
konbla; C — HIKe ypOBHSI OCHOBAaHHS aOpTalbHOTo Koibla. He ObUI0 OTMEUYEHO peryprutaiyy B rpymie
A (n=56), B rpynmne B BeipaxkenHas AH nmena mecto y 2-x 60mbHBIX (n=11); y BceX OOIBHBIX U3 TPYIIITHI
C umenacek HegocTaTouHOCTh AK (54).

Pannune metoauku pemonenupoBanus KopHs aopthl (Yacoub, David- 2) umenu 1menbpio npoTe3upo-
BaHME MMaTOJOIMYECKH U3MEHEHHBIX CHHYCOB BasbcaibBbl M COXpaHEHHE AMHAMHYECKHX CBOWCTB aOpTO-
BEHTPHUKYJSIpHON 30HBL. OnHaKo, y OONBHBIX € 3a00JCBaHUAMHU COEIUHHUTEIBHOW TKaHU MOTYT pa3BH-
BaThCS OT/AJICHHBIE OCJIOXHEHHUS, CBSI3aHHBIE C TUIATAIIMEH HEYKPEIUIEHHBIX KOMIIOHEHTO KOPHS aOpTHI,
MO3TOMY 3TOT METOJl Pa3BUBAJICS B JANbHEHIIEM B CTOPOHY OOJbIIeli CTaOMIM3alUy OCHOBAHUS a0PTHI U
CHHOTYOYJIIPHOM 30HEI.

Joxtop David cpaBHHI CBOIO TEXHHKY PEHMILIAHTAIIMU C Pa3BHUBAIOIIUMUCS METOJAMHU PEMOEIH-
poBaHMsI Yy OONBHBIX C aHEBPU3MOM KOPHSA aOpThl U OOHAPYX I HEKOTOPOE HEPABEHCTBO B JOJITOCPOY-
HOCTH 3THX MeToAMK. B To Bpems kak, 8-10 neTHssS BBDKMBAaEMOCTb ObLIa IPEBOCXOAHOM, €ro MUCCIeno-
BaHME II0KA3aJI0 JIy4IlINe Pe3yJbThl (T.€. CBOOOAY OT Pa3sBUTHUS YMEPEHHOH M BBIPA)KEHHOH HEAOCTATOY-
Hocti AK) mnsa texHuku penmmuiantanuu [49]. OH mpaBUIBHO OTMETHII, YTO 0€3 YKpeIUIeHUs, KOPEHb
AOPTHI MOYKET PACIIUPATHCS MOCIE MHOTHMX M3 METOAMK PEMOJCIUpOBaHUS. B TO Bpems Kak, TEXHUKa
PEUMIUIAHTALMI TEOPETUIECKH UMEET HEJOCTATKH — KOHTAKT CTBOPOK C CHHTETHYECKHMHU «CHHYCaMM», B
NIEHCTBUTEIIFHOCTH 3TO HE SIBISIETCS Cephe3HOi mpobiemoit [49, 53, 55]. K ToMmy ke ceromHs cramu
JIOCTYIHBIMH U JAKPOHOBBIE MPOTE3bI C BBIMYKIBIMU CHHYcaMHu [53, 56-58].

YBeIu4eHHE CPOKOB CIIy>KObI BOCCTAHOBJIEHHBIX CTBOPOK MOXKET IOCTHIaThCs XUPYPrHYECKUM
nyteM 60 CHAITICKONH TEXHUKOW, MO0 NMPUMEHEHHUEM IPOTE30B, MPEMIoKeHHbIX Zehr [59], nuGo
onucanHoi Metoaukoi David [49], nnu ke TpUMEeHEHHeM MpoTe3a CHHYCOB BanbcanbBel B KOMOMHAIIMN
¢ TpyOKOW MEHBIIIETO JraMeTpa, Kak 3To jaeiaercs B kinHuke Mayo [50]. OnHako, HE COBCeM sICEH MeXa-
HHU3M Pa3BUTHS aOpPTaJbHON HEJOCTATOYHOCTH B IIO3JHHE CPOKU IOCIE ONEPalUM PEeMOAEIMPOBAHMUS,
BEpOSITHEE BCETO M3-3a HEJOCTATOYHOIO YKPEIUICHUS OCTATOYHBIX (UOPOMYCKYISPHBIX KOMIIOHEHTOB
KOMIIJIEKCa — KOPEHb a0PThI, YTO XapaKTePHO AJISl 3TOH MPOLEAYPHI.

Kpome toro, mpoGiieMbl MOTYT BO3HHMKATh M3-32 XPYIKOCTH U IOCIICONIEPALIIOHHON JereHepanuu 1
MOCTIEAYIOIETO YTOHYEHUS CTBOPOK.

Buibop pazmepa npomesza 0na peumnianmayuu uiu pemooenuposanus. bonplioe BHUMaHHUE ye-
JSUTOCH BBIOOPY pa3MepoB MPOTE30B ISl Pa3IUYHBIX METOAMK PEKOHCTPYKLMHU KOPHS aopThl. MeToauka
pPEHMIUIAaHTALMU MMEET MPEUMYIIECTBO — TOJHAS (UKCAlUs BCETO KOMILICKCa KOPHS aopThl W MOMe-
IIEHUEM KiaraHa B JaKpOHOBBIM MPOTE3, OAHAKO €ro BHIOOP OTIMYAETCS OT TaKOBOT'O MPH PEMOJEIH-
poBaHuM. sl peMMIUIaHTauMK HEOOXOAMM BBIOOP HOCTATOYHO OOJBIIOrO MpPOTE3a, 4TO OBl HE OBLIO
YBEJIUYEHHs IUIOIAAM KOANTaluM CTBOPOK. David momdyepkHyd, 4TO CHHOTYOYJIIpHOE COCAMHEHHE
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MOXeT OBITh c(hOPMHUPOBAHO JTHOO C MOMOIIBIO CYXKEHUS MPOTe3a, TUO0 MyTeM IMOAIIUBAHUS MPOTE3a
MEHBIIIET0 JAWaMeTpa Ha YpOBHE 3TOTO Mepexoja ecid 3TO HEeoOXOIUMO; METOIMKA PEeUMILIAHTAIHH
B0O0OIIEe TpeOyeT AOCTAaTOYHO mUpokoro mporesa (30—34 M), KOTOPBIA UACATEHO COOTBETCTBYET pas-
Mepy HE pacIIMpEeHHOTO aopTajbHOro Koibla. [y BeIOOpa pasMepa mpoTe3a B ONEpalusx peMoje-
JUPOBaHUSI OIIMCAHO HECKOJIBKO crioco0oB [3].

ITo metomy M. Yacoub, mis onpenencHusl TpeOyeMol BEMYWHBI KOMHCCYPHI HATATHBAIOTCS BEp-
TUKAJIBHO, ONpPENeNseTCs MO3UIH CTBOPOK M MX CHOCOOHOCTh K KoamnTalluy 0Oe3 mpojiarca; HeoOX0Iu-
MBI THaMETpP PaBEH PACCTOSHUIO MEXIY BEPITUHAMH KOMUCCYp JIUOO OTHOW TPETH OKPYKHOCTH AOPTHI
Ha ypOBHE CHHOTYOyIspHOTO coemwHeHHs. David Tpemroxni cHadanra HOPMAalU30BaTh aopTalbHOE
KOJIBLIO, @ 3aT€M BBIOPATh MPOTE3, YUUTHIBAS YTO AUAMETP CHHOTYOYJISIPHOTO mepexojs MeHsbIe Ha 15%
A0PTaJIBHOTO KOJbIIa. ITO cooTBeTcTBYeT MopdomeTpun Kunzelman [2]. I'pynmna Skyba npenmnaraer tak
Ke HM3MEPUTh PACCTOSHHUA MEXAYy KOMHCCYpaMH, IIPH MaKCHMaJbHOW KOANTallid CTBOPOK, W 3aTeM
pacunrtaTh quaMeTp nporesa. K.Morishita u coasT. [Ipeanoxuny HCoNb30BaTh CIEAYIONIYI0 GopMyy:

d=2N3 % id,
rae d — HeOOXOUMBIH TUaMeTp TpoTe3a, id — PaCCTOSTHAE MKy BepIINHAMH KOMHUCCYP.

Muenne T. David crnemyromee: OpHEHTHPOBOYHBIA JHAMETp TpeOyeMoro NpoTe3a paBeH IJINHE
CBOOOJTHOTO Kpas CTBOPKM aopTaibHOro kianana MuHyc 10% oT monmydeHHOW LUQPHL, OJHAKO HE
CYIIECTBYET a0CONIOTHO TOYHOHW (OPMYIIBI, IO KOTOPOH MOXKHO PACCUMTATh pa3Mep MpoTe3a, U pelieHne
9TOW 3aJa4d BO MHOTOM 3aBHCHT OT OMBITa XUpypra. [Ipu KiIamaHOCOXpaHSIOUINX OTepaIisIX ¢ PeKOH-
CTPYKIHEH CHHOTYOYJISIPHOTO TpeOHS HEOOXOIUMBIA AUaMETp TPOTe3a PaBeH YABOCHHOW BBICOTE CTBOP-
KM aopTtanpHOro kiamaHa. Jloktop David oTmerwin, 4to ompenencHHe pa3MepoB KOPHs aOpThl M CHHO-
TyOyJISIPHOTO COEMUHEHHS SBIISETCS OOIbIIE MCKYCCTBOM, HEXEIHM TOYHOW Haykoil [60]. B ero pykax
BBIOOp MPOTE3a I PEUMILIATAHIIMN OTIMYACTCS OT TAaKOBOIO JuIss pemojenupoBanus [49]. Konnenmus
BBIOOpa TpoTe3a MpH PEUMIUIAHTALMM OCHOBaHA Ha BHEIIHEM AMAaMeTpe KOpHS aopThl (BHYTpEHHHI
JuaMeTp + TOJIIMHA CTEHKH), B TO BpeMs KakK IPU PEMOJISIUPOBAaHNN — Ha BHYTpeHHEM nuametpe. [Ipu
pemonenupoBanuu David OCHOBBIBaeTCs pa3MepaMH CTBOPOK W HE PEKOMEHAYET NMPUMEHEHHUsS IMpOTe-
30B MeHblle 30 MM BO u30eXkaHHE OTPaHUUYEHHUS CHHYCOB M IMOCIEAYIOLIETr0 MOBPEXKACHUS CTBOPOK
[49, 60, 66]. lna peMoaenupoBaHUsI Mbl ONMKCAIU CIECAYIONIYI0 METOAMKY. [lociie ucceueHust CuHyCcOB
MPOBOJUTCS WCTHHHOTO JHaMeTpa aOPTOBEHTPUKYISIPHOTO COEAMHEHHUS C IMOMOIIBIO PACHIHMPUTEINS
I'erapa. HakiagplBaroTCsi TOpPHU30HTAJbHBIE MAaTPACHBIE IIBBI HAa BEPIIMHY KaXXJI0HM KOMHUCCYpPAIBHOMN
CTOMKH, KOTOpPBIE 3aTeM TOTATUBAIOTCA BBEPX 1O JOCTHXKEHHUSI COOTBETCTBYIOIIETO THAaMETpa CHHOTYOy-
JISIPHOTO COEAMHEHUS, TIPH ATOM HPOBOJIAT TUAPOANHAMUYECKHN TECT KOANTAIIMHA CTBOPOK. DTOT AMAMETP
CHHOTYOYIIIpHOH 30HBI OOBIYHO COOTBETCTBYET BHYTPEHHEMY IHAMETPY BBIXOAHOMY TPAaKTy aOpTHI,
KOTOpbIid n3Mepunu ['erapom. Eciu mmomans xoanTanuy MOMYJTyHHBIX KJIAMAHOB Ka)KeTCS HEAOCTATOY-
HOM, TO HEOOXOAUM TOAOOp MPOTE3a MEHBIIIETO 110 JUAMETPY. DTO OYEHBb MPOCTON MeTo.l (TTOX0XK Ha ap-
THCTHYECKUN Tronxon JleBuma), T1ie KOMOMHHUPYETCS CYKEHHUE MPpoTe3a MOJO0CKOH n3 TedproHa B obactu
CHHOTYOYJIIDHOTO COCIMHEHHS W TOYHBIHA MOMOOP BBICOTHI (PMKCAIIMH KOMHUCCYD, YTO JaeT HaJeKHBIH
pe3yabTaT PEKOHCTPYKIHHU 30HBI CHHOTYOYIIIPHOTO coeAMHEHHs O0e3 e opMalii CHHYCOB.

Bricota xomMucCyphl MEXIy HE KOpOHApoll — JieBas KOPOHApHOM H3MepsieTca Il OmNpenesieHHs
pa3Mepa TpaHCIUIAaHTaTa OT JIMHUHU, COEAMHAIOUIEH HaIuphl ABYX COCEIHHUX CTBOPOK (OCHOBaHHE
TPEyroJbHUKA MEXIY PsAdaMu) OO0 BEpPXHEH 4acTH KOMHCCYPBI. DTO M3MEPEHHE COOTBETCTBYET pasMepy
BEIOpaHHOTO TpaHciuiaHtara; B. B tpancmnanrare Gelweave Valsalva ™ (Vascutek Ltd, xommanus
Terumo, Pendprommup, [lloTmanaws) BeICOTa CHHYCOBOM YacTH paBHA €€ JTHAMETPY, YTO COOTBETCTBYET
MapKHpPOBAaHHOMY pazMepy

Pezynomamul pexoncmpykyuu KopHs aopmel ¢ COXpaHeHUeM UAU 80CCMAHOBNEHUEM AOPMATLHOZO
Ka1anauna. YPOBEHb ONEPAMOHHOI JeTanpHOCTH KonebneTcst ot 0% mo 6% [70,71] ¢ BEDKMBaeMOCTHIO 3a
7 net 72-78 £ 8% [71,72]. bonbHbIEe ¢ aHEBPU3MOH BOCXOSAIIECH a0pPThl UMEIOT BELDKUBAEMOCTh HUXKE, YEM
0OJBHBIE C aHEBPU3MOW KOPHS aOpThI, MPUOIM3UTENHHO 36% BBDKHBAIOT B 8-yeTHUH mepuof [49]. Oto
HU3KUI YpPOBEHb BBDKMBAEMOCTH, BEPOSTHO CBS3aHHBIH C IMOKHIBIM BO3PAacTOM OONBHBIX C aHEBPH3-
Mol BA, a Takxke CONMyTCTBYIOIIEM cocyaucToil marosiorueil. Peomepanuu mocne mpoTe3upoBaHUS
A0pTAIBHOTO KJIallaHa 3a 7- 8 JIeT MMEIOT HeOOIBIITYI0 YaCcTOTy M 0 JaHHBIM MHOTHX aBTOPOB CBOOO/A OT
Takoro pona peomepanuii cocrasiser 90-97% [68, 71, 73]. YMmepenHas aopTanbHas HEIOCTaTOYHOCTH
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SIBIIIETCS PEAKOCTHIO, 0COOEHHO B TEUSHHH MEPBBIX 2-X JIET mociie onepanuu. OaHako BeipaxenHas AH
Hepeako npubmkaeTcs K 6%, XOTs B HEKOTOPHIX COOOIIEHMSIX OHA JAOCTHTaeT ypoBHS 10 37% [34, 55,
73-78]. Kpome xopommx nokasaTtesieii BEDKUBAEMOCTH Y OOJBHBIX, MEPEHECITNX PEKOHCTPYKIHIO KOPHS
AOpTHI, NIB€ TPETH HAOIIOAAaEMBIX CBOOOIHBI OT pHCKa pa3BUTHSA CpeJHEeld W BBIPaXKEHHOH CTeNeHH
HEJOCTaTOYHOCTH a0pTaIbHOTO KilanaHa 3a 8 yet nocie onepanuu (49). David orMedaeT mpeBOCX0ACTBO
TEXHHUKW PEeUMIUTaHTAMH (HaJ PEMOJEINPOBAHNEM) C HU3KUM PHCKOM Pa3BUTHS aOpPTaJbHOW HEIOCTa-
TOYHOCTH B JallbHeWIeM; cpeqHss U BblpakeHHas AH mmena mecta y 10% 3a 8-nmetHuii mepuoa, B TO
BpeMs Kak, MPH PEMOJEIHPOBAHMU ITOT MOKazaTenb cocraBuil — 45% [78]. I'aHHOBepckas rpymnmna
JOOMITach TaKWX K€ YCIIEXOB B PEHMIDIAHTAIIMN KOPHS aOPTHI, TOCTIUTANBHAS JIETaIbHOCTh COCTABHIIA —
3,8 %, 1 4% OBUTH peoTnepUPOBAHHEI TI0 TTOBOIY a0PTAIBHON HEAOCTATOUYHOCTH [73].

WnTpaonepanronHas Ype3NUIIEBOAHAs dXOKapAuorpaduueckas OLEHKA SBIACTCS BaKHOH B
OTIPEICIICHUH JTOJITOCPOYHOCTH BBIMOTHEHHOW omepanuu [55]. [lo3muaue ocnmokHeHHs (aopTraiabHas
HEIOCTATOYHOCTh) y OOJNBHBIX ¢ 3a00JIEBAaHUSMHU COCTUHHUTEILHONW TKaHW BBISBIIAIOTCS Yallle, IPU METO-
JIUKaXx, TJIe HeT MAKCUMAJIbHOHN CTa0MIIU3allii OCHOBAHUS KOPHS a0pThI («KoybLay) [60, 66-69, 78-80].

Y OONBHBIX C aHEBPU3MOW KOpPHS aOPTHl W HEMPOBPEXKICHHBIM KOMIUIEKCOM KOPHS, Y KOTOPBIX
PEKOHCTPYKIHSA COCTOSIa M3 HOPMAaIHM3allMH AWaMeTpa CHHOTYOyISpHONH 30HBI HENOCPEICTBEHHBIE H
MPOMEXYTOUYHbIC (PYHKIIMOHATBHBIC pe3yJbTaThl BEChbMa XOpPOIIW, M Oojee ABYX Tpereil OONbHBIX
cBoOomHEI OT pa3Butus AH B cpoku 8-10 ner mocne omeparuu; OJHAKO, 00mas BBDKHBAEMOCTHh JTHX
OOJBHBIX OTHOCHTEIHHO OCTaeTCd HU3KOH, W TONBKO TPETh OCTAETCS >KUBBIMH K 8 TOXy, BO3MOXHO
UTPAIOT POJIb U COMYTCTBYIOIIKE 3a00I€BaHNs COCYAOB M BO3pacCT MarueHToB [49].

Jnst cpaBHEHUS! TEXHUK PEKOHCTPYKIMH AOKTOp Gott ¢ KoJuleraMu, pacCMOTPENH pe3ybTaThl Mpo-
Te3upoBaHusA y 235 OGONBHEIX ¢ cuHApOoMOM Mapdana, u3 KoTopbix 232 nepeHecnu onepanuio berrana u
MPOTE3UpPOBAaHUE KOPHA aopThl. B 93Toil rpymme He Obuto oTMedeHo cMmepreid 3a 30 mmeit, 85% sTux
OONBHBIX OBLTH )KUBBI KO BPEMEHH ITyOJMKalUU 3TOH CTaThd, a CBOOOAA OT peonepanuy 3a 20 Jer cocTa-
Buna 74% [81]. B smoHckoM uCcleoBaHUM, MCIIOJIB30BANICS TO(QPUPOBAHHBIA KOHIYHUT, ONEpaTHBHAS
JeTanbHOCTh cocTaBmia 8,3%, a akTTyapHas BEDKMBAeMOCTh K 5 oy Obuia Ha ypoBHe 82,7 + 4,8% [82].

Edwards ¢ xomneramu, ucons3ys 6a3y ganaeix National STS Cardiac Surgery onpeaenuian HOPMBI
OTEepaTHBHOMN JIETANBHOCTH JUIS H30JMPOBAHHOTO NPOTE3HPOBAHMS AOpTANbHOTO KiamaHa- 4% ; s
00aBpHBIX ¢ TUIAaHOBBIM TpoTe3upoBanHueM AK- 3,3% [83]. DTu naHHBIE TOBOPAT O TOM, YTO y BBIOOPOY-
HBIX OONFHBIX, TUTAHOBBIC KIIAIIAHCOXPAHSIONINE OIEepallii B HACTOSIIEE BPEMS BBITIOIHSIIOTCS B OOJb-
IIMHCTBE [EHTPOB C YPOBHEM CMEPTHOCTH MPHONIKAIOMIMMCS WM JTyYIIAM, YeM IS H30JUPOBAHHOTO
MIPOTE3UPOBAHUS A0PTAIHHOTO KJIaraHa.

3akawuenne. [Iporpecc 3THX METOIMK MPOU3OMIET MOCIE MOHUMaHUS (DYHKITMOHATBHON aHATOMUHU
KOMIUTIEKCca KOpeHb aopThl. [IpenBapurenpHple pe3yiabTaThl TAKMX OMEpalldii MOIICPKUBAIOT UHTEPEC K
UX TMPUMEHEHHIO, HO WJieallbHasi u Oe30macHas TeXHWKa PEKOHCTPYKIWH, OCOOCHHO TP 3a00JIeBaHMIX
COCIMHUTENFHON TKaHU, HAIpuUMep cUHApoM Mapdana, TODKHA ONMpPEAETHUThCs mocie Oojiee JOAroro
MPOMEXKYTKa TocIieonepanonHoro Habmroaenus (43). CerogHs uMeeTcsi MHOTO METOIMK PEKOHCTPYK-
UM KOPHS aOpThI, HEKOTOPBIE NMEPBOHAYANBLHBIE TEXHUKH OBbUIM 3aMEHEHBI WJIH K€ MOAU(UIMPOBAaHBI
3THMHU € aBTOpaMu. XUPYPr AOJDKEH pacCMaTpUBaTh KOPEHb A0PTHI KaK KOMILJIEKC 3JIEMEHTOB, U CTpe-
MUTBCS K ONTUMU3AINH ero (DYyHKIIMOHAIBHON aHATOMHH y KaXKJ0ro OOJHHOTO WHAWBHAYyaldbHO. Pa3pa-
0O0TKa HOBBIX BHIOB IIPOTE30B TaK JK€ O0JIETYAIOT ATy 3a/1a4y. 3HAHUE CIEN(MUIEeCKONH aHATOMHH M UCTO-
pun 3a00yIeBaHUs KaXI0TO MalMeHTa JOJKHO TIOMOYb B YCIIEUTHONW PEKOHCTPYKIIMM KOMIIJIEKCa KOPEHb
A0PTHI C IPOJOIKUTEIBHBIM 3(PPEKTOM U HU3KOU JIETATLHOCTHIO.
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KOJIKA KAKITAKIHA CBIHBIH KETICIIEYIIIIITIMEH KOCAPJIAHTAH
KOJIKA TYBIPIHIH AHEBPU3MACBI KE3IHJET'1
PEKOHCTPYKTUBTI OIIEPALIUAJIAP

Annoranus. Kazipri Taama Konka TyOipiHiH aHeBpH3MAachl Ke3iHIeTi peKOHCTPYKTHBTI Olepalusiiapra Kap-
JIUOXUPYPIHUsl CaachliH/ia KbI3y TajiKbuiaHyaa. COHFBI OThI3 XKbUIIBIKTA KOJIKA TYOIpiHIH aHEeBPHU3MAaChI Ke3iH e xKaca-
JaThIH Olepalusapabiy OipHeie dic-Tacinaepi ycoiHbpuirad. Onap Gip-OipiHeH Kacaly TeXHHKAChI XKOHE TY3eTy
JKYPTi3UICTIH aHATOMUSUIBIK aliMarblHa OailTaHBICTBI epeKiieieHeai. byl omic-TociiaepaiH MaKcaThl KbI3METI Cak-
TaJIFaH )KapMaJlapJbl CaKTar, KOJIKa TyOipiHiH Oacka OesiKTepiHiH TyaKTaHIbIpy 0okl TabObLIambl. by mapanap-
JIBIH OCEPIKTIr MEH HOTHIKECIHIH Y3aK CaKTaJTybIHBIH MaHbBI3IbUIBIFbI AHTUKOATYJITHTAPAbI KOJAaHYy 1A KAXKCTTUTIKTIH
00JIMayBIHA KAThIP. XUPYPIUSIBIK TY3CTYIIH dMiC-TICUIACPIH TaHAayAa OChI YaKbITKA JICHiH MmiKipTamac 0ap, JoHe
op Karjaiina TaHay XUpyprka Kajnaasl. byt monya Koika TyOipiHiH peKOHCTPYKIMBTI OlepalUsIapblH TaHIaYIbl
JKYHen Typje KapaliFaH XKoHE OnepanusuiapblH rpaQuKaiblK WUTIOCTpalsiapMer Oepinren. OrnepaiusiiapIsiy
WLTIOCTPALMsIIapMEH CypeTTelyl XUpYPrThIH 9/1iC-ToCcUIAep/l TaHJaybIH XKEeHUIIETEe 1]

Tyiiin ce3mep: aopra TYOipiHiH aHEBpH3MACH, KOJKa KaKMAKIIACKIHBIH JKETKLTIKCI3iri, aopra TyOipiHiH pe-
KOHCTPYKIIUSCHI.
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miRNA: ACHIEVEMENTS, MISCONCEPTIONS, PERSPECTIVES

Abstract. Among small RNAs miRNAs play an important role, they carry out the regulation of gene ex-
pression at the post-transcriptional level. The paper discusses the properties of miRNAs and their interaction with
mRNAs. It is shown the role of miRNA in the regulation of the expression of protein-coding genes involved in
various metabolic processes and the development of cardiovascular, oncological and neurodegenerative diseases.
The features of miRNA binding sites in 5'UTR, CDS and 3'UTR of mRNA of target genes have been established.
There were shown the advantages of the MirTarget program prior to known search programs for miRNA binding
sites with mRNA. In mRNA of many candidate genes of various diseases, single miRNA binding sites and miRNA
binding site clusters are detected in 5’UTR, CDS and 3'UTR of mRNA. There was found miRNA binding sites that
encode oligopeptides in proteins in mRNA of transcription factor genes. It was analyzed the interaction of miRNA
with mRNA of candidate genes involved in cardiovascular, oncological and neurodegenerative diseases. The pro-
perties of unique miRNAs binding sites in mRNAs of several hundred genes were discussed. There were considered
the features of the interaction of mRNA with miRNA in the RISC complex. Discussed the role of miRNA in the
regulation of gene and genome expression through the interaction of genes involving miRNA host genes. It is pro-
posed the hypothesis of regulation of gene and genome expression involving miRNA. Shown the role of miRNA as
an integrating system for the mutual regulation of gene expression in the cell and in the body.

Keywords: miRNA, mRNA, genes, binding sites, bioinformatic programs.

Introduction. During the period of studying miRNA, many original articles and reviews have been
published and important properties of the functioning of these molecules have been established and
discussed [1-7]. The conducted researches have allowed to identify the features of miRNA properties and
their interaction with mRNA. The obtained knowledge was the basis for the use of synthetic molecules of
siRNA by which it is possible to completely suppress the translation process or destroy mRNA. For the
development of this method of turning off genes, a group of scientists was awarded the Nobel Prize.
However, despite significant success in studying the interaction of miRNA with mRNA, with rare
exceptions, miRNA cannot be used for practical purposes, in particular, in diagnosis and therapy of
diseases. The reasons for the poor performance of miRNA studies are inadequate assumptions about their
properties that brake on the identification of the biological role of miRNA and the use of miRNA in
biology, biotechnology, medicine, etc.
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Small noncoding RNAs (ncRNAs) include transfer RNAs (tRNAs), antisense RNAs (asRNAs), small
nuclear RNAs (snRNAs), small nucleolar RNAs (snoRNAs), micro RNAs (miRNAs), Piwi-interacting
RNAs (piRNAs), competing endogenous RNAs (ceRNAs), tRNA-derived small RNAs (tsRNA) and
small interfering RNAs (siRNAs), which play an important role in the expression of genes and genomes
[8, 9]. The miRNAs participate in the regulation of gene expression at the post-transcriptional level, sup-
pressing the translation process. The miRNAs are nanoscale molecules with a length of five to nine
nanometers consist of 18 to 27 nucleotides. Consequently, the name of the microRNA contradicts the
nanoscale of these molecules. The name of the microRNA has another drawback - it does not reflect the
function of these molecules. However, the used “miRNA” abbreviation can be treated as mRNA-inhi-
bitory RNA (miRNA), which corresponds to the function of these molecules. The term “microRNA”
should be phased out as an inadequate term. The interaction of mRNA with miRNA is studied using
different approaches: how much miRNA binds to one gene; how many genes are targeted by a single
miRNA; what are the criteria for predicting sites and the energy of interaction of mRNA and miRNA;
whether there are gene any preferences for miRNA binding; what proteins functions encoded by target
genes of specific miRNA are; what are functional links of miRNA in the implementation of post-
transcriptional regulation of gene expression; how, what and to what extent the synthesis of miRNA is
regulated and etc.

The present work is devoted to the consideration of miRNAs properties and their interaction with
mRNAs, which in our opinion can substantially clarify the existing problems in the study and application
of miRNAs for practical purposes.

Materials and methods. The nucleotide sequences of mRNAs of genes were downloaded from
NCBI GenBank (http://www.ncbi.nlm.nih.gov). Nucleotide sequences of miRNAs were downloaded from
the miRBase database (http://mirbase.org) and borrowed from the article of Londina E. et al. [10]. miRNA
binding sites in 5'-untranslated regions (5'UTRs), coding domain sequences (CDSs) and 3'-untranslated
regions (3'UTRs) of several genes were predicted using the MirTarget program [11]. This program defines
the following features of binding: a) the origin of the initiation of miRNA binding to mRNAs; b) the
localization of miRNA binding sites in 5'UTRs, CDSs and 3'UTRs of the mRNA; c) the free energy of
hybridization (AG, kJ/mole); and d) the schemes of nucleotide interactions between the miRNA and the
mRNA. The ratio AG/AGm (%) was determined for each site (AGm equals the free energy of miRNA
binding with its perfect complementary nucleotide sequence). The miRNA binding sites located on
mRNAs had AG/AGm ratios of 90% or more. The program identifies the positions of binding sites on
mRNA, beginning from the first nucleotide of the mRNA's 5'UTR. The MirTarget program found
hydrogen bonds between adenine (A) and uracil (U), guanine (G) and cytosine (C), G and U, and A and
C. The distances between A and C were equal to those between G and C, A and U, and G and U. The
numbers of hydrogen bonds in the G-C, A-U, G-U and A-C interactions were found to be 3, 2, 1 and 1,
respectively. The free binding energies of these nucleotide pairs were taken as the same ratio, i.e., 3, 2, 1,
and 1, respectively.

Results and discussions. After detecting miRNA and establishing their interaction with mRNA, it
became necessary to develop programs for predicting miRNA binding sites in mRNA. This need derives
from the fact that more than 6000 miRNA encoded in the human genome can potentially bind to all
mRNA of 20000 genes and their isoforms, encoded in the human genome. It has been established that
miRNA can bind to mRNA blocking the translation [12]. Therefore, it needs to create programs that
establish miRNA binding sites in mRNA and quantitative characteristics of the interaction of these
molecules, evaluating the effectiveness of this binding.

The need to take into account the interaction of miRNA with mRNA throughout the entire miRNA
nucleotide sequence, rather than the "seed", is due to several factors. For the high specificity of the inter-
action of miRNA with mRNA, the entire length of miRNA must be taken into account. It is same as
applying primers, of at least 20 nucleotides length in polymerase chain reaction, when it is necessary for
amplification to specifically choose only one nucleotide sequence among numerous nucleotide sequences.
Another reason for using the full miRNA nucleotide sequence is that during the evolution process, a part
of miRNA other than "seed" will vary, if it is not a critical site in interactions of miRNA with mRNA.
Confirmation of the need to maintain the entire length of miRNA is the high conservatism of miRNA in
organisms that have diverged over tens of millions of years of species evolution. According to miRBase,
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the nucleotide sequences were identical in miR-200c-5p of human, mouse, rat, miR-216a of human, bull,
mouse, miR-574-5p and miR-574-3p of human, mouse, rat, pig, etc.

TargetScan program finds the binding site for miR-3180, miR-3180-3p, miR-3196, miR-6816-5p in
mRNA of TGFBI, gene coinciding with MirTarget program (table 1). However, with equal probability
TargetScan indicates other sites that have an identical "seed" region. Such prediction increases the number
of false-positive sites by tens of times, which makes prediction of sites extremely ineffective. Similarly,
other programs [13] based on the search for miRNA binding sites in mRNA over the homology of 6-
8 nucleotides "seed" at the 5' end of miRNA are also inadequate. The MirTarget program predicts the
most likely binding sites for miR-6816-5p in CDS of TGFBI mRNA. Other miRNAs have less free
binding energy and a smaller value of AG/AGm, which indicate a weak interaction with mRNA of
TGFBI. Thus, miRNA-mRNA interaction schemes presented in table 1 clearly show the inadequacy of
the TargetScan program and other programs based on the use of "seed" [13].

Table 1 — Schemes of miRNA interaction in mRNA of TGFB1 gene

Program MirTarget

Program TargetScan

TGFBI, miR-6816-5p, 2051, CDS,-113, 90, 21
5" -GCUGAGGUCCCGCCCCGCCCCG-3"

Il
3" -CGUC-CCUGGACGGGGCGGGGU-5"

TGFBI, miR-6816-5p, 3'UTR, 21
5" - . _NNGGUCCCGCCCCGCCCCG-3"

1l
3"~ CGUCCCUGGACGGGGCGGGGU-5*

TGFBI, miR-3196, 2054, CDS, -98, 88, 18
5" -GAGGUCCCGCCCCGCCCCG-3"

LEELLEEL T HHttl
3"-CUCCGGGG-ACGGCGGGGC-5"

TGFBI, miR-3196, 3'UTR, 18
5" - . _NNGGUCCCGCCCCGCCCCGCCCCG-3"

i 1l
3"- CUCCGGGGAC-GGCGGGGC-5"

TGFB1, miR-3180-3p, 471, 5'UTR, -104, 80, 22
5" -AGCCCUCGGGAGUCGCCGACCCG-3*

LEELRRELRnE i il
3" -CCGGAGGCCUUC-GAGGCGGGGU-5"

TGFB1, miR-3180-3p, 3'UTR, 22
57 -. _.NNGGUCCCGCCCCGCCCCGCCCCG-3*

I
3"~  CCGGAGGCCUUCGAGGCGGGGU-5"

TGFB1, miR-3180-5p, 227, 5'UTR, -106, 74, 25
57 -CCACUGCGGGGAGGAGGGGGAGGAGG-3*

TGFB1, miR-3180, 3'UTR, 19
57 -. _.NNGGUCCCGCCCCGCCCCGCCCCG-3*

I
3"-GCUG-CACCCCGCCUCGCAGACCUUC-5" 3"-

Note: Gene; miRNA; the beginning of binding site; the miRNA region; the free energy change (AG, kJ/mole); the AG/AGm|
(%); length of miRNA (nt). In bold type highlighted the “seed” nucleotides.

I
GAGGCCUUCGAGGCGGGGU-5"

One of the first misconceptions in the study of miRNA was the assumption that miRNA binds only
(or predominantly) in the 3'UTR mRNA of human genes [14]. However, miRNAs do not have the
property of distinguishing binding sites in 5'UTR, CDS and 3'UTR. miRNA interact with mRNA on the
basis of physicochemical properties of these molecules. Therefore, the interaction site can be located in
any mRNA region and as yet unknown prohibitions on the location of such sites throughout the mRNA
nucleotide sequence. The conditions for the successful interaction of miRNA with mRNA are energy
characteristics and conformational properties of this interaction. The proposed assumption of preferential
miRNA binding in the 3'UTR contradicts several established properties of miRNA and mRNA. The
proposed assumption of preferential miRNA binding in the 3'UTR contradicts several established
properties of miRNA and mRNA. Considering that known miRNAs (miRBase) have differences in GC-
content in the same range as in human genes, it was logical to assume that the probability of binding
miRNA in 5'UTR, CDS and 3'UTR of mRNA will correlate with the GC-content of genes and correspon-
ding miRNAs.

In numerous publications, sites of miRNA interaction with mRNA were studied only in the 3'UTR.
This is because practically all programs for detecting miRNA binding sites are predicted only in this
mRNA region. Several publications show the interaction of miRNA with mRNA in 5'UTR and CDS
[15-19].

Using the MirTarget program, we have found binding sites in 5'UTR, CDS and 3'UTR of many
animal and plant genes. It is shown, that miRNAs on average have a large free energy of interaction in the
5'UTR, because GC-content of miRNA and mRNA binding sites have greater importance, than in the
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CDS. In turn, on the average free energy of miRNA interaction in the CDS is larger than miRNA inter-
action in the 3'UTR mRNA. The share of binding sites in 5S'UTR, CDS and 3'UTR mRNA sites accounts
for 20%, 54% and 26%, respectively. Based on 1000 nucleotides of S'UTR, CDS, and 3'UTR length, the
binding site density in these sites is 24.2, 4.3 and 5.1 sites on 1000 nucleotides, respectively. This distri-
bution of binding sites in 5'UTR, CDS and 3'UTR has biological significance. Since binding of miRNA to
mRNA can lead to stop translation and to separation of abortive polypeptides, then for energy saving is
beneficial to stop translation at beginning of this process by binding of miRNA in the 5'UTR. For the
same reason, miRNA binding sites in the CDS are generally located at beginning of CDS.

Another property of location of miRNA binding sites in 5'UTR, CDS, and 3'UTR is the optimization
of their localization in sites with overlapping of binding sites of different miRNAs. This allows several
and even dozens of miRNAs to interact with mRNA in a short area. This feature is particularly important
when localizing of miRNA binding sites in the CDS, as these sites may encode oligopeptides is not
involved in the functioning of protein.

Polysites increase the probability of binding miRNA with mRNA. Typically, among many sites there
is a site that interacts with miRNA more effectively than other sites. Polysites of miRNA binding sites en-
code polyaminoacids that have functional significance, for example, interact directly with DNA, or with a
protein bound to DNA [20].

miRNAs are inhibitors of translation reaction, and a biochemical approach to evaluating the action of
inhibitors is applicable to them. Below it is shown a diagram of interaction of mRNA with miRNA
included in RISC:

miRNA + RISC+»> miRISC + mRNA < miRISC = mRNA — RISC + res-mRNA,

where miRISC is the association of all proteins of the RISC complex with miRNA; miRISC = mRNA is
miRISC complex with mRNA due to hydrogen bonds; res-mRNA is restricted mRNA. The diagram
shows the following processes. The miRNA binds to a group of RISC proteins, forming miRISC. Then,
miRISC binds to mRNA via hydrogen bonds and blocks protein synthesis, or miRISC cuts mRNA, which
is further destroyed by cytoplasmic restriction enzymes. Binding stage of miRISC with mRNA is
reversible and in the absence of their interaction, mRNA can again serve as a template for protein syn-
thesis. It follows from this scheme that different effects can be observed on the ratio of concentrations of
miRNA and mRNA. Assume that miRNA is complementary to the binding site in mRNA, that is, it has a
high affinity for mRNA. Despite this, at low concentrations of miRNA compared to mRNA, the complex
will have little effect on protein synthesis, since it will block the small quantity of mRNA. If concen-
tration of miRNA is comparable or greater than the concentration of mRNA, protein synthesis will be
slowed down or completely inhibited. With an average affinity of interaction of miRNA with mRNA,
effect of complete inhibition of protein synthesis can be achieved with miRNA concentrations much
greater than mRNA. Therefore, when calculating the probability of the degree of inhibition of gene ex-
pression by miRNA, it is not sufficient to know the affinity of miRNA for mRNA and the ratio of their
concentrations.

In addition, it is necessary to take into account degree of intramolecular interaction of miRNA
binding sites with other sites of mRNA. As a rule, intramolecular interactions are weaker than those of
miRNA with mRNA, but cases of almost or completely complementary intramolecular interaction of
these sites are known. In this case, energy is needed to break bindings of miRNA with mRNA comparable
to binding energy of miRNA to mRNA. Therefore, calculation of probability of binding miRNA to mRNA
only on basis of known programs for prediction of binding sites is not adequate, since it does not take into
account intramolecular interactions in mRNA.

Considered variants of conditions for interaction of miRNA with mRNA are realized in cells. It is
known that the concentration of miRNA can vary hundreds of times in cells [21]. Synthesis of mRNA,
depending on the functional state of cell, can also vary hundreds of times [22]. In addition, gene expres-
sion and miRNA synthesis are tissue-specific [23]. Even in experiments of study of miRNA effect on
protein synthesis concentrations of miRNA and mRNA are often not indicated. An important factor in
studying of miRNA interaction with mRNA under irn vivo is difficult-to-take effect of intronic miRNA (in-
miRNA), which, as a rule, is synthesized coherently with the expression of host gene. Of all human




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

miRNA intergenic miRNA (ig-miRNA) constitute 40%, intronic - 52%, exonic - 5%, and the rest of
3'UTR and 5'UTR.

Study of ig-miRNA and in-miRNA in a comparative sense is necessary because ig-miRNA
precursors are transcribed from DNA with the help of their promoters, and in-miRNAs mainly ripen from
pre-mRNA and only a part of their precursors are transcribed directly from DNA. In addition, expression
of in-miRNA depends on expression of host genes in introns in which they are located, whereas ig-
miRNA is expressed independently.

Prospects of miRNA application in directed regulation of metabolism and diagnosis of diseases and
therapy. Possibilities of using of miRNAs for these purposes of medicine are enormous, because miRNAs
are endogenous, physiological regulators of biological processes, they escape from the action of the
protective mechanisms of body (immune system, proteases, nucleases, etc.). Diagnostic method using
miRNA can be based on miRNA associations and their target genes that interact almost complementarily.
Confirmation of stability of such association is the preservation of orthologous associations in animals of
related species. We have shown that such associations are conservative for tens of millions of years after
the divergence of species.

Table 2 — Schemes of interaction of miRNA with mRNA of candidate genes subtypes of breast cancer

Triple-negative (Basal) subtype

ATM, miR-619-5p, 9793, 3'UTR, -119, 98

5% - GGCUCACGCCUGUAAUCCCAGC - 3*

3" - CCGAGUACGGACAUUAGGGUCG - 5*

AXL, miR-1273g-3p, 3'UTR, -115, 98
5" - CCCAGGCUGGAGUGCAGUGGU - 3"

ELLEEEERE Ll
3" - GAGUCCGACCUCACGUCACCA - 5*

IAPP, miR-5096, 876, 3'UTR, -113, 100
5" - GCCUGACCAACAUGGUGAAAC - 3"

RN RNy
3" - CGGACUGGUUGUACCACUUUG - 5*

CEACAMS, miR-5095, 3229, 3'UTR, -115, 98
5% - CGCGGUGGCUCACGCCUGUAA - 3"

LEEELELEEEL Rt
3" - GCGCCACCAAGUGCGGACAUU - 5*

ERBB3, miR-619-5p, 5104, 3'UTR, -121, 100

5% - GGCUCAUGCCUGUAAUCCCAGC - 3~

3" - CCGAGUACGGACAUUAGGGUCG - 5*

IL11, miR-1273f, 1466, 3'UTR, -102, 98
5" - CACUGCAACCUCCACCUCC - 3"

LRy
3" - GUGACGUUGGAGGUAGAGG - 5*

MAGEA10, miR-1273e, 2188, 3'UTR, -110,95

5" - UCCGCCUCCUGGGUUCAAGCGA - 3™

3" - AGGUGAAGGACCCAAGUUCGUU - 5*

MAGEA10, miR-1273¢, 2188, 3'UTR, -110, 95
5" - UCCGCCUCCUGGGUUCAAGCGA - 3"

NN RN RNy
3" - AGGUGAAGGACCCAAGUUCGUU - 5°

Her2 subtype

GTF2E1,miR-1273g-3p, 1720, 3'UTR,-108,93
5% - CCCAGGCUGGAGUGCAAUGGC - 3"

ELLLRERRE LRl
3" - GAGUCCGACCUCACGUCACCA - 5°

MAZ, miR-3960, CDS, -118, 93
5% - CCCCCGCCUCCGCCGCCACU - 3~

LRl
3" - GGGGGCGGAGGCGGCGGCGG - 5°

ADAM17, miR-619-5p, 3466, 3'UTR,-121,100
5% - CCCAGGCUGGAGUGCAGUGGU - 3"

EELLRERREELRn il
3" - GAGUCCGACCUCACGUCACCA - 5°

ERBB3, miR-619-5p, 5104, 3'UTR, -121, 100
5% - GGCUCAUGCCUGUAAUCCCAGC - 3~

LEEEREELRERnntl
3" - CCGAGUACGGACAUUAGGGUCG - 5*

Luminal

A,B subtype

HMGA2, miR-3960, 512, S'UTR, -108, 86
5" - CCUCCACCUCCACCGCCACC - 3~

LRt
3" - GGGGGCGGAGGCGGCGGCGG - 5*

MAPT, miR-6756-3p, 3'UTR, -98, 85
5" - CUGGGCAGAGGGGAGAGGAA - 3~

ARRNNRNRNRNNRRy
3" - GACCcGucccuccuucceey - 5*

MCM7, miR-4433b-5p, 248, 5'UTR, -100, 85
5% - GCGGGAGCGGGGGUGGGGUGC - 3*

EELLEERRE LRl
3" - UGUCCUCACCCCCACCCUGUA - 5*

MCM7, miR-670-3p, 2769, CDS, -89, 86
5% - CUCUGGAUGAAUAUGAGGAGC - 3*

LN RRNNRRRRRNy
3" - AGGACUUACUUAUACUCCUUU - 5*

AG/AGm (%); length of miRNA (nt).

Notes. Gene; miRNA; the beginning of binding site; the miRNA region; the free energy change (AG, kJ/mole); the

— 4) ——
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Table 2 shows the interaction characteristics of some miRNAs with mRNAs of genes. A high degree
of homology of nucleotide sequences of miRNAs in binding sites of mRNAs of different candidate breast
cancer genes is seen from the schemes. This can serve as an example of associations for use in the
diagnosis of breast cancer.

We discovered a new property of miRNA-mRNA interaction: several miRNA binds in a short region
of mRNA sequence that contains binding sites for these miRNAs.

Using MirTarget program, it was found that ten miRNAs can bind in the 5'UTR of mRNA in a
region from 110 nucleotides (nt) to 148 nt (table 3). The beginning of miR-9-25082-3p and miR-1-1819-
3p binding sites coincides and locates from 110 nt. The free energy of interaction of these miRNAs is
equal to -121 kJ/mole and -123 kJ/mole, with AG/AGm equal to 85% and 86%, respectively. From 112 nt,
miR-9-20317-3p and miR-X-48174-3p binding sites started, which interacted with mRNA with a value of
free energy of interaction -129 klJ/mole and -121 kJ/mole, with AG/AGm equal to 87% and 85%,
respectively. miR-17-39416-3p binding site starts from 113 nt and in this miRNA 92% of nucleotides are
complementary to mRNA, with a free interaction energy of -121 kJ/mole. Binding sites for next pair of
miR-5-15733-3p and miR-7-20203-3p are located started from 115 nt. The free energy of interaction of
these miRNAs is -127 kJ/mole and -121 kJ/mole, with the value of AG/AGm equal to 86% and 90%,
respectively. The miR-9-27797-5p has two binding sites in the 5S'UTR of mRNA at 118 nt and 124 nt
positions. The free energy of interaction of this miRNA is -121 kJ/mole and -127 kJ/mole, with AG/AGm
equal to 85% and 90%. The presence of two miR-9-27797-5p binding sites provides for it an increased
probability of interaction with mRNA of MMP2 gene. miR-12-17092-3p and miR-9-24743-3p binding
sites are located from 124 nt and from 125 nt. AG/AGm value is 89%, and a free energy of miR-12-
17092-3p and miR-9-24743-3p interaction with mRNA is -123 kJ/mole and -127 kJ/mole.

Table 3 — Characteristics of miRNAs interaction in the 5’UTR mRNA of MMP?2 gene

miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-9-25082-3p 110 -121 85 24
miR-1-1819-3p 110 -123 89 23
miR-9-20317-3p 112 -129 87 24
miR-X-48174-3p 112 -121 85 24
miR-17-39416-3p 113 -121 92 22
miR-5-15733-3p 115 -127 86 24
miR-7-20203-3p 115 -121 90 22
miR-9-27797-5p 118 -121 85 24
miR-9-27797-5p 124 -127 90 24
miR-12-17092-3p 124 -123 89 22
miR-9-24743-3p 125 -127 89 23

At the 5'UTR length of 312 nt, binding sites of ten miRNAs are located compactly in a region of 38
nt. Such a compact arrangement of binding sites of several miRNAs facilitates their preservation in the
process of evolution. Overlap of miRNA binding sites nucleotide sequences suggests their competition at
inhibition of mRNA translation, since one miRNA in the RISC complex interferes with interaction of
remaining miRNAs with this site. As a result, the control of mRNA translation is reliably ensured by se-
veral miRNAs, which seems to be necessary to suppress the increased synthesis of MM2 proteinase. It
should be noted that the location of translation inhibitory miRNA binding sites in the 5'UTR allows cell to
save energy on abortive proteins synthesis comparing with miRNA binding occurring in protein coding
region or in the 3'UTR with protein synthesis interrupting in these regions.

Binding sites for many miRNAs have been identified in mRNA of ZFHX3 gene (table 4). Binding
sites of miR-15-36707-5p and miR-5-15548-3p are located in the 5'UTR with arranged location of
nucleotide sequences and if these miRNAs are present in the cell simultaneously, they will compete for
the binding site. The effect of each of the miRNAs will depend on the ratio of their concentrations, and
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Table 4 — Characteristics of miRNAs binding sites in the 5’UTR mRNA of ZFHX3 gene

miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-15-36707-5p 26 -125 88 23
miR-5-15548-3p 31 -123 88 23
miR-19-30988-5p 187 -125 87 23
miR-16-36024-3p 189 -123 87 23
miR-17-39126-5p 195 -123 97 21
miR-4-11437-3p 267 -123 88 23
miR-9-20317-3p 278 -132 89 24
miR-1-1819-3p 285 -125 91 23
miR-2-5973-3p 297 -123 89 24

overall the expression of the ZFHX3 gene will be determined by the total concentration of miR-15-36707-
5p and miR-5-15548-3p, since they have close free interaction energies (AG are equal to -125 kJ/mole and
-123 kJ/mole, respectively) with mRNA of ZFHX3 gene.

Binding sites of miR-19-30988-5p, miR-16-36024-3p and miR-17-39126-5p also form a clusters with
arranged location of nucleotide sequences (table 4). Binding sites of miR-4-11437-3p, miR-9-20317-3p,
miR-1-1819-3p and miR-2-5973-3p form another cluster of multiple binding sites. For these two multi-
sites, the same reasoning applies as for miR-15-36707-5p and miR-5-15548-3p which binding sites loca-
ted in front of them. In general, the expression of ZFHX3 gene will depend on nine miRNAs that bind in
the S'UTR.

A cluster of miRNA binding sites was revealed in the CDS of mRNA of ALK gene (table 5). The
miRNA binding sites from 3,387 nt to 3,424 nt are formed a cluster. In the site with length of 37 nt there
are binding sites for nine miRNAs: miR-1281, miR-11-29785, miR-13-35476-3p, miR-17-39011-3p,
miR-7-20459-3p, miR-9-25099-3p, miR-6792-3p, miR-1-2802-3p, miR-22-40302-3p, miR-X-48174-3p.
There are 4-5 binding sites for miR-1281 from 3389 nt to 3421 nt, five binding sites for miR-9-25099-3p
from 3387 nt to 3421 nt, three binding sites for miR-11-29785 from 3391 nt to 3425 nt, two binding sites
for miR-13-35476-3p from 3394 nt to 3420 nt, three binding sites for miR-7-20459-3p from 3395 nt to
3424 nt. The oligopeptide EWAGGGGGGGGA is conserved in the human ALK protein and 54 animal
species, including rat, mouse and rabbit. The mRNA nucleotide sequences adjacent to the binding sites of
nine studied miRNAs are variable, which are reflected in the variability of amino acids of flanking
oligopeptide EWAGGGGGGGGA.

Table 5 — Characteristics of miRNA interaction with CDS mRNA of ALK gene associated with the development of NSCLC

miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-9-25099-3p 3387 + 3399 (5) -104 +-108 82 +85 22
miR-17-39011-3p 3388 + 3394 (2) -110 +-113 84 + 85 23
miR-11-29785 3391 + 3404 (3) -102 +-106 86 + 89 21
miR-6792-3p 3391 -110 90 22
miR-1-2802-3p 3395 -113 90 22
miR-13-35476-3p 3394 + 3398 (2) -110 85 22
miR-22-40302-3p 3395 -117 89 22
miR-7-20459-3p 3395 + 3404 (3) -98 +-102 82 +86 20
miR-X-48174-3p 3394 -125 38 24

Cluster of miRNA binding sites were identified in the 3'UTR mRNA of FOXPI gene (table 6).
Binding sites of five miRNAs were located at a region 30 nt in length. The total length of five binding
sites is 113 nt, which is almost four times the length of the cluster.

— 4y ——
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The organization of binding sites in clusters allows gene to significantly reduce its length and
preserve dependence on the influence of many miRNAs (tables 3-6).

Table 6 — Characteristics of miRNAs interaction in the 3'UTR mRNA of FOXPI gene

miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-10-29282-3p 5952 -104 89 23
miR-10-29282-3p 5970 -104 89 23
miR-19-42814-5p 5953 -106 91 23
miR-19-42814-5p 5955 -104 89 23
miR-6-17605-3p 5960 -110 93 21

in-miRNAs, which co-expressed with the host gene, can be considered as agents realizing the
interaction between genes.

In our opinion, the main mechanism of signal transfer from regulator gene to target gene is through
miRNA. These molecules are co-expressed together with the host gene (regulator gene) and directly effect
on target gene expression at the translation level. Thus, rapid signal transmission within the cell, between
cells and tissues is achieved, since miRNAs are much faster than proteins leaving the cell and circulating
in the body interacting with virtually all tissues. Thus, miRNAs can serve as integral regulators of the ex-
pression of genes and genomes, depending on their physicochemical properties and host genes. There are
some miRNAs, which can effectively regulate the expression of hundreds of genes (unique miRNAs).
Probably, therefore, the targets of such miRNAs are predominantly transcription factor genes and genes of
signaling systems proteins. Transmission of the signal from regulatory gene to target gene by miRNAs is
not limited, since one miRNA can interact with any number of target genes having a binding sites in their
mRNAs. It was found that some genes have from one to several dozen binding sites in mRNA. In order to
reduce the proportion of these sites in mRNA, the binding sites are clustered. Thus in mRNA region of
about 100 nucleotides in length, two to several dozens of binding sites can be located with nucleotide
sequence overlap. A great variety of the effectiveness of miRNA-mRNA interaction is achieved because
of specificity and selectivity of their interaction, ratio of miRNAs concentrations and concentrations of
mRNA relative to miRNA. Competitiveness of miRNA binding to mRNA results in the fact that a more
strongly binding miRNA disables the influence of other miRNAs, that is, the effect of regulator genes.
Either miRNA presented at a higher concentration competitively eliminates the effect of miRNAs having
similar binding characteristics to mRNA of target gene. This effect may change by increased expression
of other miRNAs. There are cases of an increase (decrease) in the expression of miRNAs in tens and
hundreds of times.

Existing systems of regulation of gene expression suppose their regulation in the cell. Generally, such
regulation is represented in form of schemes in which regulator gene (or its product) affects target gene
(or its product). This relationship of genes in the regulatory system of genome (gene) expression is not
biologically appropriate for a number of reasons. The proteins synthesized in cell, with a few exceptions,
do not leave the cell and signaling between genes remains intracellular. Regulatory proteins that left the
cell to interact with target genes or target proteins have difficulty penetrating cells containing targets.
Therefore, the time of signal transmission of regulator to target is long enough. The transmission of signal
from regulatory gene to target gene is limited by ability of proteins to interact with several proteins.

Conclusion. It is shown for the first time that miRNA binding sites can be located in the form of
clusters. That is, nucleotide sequences of binding sites of several miRNAs are localized in the mRNA
region, which is many times shorter than the sum of nucleotide sequences of all miRNAs. This is achieved
by arranged location of miRNAs binding sites with maintaining of high specificity. Such compact
localization of miRNA binding sites allows economical using of the nucleotide sequence of mRNA. Since
the cluster organization of binding sites is observed in 5'UTR, CDS and 3'UTR, it allows particularly to
have such regions that encode not necessarily functionally important oligopeptides of protein in the pro-
tein coding region. Because in some cases, binding sites in the CDS encode oligopeptides with signifi-
cantly different lengths in different species while maintaining a functionally complete protein.
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The paper shows that widely used programs for predicting miRNA binding sites in mRNA based on
6-8 nucleotide sites (seed) in miRNA are inadequate, since many false positive sites are predicted. In a
comparative aspect, these programs highlight the advantages of the MirTarget program used by us for
the prediction of binding sites with quantitative characteristics of the interaction of miRNA with mRNA.
A hypothesis of the regulation of expression of genes and genomes involving miRNA is proposed. The
role of miRNA as an integrating system for the mutual regulation of gene expression in the cell and in the
body is shown.
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miRNA: )KETICTIKTEP, IPOBJIEMAJIAP, IIEPCIIEKTUBAJIAP

Annoranus. Kimi monexynaner PHK-HbIH apackiiga miRNA-gapsl MaHbI3IbI pel aTKapajsl, OJiap MOCT-
TPAaHCKPUILMSUIBIK JICHIeiie TeH/Iep dKCIpeccHschiH perreiini. Makanana miRNA-IpIH KacueTTepi MEH onapbig
mRNA-MeH e3apa apekeTTecTiri Tankpiianaasl. miRNA-1bIH Typiti MeTaboiIu3M MpolecTepiHe KaTbICaThIH OeloK-
KOJITaWTBIH TeHIEPAIH IKCIIPECCHSCHIH PETTEYAE KHE JKYPEK-KaH TaMbIpiap, OHKOJIOTHSUIIBIK JKOHE HelpojereHe-
paTHBTI aypyJapAblH AaMyBIHIAFEI pelli kepcerimreH. miRNA-nbH Hbicana reaaepaiH mRNA 5'UTR, CDS xone
3'UTR-na 0GaimaHBICTBIPY CAWTTapBIHBIH epekmenikTepi aHblKTainmel. MRNA-mer miRNA OaiimaHbICTBRIpaTHIH
caifrtapasl i3aey Oenrini OarmapiamanapbiMeH cajibIcThpranga MirTarget OarmapiaMachIHBIH apTHIKITBUTBIKTAPBI
kepceriren. Typmi aypymapabiH kenrereH kKanaunatTel reafepiHif mRNA-weiH 5'UTR, CDS xone 3'UTR-nma
Oiperarait miRNA Gaiinansicy caiTTapsl xoHe MiRNA GalmaHBICTRIPY caifTTap KiacTepiepi aHbIKTajdaabl. TpaHc-
Kpunnus (haxropiapbiHbiy reHaepiniHi MRNA-HBIH OeTOKTapbIHIAFbl OJIMTONENTUATEPAI KoaTainThiH MiRNA Gaii-
JIAHBICTBIPY calWTTap aHbIKTangbl. MiIRNA-HBIH XKYpek-KaH TaMbIpiap, OHKOJOTHSUIBIK KOHE HeHpOjaereHepaTuBTi
aypyJiapra KaTbIcaThlH KaHAWAATThl renaepain mRNA-MeH e3apa opekerrecyi TangaHzpl. bipHelne »y3aereH reH-
nepain mMRNA-na yHukanael miRNA-HbIH OainaHbICTBIpY caiittap Kacuerrtepli Tajkbuianael. RISC kemreninne
mRNA-meH miRNA-HBIH 63apa opeKeTTecyliH epeKIIeTikTepi KapacThpburasl. MiRNA XOCT reHmepi KaMTHTHIH
TeHJIEp/IiH e3apa opeKeTTecyl apKblIbl T€H MEH I'€HOMHBIH JKCIpeccHsichblH perreyaeri miRNA pedi TaiakbuiaHa bl
miRNA-/bI KAMTHTBIH T€H MEH T'€HOMHBIH 3KCIIPECCHSICHIH PETTENyiHIH T'MnoTe3achl yChbIHbUIa bl MiRNA-HBIH
KJIETKA YKOHE aF3aJarbl TeHIIK IKCIIPECCHSCHIH ©3apa PeTTey YIIiH HHTETPATOPIBIK JKYHe peTiHAe pelli KOpCeTiIreH.

Tyiiin ce3nep: miRNA, mRNA, reraep, OaiinaHbICTBIPY caliTTap, OHOMH(POPMATHKAIBIK OaFgapiIaManap.
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miRNA: JOCTUXEHMUS, 3ABJYKJIEHUS, IEPCITEKTUBBI

AnHoranus. Cpemn mansix RNA BaxkHyro poip urparoT miRNA, KOTOpbIE OCYIIECTBISIOT PETYIISALUIO
9KCIPECCHH I'eHOB Ha MOCTTPAaHCKPHUIIIIHOHHOM ypoBHE. B paboTe paccmoTpensl cBoiictBa miRNA u ux B3aumo-
neiictue ¢ mMRNA. ITokazana pons miRNA B peryssiiuu sKCrpeccHu 0esoK-KOIUPYIOIINX IeHOB YYacTBYIOIINX B
pa3IMYHBIX Mpoleccax MeTaboJM3Ma U Pa3BUTHH CEPACYHO-COCYIUCTHIX, OHKOJIOTHMYCCKUX W HEHpPOJEreHEPaTUB-
HEIX 3a00sieBanuii. Y craHoBaeHbl 0coOeHHOCTH caiToB cBsa3biBaHus MIRNA B 5'UTR, CDS u 3'UTR mRNA renos-
mutreHei. [Tokazano mpenmymiectBo nporpammsl MirTarget epe H3BECTHBIMU IPOTPaMMaMU TIOUCKA CAWTOB CBsI-
3piBaHusg MIRNA ¢ mRNA. B mRNA MHOTHMX KaHIUIATHBIX TCHOB Pa3IHMYHBIX 3a00JICBAaHUN BBISBICHBI OJJTHOYHBIC
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caiitel cBsi3piBaHus MIRNA u xmacrepsr caiitoB cBs3piBanmst miRNA B 5'UTR, CDS u 3'UTR mRNA. B mRNA
TEHOB TPAaHCKPUIIIHOHHBIX (DaKTOPOB 0OHAPYKEHBI OJIMCANHTHI CBs3bIBaHMS MiRNA KOTOpBIe KOOUPYIOT OJHUTOTIEH-
TUIBI B cocTaBe OenKkoB. AHaMu3upyroTcs B3anmoaericteie miRNA ¢ mRNA kaHIUIATHBIX T€HOB, YIaCTBYIOIINX B
CepIEYHO-COCYTUCTHIX, OHKOJIOTHYECKUX W HeWpoaereHepaTHBHBIX 3aboieBaHusX. OOCyKmaroTcs CBOWCTBA YHH-
KaabHBIX MIRNA uMerommx caiTel cBsi3biBaHnsA B MRNA HECKOJBKHX COT T€HOB. PaccMOTpeHbI 0COOEHHOCTH B3aH-
mogeiictBuss mRNA ¢ miRNA B cocraBe komruiekca RISC. O6cyxnaercst ponib miRNA B peryssiiiuu SKCpeccuu
T€HOB M I€HOMa MOCPEICTBOM B3aMMOJICUCTBHs TeHOB ¢ yuactueM miRNA xo3siickux reHoB. [Ipemioxena rumo-
Te3a PEryJIALUH IKCIIPECCHU TeHOB U reHoMoB ¢ yuacTreM miRNA. ITokazana pons miRNA kak nHTErpupytomeit
CUCTEMBI B3aUMOPETYJIALUHN SKCIIPECCUN I'CHOB B KJIETKE U OPraHU3ME.
KuaroueBsie ciioBa: miRNA, mRNA, reHsl, caifThl CBS3bIBaHUS, OHOMH(DOPMATHKA.
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CO-CIRCULATION OF INFLUENZA A AND B VIRUSES
AMONG HUMANS IN THE ARAL REGION
OF THE REPUBLIC OF KAZAKHSTAN DURING
THE 2015-2017 EPIDEMIC SEASONS

Abstract. In 2015-2017, 2105 biosamples (1978 nasopharyngeal swabs and 127 serums) were obtained from
patients in polyclinics and infectious diseases hospitals in Aktobe and Kyzylorda regions of the Republic of Ka-
zakhstan.

Using the polymerase chain reaction for 1978 samples collected from humans, the genetic material of the
influenza A virus was detected in 10.86% of cases, that of the influenza B virus in 9.15%. While subtyping influenza
A virus RNA, A/H1 subtype was identified in 9.76% of samples, A/H3 subtype in 89.30%. The results obtained
from the screening of nasopharyngeal swabs in the polymerase chain reaction, as well as serological data in the
hemagglutination inhibition reaction and enzyme immunoassay indicate co-circulation of the A/HIN1, A/H3N2 and
B influenza viruses in humans in the Aktobe and Kyzylorda regions of the Republic of Kazakhstan during the 2015-
2017 epidemic seasons.

In the virological study of nasopharyngeal swabs obtained from humans, 13 hemagglutination agents were
isolated on chick embryos, 10 of which were identified in the hemagglutination inhibition and neuraminidase in-
hibition assays as influenza A/HIN1 viruses, and 3 as influenza B viruses.

The results from virological and serological studies indicate the need for continuous surveillance of the in-
fluenza virus circulation among humans in Aktobe and Kyzylorda regions in order to timely predict epidemic out-
breaks and carry out preventive measures.

Keywords: circulation, influenza virus, subtype, isolate, hemagglutinin, neuraminidase, chain polymerase
reaction, enzyme-linked immunosorbent assay.

Introduction. Among acute respiratory viral infections, influenza has the greatest clinical and
epidemiological importance for humans. Each year about 600 million cases of influenza are registered
worldwide; at that, 3 million people suffer from serious diseases that lead to a lethal outcome in 250,000 -
500,000 cases [1].

Since 1890, type A viruses periodically, at intervals of 10 to 40 years, cause pandemics resulting
from the emergence of radically new variants of influenza viruses, against which there is little or no
immunity in the human population, a process called antigenic shift. The last 2009/2010 influenza
pandemic was caused by A(HIN1)pdm09 virus, which contains a complex combination of the gene
segments of swine, avian and human influenza viruses. This virus completely replaced circulating earlier
seasonal viruses A(HIN1) and continues to circulate around the world together with A(H3N2) and type B
viruses [2].

Influenza viruses are the most variable among human viruses due to the high mutation rate, rapid
replication, the presence of a segmented genome (which facilitates the gene recombination between
different influenza viruses), and cases of the introduction of zoonotic A type viruses [3].
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The spectrum of epidemic strains of influenza viruses and their characteristics vary depending on the
season of the year. Recently, in Kazakhstan, as in many countries around the world, there is a simul-
taneous circulation of influenza viruses of the A(HIN1), A(H3N2) subtypes and B genus [4-8].

The purpose of this work was to study the peculiarities of the influenza virus circulation in the Aral
region of Kazakhstan during the 2011-2017 epidemic seasons.

Research methods. The collection of clinical samples (nasopharyngeal swabs, serums) from patients
was carried out in polyclinics and infectious diseases hospitals during the 2015-2017 epidemic periods in
the Aktobe and Kyzylorda regions. The samples were stored in liquid nitrogen before initiation of
virological studies.

Primary screening of nasopharyngeal swabs in real-time polymerase chain reaction (RT-PCR) was
performed on a RotorGen 6000 amplification system (Corbett Research, Australia) with the RIBO-prep,
AmpliSens® Influenza virus A/B-FL and AmpliSens® Influenza virus A type-FL kits (produced by the
Central Research Institute for Epidemiology of Rospotrebnadzor, Moscow) [9].

Virus isolation was carried out in two systems using traditional methods: on the MDSC culture with
the addition of TRNC-trypsin (2 pg/mL) and 9-11 day-old chick embryos (CE). To indicate the virus in
the hemagglutination assay (HA), a 0.75% suspension of the chicken and human 0(1) blood group
erythrocytes was used.

The infectious activity of isolates was determined according to the conventional method [10], and
their titer was expressed in 1g EIDsg/02m and 1g TCDsg0.2m1.

Identification of isolates was carried out in the hemagglutination inhibition (HI) and neuramini-
dase inhibition (NAI) assays with polyclonal diagnostic serum kits according to WHO recommendation
[11,12].

The level of specific antibodies against influenza viruses in serum was determined in HI assay and
enzyme-linked immunosorbent assay (ELISA). HI assay was carried out according to the WHO
recommendation using both reference viruses A/California/04/09 (HIN1), A/Solomon Islands/03/06
(HIN1), A/USA/1976/31 (HIN1), A/Aichi/2/68 (H3N2), A/Panama/2007/99 (H3N2), B/Florida/04/06,
and commercial diagnosticums produced by the FSBI Research Institute of Influenza (St. Petersburg). The
test systems intended for influenza viruses of A (HIN1), A (H3N2) subtypes and type B produced by
EPDP LLC (Enterprise for the Production of Diagnostic Preparations, St. Petersburg) were used in
ELISA.

Results and discussion. The materials were collected during the 2015-2017 epidemic seasons in the
medical institutions located in the Aktobe and Kyzylorda regions. In total, 1978 upper respiratory tract
swabs and 127 serums were taken from the patients.

More than 90% of the samples were collected from patients diagnosed with acute respiratory viral
infection. The greatest number of nasopharyngeal swabs (1291) was obtained from children under 14
years of age (65.27%).

Table 1 shows the characteristics of the collected material and results of the primary RT-PCR based
screening of nasopharyngeal swabs.

As can be seen from Table 1, while studying 293 samples collected in 2015, the genetic material of
the influenza virus was detected in 40 samples (13.6% of the total number of samples). Influenza A virus
RNA was detected in 37 samples (12.6%), that of influenza B virus in 3 samples (1.0%). Subtyping made
it possible to detect A/HIN1 virus RNA in 8 swabs (2.7% of cases), A/H3N2 virus RNA in 27 samples
(9.2%).

Of 112 samples taken from patients in 2016, the genetic material of the influenza virus was detected
in RT-PCR in 18 samples (16.1% of the total number of samples). Influenza A virus RNA was detected in
16 samples (14.3%), that of influenza B virus in two samples (1.8%). Subtyping made it possible to detect
A/HIN1 virus RNA in 13 swabs (11.6% of cases), A/H3N2 virus RNA in 3 samples (2.7%).

When examining 1573 biosamples obtained in 2017, the genetic material of the influenza virus was
detected in 338 samples (21.5% of the total number of samples). Influenza A virus RNA was detected in
162 biosamples (10.3%), that of influenza B virus in 176 samples (11.2%). Subtyping of PCR-positive
samples for influenza A virus revealed the presence of the genetic material of A/H3N2 virus in all 162
samples; it was not possible to detect A/HINI virus RNA.
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Table 1 — Characterization and RT-PCR based screening of clinical samples collected from humans in 2015-2017

Number of PCR-positive samples
Year Sampling site Number for infl for viruses of subtypes: |for infl Number
of nasopharyn-geal swabs | 10T Intluenza - ({for ntluenza| of serums
A virus A/HINI | A/H3N2 | Bvirus
2015 Aktobe region 39 8 5 1 2 25
Kyzylorda region 254 29 3 26 1 23
Total: 293 37 8 27 3 48
Aktobe region 17 4 3 2 0 22
2016
Kyzylorda region 95 12 10 1 2 -
Total: 112 16 13 3 2 22
017 Aktobe region 768 137 137 96 25
Kyzylorda region 805 25 25 80 32
Total: 1573 162 162 176 57
Total for 3 years 1978 215 21 192 181 127

Therefore, the primary RT-PCR based screening of nasopharyngeal swabs showed that influenza A
and B viruses co-circulated among humans in the Aktobe and Kyzylorda regions in 2015-2017. At the
same time, the influenza A/H3N?2 virus, which prevailed in 2015 and gave the place to the A/HIN1 virus
in 2016, manifested itself again in 2017.

As a result of primary infection and subsequent passages on CE and MDCK cultures, 13 hemagglu-
tinating agents were isolated from PCR-positive samples with titers on CE from 1:32 to 1:1024 and on
MDCK culture from 1:4 to 1:32.

Identification of 2015-2017 isolates was carried out in HI and NAI assays. The results of determining
the hemagglutinin subtype in the isolates are given in table 2.

Table 2 — Identification of hemagglutinin subtypes for the 2015-2017 influenza virus isolates in HI assay

Titer of immune serum antihemagglutinin
Isolate A/USA/1976/31 1?1{1 Islgl‘/’(‘g‘/’& A/California/04/09 A/Aichi/2/68 |A/Panama/2007/99| B/Florida/04/06
(HINT) (HINI) (HIN1)pdm (H3N2) (H3N2)
1280 640 640 640 640 640
Aktobe/02/15 160 160 160 <20 <20 <20
Aktobe /03/15 80 40 40 <20 <20 <20
Aktobe /06/15 80 20 20 <20 <20 <20
Aktobe /18/15 80 20 20 <20 <20 <20
Aktobe /20/15 320 160 160 <20 <20 <20
Kyzylorda/83/15 160 160 160 <20 <20 <20
Kyzylorda /176/16 40 80 40 <20 <20 <20
Kyzylorda /177/16 160 40 20 <20 <20 <20
Kyzylorda /178/16 80 20 20 <20 <20 <20
Kyzylorda/185/16 320 160 160 <20 <20 <20
Kyzylorda /21/17 <20 <20 <20 <20 <20 80
Kyzylorda/28/17 <20 <20 <20 <20 <20 160
Aktobe /73/17 <20 <20 <20 <20 <20 80
*Homologous antibody titers for reference serums are presented; homologous antibody titer for reference serums against
A/USA/1976/31 (HIN1) strain was of 1:1280, for the remaining ones of 1:640.
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As can be seen from table 2, the hemagglutinating activity of the Aktobe/02/15, Aktobe/03/15,
Aktobe/06/15, Aktobe/18/15, Aktobe/20/15, Kyzylorda/83/15, Kyzylorda /176/16, Kyzylorda /177/16,
Kyzylorda /178/16, and Kyzylorda/185/16 isolates from 1/32 to 1/4 of the homologous titers was
suppressed by immune serums against the A/USA/1976/31 (HIN1), A/Solomon Islands 03/06 and
A/California /04/09 (HIN1) pdm viruses. This allowed attributing HAA to the influenza A virus with the
H1 hemagglutinin subtype.

The hemagglutinating activity of three isolates (Kyzylorda /21/17, Kyzylorda/ 28/17 and Aktobe
/73/17) from 1/8 to 1/4 of the homologous titer was suppressed by immune serums against the influenza
B/Florida/04/06 virus. Serums against influenza A/USA/1976/31 (HIN1), A/Solomonlslands/03/06
(HIN1), A/California /04/09 (HIN1) pdm, and A/Aichi/2/68 (H3N2) viruses gave the negative results,
which made it possible to classify the 2017 isolates as influenza type B virus.

The results from subtype identification of the second surface glycoprotein for influenza A virus
isolates in NAI assay are presented in table 3.

Table 3 — Identification of neuraminidase subtype for the 2015-2016 influenza virus isolates in NAI assay

Isolate Antibody titer against neuraminidase subtypes

NI N2
A/Aktobe/02/15 100 <20
A/Aktobe /03/15 100 <20
A/Aktobe /06/15 100 <20
A/Aktobe /18/15 100 <20
A/Aktobe /20/15 100 <20
A/Kyzylorda/83/15 100 <20
A/Kyzylorda/176/16 100 <20
A/Kyzylorda/177/16 100 <20
A/Kyzylorda/178/16 100 <20
A/Kyzylorda/185/16 100 <20

Note. The reciprocals of antineuraminidase antibody titers are presented.

It can be seen from Table 3 that the neuraminidase activity of all isolates in titers of 1:100 was sup-
pressed by the immune polyclonal serum against the A/HIN1 virus.

Therefore, according to the results of HI and NAI assays, the 2015-2016 isolates were attributed to
influenza A viruses with A/HINT1 antigenic formula, and the 2017 isolates to influenza type B virus.

To evaluate the 2015-2017 seroepidemiological situation of influenza in the Aral region, 127 serums
were examined in HI assay and ELISA. The results of HI assay are shown in figure 1.

As can be seen from figure 1, in the 2015 epidemic season, antihemagglutinins to the influenza
A/H3N2 virus were detected in human serums in 60.4% (29 samples), in 10.5% of cases (5 samples) the
serums were found to be seropositive against the influenza A/HIN1 virus. The serums were positive
against influenza B virus in 6.3% of cases (3 samples); antihemagglutinins simultaneously to influenza
A/HINT1 and A/H3N2 viruses were detected in 4.2% (2 samples) and to influenza A/H3N2 and B viruses
in 2.1% (1 sample). Antibody titers were of 1:80-1:320.

In 2016, antihemagglutinins to the influenza A/HINT1 virus were detected in human serums in 40.9%
of cases (10 samples), 18.2% of cases (4 samples) were found to be seropositive against the influenza
A/H3N2 virus. In 9.1% of cases (2 serums) antihemagglutinins to influenza B virus were detected.

In 2017, antihemagglutinins to the serotype A/H3N2 virus were detected in 47.4% of cases
(27 samples), to influenza type B virus in 5.3% (3 samples); antibodies simultaneously to influenza A
(HIN1 + H3N2) viruses were detected in 19.3% of cases (11 samples). Antibody titers were of
1:80-1:320.

Figure 2 presents the results of a serological study of 127 serums in ELISA.
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Figure 1 — Detection of specific antibodies against influenza viruses in serums in HI assay
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Figure 2 — Identification of antibodies against influenza viruses in serums in ELISA

As can be seen from figure 2, in the 2015 epidemic season, antibodies against the influenza A/H3N2
virus were detected in 69.6% of cases (28 samples), influenza A/HIN1 virus in 12.6% (6 samples), and
influenza B virus in 4.2% (2 serums).

While studying 22 serums obtained in 2016, antibodies against the influenza A/HIN1 virus were
detected in 54.5% of cases (12 samples), influenza A/H3N2 virus in 27.3% (6 samples), and influenza B
virus in 9,1% (2 serums).

In the 2017 epidemic season, antibodies against the influenza A/H3N2 virus were detected in the vast
majority of serums (42.1% - 24 samples), influenza B virus in 15.8% of the serums (9 samples); anti-
bodies simultaneously against A (HIN1+H3N2) viruses were detected in 22.8% of cases (13 serums),
A/H3N2 and B viruses in 14.0% (8 samples).

Therefore, the results from serological studies of serums in ELISA and HI assay indicate co-circu-
lation of influenza A/HIN1, A/H3N2, type B viruses and mixed influenza infection in the Aktobe and
Kyzylorda regions during the 2015-2017 epidemic seasons. A distinctive feature of the 2017 epidemic
season is the high content of antibodies against the A/H3N2 and B virus.
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According to the literature data, recently there has been a simultaneous circulation of strains
representing various evolutionary lines of influenza A and B viruses [4, 13-16]. At that the antigenic com-
position of the viral population varies depending on the epidemic seasons [17-19]. Subtypes HIN1 and
H3N2 of influenza A viruses are widespread among humans. Influenza B virus infection proceeds easier
as compared with type A, produces small outbreaks and rare mutations [20].

The unique antigenic variability of influenza viruses, which allows them to overcome interspecies
barriers, leads to the emergence of viruses with new biological properties that are capable of wide epi-
demic spread. [21] In connection with this the most important areas of the fight against influenza include
the surveillance of the infection spread, timely pathogen diagnostics, and disease prevention.

Conclusions. In the initial screening of nasopharyngeal swabs and serological studies of serums
collected in the 2015 -2017 epidemic season from the patients in Aktobe and Kyzylorda regions, co-cir-
culation of influenza A/H3N2, A/HIN1 and B viruses was established in RT-PCR, HI assay, and ELISA.

As a result of virological studies, ten isolates of influenza A/HIN1 and three isolates of influenza B
viruses were obtained from clinical samples, which confirmed the circulation of influenza viruses in the
region.
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T. . I'nedora, H. I'. Knusneesa, H. T. Cakraranos,
I'. B. JlykmanoBa, M. I'. lllamenoBa, M. X. CasitoB, H. C. Onrap6aesa,
M. K. Kankoxaea, A. M. baiimyxamertosa, JI. K. AmMupamena

PMK «Muxkpobuoiorus xoHe Bupyconorust nHCTUTyTe» KP BFM FK, Anmarter, Kazakcran

2015-2017 KK. TYMAY IHAETI APAJIBIF BIHIAFbI
KA3AKCTAH PECITYBJIMKACHI APAJI MAHAWBI TYPFBIHJIAP APACBIHJIAFBI
A JKOHE B TYMAY BUPYCTAPBIHBIH AHHAJILIMBI

Annoranus. 2015-2017 xok. apanbireiHOa AKTe0e >xoHe KpI3puiopma oOMBICTapBIHAAFE MH(PEKIHSIIBIK eM-
XaHaJapbIMEH IOJIMKIMHAKAIAPBIHAAFEl CHIpKAT amammapaad 2105 OowocerHamanap anbsiHABL. (1978 TaHay-MyphIH
JKaFBIHBICHL KoHE 127 KaH capbhICYHI).

Momumepasapl Ti30ekTi peakIMACHHIA amamuaplaaH xuHaiaraH 1978 ynrineH A Tymay BHPYCBIHBIH TeHe-
TUKaIBIK Matepuansl 10,86% >xarmaiibiHna aHslKTanabsl, B Tymay Bupycel — 9,15%. A Tymay BUPYCBIH cyOTHIITEY
ke3inne A/H1 tymay Bupycel — 9,76% ceiHamacsiana ansikranca, A/H3 — 89,3% kypansl.

MypbIH-TaHay >KaFbIHIBICHIH MOIMMHUPA3Abl Ti30€KTI PeaKIMACBIHAA CKPUHHMHT XKYPri3y KoHE KaH CapbICybIH
TEeMAarTIIOTHHAIN TeXKEy PEeKIUsACHIMEH MMMYHO(DEPMEHTTI Talaynarsl 3epTTey HoTmkenepi, Akreoe xone KpI-
3BUTOpZA OONMBICTAPBIHAAFH amamaap apaceiama 2015-2017 xox. A/HIN1, A/H3N2 xone B Tymay Bupycraps! aitHa-
JTBIMIA KYPTeHAITIH KOpCeTei.

AnampapiaH KWHaJFaH MYPBIH-TaHAY >XKarbIHIBUIAPBIH BUPYCOJIOTHAJIBIK 3€PTTE€Yy HOTHIKECIHIE, TaybIK OM-
OpuoHmapeiHAa 13 TEeMarTIIOTHHUHIEYIII areHT OeiHin anpiHAbl. HelipaMuHIIa3 OelICeHAIITiH TeXKey PeaKIusIChl
JKOHE TeMarTIIOTHHAINA Texxey peaknmsaceiHa 10 A/HIN1 tymay Bupycsl, 3 B Tymay BHpYCHI OOJBIT aHBIKTAJIEL.

Bupycomorusuibik KoHE CEepONIOTHSUIBIK 3epTTeyNepaiH HoTmxkenepi AKrebe koHe KeI3putopma oOmbIcTapbIH-
JAFBl aJaMaap apachlHAAFBl TYMay iHIETIH anaslH-ajia 0oJDKay JKoHE MPOQIIAKTHKAIBIK ic-TIapajapAbl JKYpri3y
YIIiH, TyMay aifHANBIMBIH Y3IIKCi3 KaJaraiay KaKeTTUIIrH KepceTei.

Tyiiin ce3aep: aliHamBIM, TYMay BHPYCBI, THIIACTBI, H30JIAT, TEMArTIIIOTHHNH, HEHPaMUHNAA3a, MTOJIMMEPa3Ibl
Ti30€eKTi peakiuss, UMMyHHO(EpMeTTi Tanmay.
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T. . I'ne6ora, H. I'. Kniuneesa, H. T. Cakrarasos,
I'. B. JlykmanoBa, M. I'. lllamenoBa, M. X. CasitoB, H. C. Onrap6aesa,
M. K. Kaako:kaeBa, A. M. BaiimyxameToBa, JI. K. AMupamena

PI'TI «MuaCcTHTYT MUKpOoOHONoruu u Bupyconorun» KH MOH PK, Anmvatsl, Kazaxcran

COLIUPKYJIALAA BUPYCOB I'PUIIIA A U B CPEJIM JIIOJEM
B APAJIBCKOM PEI'MOHE PECITYBJIMKHN KA3AXCTAH
B OJIINJEMHWYECKHUE CE30OHBI 2015-2017 I'T.

AnnoTtanus. B 2015-2017 rr. B Aktroounackor n Kei3sutopauackoit oomactsx PK ot 6oiapHBIX Jtosei B 1o-
JUKIMHAKAX U MHOEKIMOHHBIX OonbHUIAX nonyudeHo 2105 ouonpob (1978 HocorioToyHbix cMbiBa U 127 chIBOpO-
TOK KPOBH).

B nmonmmmepasHoit nenHo# peakmuu B 1978 obpasax, coOpaHHBIX OT JIFOJEH, TeHETUIECKUI MaTepHal BUpyca
rpunma A 6su1 obHapyxeH B 10,86% cimyuaes, Bupyca rpunmna B — B 9,15%. IIpu cy6tumupoBanun PHK Bupyca
rpumnmna A noxrun A/H1 naentndunuposan B 9,76% npod, A/H3 — B 89,30%.

Pe3ynbTaThl, MOJy4eHHbIE TIPH CKPUHUHIE HOCOTJIOTOYHBIX CMBIBOB B MOJIMMEPA3HOI LIEITHOM PeaKlnK, TaKkKe
KaK M JIaHHbIE CEPOJIOTHYECKHX UCCIICIOBAHUI B pEaKIMU TOPMOXKEHHUS TeMarrjJioTHHALIME U UMMYHO(EPMEHTHOM
aHajM3e, yKa3bIBalOT Ha COLUpKyJsinuio BupycoB rpunma A/HINI1, A/H3N2 u B y mroneit B AKTIOOMHCKO# ©
Ke3putopannckoit oomactax PK B smuaemuyeckue ce3onst 2015-2017 rr.

[Ipu BHPYCOJIOTHYECKOM HCCIICJOBAHUN HOCOTJIOTOUHBIX CMBIBOB, IOJYYEHHBIX OT JIFOJEi, HA KypHHBIX dM-
OpuoHax BbIJEICHO 13 reMarrIIOTHHUPYIOUMX areHToB, 10 M3 KOTOPBIX WACHTU(UIMPOBAHBI B PEAKIMA TOPMO-
KEHHUsI TeMarrjJiOTHHALIMK U PeaKklUd WHTUOWIMH HEeHpaMHHUIA3HON aKTHBHOCTU Kak BUpychl rpurma A/HINI,
TPH — KaK BUPYCHI rpuria B.

Pe3ynbTaThl BUPYCOJIOTHUECKHX U CEPOJIOMMYECKUX UCCIICIOBAHUI CBUIETEIBCTBYIOT O HEOOXOAMMOCTH IPO-
BEJICHMS TTOCTOSTHHOTO HAA30pa 3a HUPKYJLIued Bo3OymuTeneil rpummna cpean moneil B AkTroonHckoi n Ke3pui-
OP/AMHCKO# 00JaCTSX C LEJIbI0 CBOEBPEMEHHOI'O IPOTHO3MPOBAHMS JMTUIEMHYECKUX BCIBIIIEK W MPOBEACHUS MIPO-
(bUIAKTHYECKUX MEPOTIPHUSTHA.

KaioueBble ciioBa: HUPKYISIHS, BUPYC TPHIIIA, TOATHII, H30JIAT, [EMArrJIlOTUHIH, HeHpaMHHU1a3a, LEMHas
NoJMMepa3sHas peaxiys, UMMYHHO(QEPMETHBIN aHaAIIN3.
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THE GENETIC NATURE OF MUTATIONAL CHANGES ARISING
IN THE FORM-FORMATION PROCESS OF WHEAT

Abstract. Increasing the yield of wheat by improving its genotype is one of the most pressing problems of
agriculture and the economy. Currently, the usage of traditional breeding methods and the results of genetic investi-
gations, such as conduction of saturating crosses, remote hybridization and experimental mutagenesis, increase the
efficiency of producing genetically modified and enriched forms of wheat. In field and under controlled laboratory
conditions, the effect of a surfactant on the heritable characteristics of 10 varieties of spring soft wheat was studied.
After processing of wheat seeds with an aqueous surfactant solution (0.1%), we could observe the inherited changes,
which are manifested in the appearance in M;, M,, Foand BC; of tall, potent plants with productive bushiness and
various morphological characteristics that differ from the original varieties. The effect of surfactants is manifested
on the morphological features of plants: bushiness, crankiness of the stem, anthocyanin stain color. Duringthe pro-
cess of meiosis, the spindle of the division of the metaphase plate, the coalescence of chromosomes in MI, and the
presence of empty (sterile) cells in Al and AIl meiosis were observed. The signs of altered forms are stably trans-
mitted in the M, generation.

Key words: selection, chemical mutagenesis, variety.

Mutational selection involves the development of new varieties by creating and using genetic varia-
bility through chemical and physical mutagenesis [1-5]. Completely new forms such as dwarf mutants of
wheat and barley, superfast mutants in barley, plants resistant to fungal diseases, highly productive
mutants serving as precursors of new high-yielding varieties, are obtained as a result of chemical
mutagenesis [6-12]. However, obtaining mutants and studying them is only the first stage of breeding
work. In the selection of mutations, hybridization can be used. It is more important to use the mutants in
hybridization to obtain positive transgressions.

The preparation of mutants and their use for hybridization requires studying the genetic nature of the
changes which occur in living cells, which is crucial for the selection of effective mutagens with a specific
effect, and for expanding and deepening understanding of the nature of wheat evolution. To increase the
efficiency of mutational plant breeding and the yield of appropriate mutations, it is essential to study the
conditions and methods of the mutagenicprocess that allow expanding the spectra of hereditary varia-
bility. Induced hereditary changes (mutations) caused by physical and chemical mutagens are random and
cannot be controlled. For example, a high mutagenic activity of ethylenimine, diethyl sulfate and dimethyl
sulfate is shown on a number of specimens of peas and beans. It was shown that with increasing the
mutagen concentration the incidence of mutations increases too, but most mutants did not represent a
breeding value [13-18].

Of great importance is the problem of studying genetic effects and, in particular, the specificity of
changes in mutations caused by the modifying effects of environmental conditions (certain fertilizer doses
[19-22], the effects of nicotinic acid of natural origin) that caused certain changes - the emergence of
powerful tall plants, the so-called large genotrophs [2]. The difference in size persisted in subsequent
generations. Such changes, according to Waddington, are called "epigenetic mutations." "Epi" in Greek
means "outside", "near", i.e. differences that occur somewhere near the genes, near them, but not in them-
selves genes [12].
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In recent years, the attention of researchers has attracted the use of surfactants in various fields of
science (medicine, agriculture, etc.).

It is shown that surfactants have not only bactericidal activity, but also the ability to enhance the
action of various antibiotics. In the culture of fibroblasts, surfactants disrupt ion homeostasis; stimulate
the synthesis of DNA and proliferation of the cell monolayer [15].

P.I. Kudinov and T.V. Karaim conducted studies that showed the inhibitory effect of surfactants
(methacide) on the bacteria of the potato bacillus group when processing wheat grain; they also found the
optimal dosage of metacid for grain processing.

We used a surfactant, which was obtained on the basis of a plant of camel thorn. Employees of the
Department of Organic Chemistry of the Chemical Faculty of KazNU named after al-Farabi determined
the polyphenolic composition of this plant and revealed biologically active substances showing phy-
siological activity. The drug, called alchidine - polymer proanthocyanidin is non-toxic. The conducted
studies showed a high degree of inhibition of cell division during the action of alchidine on malignant
neoplasms. Based on surfactant (alchidine), an antitumor drug was obtained. This drug was also used to
preserve eggs in the Research Institute of Fishery (Astrakhan), while the content of vitamin E was
increased by 2 times.

Because of the treatment of wheat seeds with a surfactant (alchidine), we obtained powerful plants
with high productive bushiness, thick straw, as well as plants with long ears and elongated scales having
large vitreous grains. The mechanisms of the damaging development or changing the quantitative and
qualitative characteristics of plants under the influence of surfactants have been little studied and require
further investigation.

Materials and methods

The material of the study was the plants M1, M2, obtained from the treatment with a surfactant of
10 regionalized varieties of spring soft wheat (Shagala, Tolkyn, Dauyl, Kazakhstan 17, Kazakhstan 4,
Kazakhstan 3, Zhenis, Lutescens 32, Aray, Kazakhstan 10), as well as offspring of hybrids F1, BC1 from
recurrent crossing of altered plants with initial varieties.

The treatment was carried out by soaking the seeds with a 0.1% surfactant solution for 5 hours, at a
temperature of 25-27 °C. Control was dry wheat seeds. Surface treated M1 seeds were seeded in duplicate
for 100-200 pieces. Selection of the modified plants was carried out in M2. The proportion of the changed
plants was taken into account by different characters from the total number of planted plants. Plants with
altered traits in M2 were again sown to produce M3 progeny.

Genetic analysis of the modified plants M2 was carried out by crossing them with the original
varieties. The analysis of the progeny of F1 hybrids from reciprocal crossing, as well as F2 hybrids and
BC1. In experiments were used the following research methods: cytogenetic, hybridological, statistical
and morphological. Cytological studies carried out in temporary squash preparations, using microscope
LOMO Mikmed-1. Genetic analysis of hybrids F1 and F2 was carried out according to qualitative and
quantitative traits of wheat. Statistical data processing was to find the arithmetic mean and its error for the
analyzed quantitative traits and definition of the reliability of differences between the arithmetic with the
help of student's criterion (t), genetic — finding accurate values of 2 [12]. Accounting of chromosomal
abnormalities in MI, Al and ALL of meiosiswas carried out on time acetocarmine preparations under the
microscope MBI-3. The representativeness of the research results ensured a sufficient sample size — 60 to
100 plants.

Mathematical processing of data was performed by finding the arithmetic mean and its error for the
analyzed quantitative traits and to evaluate the accuracy of the difference.

Results and discussion

Morphological changes of plants under the action of surfactants. The study of the effect of
surfactants on regionalized varieties of spring soft wheat (Shagala, Tolkyn, Dauyl, Kazakhstan 3,
Kazakhstan 4, Kazakhstan 17, Zhenis, Lutescens 32) showed that the effect of surfactants leads to various
morphological changes in plants, expressed in stimulating germination, accelerating the growth of
primary cornea and the subsequent increase in the productivity of plants. The modified plants were
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distinguished by increased bushiness, in comparison with the control (by 3-4 stems), higher and thicker
straw, thickening and elongation of stem nodes, lengthening of the joints of the rod, anthocyanin color of
the straw and coleoptiles, and a larger grain. Morphological changes in the spike were expressed in the
appearance of plants with a supra, speltoid, multiflorous, compactoid, branchy, friable and long spike. At
the same time, plants with fragile ears and thin straw were found. In some varieties of the experimental
variant, a wide range of variability in plant height was noted. All these changes in the quantitative and
qualitative traits of wheat may be related to epigenetic changes.

In the experimental variant of Kazakhstanispecimen 3, a large variation of the spike types was
observed, and it proved to be the most susceptible to the action of surfactants.

Among a variety of altered forms, plants with elongated ears, with long scales and glassy elongated
grains, have been selected that are resistant to different types of rust, which is important for breeding for
resistance.

For example, varieties Dauyl, Lutescens 32, Zhenis and Shagalawere distinguished by their high
bushiness, elongated spike, extended form of internodes.

Table 1 shows the data on the elements of productivity of varieties under the influence of surfactants

. Variants A verage
Variants - - - - -
Average Height (cm) Height (cm) Height (cm) Height (cm) Height (cm) Height (cm)
Productive bushiness Productive Productive Productive Productive Productive
bushiness bushiness bushiness bushiness bushiness
Aray - K 103,7+0,7 6,8+0,6 11,0+ 0,2 43,0+£0,8 1,3+0,2
Y 99,9%*+ 1,6 10,6%** + 0,9 9,8%**+ 0,4 48,0+ 0,2 1,5+0,1
Anexperience 117,0+ 1,1 6,8+0,7 11,1 £0,7 41,7+0,5 1,7+£0,2
P 110,0**+ 1,9 10,5***+ 0,1 7,8%*% + 1,3 49,7* + 1,0 1,4+£0,3
Daouil-K 103,5+0,5 73+04 10,8+ 0,1 455+1,0 1,6 £0,5
101,2+ 1,8 10,7*+ 1,3 10,7+0,8 39,6%**+ 0,4 1,0£0,4
Anexperience 99,3£0,8 48£0,6 123+£0,8 33,008 1,9+ 0,6
P 102,1* £ 1,1 12,0%** + 0,3 10,5+ 1,1 38,3%** +(,2 1,2+0,3
Chaeall - K 107,2+0,3 10,5+0,9 11,5+1,3 38,0£0,1 1,3+£0,2
& 106,6 + 0,4 10,6 £ 1,5 16,8*** £ 0,4 36,0+0,9 1,2+£0,3
Anexperience 79,0+0,2 93+£1,0 63+1,6 34,5+£0,7 1,1+ 0,1
P 79,4+1,1 10,5+ 1,6 10,4**+ 1,9 37,6%**+ 0,3 2,8%**+ (0,3
Zhenis - To 97,5+0,8 10,7+0,5 8,2+0,3 38,4+ 0,7 1,1£0,1
102,3** + 0,1 9,6+0,5 9,622 37,8+0,7 1,8+ 0,6
Note: *atP > 0,95; 2.#*atP > 0,99; ***atP > 0,999; K — Control.

As can be seen from Table 1, surfactant significantly reduces the height of plants of the following
varieties: Arai by 3.8 cm, Dauyl by 7.0 cm, Shagala by 2.3 cm, Zhenis by 2.8 cm. With a significant
decrease in the average height of plants in these varieties significantly increases their productive
bushiness 10.6 £0.9; 10.5 + 0.1; 10.7 £ 0.3; 12,0 + 0,3 in comparison with the control 6,8 £0,7; 7.3 £ 0.4
and 4.8 + 0.6, respectively. In Kazakhstan 3 and Lutescens varieties 32 differences in plant height
between control and trial variants were not observed.

In the grade of Kazakhstan 10, the stalk was 4.8 cm longer than the control.

Mass of grain from the main ear. With the action of surfactants in almost all studied varieties, the
amount and mass of grain from the main spike remain at the control level. The exception is grade
Kazakhstan 3, where there was a significant increase in both the number of grains (by 3.1 grains) and the
weight of grain from the main ear (1.65 g) compared to the control. In this case, there was a specific reac-
tion of the genotype — Kazakhstan 3 to the effect of surfactants. At the same time, there was a tendency to
increase all the studied features of Kazakhstani variety 3, except for plant height, which remains at the
control level.

To study the inheritance of morphological characters of Kazakhstani variety 3, a reciprocal crossing
was performed between the altered plants M1 and the initial variety. The initial grade Kazakhstan 3 does
not have a pubescent ear, anthocyanin stalk color and an elongated form of the cauline node, and in some
plants M1, these features are evident.
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Table 2 — Reciprocal crossing of modified plants of Kazakhstan variety 3 with initial variety

Symptoms Kaz 3 M, K3 x M; M, x Kaz.3
Spout of the ear not pubescent pubescent pubescent pubescent
Staining of stalks HE OKpauIeH painted painted painted
Shape of caulinenodes normal elongate elongate elongate
Height of plants 79,0£1,2 86,0%**+0,8 86,4+0,2 88,3+0,3
The length of the main ear (cm) 9,3+0,6 12,3**+0,7 13,3+0,3 13,9+0,3
Number of grains with Ch. ear 34,5+0,7 39,0+0,6 41,5+ 1,1 43,7+ 1,1
Grainweightfromgl. 1,0+0,1 2,7+0,3 3,0£0,8 3,7+0,5

As can be seen from table 2, the altered morphological features manifest themselves irrespective of
the direction of crossing. This indicates a possible inheritance of these features in the succeeding
generations M2 and... Mn.

The results of the studies showed that the reaction to the action of the surfactant depends on the
genotype of wheat. The variability found in M1 for a number of quantitative and qualitative characte-
ristics persisted in the subsequent generation of M2. This was confirmed by the results of the analysis of
the crossing and analysis of the M2 progeny. The presence of altered forms with positive signs: short-
stemmed plants with powerful, multiflorous, pubescent ears; plants differing in length and shape of the
main ear; by the color, shape and size of the grain can be considered as confirmation of the presence of a

Table 3 — Metaphase I in Controlled and Modified M1 Plants under the Influence of Surfactants

Number
of cells studied Percentageofcells
Variant
all gells With L . open . dislocation of
impaired | violations | univalent bivalents pycnosis | taphase plates polyvalent
Kaz 3 -K 159 32 20 - 12 - - -
experiment 164 78 47 4 12 30
Kaz 10-K 153 16 10 9 - - 1 -
experiment 185 113 61 12 21 8 18
Tolkyn -K 166 20 12 2 4 2 4 -
experiment 156 129 82 15 14 25 26
Aray-K 155 15 8 - 8 - - -
experiment 151 46 30 15 5 1 7
Kaz 17-K 175 18 13 6 3 6
experiment | 225 167 74 16 13 22 22
Dauyl -K 162 12 14 8 - - -
experiment 195 49 25 4 12 1,5 4
Kaz 4-K 156 15 9 - 3 - 6 -
experiment 151 70 46 8 11 14 11
Zhenis -K 155 19 12 2 9 - -
experiment 154 80 51 10 22 18 1
Lut. 32 -K 168 15 8 8
experiment 152 68 44 16 5 9 11 1
Shagala -K | 172 16 9 11
experiment 178 161 90 24 22 28 15
Note: K — control variant; experience — experienced.
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gene-regulator, which underwent epigenetic changes and, in turn, influences the expression of the regis-
tered genes. However, for a simultaneous change in the characteristics of mutants that are different among
themselves, the same gene regulator cannot respond. The change that we observe is most likely a con-
sequence of the change in some general processes in the cell that arise in response to the effect of the
surfactant.

The effect of surfactants on cell division. Chromosomal aberrations and cell division disorders are
one of the main tests for mutagenicity in certain exposures. The most revealing in this respect is the
meiotic division of cells, especially in objects such as wheat, which have a large number of hard-to-
identify chromosomes.

The main phases on which meiosis is disturbed are metaphase, anaphase of the first division and
tetrad. Metaphase I observed such types of disturbances as univalent, polyvalent, open bivalents, chromo-
some adherence - "pycnosis" and displacement of the spindle of division of the metaphase plate (table 3).

The changes observed in MI were accompanied by a violation of cell division in Al In this phase,
fragments of chromosomes, bridges, asynchronous fission, empty cells were observed. At the level of
tetrads - cells with microkernels (table 4). All these changes are a manifestation of violations that occur-
red at earlier stages, mainly in interphase and early prophase.

Table 4 — Anaphase I in Controlled and Modified M1 Plants under the Influence of Surfactants

Number
of cells studied Percentageofcells
Variants
all gells With L. . open . dislocation of
impaired | violations | univalent bivalents pycnosis | taphase plates polyvalent
Kaz 3 -K 156 17 10,8 3,2 1,2 6,4
experiment 154 66 42,8 17,8 12,9 13,6
Kaz 10-K 167 11 6,5 3,0 3,5
experiment 158 30 18,9 3,1 15,8
Tolkyn -K 165 6 3,6 0,6 3,0
experiment 151 52 344 9,9 1,3 19,8 3,3
Aray-K 159 15 9,4 9,4
experiment 158 71 44,9 5,0 3,1 6,3 14,5 15,8
Kaz 17-K 167 10 5,9 5,9
experiment 156 84 53,8 2,5 12,8 19,2 1,2 19,2
Dauyl -K 187 14 8,8 32 4,8 4,4
experiment 154 93 60,0 6,4 22,7 20,7
Kaz 4-K 171 5 2,2 1,5 4,0 3,6
experiment 158 68 43,0 6,3 5,0 8,0 3,0 20,0
Zhenis -K 153 13 8,4 52 1,3 2,0
experiment 156 75 48,0 16,0 6,4 3,0 20,0
Lut. 32 -K 157 4 2,54 1,9 0,6
experiment 152 64 42,0 17,0 1,3 2,6 1,9 11,8
Shagala -K 161 10 6,0 0,6 0,6 4,0
experiment 156 65 40,0 8,0 3,0 5,0 7,0 17,0

So the maximum percentage of cells with univalentswas found in the experimental variants of Kaz 10
(12%), Tolkyn and Aray (15%), Kaz 17 (16%) and Shagala (24%).

In the control grade of Kazakhstani specimens, 10 cells with univalents made up only 3%, Tolkyn
2%, Kazakhstan 17 and Shagala - 6%. In the remaining studied varieties, the disturbance ranged from 4%
to 11%, and in control variants from 1% to 6%.
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A high percentage of cells with open bivalents was found in the varieties Zhenis- 34% and Shagala-
40%, and in control 9% and 5%, respectively. Pictures, such as open bivalents and univalents can be
associated with chromosomal rearrangements that violate the complete homology of chromosomes.

One of the frequent violations in the treatment of SAW seeds was the adhesion of chromosomes
(pycnosis). A high percentage of such cells was found in the experimental variants: varieties Kazakhstani
3 (30%), Tolkyn (25%), Kaz 17 (22%). Zhenis (18%) and Shagala (28%). In control variants, cell
picnosiswas not detected. The adhesion of chromosomes occurs if the replication of chromosomes is
disrupted in the interphase of pre-meiotic division.

Cells with displacement of spindle of division of metaphase plate are found in all varieties, except for
cultivars Kazakhstani 3, Zhenis and Lutescens 32, in others the percentage of such cells was from 4% to
26%, and in control variants, such violations were absent.

Cells with a polyvalent configuration of chromosomes were found only in varieties Kazakhstani 17
(6%) and Zhenis (0.6%). In the control variants, these disorders were not detected. In wheat, as a rule,
polyvalents are a consequence of conjugation of homologous chromosomes and this occurs with an
extension of the conjugation time in the stage of diplotenes. As is known, the chromosome 5B
corresponds to this process in wheat.

A comparative analysis of cell damage in different wheat varieties in Metaphase I and Anaphase |
meiosis in fractions is given in table 5.

Table 5 — Proportion of cells with disorders in Metaphase I and Anaphase I under the action of surfactant

Variants Cells with disorders of Metaphase I Cells with disorders of Anaphase I
Kaz. 3 control 0,8 0,10
experiment 0,47%%* 0,42%%*
Kaz. 10 control 0,10 0,06
experiment 0,61%*%* 0,18
Tolkyn control 0,12 0,03
experiment 0,82%%* 0,34%**
Aray control 0,28 0,09
experiment 0,30 0,44%%%*
Kaz. 17 control 0,13 0,05
experiment 0,74%%* 0,53%%*
Dauyl control 0,6 0,5
experiment 0,25%%%* 0,60%***
Kaz. 4 control 0,09 0,2
experiment 0,46%%* 0,43%*%
Zhenis control 0,12 0,08
experiment 0,51%%%* 0,48%%*
Lut. 32 control 0,08 0,02
experiment 0,44%%* 0,42%*%
Shagala control 0,09 0,06
experiment 0,90%** 0,40%**

As can be seen from Table 5, the proportion of cells with disorders in MI meiosis in Kazakhstan 3
was 0.47, and in control 0.8; Kaz.10 - 0.61 and 0.10; Tolkyn - 0,82 and 0,12; Aray - 0.30 and 0.28;
Kaz.17 - 0.74 and 0.13; Dauyl - 0.6 and 0.5; Kaz. 4 - 0.46 and 0.09; Zhenis - 0,51 and 0,12; Lut. 32 - 0.44
and 0.08; Shagala - 0.90 and 0.38.

In the experimental variant in Meiosis Al in the Kazakhstanistrain 3, the proportion of cells with
impairments was 0.42, and in control 0.10; Kaz.10 - 0.18 and 0.06; Tolkyn - 0.34 and 0.03; Aray - 0.44
and 0.09; Kazakhstan 17- 0.53 and 0.05; Dauyl - 0.60 - 0.28; Kazakhstani 4 -0.43 and 0.2; Zhenis - 0,48
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and 0,08; Lutescens32 - 0.42 and 0.02; Shagala - 0.40 and 0.06. As can be seen from table 5, the pro-
portion of violations in Al in the pilot variants is much higher than in the control.

The carried out researches have shown the reliable influence of surfactants on quantitative and
qualitative attributes of wheat. The surfactant causes an increase or decrease in some of the productivity
elements of the altered plants as compared to the control variety. The changed signs were inherited in M2.
This is confirmed by the phenotypic manifestation of these features in F1 (BC1) hybrids, in reciprocal
crosses. The abnormalities detected in MI, Al and tetrads indicate the effect of surfactants on the meiosis
process. As is known, violations occurring before meiotic division are more often transmitted to the next
generation.

Thus, the obtained results of the study can have applied value, since under the influence of surfac-
tants, along with suppression of plant development, altered forms with enhanced viability were revealed.
The study also found that the reaction of wheat plants to the effect of surfactants depends on the genotype
of the studied wheat varieties. The changes observed by us could be a consequence of some general pro-
cesses in the cell that arise in response to the effect of surfactants. This requires studying the effect of
surfactants at the molecular-genetic level. It is planned to conduct chromosomal localization of genes that
control the elongation of the ear of wheat, the extension of wheat grain, productive bushiness, antho-
cyanin color of grain and anthers in the modified plants M3 in Kazakhstani 3. The line obtained, with the
above-inherited traits of this variety, can serve as a source of signs of wheat productivity.

The work was supported by a grant from the Science Foundation of the Ministry of Education and
Science of the Republic of Kazakhstan: "Using experimental mutagenesis and chromosome engineering to
create highly productive forms of wheat," State Registration No. 0103RK00416.
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7K. K. UynertoBa, K. K. IllynembaeBa, b. 3. A0neauen
On-Oapabu ateiHnarsl Kazak yiTTeiK yHEBEepcuTeTi, AnMatsl, Kazakctan

TYPTY3LIY YPJIICIHAE MAMJA BOJATBIH
MYTANUAJBIK O3IEPTKIINTIKTIH TEHETUKAJIBIK TABUFATBI

AHHOTAMsA. AybUI IIAPYyalIbUIBIFEI MCH YKOHOMHKAHBIH €H ©3€KTi MacelenepiHid 0ipi Ouaai/ bl TeHOTHITIH
JKOFapbUIaTy apKbUIbl aCTHIK OHIMIUIIKTI apTThIpy 0okl Tabbuiansl. Kasipri yakpiTra achll TYKBIMIBI KOHE I'eHe-
TUKAJIBIK 3€PTTEYJIEPAiH ISCTYPJIi 9JICTepiH KOJIAaHy, KaHBIKTBIPYILbI IAFbLIBICTBIPY CHUSKTHI, aJIBICTaH OyJaHaac-
TBIPY JKOHE 3KCIIEPUMEHTTIK MyTareHe3, OuIai bl FeHETHKANIBIK TYPJICHIIPUITeH jKoHE JKeTUIAIpUIreH TYpJIepiH aimy
TUIMIUIITIH apTThIpaabl. Jlananslk skoHe 3epTXaHalIbIK JKarqainapaa o6ertik oencenni 3aTTeiH (BB3) skas3rsl sxymMcak
Oounaiinpe 10 copTTapbIHBIH TYKBIM KyaJayIIbUIBIK OenriiepiHe acepi 3eprrenai. bunail TYKbIMBIH Cynarbl OETTIiK
6encenni epitinnicimer (0,1%) eHIeTeH Ke3e TYKbIM KyalayIIbUIBIK ©3repicTep HHAyIupieHin, M, M,, F, xone
BC, xorapbl eHIMII ©CIMIIKTEpMEH XoHE 9p TYPJi MOP(OIOTHUSIIBIK ©3TepTITeH TaHOAapbIMEH epEKIIeIeHE/T].
Bertik Oencenai 3aTTapapIH ocepi ©CIMIIKTEPAiIH MBIHAHIAl MOP(OIOTHSIIBIK €peKIIeTiKTepiMeH KepiHeni: OyTak-
TBUIBIK, CA0aKTBIH IOTYi, aHTOLAHUH 00siybl. Melio3 ypaiciH 3epTTeyne Meradasa IacTHHACKIHBIH OOJiHY YPIIbI-
rbI, MI-nieri xpomocomanapapiH Oipiryi, connaii-ak Al sxone All meitoznapeiHnarsl 60¢ (CTepUIbl) KIETKAIAPIbIH
0ouybl aHBIKTAI/IBL. ©3repTUIreH TypiiepaiH Oeinrisepi M, yprarblHAa TYpaKThl Typae Oepinei.

TyiiiH ce3aep: cenekuus, XUMISIIBIK MyTareHes, CopT.

K. K. UynertoBa, K. K. IllynembaeBa, b. 3. A0neauen
Kazaxckuit HaroHaMBHBIN yHUBepcUTET M. anb-Dapadu, Anvatsl, Kazaxcran

TEHETUYECKAS IPUPOJA MYTAIIMOHHBIX U3MEHEHMM,
BO3HUKAIOIINX B @POPMOOBPA30OBATEJIBHOM INPOLECCE INIINEHUIBI

AHnHoTanus. [loBblmeHne ypoxaifHOCTH MIIEHHULBI IIyTEM YIIy4IlIEeHHUs: €€ TeHOTUIIA SIBIAETCS OIHOW U3 Hau-
Oosiee aKTyalIbHBIX HMPOOJIEM CENBCKOTO X03HCTBAa M IKOHOMUKH. B Hactosiiiee BpeMsi NCIIOJIb30BaHUE TPAIULIMOH-
HBIX MECTOAOB CCJICKIIMHU U I'CHCTHYCCKUX HCCﬂeﬂOBaHHﬁ, TaKUX KaK NPOBCACHNE HACBIIIAOMNX CerLLlHBaHI/Iﬁ, oT-
JaJICHHas r1/16p14)11/13au1451 u 3KCHepMMeHTaﬂbeII>II MYTarcHes, noBbIIacT 3(1)(1)6KTI/IBHOCTIJ MOJIYUYCHUA T'CHCTUYCCKU
MOJU(UIMPOBAHHBIX M YJIYYIIEHHBIX (JOPM IMIICHHIBI. B MONEBBIX M 71a00paTOPHBIX YCIOBUSIX M3Y4alH BIMSHHE
MOBEPXHOCTHO-akTUBHOTO BeulecTBa (ITAB) Ha Hacnenyembie npusHaku 10 copToB sipoBoi MATKo# mmeHutsl. [Ipu
00paboTke ceMsiH MIIeHMIB BoAHBIM pacTtBopoM ITAB (0,1%) nHAyIMpYIOTCS HacliexyeMble H3MEHEHHS, KOTOpbIe
BBIPayKaroTCs B MOsIBICHNU B M| My, F, n BC; BBICOKOPOCIIBIX, MOIIHBIX PACTEHUH C MMPOAYKTUBHON KYCTHCTOCTBIO
W Pa3IUYHBIMH MOP(OJIOTHYECKH M3MEHEHHBIMHM IMpPU3HAKaMH, OTIMYAIONIMXCS OT MCXOIHBIX COpTOB. JleicTBue
ITAB nposiisiercss Ha MOPQOIIOTHUECKHUX NMPHU3HAKAX PACTEHHH: KyCTHCTOCTh, KOJIEHYaTOCTh CTEOIs, aHTOLMAHOBAS
OKpacka cTeOisl U TMCTOBOM masyxu. IIpu u3ydeHun mporecca Melo3a OOHapy>KEHbI CMEIIEHHE BEPETEHA JEJICHHS
MeTada3HOH MIACTHHKH, CIMIaHue XpoMocoM B MI, a Taxke HaJM4Me MyCTHIX (CTepMiIbHBIX) KineTok B Al n All
Meiio3a. [Ipu3Haku M3MEHEHHBIX (POPM CTaOHMIBHO MEPEAAIOTCS B MOKOJICHUU M,.

KiroueBble cjioBa: cenekuus, XMMUYECKUM MyTareHes, Copr.
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ANALYSIS OF MYOCILIN (MYOC) AND NEUROTROPHIN 4 (NTF4)
GENES IN PATIENTS WITH GLAUCOMA IN KAZAKHSTAN

Abstract. Primary Open-Angle Glaucoma being the most common type of glaucoma has a great socio-medical
significance and it is a major focus for scientific researching in ophthalmology. In 21-50% of cases the disease is the
result of genetic causes and for descendants of people with glaucoma, the risk of this pathology is 10 times higher.
Mutations causing Primary Open-Angle Glaucoma have been identified in MYOC/TIGR gene, which encodes a
57kDa protein known as myocilin and in the gene NTF4 that codes a dimeric peptide (28kD). In this study we in-
vestigated the frequency of mutations in MYOC/TIGR and NTF4 genes in Kazakhstan population. The study was
conducted involving 85 patients diagnosed with primary glaucoma and 100 individuals as a control group. The
results of our research show that T3531, D208E in MYOC/TIGR gene and R206W polymorphisms in NTF4 gene
among Kazakhstan population has no influence on the POAG progression while R76K SNP in MYOC/TIGR gene
can be as a genetic factor which affects the development of POAG type of glaucoma.

Keywords: POAG, polymorphism, MYOC/TIGR, NTF4.

Introduction. Glaucoma is a neurodegenerative disease which is characterized by progressive
damage to ganglion cells, optic nerve fibers, and visual field defects. It is one of the main reasons of
irreversible blindness in the world. Primary Open-Angle Glaucoma (POAG) is a basic form of primary
glaucoma. Glaucoma is a treatable disease if it is detected early, however, many patients get being diag-
nosed only after the loss of visual field, since glaucoma is typically asymptomatic at the early stages [1].

An estimated 66.5 million people were identified as having open-angle and angle-closure glaucoma
by 2010 and it tends to reach 79.6 million by 2020. Binocular blindness in 2010 was observed in 8.4
million patients with glaucoma, and by 2020 it is going to rise to 11.2 million [2]. According to J. Gold-
berg's estimates, the number of glaucoma patients will reach 120 million by 2030 [3]. Since 2011,
24 750 patients with glaucoma have been registered in Kazakhstan [4].

Primary open-angle glaucoma (POAG) is described distinctly as a multifactorial optic neuropathy
that is progressive, and irreversible, with a characteristic acquired loss of optic nerve fibers. POAG is a
chronic disease. It may be hereditary. Genetic predisposition is a distinctive feature of primary glaucoma
and confirmed in 50% of cases. Currently, there are 4 causative genes and 70 candidate genes associated
with the development of POAG [5]. The well-recognized genes associated with POAG include myocilin
(MYOC/TIGR) [6, 7], optineurin (OPTN) [8] and neurotrophin-4 (NTF4) [9]. In the past 2 years, large
scale genetic studies that have examined the blood samples of thousands of glaucoma patients have been
instrumental in the discovery of more common genetic risk factors for POAG. For glaucoma, these
genetic factors include changes in the DNA sequences or actual loss of DNA, and several different genes
have been implicated [10]. How these genes cause or influence the likelihood of developing POAG is of
major interest. The definition of a mutation in these genes is important for the diagnosis of glaucoma and
genetic counseling of patients.

MYOC/TIGR gene located in chromosome 1q24.3 and expressed in many ocular tissues, including
the trabecular meshwork. Therefore, the alternative name for this gene is T/GR (gene trabecular mesh-
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work-induded glucocorticoid response protein). The gene has 3 exons of size 604, 126, and 782 bp.
MYOC is expressed as a 2.3 kb transcript and the translated product is predicted to contain 504 amino
acids (58 kDa) [11]. Myocilin mutations, in general, are more strongly associated with POAG and JOAG
than other forms of glaucoma [12, 13].

The next gene is neurotrophin (NTF4). Cytogenetic Location: 19q13.33, which is the long (q) arm of
chromosome 19 at position 13.33. NTF4 is translated as pre-pro-neurotrophin. The gene is organized in
2 exons and encodes a polypeptide of 210 amino acids. Neurotrophin protein is dimeric polypeptide with
a molecular weight of 28 kDa and they are important regulators of neural survival, development, function,
and plasticity. NTF4 gene is expressed in most parts of the brain and in other tissues [14].

Mutations in the MYOC/TIGR and NTF4 genes result in damage to actin fibers in the trabecular
meshwork [15] and a decrease in neurotrophin signal [16]. Mutations in these genes are responsible for
the development of glaucoma from 2% to 20%.

The main goal of this study is to investigate the polymorphism of MYOC/TIGR (rs772312298,
1s2234926, D20SE) and NTF4 (rs121918427) genes in patients with glaucoma in population of Ka-
zakhstan.

Materials and methods. The study was conducted involving 85 patients diagnosed with primary
glaucoma. These materials were collected in the Kazakh Research Institute of Eye Diseases and in the
Medical Centre Hospital of President’s Affairs Administration of the Republic of Kazakhstan. As a cont-
rol group, people were selected who did not suffer from this disease and they were chosen depending
on the age, gender and ethnic composition of patients with glaucoma. Genomic DNA was extracted from
200 pl of whole blood using a kit (ThermoFisher Scientific, USA). The concentration of the DNA molecu-
le was determined using a DNA fluorometer (BioPhotometer plus, Eppendorf, Germany), and the quality
was determined by agarose gel electrophoresis.

Genotyping of polymorphisms was carried out by polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP). The volume of the reaction mixture for PCR is 20 pl: 50-100 ng
of genomic DNA, 5 pmol of primer and Master Mix (ThermoFisher Scientific, USA). For the PCR ther-
mal cycle, a touchdown annealing temperature of 62°C minus 0.2°C per cycle for 35 cycles was used in a
thermal cycler (Mastercylcer nexus, Eppendorf, Germany). Patients with POAG and members of the cont-
rol group were also screened by restriction analysis. Restriction enzymes were mixed with each sample
and incubated with their corresponding buffers overnight at 37°C (ThermoFisher Scientific, USA). Primer
pairs and restriction enzymes are listed in table 1. DNA fragments were detected by electrophoresis on 2%
agarose or 12% polyacrylamide gels.

Table 1 — Primer pairs and restriction enzymes for PCR-RFLP analysis

Polymorphism Primer pair (5'— 3') Codon changes | Nucleotide changes | Restriction enzyme
mom [ GCTACCCIEIAGTIONNTAC | o | ssic-ny | pcnan
o | cnaoeacortaciacs [ g | omaen | s
oo | DIONenoeal | apton | aneeo | s
oo | ooaeeaTiemial | e | asen | g

When processing the PCR products with restriction enzymes, the following DNA fragments were ob-
tained: Thr/Thr-181, 101, 44, 30 bp.; Arg/Arg — 310 bp., Arg/Lys -310, 213, 97 bp, Lys/Lys - 213, 97 bp;
Asp/Asp - 207,126 bp; Arg/Arg-501,86,71 bp.

Results and discussion. In order to observe MYOC and NTF4 polymorphism by PCR-RFLP
methods 85 patients suffering from glaucoma and 100 glaucoma-free individuals as a control group were
included in genetic case-control studies. The genotype distribution based on SNPs are shown in figures 1
and 2.

— (4 ——
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1 2 3 4 5 6 7 8 9 10 11 M

e
181pp 175 'ﬁi’,
150 bp
125 bp
101bp 100 bp
75 bp
T4 bp
50 bp
44 bp
30 bp
25 bp
M — DNA Ladder 25 bp (ThermoFisher Scientific, USA), 1-11 — CC genotype.
Figure 1 — R76K SNP genotyping results by PCR-RFLP method
1 2 3 4 5 6 7 8 9 M
310 bp 325bp
300 bp
275 bp
250 bp
213 bp 225 bp
200 bp
175 bp
150 bp
125bp
97 bp

100 bp

75bp

50 bp

M — DNA Ladder 25 bp (ThermoFisher Scientific, USA),
1,2, 3, 5— GG genotype, 4, 6 — GA genotype, 7, 8, 9 — AA genotype.

Figure 2 — Results of R76K SNP polymorphism by PCR-RFLP method

The frequencies of R76K polymorphisms in glaucoma patients and healthy control group are
tabulated in table 2.
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Table 2 — Genotype frequencies of the studied R76K G>A polymorphism in population

Patients group Patients group )
SNP Genotypes X OR CL 95% P
n=85 n=100
GG 0.682 0.970 0.07 0.02-0.23
R76K G>A GA 0.259 0.030 26.59 11.29 3.24 -39.30 3.0E-7
AA 0.059 0.000 13.73 0.75 -252.07

It this study R76K SNP has been detected in 27 glaucoma patients (22-Arg/Lys, 5-Lys/Lys) and in
3 individuals (3-Arg/Lys) from the control group.

R76K polymorphism is nucleotide change resulted in G being replaced by 4 (¢.227G>A) in exonl of
MYOC/TIGR gene predicting amino acid change (substitution of Arg by Lys). The research carried out in
Germany shows that R76K SNP was detected in 40 out of 112 glaucoma patients and in 3 patients there
was identified Lys76Lys mutation at a polymorphic level [17].

According to the data, the variation T3531 c.1058C>T in exon3 of MYOC gene can be one of the
main reasons for developing POAG with increased intraocular pressure [15]. The reported findings on
glaucoma genetics in Chinese Han population add to a growing body of evidence supporting that
hypothesis. However, the genomic analyses of populations in Caucasus and Africa revealed that there is
no genetic association of mutation T3531 with glaucoma. Thus, genetic variations of MYOC gene can be
varied among different ethnicity [16]. D208E mutations of MYOC/TIGR gene are causes of amino acid
changes (Asp to Glu) due to the 624-cytosine nucleotide in exon2 of this gene is substituted by guanine.
F. Mabuchi et al. reports that Asp208Glu mutations have been found in 4 hypertensive glaucoma patients
and 3 POAG patients, at the same time it was revealed in 1 individual from the control group in Japan
[18]. In addition, Japanese researchers investigated the distribution of Asp208Glu polymorphism among
99 glaucoma patients and their families also, in which Asp208Glu SNP has been indicated in one of the
patients' mother and the researchers considered Asp208Glu polymorphism as an occasional neutral
change with no effect on the gene's output [26]. Consequently, genetic variations of MYOC gene can be
varied among different ethnicity.

The studies were carried out in China showed that R206W polymorphism in NTF4 gene is a rare
example of mutation. This SNP was indicated only in one of the 174 patients [27]. The research held by
Pasutto found that named SNP was indicated in 4 glaucoma patients out of 399 from the experimental
group and in none of the controls [28]. Abundant studies lead us to conclude that R206W polymorphism
is a very rare SNP. Indeed, as a result of our study R206W polymorphism has been detected in neither
case belong to the test group nor the control group.

By the frequency of T3531, D20SE and R206W polymorphisms in MYOC gene and in NTF4 respec-
tively, there is no statistically significant difference between patients with POAG and individuals from
control group. The available data point to the low frequency of above-mentioned polymorphisms. Our
study has revealed that R76K is the most frequent polymorphism in Kazakhstan population. According to
literary sources, the frequency of R76K SNP in Asia's population is higher than in Europe. The results of
our research suggest that T3531, D208E and R206W polymorphisms in Kazakhstan population are the
matter of neutral SNPs and could not be determined as a genetic reason of POAG progression, whereas
R76K SNP has a strong association with POAG form of glaucoma.
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K. b. Tineyaec, O. X. Xamauena, C. b. 3aiinanosa, I'. A. Koiiluexkenosa, b. O. bekmanos
KP BFfM FK «Kanms! renetrka sxoHe nutoiorust ”HCTUTYThDY PMK, Anmatsl, Kazakctan

KA3AKCTAHJA I'TAYKOMAMEH AYBIPATBIH HAYKACTAPJIA MUOLIWJINH (MYOC)
/KOHE HEMPOTPO®UH 4 (NTF4) TEHJAEPIH TAJIJIAY

Annoranus. Kasipri TaHa OipiHIIUIIK amiblK OYpPBIMITH TiayKoMa O(TalbMOJIOTHS CalaChIHIAFbl MEIUIIH-
HAJTBIK-OJICYMETTIK MOHTE Me 0achkiM OarbsITTapAblH Oipi Oonbin caHamambel. [maykoma 21-50% »xarmailina TeHETH-
KaJIBIK HETI3JICNITCH, IIayKOMaMeH aybIpaThlH HAyKACTApIbIH YPHAKTapBIHAA OCHl aypyIblH namy Kaymi 10 ecere
JKOFaphl OONATHIHIBIFBl AHBIKTAIFAH. BIpIHIIIIIK amibIK OYpBIITHl TIAyKOMa aypyblH TYIBIPATHIH MYTaIUsIIap
57xda muonmnmH OenorbiH kKoatailTeiH MYOC/TIGR xone 28 x/la ammMepili HMONMHMIENTHATI KoaTaWTeiH NTF4
TeHnepinae anpIKTanFal. by sxymeicta Kazakcran nomynsmusceiana MYOC/TIGR xone NTF4 rernepinaeri Mmyra-
OUSUTApIBIH Ke3Iecy JKHLUIITi aHBIKTay KapacTHIPBUIFaH. 3epTTeyre OipiHIIUIK amiblK OYpBINTH TIIayKOMaMeH
aybpIpaThiH 85 HayKac jkoHe Oakpuiay petinze 100 cay agammapiaH )KMHANFaH KaH YATUIepi KOJINAHBUIIBL 3epTTey
notmwxkecinge MYOC/TIGR reninneri T3531, D208E sxone NTF4 reningeri R206W myTtanusiiapsl MeH riiaykoma
aypybIHBIH JaMybl apachiHAa OainaHbICThIH O0MMauThIHABIFEL, an MYOC/TIGR reninnmeri R76K SNP wmyTtarusi-
CBIHBIH aTaJIFaH aypy/blH J1aMyblHa 9CEp €TETIH/ITT aHbIKTaJ/IbI.

Tyiiin ce3nep: BABI, nomumopdusm, MYOC/TIGR, NTF4.

K. B. Tineyaec, O. X. Xamauena, C. b. 3aiinanosa, I'. A. Koiimuekenosa, b. O. BekmanoB
PI'TI «ucTuTyT 00mIeii reneTrky u muronorum» KH MOH PK, Anvmarter, Kazaxcran

AHAJIN3 TEHOB MUOIIMJIMHA (MYOC) U HEUPOTPO®UH 4 (NTF4)
YV BOJIbHBIX TJIAYKOMOM B KASAXCTAHCKOM MONMYJISIIAA

Annotanus. [TepBryHas oTKpbITas riiaykoMa, siBJISIOLIascsl HanboJsiee pacpocTpaHeHHON (POPMOM TIIayKOMBI,
HUMCCT 60.]11)]_[106 COUAIIBHO-MCININHCKOEC 3HAYCHUE U ABJIACTCA OCHOBHBIM HaIlpaBJICHUEM Hay4YHbIX I/ICCJ'IeLlOBaHI/Iﬁ
B obOnactu odranemoiiorun. B 21-50% ciyuaer 3a00seBaHue 00yCIIaBIMBACTCS TEHETHYCCKH, & Y TIOTOMKOB JIFOJICH,
OoJeBIINX TIayKOMOH, pUCK 3ToH maTtonoruu B 10 pa3 Beimre. MyTanuu, BbI3bIBAIOIINE IEPBUYHYIO OTKPHITYIO Tiay-
KoMy, Obuti uneHtuuuuposansl B reHe MYOC/TIGR, KOTOpBIH KOAMpYeT OEJIOK, M3BECTHBIH KaK MHOLMINH
(57 x1a), u B rene NTF4, koropslii kogupyer aumepHbli nentun (28kD). B nanHOM mccnenoBaHuM MBI U3ydain
gactoTy MyTtammid B reHax MYOC/TIGR u NTF4 cpenn nHacenenms Kasaxcrana. MccienoBaHue MpOBOAMIOCH C
ydacTieM 85 MarueHTOB ¢ MepBHYHON riaaykomoii 1 100 denoBek B KauecTBe KOHTPOIBHOHM TpyIIBL. Pe3ynpTaTs
HAIIMX WCCIICIOBAHUHA MOKa3bBatoT, uTo moimMopdmsmer T3531, D20SE B reme MYOC/TIGR n R206W B rene
NTF4 cpenu nacenenus Kazaxcrana He BiausroT Ha nporpeccuto [IOVYT, rorna kak R76K SNP B renax MYOC/TIGR
MOXeET ObITh FeHETHYECKUM (DAaKTOPOM, KOTOPBIiA BIMSET Ha pa3BuTHe riiaykombl Tina [TOVT.

Kiarwuesnie cioBa: [1IOYT, nonmumopdusm, MYOC/TIGR, NTF4.
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STATE OF NATURAL FEEDING BASE OF FISH-BREEDING PONDS
BY BREEDING OF FINGERLINGSOF THE PIKEPERCH

Abstract. Thepurpose of this work was a determination of the level and the dynamic ofdevelopment the
phytoplankton and zooplanktonin experimental ponds which were used for breeding the fingerlingsof pikeperch in
polyculture with common carp and plant-eating carps. An importance of studying the level and the dynamic of
development the phytoplankton and zooplankton in ponds which were used for breeding the fingerlingsof pikeperch
in polyculture with common carp and plant-eating carps is substantiated. The methods of studying the level and the
dynamic ofdevelopment the phytoplankton and zooplanktonin experimental ponds are presented. The level of
phytoplankton and zooplanktonin experimental ponds in which was hold breeding the one-years of pikeperch from
the fingerlings,is shown. The composition of species, the level of development of phytoplankton and zooplanktonin
experimental ponds in different years of researchesis shown. The dynamics of the level of development of phyto-
plankton and zooplanktonin some months of the determined year of holding the researchesis shown. The fact that
holding of measures according to the stimulation of development the natural feeding base which are the using the
fertilizers etc. is influencing for increasing the biomass of organisms of zooplankton especially in the end of fish-
breeding season, is shown. The conclusions in which presented the dynamic of development of phytoplankton and
zooplankton of experimental ponds in different months of the year are given. The importance of hydrobiological
researches by breeding the one-years of pikeperch in fish-breeding ponds is shown. The recommendations according
to the results of researches the dynamic and biomass of phytoplankton and zooplankton are given. The period of
fish-breeding season in which holding the works according to the maintenance of biomass of phytoplankton and
zooplankton in fish-breeding ponds which are using for the breeding of one-years of pikeperch is recommended.

Keywords: phytoplankton, zooplankton, dynamicof development, fish breeding in ponds, one-years, pike-
perch.

Introduction. Currently, with the renovation of aquaculture as an industry in Kazakhstan, one of the
ways to develop fish-breeding enterprises, in particular pond farms, is the development of fish seeds
production for the needs of aquaculture with the aim of stocking natural reservoirs for the reproduction of
commercial populations, and also for growing commodity fish production.

One of the technological parameters in pond fish farming is the biomass of phyto, zooplankton and
macrozoobenthos by the cultivation of fish during the seasonof cultivation, on the basis of which it is
possible to obtain indirect information on the pond's nutrition, which allows to optimally plan the
measures to increase productivity, usually, up to a certain limit, with no additional expenses of feed. This
increases the economic efficiency of pond farming.

One of the new objects of aquaculture of Kazakhstan is the pikeperch. The high taste qualities of this
fish make it possible to export a significant part of the fillets to Europe. At the same time, the repro-
duction of stocks of pikeperch in reservoirs of the country is particular urgency. Studies of LLP "Kazakh
Science Research Institute of Fisheries" have shown the possibility of cultivation the pikeperch in carp
ponds in polyculture with two-years of carp and the herbivorous fish.

The state of the natural forage of ponds during the cultivation of pike perch is the great scientific and
practical interest.
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Material and methods

According to materials obtained by the farmers of Hungary, phytoplankton and zooplankton are most
great important for the fingerlings of pikeperch. The development of phytoplankton contributes to the
increase of the biomass of the smallest zooplankton (Rotatoria), and then of largest forms of forage
planktonic crustaceans (Cladocera, Copepoda) [1].

The materials for research were the compositionof species, abundance and biomass of phytoplankton
and zooplankton in experimental ponds used for growing the pikeperch in a polyculture with two-years
ofcommon carp, grass carp and silver carp.

The research of the state of phytoplankton and zooplankton of experimental ponds was carried out
using standard methods adopted in hydrobiological researches [2-5].

The state of the natural food supply of experimental ponds was compared with the growth of
pikeperch and the level of fish productivity [1, 6-20].

Results and discussion

Phytoplankton. According to the results of processing of samples taken in experimental ponds in the
spring-and-summer period of 2013-2014, 52 species of algae belonging to 6 divisions, among them:
Cyanophyta - 10, diatoms - 23, green - 12, pyrophytic - 3, euglenic - 3, golden - 1 species. The following
species of algae were dominant: N.gregaria, Achnanthes sp., C. vulgaris, P. achromaticum, C. meneghi-
niana, E. cordata, P. achromaticum, Trachelomonas sp. The minimum amount of algae occurs in ponds
was in May. In summer, in June and July phytoplankton in the ponds developed more intensively.

Dynamics of biomassof phytoplankton in experimental ponds in the 2013-2014 seasons is presented
in table 1.

Table 1 — Dynamics of quantitative development (biomass, g/m®) of phytoplankton in experimental ponds in 2013-2014

Algac 2013 2014
May June July August May June July August

Green algae - 0,040 0,250 0,020 0,085 0,015 0,020 0,030
Cyanophyta 0,020 0,155 0,225 0,001 0,008 0,045 0,039 0,055
Diatomaceous 0,065 0,955 2,00 0,855 0,050 0,900 0,645 0,400
Euglenic - 0,150 0,105 0,075 0,040 0,950 0,040 0,200
Pyrophytic 0,015 0,215 0,475 0,100 0,200 0,050 0,070 0,400
Golden - - - - 0,010 - - -

Average 0,100 1,515 3,055 1,051 0,393 1,960 0,814 1,085

In spring the phytoplankton poorly developed in two seasons. According to the terms of the
phytoplankton biomass in May the ponds were classified as low-grade nutrition -oligotrophic type.

According to the terms of biomass of phytoplankton in June ponds can be considered as reservoirs of
a moderate class of nutrition a-mesotrophic type.

In July 2013, the ponds in terms of the biomass of algae corresponded like the medium-grade
nutrition f-mesotrophic type.In July 2014, the ponds to the reservoir of the moderate grade nutrition were
likep-mesotrophic type. In August ponds by the size of phytoplankton biomass could be considered as
reservoirs of a moderate class nutrition a-mesotrophic type [5].

According to the "scale of trophy" byKitaevS.P.ponds in June in terms of phytoplankton biomass
corresponded like the middle class of nutritious, the B-mesotrophic type. In July and August nutrition
began to correspond to the moderate, and the type of reservoir wasa-mesotrophic [5].

The basis of phytoplankton biomass in June was like euglene algae (54.8%), in July was mostlyof
diatoms (56.9%), and in August pyrophyticalgae (55.5%). The taxonomic list of algae selected in
experimental ponds in 2015 numbered 62 species of algae belonging to 5 divisions. Among them: Cyano-
phyta - 14, diatoms - 22, green - 20, pyrophytic - 4, euglenic - 2. The dominant phytoplankton complex
is represented by the following species of algae: N. gregaria, C. meneghiniana, A. ovalis, C. vulgaris,

— 70 —
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C. undulatum ,Trachelomona ssp., E. cordata. The smallest number of algal species was recorded in May-
and-June and varied from 4 to 9 taxa. The taxonomic composition of algae varied from 13 to 21 taxa. In the
spring the phytoplankton was developed poorly, the biomass was low and varied from 0.265 to 0.691 g/m”.

The composition of dominant species varied during the summer period. So, in June pyrophyticalgae
(56%) dominated in the reservoir, in July dominated the diatoms (34.4%), and in August — the blue-green
algae (42%).

In June-July 2015, the biomass of phytoplankton (0.365-2.665 g/m’) corresponded to a moderate
class of nutritious, a-mesotrophic type. In June the basis of biomass was pyrophyte algae (71.4%), and in
July - diatoms (35.7%). In August the level of water supply increased to the middle class, and the type of
reservoir to P - mesotrophic type (when a number of biomass is 0.360-3.015 g/m’). The fundament of
phytoplankton at this time was diatoms (62%).

Zooplankton. According to the results of the hydrobiological survey in the period April-August
0f2013, the zooplankton of the experimental ponds is represented by 55 taxa from three main groups,
where 26 taxa are rotifers, 16 cladoceraand 13 copepods. In addition to zooplankton organisms, a large
number of facultative zooplankers have been found in the samples: ostracods, insect larvae, worms, hydra.

The greatest taxonomic diversity was found in the pond #3 - 43 taxa, 21 - rotifers, 12 - cladocera and
10 - copepods. In the pond #4, 31-16-9-6 taxa, respectively, were identified. The main background of the
zooplankton community in both ponds was (33-45% of the occurrence for the spring-summer period)
S. pectinata, A. sieboldi, L. ungulate, E. d. dilatata, C. laticaudata, S. mucronata, Ch. sphaericus and
M.leuckarti. In the pond No.3 they were supplemented with E. pyriformis, Br. q. melheni, D. macro-
phthalma, P. Trigonellus, in pond No. 4 - C. reticulate, N. incongruens.

In pond #4, the basis of abundance and biomass were the cladocera - 75.4% according to thenumber
of specimens and 84.3% according to the biomass. Production indicators per m® in the pond began to
grow from June to mid August, did not fall below 65.0 thousand individuals and 1.5 gper 1 m’, reaching
its peak in early July - 263.7 individuals and more than 9.0 grams per 1 m3, due to the mass development of
the cladocera crustaceans of the genus Ceriodaphnia, whose share in the total indices was from 30 to 94 %.

In the pond #3 the basis of abundance was copepods - 41.6%, biomass in the pond formed a
Cladocera - 48.2%. During the season, the largest production indicators were revealed in May, due to the
massive development of large representatives of the Cladocera crustaceans D. galeata, S. vetulus, S.
mucronata, and in the mid-period July-August, due to the development of large predatory rotifers of the
genus Asplanchna, C laticaudata and younger age stages of copepods (nauplii and copepods).

Hydrobiological analysis of the natural forage reserve of experimental ponds in the 2012-2014
seasons showed that zooplankton is represented by 55 taxa from three main groups, where 26 taxa are
rotifers, 16 cladoceraand 13 copepods. In addition to zooplankton, a large number of facultative
zooplankers - ostracods, insect larvae, worms, hydra, were found in the samples.

The determining role in the plankton of all the ponds during the vegetation seasons belonged to the
Cladocera crustaceans. Their stable dominance in the total mass of zooplankton in the experimental ponds
was noted.

Analyzing dynamics of development ofzooplankton during the season in 2012-2014, in experimental
ponds it is clear that after flooding of experimental ponds, the quantitative indices of zooplankter
abundance and biomass were identically low and were within 19.04-39.76 thousand individuals/m® and
0.355-0.827 g/m’, respectively.

The dynamics of quantitative indicators of zooplankton in experimental ponds in 2012-2014 is
presented in table 2.

For increasing the level of the natural food supply in ponds, intensification measures were carried
out, which stimulated the development of hydrobionts. The organic fertilizers (manure of cattle) were
brought at the rate of 2 t / ha; inorganic (ammonium nitrate at the rate of 20 kg/ha, superphosphate -
10 kg/ha); sheaves of the dried up aquatic plants (reed, cattail); culture of daphnia (1 1/ ha); fodder yeast
(1 kg/ha).

The results obtained after stimulation indicate a general tendency for the growth of quantitative
parameters, which reach their maximum in 2012-2014 in the first decade of May (129.1-246.6 thousand
individuals/m® and 3.817-5.46 g/m’, respectively). These indicators characterize the experimental ponds
during this period, as highly nutritious ponds [5].
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Table 2 — Dynamics of number and biomass of zooplankton in experimental ponds in 2012-2014

2012 2013 2014
Date thousand 3 thousand 3 thousand 3
individuas / m’ gm individuas / m’ gm individuas / m’ gm
14.04. 25,7 0,827 39,760 0,640 19,04 0,355
28.04. 89,5 1,738 10,90 0,126 29,860 1,485
15.05. 129,1 3,817 246,60 4,441 136,70 5,460
31.05. 101,0 1,864 65,970 1,763 63,50 2,189
14.06. 112,1 4,367 93,450 2,579 55,040 2,009
29.06. 129,1 3,817 87,920 3,071 53,0 1,962
15.07 155,5 2,163 84,511 2,823 31,68 1,660
30.07. 165,0 2,792 98,176 2,740 10,87 0,10
15.08. 76,5 1,349 17,10 0,382 8,80 0,069

On the parameters of quantitative zooplankton development in 2012 and 2013 in general, the level
ofnutritious of ponds washigh. In the season of 2014, the dynamics of zooplankters development
characterizes the ponds as medium nutritious level [5]. Probably the decrease in the quantitative indicators
of plankton is associated with the increase in the ponds of carp individuals. In 2014, the density of carp
seeds in polyculture with pike perch was 1000 pcs / ha. As we know, the zooplankton in yearlings of carp
is the main diet during the first half of fish-breeding season.

At the end of the season, the nutrition of all the ponds in 2012-2014 decreased. According to the
classification of feed, all the ponds during this period corresponded to low nutritious level [5].

According to the results of hydrobiological researches in the spring-and-summer period of 2015,
zooplankton in ponds of the Chilik farm was represented by 66 taxa from three main groups, where
32 taxa are rotifers, 16 cladoceraand 18 copepods. The main population of the zooplankton in both ponds
wered. girodi, A. sieboldi, A. brightwelli, L. bulabula, Br. c. amphiceros, D. macrophthalma, C. reticu-
lata, C. quadrangula, M. brachiata, S. mucronata, D. crassa, Ch. sphaericus, A. americanus and
M. leuckarti (57-100% of the occurrence in the spring-summer period).

If we consider by months, the largest number of species in the ponds was found in June-July, 46-
44 taxa, respectively, the smallest in August - 22 species. Quantitative development of zooplankton in
ponds is presented in table 3.

The basis of abundance and biomass in pond #3 generally were Cladocera crustaceans - 74.5 and
87.0% respectively. Throughout the growing season they prevailed in the community, but in the beginning
of June rotifers became the dominant group, where predatory rotifers of the genus Asplanchna (42.7%
abundance and 72.9% in biomass). During the season the highest production indicators were revealed in
the period from mid of June to mid of July, with a peak in mid of July (14,929-12,369-21,369 g/m’), when
the biological productivity of the pond reached a very high great eutrophic-hypertrophic type due to a
massive development of the cladocera crustaceans of the genus Ceriodaphnia (81.3-92.5-95% of the total
biomass). In May, a large number of facultative plankton organisms were noted in the samples, where
ostracods were most important, their share in the total biomass was about 26.0%.

The basis of abundance and biomass in the pond #4 was Cladocera crustaceans - 92.1 and 96.8%
respectively. The highest biomass indicators were detected in June - 22,121-22,627 g/m’ and in the middle
of July (32,528 g/m’), where the basis was composed by Cladocera of the genus Ceriodaphnia (97.4-98.0-
97.1% of the total biomass).

The basis of abundance and biomass in the pond #1 were Cladocera crustaceans - 74.5 and 87.0%,
respectively. During the vegetation period the maximum production parameters were revealed during the
period - the end of June to the end of July, with a peak in the middle of July (3.156-5.830-3.220 g/m’),
due to the mass development of the Cladocera crustaceans of the genus Ceriodaphnia and Moina (46.4-
53, 9-51.8% of the total biomass).
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Table 3 — Quantitative development of zooplankton in experimental ponds in 2015,
N — number, thousand specimens / m®, B — biomass, g/m3

Rotifers Cladocera Copepoda Total
Sampling day
N B N B N B N B

Pond #3
20.05 11,90 0,116 76,0 5,027 30,0 0,663 117,90 5,806
05.06 235,90 5,337 54,80 1,268 32,20 0,638 322,90 7,243
20.06 10,30 0,128 430,0 14,401 59,50 0,413 499,80 14,942
05.07 15,0 0,082 331,0 11,915 4430 0,249 390,30 12,246
20.07 20,60 0,091 500,0 20,757 38,0 0,511 558,60 21,369
05.08 1,20 0,021 96,0 3,407 10,30 0,263 107,50 3,691
Ai;edreafe 49,150 0,963 247,967 9,463 35,717 0,456 332,834 10,882

Pond #4
20.05 1,80 0,002 95,0 7,416 21,20 0,105 118,0 7,523
05.06 24,0 0,045 875,20 21,899 33,60 0,177 932,80 22,121
20.06 8,0 0,027 644,0 22,290 48,30 0,310 700,30 22,627
05.07 6,0 0,126 128,90 4,959 9,30 0,053 144,20 5,138
20.07 3,0 0,007 879,80 32,133 32,60 0,388 915,40 32,528
05.08 20,0 0,10 195,0 5,672 33,80 1,825 248,80 7,597
Ain Zr:fe 10,467 0,051 469,650 | 15,728 29,80 0,476 509,917 16,255

Pond # 1
12.06 15,20 0,070 23,50 0,711 6,20 0,030 44,90 0,811
27.06 22,60 1,052 39,80 1,545 25,20 0,559 87,60 3,156
12.07 59,0 1,619 80,40 3,301 45,20 0,910 184,60 5,830
27.07 23,30 0,388 56,30 1,856 22,0 0,976 101,60 3,220
12.08 9,20 0,216 33,0 1,257 32,60 0,197 74,80 1,670
Airlzrjfe 25,860 0,669 46,60 1,734 26,240 0,534 98,70 2,937

Pond # 5
12.06 2,40 0,005 213,60 5,306 30,60 0,350 246,60 5,661
27.06 42,60 1,514 48,40 1,80 14,40 0,609 105,40 3,923
12.07 34,0 0,649 69,60 2,548 39,90 1,190 143,50 4,387
27.07 64,0 2,325 122,0 4,769 52,0 0,995 238,0 8,089
12.08 12,0 0,245 87,0 3,726 52,0 1,139 151,0 5,110
Ain Zr:fe 31,0 0,947 108,12 3,630 37,780 0,857 176,90 5,434

The basis of quantitative parameters in the pond #5 during the study period were Cladocera
crustaceans - 61.1% by the number of specimens and 66.8% by biomass. The biomass of zooplankton
during the season varied from 3.923 g/m’ in late June to 8.089 g/m’ at the end of July, which corresponds
to high class of food level with the eutrophic type. Among the species dominated were the genus
Ceriodaphnia - 42,8%, rotifers of the genus Asplanchna - 16,2%, M.brachiata - 10,9%.

During the researchingperiod,Cladocera crustaceans dominated in all the ponds, among them the
crustaceans of the genus Ceriodaphnia, whose proportion in the total mass reached 98%.

Among studied ponds, #3 and #4 were the most productive in terms of zooplankton, where
the parameters ranged from a medium-class mesotrophic class to a very high-class hypertrophic. The
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productivity of zooplankton in ponds No. 1 and #5 was somewhat lower, the parameters varied from a
low-great oligotrophic class to a highly eutrophic type [5].

The need for increasing the level of zooplankton development in ponds, where pikeperch is grown, is
also indicated by Russian and Belarusian scientists [6-9].

Usually, an increase in the level of development of zooplankton in the first half of the hatchery
season is the key to improving the fish productivity of perch pike. In the second half of the hatchery
season, the zooplankton plays a secondary role as food. The main prey in this period of time is fish
juveniles [10-13].

As can be seen from the presented data, the greatest growth of phytoplankton biomass is observed in
the period "May-June", the greatest level of zooplankton development occurs in July, then, in August the
biomass of phytoplankton goes down.

Conclusions.

1) In general, based on the results of hydrobiological studies of natural forage base of experimental
ponds it is clear that the level of biomass of phytoplankton and zooplankton was optimal for pike perch
cultivation.

2) At the beginning of the fish-breeding season, immediately after filling the ponds, the level of
phyto- and zooplankton development is usually low. Taking into account the early stocking of pikeperch
in ponds, which grows in the conditions of pond farms in the South Kazakhstan at the beginning of May,it
is necessary to organize earlier filling of the ponds and carry out a set of measures to increase the level of
phyto- and zooplankton development.

3) It is necessary to support the development of phyto- and zooplankton in the first half of the
hatchery season. Further, the level of development of the natural forage of ponds is quite high.
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C. K. Koiimubpi0aeBa

TOO «Kazaxckuil Hay9HO-HCCIEIOBATENECKUI HHCTHTYT PHIOHOTO XO3SIHCTBAY,
Anmatel, Kazaxctan

COCTOSIHUE ECTECTBEHHOI KOPMOBOM BA3bI ITPY]JIOB
ITPU BBIPAINUBAHUU CETOJIETOK CYJAKA

Annotanus. Llenpro paboTsl ObUIO ONpenesieHne YpOBHsI U JUHAMHUKH Pa3BUTHsI (PUTOTUIAHKTOHA U 300TLIaHK-
TOHA B DKCHEPUMEHTAIbHBIX MPYJaX, 3aHIATHIX MO BbIpAIllMBAHUE CErOJIETOK CyJaKa B MOJHUKYJIbTYpE C KaprnoM U
pacTUTENLHOSATHBIMEU phiOamu. OOOCHOBaHA BaXHOCTh M3YYCHHUS YPOBHS Pa3BUTHS (UTO- W 300IUTAHKTOHA B TPY-
JlaX, 3aHATHIX O] BEIPAIIMBAHUE CETOJIETOK CYAaKa B IMOJUKYIBTYPE C KapIoOM U PacTUTCIBHOSIHBIMH PHIOAMU.
[IpencraBneHpl METOAWKH M3YYCHHUS YPOBHS M NWHAMHKH Pa3BUTHS (UTOIUIAHKTOHA W 300IDIAHKTOHA B DKCIIEPH-
MEHTaJBHBIX Tpynax. [lokasaH ypoBeHb pa3BUTHs (PUTO- M 300IUIAHKTOHA B SKCIIEPUMEHTAIBHBIX MpPYyAax, B KOTO-
PBIX TIPOBOAMIIOCH BEIpAIIMBAHHUE CETOJETOK CyJaka OT MOAPOIIeHHONH Monomu. [lokazaHBl BHIOBOH COCTaB, ypo-
BEHb PAa3BUTHS OPTaHU3MOB (DUTO- M 300IUIAHKTOHA SKCIEPUMEHTANBHBIX MPY/IOB B Pa3HbIE T0Ja IPOBEICHUS UCCIIe-
nosaHui. [lokazaHa qUHAMUKA YPOBHS Pa3BUTHSA (PUTO- U 300IUIAHKTOHA B OTACIHHBIE MECAIIBI ONPEIEIEHHOT0 T0/1a
npoBeneHusl uccienoBanuil. IlokazaHo, 4To MpPOBEAEHHE MEPONPHUATHI 10 CTUMYJSLMH Pa3BUTHS €CTECTBEHHOM
KOpPMOBOH 0a3bl (BHECCHHE YyAOOpPCHHMI M JIp.) OKa3bIBaCT HEMOCPEACTBEHHOE BIMSHHUC HA YBEIUYCHHE OMOMACCHI
OpPraHM3MOB 300IUIAHKTOHA, 0COOCHHO K KOHI[Y CE30Ha IKCIUTyaTallud PhIOOBOIHBIX MPYI0B. JlaHbl BRIBOJIBI, B KOTO-
PBIX Ope€ACTaBICHa AWMHAMHUKa pa3BUTHSA (l)l/ITO- 1 300IUIaHKTOHA 3KCHCPHUMCHTAJIBHBIX IMPYAOB MO MECALaM roaa,
MOKa3aHO 3HAYCHHE THUAPOOMOJIOTHYCCKUX HCCIICOBAHUI MpPU BBIPANIMBAHWU CETOJETOK cynaka B mpyaax. Ilo
pe3yibTaTaM UCCICAOBAHUA TUHAMHUKHA 1 OMOMACCHI (PUTO- M 300TUIAHKTOHA JaHBI PEKOMCHAINHU, B KAKOW ITEPHOJ
PBIOOBOIHOTO Ce30Ha Hamboliee IeNIecO00pa3HO MPOBOAMUTH PAOOTHI MO MOMICPKAHUIO OMoMacchl (Guto- U 300-
TUTAHKTOHA B PHIOOBOIHBIX TIPY/IaX, 3aHATHIX O BEIPAIIMBAHUE CETOJIETOK CyIaKa.

KiroueBble cjioBa: GUTOIIAHKTOH, 300IUIAHKTOH, JTUHAMUKA Pa3BHUTHS, MPYIOBOE PHIOOBOJICTBO, CETOJCTKH,
CyIaK.
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C. K. Koiimbi6aeBa
JKIIC «Kazax OanbIK mapyanIsUIbFsl FRUIBIME 3epTT€Y HHCTHTYTHD, AnMathl, Kazakcran

OCBI 7)KAJIBIK KOKCEPKE BAJIbIFbIH OCIPYIEI'T
TOFAHIAAPJBIH KOPEKTIK BA3ACBIHBIH TABUTU KYUI

AnHoTanus. JKyMBICTBIH MaKcaThl TYKbl MEH ILOINIEH KOPEKTEHETIH OabIKTaApMEH MOJIUKYJIBTYPa KaFIaibIH-
JIa OCHI Ka3/IbIK KOKCEpKe OalbIKTaphl 6CIPUITeH TOKIPUOESTiK TOFaHIapIarbl (PUTOILIAHKTOH MEH 300IUTAHKTOHHBIH
JlaMy IMHAaMHKachl MEH JEHIeiiH aHbIKTay Ooiubel. Makajama OCBI JKa3iblK KOKCEpPKe OaJbIKTapblH TYKbl MEH
IIeIIEH KOPEKTEHETIH OaJIbIKTapMeH Oipre ecipreH KesJleri ToFaHaapAbIH (PUTO- KOHE 300IIaHKTOH J1aMy JAEHIeiiH
3epTTey MaHBIABUIBIFEI KOpCeTiNTreH. ToxipuOenik ToFraHaapaarsl (UTOIIAHKTOH MEH 300IUIaHKTOH JIaMy JAWHAMHU-
Kachl MeH JISHIeHiH 3epTTeyIiH dmicTeMernepi KenTipinreH. OUTo- KoHe 300IUTAHKTOH JaMy ITWHAMHKACHL 3€PTTEN-
TeH TOXIpHUOETK ToFaHIapa OCHI JKaIbIK KOKCepKe OalBIKTaphl ocKeleH mabdak Ke3eHiHeH Oacran ecipinreH. Toxi-
pubenik ToraHzapAarsl OipHeIe KbUIABIK 3ePTTeY KYMBICTAphIH XKYPri3y OapbIChIHAAFB! (DUTO- )KOHE 300IUIAHKTOH
ar3aJIapbIHbIH J1aMy JIEHreli MEeH TYpJiK Kypambl kepceriireH. benrini Oip sKbuiiapia 3epTTey *KYMbBICTApbIH KYP-
Ti3reH Ke3eHAepaeri, )KeKeereH alnapaarsl GUTO- )KoOHE 300IUIaHKTOH AaMy AEHIeHiHiH ANHAMHMKAChl KOPCETUITeH.
TaOuru KOpEKTIK 0a3aHbl KOJNJAaH apTThIPYy VIINIH jKacaJaThlH il mapanap (THIHAWTKBIITAPABI cally KoHE T.0.)
TiKesel 300MJIaHKTOH OMOMaccachlH apTThIPYFa OH 9cep eTETIHIIKTEepl aHbIKTalFaH, acipece OalbIK OCipeTiH TOoFaH-
JlapAbl TaiiianaHy MayChIMBIHBIH COHBIHA Kapaid. KopThIHIbIAa TOXKIPHOETIK TOFaHAapaarsl (PUTO- )KOHE 300ILIaHK-
TOH J]aMy JMHaMHKachl aiiMa-ail KepCeTLIreH, TOFaHAap/a OChl JKa3ZbIK KOKcepKe OalbIFbIH ecipyaeri ruapoOuo-
JIOTHSUIBIK 3€pPTTEY )KYMBICTApBIHBIH MaHbI3AbUIBIFbI OastHIanFaH. DuTo- KoHE 300IIaHKTOH AWHAMUKAChl MeH OHo-
MAaCCAacChIH 3epTTey HOTWXKeJepi OOWBIHINA OANBIKTHI KOJIJAH ©Cipy MayCHIMBIHIA OCHI YKa3JbIK KOKCEpKE OalbIFBIH
ecipy O6aprICBIHAA (UTO- KOHE 300IUIAHKTOH OMoMaccachlH OipKeJKi opi TYpaKTHI €Till YCTal OTHIPY YIIiH KaXKeTTi
YCHIHBICTap OepisreH.

Tyiiin ce3aep: QUTOIIAHKTOH, 300IUIAHKTOH, JaMy AWHAMHKACHI, TOFaH OalbIK LIapyallblIbIFBL, OCHI XKaIbIK
OaTbIKTap, KOKCEPKE.
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STUDYING THE I/D ACE AND R/X ACTN ASSOCIATIONS
OF POLYMORPHISM WITH THE LEVEL OF PHYSICAL
PREPATIBILITY OF KAZAKHSTAN'S FOOTBALLERS
FOR DEVELOPMENT OF GENETIC AND
PHYSIOLOGICAL METHODS OF SPORTS SELECTION

Abstract. In this research work on the basis of molecular genetic analysis and the study of basic physiological
parameters, a correlation analysis was made between the genotypes of I/D ACE and R/X ACTN polymorphisms and
the level of physical fitness of Kazakhstan professional football players. The obtained results testify to the prospects
of using these polymorphisms for the development of genetic methods of sports selection.

Keywords: sports selection, molecular genetic markers, gene polymorphisms, physiological parameters, an-
thropometry, volumoscopy, bioimpedanceometry (Tanita), chronometry, lactometry.

Sports activities currently impose athletes high demands. In modern sports the great importance is for
technical and tactical readiness of the athlete, psychological readiness to overcome large sports strain.
Scientifically grounded search and selection of talented sports youth is a trend of the time and the main
task of sports selection, therefore the role of the trainer is very important, he is capable to reveal sports
opportunities of each individual and correctly organize training process. Important prerequisites that must
be taken into account during the coach sports selection: biological factors, especially morphology (phy-
sique), the type of nervous activity, the level of aerobic and anaerobic capabilities, the ratio of fast and
slow muscle fibers. The relevance of the problem of sports selection increases with renewed vigor, as the
available methods of sports selection are not effective enough and do not meet all modern requirements.
An important condition for the development of modern sports is a scientifically based search for talented
youth, which can handle large sports strain and high rates of sports improvement.

Thus, sports selection is a system of organizational and methodical actions including pedagogical,
psychological, sociological and medico-biological methods of research on the basis of which abilities of
children, teenagers and young men for specialization in a certain sport or group of different sports are
revealed [1].

Throughout the world, at the initial stage, the determining markers of predisposition to sports acti-
vities were: blood groups, body type, dermatoglyphics, the composition of muscle fibers, the type of
sensorimotor reactions and other phenotypic features. According to the history of sports selection, earlier
success of the athlete judged on the basis of studying of morphometric and physiometric parameters of the
individual [2]. Today genetics of physical activity develops rapidly, it includes sports genetics and some
areas of anthropogenetics and medical genetics. Molecular genetic studies allow to achieve the highest
success in sports, improve and help sports-orientation selection of young athletes, to optimize the level
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and intensity of training strain develop for each athlete a special diet, because success in any sphere of
human activity, including sports, depends on the genotype by 75-80%, and only 15-20% of success is due
to education, training level and all other environmental factors [3].

Expression of interest and the future success of the individual in a particular sport, depends largely
on the correct choice of sports specialization, in accordance with genetic factors possessed by the indi-
vidual. The most important thing is that after the birth of a child, it is possible to predict and diagnose its
future abilities and strong qualities, determine its future potential. For a sports-oriented selection of young
athletes, despite the long experience of the trainers and teachers very often are wrong, incorrect predic-
tions, subsequently, the athlete does not achieve considerable results in this sport, and it increases the risk
of genetically - determined diseases. Thus, sports genetics is a much-needed area of research, on the basis
of sports genetics will decrease the number of erroneous predictions, under the action of which many
athletes are faced with a serious sports injury, which ultimately can even lead to death [4].

Hereditary information has a great impact on the morphological and functional characteristics and
physical qualities of a person. The study of the degree of inheritance of various physiological parameters
of the human body, shows the variability of the influence of genetics on physiology and the more pro-
nounced hereditary effects on the signs of the body, the greater their account should be in sports selection.
The greatest hereditary conditionality is revealed for morphological indicators of an organism, smaller for
physiological parameters and the smallest for psychological parameters.

The most significant influence of inheritance on the following morphological features: longitudinal
body size, volume size, body composition. The value of the coefficient of inheritance is the highest for
bone tissue, less for muscle and the lowest for fat.

For physiological indicators revealed significant genetic conditionality, including most of the
metabolic characteristics of the body, aerobic and anaerobic capabilities, the ratio of fast and slow fibers
in the muscles, the volume and size of the heart, the characteristics of ECG, systolic and minute volume of
blood at rest, heart rate during exercise, blood pressure, lung capacity and vital signs, the frequency and
depth of breathing, minute volume of breathing, blood cholesterol, ESR and others.

The most psychological, psycho-physiological, sensor-motoric indicators placed under the expressed
genetic control: rate of information processing, IQ coefficient, temperament, motor and sensor functional
asymmetry and others. According to the results of scientific-research works, the fast movements that re-
quire specific rate of nervous system are affected by genetic control, high lability and nervous processes
mobility, also development of organism’s anaerobic abilities and the presence of fast fibers in skeleton
muscles. Thus, the most trainable physical features are agility and general endurance, the less trainable —
rapidity and flexibility.

The knowledge of hereditary influence level on morpho-functional traits of human and his physical
features give possibility during sports selection to lean on indexes, which are under genetic control, i.e
more perspective and less changeable during training [5].

On the example of a number of European and Asian countries, we can see that sports results largely
depend on the achievements of sports genetics. In developed countries, where sports genetics have long
been recognized, there are high sporting achievements. World leaders in this area are the United King-
dom, Australia, China, Germany. Unfortunately, sports genetics is just beginning to develop in Kazakh-
stan. The use of ready-made commercial panels of genetic markers is impractical without studying the
genotypic characteristics of domestic athletes, since sporting opportunities are determined by the interac-
tion of the genotype with the ethnic background, specific living conditions (geography) and lifestyle.
Therefore, to begin with, it is necessary to develop a panel of genetic markers applicable to the analysis of
domestic athletes by testing the association of candidate genes with existing sports achievements and then
become a real scientifically-based preparation of elite athletes for international competitions.

Kazakhstan's entry into the international sports arena and tough competition in all sports require new
approaches to the development of physical culture and sports of the country. As foreign practice shows,
the growth of sports achievements in Kazakhstan will not be possible without careful research and use of
scientific developments, primarily sports genetics.

In accordance with the above, this study examined the association of polymorphisms I/D ACE and
R/X ACTN with the level of physical fitness of football players in Kazakhstan for further development of
educational and methodological approaches to determining the predisposition of students and school-
children to various sports.
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Materials and methods

The work was performed on the basis of the laboratory of Molecular genetics RSE "Institute of
General Genetics and Cytology" MES RK (Almaty). To conduct the research, an agreement was reached
with the "Institute of sport in KazAST" on the collection of biological samples for molecular-genetic and
physiological study. Thus, an experienced group consisting of 23 high-level football players was formed.
Participation in this research was voluntary, all participants were familiarized with the main objectives of
the research, completed questionnaires and signed informed consent to participate in the study. For each
studied the questionnaire was composed and subsequently each athlete was taken buccally scraping from
the inside of the cheeks.

DNA isolation. DNA from buccal scrapings was isolated using a kit of reagents for DNA extraction
from clinical material "AmpliPrep DNA-Sorb-B", according to the manufacturer's protocol. The quantity
and quality of the isolated DNA were estimated by a spectrophotometer, horizontal electrophoresis in
1,4% agarose gel. DNA samples were stored at -20°C and -80°C.

PCR. To detect polymorphisms of ACE I/D and ACTN R/X, the PCR method was used. Ampli-
fication was carried out in 20 pul of the total volume of the mixture containing 50 ng of genomic DNA.
10 pl 2xPCR Master Mix (0.05 U/ul TagDNA polymerases, reaction buffer, 4 mM MgCl,,0.4 mM of
each dNTP (Thermo Fisher Scientific, USA) and 5pM of each primer. The following optimal conditions
were selected for PCR: initial denaturation of 3 min at 95°C followed by 35 amplification cycles at 95°C
for 30 sec., 56°C for r577x ACTN; 60°C for 2871/D ACE - 30 sec., 72°C 1 min and a final cycle of 72°C 7
min. PCR products were analyzed in 8% polyacrylamide gel and 1.4% agarose gel followed by visua-
lization in passing UV light. The variants of genotypes were determined by the size of the allele-specific
fragments: 2871/D ACE 190 pb — 287D allele and 480 bp — 2871 allele. For the study R577X ACTN has
set the restriction and fragmentation at the sites: 86 bp, 97 bp, 108 bp, 205 bp. PCR-RFLP mixture
includes the PCR-product, buffer Tango, restrictase Ddel and H,O.

Methods of statistical processing of results. Significance level (p) was determined using Chi2 and
student's t-test and Chi-square test for degrees of freedom = 1 using the Calculator software for statistical
calculation in “case-control” studies (http://www.tapotili.ru) with the additional amendment of Yates,
provided for small samples. Differences between groups were considered statistically insignificant at
p>0.05. To calculate OR and CI 95% used online calculator Medical statistics [6] and Biometrics [7].

Results and their discussion

The results of molecular genetic analysis of polymorphisms in genes 2871/D ACE and R577X
ACTN of Kazakhstan football players. Gene ACE (angiotensin-1 converting enzyme-ACE) mapped in
locus 17g23.3. More than 100 allelic variants of this gene are known, of which the most important in
relation to physical activity is I/D polymorphism. Much attention paid to the study of the influence of
muscle activity on the physiological parameters of the body in connection with the various allelic variants
of ACE. Thus, a high correlation was established between the increase in the mass of the left ventricle of
the heart after endurance training with an increased level of ACE in the blood and the D/D genotype. The
association of its strength with D allele of ACE gene was established in the force training of the thigh
quadriceps muscle [8].

These data were later confirmed in the measurement of isometric and isokinetic strength of this
muscle in carriers of the genotype D/D [9].

Genotype I/l is associated with low activity of ACE gene and increased athletic endurance, human
predisposition to successful sports aimed at the development of endurance and resistance to hypoxia in
high altitude conditions. Carriers of genotype I/I have the greatest endurance. Also genotype I/l is
associated with a higher percentage of type 1 fibers (slow-cutting fibers), which are more effective at
long-term physical activity than fast-cutting type 2 fibers. Carriers of genotype I/l have the greatest
endurance. The probability of age-related macular degeneration (the main cause of vision loss in old age)
is 4.5 times lower than in groups with the genotype D/D and I/D. This genotype in most cases prevails in
the group of stayers. Genotype I/l is the most favorable for such sports as marathon running, long distance
swimming, skiing, biathlon, mountaineering, football, rugby, basketball, sports, martial arts that require
endurance [10, 11]. Genotype D/D, on the contrary, is associated with higher activity of ACE gene and
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manifestation of speed, strength and coordination abilities of sportsmen. The level of angiotensin-
converting enzyme in carriers of genotype D/D increased in 2 times compared with genotype 1/1. People
with genotype D/D have lower stamina and they are not recommended excessive exercise. Carriers of
D/D genotype have a risk of developing a large number of pathologies, in particular, such as myocardial
infarction, arterial hypertension, hypertrophic cardiomyopathy. The effectiveness of muscle training in
carriers of genotype D/D in 2 times lower than in individuals with genotype I/I. There is also a high risk
of developing nephropathy in patients with diabetes [12, 13].

People with a heterozygous variant of I/D genotype have both variants of the gene and are carriers of
the complex variant of the genotype and, as a rule, have good endurance, strength and speed. However,
due to the presence of D allele, individuals with heterozygous ACE gene are not recommended excessive
prolonged physical activity [14].

The distribution of genotypes according to the studied polymorphism of ACE gene (I/1, I/D, D/D)
among athletes is indicated in figyre 1. In the research group were detected homozygous genotype 2871/1
ACE gene. The frequency of homozygous genotype 287D/D of gene ACE (speed-strength qualities, coor-
dination capabilities) amounting to 30.4 %. The frequency of heterozygous variant 2871/D of ACE gene
(endurance, strength, speed, the presence of type 1 muscle fibers — slowly decreasing) was 69.6 %.

e

Figure 1 — Distribution of genotypes by the studied polymorphism of ACE gene (I/1, I/D, D/D) among the studied sportsmen

Our data confirmed the literature sources on the highest occurrence among athletes of complex
heterozygous and the most favorable genotype I/D compared with homozygous variants [10, 11].

Thus, the analysis of the polymorphism association 287 I/D ACE in the group of young Kazakh
professional athletes confirmed the trends noted by other scientific studies in the analysis of different
populations.

ACTN3 gene is the first gene of the structural protein of skeletal muscles a-actinin-3, for which the
connection with the manifestation of physical qualities of athletes, and genotypes ACTN3 — one of the
factors affecting the normal functioning of muscles. The product of the ACTN3 gene is responsible for the
synthesis of a-actin-3, which is the main component of the Z-lines of muscle sarcomeres, which
determines the development of fast type 11 muscle fibers. The ACTN3 gene is located in the long arm of
11 chromosomes (11q13-q14), consists of 20 exons and 19 introns.

Most people (6% in Africa, 19% in Europe, up to 25% in Asia) are homozygous for the X-allele
polymorphism R577X of this gene [15].

As a result of replacement in 16 exons there is a stop codon, blocking the process of broadcasting
iRNA, which leads to a deficiency of a-actinin-3. As a result of mutation, a-actin-3 is replaced by a-actin-
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2, which leads to a decrease in the speed and power parameters of the athlete. R gene allele - presence of
arginine — Arg amino acid at position 577 of ACTN3 protein amino acid sequence. Gene X allele-
designation of the terminal codon (stop codon)-Ter at the position 577 of the amino acid sequence of the
protein ACTN3.

The R allele is more frequently diagnosed in athletes in sports that require explosive speed and
power. Therefore, the carrier of R allele of ACTN3 gene, the presence of alpha-actinin-3 protein in skele-
tal muscles, gives an advantage in the performance of speed-power strain, the energy supply of which is
carried out by anaerobic mechanisms of ATP resynthesis. Carriers of genotype R/X is able to achieve
good results at medium ranges and in sports that require a combination of speed, power and endurance.
The X allele is prevalent in athletes who to achieve good results need endurance.

1. R/R (alpha-actinin-3 is present in sufficient quantities in muscle fibers);

2. R/X (alpha-actinin-3 is present in fewer muscle fibers than the RR genotype);

3. X/X (deficiency of alpha-actinin-3 in skeletal muscle).

Low frequency 577XX-genotype among athletes compared to the control indicates that in the process
of sports selection has been the screening of athletes, whose muscle cells contained this myofibrillar
protein.

Among skilled and highly skilled athletes discovered significant decrease in the percentage of
XX-genotype in the group of speed-power kinds of sports and athletes involved in sports requiring
endurance. Thus, functionally active a-actinin-3 (genotypes R/X and R/R) provides certain advantages for
different types of human physical activity [16].

The distribution of genotypes according to the studied ACTN gene polymorphism (R/R, R/X, X/X)
among Kazakhstan’s athletes given in the figure 2. The frequency of homozygous genotype R/R of the
ACTN gene was 21.7 %. The frequency of homozygous genotype X/X of ACTN gene was 30.4%. The
frequency of occurrence of heterozygous variant R/X of ACTN gene (alpha-actinin — 3 is present in
muscle fibers in smaller quantities, compared with the genotype R/R, rather good aerobic endurance, high
speed-power abilities) was 47.9%.

ACTN gene

Figure 2 — Distribution of genotypes according to ACTN3 (R/R, R/X, X/X) gene polymorphism among studied athletes

In the studied group of players, the most common are heterozygous variants of genes, which indicate
the joint activity of favorable alleles. Due to the fact that the specific nature of football requires speed-
strength qualities and a lot of endurance, that is the predominance of the heterozygous genotype in the
studied group is expected and justified.
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Association of genetic and physiological parameters of athletes. Most of the known performance
parameters, both aerobic and anaerobic are important for the work of the players and achieve high results.
So, on the one hand, the duration of the football match is more than 90 minutes, which indicates a high
proportion of the aerobic mechanism, and on the other hand, short-term spurts are essential for the out-
come of the match, in which the anaerobic source of energy is also crucial.

For the successful development of athletes training in terms of selection and projection is required
2 factors: genetic dispositions for adequate choice of sports specialization, style of competitive activity;
multistage sampling at every stage of many years of training, taking into account genetically inherent in
the athlete's speed of adaptation to specialized strain. High training, reducing the time of preparation of a
highly qualified athlete, allows to perform biological (preservation of his health), social tasks (victory in
competitions) and to achieve the high economic effect of the training process.

The examined athletes in terms of BMI body mass index were divided into two groups: control
(model indicators included athletes with BMI < 20 at the age of 19-24 years, BMI=20-25 at the age of
25-34 years) and the case (players with BMI indicators that do not match the model).

Limits from 75 to 80 ml/kg were taken as a norm for such physiological parameter as a Life index (LI).

Also on the basis of the received data, the coefficient of speed endurance — CSE which indicators are
shown in table 2 was calculated. The control group included athletes with CSE model indices 63% and
more, other players joined the group — case. Therefore, there is a need to strengthen measures for the
development of high-speed qualities of football players.

On such an important physiological parameter, such as lung capacity, the control group included
athletes with LC=5100 and above, with LC to 5100 ml — group case.

On muscular weight, the athletes who were included in group — control had muscular weight 36 and
above (good data), and in group a case < 36.

Regarding lactate, one of the main and indicative physiological indicators, measurements were made
after 1 min., 3 and 5 minutes after exercise. The quantity of lactate after 5 minutes was taken as an indi-
cative measurement. Above 15.3 mmol/l indicates an increased content of lactate, anaerobic endurance.

The volume and fullness of any function is determined by the possibility of energy exchange. Scien-
tific research in the field of clinical and sports physiology has established that one of the parameters that
most accurately reflects the state of energy processes in the body is the metabolite of glycolysis-lactate.
When performing the limiting short-time strain the high athlete performance is characterized by a high
level of concentration of lactic acid. Peak lactate values after 1, 3 and 5 minutes of recovery ranged from
15.3 to 21.3 mmol/l. These data indicate the high anaerobic performance of athletes. It should also be
noted that the maximum lactate levels were recorded at different times during the recovery period. High
concentration of lactic acid at rather low test indicators testifies to the lowered aerobic working capacity
of athletes.

On all studied physiological parameters athletes were divided into groups control and a case (table 1).
The distribution of genotypes by polymorphisms studied in the formed groups is presented in table 1.

Table 1 — Distribution of genotypes by polymorphisms 287 I/D ACE, R577X ACTN in groups of athletes

Ne | Parameters Genotypes ACE ACTN
(number of people) /1 I’'D | DD | RRR | R/X | X/X
Control 0 3 4 3 6 3
1 BMI (BMI < 20 at the 19-24 ages, BMI =20-25 at the 25-34 ages)

Case 0 6 2 2 3 3
) LI Control — (normal limits 75 — 80 ml/kg.) 0 5 0 1 3 1
Case 0 9 6 4 6 5
3 CSE Control (athletes with model indexes of CSE 63% and >) 0 5 3 2 6 0
Case 0 9 3 3 3 6
4 LC Control (LC=5100 and >) 0 10 6 3 8 5
Case (LC to 5100 ml) 0 5 0 2 1 2
Lactate Control (<15.3 mmol/l) 0 4 1 0 3 2
5 Case (>15.3 mmol/l) 0 9 3 5 4 3
6 Muscle Control (36 and >) 0 3 3 1 4 1
bulk Case (< 36) 0 11 3 4 5 5

— g2 ——
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Table 2 — Polymorphism associations of 2871/D ACE, R577X ACTN with physiological parameters

ACE gene
Parameters I/D polymorphism
Control Case %2 p OR CI

I allele 0,333 0,375 1,20 0,32-4,50

BMI 0,073 0,787
D allele 0,667 0,625 0,83 0,22-3,12
I allele 0,50 0,30 0,43 0,10-1,85

LI 1,319 0,251
D allele 0,50 0,70 2,33 0,54-10,10
I allele 0,312 0,375 1,32 0,35-5,05

CSE 0,165 0,685
D allele 0,688 0,625 0,76 0,20-2,90
I allele 0,312 0,50 2,20 0,52-9,36

LC 1,167 0,280
D allele 0,688 0,50 0,45 0,11-1,93
I allele 0,40 0,375 0,90 0,20-4,08

Lactate 0,019 0,891
D allele 0,60 0,625 1,11 0,25-5,04
I allele 0,250 0,393 1,94 0,43-8,79

MB 0,754 0,385
D allele 0,750 0,607 0,52 0,11-2,33

ACTN gene

R/X polymorphism
Control Case x2 )4 OR CI

R allele 0,50 0,438 0,78 0,22-2,77

BMI 0,150 0,698
X allele 0,50 0,563 1,29 0,36-4,58
R allele 0,50 0,467 0,88 0,21-3,66

LI 0,033 0,855
X allele 0,50 0,533 1,14 0,27-4,79
R allele 0,625 0,375 0,36 0,10-1,33

CSE 2,406 0,121
X allele 0,375 0,625 2,78 0,75-10,26
R allele 0,438 0,50 1,29 0,31-5,33

LC 0,120 0,729
X allele 0,563 0,50 0,78 0,19-3,23
R allele 0,30 0,583 3,27 0,67-15,82

Lactate 2,267 0,132
X allele 0,70 0,417 0,31 0,06-1,48
R allele 0,50 0,464 0,87 0,22-3,36

MB 0,043 0,836
X allele 0,50 0,536 1,15 0,30-4,47

The results of statistical analysis of the Association of polymorphisms of ACE 2871/D, R577X ACTN
with physiological parameters using the Yets’correction are presented in table 2. Outlines the following
trends: the D allele is associated with lower performance of LI, the I allele with less indicators of CSE,
LC, MB.

In respect of ACTN gene polymorphism, the R allele correlated with high levels of lactate and less
with LC, the X allele with increased BMI, with the worst performance of CSE. However, it should be
noted that due to the small sample data are not statistically significant, it is necessary to further study on a
larger number of athletes to obtain more reliable data.

Thus, in this paper, a cohort for the study was formed, consisting of 23 players of professional level
and an electronic database was created for the study group according to the survey data. Polymorphic loci
of ACE 1/D and ACTN R/X genes are genotyped in this cohort.

Due to the small number of control and experimental samples, the obtained data are not statistically
significant, but it can be concluded that heterozygous variants of genes are the most common in the study
group of football players, which indicates the joint activity of favorable alleles. Athletes in the presence of
heterozygous genotype for both genes have both good aerobic and anaerobic performance, due to the
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presence of slowly contracting and rapidly contracting muscle fibers, characterized by an optimal
combination of speed-strength and endurance.

Thus, our data confirmed previously identified genetic conditionality of many physiological
parameters, including most of the metabolic characteristics of the body, aerobic and anaerobic
capabilities, the percentage of fast and slow fibers in the muscles and others. This proves the necessity of
multi-stage selection of young athletes on the basis of complex testing and analysis of their genetic and
physiological parameters.
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THE PROBLEM OF UNUTILIZED AND BANNED PESTICIDES
IN KAZAKHSTAN (review)

Abstract. The article presents a review about the problems of obsolete and dangerous pesticides in the world
and in Kazakhstan. The huge production of pesticides, including persistent organic pollutants (POPs), it’s excessive
supply by agro-industrial companies, the socio-economic restructuring of entire agricultural infrastructure in CIS
countries associated with the liquidation of collective farms, and processes of land privatization led to the accumu-
lation of tons of obsolete pesticides in the global scale. Unutilized pesticides are stored in dilapidated or destroyed
warehouses, and they can get into the environment with rain, wind, floods, landslides and fires. The contradictory
results of obsolete pesticides inventory in Kazakhstan indicate that a scientific approach is necessary for a careful
analysis of contamination foci and the development of methods for reclamation of territories contaminated by pes-
ticides. According to the World Health Organization (WHO), active ingredients of some pesticides represent a risk
of acute influence on health. Among the 57 pesticides which were approved for use in the country, 29 pesticides are
hazardous. In this regard, it is necessary to take measures to stop the import of severely hazardous pesticides and do
the utilization of banned POPs.

Key words: obsolete pesticides, unutilized pesticides, reclamation, environment.

Introduction. The industrialization of the agriculture has increased the chemical load on natural
ecosystems. Intensive chemicalization of agriculture has led to an increase in yields, but, at the same time,
to the pollution of the environment by pesticides and other chemical compounds. The use of pesticides is
claimed by the commercial interest of industrial agricultural production. Pesticides are used to control
insect pests (insecticides) and various parasites, plant diseases, pathogenic fungi (fungicides), weeds (her-
bicides), warm-blooded pests of seeds and grain products (zoocides), wood, as well with transmitters of
dangerous human and animal diseases. For today it is necessary to ascertain the economic feasibility of
using in agriculture the chemical plant protection products and to forecast further increase of their
imports, expansion of the sphere of application and rapid renewal of the assortment. For example, in
Cameroon, tomato yield losses from pest and diseases are high and can reach 100%, if the crop was not
treated by insecticides [1].

In the world, the use of pesticides and the volume of pesticide production are increasing from year to
year. Approximately 2.3 million tons of industrial pesticides are used annually. This is due to the need of
maintenance the food for the growing world population [2]. For example, 13.1 kg/ha of pesticides are
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used in Japan, 59.4 kg/ha - in the Bahamas, 8.8 kg/ha — in the Netherlands. In Argentina, Bangladesh,
Thailand, Brazil, Chile, China and Canada, more than 20 million kilograms of pesticides were used an-
nually between 1990 and 2012 [3].

Although areas of agricultural land were decreased between 2011 and 2015, the volume of chemical
plant protection products application was not reduced Currently, the area of agricultural land in Kazakh-
stan is about 21 million hectares. Specific application of pesticides per 1 hectare of agricultural land has
increased almost 2 times (from 0.29 kg/ha in 2011 to 0.52kg/ha in 2015). During this period, the annual
volume of introduced pesticides varied between 10 and 11 thousand tons. A total of 51,154.7 tons of
pesticides were introduced in the last five years [4].

Hazardous pesticides. According to the World Health Organization (WHO), "hazardous pesticide"
is defined as a pesticide that represents the risk of acute influence of Human health. In recent years, the
term " highly hazardous pesticides" (HHP) has been expanded to include not only pesticides with acute
toxic effects, but also those pesticides that cause serious chronic effects on human health. Scientific data
on chronic health effects of pesticides are constantly being updated by WHO/UNEP. The active sub-
stances of pesticides affect the endocrine system and have a carcinogenic effect. Among them - pesticides
from the lists of the Stockholm Convention on POPs and the Rotterdam Convention.

Due to official data, only drugs permitted for use are imported into Kazakhstan. But nevertheless, it
turned out that out of 57 pesticides the active substances of 29 pesticides are classified as hazardous
according to the PAN list (Pesticide Action Network list dated by January 16, 2009; table 1).

These dangerous preparations were widely used in 2003-2012 to control pests, diseases and insects.
During the comparison of the list of pesticides allowed in EECCA (Eastern Europe, Caucasus and Central
Asia) countries with the list of OOP (Object-oriented programming) prepared by IPEN, from 32 names in
Ukraine to 10 in Belarus were found up. Conducted studies present only approximate information on the
OOP. Therefore, it is necessary to take measures to stop the import and use the highly hazardous pesti-
cides. What is their quantity on the territory of our country? And what is their real danger? This issue
remains open.

One of the most dangerous pesticides are persistent organic pesticides (POPs). POPs are chemicals
that contain chlorine, carbon and hydrogen. POPs are the group of toxic chemicals that gather in the envi-
ronment, accumulate in the fatty tissues of living organisms and humans, causing irreparable health
disturbances. POPs are not destroyed in the environment for a long time, transported by air and water
masses over long distances, far from the original pollution site [5, 6].

In 2001, the Stockholm Convention was developed by world community concerned with the crucial
state of environmental pollution by persistent organic pollutants. The main aim of the Stockholm Conven-
tion, which was signed by 151 countries. is to limit or stop the production and use of all intentionally pro-
duced POPs, i.e. chemicals and pesticides. The Convention also provides the progressive minimization
and, as far as possible, the final cessation of unintentionally produced POPs releases, such as dioxins and
furans. Implementation of the Convention will lead to the fact that the production and use of POPs will be
discontinued, their stocks will be disposed, and, what is especially important, the introduction of new
POPs into the environment will be prevented. Kazakhstan joint to this Convention, therefore, undertaking
the obligations not to produce, not to use, or destroy stocks of chemicals deemed particularly hazardous to
life.

12 chemical substances, of which 9 are pesticides (DDT, aldrin, dieldrin, endrin, chlorodan, hep-
tachlor, mirex and toxaphene) came under the jurisdiction of the Convention. The list of POPs is con-
stantly enriched with new substances. For example, at the fourth meeting of Parties of the Conference,
which was held in 2009, nine additional chemicals were included to POPs list, including five pesticides
(chlordecane, a-hexachlorocyclohexane, B-hexachlorocyclohexane, lindane, pentachlorobenzene). To the
state of 2013, the list of POPs included 14 names of organochlorine pesticides [7]. In 2015, the list
included brominated flame retardants and associated with them precursors as perfluorinated alkylated
substances [8].

The persistent organic pollutants (POPs), are particularly dangerous among call chemical pollutants
of the environment [9, 10]. The POPs problem has recently become particularly acute among a number of
global environmental threats. POPs compounds are difficult to decompose and accumulate in living orga-
nisms. POPs are transported over long distances through air, water, and the insects, birds and migrating
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Table 1 — Pesticides, which were included in the list of highly hazardous pesticides (2009)

Name Classification Active substance Toxic effect
Pesticides from the class of organophosphorus pesticides
Dursban Insecticide Chlorpyrifos Very toxic
Sumithione Insecticide Fenitrothion Carcinogen category 1
Quikfos Fumigant Phosphine Very toxic
Nurell-D Insecticide Cypermethrin Carcinogen, toxic
Phosphamide Insecticide Dimethoate Carcinogen category 1
Pesticides from the class of organochlorine pesticides
Daconyl Fungicide Chlorothalonil Carcinogen, toxic
Sportak Fungicide Prochloraz Bioaccumulative, toxic
Diphezan Herbicide Chlorsulfuron Bioaccumulative, toxic
Dual Herbicide Metalochlor Bioaccumulative, toxic
Cross Herbicide Chlorsulfuron Bioaccumulative, toxic
Oktigen Herbicide Chlorsulfuron Bioaccumulative, toxic
Trophy Herbicide Acetochlor Carcinogen category 1
Trophy-super Herbicide Acetochlor Carcinogen category 1

Pesticides from the class of synthetic peritroids

Buldock Insecticide Beta-siflutrin Very toxic
Fastak Insecticide Beta-siflutrin Very toxic

Kinmiks Insecticide Beta-siflutrin Very toxic

Politrin Insecticide Cypermethrin Possible carcinogen
Sherpa Insecticide Cypermethrin Possible carcinogen
Karate Insecticide Lambda-cyhalothrin Endocrine system destroyer
Ustad Insecticide Cypermethrin Possible carcinogen
Cyrax Insecticide Cypermethrin Possible carcinogen

Cytcore Insecticide Cypermethrin Possible carcinogen

Rovikurt Insecticide Permethrin Carcinogen category 1

Atilcord Insecticide Cypermethrin Possible carcinogen
Decil Insecticide Deltametrin Endocrine system destroyer

Pesticides from the class of metal-containing compounds
Methyl bromide Insecticide Methyl bromide Carcinogen category 1

Pesticides from the class of simm-triazine pesticides

Gezagard-50

Herbicide

Prometrin

Carcinogen category 1

Lentagran -Comby

Herbicide

15% atrazine

Carcinogen category 1

Pesticides from a new class of imidazoline pesticides

Pivot

Herbicide

Imazetapir

Toxic

warm-blooded animals contribute to it. Even in small doses, POPs pose a real threat to human and nature.
POPs are slightly soluble in water and are highly soluble in fats (oils), that’s why POPs accumulate in the
fat tissue of living organisms. Their POPs concentration can increase in thousands and tens of thousands
of times moving along the food chain.

Persistent organic pesticides are characterized by the following features:

— they remain in the environment for a long time until their full decomposition;
— they transmitted over long distances, even to areas far from thousands of kilometers from their

emission sources;
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— they are accumulated in the tissues of all living organisms penetrating with food, drinking water or
atmospheric air;

— they poison human and animals, causing a wide spectrum of toxic disturbances;

— they have a mutagenic, teratogenic or carcinogenic effect;

— they can also concentrate as they move along the trophic chain: "soil - plant - animal - human" lo-
cally increasing the accumulation level in the body.

The ratification of the Stockholm Convention by the Republic of Kazakhstan shows that the country
turned to integration into the worldwide process of cooperation in the field of human health care and im-
prove the environment quality (The Law of the RK was ratified on June 7, 2007, Ne 259-I1I). Kazakhstan
took obligations not to produce, not use, and also dispose the stocks of chemicals that are considered
especially dangerous for human life. Kazakhstan is a member of international cooperation and legislative
acts of the Republic of Kazakhstan in the field of environmental protection:

— Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their
Disposal. Ratified by the Law of the RK on February 10, 2003. Ne 389-1I;

— Rotterdam Convention on the procedure of preliminary informed agreement on separate hazardous
chemicals and pesticides in international trade. Ratified by the Law of the RK on March 20, 2007;

— Instruction "On the procedure for disposal or destruction of proscribed and degraded pesticides and
packaging", 1996;

— the laws "On Environmental Protection", "On Subsoil and Subsoil Use, 1997;

— President of the Republic of Kazakhstan issued a decree "On the concept of ecological security of
the Republic of Kazakhstan for 2004-2015, - 2003;

— Ecological Code of the Republic of Kazakhstan, Law of the Republic of Kazakhstan Ne 212-I1I.
2007.

Obsolete pesticides. Pesticides become obsolete and undesirable when they are not suitable for use
because of: unsatisfactory storage conditions that lead to damage or change in chemical composition or
loss of product properties; expiration of the shelf life; prohibition of use and other changes relating to
product registration and permit for its use [11].

The huge production of pesticides, including POPs, it’s excessive supply by agro-industrial com-
panies, the socio-economic restructuring of entire agricultural infrastructure in CIS countries associated
with the liquidation of collective farms, and processes of land privatization led to the accumulation of tons
of obsolete pesticides in the global scale [12, 13]. According to the International HCH & Pesticides Asso-
ciation, the exact amount of obsolete pesticides in the countries of the former Soviet Union has not been
established and data vary greatly [8]. In 2007, the quantity of obsolete pesticides in Belarus amounted to
6558 tons, and 20,000 tons were inventoried in frame of the project GCP/RER/ 040/EU. In 2005, the re-
gistered quantity of obsolete pesticides for Uzbekistan was 17,718 tons, but later the UNEP/POPs/INC.5/1
project reported about 40,000 tons. It is known, that in the Russian Federation stocks of obsolete pestici-
des, which left over from the Soviet times, usually located near the former collective farms, and often in
the vicinity of remote villages or forestry [14]. In Ukraine, a preliminary inventory has identified mo-
re than 3,000 pesticide stores, including nearly 2,000 destroyed warehouses, in which stored about
33,000 tons of obsolete pesticides [15].

In Kazakhstan, pesticides with properties of POPs have never been produced, they are not currently
imported or exported. Export and import of POPs containing pesticides are prohibited in accordance with
the legislation of the Republic of Kazakhstan. But, significant amounts of previously produced POPs,
which were used in the former USSR, have been stored in Kazakhstan. The main sources of pollution by
POPs in Kazakhstan there are:

1) obsolete and unusable pesticides (including those with POPs properties) in agriculture;

2) equipment containing PCBs (polychlorinated biphenyls) used in industry and transport;

3) use in industry of technologies leading to unintentional release of dioxins and furans;

4) the formation of dioxins and furans in the process of open burning.

Foci of soil pollution by residues of POPs containing pesticides are numerous and chaotically
distributed throughout the country. Only 20% of the country's territory covers the sites of POPs containing
pesticides inventory [4]. Due to the lack of a full-scale inventory in the Republic of Kazakhstan, data on
the number of storage facilities, as well as on the quantity and quality of obsolete pesticides, are contra-
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dictory. For example, according to one data there are 974 warehouses, 411 of which are in an emergency
condition [16]. According to other information [17], there are 1280 warehouses, out of them in emergency
condition - 236. The Department of environmental protection in Almaty region considers that 87 tons of
obsolete pesticides are subject to utilization, whereas, according to the Ministry of Agriculture, only
126 tons should be destroyed [17]. According to UNEP (data of 2004), in result of inventory of obsolete
pesticides, in Kazakhstan, more than 1,500 tons of banned, unusable pesticides and their mixtures of
unknown composition were registered. 2008 data indicate that their number reached 10,000 tons [18, 19].

According to the Ministry of Agriculture RK data, reported in July 2012, about 6,931.4 tons of
obsolete, banned and unsuitable for use of pesticides are still stored in warechouses of various regions of
the country [19].

During the inventory, done in 2009-2010 in the frame of the scientific international program, 64
storage facilities of plant protection chemicals were detected in 10 districts of Almaty region. There were
accumulated 68443 kg of obsolete and unusable pesticides. Among them, there were 350 kg of prohibited
pesticides (saifos, metaphos), 35543 kg of pesticides with etiquettes and 32550 kg of pesticide mixtures of
unknown composition, that consists 79% from total number. There were detected the pesticides from the
classes of simm-triazine (atrazine, protrazine, propazin, ziazin), organophosphorus (saiphos, metaphos),
chlorine-containing (nitrophene and illoxane), fluorine-containing (treflan), thio-carbamate (temik), as
well as pesticides of German and Chinese origin (50% Thirams and Hataonyag).

POPs containing pesticides were not detected during this inventory. However, the results of orga-
noclorine pesticides determining in soil samples, which were taken around 64 former storage facilities of
pesticides, have demonstrated that soil around 24 former repositories was contaminated by metabolites of
2,4 DDD; 4,4 DDD; 4,4 DDT; 4,4 DDE and isomers of hexachlorane (a.-HCH, -HCH and y-HCH. The
most polluted regions were Eskildinsky, Talgar, Karasai, Enbekshi-Kazakh districts. The main pollutants
were lindane, (-isomer of hexachlorane and metabolites 4,4'DDE and 4,4'DDT. In addition to these
metabolites, in soil samples from many regions, there were a-HCH, 4,4-DDD and 2,4-DDD. According to
normative documents of Kazakhstan, their presence in the soil is unacceptable [20, 21]. It is known that
they are highly toxic agents with expressed skin-resorption toxicity. They cause mutagenic, antimitotic
and embryotoxic effects [22].

Despite an inventory based on official figures by the Ministry of Environment of the Republic of
Kazakhstan, Ministry of Agriculture of the Republic of Kazakhstan, non-governmental organizations and
the Republican Sanitary-epidemiological Station Agency for Health Affairs of the Republic of Kazakh-
stan, unfortunately, at present there is no complete information on the use of pesticides in our country.

The causes:

— no complete information on the use of pesticides in our country; no waste management strategy in
the state scale;

— absent irrational agriculture management methods, which have become the norm for farms and
enterprises,

— insufficient regulatory framework;

— lack of economic incentives for the liquidation of waste disposal sites

— no the objective scientific information on the extent of soil contamination with obsolete pesticides,
the locations of the former warehouses of chemical plant protection products in different geographical
zones of Kazakhstan;

— no the modern laboratory capable of identifying a mixture of obsolete pesticides at the level of
international standard;

— no the reliable data on what classes of obsolete pesticides and in what quantities were not buried
and disposed of in various region of Kazakhstan.

Impact of obsolete pesticides on the environment. The vast majority of pesticides are poisonous
chemicals that poison the target organisms. First of all, the potential danger of pesticides for the environ-
ment is explained by the fact that the overwhelming majority of synthetic chemical substances are un-
natural. Among all pollutants of nature, the synthetic chemicals are ranked in top ten. They are con-
sciously introduced into the biosphere by a human. And, the scale of introducing of synthetic compounds
to the nature increases.
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Growth inhibitors and sterilizers, substances causing infertility are also used as pesticides. Under the
pesticides influence, some of the biological reactions are stopped, and this allows to human fight the plant
diseases, keep food longer, and destroy pests [9]. But a significant decrease of such products qualities as
trace element compositions, usefulness and consumer health safety are not taken into account. As a result,
the destruction of biocenoses in areas where pesticides are used become the global problem [9, 10].

Unlike other pollutants (radionuclides, heavy metals, etc.), the real danger of pesticides is not fully
understood. This is because pesticides are the hundreds of active substances and tens of thousands drugs.
The methods of their analysis in the environment are complex, expensive, laborious, imperfect and not
always reliable. The lack of information on pesticides ecotoxicological properties is the main reason for
their danger. The long-term environmental consequences of pesticides usage have not been studied yet.
Analysis of research results regarding the pesticides genetic activity in model test systems has shown that
many of them are mutagens [23-25]. Of the 400 studied pesticides, 262 substances (65%) showed the
mutagenic activity at any test objects. We should understand that pesticides mutagenicity has a tendency
to increase with more number of test systems used because of pesticides synergistic effect [25].

The main problems associated with the use of pesticides in agriculture are their resistance in soil and
toxicity to non-target organisms [26] that expresses even at low concentrations [27].

The large-scale use of chemicals to support agriculture adversely affects human health and the
environment, depletes the natural resource agriculture base because 60-95% of introduced pesticides do
not directly suppress objects, thereby damaging the environment [28, 29].

The doses of a number of pesticides used in agriculture are similar to chemical mutagens, which
cause a negative genetic effect. Thus, when studying 407 pesticides for mutagenicity, 263 of them had
mutagenic activity and represented a genetic hazard [30].

Posing specific biological activity, pesticides cause not only the death of those organisms against
which they were applied, but also cause disruption of vital processes of other organisms, including
humans, animals and plants [31, 32]. Genetic examination of persons who have professional contact with
pesticides has shown that many pesticides (ciram, zineb, TMTD, benomyl, polychloroprene, polychlo-
rochamber, katoran, etc.) significantly increase the frequency of chromosomal aberrations in peripheral
blood lymphocytes in people contacting with pesticides [24, 33].

Pesticides are widely used in agriculture because they can save up to 40% of the crop from losses.
However, due to violations of storage technologies and usage, up to 95% of introduced pesticides do not
reach the suppressed targets and cause the huge damage to the environment. Application of pesticides
without taking into account the natural and climatic conditions of the territories under treatment, the
violation of the pesticides management protocols, including rejection of necessary safety measures,
creates the serious problems, such as - reducing biodiversity; the death of wild animals and livestock,
poisoning; violation of natural control over the different pests quantities; accumulation of a significant
amount of obsolete unusable chemicals which are the dangerous sources of environmental pollution; the
ingestion of pesticides residual amounts in feed and food; contamination of surface and ground waters.
The contaminated food, feed and drinking water are the main sources of pesticide intake into the human
body.

The main problem of contaminated soils is the danger to human health from accidental contamination
of polluted soil. This is acute question, especially for children. Concern for human health and the envi-
ronment is mainly related to the long-term effects of certain substances. Endocrine disorders, violations in
reproductive function and carcinogenicity are the most often noticeable long-term effects [27].

Long-term effects of pesticides, especially at low doses, and their possible synergism with other
environmental pollutants and disease transmitters have been poorly studied due to the relative novelty of
most pesticides. However, metabolites of pesticides that remain in food cannot cause the toxic or lethal
effects, but they reduce the resistance to diseases and gradually accumulate in the body to a dangerous
level [34].

Mutagenic activity of pesticides is one of the most dangerous manifestations of negative influence on
human health and its offspring. In the past 10 years, research of pesticides effects on human health has
been actively conducted [32-37]. It was proved that some pesticides are carcinogens and cause the
development of various cancer types [32, 38]. Pesticides often cause allergies, diathesis and respiratory
diseases [39, 40]. Many pesticides are associated with the neurodegenerative diseases development
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[32, 35, 41, 42], such as Alzheimer's and Parkinson's. Endocrine diseases [34], problems of female and
male reproductive systems [43, 44], type 2 diabetes mellitus [45], metabolic syndromes and obesity, deve-
lopmental disorders [45] are not a complete list of pesticides impacts on human health. The congenital
malformations, which constitute an essential part of the overall morbidity and mortality, are the most
serious deviations in children health status. The intrauterine effect of some pesticides increases the risk of
lung diseases development in future of child, while the risk of the disease in children increases in direct
proportion to the concentration of the pesticide in the mother's blood during pregnancy. Harm from
pesticides to children's body is manifested in hyperactivity in children (ADHD), autism.

Multiple effects of pesticides on public health were the reason of fact, that in 2017, UN experts
announced the falsity of the claim that pesticides should be used to ensure food safety. Data on 200,000
fatal poisonings by pesticides per year and evidence of permanent contact with pesticides is associated
with a wide range of diseases, developmental disorders and sterility were presented [46].

Polish scientists A. Buczynska and 1. Szadkowska-Stanczk [47] studied the impact of pesticide re-
lease on the population living near these places and assessed their impact on health. Out of the 286 pes-
ticide discharge sites in Poland, 40 were selected as the largest source of environmental hazard. In one of
the investigated sites, the level of exposure of 2,4-D to the population caused nephrotic and hepatotoxic
effects, as well as reproductive disorders. Studies have shown that, even four years after the discharge site
was closed, the content of pesticide residues in groundwater was still high.

In today's world, threats to ecosystems and biodiversity are multidimensional: from localized loss of
habitats from pollution to the global consequences of climate change. Existing environmental risks from
obsolete pesticides stocks are soil degradation, migration of pesticides from contaminated soil to ground-
water; contamination of surface waters, migration of pesticides to air by volatilization; the spread of pes-
ticide dust or pesticide-contaminated soil particles by wind and large-scale spreading as a result of natural
and emergency disasters such as hurricanes, earth-shaking and flooding.

Recultivation of territories contaminated by obsolete pesticides. Cleaning the soil from obsolete
pesticides is a complex and expensive process. As usual, obsolete pesticides are burned in high-tempe-
rature furnaces, or buried in special burial grounds. These large-scale and costly rehabilitation technolo-
gies are all-effective. But in developing countries, they are not available due to limited financial resour-
ces. Despite this, in the frame of ASP program (2003), a large quantities of pesticides were completely or
partially destroyed in a number of African countries (Egypt, Namibia, Niger, Senegal, Seychelles, South
Africa, Sudan, Tanzania, Uganda, Zambia) in Eastern Europe and in some countries of the former USSR
[48].

Moldova was one of the first countries of the former Soviet Union which considered its legacy of
obsolete pesticides [49]. Since 2005, this country has been active in the utilization of obsolete pesticides
with the support of the Global Environment Facility/World Bank (2006-2010). About 3,350 tons of obso-
lete pesticides were repackaged, of which 1,292 tons were burned in high-temperature ovens abroad. In
2011-2012, an additional 200 tons of obsolete pesticides were burned in the Czech Republic.

In Armenia, 7100 tons of POP wastes in the form of highly polluted soil, 1050 tons of POPs contai-
ning pesticides and 12.7 thousand tons of other obsolete pesticides were burned in high-temperature
furnaces. Tons of soils which less polluted by POPs were buried with the support of FAO. Within the
framework of the Arctic Council's Action Plan for the Elimination of Arctic Pollution, about 2000 tons of
POPs pesticides were repackaged in North-West Russia [14]. In 2010-2013, 10000 tons of hexachloro-
benzene from the west of Ukraine was transported to Poland and Germany for burning [50]. Along with
physical methods, expensive chemical tools are used, such as immobilization or soil washing. But they are
not suitable for large-scale soil restoration activities [51-53].

However, for many CIS countries, including Kazakhstan, the issues of the obsolete pesticides
utilization remain open. Taking into account the dangerous of obsolete pesticides and the need of their
utilization or disposal, certain legislative acts have been accepted in Kazakhstan [53]. Despite these mea-
sures, the problem of pesticides utilization remains topical.

There are main reasons:

— lack of management and objective scientific evidence on the degree of soil contamination by
obsolete and unusable pesticides in various geographic areas of Kazakhstan;
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— there is no reliable data on the location of the destroyed warehouses, where previously, before 1991
(before the collapse of the USSR), pesticides including POPs were stored.

The agrarian sector is dominant in Kazakhstan. The regions supply agricultural products (vegetables,
fruits, meat, milk, etc.) not only in large megacities and its neighborhood, but all industrial and rural
districts of Kazakhstan. Obsolete pesticides sites are dangerous sources of environmental pollution. And
the urgent measures should be taken to characterize them and then eliminate them.

In this connection, since 2018, within the framework of the MES KN RK scientific-technical pro-
gram “Comprehensive assessment of unutilized and banned pesticides impact on genetic status and health
of population of Almaty region” (BR05236379), a cadaster of obsolete stocks and locations of former
storage pesticides is being developed. The program implementation plan based on usage a multi-level
approach including: detection of POPs decay products in soil, water, agricultural products; testing it for
mutagenicity/genotoxicity in model experiments; reveal the genetic effects on living systems of different
organization levels; test the population health status; conduct the molecular genetics and cytogenetic
analysis of population, estimate the genetic risk for human health and future generations, and develop the
practical and preventive recommendations. Thus, the complex evaluation of long-term influences of
obsolete pesticides to the biocenoses and components of the human food chain will be obtained taking
into account the health risk to population living in the Talgar district Almaty region.
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A. A. Hyp:xanosa', 3. A. Hnenora’, JI. B. I[)lcaﬂcyrypona3, C.T. Hecrepora’, H. B. Muts’,
A.A. )K¥521H0B32, P. K. )Kanﬁac033, M. X. Eaﬁmanon3, Y. H. Kanmmena“, III. K. BaXTuﬂpOBa",
3. M. Xycannosa®, O. I'. Yepenunuenxo, A. C. Mycaesa®, 3. A. Illagenosa’, b. O. Bekmanos®

'KP BFM FK «OciMaikTep OMOIOTHSCH KoHEe OMOTEXHOIOTHUACH HHCTUTYTHD», AnMaTsl, KazakcTas,
2KP BFM «on-®apabu aTeiamarel Kazak yiITTHIK yHEBEpcHTET», Anmatsl, KazakcraH,
3KP BFM K «Kanms!l reHeTrKa koHE IIUTOJIOTHSI HHCTHTYTHD», AnMathl, KazakcraH,
*KP BFM FK «Aam skoHe xanyapiap (GpU3HOIOrHACH HHCTHTYThI», Anmathl, KasakcTan

KA3AKCTAHJIA ECKIPTEH IECTUIIAATEP MOCEJIECI (moay)

AnHoTanusi. Makanaza anemzeri xone Kazakcrannarsl eckipreH )KoHe KayillTi ECTULMATEPIIH Maceienepine
onebueTTik moiynap skacanraH. [lecTunuaTepiH, OHBIH iIIHAE TYPaKThl OpraHUKaIbIK Jactarbimurapasiy (TOJI)
IIaMagad THIC KOITEN OHIIPUTyi, arpOOHEPKACINTIK KOMITAHUSUIapABIH MIEKTEeH ThIC KonmaHysl, TMJl ennepinze,
oHblH imiHne Kasakcranma aybul IMIapyallbUIBIK HHOPAKYPBUIBIMABI KYPalTBIH KOJIXO034ap MEH COBXO3/apHbIH
XKaObUTYBI skoHE JKepai JKeKeme APy KYMBICTaphl €CKi KOJIIaHBUIMaFaH MeCTHIUATEPIIH YIKEH KeJIeMIe KIUHAK-
TayblH TYABIPIBL. Byil xkapaMchl3 necTHIHMATep Ka3ipri ke3ae Oy3bUIFaH KoMManap/a cakTanyga )KoHe Oap ChIPTKBI
opTara JKayblH CyJaphl, XKell, Cy TacKbIHBI HeMece OacKajlapbl apKbUIBI Tapamybl MyMKiH. Ecki mectunmarepni
WHBEHTapH3aLusiay OOWbIHIIA KapaMa-Kapchl HOTKEIEPIiH 00ybIHa OailylaHbICThI JIACTaHFaH aiiMaKTap/Abl Tauaay
’KOHE TONBIPAK KYHAPJIBIFBIH KaiiTa KajIlblHA KeNTipyre FhUIBIMU TYPFbIIaH amaiiap Kaxer. Ecki nectuuuarepmeH
Karap Kasipri Kes3le KOJAaHbLUIATHIH MecTHuuarepnid e3in Jlynuexysurik Jlencaynpik Cakray ¥itbivmer (JJJICY)
ajiaM JIeHCcayJIbIFbIHA Kayill KelTipeTiHiH kepceTin oTelp. Kasakcran PecnyOnukackinaa KojaHyra pykcar eTiireH
57 mectunua TYpiHiH 29-bI KayinTi men caHamaabl. OcbiFaH OaiilaHBICTHI, KAYINTi JEM TaHBUIFAH MECTHIUATEPII
IIETTEH 9KEJIyre THIHBIM cally Kepek.

Tyiiin ce3aep: ecki MeCTHOUATED, KAYINTI MECTUIHATEDP, TONBIPAK KYHAPIBIFBIH KaiiTa KaJIbIHA KENTipy, KOp-
IIaFaH OpTa.

A. A. Hyp:xanosa', 3. A. Huenosa’, JI. b. Ixkancyryposa’, C. I'. Hecreposa®, H. B. Murts’,
AL A. )Kyﬁaﬂonaz, P. K. 7Kan6ac01;3, M. X. Baﬁmaﬂon3, Y. H. Kanmmena“, . K. BaXTMﬂp0B34,
9. M. XycanHOBa3, O.T. IIepe;umqemco3, A.C. MycaeBa3, J. A. Illagenosa’, B. O. Bekmanos®

1«I/IHCTMTyT ouonioruu u ouotexHooruu pactenuiiy KH MOH PK, Anmarsi, KazaxcraH,
2 L .
«Kazaxckuii HarMoHaNbHBIN yHHBepcuTeT uM anb-Oapadm» MOH PK, Anmarsl, Kazaxcran,
3«I/IHCTI/ITyT o6mieit renetrku U nuronorum»y KH MOH PK, Anmarel, Kazaxcras,
‘«MHcTUTYT DU3HOIOrHH YenoBeka 1 xkuBoTHRIX» KH MOH PK, Anmartsr, Kazaxcrau

ITPOBJIEMA YCTAPEBIIUX INTECTUIIUAOB B KAZAXCTAHE (0030p)

AnHoTanms. B cratee npencrasieH JMTepaTypHbIid 0030p 0 mpobiemMax yCcTapeBIINX M ONACHBIX [TECTUIHIOB
B MHUpe, B ToM unciie Kazaxcrane. OrpoMHOe IPOM3BOJCTBO MECTHLUIOB, B TOM YUCJIE CTOMKHX OPraHMYECKHX 3a-
rps3auTeneit (CO3), upe3mepHas 3aKyNKa arpONpPOMBIIUICHHBIMH KOMITAHHUSMH COLUAIEHO-IKOHOMHYECKAs TIepe-
CTpPOI¥iKa, CBSI3aHHbIE C JIMKBHALMEH KOJIX030B U COBX030B, IPHBAaTH3AIMEH 3eMellb, a TAK)Ke BCeH HHPPACTPYKTYPHI
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cenbekoro xozsicTBa ctpaHax CHI', B Tom uncine KazaxcraHe mprBeno K HAKOIDICHUIO TOHHBI YCTAPEBIINX ITECTH-
IIUJIOB B T700abHOM MacmTabe. YcTapeBIIie MeCTUIMIBI XPAHATCS B BETXUX MO0 pa3pyHICHHBIX CKIAAaX, U OHH
MOTYT TION3JIaTh B OKPY’KAIOLIYI0 Cpely C JIOXJIEM, BETPOM, B PE3yJIbTaTe HABOJHEHHH, OMOI3HEH M MOXKapoB.
[TpoTuBOpeUMBLIE PE3yNbTAThl MHBEHTAPU3AMN YCTAPEBIINX MECTHUIUIOB B CTPAaHE CBHIETEIBCTBYIOT O TOM, YTO
HeoOXOUM HAay4HBIH IOIXOJ Ul TIIATENbHOIO aHAJIM3a OYaroB 3arpsA3HEHHS U pa3paboTKe METOMOB PEKyJlb-
TUBALUU TEPPUTOPHH, 3arpsI3HEHHBIX yCTapeBIIUMHU NecTUlMAaMu. Hapsangy ¢ ycrapeBmIMMU NmeCTHIHAAMH CPEIU
UCIIOJIb3yEMbIX MECTUIMIOB coriacHo BeemupHoii opranuszanuu 3npaBooxpanenus (BO3) neiicTBytomnye BeliecTsa
HEKOTOPBIX MECTULUAOB MIPEACTABIAIOT PUCK OCTPOTO BO3JEHCTBHA Ha 310pOBhE UenoBeka. Cpenu paspelieHHbIX K
MIPUMEHEHUIO 57 HaUMEHOBAaHUH TECTUIMIOB B CTpaHe JACHCTBYIOIIEE BEIECTBO 29 mpenapaToB OTHOCATCS K OIac-
HbIM. Heo0x0nMo IpUHATH MEPHI 110 MPEKPALIEHUIO UMITIOPTa 0CO00 ONACHBIX NECTHIIN/IOB.
KiroueBble cj10Ba: yCTapeBILUE NECTULHIBL, OIACHBIE NECTULUIBL, PEKYIbTUBALMS, OKpPYKaIOIas Cpeaa.
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BIODIVERSITY OF DIATOMS ALGAE
OF ALAKOL LAKE
AND ITS SYSTEMATICS

Abstract. In Kazakhstan, there are many specially protected natural territories: nurseries, national parks, reser-
ves, sanctuaries, wildlife areas, natural monuments, botanical gardens established for the preservation of biological
diversity of the state. In many of those areas, the scientists-florists conducted scientific research related to the
inventory of vascular plants. Despite the substantial interest for the study of flora, the research into their diversity in
various natural communities is insufficient, especially the flora of water reservoirs. The algae of water reservoirs
remain studied to a small extent.Nevertheless recently we have conducted the study of algae flora in the specially
protected natural territories of various regions of Kazakhstan. In the article, the authors provide research data’s for
the first timeinvestigate of the algal flora of Alakol lake, which flows through 15 rivers (the Urzhar, the Katynsu, the
Emelkuisa, the Yrgaity, the Zhamanty, the Zhamanotkel, the Tastu etc.). The found seaweeds were divided into:
1-systematic division, 3-classes, 13-orders, 23-families, 103-species and species belonging to 41-genures. Biodiver-
sity of specially established types of seaweed has developed and modern taxonomy has been created. In the studied
lake of the algae are found cosmopolitan species in different areas [2-5]. Most of the species listed here are of the
plankton bacterial species and some species are of benthos.

Key words: algae, plankton, benthos, systematics, lake Alakol.

Introduction. TheLake Alakol is a saline drainage lake located on the Balkhash-Alakol lowland,
which is located on the border of the Almaty and East Kazakhstan regions, in the eastern part of the
Balkhash-Alakol Basin.More than 15 tributaries flow into the lake, of which the main are the rivers
Urzhar, Katynsu, Emelkysa, Ygrajty, Zhamanty, Zhamanotkel, Tasty.The area of the lake (with islands) is
2696 square kilometers. The volume of water is 58.56 cubic km. Length-104 km. Width-52 km. Average
depth-22 m. The greatest depth is 54 m.The length of the coastline is 348 km.

Together with the lakes Sasykkol, Uyaly, Zhalanashkol and others, smaller, they form the Alakol
lake system.In the center of Alakol, there are islands: Ulken, Kishkeni Araltobe, Belkuduk, etc. The
climate of the coast is sharply continental. A complex wind regime is observed above the lake. The ma-
ximum wind speed over the northern parts of the lake reaches 40-50 m/s, over the southeastern and cen-
tral 50-60 m/s. The most active winds in the autumn-winter period, when the wave height can be up to
2-2,5m.

The duration of freeze-up is about 2 months (February-March). The largest thickness of ice is 0.8 m
(in February). Melting ice-April-early May. The water temperature reaches +7+ 15°C in late May.
Mineralization of water in the water varies from 1.2 to 11.6 g/l. The composition of water is chloride-
sodium and chloride-sulfate-sodium. In the waters of the Lake Alakol, the high content of fluorine and
bromine. In 1994, the Parliament of Kazakhstan ratified the Convention on Biological Diversity, thus
affirming its desire to preserve the unique richness of nature. A real step towards the implementation of
these documents was the creation in 1998 of the Alakol State Reserve.
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Material and methods

The material of this article is selected 2016-2017. During the summer expedition time, a species was
collected from different points of the Alakol lake. Along the collection of algae, meteorological condi-
tions of the water, air and water temperature were determined. The water depth is determined by the Sekki
disk, water ph- universal indicator paper. The water temperature showed the sample at 22°C, and the
water was Ph-7.5.In the course of the work, commonly known classical methods of hydrobotanics and
algae were used. To determine phytoplankton samples is a specific examination by M. Gollerbach and
B. N. Polyansky, also by the method of N. P. Masiuk and others use Apshtain netting with diameter 45 cm
is filtered by plankton grid number 76 [1, 2]. The collected material was fixed there in 4% solution of
formalin and 96% etanol. During harvesting, the algae type, color, colony, etc. p. signs are logged.
26 algae samples from plankton, periphyton, and benthos were collected from the lake. Diatomic algae
preparations are investigated by heating. Formalin-treated material is coated with glass and heated in the
electric cooker. Final preparations are used to identify the types of algae diatoms. Organic cleaning of
algae piglets is carried out by firing in strong acids [6-13].

In the identification of species, light microscope MBI-3 and binoculars were produced using a
computer program with the binoculars Motic BA 400 microscope, and the size of the cells was obtained
by using an ocular micrometer.

Results and discussion

As a result of processing algae samples collected from Lake Alakol, analysis of algae obtained from
the lake was investigated and modern systematic groups were identified. They are as follows:

1-division (Baccillariophyta), 3-klass (Baccillariophyceae, Coscinodiscophyceae, Mediophyceae),
13-order (Thalassiophysales, Aulacoseirales, Naviculales, Cymbellales, Cocconeidales, Stephanodiscales,
Licmophorales, Tabellariales, Surirellales, Fragilariales, Rhopalodiales, Bacillariales, Mastogloiales),
23- family (Catenulaceae, Aulacoseiraceae, Cymbellaceae, Naviculaceae, Cocconeidaceae, Stephano-
discaceae, Ulnariaceae, Tabellariaceae, Gomphonemataceae, FEntomoneidaceae, Rhopalodiaceae,
Fragilariaceae, Amphipleuraceae, Bacillariaceae, Mastogloiaceae, Neidiaceae, Pinnulariaceae, Pleuro-
sigmataceae, Achnanthidiaceae, Achnanthaceae, Surirellaceae, Stauroneidaceae, Rhoicospheniaceae),
41-genius (Amphora, Aulacoseira, Brebissonia, Caloneis, Cocconeis, Cyclotella, Cymbella, Cymbo-
pleura, Craticula, Ctenophora, Diatoma, Encyonema, Entomoneis, Epithemia, Fragilaria, Frustulia,
Gomphonema, Hannaea, Halamphora, Gyrosigma, Hantzschia, Mastogloia, Navicula, Neidiomorpha,
Neidium, Nitzschia, Odontidium, Pinnularia, Pleurosigma, Planothidium, Platessa, Placoneis, Rhoico-
sphenia, Rhopalodia, Staurosira, Ulnaria, Surirella, Synedra, Tabularia, Tryblionella, Stauroneis)the
species belong to interdisciplinary forms with the following, 103 - species [13-20].

Type of the Alakol lake algae

Ne Name of species Ne Name of species

1 Amphora. eximia J.R.C. 13 Cym. cistula (Ehr.) O.Kir.

2 Am. ovalis (Kiitz) Kiitz. 14 Cym. cymbiformis C.Ag.

3 Am. lineolata Ehr. 15 Cym. affinis Kiitz.

4 Am.ambigua (Grun.) Sim. 16 Cym. affinis var. neoprocera W.Silva.

5 Brebissonia lanceolata (C.Ag.) R. 17 Cym. helvetica Kiitz.

6 Caloneis latiuscula (Kiitz.) CI. 18 Cymbopleura inaequalis (Ehr.) Kr.

7 Cal. westii (W.Sm.) Hen. 19 Craticulaambigua (Ehr.) D.G.Mann in Round.
8 Cal. amphisbaena (Bory) Cl. 20 Ctenophora pulchella var. lacerata(Hust.) Buk.
9 Cal. amphisbaena var. subsalina (Donk.) Cl. 21 Cten. pulchella (Ralfs ex Kiitzing) D.M.

10 Cocconeisplacentula var. euglypta (Ehr.) Grun. 22 Diatomamoniliformis (Kiitz.) D.M.Wil.

11 Cyclotella meneghiniana Kiitz. 23 Encyonemaleibleinii (C.Ag.) W.J.Silva.

12 Cymbella parva (W.Sm.) Kirch. 24 En. silesiacum (Bleisch) D.G.Mann.
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1-table continuation

25 | Entomoneis paludosa var. subsalina (Cl.) Kr. in L.-B. 53 Han. arcus var. amphioxys (Rab.) R.M.Pat.
26 Ent. paludosa (W.Sm.) R. 54 Halamphora veneta (Kiitz.) Lev.
27 Epithemia argus var. alpestris(W.Sm.) Grun. 55 Hantzschia amphioxys (Ehr.) Grun.
28 Epith. argus var. angustata Tam. 56 Hant. amphioxys var. constricta Pant.
29 Epith. adnata var. porcellus (Kiitz.) R.Ros. 57 Mastogloia smithii Thw. ex W.Sm.
30 Epith. sorex Kiitz. 58 Mast. albertii APav.,EJ., CEW., LE. & Z.L.
31 Epith. turgida (Ehr.) Kiitz. 59 Mast. pumila (Grun.) CL
32 Epith. adnata var. saxonica (Kiitz.) RM.P. 60 Navicula cuspidata f. primigena Dip.
33 Encyonema silesiacum (Bl.) D.G. 61 Nav. pusilla var. jacutica Kis.
34 Enc. subventricosum (Chol.) Kr. 62 Nav. rhynchotella L.-B.
35 Fragilaria rumpens (Kiitz.) G.W.F.Car. 63 Nav. sphaerophora Ehr.
36 Frag. capucina Desm. 64 Nav. dicephala Ehr.
37 Frag. crotonensis Kit. 65 Nav. tripunctata (O.F.Miil.) B.
38 Frag. acus (Kiitz.) L.-B. in Kr. & L.-B. 66 Nav. radiosa Kiitz.
39 Frustulia rhomboides (Ehr.) De Ton. 67 Nav. trivialis L.-B.
40 Frus. crassinervia (Br. ex W.Smi.) L.-B. & K. 68 Neidiomorpha binodis (Ehr.) M.
41 Gomphonema constrictum Ehr. in Kiitz. 69 Neidium productum (W.Sm.) Cl.
42 Gom. angustatum (Kiitz.) Rab. 70 Nei. ampliatum (Ehr.) Kr.
43 Gom. olivaceum (Horn.) Bréb. 71 Nitzschia acicularis (Kiitz.)W.Sm.
44 Gom. parvulum (Kiitz.) Kiitz. 77 Nit. vermicularis (Kiitz.) Hant.
45 Gom. vibrio Ehr. 78 Nit. scalpelliformis Grun.
46 Gom. calcareum Cl. 79 Odontidium mesodon (Kiitz.)Kiitz.
47 Gom. gracile Ehr. 80 Pinnularia brauniana (Grun.) St.
48 Gom. insigne W.Greg. 81 Pin. viridis (Nitzsch) Ehr.
49 Gyrosigma acuminatum (Kiitz.) Rab. 82 Pin. hemiptera Bréb. ex Gr.
50 Halamphora veneta (Kiitz.) Lev. 83 Pleurosigma elongatum W.Sm.
51 Hal. coffeiformis (C.Ag.) Lev. 84 Planothidiumlanceolatum (Br. ex Kiitz.) Lang.-Ber.
52 Hannaea arcus (Ehr.) R.M.Pat. 85 Platessa salinarum (Grun.) Lang.-Ber.
1-table continuation
86 Placoneis elginensis (W.Greg.) E.J.Cox 95 Synedra familiaris Kiitz.
87 Rhoicosphenia abbreviata (C.Ag.) Lang.-Ber. 96 Syn. rumpens var. scotica Grun.
38 Rhopalodia gibba Var.MveIr)ztricosa (Kiitz.) HP. & 97 Tabularia fasciculata (C.Ag.) DM.
89 Rh. gibba (Ehr.) Otto Miil. 98 Tryblionella levidensis W.Sm.
90 Staurosira venter (Ehr.) Cl. 99 Tryb. hungarica (Grun.) Freng.
91 Stauroneis phoenicenteron (Nitzsch) Ehr. 100 Tryb. navicularis (Bréb.) Ral.
92 Surirella elegans Ehr. 101 Ulnaria amphirhynchus (Ehr.) Com. & Bukh.
93 Sur. brebissonii Kr. & Lan.-Ber. 102 Ul. amphirhynchus (Ehr.) Com.
94 Sur. librile (Ehr.) Ehr. 103 Ul. ulna (Nitzsch) Comp.
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Percentage-dimensional indicators of diatomite Alakol lake

Discussing the results, many water reservoirs, alga flora of river lakes in our country have been
studied, including the Caspian Sea, Syrdarya, Ili, Baskan and Sarkand, Shar and Kokpekty rivers and algal
flora and algal biological diversity of the Alakol lake were not investigated by the country's algal
specialists. One of the main objectives of the UN Conference on Biodiversity Conservation, adopted in
1992 in Rio de Janeiro is to preserve biodiversity in the environment and prevent the disappearance of
species. The algal diversity of the lake is the basis for this goal. The Kazakh Fisheries Research Institute
and the Zoology Research Institute have not studied of Alakol Lake Algapholics byhydrobiotes and
ichthyofauna.

During our special algaeological investigations, several times this scientific expedition was built.
Algae samples from the northern, southern and south-western parts of the lake were removed and the
second part was mixed with 4% solution of formalin and 96% solution of ethanol. A microscopic analysis
was carried out to determine the types obtained in the laboratory and the study revealed the varieties of
diatomaceous algae and its modern taxonomy. Moreover, we have seen in the study that the Alcohol
content of some parts of Lake Alacol Lake is very rich. But in recent years, it can be seen that anthro-
pogenic impact on the stability of lake ecosystems and biodiversity linked to the transformation of the
lake into a tourist destination. In this article, the authors regulate the stability of the lake water biota,
which is the wealth of algaflora. Consequently, it saves the gaseous, salinity of the water, Ph-levels, mine-
ral composition, and biotic content.
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'On-Dapabu atinmars Kasak yarTsik yHusepcuTeTi, Anvatsl, Kasakcran,
*PMK «BoTanuKa sxoHe GUTOMHTPOLYKIHSA HHCTHTYThI», AMathl, KazakcTas.

AJIAKOJI KOJIHIH IUATOM/bI BAJIABIPJIAPBIHBIH AJTYAHTYPJILJIITT
KIOHE OHbIH CUCTEMATHUKACHI

Annoranus. Kazakcranjga KenTereH epekiie Koprayra ajblHFaH TaOMFH aliMakTap Ke3jecei: MUTOMHHKTED,
VITTHIK casOakTap, KOPBIKTap, jKabaibl TaOUFH aiiMakrap, TaOWFaT €CKepTKImTepi, OOTAaHMKAIBIK OaKTap Memiie-
KETTiH OMOJIOTHSUTBIK SPTYPJILIITIH cakTay YIIiH Kypburrad. Ochl caarapapiH KeOiHe (IOPHUCT FAIBIMAAP TaMBIPIIbI
OCIMIIKTEp/l TYreHACyre KaThIChII, FHUIBIMU 3EPTTEYJIEP KYPri3ai. OCIMIIKTEepal 3€PTTEYre YIKEH KbI3bIFYIIBIIBIK
Ooncazma na, opTypIii TaOWFATThI KOPFAay KaybIMIACTHIKTAPbIHAA OJIAPJBIH allyaH TYpJILIriHe OaiIaHbICTBI 3epT-
Teynep, acipece, cy o0ObeKTinepiHiH (iopackiH 3eprrey kerkimikcis. Cy OaablpiapblHbIH KYpaMbIH 3epTTEy TO-
MEHT1 JICHre#ie Kaubin oThIp. JlereHMeH ambroyior raasiMaap KasakcTaHHBIH TYpITi ©HIpJICPIHIH epeKile Kopraja-
ThIH TAOMFU ayMaKTapbiHaa Oanasipiaap GJIopacsiH 3epTTey i Kyprizaik. byt makanana apropiap 15 e3enaep kemin
kyiatei (Ypxkap, Kareiacy, Emenkyiica, blpraiitel, XKamantel, XXamanetkenb, TacTeIT.0) Anaken KeiiHiH alibro-
(hopaceiHa anFam petr Manimertep Oepinin otelp. Tabburran Ganapipiap 1 Oemimre, 3 kiacka, 13 karapra, 23 Ty-
KbIMIacka, 41 Tybicka xaratblH 103 Typiepi MeH TYp apajiblK (opManapbl aHBIKTaIAbl. AHBIKTaJIFaH Oayabipiiap
TYpJAEPiHiH OHOIOTHSUIIBIK CHIIATTaMachl >Kacalblll, 3aMaHAYH CHCTEMAaTHKACHI JKACAIBIHIBI. 3epTTENYII KeIJeH
aHBIKTAIFaH OaNAbIpIapAbIH KOIIIUIr opTYpIi cyaliibIHIapbIHIa KEHIHEH TapallFaH — KOCMOIIONUT TYpJIep OOJIBIIT
ca”ananbl [2-5]. Kepcerininm oTeIpraH TYpJepiH KOMIILUIIr TUIAHKTOHIBIK, a3aFaH TYpJiepi OEHTOCTHIK Typiepre
KaTasbl.

Tyiiin ce3nep: Oanapipiap, MIAHKTOH, OEHTOC, CHCTeMaTHKa, AJIaKes KoJli.

A. K. iknenoexos', A. b. Buraaues ', C. B. Hypamos 2 9. C. CameroBa®

'Kasaxckuii HAMOHANBHEIN YHHBEpCHTET M. anb-DPapabu, Anmatsl, Kasaxcran,
*PI'TI «MHCTHTYT 60TaHUKH U PHUTOMHTPOAYKIMMY, AnMatel, Kazaxcran

BUOPA3HOOBPA3HUS JTUATOMOBBIX BOJIOPOCJIEN O3EPA AJIAKOJIb
N EE CUCTEMATUKHU

Annoranusi. B Kazaxcrane cymectByer MHOro 0co00 OXpaHSIEMBIX NMPUPOIHBIX TEPPUTOPHH: IMUTOMHHKH,
HalMOHAJIBHBIE MTAPKH, 3aII0BEHUKH, PalOHBI JUKOM MPHUPO/IBL, TaMATHUKY IIPUPOIBI, OOTAaHUYECKHE CaJlbl, CO3/1aH-
HBIC JJIS1 COXpaHEHUsI OMOJIOTHYECKUX MHOTO0oOpa3ue pacTeHuid. Bo MHOTHMX W3 3THX o0iacTel ydeHble-(hIOpHCTHI
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MPOBEJHM HAy4YHbBIC UCCIICAOBAHMUS, CBSI3AHHBIE CHHBEHTAPU3AIMI COCYIMCTHIX pacTeHuit. HecMoTpst Ha cyliecTBeH-
HBIE MHTEPECHIK U3yUYCHHUIO (IIOPBI, UCCICIOBAHUE UX PA3HOOOPA3Ue B PA3IMUYHBIX MPUPOAOOXPAHHBIX COOOIIECTBAX
SIBISIETCSl  HEJIOCTATOYHBIM, OCOOCHHO (JIOpHI BOMOEMOB. BBOJOPOCIMB BOJOEMAaX OCTAIOTCS H3YyYCHHBIMH B
He3HaYMTeNbHO# cTenenn.TeM He MeHee HeIaBHO ajJbroJIOTH MPOBEJH HccieaoBanue (iopsl Bogopocieil B 0cobo
OXpaHsIEeMBIX HPUPOJHBIX TEPPUTOPUAX Pa3IUYHBIX pernoHoB Kazaxcrana. B crarbe aBTOpBHI BIiEpBbIE MPUBOJST
JTaHHBIE TI0 M3y4eHuto anerodiuopsl 15 pex (Ypmxkap, Kateacy, Omenskyiica, blpraiitel, XXamantsl, XKamanyTkens,
Tactel u T.11.) BTekaromiue B 03epo Anakoi. CUCOK 0OHapyKEHHBIX BUJIOB BogOpocici BritrouaeT: 103 Bua0B, pas-
HOBUaHOCTEW U opM, oTHOcsmecs K 41 ponam, 23 cemelictBy, 13 nopsiakam, 3 knaccam u 1 otaeny. CocraBieH
KOHCIEKT U OMOJIOTHUECKOe ONMCaHNe OOHAPYKEHHBIX BU/IOB BOJIOPOCIIEH U IPOBE/IeHa COBPEMEHHAs CUCTEMATHKA.
BonpImMHCTBO BUIOB BOJIOpOCIIeH, 0OHapyKEeHHbIE B UCCIIEYEMBIX 03epaX OTHOCATCS K KOCMOIIOJIMTHBIM (hopMam,
IIMPOKO paclpOCTPaHEHHBIM B Pa3JIMUHBIX THUHAx BoJoeMoB [2-5]. IlomaBisiomiee GOJNBIIMHCTBO OOHApPY>KEHHBIX
BHJIOB OTHOCSATCS K IUTAHKTOHHBIM, MaJiasi YaCTh BUJIOB — OCHTOCHEIE.
Ki1oueBble ¢j10Ba: BOAOPOCIIH, IUTAHKTOH, OSHTOC, CUCTEMATHKa, 03epa AJIaKoJIb.
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RICE GRAIN QUALITY FORMATION DEPENDING
ON THE MINERAL FERTILIZERS DOSAGES

Abstract. Rice grain quality depends on content and combination of reserve constituents: starch and protein.
Hull content, fissuring, shape, and size of grain and hulling easiness are very important for the production of cereals.
Taste of cereals, its color, transparency (vitreousness), fast and simultaneous boiling, full content of essential amino
acids, vitamins, mineral elements and other nutrients in the grain are of importance for consumers. At the back-
ground of treatment with phosphoric and potassic fertilizers (P120K80 kg/ha), application of nitrogen fertilizers
(No.160-180 kg/ha) in an optimum dosage, contributes to increase in content of protein, starch and the whole berry
in cereals. Increase in the dosage of fertilizers up to N240P180K 120 kg/ha did not contribute to increasing of protein
and starch content in the grain and the whole berry in cereals; on the contrary, it resulted in a decrease of those
parameters and in crop yield.

Key words: rice, grain quality, content of starch, protein and whole berry in the rice grain cereal, effect of
increasing dosages of fertilizers on content of the above-specified substances in grain.

The problem of rice production increase is indissolubly tied to the problem of rice grain quality im-
provement. Thus, improvement of vitreousness just by 1% contributes to the reduction of crushed chips in
cereals approximately by 1.2 thousand tons. Improvement of the other quality parameters ensures the
additional yield of a thousand ton of rice cereal [1, 2].

Rice grain quality depends on content and combination of reserve constituents: starch and protein,
since their share on the basis dry grain substance makes approximately 90%. Multiple agroecological
characteristics (level of agricultural methods of cultivation, grain harvesting and processing conditions,
etc.) have effect on grain quality as well as on physiological and genetic rice varieties’ properties.

Rice grain quality depends on many parameters, their properties and characteristics. For example,
hull content; fissuring, shape and size of grain as well as hulling easiness are very important for the pro-
duction of cereals. Taste of cereals, its color, transparency (vitreousness), fast and simultaneous boiling,
full content of essential amino acids, vitamins, mineral elements and other nutrients in the grain are of
importance for consumers. According to the rates (8.5 kg per a person) scientifically substantiated by the
Institute of Nutrition of the RK National Science Academy, the total quantity of rice available in the
Republic of Kazakhstan for domestic consumption is equal to 132.6 thousand tons. Rice cultivating farms
of Kyzylorda region and Akdalinskiy area supply rice (mainly short-grain type) to the population of
Kazakhstan in sufficient quantity. Nevertheless, over the period of 2007-2012, import of rice (including
long-grain type) to Kazakhstan is as follows: from Russia - 57.5%, from China, India and other countries -
28.2%.

Grain shape. According to the IRRI (International Rice Research Institute) scale, by the length-to-
width ratio, hulled “yellowish-brown” rice grain is sub-divided into the following categories: narrow,
long-grain rice - 3.0; medium length - 2.1-3.0; long, wide - 1.1-2.0; round, short - 1.1 and smaller.

Grain of rice varieties cultivated in Kazakhstan mainly belongs to long and wide and round-shape
varieties and length to width ratio is 1.6-2.0 [2.3]. Nevertheless, plant selection breeders are currently
breeding long-grain rice varieties. Demand for long-grain varieties in the global market is higher; there-
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fore, its price is higher to as compared to the round-grain rice varieties. Rice varieties cultivated in
Kazakhstan differ by length to width ratio (i.e. shape) and body of grain and belong to the following types
(table 1).

Table 1 — Shape and Different Types of Grain of the Rice Varieties Cultivated in Kazakhstan
(according to the information of the Kazakh Rice Cultivation Research Institute)

Shape, Hulled Grain Lepgth Sub- Grain Body Rice Varieties Characterizing Particular
Type to Width Ratio types Features of Types and Sub-types
I 3.5 and higher - Vitreous Lazurny
1I 28-34 - Vitreous -
I 23-27 1 Vitreous Solnechny
2 Half-vitreous Ushtobe
v 2.2 and lower 1 Vitreous Avangard, UzROS 7-13
2 Half-vitreous EZ?;&;;&:EES 59, Marjan,
Note: Kazakhstan bred rice varieties: Marjan, Ushtobe, Altynai, Togusken 1.

Humidity. Humidity content in the grain determines biochemical and microbiological processes that
go on in it. This, to a certain degree, has an effect on technological and food quality of grain. If humidity
content in grain exceeds 15-16%, it intensifies microbiological processes resulting in self-heating that
changes the chemical composition of grain that becomes more yellowish and loses its cooking and
technological properties. Further increase of humidity content in grain even more intensifies the above
described unfavorable processes [1-4].

Grain Size and Uniformity. This is connected with the weight of 1,000 grains and determines
quality and properties of grain. Rubbing of small, feeble, imperfect grain results in an increase in the
number of crushed, fragmented, dust fractions. Hull content of immature, feeble grain increases while its
vitreousness degrades. The above-specified grain properties change depending on the level of cultivation
technique applied as well as harvesting and processing conditions [1-4].

Hull content is determined by the ratio of hull on bloom and head of grain. Structural-and-mecha-
nical properties of grain and its hull content are interrelated and have certain effect on the cereal output.
Therefore, increase or decrease of hull content by 1% results in increase or decrease of cereal output by
1.5-2.0%.

Grain vitreousness. These properties of hulled grain change depending on transparency (vitreous-
ness) and texture of endosperm. Increase of vitreousness improves technological and cooking qualities of
cereal. Thus, milling of vitreous grains results in reduction of the amount of small (crushed) admixtures;
grains do not stick together while boiling; taste and cooking qualities of porridge and pilaw improve and
the marketable appearance of the cereal improves. Vitreousness of the rice grain is within the range of 95-
98% [1-4].

Fissuring is inherent to rice grains since the starch content in it is greater than that of protein. Grain
fissuring rate depends on changes in temperature and environmental humidity. Changes in temperature
and relative humidity of air result also in changes in the grain humidity content. Humidity content of un-
scoured grain is non-uniform; as a result, different pressure areas are formed in the grain. If such pressure
rises above the certain level, a crack appears inside a grain, which cannot be seen from outside [1-4].
Number and size of cracks inside rice grains are different: depending on environmental conditions of rice
cultivation, harvesting and processing grain fissuring may vary from 5-10% to 60-70% and there may be
one or more cracks in grains. As the result, amount of crushed grains upon its dehulling increases and
quantity of the whole-berry grain in cereal decreases. For example, if the grain fissuring rate is above 1-
2%, output of the whole-berry grain in cereal upon dehulling will reduce by 0.3-0.8% and crushed
admixture amount increases.

Yellow grains appear in the environment of increased humidity and environmental temperature.
Thus, if grain turns out to be damp, it will result in self-heating and biochemical processes intensification,

— 104 ——



ISSN 2224-5308 Cepus 6uonoeuueckas u meouyunckas. Ne 4. 2018

which, in turn, leads to appearance of yellow grains. Total nitrogen, inorganic phosphorus and sugar
content in such grains is way higher as compared to usual grain. Such grains’ endosperm remains yellow,
which downgrades its commercial quality.

Red rice. Seed (episperm) and bran covering (pericarpium) of such grains are of red or reddish-
brown color. Upon grain dehulling and milling, some of this coating is removed (destroyed). Never-
theless, red color is preserved in many instances. In order to remove red color together with coating, it is
necessary to intensify milling process; this, however, increases the amount of crushed grain and reduces
the number of whole grain in cereal. Red seed coat (pericarpium) deteriorates the appearance and decrea-
ses market value of rice cereal. For example, if there is 1% of red grains in the finished product, the
quality cereal output will be reduced by 0.1%. According to the standard, content of red grains in the
made cereals shall not exceed 0.5-2%. Red-grain rice is the persistent weed in many areas including
Kazakhstan Aral Sea area. It is similar to the cultivated varieties of rice; its seeds shatter upon maturing
and preserve germinating ability in soil within several years [1- 5].

Unripe grain impurities. 1/4 of such grains are not well-filled, endosperm texture is mealy, or only
central part is vitreous (transparent). In the harvested rice product (i.e. grain) 1/4 part of unripe caryopsis
belongs to black dockage and 1/4 part belongs to grain impurity. If there are unripe grains in the harvested
rice, output of the extra, first and second class grain upon dehulling reduces significantly since the amount
of crushed and fine-cut fraction increases.

Black dockage. This impurity includes mineral and organic particles (soil lumps, flower scales,
beetle particles and remains of other small animals), seeds of wild and cultivated plants, grain impurities
(mainly peeled and chopped grains). Such black dockage (weedy impurities) usually is moist; they
contribute to self-heating of rice grains and deteriorate their quality.

The structure and yield of the whole kernel is one of the important indicators determining the quality
of the cereals. Rice processing into cereals consists in removal of surface layers (hull) at the minimum
crushing of caryopsis and preservation of their initial shape. As a result of many agroecological factors,
cereals output may be within the range of 60-75%, including the whole kernel output of 60-88%. Subject
to strict adherence to the technologies of cultivation, timely harvesting and quality dehulling and proces-
sing of grain, recognized varieties of rice in the conditions of the Kazakhstan Aral Sea area yield 60-72%
of cereals and 75-88% of the whole kernel. For example, upon dehulling and milling the Marzhan variety
grain yields 84-88% of the whole kernel in cereals (2, 3).

Energy Value. Rice kernel energy value is determined based on the amount of released thermal
energy from burning 1kg or 1g of grain. Nevertheless, we should determine difference of the released
thermal power from grain burning from physiological energy value in the oxidizing processes of orga-
nism. The physiological energy value is lower. Dehulling and processing of rice grain also has certain
effect on its energy value. Upon dehulling and milling of rice grain, aleuronic layer is removed to a
certain degree and digestibility of cereal increases but nutritional value (quality) of it decreases. Grain
moisture content also has effect on its energy value. For example, grain moisture content increase from
6.2% to 26.4% results in decrease in energy value thereof from 3963 cal/t to 3566 cal/t [1, 2, 4].

Cooking quality of rice grain is determined by the following parameters: taste, color, consistency of
porridge, time of boiling, property of moisture retaining, etc. These parameters change. For example, taste
of cooked porridge is assessed as very good, good, satisfactory. Cereal may be of white to brownish color.
Porridge consistency varies from loose to sticky and boiling coefficient ranges from 4.3 to 5.1 [1, 2, 4].
Technological, cooking and edibility properties of rice cereals depend on chemical composition of grain.
Content (quantity) of rice grain and cereals components are as follows:

Chemical Composition Dehulled Grain, % Cereal, %
Starch 76.4-77.5 83.7-85.6

Protein 10.5-12.3 8.5-9.6

Fat 2.6-3.1 0.4-0.5
Fibre 1.2-1.4 0.12-0.14

Ash 1.5-1.6 0.4-0.5
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Therefore, high quality rice grain properties shall be as follows: fully ripe, uniform grain size, high
vitreousness, low hull content, low and uniform moisture content of grain. At the same time, the content
of black dockage, amount of grain and red-grain impurities, the level of contamination with yellowing
endosperms should be below or at the same level with the basic standard. Such grain dehulling results in
the production of high-quality of rice cereals.

Rice grain quality depending on the area of treatment and dosage of mineral fertilizers. In the
course of rice plants growth and development, high quality grain formation depends on mutual influence
of the physiological and genetic potential of varieties and agroecological factors (treatment areas, dosages,
timing and methods of fertilization and irrigation mode) [1-4]. Since the basic substances ensuring high
quality of grain - starch and protein, make 90% of the dry solid matter of the grain. Those substances are
intensively accumulated in the optimum photosynthesis process conditions [2, 7].

Treatment with optimum doses of mineral, especially nitrogen fertilizers has a significant effect on
the formation of grain quality. Thus, at the background of treatment with phosphoric and potassic ferti-
lizers (P120K80 kg/ha), application of nitrogen fertilizers (No.160-180 kg/ha) in an optimum dosage
contributes to increasing in the content of protein, starch and the whole kernel in cereals. Increase in the
dosage of fertilizers up to N240P180K 120 kg/ha did not contribute to increase of protein and starch
content in the grain and the whole kern in cereals; on the contrary, it resulted in a decrease of those
parameters (table 2) [2, 7].

Table 2 — Rice Varieties’ Grain Quality Depending on the Area of Treatment and Dosage of Mineral Fertilizers

Fertilizer Number Plant Density In % per Dry Substance of Dehulled Grain
Dosage, of Sowed Seeds, before Harvesting,
kg/ha pes/m? pes./m’ Starch | Protein Total Nitrogen Protein Nitrogen
Kuban 3 Variety
N90P90 700 381 74.3 9.34 1.57 1.31
N180P120 100 55 72.2 10.0 1.68 1.38
300 180 78.6 11.3 1.90 1.68
500 281 82.6 12.1 2.03 1.76
700 405 80.0 11.7 1.97 1.70
900 471 78.2 10.1 1.69 1.58
Dubovskiy 129 Variety
N90P90 700 323 71.5 11.0 1.84 1.53
N180P120 100 58 78.2 11.1 1.86 1.62
300 185 77.1 11.3 1.89 1.72
500 247 79.8 12.2 2.05 1.80
700 318 81.4 12.9 2.17 1.94
900 385 81.4 12.3 2.06 1.82
Marzhan Variety
N90P90 700 324 81.3 11.6 1.97 1.75
N180P120 100 53 78.8 12.0 2.02 1.82
300 184 79.1 12.6 2.11 1.93
500 257 78.2 12.2 2.05 1.84
700 361 75.1 11.8 2.00 1.81
900 397 73.5 10.6 1.83 1.61

Consequently, with the increasing dosages, especially of nitrogen fertilizers, there has been a de-
crease in the yield of rice crops and deterioration of rice grain quality, which means that application of
high dosages of fertilizers on rice crops is not profitable from an economic and ecological point of view.
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Additionally, this results in environmental pollution (contamination of soil, water in collecting and
drainage systems and other water reservoirs).

Starch is a nutritious substance located in the endosperm cells and is the main component of cereal
(up to 75-80%). Starch consists of the following two polysaccharides: amylose and amylopectin. Amylose
content in the rice grain endosperm varies within the range of 10 to 35%, while that of amylopectin -
within the range of 65-90%. Nutritious value of the rice grain is determined by the quantity and amylose
to amylopectin ratio. The greater the amylose content in grain is, the more water is consumed and the
greater is the grain’s volume. Therefore, boiling of grains with medium and high content of amylose does
not result in softening and sticking [8] It is important for porridge and pilaw cooking.

Starch content in rice grains is greater than in any other cereal crop. Rice starch is easily digested and
its nutritious quality is high. Therefore, by the assimilated energy, the grain of rice has an advantage in
comparison with the other cereal crops.

In connection with the physiological and genetic characteristics of rice cultivars and the level of
cultivation technology, starch content in the husked grain varies within the range of 65-88%. Application
of an optimum dosage (N180P120 kg/ha) of fertilizers results in increase of starch content of the medium-
growth, narrow-leaved cultivars Kuban 3, Dubovskiy 129 at the plant population of 180-400 pcs/m”. The
highest starch content (80.0-82.6%) was observed at the plant population in agrophytocenosis of 250-350
pes./m”. These crops are highly productive agrophytocenoses of Kuban 3 and Dubovskiy 129 cultivars
and the taste of these cultivars’ grits turned out to be good (table 2).

Subject to treatment with an optimum dosage (N180P120 kg/ha) of fertilizers, starch content in the
Marzhan variety grain did not increase as compared with treatment with the minimum dosage (N90P90
kg/ha) and remained at the same level. In the event of thicker agrophytocenosis (700 and 900 seeds
sowed), starch content in the above named cultivars’ grain decreased. Correspondingly, in the event of
thickened crops (360 to 390 plants/m?), leaves of the large-leaved varieties of rice samples mutually shade
each other deteriorate the photosynthesis process of and, as a result, the synthesis of starch and its
transportation to the grain decreases (table 2).

In the course of the grain endosperm development and formation, parenchyma cells filling with
carbohydrates (which later turn into starch) comes from the outer, surface cells to the inner cells. If the
photosynthesis process deteriorates (depressed) or if grain does not ripe, cavities are formed within the
endosperm. Upon dehulling of such grains, kernel is destroyed and large crushed pieces are formed [2].

Protein - the second after starch component contained in large amount in grain (cereals) [1-4].
Reserve rice proteins are mainly represented by prolamins and glutenins that are highly-molecular
compounds. Proteins are involved in all vitally important functions and processes in organism. Reserve
rice is accumulated in the rice grain endosperm and has effect on sprouts formation upon their germi-
nation. Protective proteins play certain role in protection against pathogenic microorganisms. Regulatory
proteins activate or suppress molecular-and-biochemical and biological processes in the rice plants, etc.
[2, 8]. “Biological effectiveness” of rice grain proteins is due to the high content of essential amino acids
and their easy digestion and lower tannin content as compared with the other cereal crops. Nevertheless,
total content of protein in the rice grain is less than other crops (table 3). Therefore, increase of the protein
content in the rice grain is a positive phenomena from the standpoint of rice breeding.

Study of proteins location in the rice grain endosperm is an important process from the evolution and
biochemical point of view [2,9]. Our studies’ results show that treatment with a minimum dosage
(N90P90 kg/ha) of fertilizers, protein accumulates in the grain of Marzhan and Dubovskiy 129 cultivars
longer than in Kuban 3 grain. Treatment with an optimum high dosage (N180P120kg/ha) of fertilizers,
protein content in the rice cultivars and specimen increases. Nevertheless, response of different cultivars
was different. Treatment with an optimum high dosage (N180P120 kg/ha) of fertilizers, high content of
protein in the Kuban 3 cultivar grain was observed at the plant population of 250-280 pcs/m” and for
Dubovskiy 129 cultivar it was 250-320 plants/m” (i.e. after seeding of 300, 500 seeds/m”). These are the
highly productive agrophytocenoses of the above named rice varieties (table 2).

Increase in protein content in the Marzhan cultivar grain was observed at the different plant popu-
lation (sowed 100, 300, 500, 700 seeds/mz) in agrophytocenosis (table 2). Therefore, it was found that
increase of protein content in rice grain happens depending on the physiological and genetic particular
features of cultivars and treatment with an optimum dosage of fertilizers (especially nitrogen ones).
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Table 3 — Mean Value of Biological Effectiveness of Proteins of Various Cereal Crops (Y.P. Aleshin, 1993)

Parameter Dehulled Rice Wheat Corn Barley Millet Sorgho

Protein, % 8.5 12.3 11.4 12.8 134 9.6
Lysin (g/16g of nitrogen) 8.8 23 2.5 32 2.7 2.7
Thionine (g/16g of nitrogen) 3.6 2.8 32 2.0 32 33
Methionine (g/16g of nitrogen) 3.9 3.6 3.9 3.9 3.6 2.8
Tryptophan (g/16g of nitrogen) 1.1 1.0 0.6 1.1 1.3 1.0
Pure nitrogen absorbency in protein, % 99.0 96.0 95.0 88.0 93.0 84.8
Biological Effectiveness, % 74.0 55.0 61.0 70.0 60.0 59.2
Specific use of proteins, % 73.8 53.0 58.0 62.0 56.0 50.0
Used protein, % (protein % x specific

use, protein/100%) 6.3 6.5 6.6 7.9 7.5 4.8
Tannin content in grain, % 0.1 0.5 0.5 0.8 0.7 1.9

Whole kernel is a valuable part of dehulled and milled rice. The number of whole kernels in rice
grain largely depends on the genetic and biological characteristics of varieties, on the level of cultivation
technologies, the characteristics of harvesting and processing of grain and other agroecological factors
[1,2,4,7].

When applying the minimum dosage (N90P90 kg/ha) of fertilizers, the whole kernel in the grain of
the KZROS sample was 82.6%, and that of Marzhan variety was 81.8%. Marzhan variety particular fea-
ture consists in formation of a large number of the whole kernel in grain and dehulled rice cereal (84.7-
88.5%) at the minimum (N90P90 kg/ha) and opt imum (N180P120 kg/ha) dosages of fertilizers and at
various thickness of plant population (100, 300, 500, 700 seeds/m®) (Table 9.5). Due to this particular
feature, Marzhan variety covered 65 to 72% of the area under rice crops of Kyzylorda region.

Table 4 — Technological Properties of Husked Rice Grain Depending
on the Area of Treatment and Dosage of Mineral Fertilizers

Fertilizer Dosage, | Number of Sowed Cereal Output and Quality, % Hull Vitreousness,
kg/ha Seeds, pes/m’ Total | Whole Kernel | Crushed Particles | Content, % %
Kuban 3 Variety
N90P90 700 72.0 67.8 322 20.0 98
N180P120 100 72.0 68.0 32.0 18.0 97
300 73.2 68.2 31.8 16.0 98
500 71.6 84.2 15.8 19.0 98
700 71.6 78.9 21.1 19.0 98
900 72.2 75.9 24.1 19.0 97
Dubovskiy 129 Variety
N90P90 700 72.6 66.4 33.6 16.0 95
N180P120 100 72.4 77.2 22.8 18.0 98
300 72.2 73.3 26.7 17.0 97
500 72.4 81.1 18.9 16.0 98
700 72.0 84.0 16.0 16.0 99
900 72.4 77.7 223 17.0 98
Marzhan Variety
N90P90 700 71.8 81.8 18.2 17.8 97
N180P120 100 72.0 84.7 15.3 17.7 98
300 72.1 88.5 12.5 17.5 98
500 72.0 85.6 14.4 17.5 98
700 72.4 80.5 19.5 18.1 98
900 72.3 77.2 21.8 18.6 98
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Under the conditions of treatment with an optimum dosage (N180P120 kg/ha) of fertilizers, large
number of the whole kernel in the grain of Kuban 3 cultivar was formed at the thickness of plant
population of 250-280 plants/m’, that of Dubovskiy 129 at the plant population of 250-320 plants/m®. At
such a density of plant population, starch and protein content increased in the grain of the above specified
cultivars at the above specified plant population. This is plant population of highly effective crops of
Kuban 3 and Dubovskiy 129 cultivars. With such agrocenoses, the process of photosynthesis of each plant
improves; starch and protein accumulate intensively in the grains. As a result, quality of the above named
cultivars’ grain improves and taste of cereal improves too. However, starch and protein contend of the
heavily thickened and thinned crops did not increase with an increase in the fertilizer dosage and the
amount of the whole kernel in the grain and in the range of rice varieties decreased (tables 2 and 4).

The quality of the rice grain and the yield of the whole kernel in the crop depend on the protein and
starch content in the grain, since 90% of the dry mass of the grain consists of these named substances.
Starch and protein content reduction in grain or change in its ratio contributed to reduction of the whole
kernel output and increase in the share of crushed fraction (tables 2 and 4).

Therefore, grain quality formation depends on genetic potential and particular features of rice varie-
ties, on optimum plant population and an intensive photosynthesis process in agrophytocenosis. Agrotech-
nical measures shall be taken in due time and of proper quality. Correct and timely execution of grain
harvesting and processing operation also has a significant effect on grain quality.

Effect of dosages, ratios and methods of mineral fertilizers on quality of rice grain. In the course
of rice plants growth and development, high quality grain formation depends on interaction and mutual
influence of the physiological and genetic potential of varieties and agroecological factors (treatment
areas, dosages, timing and methods of fertilization and irrigation mode, etc.) (table 5) [1, 3, 6, 10].

Table 5 — Effect of Dosages and Ratios of Mineral Fertilizers on Rice Grain Quality (Kuban 3 Variety) [6]

Weight Cereal Output and Quality, %

Mineral Fertilizers Dosages Protein, Starch, | Hull Content, of 1,000 Including

and Ratios, kg/ha % % % gra;/ins, Total Whole Crushed
0 Kernel Particles

Control (without fertilizers) 7.5 62.2 19.4 31.3 70.2 75.4 24.6
N160 8.1 62.7 20.3 29.8 68.3 70.7 29.3
P120 7.6 61.8 19.3 31.7 71.5 77.9 22.1
K80 7.5 61.5 20.7 31.8 70.3 76.8 232
N160P120 8.9 75.6 17.9 31.6 73.6 85.1 14.9
N160K80 83 66.3 19.0 31.8 72.3 81.5 18.5
P120K80 7.9 62.7 19.5 315 71.2 75.9 24.1
NI160P120K80 9.0 76.1 18.0 31.9 74.1 89.5 11.5
N8OP60K40 7.9 64.8 19.3 30.7 70.8 75.3 24.7
N240P60K40 8.9 71.4 19.8 29.3 69.7 71.3 28.7
N80P180K40 8.0 65.6 19.4 30.8 74.1 76.7 233
N80P60K 120 8.1 65.4 19.5 31.0 70.8 77.1 229
N240P180K80 9.1 69.7 19.8 29.7 68.6 79.4 20.6
N240P60K 120 8.9 71.3 19.6 29.3 68.7 73.5 26.5
N80P180K120 8.0 66.7 19.5 30.7 70.3 75.8 242
N240P180K120 9.1 68.7 19.7 29.4 67.4 80.3 19.7

Treatment of rice with an optimum dosage (N160-180P120K80 kg/ha) of fertilizers at the nitrogen to
phosphorus and potassium fertilizers ratio of 1:0.75:0.5 results in increase of protein and starch content in
grain, increase of the whole kernel amount and reduction of hull content thus ensuring the best yield of the
highest quality grain. Treatment with the high dosage (N240P180K 120 kg/ha) did not result in increase in
starch content in grain, whole kernel output but resulted in content of crushed fraction (table 5). Increase
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in the dosage, especially that of nitrogen fertilizers, or in the event of reduction of the dosage and change
in the ratio of applied fertilizers did not result in increase in the crop yield but resulted in deterioration of
grain and cereal quality (table 9.6). Treatment of heavily salinized soil with nitrogen and phosphorous
fertilizers in the ratio of N: P=1:1 or 1 : 0.8 resulted in high yield of high quality grain. Nevertheless, it
is necessary to determine mobile phosphorous content in soil prior to sowing and it is necessary to take
the results into account to determine the ratio of applied mineral fertilizers [1, 3, 6, 10]. Efficiency of
various applied nitrogen fertilizers (ammonium sulphate, calurea) turned out similar [3,6,10]. Methods of
fertilizers application also have effect on formation of grain quality. Thus, nitrogen fertilizer (calurea)
local application resulted in increase in protein content in grain by 0.7% and starch content increased by
4%, in improvement of cereal quality: number of the whole kernels increased by 7% and hull content of
grain decreased, weight of 1,000 grains increased (table 6).

Table 6 — Effect of Various Types of Nitrogen Fertilizers and Methods of Their Application on Rice Grain Quality
(Kuban 3 Variety) [6]

Types gl}d Dosages of Protein, | Starch, | Hull Content, X?iggg Cer:;;(iutp ut, %C =
Fertilizers, kg/ha % % % Grair’ls, o, | Total Ker?leel Fr?cstizn
Types of Nitrogen Fertilizers
P120K90 (background) 6.6 58.3 20.8 274 67.9 62.8 37.2
PK +N, 120 7.4 64.3 19.6 28.1 69.8 72.0 27.4
PK +N, 120 7.4 65.0 19.7 28.0 69.6 73.0 27.0
PK + N (a+m) 120 7.4 64.7 19.8 27.0 69.5 72.8 27.2
Ways of the Nitrogen Fertilizers Application
P120K90 (background) 6.6 58.3 20.8 27.4 67.9 62.8 37.2
PK + Ny 120 surface 7.4 65.0 19.7 28.0 69.6 73.0 27.0
PK + Ny 120 local 8.1 69.0 18.6 28.8 71.3 80.0 20.0

Therefore, treatment of the area under rice crops with an optimum dosage of nitrogen fertilizers
improves crops structure and grain quality, but application of various forms of nitrogen fertilizers did not
have effect on the crop yield and cereal quality. Presence of nitrification inhibitors in the nitrogen ferti-
lizers improved structure of the crops but did not have effect on grain quality. Application of nitrogen
fertilizers to the rice crops by local and partial methods improved crop structure, quality and technological
parameters.
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MHUHEPAJIbbI TBIHAUTKBIIITAP TO3ACBIHA BAMJIAHBICTHI
KYPIII T9HI CAITACBIHBIH KAJIBIIITACYbI

Annoranus. Kypiin J9Hi camachl OHBIH KypaMbIHIAarbl KOPJIBIK 3aTTap — Kpaxmall, OeloK MeJepiHe yKoHe
apakaTHacbIHa OainaHbIcThl. JKapma (Kpyra) eHIIpyLIiep YINiH ASHHIH KaybI3IbLIBIFBI, IIBITBIHAFBIITHIFEL, (Op-
Machl )oHe IpUIiri, OHall aKTarybl eTe MaHbI3Abl. TYTHIHYIIBUIAD YIIIH Keperi — KapMaHbIH JIOMJUIIT, Tyci, IIbIH-
BUTBIFBI 9pi Oip Me3rinje micyi, IoH KypaMbIHIa aybICTHIPHUIMANTHIH AMUH KBIIIKbLIIAPbI, BATAMUHIIEP, MHHEPAJIIbI
JJeMeHTTep, 0ackaga KOPEKTIK 3arTapiblH TONBIK Oomybl. @ocdop koHE Kauuid THIHAUTKBIITAPH (OHBIHAA
(P120K80 xr/ra) a30T THIHAWTKBIIBIH KoJjaimbel mo3ama (N160-180 kr/ra) eHrizy »xapmMa KypaMbIHOAFbl OE€JIOK,
KpaxMai, chlHOaFaH sIpo MeIIepiH apTTeipansl. TeHAHTKEIITAap Ho3ackiH N240P180K120 kr/ra meHreitine neiiin
KeOeiTy IoH KYpaMbIH/IaFbl OEJIOK, KpaxMall, ChIHOaFaH sipO MOJIIepiH apTThIPFaH JKOK, KepiCiHILEe a3aiTThl, OHIM
JIeHreiine ToMeHael.

Tyiiin ce3mep: Kypim, I0H camackl, jkKapMa KypaMbIHAArbl Kpaxmaj, OeJOoK, ChIHOaraH SApPO MeJepi,
THIHAUTKBIIITADP TO3aCHIHBIH KYPIII TOHI camackiHa acepi.

K. H. Kaiinapi0aii, I'. 7K. Meaeyosa, H. K. Hypmam
Kazaxckuii rocynapcTBEeHHBIH KEHCKHN TIearornieckuii yHuBepcutet, Anmarsl, Kazaxcran

®OPMHUPOBAHUE KAYECTBA 3EPHA PUCA
B 3ABUCUMOCTH OT 103 MUHEPAJIBHBIX YVJIOGPEHUI

AnHoTanus. KadecTBo 3epHa puca 3aBUCHT OT KOJIMYECTBA M COYETAHUS 3aIlaCHBIX BEIIECTB — Kpaxmaia u
Oenka. Jlnst MpoM3BOACTBA KPYIIbl OYEHb BaXKHBI IJICHYATOCTh, TPEIMHOBATOCTh, ()OpMa M KPYITHOCTH 3€pHa, JIer-
KOCTh Ipu 0oOpyuuBanuu. it nmorpeduteneil — BKyC KpyIIbl, [[BET, IPO3PAYHOCTh (CTEKJIOBUAHOCTH), OBICTPOE H
OJTHOBPEMEHHOE CBapHBAEMOCTb, MIOJTHOE COAEPIKAHUE B 3ePHE HE3aMEHHMbIX aMHHOKHCIIOT, BATAMHHOB, MUHEPAJIb-
HBIX JIEMEHTOB M JPYTHX NHUTATeNbHBIX blemecTB. Ha ¢one dhochopupix n kamumitaeix (P120K80 kr/ra) ynoOpenuii
BHECEHHE ONTHUMaibHON 1036l a30THBIX (N160-180 kr/ra) ymoOpeHHi CHOCOOCTBYET YBEIMUCHHIO B 3epHE Oeka,
Kpaxmaja W IeJIoTo spa B Kpyne. YBeandeHun 10361 yaoopenuii 1o N240P180K 120 kr/ra He crioco6cTBOBaIIO 110-
BBILICHUIO COAEPKaHMUs OelKa, Kpaxmaja B 3€pHE U LIEJIOTO sIpa B KpyIle, a HA000POT MPOU30IIIO CHIDKEHHE 3THUX
[OKa3aTeseil U ypoKaiHOCTH.

Ki1roueBble cioBa: prc, KadecTBO 3€pHA, COJEp)KaHUE Kpaxmasa, Oenka ¥ IeJIoro siapa B KpyIe 3epHa pHuca,
BIIMSIHUE BO3PACTAIOLINX 103 YAOOPEHNUI Ha CoJep)KaHKE BBIIIE HA3BAaHHBIX BEILECTB B 3€pPHE.
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INFLUENCE OF CHRONIC COMBINED INTOXICATION
WITH ZINC, COPPER AND ARSENIC SALTS ON THE CHANGES
IN HEMATOLOGIC BLOOD INDICATORS OF RATS

Abstract. This article indicated the investigation results of the chronic combined poisoning effect with zinc,
copper and arsenic salts on hematologic blood indicators. Since one of the assessing criteria of the effects of toxic
substances on the body is hematological indicators and one of the research objects are indicators of environmental
contamination at the organism level, animal experiments have been performed to determine the cytological blood
composition. As a result of the conducted investigations, it was revealed that in case of chronic combined intoxi-
cation with zinc and copper, copper and arsenic salts, the number of leucocytes increases, and with intoxication with
zinc and arsenic salts only the amount of leucocytes decreases. In the first case, there is a development of so-called
leucocytosis and leucopenia in the second case. There was also identified an increase in the concentration of erythro-
cytes, hemoglobin, and mean erythrocyte volume in all experimental groups. Possible causes of changes in morpho-
functional blood parameters were revealed and substantiated as well. It was found out that certain groups of heavy
metals possess various toxic effects.

Keywords: heavy metals, zinc, copper, arsenic, chronic combined intoxication, blood indicators.

Introduction. Environmental pollution caused by toxic elements emissions, such as heavy metals, is
now attracting the interest of researchers all around the world, because toxic elements can accumulate in
soil and crops, animal and human organisms [1]. As a result of the rapid development of industrial
production, especially in developing countries, the use of heavy metals and synthetic chemicals has
rapidly increased. Pollution of the environment with heavy metals creates a danger to human health in
particular, as they can bio-accumulate at all levels of the food chain [2]. It is known from scientific studies
that heavy metals such as copper, zinc, cadmium, chromium, manganese, lead, arsenic are considered to
be toxic to both humans and animals [3].

As for Kazakhstan, pollution of the environment with toxic substances is a topical subject, especially
in the areas of mining and processing industry. Akmola region is not an exception. There are mining
deposits, where gold, uranium, titanium, iron, manganese, molybdenum are being extracted. One of the
largest gold deposits is Vasilkovskoye deposit. The accompanying element in this gold deposit is arsenic,
which is why during gold mining process, arsenic enters the environment. Also, soils in Kokshetau area
contain such heavy metals as lead, copper, cadmium and zinc [4].

Zinc is considered to be an important element for all life forms, as it is a part of many body's enzy-
mes, it promotes cell growth, takes part in the exchange of proteins, nucleic acids, and vitamin A. There-
fore, zinc is of great importance for human health as a trace element [5]. The human body contains 2-3 g
of zinc, and it also occurs in muscles, bones, liver, kidneys, lungs, brain, heart and pancreas [6]. 30-40%
of zinc is concentrated in the cell nucleus, 50% in the cytosol, and the rest is a part of the cell membranes
[5]. Zinc plays a special role in the maintenance of immune functions (cellular and humoral immunity). A
lack of zinc can affect congenital and adaptive immunity [7]. Zinc deficiency is associated with acute and
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chronic liver disease. Adding zinc to the diet helps protect against toxin-induced liver damage and is used
in the treatment of hepatic encephalopathy [8].

However, zinc is considered to be relatively non-toxic to humans [9]. There are three main ways of
getting zinc into the body: inhalation (by inhaling air polluted with heavy metals), alimentary (through the
gastrointestinal tract during eating), through the skin [10]. Zinc is excreted from the body through the kid-
neys, skin and intestines [11]. An increase in the concentration of zinc in the body is often associated with
copper deficiency. The absorption of copper decreases if there is an increase in the consumption of zinc [12].

Zinc intoxication can cause a decrease in the level of copper, immunity, lipoprotein and copper-
containing enzymes. High doses of zinc negatively affect the physiology of urination [13]. They also can
inhibit the absorption of copper, sometimes resulting in copper deficiency and, as a consequence, cause
anemia. [14] Jerome Nriagu, professor of University of Michigan, has shown that zinc salts are irritating,
can cause erosive pharyngitis, gastritis, gastrointestinal bleeding, pancreatitis and also oral, throat, and
stomach injuries after swallowing. Prolonged zinc exposure leads to hypoplasia, anemia, leucopenia, and
neutropenia, as well as impaired pancreatic function, resulting in increased release of amylase, lipase and
alkaline phosphatase into the bloodstream [15].

Copper is an important element for cellular metabolism. It is a cofactor-oxidation-reduction reaction
involving intracellular proteins and enzymes such as cytochrome oxidase and superoxide dismutase [16].

Also, copper is a composite component of all soils, an essential element for plants and animals, si-
tuated in small amounts in plants and animal organisms, although an increase in copper concentration
leads to toxic effects on soil inhabitants. Large doses of copper can cause the destruction of red blood
cells and, as a consequence, it can lead to the development of anemia [17]. The main organ, the target,
which is struck by chronic copper intoxication firstly, is the liver. Studies conducted on animals have
shown that taking large doses of copper can lead to liver and kidney disease. Also, due to the high
concentration of copper, hemolytic anemia can be developed. It is caused by acute hepatic necrosis. In
some cases, kidney functions may be impaired. As a result of the destruction of liver cells, a large amount
of copper enters the bloodstream, damaging the red blood cells [18].

Hepatic and sometimes renal changes are the most common effects found in animals that receive
high concentrations of copper. In the organisms of rats, mice, rabbits, chronic copper intoxication leads to
mortality increase and retardation growth. In rats, which were subjected to copper sulfate intoxication,
there were various cellular cell destruction and membrane disorders, increase in the amount of lysosomes,
swelling of mitochondria and tubular microvillus [19].

Arsenic is one of the most toxic metalloids. It can be found in the environment, as a result of natural
and anthropogenic influences. It appears in rocks, soil, air, water in small amounts. In nature, arsenic has
organic and inorganic forms. Inorganic forms are mainly represented by the form of trivalent metaarsenite
(As’") and pentavalent arsenate (As ") [20]. Studies of arsenic toxicity show that chronic effects can cause
serious impairment of organ functions [21]. Arsenic is a serious carcinogen, intoxication which can lead
to the development of malignant tumors, large tumors of the lungs, bladder, and prostate [22]. And also it
seriously impacts the cardiovascular system, cause developmental anomalies, neurological and neuro-
biological disorders, diabetes, hearing loss, hematologic disorders - anemia, leucopenia and eosinophilia
[23]. In areas with a high level of arsenic contamination, there was a high death rate from bladder,
kidneys, skin and liver cancer [24].

Arsenic and its compounds are excreted from the body with urine and bile and breast milk in small
quantities [25]. During the experiment on rats, using chronic arsenic primer, after 12 weeks, arsenic was
found in the blood, liver and kidneys [26].

According to Khanturina G.R. date, with chronic zinc, copper and iron salts intoxication, a decrease
in the level of leucocytes, erythrocytes, hemoglobin in the blood was revealed [27].

Despite the fact that the influence of heavy metals on the body is well known throughout the world,
there is no evidence of the effect of chronic combined intoxication with salts of zinc, copper and arsenic.
Therefore, the study of the combined chronic effects of zinc, copper and arsenic salts on the body is of a
great interest.

Proceeding from the above mentioned, the purpose of our study was to study the influence of com-
bined chronic intoxication with zinc, copper and arsenic salts on the change in hematological blood
indicators of experimental animals.
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Materials and methods. The experiments were carried out on 40 white uncontaminated rats. The
laboratory rats were divided into four groups for these experiments. They were daily injected intra-
gastrically with solutions of heavy metal salts for three months. The first group (n = 10) consisted of
control animals, which were kept under standard conditions, including usual food and water diet. The
animals of the second group (n = 10) were injected with solutions of zinc and copper salts, the dose of
copper sulfate II was 13 mg/kg, zinc sulfate was 17.5 mg/kg. In the third group (n = 10), there were
injected the solutions of copper and arsenic salts, the dose of copper sulfate II was 13 mg/kg, sodium
arsenite was mg/kg. Animals of the fourth group (n = 10) were injected with solutions of zinc and arsenic
salts, the dose of zinc sulfate was 17.5 mg/kg, sodium arsenite was 1 mg / kg.

Blood sampling is performed three months after the beginning of the experiment. During the
experiment, all ethical norms and rules were maintained. Blood was taken from the carotid artery of
experimental animals. Hematologic blood indicators were determined on a modern automatic hemato-
logical analyzer Nihon Kohden Celltac E (Japan). Blood indicators such as leucocytes, erythrocytes,
hemoglobin, hematocrit (HCT), mean erythrocyte volume (MCV), mean hemoglobin in erythrocyte
(MCH), mean hemoglobin concentration in erythrocyte (MCHC), ESR using various methods were
determined. So, the number of leucocytes was determined with the help of the unified counting method in
Goryaev's counting chamber, the erythrocyte concentration was determined by a unified method with
0.9% sodium chloride solution, the hemoglobin level was determined by the hemoglobin cyanide method
[28]. The hematocrit was calculated by the formula:

RBC (109 MCV (f1) * cells/!
10

The average volume of erythrocytes was calculated according to the formula:

HCT (%) =

Hematocrit inmel®
Number of erythrocytes in 1 mcl

MCV =

The mean hemoglobin content in erythrocyte was calculated by the formula:
Hemoglobin in g/1

nI CH —
- First three numerals of erythrocytes concentration in 1¢

(pg)-

The mean concentration of hemoglobin in the erythrocyte was calculated by the formula:

Hemoglobinin g/l
MCHC = — + 100
Hematacrit in %

ESR was determined with the help of PR-3 (ESR meter, Panchenkov's apparatus) [29]. The results
were processed using Microsoft Office Excel software, Statistica for Windows. The arithmetical mean
(M), the standard error of the arithmetic mean (m) were calculated. The significance of differences in the
arithmetic mean was estimated using Student's t-test (t) and significance level (p).

Research results and discussion. The results of our studies show that in case of chronic combined
intoxication with zinc, copper and arsenic salts, the number of leucocytes in the blood in the second group
increased by 78.89% (p <0.05), in the third group by 50.88% (p <0, 05), and in the fourth group it de-
creased by 30.94% (p <0.05), in comparison with the control group. Leucocytosis is more marked in the
second group (table, figure).

The development of leucocytosis is probably connected with the increased formation of leucocytes in
the bone marrow and their release into the bloodstream. It is known from the literature that cytokines are
formed in the leucocytes under the impact of toxins in leucocytes, which increase the proliferation and
differentiation of leucocytes, as well as the release of the formed elements from the bone marrow. Leuco-
penia, which is in evidence among the animals of the fourth group, is probably connected with a decrease
in the production of leucocytes and their release from the bone marrow into the blood, i.e. there is an
oppression of leucopoiesis due to toxic effects on leucopoiesis tissue, as well as increased destruction of
leucocytes in peripheral blood and bone marrow.
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Hematological indicators of rats’ blood with chronic combined intoxication salts of zinc, copper and arsenic salts

Groups of experimental animals
Blood o 2" group 3" group 4™ group
indicators (00111 trc%lr (;)glrlopup) (intoxication with zinc (intoxication With copper (intoxicatioq with zinc
and copper salts) and arsenic salts) and arsenic salts)

Leucocytes , *10°/L 6,82+0,11 12,20+0,33* 10,29+0,09* 4,71+0,32*
Erythrocytes,*10'%/L 7,8+0,16 9,27+0,03* 8,95+0,12* 9,58+0,07*
Hemoglobin, g/L 1274£2,97 156,1£1,60* 146,3+£2,2* 155+0,61*
Hematocrit, % 47,0+1,13 48,93+0,37 46,49+0,68 49,56+0,36
MCV, fL 49,4+0,64 52,78+0,27* 51,914+0,08%* 52,24+0,59%*
MCH, pg 17,25+0,04 16,84+0,15 16,33+0,06* 16,24+0,12*
MCHC, g/L 350+5,19 319,1£1,56* 284,8+21,08* 313,5+1,76*
ESR, mm/h 4,8+0,10 4,3+0,11** 4,3+0,11** 3,7+0,11*

*The differences are significant compared to the control group, with p <0.05; ** - the differences are significant in com-
parison with the control group, with p <0.01, n - the number of animals in the groups.
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Dynamics of hematological indicators in chronic combined intoxication with salts of zinc, copper and arsenic

There were also changes in the leukocyte formula. The number of lymphocytes decreased in the
second group by 14.42% (p <0.05), in the third group by 19.36% (p <0.05), in comparison with the cont-
rol group. In the fourth group, the results were practically equal to the control group. The number of mo-
nocytes increased in the second group by 220% (p <0.05), in the third group by 155% (p <0.05), in the
fourth group by 61.18% (p <0.05) in comparison with the control group of animals. The number of
segmented neutrophils increased in the second group by 26.5% (p <0.05), in the third group by 83.13% (p
<0.05), in the fourth group by 37.35% (p <0.05), in contrast to the control data.

An increase in red blood cells was observed in all experimental groups. In the second group it was
18.85% (p <0.05), in the third group was14.74% (p <0.05), in the fourth group was 22, 8% (p <0.05). At
the same time, the amount of hemoglobin also increased in the second group by 22.9% (p <0.05), in the
third group by 15.20% (p <0.05), in the fourth group by 22% (p <0,05), in comparison with the results of
the control group. It can be assumed that this increase in the number of erythrocytes is connected with a
thickening of the blood due to excessive loss of body fluid, or increased formation of erythrocytes in the
bone marrow as a result of oxygen deficiency. Perhaps, this can be explained by the hyperproduction of
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erythropoietin in the defeat of kidney tissue and the resolution of the liver parenchyma. It is well known
that erythrocytosis lead to an increase in blood viscosity, aggregation of uniform elements, microcir-
culation and the appearance of dystrophic changes in organs and tissues.

The parameters of the hematocrit remained within the norm, in comparison with the control data. So,
the value in the second group increased by 4.11%, in the third group it decreased by 1%, in the fourth
group it increased by 5.45%.

The mean erythrocyte volume increased in the second group by 6.8% (p <0.05), in the third group by
5.08% (p <0.01), in the fourth group by 5.75% (p <0.01), although the mean hemoglobin concentration in
the erythrocyte decreased in the second group by 2.38% (p <0.05), in the third group by 5.33% (p <0.05),
in the fourth group by 6.09% (p <0.05). An increase of this indicator may show the development of liver
diseases, as well as a violation of bone marrow activity in severe leucocytosis, which is confirmed by the
results of our studies.

The mean hemoglobin content in the erythrocyte decreased in the second group to 8.83% (p <0.05),
in the third group to 18.63% (p <0.05), in the fourth group by 10.43% (p <0, 05). Also, the mean and
hemoglobin concentration in the erythrocyte in all the experimental groups decreased, in the second group
to 2.38% (p <0.05), in the third group to 5.33% (p <0.05), in the fourth group to 6, 09% (p <0.05)
compared with the control data. This is possibly due to the development of absolute hypochromia of
erythrocytes, as a result of a violation of iron assimilation.

Erythrocyte sedimentation rate decreased in the second group to 10.42% (p <0.01), in the third group
to 10% (p <0.01), in the fourth group to 22.92% (p <0.05). Decrease of ESR is probably due to a violation
of protein synthesis in liver failure, as well as the violation of the columns formation, which is caused by
the change in the form of red blood cells.

Conclusions. Thus, chronic combined intoxication of experimental animals with zinc, copper and
arsenic salts led to the significant deviations from the norm of hematological parameters. In this case, the
development of neutrophilic leucocytosis in groups of combined effect of zinc and copper, copper and
arsenic salts, as a manifestation of poisoning, was observed. The revealed monocytosis in our experiments
is the immune reaction of the organism to the action of heavy metals. Also, leucopenia in the group of
combined intoxication with zinc and arsenic salts was detected. Because the number of erythrocytes
increased, as well as their volume, this led to an increase in hemoglobin and may also indicate a violation
of liver function. The increase in erythrocytes can also be connected with the activation of erythropoiesis
with the increased erythropoietin formation, which is probably caused by a lack of oxygen, possible
neoplasm in the kidneys and adrenal glands.
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P. M. Tasutauunosa', P. P. Beiicenosa’, A. H. I'puropbes’

'1I. Vonuxanos aTbinnarsl Kekineray MemiaekeTTik yuusepcureti, Kokmeray, Kasakcra,
J1. H. I'ymunes ateigarsr Eypasust yiTTeIK yHEBEpCHTeTi, ActaHa, KasakcraH,
3OMOBI MEMJIEKETTIK I1€/[ATOTHKAIBIK yHuBepcureti, OMObI, Peceit

MBIPbBIII, MBIC )KOHE MbIIIbSK TY3JAPBIHBIH
TFEMATOJIOTUAJIBIK KOPCETKIIIPIHIH O3T'EPICIHE KOCAPJIACA
CO3BIJIMAJIBI OCEPI

AnHotanus. OChI 3epTTEY/AC MEIPHIII, MBIC )KOHE MBIIIBSIK TY3IapPBIMEH Kocapiaca CO3BUIMAJbl dCepi HOTH-
JKENIEPIHIe TeMaTOJIOTHSIIBIK KOPCETKIMTEPAiH o3repicTepi Oepiinmi. A¥3ara yIibl 3aTTap OPEKETTepiH Oaranay e-
memIepiHiy 0ipi — TeMaTOJIOTHSIIBIK KOPCETKIMTEP i TaJaay OOk caHaidaabl. JKypri3iireH 3epTreyiiep HOTHKe-
CIHJIE MBIPBIII MEH MBIC, MbIC JKOHE MBIUIBSK TY3JapbIMEH CO3bUIMAIIBI KOCAPJIACKAH YJIaHY Ke3iHAe JeUKOLUTTED
caHbl KOOeWim, aji, MBIPBIII JKOHE MBILIBSK TY3/1apbIMEH YJIaHybl Ke3iHJE JICHKOUHUTTEp CaHbl TOMEH/ETreHl aHbIK-
Tanael. BipiHmi karmaliga JSHKOMUTO3 JKOHE EKIHII »KaFmaiaa jeikoneHuss namuabl. CoHmaii-ak, OapsblK dKCIie-
PHUMEHTTIK TONTAapAa SPUTPOLMTTEPIIH, TeMOTJIO0MHHIH, SPUTPOLMTTEPIIH OPTaIlia KOJIeMIiHIH apTybl KOPCETLIeTi.
Makanazga KaH KOpCETKIMTepiHiH MOp(O-QYHKIIMOHAIIBIK ©3repiCTepi BIKTHUMal CeOenTepl aHBIKTAIFaH XOHE
HeriznenreH. byt ayslp Metangap Oenriii 6ip TonTapsl op TYpPJIi iC-OpeKeTTepiMeH epeKIleICHETIHIH KOPCEeTe/Ii.

Tyiiin ce3mep: aybip METaIAapP, MBIPHIIIL, MBIC, MBIIIbSIK, KOCapiiaca CO3bUIMAIBI YIIaHy, KaH KOPCETKIIITepi.
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P. M. Tasutaunosa', P. P. Beiicenosa’, A. U. I'puropbes’

'Kokmerayckuii rocyapcTennbliii yauepcutet um. 111, Yanuxanosa, Kokumeray, Kasaxcran,
2EBpa3H17ICKHP”1 HaroHaNeHBIN yHUBepcuteT uM. JI. H. 'ymuneBa, Acrana, Kasaxcras,
3Omcknit rOCyJapCTBEHHBIN MeAarornieckiii yausepcuret, OMck, PO

BJMSTHUE XPOHUYECKON COYETAHHOM MHTOKCHUKAIIUU
COJISIMHU TUHKA, MEJIU U MBILIBSIKA
HA UBMEHEHUE 'EMATOJIOI'MYECKHX ITOKA3ATEJIEM KPOBHU KPBIC

AHHoOTanus. B cratee npeacTaBneHbl pe3ysbTaThl UCCISIOBAHUS BIUSHHUS XPOHUUYECKUX COYETAHHBIX OTPAB-
JICHUH COJSIMU IIMHKA, MEH 1 MBIIIbsIKa Ha TeMaTOJIOTHIECKUE ITOKa3aTenr KpoBH. II0CKOIBKY OHUM U3 KpUTEPHEB
OLIEHKH AEHCTBHUS TOKCHYHBIX BEIIECTB HA OPTaHW3M SIBIISIOTCS TeMaTOJOIMYECKNE MOKA3aTeNId U OJHUM M3 O0BEK-
TOB HCCIIEJOBaHNUS, — MHUKATOPHI 3arPSI3HEHHS OKPYXKAIOIIEH Cpelbl Ha OPraHM3MEHHOM YPOBHE, ObUIM IIPOBEIEHBI
9KCIIEPUMEHTHI Ha >KUBOTHBIX C OIIPEAEIEHHEM IUTOJIOTHYECKOTO COCTaBa KPOBU. B pe3ynbrare mpoBEICHHBIX HC-
CJIEZIOBAaHUM BBISBIIEHO, YTO NPHU XPOHMUYECKOH COUETAHHON MHTOKCHUKAIIMHU COJISIMH LIMHKA M MEIU, MEIH U MBIIIbsSIKA
YBEIMUYMBAETCSA KOJIMUECTBO JIEHKOIIUTOB, a IPX NHTOKCUKAIUH COSIMU LIMHKA U MBIIIbAKA CHIDKaeTcs. Pa3BuBaroTcst
TaK Ha3bIBaeMbIe, JIGHKOIIMUTO3 — B IEPBOM ClIyyae M JICHKOIEHHs — BO BTOPOM. Takyke OOHapy»KeHO yBEIHYCHUE
COZIEpIKaHUSI SPUTPOLMTOB, TEMOIIOONHA, CPETHEr0 00beMa IPUTPOLUTOB BO BCEX IKCIEPHUMEHTAIBHBIX IPYIINax.
BersBieHs! 1 000CHOBaHBI BO3MOXKHBIE ITPUYMHBI U3MEHEHNH MOp(o-(QYHKIIMOHANBHBIX TT0Ka3aTeseld KpoBu. Brisic-
HEHO, 4TO OMpEIeJICHHBIE TPYIIIBI TSHKENIBIX METAJUIOB 00JIa/Ial0T Pa3IMYHBIMU TOKCHUECKHUMU JICHCTBUSIMU.

KitioueBble cjoBa: TsDKeNble METaUIbl, LWHK, ME/b, MBIIIBSK, XPOHMYECKAash COYETaHHAs WHTOKCHKAIWS,
MIOKa3aTel KPOBU
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MODELLING THE PROBABILITY OF EMERGENCE
OF MULTIPLE DRUG RESISTANCE IN INFLUENZA VIRUS

Abstract. Antiviral drug resistance in influenza virus poses a serious threat to public health, particularly during
the epidemic period. In this article we evaluated the probability of emergence of multiple drug resistance to adaman-
tane and the oseltamivir in influenza virus. 35,061 amino acid sequences of both the neuraminidase and M2 matrix
protein genes were selected for analysis in the international NCBI database. In order to search for and count the sites
responsible for the formation of susceptibility to antiviral drugs, the scripts were developed and written in the Python
3.6 programming language. Evaluation of the possibility of simultaneous existence of amino acid substitutions in the
M2 and NA genes leading to the formation of resistance showed that these paired mutations are antagonistic to each
other, and theoretically the occurrence of such virus strains is unlikely. The findings can serve as a basis for the prac-
tical application of complex therapy with the drugs based on adamantane derivatives and neuraminidase inhibitors
against influenza virus.

Key words: influenza virus, antiviral resistance, amino acid substitutions, fitness cost, genetic linkage.

Introduction. Evolution of antibiotic resistance is usually the result of small changes that allow the
microbes or other organisms to survive under special circumstances when the organism encounters an
extremely strong selection pressure due to the presence of any antibiotic drug. In other cases, this is the
result of the transfer of pre-existing antibiotic resistance genes from one microbe to another and selection
of such microorganisms in an antibiotic-containing medium. Even in the first example, evolution does not
create a truly new function. Such changes often make microorganisms less adapted to normal growth con-
ditions — their efficiency declines, manifesting itself in reduced virulence, transmission, and growth rate,
while these mutants are able to survive treatment with antibiotics. This effect is widely recognized and
called the fitness cost of antibiotic resistance or “fitness cost”.

Energy costs of drug resistance are real, and biological realities such as “fitness cost” and other
limitations of the evolution of microorganisms play a vital role in shaping strategies used to combat resis-
tance to antibiotics, antiviral resistance, etc. In fact, if it weren’t for the “fitness cost”, in many cases drug-
resistant bacteria and viruses would multiply without restriction, and soon replace susceptible strains.
However, in practice, because of the “fitness cost”, resistant strains are replaced by susceptible strains
when the drug is removed from the medium, and the selection pressure is weakened. Thereby, the suscep-
tible strain will eventually defeat the resistant one in a drug-free medium. It can take several days, or
several decades, depending on the relative difference in the “fitness cost”. The difference in the “fitness
cost” between susceptible and resistant strains can also be leveled by compensatory mutations, but will
never be zero [1, 2].

A number of drug resistance mutations are incompatible with each other because of the cumulative
effect of the associated negative effects on the body, as well as in relation to the need to maintain a certain
general genomic context for the states of many other polymorphic alleles in the genome, including com-
pensatory mutations.
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There is a large number of works devoted to the study of the “fitness cost” concept in various bacte-
ria. However, there are very few similar studies on viral infection models. In this article, we have tried to
evaluate the probability of emergence of multiple drug resistance to adamantane and oseltamivir in
influenza virus.

There are currently two classes of the most common antiviral drugs used in the treatment of the
influenza virus infection: adamantane derivatives (amantadine, rimantadine) and neuraminidase inhibitors
(oseltamivir) [3].

The study into the genetic basis of resistance showed that all rimantadine-resistant strains have mu-
tations in the transmembrane domain of the M2 protein, namely at positions 26, 27, 30, 31, and 34 [4, 5].
In this case, a structure of the mutant transmembrane domain of the M2 protein changes, which leads to a
change in the structure of the viral ion channel [6, 7].

The frequency of appearance of a virus resistant to neuraminidase inhibitors remains low compared
to the resistance to adamantanes. However, every year the share of oseltamivir-resistant variants increases
throughout the world [8]. Genetic studies of influenza virus strains have revealed a histidine to tyrosine
amino acid substitution (H274Y mutation) in the neuraminidase protein, leading to the formation of
resistance to the oseltamivir.

Therapy for the disease with several drugs that act at different stages of the viral life cycle is now
considered to be one of the most effective approaches. And, perhaps, the complex therapy may reduce the
likelihood that any single mutation will lead to the emergence of resistance.

Materials and methods. Objects of the study. The amino acid sequences of the neuraminidase
protein and matrix protein M2 of the influenza A virus, obtained from the international NCBI database
[9], were used in this study. Information on the frequencies of amino acid substitutions in 53,761 genomes
of the influenza virus was analyzed. The data were used to examine the dynamics of mutation
accumulation in the global population of the influenza virus.

Search and analysis of amino acid substitutions leading to the emergence of resistant virus strains.
The search for mutations responsible for the formation of resistance to adamantane in the M2 protein gene
was carried out at positions 26, 27, 30, 31, and 34, initiating at the first start codon.

The search for mutations responsible for the formation of resistance to the oseltamivir in the
neuraminidase protein was carried out at position -2 from the location of the EEC/SSC/RY/H/F pattern.

The mutations associated with drug resistance were established according to the NCBI database
records [9].

To determine the conservative pattern in the neuraminidase gene, multiple amino acid sequence
alignment was performed using the MEGA 7 [10] and Lasergen software (version 12, DNASTAR, Inc,
Madison, WI).

Determination of mutation frequencies. The frequencies of single mutations responsible for the
formation of mono resistance have been calculated. The mutation frequency was calculated as the ratio of
the number of each mutation to the total number of amino acid sequences according to formula (1):

=n/N, (1)

where f — mutation frequency, n — number of mutations, N — total number of amino acid sequences.

To analyze the character of amino acid substitutions, the Grantham's distance was used (figure).

With a physicochemical distance above 57.9, the substitution is assumed to be conservative, or
radical in the opposite case [11].

Calculation of linkage disequilibrium (LD) parameter for the pairs of mutations. For each pair of
mutations, a parameter LD, characterizing the disequilibrium concatenation of the signs, was calculated
by the formulae (2)-(4) [12]:

ko1 D.

LD=3" p(4)p(B, )x|-—L]. @)
i=1 j=1 Dl.j

Dij :p(AiB_j)_p(Ai)p(Bj)a 3)
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s _ {minlp(Ai)p(B,),a—p(AJ)(l ~p(B))| D, <0 N
" minlp(4)a- p(8 )= p(4)p(B)] D, 0°

where p4 and pB are the allele frequencies at loci 4 and B, pAB is the frequency of gametes carrying a
pair of alleles A and B at two loci.

A|JC|D|IE|JF|G|IH|T|]K|]L{M|N|P|IQ|R|S|T|V|IW]Y

AJ100] 9 |41 [ 50 )45 |73 |59 |54 |50 |54 |59 |45 |86 |54 |45 |54 |73 |68 |32]45
C 100027 (23] 4 |27 181 9 | 4 | 9| 9 [36 23|27 |18 45|32 9 1019
D 100 77 | 18 | 54 |59 | 23 | 50 | 18 | 27 | 86 | 50 | 68 | 54 | 68 | 59 | 27 | 14 | 27
E 100 36 | 54 | 82 | 36 | 73 |36 |41 |77 |54 |8 |73 |64 | 68 |41 | 27| 41
F 100 27 | 54 | 86 | 50 | 86 | 86 | 27 | 45 | 45 | 54 | 27 | 50 | 77 | 82 | 86
5 100 54 | 36 | 41 | 36 | 41 | 64 | 77|59 |41 | 73|73 50| 14 ] 32
H 100 54 | 82 | 54 | 59 | 68 | 64 | 86 | 86 | 59 | 77 | 59 | 45 | 59
I 100 50 | 95 195 |32 | 54 |50 | 54 | 3259 |86 | 68|82
K 100 | 50 | 54 | 54 | 50 | 73 | 86 | 41 | 64 | 54 | 50 | 59
L 100 91 |27 | 54 | 45 | 50 | 32| 54 | 82 | 68 | 82
M 100 32 | 59 | 50 | 54 | 36 | 59 | 86 | 68 | 82
N 100 54 | 77 |59 |77 | 68 |36 | 18] 32
P 100 64 | 50 | 64 | 82 | 68 | 32 | 50
Q 100 77 | 68 | 77 | 54 | 41 | 54
R 100 50 | 64 | 54 | 50 | 64
S 100 73 | 41 | 18 | 32
T 100 | 68 | 41 | 54
Vv 100 | 59 | 73
W 100 | 82
Y 100

Grantham's physicochemical distance matrix for amino acid substitutions

Bioinformatics calculations. To search for amino acid substitutions in the examined genes respon-
sible for the emergence of drug resistance and calculate frequencies of both mono- and paired mutations,
we have used own scripts written in the Python 3.6.

Results. Finding whole genome amino acid sequences of influenza A virus from the NCBI database.
The whole genome amino acid sequences of the NA and M2 proteins were obtained from the NCBI
database to carry out an analysis. The appropriate filters were used to collect relevant data, which make it
possible to get rid of laboratory isolates, mixed strains, and duplicating sequences.

In total, 53,761 whole genome sequences of the NA and M2 genes of the influenza A virus
circulating in the world between 1902 and 2017 were obtained from the database. In view of the fact that
the strains are often deposited in the NCBI without the first start codon, or, conversely, have an additional
sequence before it, the sequences obtained were optimized in the subsequent experiments. Using own
scripts written in Python 3.6, all sequences of the M2 and NA proteins were aligned with the first start
codon. In addition, the strains, which simultaneously included genome sequences of the M2 and NA
proteins, meeting the requirements as described above, were sorted.

As a result of all manipulations, 35,061 amino acid sequences of both the neuraminidase and M2
matrix protein genes were selected for further analysis.

Analysis of amino acid substitutions leading to the emergence of resistant strains of influenza virus.
Using the obtained amino acid sequences, the search and counting of sites responsible for the formation of
resistance to adamantane and to the oseltamivir were carried out in subsequent experiments. In view of the
fact that, despite the optimization, the amount of data analyzed was extremely large, direct search and
counting of sites were not possible. At the same time, the existing software (both commercial and free)
did not allow to carry out the required manipulations. We have developed and written own scripts in the
Python 3.6, which enables us to perform a search and counting of sites for the given parameters quickly
and optimally.
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According to the published data, the formation of resistance to adamantane causes by amino acid
substitutions in the matrix protein of the influenza virus at positions 26, 27, 30, 31, and 34 relative to the
start codon. All amino acid substitutions in the M2 protein and their absolute number are shown in table 1.

Table 1 — Amino acid substitutions in the M2 protein gene

Substitution Number Phenotype Substitution Number Phenotype
26A 1 n/d 30A 35007 S
26F 51 R 30E 1 n/d
261 346 R 301 11 n/d
26L 34645 S 30N 1 n/d
26N 3 n/d 308 22 n/d
26P 1 n/d 30T 16 R
26R 1 n/d 30V 3 R
26S 8 n/d 31K 1 n/d
26V 5 n/d 31A 1 n/d
A27 1144 R 3IR 2 n/d
27E 1 n/d 311 6 n/d
27F 38 n/d 3IN 20579 R
27G 20 n/d 31G 4 n/d
271 1585 R 3IL 11 n/d
27L 5 n/d 31D 7 n/d
27M 3 n/d 318 14450 S
278 2 R 34G 35039 S
27T 345 R 341 15 n/d
27V 31918 S 34E R

34W 4 n/d
Notes: S — susceptibility phenotype; R — resistance phenotype; n/d — no data.

However, during the analysis, a number of amino acid substitutions were recorded in the matrix
protein gene, which, according to the literature data, did not clearly differentiate into mutations leading to
susceptibility or resistance, but nonetheless affecting the phenotype to some extent.

In order to take into account the influence of these substitutions on the formation of resistance in
influenza virus and calculate the linkage disequilibrium parameter, an analysis was made to determine the
character of the amino acid substitutions for the M2 protein. To determine the nature of the mutations,
which were not described in the literature, the Grantham's physicochemical distance matrix was used. The
results are shown in table 2.

In addition to the mutation at position 274 resulting in resistance to oseltamivir, a number of
substitutions are known for the neuraminidase protein. However, some of them are related to compen-
satory mutations, while the other part is specific only for certain genetic groups of the influenza virus and
cannot provide an adequate picture of resistance formation. As a result, only an amino acid substitution at
position 274 in the neuraminidase protein was used in the final analysis. However, in view of the fact that
the neuraminidase protein sequences differ in length due to the presence of insertions/deletions that are
responsible for pathogenicity, the search for position 274, initiating at the start codon, will not provide
adequate amino acid content in this site. Therefore, in preliminary studies, a conservative pattern was
searched for, which would be located in the immediate vicinity of the necessary site.

The search for a conservative pattern was carried out using the MEGA 7 and Lasergen 12 software.
A rather conservative EEC/SSC/RY/H/F pattern, located two amino acids after the site responsible for the
formation of resistance to the oseltamivir, was found.

Using the found pattern and own scripts, the number of sites responsible for the formation of sus-
ceptibility/resistance was determined (table 3).
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Table 2 — Determination of the character of amino acid substitutions in the M2 protein gene

Amino acid substitution Number of substitutions Character of substitutions
26A 1 R
26N 3 R
26P 1 R
26R 1 R
26S 8 R
26V 5 S
27E 1 R
27F 38 S
27G 20 R
27L 5 S
27M 3 S
30E 1 R
301 11 R
30N 1 R
308 22 R
31K 1 R
31A 1 R
31R 2 R
311 6 R
31G 4 S
31L 11 R
31D 7 S
341 15 R
34W 4 R

Notes: S — susceptibility phenotype; R — resistance phenotype.

Table 3 — Amino acid substitutions in the neuraminidase protein gene

Substitution Number of substitutions Phenotype
274H 34615 S
274Y 446 R

Notes: S — susceptibility phenotype; R — resistance phenotype.

In subsequent experiments, in order to calculate the linkage disequilibrium parameter, it was required
to determine a possibility of the simultaneous existence of amino acid substitutions in the M2 and NA
genes leading to the formation of resistance within the same organism. Therefore, only mutations leading
to the resistance phenotype were used for the analysis. In other words, the frequencies of mutations, both
described in the literature and calculated according to the Grantham's distance, were summed up within
the same site. Based on the values obtained, the frequencies of mutations responsible for resistance to
adamantanes at positions 26, 27, 30, 31, and 34 for protein M2 and to oseltamivir at position 274 for the
neuraminidase protein were calculated. The values of theoretical and practical frequencies of paired
mutations were further calculated. Practical frequencies were obtained on the basis of direct counting of
substitutions in the M2 and NA genes (table 4).

Using the obtained frequency values, the linkage disequilibrium (LD) parameter was calculated for
paired mutations.
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Table 4 — Frequencies of paired mutations

Paired mutations Practical values Theoretical values
26-274 0,0 1,50E-04
27-274 1,7E-04 1,12E-03
30-274 0,0 1,96E-05
31-274 3,68E-03 7,47E-03
34-274 0,0 7,98E-06

The linkage disequilibrium (LD) parameter is a non-random distribution of allele frequencies at
different loci, which can be due not only to the close genetic linkage but also to the adaptive advantage of
the particular combination of alleles, whose frequency accordingly increases in comparison with the
frequency expected with a random distribution.

The LD parameter can take both positive and negative values. Positive linkage values indicate that
two loci occur together in the same haplotype more often than expected, while negative LD exists when
alleles occur together in the same haplotype less often than expected. The data are shown in table 5.

Table 5 — Linkage disequilibrium parameter for paired mutations in the M2 and NA proteins

Paired mutations LD value
26-274 -1,50E-04
27-274 -9,70E-04
30-274 -2,00E-05
31-274 -3,95E-03
34-274 -8,16E-06

LDcommon -5,12E-03

The resulting negative LD values indicate that these paired mutations are antagonistic to each other.
The common LD parameter also has a negative value. Theoretically, the emergence of influenza virus
strain, which simultaneously possesses such pairs of amino acid substitutions in the NA and M2 genes, is
extremely unlikely. However, the LD parameter has a low negative value, tending to zero, which in turn
may indicate a lack of analyzed data or a relative general neutrality of the simultaneous presence of two
mutations resulting in the formation of multiple drug resistance.

Conclusions. The concept of energy relevance is a characteristic of any living organism. The
acquisition or loss of structures, including genetic ones, inevitably leads to a change in the energy status
of the organism. Restoring this balance entails changes in the structure of the genome or epigenome.
However, this can be problematic for viruses due to the limited size of their genome and lead to
irreversible fatal consequences.

Based on the data presented in the NCBI database, as well as the analysis carried out, it was sug-
gested that resistance to adamantane and neuraminidase inhibitors (oseltamivir) cannot exist simul-
taneously due to the energy irrelevance. In this article, the effect of compensatory mutations on the
decrease of the “fitness cost” was not taken into account; however, the findings can serve as a basis for
subsequent studies.

Theoretical calculations obtained in the framework of this work undoubtedly require a compre-
hensive experimental verification and evaluation. However, if the results are confirmed, the data may
serve as a basis for reviewing or clarifying existing regimens for influenza virus treatment.
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'«HpekuusFa Kapchl IpenapaTTap FUIbIME opTanbiFbd AK, Anmatel, Kazakcran,
*On-Mapabu ateiaaars: Kasak yiITThIK yHHBepCuTeTi, AnMathl, Kasakcran

T'PUIIT BUPYCBIHJAFBI KONITETEH JIOPITE TYPAKTBLUIBIKTBIH,
MAMIA BOJTY MYMKIHJITTH MOJEJIAEY

AnnHotanus. Tymay BUPYCHIHBIH JOPLUTIK 3aTTapFa Kapchl BUPYCKA KAPCHI TYPAKTHUTBIFBI KOFAMJIBIK JACHCAYIIBIK
YIIiH, acipece SMUAeMus Ke3eHIHae eeyii Karep 0ombin Tabbutanpl. Ockl Makantaga 0i3 TPUIMIT BUPYCHIHIAFHI ala-
MaHTaHJBIK KaTapIarbel [IpernapaTTap MEH OCEIETAMHUBHD IMperapaThlHa KUIITEreH MOPLTIK TYPaKThUIBIFBIHBIH Taiina
0oy Mymkinairia O0arananeik. Tammay ynrie NCBI xansikapanbeik 6a3acbiHia HelpaMUHUIA3 jKoHE M2 MaTpHKCTIK
aKybI3 petiHae reaaepAid 35061 aMUHKBIIIKBUIAAPBIHBIH Oipi3aimiri OoibIHIIA ipikTemik. Bupycka kapchl npemna-
parrapra Ce3iMTaIABIKTHI KAJBIITACTRIPYFa JKayanThl CAUTTapabl i3/1ey *oHe caHay yuriH Python 3.6 Oarmapiama-
Jlay TUTIHJIE CKPHIITTEP 931pJIEHII, jKa3blJIbI.

TypaKTBUIBIKTEI KaJbINTACTRIPYFa okeneTiH M2 xoHe HA reHaepinieri aMiH KbIIIKBUIBIHBIH aIMacThIpyiIa-
pBIHBIH Oip Me3ringe 0oy MYMKIHIITIH Oaranay Oyi MyTalusapAblH JKynrapbl Oip-OipiHe aHTaroHHCT OOJIBII
TaOBLTAJIBI J)KOHE TEOPHSUTBIK TYPAC MYHIAH IMITaMMIAP.IbIH Haia O0Myhl eKiTarai.

AJBIHFaH HOTWXKEJNEp TPUIN BUPYCHIHA KATHICTHI HEHPAMUHHIA3 WHTUOUTOPIAPHI KOHE aJaMaHTaH TYBIHJIbI-
Japhkl MpenapaTTapbiMeH KEIIeH T TepaHsHbI TPAKTUKAIBIK KOJIIaHy VIIIiH HeTi3 00Ja aajipl.

Tyiiin ce3mep: rpum BHPYCHL, BUPYCKAa KAapChl TYPAKTHUIBIK, aMHHKBIIIKBUIIBIK anMacyiap, fitness cost,
TipKecIe reHep.
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H. C. KOpOTeHKHﬁl, P. K. Kapnnﬁaenaz, C. B. llInios

'AO «HayuHblii IeHTp NPOTHBOMHMEKIIMOHHEIX TIPENapaToBy, AnMaThl, Kazaxcran,
Ka3axCKuii HAMOHATBHBIN yHHBepcuTeT uM. anb-Dapadu, Anmarel, Kazaxcran

MOJEJUPOBAHHME BO3MOKHOCTH BOSHUKHOBEHMUS
MHOXECTBEHHOM JIEKAPCTBEHHOM YCTOMYMBOCTH Y BUPYCA T'PHITIIA

AHHOTAUMs. AHTHBHpYCHAas PE3UCTCHTHOCTh BHUpPYyCa TpHUINA K JICKAPCTBCHHBIM IIperiaparaM sBIISCTCS
Cepbe3HOH yrpo30i JuIs 00IECTBEHHOTO 3/IpaBOOXPAaHEHUs], 0COOCHHO B 3ITMIEMHYECKHI eproa. B 310l crarbe Mbl
MPOBEJIA OLECHKY BO3MO)XHOCTH BO3HHKHOBEHHS MHOXXECTBEHHOH JICKAPCTBEHHON YCTOHYMBOCTH K Tpenaparam
aJaMaHTaHOBOTO PsJia M IIperapary OcCelbTaMUBHp y BHpyca rpunma. J[ns aHammsa Obuto otodpano mo 35061
aMUHOKHCIIOTHBIX IOCIIEIOBATENIFHOCTEH TeHOB KaK HeHpaMWUHHIA3bl, TAaK WU MaTPUKCHOTO Oeinka M2 B MexIy-
HaponHoU 6aze NCBI. [Ing moucka u mojcyera caiToB, OTBEYAOIINX 32 (hOPMUpPOBaHKE YYBCTBUTEIBHOCTH K TIPO-
TUBOBUPYCHBIM Ipenaparam, ObLIH pa3paboTaHbl U HAIMCAHbI CKPUITHI HA s3bIKe MporpammupoBanus Python 3.6.
OreHKa BO3MOXXHOCTh OJHOBPEMEHHOTO CYIIECTBOBAHMS aMHHOKHCIIOTHBIX 3aMeH B reHax M2 m NA, Bemymmx K
(hOpMHUPOBAHUIO YCTOMYMBOCTH TOKa3aja, YTO JaHHBIE MApbl MyTallUi SBJSIFOTCS aHTarOHUCTHYECKUMH TI0 OTHOIIIE-
HUIO JIPYT K JPYTY, U TEOPETHYECKH BOZHUKHOBEHUE TAKHUX ILTAMMOB BHpyCa MaJoBeposTHO. [loiyueHHbIe pe3yiib-
TaTbl MOTYT CIYXUTb OCHOBAHUEM [JId MPAKTUYCCKOIO NMPUMCHCHUA KOMIIIEKCHOM TCpanuu mnpernaparaMmu Mmpous-
BOJHBIX aJaMaHTaHa ¥ HHTHOUTOpaMHU HeHpaMUHHIa3bl B OTHOLICHUN BUPYCa TPHIIIIA.

KiaroueBble cjioBa: BHPYC TpUIla, MPOTHBOBUPYCHAS PE3UCTCHTHOCTh, AMHHOKHCIIOTHBIC 3aMeEHEI, fitness
COSt, CIIETNIEHHOCTh T€HOB
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CO-CIRCULATION OF INFLUENZA A AND B VIRUSES
AMONG HUMANS IN THE ARAL REGION
OF THE REPUBLIC OF KAZAKHSTAN DURING
THE 2015-2017 EPIDEMIC SEASONS

Abstract. In 2015-2017, 2105 biosamples (1978 nasopharyngeal swabs and 127 serums) were obtained from
patients in polyclinics and infectious diseases hospitals in Aktobe and Kyzylorda regions of the Republic of Ka-
zakhstan.

Using the polymerase chain reaction for 1978 samples collected from humans, the genetic material of the
influenza A virus was detected in 10.86% of cases, that of the influenza B virus in 9.15%. While subtyping influenza
A virus RNA, A/H1 subtype was identified in 9.76% of samples, A/H3 subtype in 89.30%. The results obtained
from the screening of nasopharyngeal swabs in the polymerase chain reaction, as well as serological data in the
hemagglutination inhibition reaction and enzyme immunoassay indicate co-circulation of the A/HIN1, A/H3N2 and
B influenza viruses in humans in the Aktobe and Kyzylorda regions of the Republic of Kazakhstan during the 2015-
2017 epidemic seasons.

In the virological study of nasopharyngeal swabs obtained from humans, 13 hemagglutination agents were
isolated on chick embryos, 10 of which were identified in the hemagglutination inhibition and neuraminidase inhi-
bition assays as influenza A/HIN1 viruses, and 3 as influenza B viruses.

The results from virological and serological studies indicate the need for continuous surveillance of the
influenza virus circulation among humans in Aktobe and Kyzylorda regions in order to timely predict epidemic out-
breaks and carry out preventive measures.

Keywords: circulation, influenza virus, subtype, isolate, hemagglutinin, neuraminidase, chain polymerase
reaction, enzyme-linked immunosorbent assay.
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PI'TT «ucTHTYT MEKpOOHOJOoruu 1 Bupyconorum» KH MOH PK, Anmarsl, Kazaxcran

COIIUPKYJISLIUA BUPYCOB I'PUIIIIA A U B CPEJIU JIFOJIEH
B APAJIBCKOM PEI'MOHE PECITYBJIUKHN KA3AXCTAH
B OQIIMAEMHUYECKHUE CE3OHBI 2015-2017IT.

AnnoTtanus. B 2015-2017 rr. B AkTioonHcKoi 1 Kbi3putopanHckoit o6iactsax PK ot 60nbHBIX JT0e# B TIOTH-
KIMHAKAX U WHQEKIHOHHBIX 60nbHUIaX moirydeHo 2105 6uomnpob (1978 HocormoTouHsix cMbiBa U 127 CHIBOPOTOK
KpOBH).

B nonmmMepasHoii rienHoi peakuuu B 1978 oOpasiiax, coOpaHHBIX OT JIFOACH, TCHETHUECKUI MaTeprall BUpyca
rpunmna A Obut ooHapyxeH B 10,86% cityyaes, Bupyca rpunmna B — B 9,15%. Ilpu cy6tunuposannu PHK Bupyca
rpumnma A noxrun A/H1 npentndunuposan B 9,76% mnpo6, A/H3 — B 89,30%.

PesynbraTsl, mONy4YeHHBIC IPY CKPHHUHTE HOCOTIIOTOYHBIX CMBIBOB B ITOJIUMEPA3HOW LIEITHON PEeaKIuu, TAKKE
KaK U JJaHHBIC CEPOJIOTUYECKUX UCCIICIOBAHUN B PEAKIIMH TOPMOXKCHUS TeMArTIIIOTHHAIIMA ¥ UMMYHO(QEPMEHTHOM
aHalm3e, YKa3bIBalOT Ha couupKyisimuto Bupycos rpumma A/HIN1, A/H3N2 u B y mozgeit B8 AktroOuHckol u Kbi-
3puTOpARHCKOH 00nacTsax PK B smmnemmaeckue cezonsl 2015-2017 rr.

[Ipu BUpyCOIOTHYECKOM HCCICTOBAHUN HOCOTJIIOTOYHBIX CMBIBOB, IIOJTYYEHHBIX OT JIOJCH, HA KYPHHBIX dM-
OpuoHax BbIJEJICHO 13 remMarrIIOTHHUPYIOUMX areHToB, 10 M3 KOTOPBIX MACHTU(UIMPOBAHBI B PEAKIMHA TOPMO-
KEHUsI TeMarrjJioTHHALIMK U PeaKklud WHTUOWIMH HEeHpaMHHUIA3HON aKTHBHOCTU Kak BUpychl rpurma A/HINI,
TPH - KaK BHPYCHI rpunma B.

Pe3ynbraThl BUPYCOJNIOTHYECKUX M CEPOIOTHUECKUX UCCIIEIOBAaHUN CBUIETENBCTBYIOT O HEOOXOIUMOCTH MPO-
BEJICHUS MOCTOSHHOIO HAA30pa 3a IUPKYJIALUCH BO30yauTeneil rpumma cpenu jroaeid B AxTioOuHckor u Kbi-
3BUIOPIMHCKONW 00JIacTsAX C IETbI0 CBOEBPEMEHHOI'O ITPOTHO3MPOBAHUS SIHUAEMHUUYECKUX BCIBIEK W IPOBEICHHS
MPOPUIAKTUICCKAX MEPOTIPUSITHIA.

KuaroueBsbie cjIoBa: MUPKYJILSIHS, BUPYC TPUIIA, TOATHUI, U30JIAT, TeMArTJIIOTHHAH, HEHpaMUHH/a3a, [ICITHAs
MoJTMMepa3Hasi peaKius, MMMYHHO(EPMETHBII aHAIIN3.

BBenenue. M3 ocCTphIX pecnMpaTOpPHBIX BUPYCHBIX HH(EKIMIA HaWOObIlIee KIWHUYECKOE U
SMUIEMHUOJIOTHYECKOE 3HAYCHHE JUIA JII0Je MMeeT TpUmi. ExXeromHo BO BCEM MHpPE pPErucTpUpyeTcs
okosio 600 MHJUTHOHOB CIydaeB TPHUIIA, IPHUEM 3 MHJUTHOHA YEIOBEK CTPANar0T CEphe3HBIMH 3a0oJie-
BaHMUSIMH, KOTOPBIE IPUBOJIAT K JeTabHOMY rcxoay B 250 000 - 500 000 cioygaes [1].

C 1890 r. BupycCHI TpuIIa TUa A Nepruoguvecku ¢ HHTepBajioM B 10-40 neT BHI3BIBAIOT MaHAEMHUH,
00yCIIOBIIEHHBIC TIOSBJICHHEM DPaTUKAIbHO HOBBIX BAPHAHTOB BHPYCOB TPHUIIA, IPOTHB KOTOPHIX B He-
JIOBEYECKOW MOMYNALMN MOYTH HJIM COBCEM HET MMMYHHTETa — IPOLIECC, HA3bIBAeMbI AHTUTE€HHBIM
mmdrom. [locnennsiss mangemus rpunna 2009/2010 r. Obuta BeizBaHa BupycoM A(HIN1)pdmo09,
COJIepIKaIIUM CIIO)KHYF0 KOMOWHAITUIO CETMEHTOB I'€HOB BHPYCOB CBHHOTO, NITHYBETO W YEIOBEYECKOTO
rpunma. DTOT BHPYC IMOJTHOCTHIO 3aMCHWJ IHMPKYJIHUPOBaBIIHME paHee ce3oHHBIE BHpychl A(HINI1) u
MIPOJIOJDKAET ITUPKYJINPOBATh BO BceM Mupe BMecte ¢ Bupycamu A (H3N2) u tuma B [2].

Bupychl rpumnma sBistoTcs HanOoJiee W3MEHYHMBBHIMU M3 BHPYCOB YeIIOBeKa Ojaromapsi BBEICOKOM
CKOPOCTH MyTaluid, OBICTPOM pEIUIMKAIlli, HaJNYhe CETMEHTHPOBAHHOTO T€HOMa (YUTO o0ierdaer pe-
KOMOMHAIIMIO TEHOB MEXAY pa3IMYHBIMUA BUPYCaMH T'pHUIA) U CIy4yaeB 3aHOCA 300HO3HBIX BHPYCOB TH-
ma A [3].

CriekTp SMUAEMUYECKUX MITAMMOB BHPYCOB TPHUINA W MX XapaKTEPUCTHKA BapbUPYIOT B 3aBUCH-
MOCTH OT ce30Ha rojia. B mocnennee Bpems B Kazaxcrane, kKak 1 BO MHOTMX CTpaHax MHpa, HaOJIro1aeTcs
OIHOBpEMEHHas HUPKYJsinust BupycoB rpumnma noatumnoB A(HIN1), A(H3N2) u pona B [4-8].

Llenp HACTOSIIEro WCCIENOBAaHUS COCTOSUIA B HM3YYEHHH OCOOSHHOCTEH IMPKYJSIHUA BHPYCOB
rpurniia B ApanbckoM pervone Kazaxcrana B snugemuueckue ce3odsl 2015-2017 rr.

Metoab! ucciaenopanusi. CO0p KIMHUYECKUX 00pasioB (Ha30(papUHTHATBHBIE CMBIBBI, CHIBOPOTKH
KpPOBH) OT OOJIBHBIX OCYIIECTBIISIIM B MOJUKIMHHKAX M WH(EKIMOHHBIX OOJIBHUIAX B JMMHIESMHYCCKUC
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nepuoabl 2015-2017 rr. AxktroOuHckoil n Kb3smopanHckoit obmacteid. [IpoObl 10 BHPYCONOTHYECKUX
UCCIIEIOBAHUI XPaHWIH B KHUIKOM a30Te.

IlepBUYHBIM CKPUHUHI HOCOIVIOTOYHBIX CMBIBOB B IIOJMMEPAa3HOM LEMHON peakuuu B pexXUME
peansaoro Bpemenn (PT-ITLP) ocymectmsin Ha ammnudukarope RotorGen 6000 (CorbettResearch,
ABctpanusi) ¢ npumenenneM HabopoB "PUBO — mpen", "AmmmuCenc® Influenzavirus A/B-FL" wu
"AmmmnCenc ® Influenzavirus A-tum -FL" (nmpomssoactsa ®BYH IHHUU stuaemuonornn Pocriotpe6-
Haja30pa, T. Mockaa) [9].

W3onsanuo BUPYCOB NPOBOAWIN B IBYX CHCTEMax TPAAULUOHHBIMA METOJAMHU: Ha KyJIbTYPE KJICTOK
MJCK ¢ nobasnennem TPCK - tpuncuna (2 Mxr/mun) u 9-11-gHeBHBIX KypuHBIX dSMOpuoHax (K3). s
WMHAMKAIlUM BUPYCcOB B peakmuu remarrimotuHanmu (PI'A) ucnons3oBanu 0,75% B3Bech 3pUTPOIUTOB
netyxa u yenoseka 0(1) rpymnmsl KpoBH.

NHEKITMOHHYI0 aKTHUBHOCTh M30JIATOB ONPENSUTH Mo olmmenpuasIToMy Metony [10] u ux THTp
BbIpaxkany B 1g DM/ 1s50/0.2uq ¥ 1T 50/ 20

UnenTndukannio H30JATOB NMPOBOMWINM B peakiuu TopMmoxeHus remarrmotuHauuu (PTTA) u
peakuy HWHTHOWIMU HeWpamuHunazHoW aktmBHOCTH (PUMHA) ¢ Habopamu MONHKIOHATBHBIX
MNarHOCTUYIECKUX CBIBOPOTOK coTiiacHO pekomeHnarmu BO3 [11, 12].

VYpoBeHb crienuuIecKuX aHTUTEN K BUPycaM IpUIINa B CBIBOPOTKax KpoBH ompenensuii B PTTA u
nmmyHopepmenTHoM aHammze (MU®DA). PTI'A mposommnu cormacHo pexkomenparmuun BO3 ¢ ucmonb-
30BaHMEM Kak JTaJOHHBIX BHpycoB: A/California/04/09 (HINI1), A/Solomon Islands/03/06 (HIN1),
A/USA/1976/31 (HIN1), A/Aichi/2/68 (H3N2), A/Panama/2007/99 (H3N2), B/Florida/04/06, tak u
KOMMEpUECKHX OuarHocTHKyMoB mpousBoiactea ®I'BY HUM rpunma (r.Cankt-IlerepOypr). Jus UDA
UCIONBb30BaN TecT-cucTeMbl ipou3BoactBa OO0 «IIIAI» (r. Cankt-IletepOypr) x BuUpycaMm Tpumma
nonrunos A(HINT), A(H3N2) u tuna B.

PesysabTaTbl um obcy:xaenne. CO0p MaTepHaloB NPOBOAWIM B JMUAEMUYeckue ce3oHsl 2015-
2017 rr. B neyeOHBIX yupexaeHusx AkTioOmHCKoW u Kb3puopamHCKoH obnacteil. Becero ot GonbHBIX
mofieit Ob110 cobpano 1978 CMBIBOB M3 BEPXHHUX NBIXaTEIBHBIX MyTeH U 127 CHIBOPOTOK KPOBH.

Csoimze 90% 00pa3ioB coOpaHO OT MAIMEHTOB C JUArHO30M OCTpasl pecrupaTopHasi BUPYCHas UH-
¢exuusa. Hawnbomblliee KOTMYECTBO HOCOTJIOTOYHBIX CMBEIBOB (1291) momyueHo ot nmereit mo 14 ner
(65,27%).

B tabmuue 1 mpezacraBieHa XapaKTepUCTHKa COOpaHHOTO MaTepHaja M pe3yibTaThl MEPBUYHOTO
CKpUHUHIAa HOCOTJIOTOYHBIX CMBIBOB B PT-TII[P.

Tabmuna 1 — Xapakrepuctuka u ckpuHuHT B PT-IILP knuHnueckux o0pa3nos, coOpanHbIX oT ntoaeit B 2015-2017 rr.

KoIM4ecTBo Kommuectso ITLP-onoxuTensHbIX 1po6 KoOIU4ecTBo
T'on Mecto cbopa HOCOTJIOTOYHBIX K BUPYCY K BUpYCaM IIOJTUIIOB: K BUPYCY CBIBOPOTOK
CMBIBOB rpunna poga A | A/HIN1 | A/H3N?2 |rpunna pona B KpoBHu
2015 AxkTIOOMHCKAst 0071aCTh 39 8 5 1 2 25
KenbmopauHckas 001acTs 254 29 3 26 1 23
HUroro: 293 37 8 27 3 48
2016 AxTrOOMHCKas 0071aCTh 17 4 3 2 0 22
Kezputopauackas o61acth 95 12 10 1 2 -
Hroro: 112 16 13 3 2 22
017 AKXTIOOMHCKas1 00J1aCTh 768 137 0 137 96 25
Ke3puiopaunckas obiaacts 805 25 0 25 80 32
HUroro: 1573 162 0 162 176 57
Hroro 3a 3 roga 1978 215 21 192 181 127

Kak Bumno w3 Tabmumel 1, mpu uccienoBanuu 293 mpo0O, cobpanubix B 2015 T., reHEeTHYECKMit
MaTepua BUpyca rpuinia Obu1 o0HapysxeH B 40 oopasinax (13,6 % ciydaes ot odmiero uncna nmpod). PHK
BUpyca rpummna A BeisieHa B 37 npobax (12,6%), Bupyca rpunma B — B Tpex o6pasnax (1,0%). CyoTu-
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nupoBanue no3sosmiio ooHapyxuth PHK Bupyca rpunma A/HINI1 B BocbMu cMmbiBax (2,7% ciydaes),
PHK Bupyca A/H3N2 B 27 mpobax (9,2%).

N3 112 npo0, nomydeHHBIX OT O0NbHBIX Monei B 2016 r., Hamu4IHe TeHETHISCKOTO MaTepruala BU-
pyca rpunmna B PT-TILP BeisiBneno B 18 o6paszuax (16,1 % cnyyae ot obmero uncna npo0). PHK Bupyca
rpunna A BeiiBieHa B 16 mpobax (14,3%), Bupyca rpunma B — B aByx oOpasuax (1,8%). CyOtunu-
poBanne mo3Bommwio oOHapyxuts PHK Bupyca rpumma A/HINI B 13 cmeBax (11,6% cmydaeB), B
3 cmbIBax (2,7%) BeisiBnena PHK Bupyca A/H3N2.

[Ipu uccnenoBanmu 1573 6uorpoO, momydeHHBIX B 2017 1., TeHETHYECKU MaTepual BUpyca TpUIa
0511 00HApy>KeH B 338 obpasuax (21,5 % ot obmero gncna mpo6). PHK Bupyca rpunma A oOHapykeHa B
162 6uonpobax (10,3%), Bupyca rpumma B — B 176 obpaznax (11,2%). CyorunupoBanue I1L[P-moso-
JKUTENBHBIX 00pa3lloB Ha BHPYC I'pUNINA TN A MOKa3al0 HajlMuue TeHEeTHYEeCKOro MaTepuana BHpyca
rpunma A/H3N2 Bo Bcex 162 mpobax, PHK Bupyca rpumnma A/HIN1 BBIIBUTH HE yIAAIOCH.

TakuM 00pa3zoM, MEPBUYHBIA CKPHHUHT HOCOTNIOTOYHBIX cMbIBOB B PT-IILIP mokasan, 4to cpenu
mroznelt B AxTioouHckod u Keputopauuckoi obnactax B 2015 — 2017 rr. couMpKyIHpOBAId BHPYCHI
rpurma A u B. Ilpu atom Bupyc rpurmma A/H3N2, npeobmagasmmii B 2015 1. ¥ ycTynuBIINi MEPBEHCTO
Bupycy A/HINI1 B 2016 1., cHOBa mposiBui cebs B 2017 T.

B pesynbpTare mepBHYHOTO 3apakeHHs M TMocienylomux naccaxked Ha KO M KylbTypax KIeTOK
MDCK w3 [P monoxurenpHbIX Tpo0 BIAENEHO 13 reMarrmoTHHUPYIOMIUX areHToB ¢ TuTpaMu Ha KO
ot 1:32 mo 1:1024 un Ha xynbrype kietok MDCK — ot 1:4 mo 1:32.

Unentndukanuto nzonstos 2015 — 2017 rr. Beiaenenus nposoguau B PTTA u PUHA. PesynbraTe
omnpeeNieHs MOATHIIA TeMarTII0THHIUHA U30JISTOB IPUBEACHBI B TabauLe 2.

Tabmuna 2 — UnenTudukanys NOATUIOB TEMArrIlOTHHIHOB H30JIATOB BUpycoB rpumma 2015-2017 rr. Beigenenus B PTTA

TuTp aHTUIeMAarTTIOTHHHHOB KIMMYHHBIX CHIBOPOTOK
Hsonst A/USA/1976/31 I;ﬁ Islgl‘/’(‘g‘/’& A/California/04/09 | A/Aichi/2/68 | A/Panama/2007/99 | B/Florida/
(HIND) (HINT) (HIN1)pdm (H3N2) (H3N2) 04/06
1280° 640 640 640 640 640
AxT066e/02/15 160 160 160 <20 <20 <20
Akro6e/03/15 80 40 40 <20 <20 <20
AxT00e/06/15 80 20 20 <20 <20 <20
Axtobe/18/15 80 20 20 <20 <20 <20
AxT06€/20/15 320 160 160 <20 <20 <20
Ke3putopaa /83/15 160 160 160 <20 <20 <20
Ke3buiopaa/176/16 40 80 40 <20 <20 <20
Ke3buiopaa/177/16 160 40 20 <20 <20 <20
Ke3sutopaa/178/16 80 20 20 <20 <20 <20
Kebuiopna/185/16 320 160 160 <20 <20 <20
Ke3buiopaa/21/17 <20 <20 <20 <20 <20 80
Ke3buiopaa/28/17 <20 <20 <20 <20 <20 160
AxT06e/73/17 <20 <20 <20 <20 <20 80
*TIpe/cTaBICHbI TOMOJIOTHYHBIC THTPBI PeEPEHCHBIX CHIBOPOTOK; TOMOJIOTHYHBIA TUTP aHTHTEN Ui pedepeHCHOI
ceiBOpoTkH K mtammy A/USA/1976/31 (HIN1) cocrasmi 1:1280, nist ocranpabIx — 1:640.

W3 tabmuipl 2 BHIHO, YTO TeMarriFOTUHUPYIOIIAs aKTUBHOCTh M30JTOB AkTo0e/02/15, AkTO-
0e/03/15, Axto6e/06/15, Axrobe/18/15, Akto6e/20/15, Kebutopna /83/15, Ke3eutopaa/176/16, Kei3bui-
opna/177/16, Keeutopaa/178/16 u Keizeutopaa/185/16 ot 1/32 mo 1/4 TOMOJOTHYHBIX THUTPOB TIO-
JIABIISUTACH IMMYHHBIMH ChIBOpOTKamu K Bupycam A/USA/1976/31 (HIN1), A/Solomon Islands/03/06 u
A/California/04/09 (HIN1)pdm. Oto no3Bomuno otaect ['AA K BUpycCy rpummna A ¢ MOATUIIOM remar-
rmrotnHHA H1.
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lemarrmoTuHMpYyIOas akTUBHOCTH Tpex wu3onsaToB (Kemwutopna/21/17, Kenwutopna/28/17 u
AxT006e/73/17) ot 1/8 mo 1/4 TOMOIIOTHYHOTO THTpPA MOAABISIIACE UMMYHHBIMH CHIBOPOTKaMHU K BHPYCY
rpunmma B/Florida/04/06. C ceBopotkamu Kk Bupycy rpumma A/USA/1976/31 (HIN1), A/Solomon
Islands/03/06 (HIN1), A/California/04/09 (HIN1)pdm u A/Aichi/2/68 (H3N2) mony4eHbl OTpHUIATEIb-
HBIE Pe3yJIbTAThI, YTO TO3BOJIMIIO OTHECTH U30JATHI 2017 T. K BUpyCy Tpumnmna tuna B.

Pesynpratel naeHTH(PUKALUN MOATHIIA BTOPOTO MOBEPXHOCTHOTO TIIMKOIIPOTEHIa U30JSTOB BHpYCa
rpunna A B PUHA npezncrasnens! B Tabnuue 3.

Ta6mmnna 3 — Unentndukanus noaruna HelpaMUHUIa36l H30I1ATOB BUpyca rpunma 2015-2016 rr. Beinenenns 8 PUHA

TuTp aHTHUTEN K HOATUIIAM HEHPaMHUHHAA3bI
Mzonar

NI N2
A/AxkT066e/02/15 100 <20
A/AxT06e/03/15 100 <20
A/AkT006e/06/15 100 <20
A/AkTo6e/18/15 100 <20
A/AkT06€/20/15 100 <20
A/Ks13butopna /83/15 100 <20
A/Ke3butopna/176/16 100 <20
A/Ksi3bunopna/177/16 100 <20
A/Ke3putopna/178/16 100 <20
A/Ks13p1m0p7a/185/16 100 <20

Tpumeuanue. TIpuBeneHbl 00paTHBIC BEIMYNHBI THTPOB aHTHHEHPAMHUHUIA3HBIX aHTHTEIL.

W3 Tabnunpl 3 BUAHO, 4TO HeWpaMUHHUIA3Hasl aKTUBHOCTH BCeX M30JATOB B THTpax 1:100 monmasis-
J1ach UMMYHHOM MTOJIMKJIOHATBHOM CBIBOPOTKOH K Bupycy A/HINI.

Takum ob6pazom, mo pesynpratam PTI'A u PMHA wuzomarer 2015-2016 1T. OTHECEHBI K BHpycam
rpunma A ¢ antureHHoit popmynoit A/HINI1, a 2017 r. — x Bupycy rpunmna tumna B.

Jid u3ydeHus Cepo3NUIEMHONIOTHYECKON CUTYallMM MO TpHIIy B ApalbCckoM pernone B 2015-
2017 rr. B PTTA u UDA uncciaenoBano 127 ceiBopoTok KpoBu. Pesynprarel PTI'A mpuBeneHsl Ha pu-
cyHke 1.
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Pucynok 1 — O6HapyxeHue criequduIeckux aHTUTEI K BUpyCcaM TPHIIIa B CBIBOPOTKax kposu B PTT'A
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Kak Bumno u3 pucynka 1, B snuaemuueckuii ce3on 2015 rr. B chiBOpoTKax kpoBu Jroaeil B 60,4%
(29 o0pa3uoB) oOHapy>KEHbI aHTUTEMArTIIOTUHUHGI K BUpycy rpunma A/H3N2, B 10,5% caydaeB (msaTh
Mpo0) CHIBOPOTKH OKa3ajHCh CEPOMO3UTHBHBIMH IO OTHOIIEHWIO K BHpycy rpunma A/HIN1. B 6,3%
ciydaeB (Tpu 00pasiia) ChIBOPOTKU OBUIH MOJIOKHUTEIBHBIMU IO OTHOIIEHHUIO K BUpYcy rpummna B, B 4,2%
(nBe pOOBI) BHIABIICHBI AaHTUTEMArTIIOTHHUHBI OJHOBPEeMEHHO K Bupycam rpunmna A/HIN1 u A/H3N2, B
2,1% (omna npo6a) — k A/H3N2 u B. Tutps! anturen cocrasuin 1:80 — 1:320.

B 2016 r. B 40,9% cayuaeB (10 mpo6) B CHIBOPOTKax KpOBH JOJEH OOHApy>KeHBI aHTHUTEMar-
TIIOTHHUHBI K BUpYycy rpunmna A/HIN1, 18,2% cioydaes (deTsipe 0oOpasua) oka3aaich CeporO3UTHBHBIMU
[0 OTHOIIEHMIO K BUpycy rpunmna A/H3N2. B 9,1% cnyudaeB (1Be CHIBOPOTKH KPOBH) OBLIH BBISBICHBI
AaHTUT€MAarrJIIOTHHUHBL K BUpYCy rpunmna B.

B 2017 1. B 47,4% cnyuaeB (27 npo0) aHTUTeMarTIlOTHHUHBI BBISIBJICHBI 110 OTHOIIEHHUIO K BUPYCY
ceporuna A/H3N2, B 5,3% (tpu npo0bl) — Kk Bupycy rpumma tumna B, B 19,3% cinyuaes (11 o6pa3uos) an-
THTeNa oOHApYKEHBI oMHOBpeMeHHO K Bupycam rpunma A(HIN1 + H3N2). Tutpsl aHTATET COCTAaBHIN
1:80 — 1:320.

Ha pucynke 2 npencraBieHbl pe3yJbTaThl CEPOIOTHUECKOT0 UccienoBaHusl 127 CBIBOPOTOK KPOBH B
HUDA.
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Pucynok 2 — BrisiBneHue aHTUTEN K BUPYycaM IPUIINa B CBIBOPOTKax KpoBu B UDA

Kak BumHO u3 pucyHka 2, B snupemuueckuii ce3oH 2015 r. anturena k Bupycy rpunma A/H3N2
BBIBIICHBI B 69,6% ciydaeB (28 npo0), k A/HIN1 — B 12,6% (wmects 00pa3nos) u K Bupycy rpunmna B — B
4,2% (nBe CBIBOPOTKH).

B pesynpraTte nzydenus 22 chIBOPOTOK KpOBH, MOTy4YeHHBIX B 2016 T., aHTUTENa K BUPYCY TpUIIa
A/HIN1 o6HnapyxeHnsl B 54,5% cmyuaeB (12 o6pasuos), k A/H3N2 — B 27,3% (umecth 00pa3siioB) u K
Bupycy rpumnmna B — B 9,1% (aBe CBIBOPOTKU KPOBH).

B snupemuyeckuii ce3ou 2017 r. B MOAABJISAIONIEM OOJNBITMHCTBE CHIBOPOTOK (42,1% - 24 o0pasia)
oOHapy>keHbl aHTHTeNa K Bupycy rpummna A/H3N2, B 15,8% cpiBopoTOK (A€BATH 00pa3loB) — K BUPYCY
rpunmna B, B 22,8% cnyyaeB (TpuHaIuaTh ChIBOPOTOK KPOBH) BBISBJICHBI aHTUTENIA OJHOBPEMEHHO K
Bupycam A(HIN1 + H3N2), B 14,0% (Bocemb 00pa3moB) — k Bupycam A/H3N2 u B.

Takum 00pa3oM, pe3ysbTaThl CEPOJIOTHYCCKUX HCCIICIOBaHUN CHIBOPOTOK KpoBu B MDA u PTTA
YKa3bIBaIOT Ha COLUPKYIILUIO B AKTIOOMHCKOHM 1 KBI3BIIIOpAMHCKOM 007acTAX B SNMUAEMUYECKHE CE30HBI
2015-2017 rr. Bupycos rpunmna A/HIN1, A/H3N2, tTuna B n mukct rpunmno3Hod uHbekmuu. OTimdun-
TEJNBHOW O0COOCHHOCTBIO 3MuaeMuueckoro ce3ona 2017 T. sBusieTcss BBICOKOE COJNIEPKAHUE aHTUTEN K
Bupycy rpunmna A/H3N2 u B.
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CormnacHo OaHHBIM JINTEPATyphl, B MOCIEIHEE BpeMs HaOMI0NaeTcss OJHOBPEMEHHAs LUPKYJISALHS
MITAMMOB — TIPEIICTABUTEJICH Pa3IMYHBIX JBOJIONMOHHBIX JIMHUN BUpycoB Tpumma A u B [4, 13-16].
[IpyuemM aHTHUTEHHBIH COCTaB BHUPYCHOW TOMYJSAIUH BapbHpPyeT B 3aBHCHUMOCTH OT 3IUAEMHUYECKUX
ce30HOB [17-19]. Cpenu mrofeil mupoko pacnpocTpaHeHsl moATUIb BUpycoB rpunma A: HIN1 u H3N2.
Bupyc rpunma B nportekaet nerde, yem tam A, qaet HeOONBIINE BCIBIIKY U peakue MyTtarun [20].

VYHUKanbHAs aHTUTE€HHAs BapuaOeJbHOCTh BUPYCOB TPHUIIIA, TO3BOJIAIOIAS UM IIPEOA0JIEBATh MEXK-
BUIOBBIE Oapbepbl, IPUBOJHUT K MOSBICHUIO BUPYCOB C HOBBIMH OMOJOTHYECKMMHU CBOMCTBaMH, CIIOCO0-
HBIX K [MIMPOKOMY SMUAEMHUUYECKOMY pacrpocTpaHeHuto [21]. B cBA3M ¢ 3TUM KpaiiHe Ba)KHBIMH HaIlpas-
JeHUsIMH OOpbOBI C TPUIIIOM SBISIIOTCA HAA30p 33 PaclpoCTpaHEHHWEM HH(EKIHH, CBOEBPEMEHHAs
JIUArHOCTHKA BO30YIUTeNs U MpoduaakTHKa 3a007IeBaHUA.

BeiBoabl. [Ipy nepBUYHOM CKPUHHHTE HOCOTJIOTOYHBIX CMBIBOB U CEPOJIOTMYECKHX HCCIIEIOBaHUI
CBIBOPOTOK KPOBH, COOpaHHBIX B smuaeMudeckuil ce3oH 2015 -2017 rr. oT OONBHBIX tOneH B AKTIO-
6unckoi u Ke3emopannckoit oonactsax, B PT-TIILP, PTTA u U®A ycraHoBieHa COUPKYJISINS BUPYCOB
rpunma A/H3N2, A/HINI u B.

B pesynbraTe BHPYCOJOTMYECKMX HCCIENOBAaHMHA W3 KIMHAYECKHX 00pas3noB Ha KO BeigeneHo
JecsATh W30JATOB BUpycoB rpumma A/HIN1 u Tpu - rpunma B, moaTBepauBIINX MUPKYISAIIAI0 BUPYCOB
TpuUMIa B JaHHOM PErHOHE.
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T. . I'nedora, H. I'. Knusneesa, H. T. Cakrarasos,
I'. B. JlykmanoBa, M. I'. lllamenoBa, M. X. CasitoB, H. C. Onrap6aesa,
M. K. Kankoxaea, A. M. baiimyxamertosa, JI. K. AmMupamesa

PMK «Muxkpobuosnorus xone Bupycosiorust uHCTUTYTY KP BFM FK, Anmarsl, Kazakcran

2015-2017 K. TYMAY IHAETI APAJIBIFBIHAATBI KASAKCTAH PECITYBJIMKACBI APAJI
MAHAMUDBI TYPFBIHIAP APACBIHJATBI A ’)KOHE B TYMAY BUPYCTAPBIHBIH AMHAJIBIMBI

Annoranust. 2015-2017 xox. apanbirbiHna Akre0e xoHe Kbi3puiopaa 00JBICTaAPIHAAFEI HHOEKIUSIIBIK M-
XaHaJapeIMEH MOJUKIMHUKATAPBIHAAFB CBHIPKAT anamaapiaaH 2105 6uockiHamanap ansiHAbl. (1978 Tanay-MypbIH
JKaFBIHJIBICHI oHE 127 KaH caphICYHI).

[Monmumepazapl Ti30eKTI peaknMsACHIHIA azamjaapaaH xuHamrad 1978 ynrineH A Tymay BHPYCHIHBIH I'€HETH-
KanblK Matepuansl 10,86% xarnmaiiblHga aHbIKTaIIbl, B Tymay Bupycel — 9,15%. A Tymay BHPYCHIH CyOTHNTEY
ke3inne A/H1 tymay Bupycel — 9,76% ceiHamacsiaia ansikranca, A/H3 — 89,3% kypansl.

MypbIH-TaHay JKaFbIHABICHIH TOJIMMHPA3Ibl Ti30€KTI peakuusIChIHAa CKPUHHUHT XKYPri3y ’KOHE KaH CapbICybIH
TEeMAarTIIOTHHAIN TeXKEy PEeKIUsACHIMEH MMMYHO(DEPMEHTTI TajiaynaFrel 3epTTey HoTmkenepi, Akrede xone KpI-
3bUIOp/Ia OOJIBICTAPBIHAAFBI afamaap apacskinaa 2015-2017 xox. A/HIN1, A/H3N2 sxone B Tymay Bupycrapsl aitHa-
JIBIMA KYPTrEeHAITH KOpCceTe .

AnampapiaH >KMHAJIFaH MYpPbIH-TaHAY JKaFbIHABUIAPBIH BUPYCOJIOTHSAJIBIK 3€PTTEY HOTIKECIHIE, TaybIK 3M-
OpuoHmapeiHaa 13 reMarrrOTHHUHACYIII areHT OeniHin anbiHabl. HelipaMuHnaas OeJCeHIITH TeXey peaKHsChl
’KOHE reMarriioTHHanus Texey peakiusacsinaa 10 A/HINT tymay Bupycel, 3 B Tymay BUpychl OOJIBIN aHBIKTAIIABI.

Bupycosorusibik jKoHE CepoJIOTHSUIBIK 3epTTeyJIepaiH HaTKenepi Akre0e xoHe Kpi3buiopaa oOnbicTapbiH-
JlaFbpl ajaMjap apachlHAAFbl TyMay iHAETIH aliblH-ajla 0oipKay *oHE NMPOQHIAKTUKAIBIK iC-IIapaiaplbl sKYprizy
YILiH, TYMay aifHaJIbIMBIH Y3/IKCi3 KaJarajay KaKeTTUIIriH KopceTei.

Tyiiin ce3nep: aifHaBIM, TYMay BUPYCBI, TUIIACTHI, H30JIAT, FEMarrJIlOTHHIH, HelipaMUHI1a3a, TI0JIMMEPas3 Ibl
Ti30€eKTi peakiuss, *UMMyHHO(DEpMeTTi Tanmay.
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STATE OF NATURAL FEEDING BASE OF FISH-BREEDING PONDS
BY BREEDING OF FINGERLINGSOF THE PIKEPERCH

Abstract. Thepurpose of this work was a determination of the level and the dynamic ofdevelopment the
phytoplankton and zooplanktonin experimental ponds which were used for breeding the fingerlingsof pikeperch in
polyculture with common carp and plant-eating carps. An importance of studying the level and the dynamic of
development the phytoplankton and zooplankton in ponds which were used for breeding the fingerlingsof pikeperch
in polyculture with common carp and plant-eating carps is substantiated. The methods of studying the level and the
dynamic ofdevelopment the phytoplankton and zooplanktonin experimental ponds are presented. The level of
phytoplankton and zooplanktonin experimental ponds in which was hold breeding the one-years of pikeperch from
the fingerlings,is shown. The composition of species, the level of development of phytoplankton and zooplanktonin
experimental ponds in different years of researchesis shown. The dynamics of the level of development of phyto-
plankton and zooplanktonin some months of the determined year of holding the researchesis shown. The fact that
holding of measures according to the stimulation of development the natural feeding base which are the using the
fertilizers etc. is influencing for increasing the biomass of organisms of zooplankton especially in the end of fish-
breeding season, is shown. The conclusions in which presented the dynamic of development of phytoplankton and
zooplankton of experimental ponds in different months of the year are given. The importance of hydrobiological
researches by breeding the one-years of pikeperch in fish-breeding ponds is shown. The recommendations according
to the results of researches the dynamic and biomass of phytoplankton and zooplankton are given. The period of
fish-breeding season in which holding the works according to the maintenance of biomass of phytoplankton and
zooplankton in fish-breeding ponds which are using for the breeding of one-years of pikeperch is recommended.

Keywords: phytoplankton, zooplankton, dynamicof development, fish breeding in ponds, one-years, pike-
perch.

VK 639.3

C. K. Kolimin10aeBa

TOO «Kazaxckuif Hay4HO-HCCIIEI0BATEIILCKMH HHCTUTYT PHIOHOTO X03sHCTBa», AnMatsl, Kazaxcran

COCTOSIHUE ECTECTBEHHOHN KOPMOBOM! BA3BI ITIPYJIOB
ITPU BBIPAIIIUBAHUU CET'OJIETOK CYJAKA

AnHoTtanus. Llenpro paboThl OBUIO ONpeeNieHNe YPOBHSA U ANHAMUKH Pa3BUTHA (GUTOIUIAHKTOHA U 300ILIAHK-
TOHA B AKCIEPHUMEHTAIBHBIX NPYJax, 3aHATHIX MOJ BHIPAIlMBaHUE CEroJIETOK Cylaka B MOJMKYIBTYype C KaploM U
pacTUTENbHOSAHBIMU pbiOaMu. OOOCHOBaHA Ba)KHOCTh M3YUEHMs YpPOBHSI Pa3BUTHA (PUTO- M 300IUIaHKTOHA B
npyJiax, 3aHATHIX M0]] BHIPAIIMBAHUE CETOJIETOK Cy/laKa B IOJUKYJIBTYPE C KApIOM M PacTHUTEIbHOSAHBIMU PHIOAMHU.
[TpencTaBneHbl METOAWKM W3YYEHHs YPOBHS W AWHAMUKM Pa3BUTHs (DUTOIUIAHKTOHA M 300IUIAHKTOHA B JKCIIE-
pUMeHTaNbHBIX Npynax. Iloka3zaH ypoBeHb pa3BUTHs (DUTO- M 300IUIAHKTOHA B OKCIIEPUMEHTAIBHBIX IpYJax, B
KOTOPBIX MPOBOAMIIOCH BBIPAIIIMBAHUE CETOJIETOK CyJaka OT HOAPOLIEHHOM Monoau. ITokazaHel BUAOBOH COCTaB,
YPOBEHb Pa3BUTHSI OPTaHU3MOB (PUTO- M 300IUIAHKTOHA JKCIIEPHMEHTANIBHBIX MPYJIOB B pa3HbIE rofa MPOBEICHUS
uccnenoBannii. [lokasaHa auHAMUKa ypOBHS pa3BUTHS (UTO- U 300TUIAHKTOHA B OTAECNIBHBIC MECSIIBI ONpPEIEIICH-
HOTO rojia IpoBeAeHHs uccienoBannii. [lokazaHo, 9T0 MPOBEICHNUE MEPONPHUSATHH 10 CTUMYIIALUH Pa3BUTHS €CTe-
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CTBEHHOH KOpMOBOHW 0a3bl (BHeceHHe yIOOpPEHWH W JIp.) OKa3hIBaeT HEIOCPEACTBEHHOE BIHMSHHE HA YBEIHMUCHHE
OromMacchl OpPraHM3MOB 300IUIAHKTOHA, OCOOCHHO K KOHILy C€30Ha SKCIUIyaTalud PHIOOBOIHBIX NPYHOB. JlaHBI
BBIBOJIBI, B KOTOPBIX IPEICTAaBICHA IMHAMUIKA PAa3BUTUS (HUTO- W 300IUIAHKTOHA SKCIEPUMEHTAIBHBIX MPYIOB MO
MecsllaM roja, MOKa3aHoO 3HaueHHe TMAPOOHOIOTMYECKUX HCCIeJOBaHUM NPH BHIPAIIMBAHUM CETOJICTOK CylaKa B
npyznax. Ilo pesynpraTam MccieqoOBaHUM JUHAMUKH M OMOMAacchl (UTO- M 300IUIAaHKTOHA JaHBI PEKOMEHIALUH, B
KaKoW Imepuoj; prIOOBOIHOTO ce30Ha Hambosee IenecooOpa3Ho MPOBOAUTH PabOTHI MO MOAIEPIKAHHUI0 OMOMAaCChI
(huTO- M 300TUIAHKTOHA B PHIOOBOAHBIX MPYJIaX, 3aHATHIX 110]1 BHIPAIIUBAHUE CETOJIETOK CYaKa.

KaroueBble ci10Ba: QpUTOIUIAHKTOH, 300IIAHKTOH, AMHAMUKA Pa3BUTHS, MIPYIOBOE PbIOOBOJICTBO, CETOJIETKH,
CyJaK.

BBenenue. B Hactosmee Bpems, nmpu Bo3pokIeHNH B KazaxcraHe akBakKyJIbTyphl KakK OTpaciy,
OIHUM W3 TyTeH Pa3BUTHA PHIOOBOTHBIX MPEANPUATHI, B YACTHOCTH, NPYIOBBIX XO3SHCTB, SIBISIETCS
OCBOEHHE MIPOM3BO/ICTBA PHIOOIIOCAI0YHOTO MaTepHaia HOBBIX OOBEKTOB aKBaKyJIbTYPhI C HENbIO 3aphI0-
JIEHUS ©CTECTBEHHBIX BOJIOEMOB JJI BOCIPOU3BOACTBA IPOMBICIOBBIX TMOMYJNSIMM, a TakkKe s
BEIPAIIMBAHNS TOBAPHOW PHIOHOHN MPOTYKITHH.

OmHUM M3 TEXHOJOTHYECKUX IMapaMeTpOB B NPYJOBOM PBIOOBOJICTBE sBIsieTcss Omomacca (UTO-,
300IJIAHKTOHA U MaKpO3000CHTOCA MPH BBIPALIMBAHUH PHIOBI HAa MPOTSHIKECHUH PHIOOBOJHOTO CE30HA, HA
OCHOBaHMM KOTOPOW MOYKHO TOJYYHTHh KOCBEHHYIO0 HMH(OPMAIHI0 O KOPMHOCTH TPy, YTO TO3BOJISIET
ONTHMABHO TUIAHWPOBATH MEPOIPHITHS 10 €€ MOBBIIICHNI0, YTO B KOHEYHOM CUEeTe JaeT MOBBIIICHHUE
PHIOOTIPOYKTUBHOCTH MPYIOB, KaK MPaBUJIO, A0 OMPEICICHHOTO Ipenesna, 0e3 JOMOTHUTEIbHBIX 3aTpaT
HCKYCCTBEHHBIX KOPMOB. biaromapst 3ToMy yBeITUYHBaeTCsl IKOHOMHUYecKas 3()()EeKTHUBHOCTh MPYIOBOTO
pHIOOBOJICTBA.

OmauM #3 HOBBIX O0BEKTOB pHIOOBOICTBa Kazaxcrana sBIsSETCS Cyldak. BEICOKHE BKYCOBBIC
Ka4yecTBa 3TOH PHIOBI MO3BOJISIOT OCYIIECTBIIATH SKCIIOPT 3HAYUTEIHHOW YaCTH YJIOBOB Ka3aXCTaHCKOTO
cynaka B ctpaHbl EBporbl. [Ipu 3ToM 0cO0YyH0 aKTyalbHOCTH MPHOOpPETaeT BOCHPOM3BOJCTBO 3aIacoB
cymaka B pHIOOXO3SHCTBEHHBIX Bomoemax crpaHbl. MccmemoBanms TOO «Kazaxckuii HaydHO-HCCITC-
JIOBATEIbCKUI WHCTUTYT PHIOHOTO XO3SMCTBa» MOKA3aJM BO3MOXKHOCTh BBIPALUBAHUS CETOJICTOK Cy/IaKa
B IIPyJaX KapIoBbIX PHIOOBOIHBIX XO3SHUCTB B OJUKYJIBTYPE C IBYXJIETKAMH KapIa U PaCTUTEIbHOSTHBIX
pHIO.

CocrosiHME eCTECTBEHHOM KOPMOBOM 0a3bl INPYAOB IpH BBIPALIMBAHUHM CyJlaka Kak OOBEKTa
aKBaKyJIbTYPbI IPEACTABISACT OOJBIION HAYYHBIN U IPAKTUICCKUI UHTEPEC.

MaTepna.n H METOAHKA

[To maTepuanam, moay4eHHBIM pbiOOBoAaMHu Benrpuu, Hanbomnbliee 3HaUYCHHUE AJIST MOJIOAU CyJaka
UMEIOT (PUTOTUIAHKTOH M 300IJIaHKTOH. Pa3BuTHe QUTOMIaHKTOHA CIIOCOOCTBYET HOBBILICHUIO OMOMACCH
MeTpJairero 3oomrankToHa (Rotatoria), a 3ateM — 0Oojee KpymHBIX (OpM KOPMOBBIX ITIAaHKTOHHBIX
pakoobOpa3nbix (Cladocera, Copepoda) [1].

Marepuanom Ui HUCCIEIOBAHUI CIyXWIM BUAOBOW COCTaB, YWCIEHHOCTh U Oumomacca
(GUTOMIAHKTOHA U 300IUIAHKTOHA AIKCIIEPUMEHTAIBHBIX IPYIOB, 33[J€HCTBOBAHHBIX I10Jl BBIPAIBAHUE
CETOJIETOK CyZaKa B IOJIMKYJIBTYpPE C IBYXJIETKaMH Kapria, 0eIoro amypa u 6eJ0ro ToJICTON00HKa.

UccnenoBanne coctosiHus —(UTOIIAHKTOHA W 300IUIAHKTOHA OKCIEPUMEHTAJbHBIX IPYIOB
IPOBOIMIIM IO CTAHAAPTHBIM METOAUKAM, IPUHATHIM NIPHU THAPOOHOIOIHIECKUX UCCISN0BAHUAX [2-5].

CocTosiHME €CTeCTBEHHOW KOpPMOBOHM 0a3bl SKCIIEPHMEHTANbHBIX IPYJIOB CPAaBHUBAIU C POCTOM
CETOJIETOK Cy/laKa i YPOBHEM PHIOOIIPOAYKTHBHOCTH 110 TAHHOMY OOBEKTY aKBaKyIbTyphI [ 1, 6-20].

Pe3y.]'[l)TaTI)l H UX oﬁcyﬂc)]elme

Qumonnankmon. [1o pe3ynbratam 00pabOTKH P00, 0TOOPAHHBIX B AKCHEPUMEHTAIBHBIX MPYyaxX B
BeceHHe-neTHu nepuoa 2013-2014 rr., BeIABICHO 52 BUAA BOIOPOCIEH, OTHOCSIIUXCS K 6 oTaenam,
CpenH KOTOPBIX: CHHE3ENIEHBIX - 10, TMaTOMOBBIX - 23, 3eNEHBIX - 12, TUPO(UTOBEIX - 3, HBIVICHOBHIX - 3,
30JI0TUCTBIX - 1. JIOMMHUpYIONIMIA KOMIUIEKC (DPHUTOIUIAHKTOHA COCTABJISUIM CIICAYIOLIUE BHUJBI BOJO-
pocneii: N.gregaria, Achnanthes sp., C. vulgaris, P. achromaticum, C. meneghiniana, E. cordata, P. achro-
maticum, Trachelomonas sp. HamMmenbIree KoMM4IeCTBO BUIOB BOAOPOCIIEH BCTpeUyaeTcs B IpyAax B Mae.
B netHuit nepuos, T.€. B MIOHE-UIOJIE MecsIaxX B Mpyaax GUTOILIAHKTOH pa3BUBAETCS 00Jiee HHTCHCUBHO.
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JluHamuka mokasaresneir OnoMacchl (PUTOTNIAHKTOHA B KCIIEPUMEHTAIBHBIX MpyIax B ce3oHax 2013-
2014 rr. npexacrapiieHa B Tadymre 1.

Tabmuma 1 — JIHHAMUKA KOJNHYECTBEHHOTO Pa3BUTHs (GHOMACCHL, T/M°) (PUTOIIAHKTOHA
B OKCIIEPUMEHTANIbHBIX Npynax B 2013-2014 rr.

Otnens! 2013 2014

BOZIOpOCIICH Maif HIOHB HIONTb aBTyCT Maii UIOHB HIONTb aBTyCT
3eneHble - 0,040 0,250 0,020 0,085 0,015 0,020 0,030
CuHeseseHble 0,020 0,155 0,225 0,001 0,008 0,045 0,039 0,055
JluatomMoBbIe 0,065 0,955 2,00 0,855 0,050 0,900 0,645 0,400
OBIJICHOBBIC - 0,150 0,105 0,075 0,040 0,950 0,040 0,200
IMupodurosbie 0,015 0,215 0,475 0,100 0,200 0,050 0,070 0,400
30/10THCTBIE - - - — 0,010 - - —
B cpennem 0,100 1,515 3,055 1,051 0,393 1,960 0,814 1,085

B BeceHHmit mepuoj; GUTOIUIAHKTOH B JIByX CE30HAX OBUI Pa3BUT €i1a0o0, MO BEJIMYMHE OHMOMAcCHI
(UTOMIAHKTOHA B Mae MpyAbl OTHECEHBl K BOZOEMaM HHU3KOTO Kiacca KOPMHOCTH [B-OIUroTpoHOTrO
THTIA.

ITo BennunHe GMOMacchl (HUTOMIAHKTOHA B MIOHE MPYABI MOXKHO CUMTATh BOJOEMAMU yMEPEHHOTO
KJlacca KOPMHOCTH 0-ME30TPO(HOTO THUIIA.

B urorre 2013 1. mpy /eI 110 TIOKa3aTearo OMOMacChl BOJOPOCIEH COOTBETCTBOBAIH BOJOEMY CPETHETO
KJIacca KOPMHOCTH [-Me30TpodHoro THMa, B Mioje 2014 r. nmpyasl - BOIoEMY YMEPEHHOTO Kjlacca KOpM-
HocTH [-Me30TpodHOro THa. B aBrycre mpyabl mo BeInmyrHE OMOMACCHl (PUTOIIIAHKTOHA MOXHO OBLIO
CUYHTATh BOJJOEMaMH YMEPEHHOTO KiTacca KOPMHOCTH 0-Me30TpodHOro Tuna [5].

ITo «mkane tpodHocTm» C. II. Kutaesa mpyasl B MIOHE 1O BEMWYHHE OMOMAcChl (PUTOIUTAHKTOHA
COOTBETCTBOBAJIM CPEITHEMY KIlacCy KOPMHOCTH, [-Me30TpodHOro THma. B uione-aBrycre Kiacc KOpM-
HOCTH MIpyJa CTal COOTBETCTBOBATh yMEPEHHOMY, a TNl BOJ0oEMa — - Me30TpodHOMY [S].

OcHoBy Onomacchl (PUTOIIAHKTOHA B WIOHE CO3/1aBaJI 3BIIICHOBBIE Bojopociu (54,8 %), B urone —
nuaToMoBble (56,9 %),a B aBrycte — nupodutoBbie (55,5 %).  TakCOHOMHYECKHH CIUCOK BOIOPOCIEH,
0TOOpaHHBIX B SKCHEPUMEHTANBHBIX NIpyAax B 2015 r. HacuuTeiBan 62 BUAa BOIOPOCIEH, OTHOCSIIUXCS K
5 ormemam. Cpeny HUX: CHHE3ENEHBIX - 14, TMaTOMOBHIX - 22, 3e1€HbBIX - 20, MUPOGUTOBHIX - 4, 3BTIIE-
HOBBIX - 2.

JOMUHHPYIOIINH KOMIUIEKC (PUTOIUTAHKTOHA MPEACTABICH CIEAYIOIIMMH BHIAMH BOJOPOCIICH:
N. Gregaria, C. meneghiniana, A. ovalis, C. vulgaris, C. undulatum, Trachelomona ssp., E. cordata. Hau-
MeHbIIIee KOJIMIEeCTBO BHIIOB BOJOPOCIEH OBLIIO 3apeTUCTPUPOBAHO B Mae-WIOHE U BapbHUPOBAIO OT 4 10
9 takcoHoB. TakcoHOMHUYECKHI cocTaB Bojopocieil BapbupoBai oT 13 mo 21 TtakcoHoB. B BeceHHuit
nepuo] GUTOIIAHKTOH OBbLI Pa3BHUT C1a00, OKa3aTeNu OMOMAacchl ObUIH HEBBICOKMMHU U BapbUPOBAIH OT
0,265 110 0,691 r/v’.

CocTaB TOMUHHPYIOIINX BUAOB Pa3Iddalicsi B TEUCHHE JIETHETO Mepruoaa. Tak, B MIOHE B BOHOEME
JoMUHHpOBanu nupodutoBsie (56 %), B utone — quatomoBbie (34,4 %), a B aBrycre — cHe3eNEHbIE BOAO-
pociu (42 %).

B mrore — nrone 2015 r. mokasarenn Guomaccsl durommanktoHa (0,365-2,665 r/M’) COOTBETCTBO-
BaJIM YMEPEHHOMY KJIaCCy KOPMHOCTH, O- ME30TPO(QHOMY THITy. B MioHe OCHOBY OMOMAacchl cO31aBajiH
nupoduroBsie Bonopocnu (71,4 %), a B utone — quaromoBsie (35,7 %). B aBrycre ypoBeHb KOPMHOCTH
BOJIOEMOB TIOBBICHJICSI IO CPEAHEro Kilacca, a TUN Bomoéma 1o B-me3orpodHoro (6momacca — 0,360—
3,015 r/m’). OcHOBY GHOMAcChl (PUTOILTAHKTOHA B 3TO BPEMsi CO3/aBaTH INATOMOBBIE BOIOPOCTH (62 %).

3oonnanxkmon. Ilo pe3yabpraTaM THAPOOHOIOTHYECKONW CHEMKH B Mepuoj ampenb-aBryct 2013 r.
300TIAHKTOH 3KCIIEPUMEHTATBHBIX MPYAOB MPEACTaBICH 55 TaKCOHAMU M3 TPEX OCHOBHBIX TPYIM, TIE
26 TaKCOHOB — KOJIOBpaTKH, 16 BeTBUCTOYChIE U 13 BeciaoHorue padyku. IloMrMMO 300MIaHKTOHHBIX Opra-
HU3MOB B Tp00ax BCTPEUCHO OOINBINOE KOJIUYECTBO (PaKyJIbTATHBHBIX 300TUIAHKTEPOB — OCTPAKOJBL,
JUYMHKA HACEKOMBIX, YePBH, THIPHI.
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HaunGonpmiee TakcoHOMHYECKOE pa3HOOOpaszue BcTpedeHo B npyay Ne3 — 43 takcoHa, M3 KOTOPBIX
21 xonoBpatka, 12 BerBuctoychix u 10 Becionorux pauka. B npyay Ne4 BbisiBI€HO COOTBETCTBEHHO 31-
16-9-6 takcoHoB. OCHOBHOW (POH 300IUTAHKTOHHOI'O COOOIIECTBa B 000uX mpynax coctaBwid (33-45 %
BCTPEUaCMOCTH 33 BECEHHE-JICTHUHN mepuoi) S. pectinata, A. sieboldi, L. ungulate, E. d. dilatata, C. lati-
caudata, S. mucronata, Ch. sphaericus u M.leuckarti. B npyny Ne3 x Hum noGasunuce E. pyriformis,
Br. q. melheni, D. macrophthalma, P. Trigonellus, B ipymy Ne4 — C. reticulate, N. incongruens.

B npyny Ne4 ocHOBY YMCIIEHHOCTH U OMOMAcChl COCTaBUJIM BETBUCTOYChIE pakooOpasubie — 75,4 %
10 9HCIy SK3eMILIAPOB U 84,3 % 1o Guomacce. IIpoayKIMOHHBIE MOKA3aTeIH HA M° B MpPydy Hadaid
PACTH C HIOHS MECSIIA M 0 CEPEIMHBI aBryCTa HE ONMyCKATNCh HIDKE 65,0 ThIC. SK3eMILIIpoB u 1,5 T/m’,
JIOCTHTHYB CBOETO [TMKA B HAYane HIoms — 263,7 ThIC. SK3eMILIAPOB 1 Gosee 9,0 I/M°, 38 CYET MacCOBOTO
pa3BUTHUS BETBUCTOYCHIX paukoB pona Ceriodaphnia, 10y KOTOPBIX B OOLIMX MOKA3aTEIsIX COCTABHIIIA OT
30 mo 94 %.

B npyny Ne3 oCHOBY YMCIIEHHOCTH COCTaBHIIM BECJIOHOTHE pakooOpasHeie — 41,6 %, OGuomaccy B
BojioeMe c(hopMUpOBaIH BETBUCTOYChIC pauku — 48,2 %. 3a ce30H HauOOJBIINE MPOTYKIIMOHHBIC TIOKA-
3aTely BBISBJICHBI B Mae MeECSIle, 32 CYeT MaCCOBOTO Pa3BUTHA KPYITHBIX MPEICTaBUTENEH BETBUCTOYCHIX
paukoB D. galeata, S. vetulus, S. mucronata, 1 B IepexoTHOM TEPHOJIE HUIOTL-aBIYCT, 32 CUET Pa3BUTHS
KPYIMHBIX XHIIHBIX KOJIOBPATOK poaa Asplanchna, BerBucroycoro pauka C. laticaudata m muammmx
BO3PACTHBIX CTAUil BECIIOHOTUX PAYKOB (HAYTUTHYCHI ¥ KOTICTIOJIBI).

I'mapoOnonornveckuii aHaNM3 ECTECTBEHHOW KOPMOBOH 0a3bl JKCICPUMEHTAILHBIX TPYIOB B
ce3zonax 2012-2014 rr. mokasa, 4yTo 300IIJIAaHKTOH MPEACTaBIeH 55 TAKCOHAMHU U3 TPEX OCHOBHBIX TPYTIIL,
rae 26 TakCOHOB — KOJIOBpaTkH, 16 BeTBUcTOyChIe U 13 BecnoHorue pauku. [ToMuMO 300MIaHKTOHHBIX
OpPTraHU3MOB, B Ip0o0ax BCTPEUCHO OOJBIIOE KONINYECTBO (DaKyIHTaTUBHBIX 300ILIAHKTEPOB — OCTPAKO/IBL,
JIMYMHKYA HACCKOMBIX, YEPBH, THJIPHI.

Onpenenstonas pojib B IUIAHKTOHE BCEX MPY/OB B TCUCHHE BETCTAI[MIOHHBIX CE30HOB MPHHAIICKAIIA
BETBUCTOYCHIM padkaM. OTMeYajaoch YCTOHYMBOE JOMWHHUpPOBAHHE MX B OOIIEH Macce 300IUIaHKTOHA B
9KCMIEPUMEHTABHBIX TIPYIaX.

AHanu3upys OUHAMHUKY YpPOBHS Pa3BUTHUS 300IUIaHKTOHA B TedeHue ce3oHa B 2012-2014 rr. B
SKCMEPUMEHTAIBHBIX MPY/IaX, MOXKXHO OTMETHTb, YTO TIOCTE 3aJUTHSI ONBITHBIX MPYAOB KOITNYECTBEHHBIC
MOKa3aTeNld YHCICHHOCTH W OHOMAcChl 300IUIAHKTEPOB B HUX OBUIM HIEHTHYHBIMA HU3KHUMH U
HaxoIWINCh B mpeaenax 19,04—39,76 Thic. 3k3./M° 1 0,355-0,827 r/M> COOTBETCTBEHHO.

JluHaMKKa KOJUYECTBEHHBIX TOKAa3aTelei 300IUIAHKTOHA B 3KCIEPUMEHTAIbHBIX mpyaax B 2012-
2014 r. nmpencrapneHa B Tadbmuie 2.

Tabnuua 2 — JluHaMMKa YUCIEHHOCTH 1 OMOMAacChl 300IUIAHKTOHA B OKCIIEPUMEHTANBHBIX Npyaax B 2012-2014 r.

2012 2013 2014
Hara 3 3 3 3 3 3
TBIC. 9K3/M /™M TBIC. 9K3/M /™M TBIC. 9K3/M /™M
14.04. 25,7 0,827 39,760 0,640 19,04 0,355
28.04. 89,5 1,738 10,90 0,126 29,860 1,485
15.05. 129,1 3,817 246,60 4,441 136,70 5,460
31.05. 101,0 1,864 65,970 1,763 63,50 2,189
14.06. 112,1 4,367 93,450 2,579 55,040 2,009
29.06. 129,1 3,817 87,920 3,071 53,0 1,962
15.07. 155,5 2,163 84,511 2,823 31,68 1,660
30.07. 165,0 2,792 98,176 2,740 10,87 0,10
15.08. 76,5 1,349 17,10 0,382 8,80 0,069

Jiisi TOBBIIIEHUS] YPOBHSI €CTECTBEHHOW KOPMOBOH 0a3bl B mpylax ObLIM MpPOBEICHBI MHTCHCH-
(UKalMOHHBIE MEPONPUATHS, KOTOPBIE CTHMYJIMPOBAIM pPa3BUTHE THAPOOMOHTOB. BbulM BHECEHSHI:
OopraHuyecKue yaoOpeHus (HaBO3 KPYIHOTO POTaToro CKOTa) W3 pacueTa 2 T/ra; MHUHEpaIbHBIE YH00-
penus (ammuadHas cenutpa u3 pacdera 20 xr/ra; cymepdocdar — 10 Kr/ra); CHOIIBI MOABSICHHOW BBIC-
nrell BOJHOW PacTHTENLHOCTH (TPOCTHHUK, pOTo3); MaTodHas KynbTypa aaduuum (1 1n/ra); KOpMOBBIC
npoxoku (1 xr/ra).
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Pe3ynbTaThl, IOTy4YeHHBIE MOCIE CTUMYJISIIUK, YKa3bIBaIOT Ha OOIIYI0 TEHACHIIUIO pOCTa KOINYe-
CTBEHHBIX TOKa3aTeseH, KOTOpPhIe TOCTUTAIOT cBoero Makcumyma B 2012-2014 rr. B I nekame mas (129,1-
246,6 ThiC.OK3/M® M 3,817-546 T/M’ cooTBeTcTBEHHO). JlaHHbBIC TOKA3aTeNN XapaKkTEPH3YIOT SKCITe-
pPUMEHTaJIbHBIE IPYABI B 3TOT MEPUOJ, KaK BEICOKOKOPMHBIE [5].

ITo moka3zaTensiM KOJMYECTBEHHOIO Pa3BUTHS 300IUIaHKTOHA B ce3oHax 2012 u 2013 rr. B nenom
TIPYIIbI OBUTH BHICOKOKOPMHBIMH. B ce3one 2014 TT. muHaMUKa pa3BUTHS 300IUIAHKTEPOB XapaKTePU3YET
Npyabl KaK cpeTHeKOpMHBIE [5]. BeposiTHO CHMKEeHHE KOJTMYEeCTBEHHBIX MOKa3aTelell MIIaHKTOHA CBA3aHO
C yBeIHMUYEHHEM Ha IPYIbl Harpy3ku mo kapmy. B 2014 romy mioTHOCTh MOCaAKH TOJOBHKOB Kapra B
MMOJINKYJIIEType ¢ cymakoMm cocTtaBmwia 1000 mr/ra. Kak W3BeCTHO, 300IUTAHKTOH Yy TOIOBHKOB Kapria
COCTAaBIISICT OCHOBY IHIICBOTO PAIOHA B IMIEPBYIO TIOJIOBHHY PHIOOBOTHOTO CE30Ha.

K koHIly ce30Ha KOPMHOCTh BceX MpyaoB B ce3oHax 2012-2014 rr. camxkaercs. [lo knaccudukanmm
KOPMHOCTH BCE€ TIPYABI B 3TOT NMEPHUOJ COOTBETCTBOBAIM HU3KOKOPMHBIM [5].

Mo pesynbpraTamMm THAPOOMOTIOTHMYECKHX HCCICAOBAaHWN B BeceHHee-neTHHH mnepuon 2015 roxa
300TUTaHKTOH MPYA0B UMIMKCKOTO MPyAX03a MpeAcTaBlieH 66 TaKCOHAMH M3 TPEX OCHOBHBIX TPYIIIL, T
32 takcoHa — KOJIOBpaTKH, 16 BerBucTOYyCHIe U 18 BecnoHorne pauku. OCHOBHOW ()OH 300TUIAHKTOHHOTO
coobrmiecTBa B 000uX Ipyaax coctaBuiu A. girodi, A. sieboldi, A. brightwelli, L. bulabula, Br. c. Amphi-
ceros, D. macrophthalma, C. reticulata, C. quadrangula, M. brachiata, S. mucronata, D. crassa, Ch.
sphaericus, A. americanus u M. leuckarti(57-100 % BcTpedaeMOCTH 3a BeCEHHE-JIETHHI NEpHOL).

Ecmu paccmarpuBaTh 1o MecsiaMm, TO HanOOJIbIIIee YUCIIO BUOB MO MPYAaM BBISABICHO HIOHE-HIOJNE
Mecsmax 46-44 TakcoHa COOTBETCTBEHHO, HAaUMeHbIIIee B aBrycTe — 22 Buaa. KonndyecTBeHHOE pa3BUTHE
300IUTaHKTOHA B MIPyAax MpeACcTaBIeHo B TabuuIe 3.

OCHOBY 4HMCIIEHHOCTH U OMoMacchl B npyay Ne3 B cpeHEM COCTaBHIIM BETBHUCTOYCHIE PaKooOpas-
Heie — 74,5 u 87,0 % cooTBeTcTBeHHO. Ha MPOTSHKEHUHM BCETO BETETAIIIOHHOTO MEPHOJA OHU IMPEo0-
Jajany B cooOlIecTBe, OMHAKO B Hayaje HIOHS JOMHHAHTHOM TPYINIOW CTali KOJOBPATKH, TJ€ OCHOBY
3aJI0KUJIM XUIIHbIE KOJIOBpAaTKu pona Asplanchna (42,7 % no uncnenHoctd u 72,9 % no d6uomacce). 3a
Ce30H HamOOIBIINE MPOIYKIIMOHHBIE ITOKA3aTeNH BBISBICHBI B IEPHOJ — CEpelrHa HWIOHSA-CeperHa
WIONA, C MHKOM B cepenuHe mions Mecsma (14,929-12,369-21,369 r/m’), koraa GHONMPOLYKTHBHOCTH
MpyJa IOCTUTalla BELICOKOT0-04Y€Hb BEICOKOTO KJIacca KOPMHOCTH C €BTPO(HBIM-THIIEPTPOGHBIM THIIOM 32
CYeT MacCOBOTO pa3BUTHS BETBUCTOYCHIX padkoB poma Ceriodaphnia (81,3-92,5-95 % ot oOmeit
6momaccel). B mMae B mpo6ax OoTMe4YeHO OOJBIIOE KONMWYECTBO (PaKyJIbTAaTHBHBIX IJIAHKTOHHBIX Opra-
HHU3MOB, I/ie HauOonbllee 3HaAYCHUE MMENH OCTPaKoIbl, JOJIs KOTOPHIX B OOmIeH OMoMacce cocTaBuia
okoJ1o 26,0 %.

OcHOBY YHCIEHHOCTH U OmoMacchl B mpyay Ned cocTaBmim TakKe BETBHCTOYChIE paKOOOpaszHbIe —
92,1 u 96,8 % coorBercTBeHHO. Hambounbinre mokazaTeny OMOMACCHI BBISBICHLEI B HIOHE MECSIE —
22,121-22,627 r/™’ u B cepemune uions (32,528 1/°), rie OCHOBY COCTABHIIM BETBHCTOYCHIE PAuKH PO
Ceriodaphnia (97,4-98,0-97,1 % ot o01ieii 6momaccsr).

OcCHOBY 4YHCICHHOCTU W OMoMacchl B pyay Nel cocTaBuIM BETBHUCTOYCHIE pakooOpasHble — 74,5 u
87,0 % coOOTBEeTCTBEHHO. 3a BETETAMOHHBIN MEPHOJ MaKCHMaJIbHbIE NPOAYKLHWOHHBIE ITOKa3aTelH
BBISBIICHBI B TIEPUOJA — KOHEI[ WIOHS-KOHEIl HIOJA, ¢ MHUKOM B cepenuHe utons mecsma (3,156-5,830-
3,220 /M), 3a CUeT MAacCOBOTO PA3BHTHS BETBHCTOYCHIX paukoB poxa Ceriodaphnia w Moina (46,4-
53,9-51,8 % ot obieit broMaccer).

OCHOBY KOJHMYECTBEHHBIX IMOKa3zarened B mpydy NeS 3a mepuoa wccienoBaHHsI COCTaBISLTA BET-
BHCTOyCHIE pauku — 61,1 % mo guciry sx3eMIuisipoB u 66,8 % mo 6momacce. bruomacca 3001uTaHKTOHA 32
Ce30H BapbUpoOBaia ot 3,923 r/M° B KoHIle HioHe 10 8,089 r/M° B KOHIIE HIOJIS, YTO COOTBETCTBYET MOBbI-
IIICHHOMY ¥ BBICOKOMY KIIaCCy KOPMHOCTH C €BTPO(GHBIM THIIOM BojoeMa. Cpeau BUAOB JOMUHHPOBAIA
pauku pona Ceriodaphnia — 42,8 %, xonoBpatku pona Asplanchna — 16,2 %, M.brachiata — 10,9 %.

3a mepuoJl UccieoBaHus BO BCEX NpyIaX JOMUHHPOBAIN BETBUCTOYCHIE PaKoOOpa3HbIe, CpeId HUX
pauku pona Ceriodaphnia, nonst KOTOPBIX B 001Iei Macce goxoauia 10 98 %.

W3 nccnenoBaHHBIX BOJIOEMOB HanOollee MPOIYyKTHBHBIMU 110 300TUTAHKTOHY OKa3aJIMCh MpyIbl Ne3
u Ned, The mokazarend BapbUPOBAIM OT CPEIHEKOPMHOTO Kiacca Me30TPOQHOro THMa J0 OYEHb
BBICOKOKOPMHOTI'0 KJacca runepTpodHoro tuma. [IpoayKTuBHOCTS 300MmIaHKkToHa pynoB Nel u Ne5 Oputa
HECKOIIbKO HIDKE, MTOKa3aTelld KoJebaarch OT HU3KOKOPMHOTO KIIacca OJMMTOTPOGHOTO THIIA A0 BBICOKO-
KOPMHOTO0 eBTpoHOTO THIA [5].
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Tabnuna 3 — KonudecTBeHHOE pa3BUTHE 300IJIAHKTOHA B 9KCIIEPUMEHTAIBHBIX IpyAax B ce3oHe 2015 1.,
Y — 9ECIIEHHOCTD, THIC. 3K3./M°, 6 — GHoMacca,r/m’

Jata ot6opa Konosparku BetBucroycsie Becnonorue Hroro
mpod q 0 q 0 q 0 q 0
[Mpyn Ne3
20.05 11,90 0,116 76,0 5,027 30,0 0,663 117,90 5,806
05.06 235,90 5,337 54,80 1,268 32,20 0,638 322,90 7,243
20.06 10,30 0,128 430,0 14,401 59,50 0,413 499,80 14,942
05.07 15,0 0,082 331,0 11,915 44,30 0,249 390,30 12,246
20.07 20,60 0,091 500,0 20,757 38,0 0,511 558,60 21,369
05.08 1,20 0,021 96,0 3,407 10,30 0,263 107,50 3,691
CpenHuii mokasareib 49,150 0,963 247,967 9,463 35,717 0,456 332,834 10,882
IIpyn Ne4
20.05 1,80 0,002 95,0 7,416 21,20 0,105 118,0 7,523
05.06 24,0 0,045 875,20 21,899 33,60 0,177 932,80 22,121
20.06 8,0 0,027 644,0 22,290 48,30 0,310 700,30 22,627
05.07 6,0 0,126 128,90 4,959 9,30 0,053 144,20 5,138
20.07 3,0 0,007 879,80 32,133 32,60 0,388 915,40 32,528
05.08 20,0 0,10 195,0 5,672 33,80 1,825 248,80 7,597
CpenHee noka3areib 10,467 0,051 469,650 15,728 29,80 0,476 509,917 16,255
TIpyn Nel
12.06 15,20 0,070 23,50 0,711 6,20 0,030 44,90 0,811
27.06 22,60 1,052 39,80 1,545 25,20 0,559 87,60 3,156
12.07 59,0 1,619 80,40 3,301 45,20 0,910 184,60 5,830
27.07 23,30 0,388 56,30 1,856 22,0 0,976 101,60 3,220
12.08 9,20 0,216 33,0 1,257 32,60 0,197 74,80 1,670
Cpennuii nokaszareinb 25,860 0,669 46,60 1,734 26,240 0,534 98,70 2,937
IIpyn NeS
12.06 2,40 0,005 213,60 5,306 30,60 0,350 246,60 5,661
27.06 42,60 1,514 48,40 1,80 14,40 0,609 105,40 3,923
12.07 34,0 0,649 69,60 2,548 39,90 1,190 143,50 4,387
27.07 64,0 2,325 122,0 4,769 52,0 0,995 238,0 8,089
12.08 12,0 0,245 87,0 3,726 52,0 1,139 151,0 5,110
Cpennee 31,0 0,947 108,12 3,630 37,780 0,857 176,90 5,434

Ha Heo06XxoauMOoCTh TOBBIIIEHHS YPOBHSI Pa3BUTHUS 300IUIAHKTOHA B MpPYAax, II€ MPOU3BOAMUTCS
BEIpAIIMBAHUE CETOJICTOK Cy/aKa, YKa3bIBAIOT TAKIKE POCCHICKHE U Oelopycckue yueHsle [6-9].

Kak mpaBuiio, TOBBINICHUE YPOBHS Pa3BUTHS 300TUIAHKTOHA B IMEPBYIO IMOJOBHHY pPHIOOBOJIHOTO
Ce30Ha SIBJIACTCS 3aJIOrOM IIOBBIIICHUS PHIOOIPOMAYKTUBHOCTH IO CErojieTkaM cynaka. Bo BTOpyro
MOJIOBUHY PHIOOBOHOIO CE30HA 300IUIAHKTOH WIrpaeT posib (POHOBOTO (BTOPOCTEIIEHHOI0) O0OBEKTa
MUTAHUS CEroNIeTOK cynaka. OCHOBHBIM OOBEKTOM MHUTAHHS B JAHHBINA MEPUOJ] BPDEMEHU CTAHOBHUTCS MO-
JIOIb COPHBIX BUIOB puI0 [10-13].

Kak BUIHO W3 NpeACTaBICHHBIX NAaHHBIX, HAUOOJBIIUNA POCT OMOMACCHl (PUTOILIAHKTOHA HAOIIO-
JIAeTCSl B MEPUOJT «Mail - MIOHBY, HAUOONBIINHA YPOBEHb PA3BUTHUS 300TUIAHKTOHA MPUXOJUTCS HA HIOJb-
MECHIII, 3aTeM, B aBr'yCTe-MecsIle, CIEAYeT craji OMoMacchl (PUTOIITAHKTOHA.
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BbiBOabI.

1) B menom mo pe3ynbraraM THAPOOMOJIOTHICCKUX HMCCIICOBAaHUN €CTECTBEHHOW KOPMOBOH 0a3za
IKCTIIEPUMEHTANILHBIX MPYAOB OBUIO YCTaHOBIEHO, YTO YPOBEHb Pa3BUTHs OMOMAacChl (PMTOIIAHKTOHA M
300IUTaHKTOHA OBLT ONTUMAJIBHBIM JUIS1 BBIPALIMBAHUS CETOJIETOK CyaKa.

2) B navane prIOOBOJHOTO CE30HA, Cpa3y IOCHE 3aJWTHS MPYAOB, YPOBEHb DPa3BUTHA (DUTO- U
300IJIaHKTOHA, KaK MPaBWIIO, HU3KWH. YUNTHIBas paHHEE 3aphIOJIeHNE MPYIOB MOAPOIIEHHONH MOJIOIBIO
CyJaKa, KOTOpOe B YCIOBHSX MPYIOBBIX X034HCTB fora KazaxcraHa mpuUXoguTcs HA HAYalIo Masi, He00X0-
JIUMO TIPOBOAMTH OoJiee paHHEe 3IMTHE BBIPOCTHBIX MPYAOB U OCYIIECTBISITh KOMITIEKC MEPOIPHUSTHIA
T0 TTOBBIIICHHUIO YPOBHS Pa3BUTHSA (UTO- M 300TUIAHKTOHA.

3) IllonnepxuBath pa3BUTHE (PUTO- U 300MIJIAHKTOHA HEOOXOIUMO B NEPBYIO MOJIOBUHY PHIOOBOTHOTO
ce3oHa. B manpHeimeM ypoBeHb pa3BUTHSI €CTECTBEHHON KOPMOBOIT 0a3bl MPYAOB SBISIETCS JOCTATOUHO
BBICOKHM.
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C. K. Koiimbi6aeBa
JKIIC «Kazax OanbIK mapyanIsUIbFsl FRUIBIME 3epTT€Y HHCTHTYTHD, AnMathl, Kazakcran

OCBI )KAJIBIK KOKCEPKE BAJIbIFbIH OCIPYIEI'T
TOFAHIAPJBIH KOPEKTIK BA3ACBIHBIH TABUTU KYUI

AnHoTanus. JKyMBICTBIH MaKcaThl TYKbl MEH ILOIIEH KOPEKTEHETIH OabIKTaApMEH MOJIUKYJIbTYPa KaFIaibIH-
JIa OCHI Ka3/IbIK KOKCEpKe OalbIKTaphl 6CIPUITeH TOKIPUOESTiK TOFaHIapIarbl (PUTOILIAHKTOH MEH 300IUTAHKTOHHBIH
JlaMy IMHaMHKachl MEH JEHIeiiH aHbIKTay Ooiubel. Makajaza OCBI JKa3fblK KOKCEpKe OaJbIKTapbIH TYKbl MEH
IIeIIEH KOPEKTEHETIH OaJIbIKTapMeH Oipre ecipreH KesJleri ToFaHaapAbIH (PUTO- KOHE 300IIaHKTOH J1aMy JAEHIeiiH
3epTTey MaHBIABUIBIFEI KOpCeTiNTreH. ToxipuOenik ToFraHaapaarsl (UTOIIAHKTOH MEH 300IUIaHKTOH JIaMy JAWHAMHU-
Kachl MeH JISHIeHiH 3epTTeyIiH dmicTeMernepi KenTipinreH. OUTo- KoHe 300IUTAHKTOH JaMy ITWHAMHKACHL 3€PTTEN-
TeH TOXIpHUOETK ToFaHIapa OCHI JKaIbIK KOKCepKe OalBIKTaphl ocKeleH mabdak Ke3eHiHeH Oacran ecipinreH. Toxi-
pubenik ToraHzapAarsl OipHeIe KbUIABIK 3ePTTeY KYMBICTAphIH XKYPri3y OapbIChIHAAFB! (DUTO- )KOHE 300IUIAHKTOH
ar3aJIapbIHbIH J1aMy JIEHreli MEeH TYpJiK Kypambl kepceriireH. benrini Oip sKbuiiapia 3epTTey *KYMbBICTApbIH KYP-
Ti3reH Ke3eHAepaeri, )KeKeereH alnapaarsl GUTO- )KoOHE 300IUIaHKTOH AaMy AEHIeHiHiH ANHAMHMKAChl KOPCETUITeH.
TaOuru KOpEKTIK 0a3aHbl KOJNJAaH apTThIPYy VIINIH jKacaJaThlH il mapanap (THIHAWTKBIITAPABI cally KoHE T.0.)
TiKesel 300MJIaHKTOH OMOMaccachlH apTThIPYFa OH 9cep eTETIHIIKTEepl aHbIKTalFaH, acipece OalbIK OCipeTiH TOoFaH-
JlapAbl TaiiianaHy MayChIMBIHBIH COHBIHA Kapaid. KopThIHIbIAa TOXKIPHOETIK TOFaHAapaarsl (PUTO- )KOHE 300ILIaHK-
TOH J]aMy JMHaMHKachl aiiMa-ail KepCeTLIreH, TOFaHAap/a OChl JKa3ZbIK KOKcepKe OalbIFbIH ecipyaeri ruapoOuo-
JIOTHSUIBIK 3€pPTTEY )KYMBICTApBIHBIH MaHbI3AbUIBIFbI OastHIanFaH. DuTo- KoHE 300IIaHKTOH AWHAMUKAChl MeH OHo-
MAaCCAacChIH 3epTTey HOTWXKeJepi OOWBIHINA OANBIKTHI KOJIJAH ©Cipy MayCHIMBIHIA OCHI YKa3JbIK KOKCEpKE OalbIFBIH
ecipy O6aprICBIHAA (UTO- KOHE 300IUIAHKTOH OMoMaccachlH OipKeJKi opi TYpaKTHI €Till YCTal OTHIPY YIIiH KaXKeTTi
YCHIHBICTap OepisreH.

Tyiiin ce3aep: QUTOIIAHKTOH, 300IUIAHKTOH, JaMy AWHAMHKACHI, TOFaH OalbIK LIapyallblIbIFBL, OCHI XKaIbIK
OaTbIKTap, KOKCEPKE.
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