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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Despite the significant achievements of modern hepatology, 
obstructive cholestasis remains one of the most common human 
diseases in Ukraine and in the world. The duodenum, as part of 
a single hepatopancreatoduodenal system, is naturally involved 
in the pathological process in the disease of one of the organs of 
the same zone. [1-4]. Changes in the duodenum in mechanical 
jaundice and liver dysfunction have been studied by many authors. 
The main focus of these studies was on the detection of changes in 
the duodenal wall. The structure of the vascular bed of the organ, 
without which it is impossible to assess the condition and function of 
the duodenum, remained unnoticed. There is no doubt that the basis 
of pathological changes in the duodenum in mechanical jaundice 
plays a major role in the structural reorganization of the vascular 
bed, especially changes in their structural and spatial organization. 
[5-7]. And also requires in-depth study of the restructuring in the 
microcirculation system affected by obstructive cholestasis of the 
duodenum, because in the smallest blood vessels and especially 
capillaries, through the histohematogenous barrier is realized 
transport function of the circulatory system and transcapillary 
exchange, which causes causes tissue hemostasis.

Aim of the research – comprehensive morphometric assess-
ment of the structural and spatial organization of the circula-
tory system of the duodenum in obstructive cholestasis in intact 
animals.

Material and methods. The experiments were carried out on 
12 sexually mature (6-12 months) male Vietnamese pigs weigh-
ing 30.5-48.4 kg with different pedigree lines. Distribution into 
groups was carried out on the basis of the timing of obstructive 
cholestasis (3,7,14,28 days).

In these pathological conditions, the change in the cross sec-
tion of the vascular trunks was accompanied by a restructuring 
of the symmetry of the vascular bed (H2). The latter changed 
significantly in the vessels of the IV order (Table 1). It should 
also be noted that in mechanical jaundice already in this short 
period the angles of branching of arteries and fusion of veins 
(φ0, φ1, φ2) changed. Branching angles tended to increase 
(Table 2). Increased branching angles and their asymmetry ad-
versely affect blood circulation and total vascular capacity. All 
this indicates a deterioration in the blood supply to the walls of 
the duodenum in obstructive cholestasis [11–13].

MORPHOMETRIC ASSESSMENT OF STRUCTURAL CHANGES IN THE VASCULAR BED 
OF DUODENUM IN ANIMALS WITH OBSTRUCTIVE CHOLESTASIS 

Grabchak S., Bedenyuk A., Gnatyuk M., Futujma Yu.

i. Horbachevsky Ternopil national Medical University, Ukraine

Table 1. Morphometric characteristics of the vascular bed of the duodenum of intact male pigs (M±m)

O
rd

er

Type 
of 

ves-
sels

Indices

D0, μm D1, μm D2, μm φ0, ° φ1, ° φ2, ° L, mm Н2, % К3, %

I A V

15
2,

30
±6

,9
0

27
6,

40
±9

,3
0

12
6,

60
±6

,3
0

23
9,

20
±9

,4
5

75
,1

0±
3,

30
19

2,
90

±4
,2

6

38
,1

8±
2,

10
54

,2
2±

4,
20

14
,4

5±
0,

60
14

,1
0±

0,
90

26
,3

2±
1,

50
43

,5
8±

3,
12

43
,6

0±
3,

42
48

,3
4±

3,
54

27
,3

0±
1,

20
19

,1
0±

1,
14

88
,1

0±
4,

80
98

,2
0±

5,
10

II A V

75
,6

0±
3,

60
19

7,
70

±9
,9

0

68
,3

0±
3,

36
16

7,
50

±9
,4

2

41
,6

0±
4,

56
99

,8
0±

3,
84

69
,2

7±
4,

80
38

,7
0±

3,
30

24
,3

2±
1,

50
12

,6
0±

0,
90

45
,9

0±
3,

20
27

,6
4±

1,
47

16
,4

0±
0,

90
34

,2
0±

2,
70

22
,3

0±
1,

20
24

,4
0±

1,
32

88
,3

0±
3,

60
10

6,
30

±5
,0

4

III A V

38
,9

0±
1,

80
10

6,
10
±3

,9
0

33
,1

5±
2,

10
84

,6
0±

4,
14

26
,2

7±
2,

19
49

,3
0±

3,
60

83
,6

0±
4,

44
67

,2
8±

3,
60

37
,2

6±
3,

30
22

,4
0±

2,
10

47
,3

0±
3,

36
47

,3
6±

3,
45

6,
90
±0

,6
0

20
,4

0±
1,

20

26
,3

0±
1,

44
24

,8
0±

1,
38

10
2,

32
±5

,4
0

10
9,

30
±4

,2
0

IV A V

24
,5

0±
1,

50
49

,3
0±

3,
30

23
,9

0±
1,

20
24

,8
0±

2,
10

19
,1

0±
1,

20
**

26
,5

0±
2,

70

10
9,

54
±5

,1
0

76
,5

8±
4,

80

43
,4

0±
3,

90
28

,9
0±

2,
46

48
,4

0±
3,

60
42

,8
0±

3,
27

2,
30
±0

,3
6

6,
96
±0

,4
5

30
,6

0±
1,

50
32

,2
0±

1,
56

11
0,

50
±3

,3
0

10
8,

40
±1

,9
2

V A V

19
,5

0±
0,

90
26

,6
0±

1,
80

19
,1

2±
0,

93
24

,1
0±

2,
16

16
,7

0±
1,

10
20

,7
0±

1,
80

87
,4

0±
4,

86
72

,5
8±

4,
20

42
,1

0±
3,

72
31

,7
0±

2,
94

32
,7

0±
2,

40
36

,4
4±

2,
52

1,
80
±0

,0
9

3,
60
±0

,2
1

36
,3

0±
2,

40
38

,5
0±

2,
55

11
5,

30
±0

,7
2

85
,9

0±
3,

90

note:* - р< 0,05 compared to control. А- arteries; V - veins
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Table 2. Morphometric characteristics of the vascular bed of the duodenum of male pigs with 3-day mechanical jaundice (M±m)

Or-
der

Type 
of 

ves-
sels

Indices

D0, μm D1, μm D2, μm φ0, ° φ1, ° φ2, ° L, mm Н2, % К3, %

I A V

15
1,

30
±0

,3
0

28
1,

20
±1

1,
70

10
7,

80
±8

,6
0

27
2,

40
±1

2,
10

74
,2

0±
6,

40
19

3,
10

±1
0,

20

42
,5

0±
3,

12
61

,1
8±

3,
30

16
,5

12
±1

,3
20

16
,2

0±
1,

08

25
,8

7±
1,

80
43

,9
0±

3,
30

44
,9

5±
3,

90
44

,4
0±

3,
20

29
,9

0±
2,

40
24

,1
0±

1,
30

88
,1

0±
3,

51
81

,2
8±

2,
31

II A V

74
,6

0±
7,

80
20

2,
80

±1
0,

20

69
,2

0±
3,

60
17

0,
40

±1
1,

30

37
,4

0±
2,

25
10

8,
90

±8
,6

0

79
,5

20
±2

,2
10

* 
44

,3
20

±2
,8

20

28
,3

60
±2

,0
90

18
,2

10
±1

,2
03

51
,2

0±
2,

10
28

,1
0±

1,
50

18
,3

0±
1,

17
35

,1
0±

2,
31

25
,5

0±
2,

40
25

,3
0±

2,
61

84
,2

0±
4,

80
98

,7
0±

4,
50

III A V

37
,6

0±
2,

60
11

0,
90

±9
,7

0

30
,5

0±
2,

70
88

,7
0±

9,
30

25
,5

0±
1,

80
61

,0
7±

3,
80

83
,3

6±
2,

07
77

,2
50

±3
,4

00
* 

39
,1

4±
2,

40
27

,3
6±

2,
10

49
,2

0±
1,

23
50

,7
0±

3,
30

7,
81

±0
,6

3
21

,3
0±

2,
10

29
,7

0±
3,

03
27

,2
0±

1,
80

94
,8

0±
3,

12
10

2,
30

±5
,7

0

IV A
V

24
,2

0±
1,

40
61

,3
0±

3,
90

* 

23
,7

0±
2,

80
*

37
,9

0±
4,

20
* 

19
,6

0±
1,

40
33

,6
0±

2,
10

* 

12
2,

30
±4

,2
0*

84
,2

0±
3,

60

48
,1

0±
2,

40
* 

41
,3

0±
2,

70
* 

61
,1

4±
3,

10
*

53
,4

0±
3,

03
*

3,
70

±0
,2

1
12

,4
8±

1,
80

30
,1

0±
2,

70
26

,4
8±

1,
80

*

10
9,

60
±6

,1
0

10
3,

40
±4

,8
0

V A
V

19
,4

0±
1,

20
34

,3
0±

1,
90

* 

19
,2

0±
0,

72
29

,9
0±

1,
10

* 

16
,3

0±
1,

10
26

,5
0±

1,
80

* 

99
,3

0±
2,

40
* 

81
,8

0±
3,

06

48
,0

2±
2,

40
38

,3
0±

2,
10

51
,3

0±
2,

10
*

42
,8

0±
2,

40

2,
70

±0
,1

8
6,

30
±1

,0
5

30
,6

0±
1,

50
*

31
,2

0±
2,

10
*

12
0,

38
±6

,6
0

81
,0

4±
3,

30

note: * - p<0.05 compared to control. A-arteries; V - veins

Table 3.Morphometric characteristics of vessels of different caliber of the duodenum 
of male Vietnamese pigs with 3-day mechanical jaundice (М±м)

Level
Indices

KI MT, μm
Large arteries 0,153±0,015 24,80±1,50

Middle arteries 0,197±0,018 20,40±1,20
Small arteries 0,260±0,012* 14,90±0,66

note: KI – Kernoghan’s index, MT – media thickness, * - р<0,05 compared to control 

Morphometry of large, medium and small arteries of the stud-
ied organ showed that in these vessels there is a tendency to 
thicken their wall and narrow the lumen (Table 3). However, the 
Kernogan index was statistically significant only in the small 
arteries of this organ [14–16].

After 7 days from the start of simulation of experimental me-
chanical jaundice, changes in the duodenum of the studied ani-
mals were more pronounced changes compared with the previ-
ous group. At the same time growth of section of vascular trunks 
of veins is established. Especially there was an increase in the 
diameters of the veins in the vessels of IV and V order (Table 4). 
The arteries are narrowed throughout. During this period, there 
was a tendency to increase the length of vascular trunks, signifi-
cantly changed the ratio of this value to D0. This phenomenon 
was especially pronounced in vessels of IV and V orders [17,18]. 
In these pathological conditions, the asymmetry also changed. It 
should be noted that the angles of departure of the branches from 
the main trunks of the vascular order significantly increased. 
The latter statistically significantly outweighed similar values in 
intact animals. The branching rate in higher order vessels tended 

to increase. In the higher orders of the vessels there was a similar 
dynamics of this parameter, which indicated a certain order in 
these vessels of the branching coefficient. Vascular morphom-
etry also showed that their narrowing had already been observed 
in the large arteries. The latter was confirmed by the growth of 
the Kernogan index. The arteries of medium caliber were even 
more changed (Table 5). In small arteries, the Kernogan index 
increased from 0.220±0.09 to 0.289±0.015 (p<0.01), and the 
thickness of the media - from 13.30±0.72 to (15.80±0.63) μm 
0.05) [19,20]. The above changes indicate a significant structur-
al adjustment of the vascular bed of the duodenum with weekly 
obstructive cholestasis.

Morphometry of the microcirculatory tract showed that in ani-
mals with weekly cholestasis, all parts of the microcirculatory 
tract tended to expand (Table 4). However, the most dilated was 
the venous part of the microcirculatory tract (Table 6). Thus, 
the thickness of the arterioles in the mucous membrane in ex-
perimental animals with weekly obstructive cholestasis reached 
20.80±0.75 μm, which was 4.2% higher than the similar control 
indicator [21,22].
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Table. 4. Morphometric characteristics of the vascular bed of the duodenum 
of male Vietnamese pigs with weekly obstructive cholestasis (М±m)

Or-
der

Types 
of ves-

sels

Indices

D0, μm D1, μm D2, μm φ0, ° φ1, ° φ2, ° L, mm Н2, % К3, %

I A V

15
0,

90
±1

1,
80

28
2,

30
±1

1,
40

10
5,

70
±7

,8
0

27
3,

10
±1

2,
60

73
,5

0±
6,

90
20

5,
10

±1
1,

70

70
,4

2±
4,

20
64

,9
0±

2,
10

30
,2

0±
2,

10
**

18
,7

0±
1,

50
*

42
,2

0±
2,

10
48

,0
3±

3,
30

45
,1

0±
3,

60
51

,4
0±

4,
20

30
,3

0±
2,

10
26

,4
0±

1,
80

*

10
6,

10
±3

,3
0*

97
,9

0±
2,

10

II A V

73
,6

0±
7,

50
21

0,
90

±1
2,

60

67
,3

0±
3,

90
17

1,
42

±1
2,

40

37
,2

0±
4,

41
10

9,
80

±7
,2

6

81
,3

0±
4,

20
*

62
,2

0±
3,

30
**

33
,3

0±
2,

40
*

21
,9

0±
1,

80
*

52
,2

0±
3,

60
39

,8
0±

1,
80

*

18
,9

0±
1,

80
36

,4
2±

2,
40

27
,5

0±
2,

10
*

26
,8

0±
2,

40

96
,3

0±
3,

30
97

,4
0±

4,
80

III A V

37
,7

0±
3,

30
11

2,
80

±9
,6

0

30
,4

0±
4,

20
99

,8
0±

8,
70

25
,2

0±
1,

92
65

,8
0±

3,
90

91
,4

0±
4,

80
87

,5
0±

2,
40

*

43
,9

0±
3,

30
34

,7
0±

2,
10

**

49
,9

0±
1,

77
54

,6
0±

3,
30

8,
30

±1
,2

0
21

,9
0±

1,
50

29
,9

0±
1,

80
28

,1
0±

2,
10

11
6,

30
±4

,5
0

10
3,

10
±4

,2
0

IV A V

24
,2

0±
1,

50
*

66
,1

0±
5,

40
*

23
,5

0±
2,

10
*

50
,2

0±
4,

80
**

19
,2

0±
1,

60
*

36
,2

0±
2,

40
*

12
4,

50
±5

,4
0*

92
,4

0±
2,

30
*

51
,6

0±
3,

30
37

,3
1±

2,
40

*

66
,9

0±
3,

60
*

54
,2

0±
3,

30
*

3,
60

±0
,2

4*
13

,3
0±

0,
90

*

34
,3

0±
2,

40
27

,7
0±

2,
10

97
,4

0±
2,

30
99

,2
0±

2,
70

V A V

18
,1

0±
1,

02
*

36
,4

0±
1,

80
*

16
,8

2±
1,

20
*

30
,9

0±
1,

92
*

15
,9

0±
1,

17
27

,8
0±

1,
50

*

10
7,

70
±6

,3
0*

88
,6

0±
4,

20
*

53
,8

0±
3,

30
*

39
,9

0±
3,

60

50
,3

0±
3,

60
*

43
,9

0±
2,

10
*

2,
80

±0
,1

9*
*

6,
10

±0
,9

0*

29
,8

0±
2,

04
31

,6
0±

2,
10

*

13
7,

20
±5

,1
0*

95
,5

6±
3,

60

note: * - р< 0,05 compared to control. А- arteries; V – veins; ** - р<0,01, in other cases - р >0,05

Table 5. Morphometric characteristics of arteries of different caliber 
of the duodenum of pigs with weekly obstructive cholestasis (М±m)

Level
Indices

KI MT, μm
Large arteries 0,170±0,018* 25,10±1,50

Middle arteries 0,230±0,015* 20,90±1,08
Small arteries 0,289±0,015** 15,80±0,63*

notes: IR - Kernogan index, MT - media thickness, * - p<0,05 in comparison with control values, ** - p<0,01

Table 6. Morphometric characteristics of the microcirculatory tract 
of the duodenum in pigs with weekly obstructive cholestasis М±m)

Part of 
duode-
num

Arterioles Precapillares Capillares Postcapillares Venulae Density 
of cap-
illaresM S Ms M S Ms M S Ms M S Ms M S Ms

U
pp

er

20
,8

0±
0,

75

21
,8

0±
0,

81

22
,0

3±
0,

84

11
,5

7±
0,

72

11
,9

2±
0,

54

11
,8

0±
0,

45

7,
11

±0
,4

4

7,
25

±0
,3

9

7,
20

±0
,4

2

13
,9

0±
0,

42

14
,3

0±
0,

33
*

14
,4

0±
0,

36
*

32
,9

5±
0,

83
*

31
,4

0±
0,

81
*

30
,8

0±
0,

72
*

(3
43

,1
2)

 х
10

note: M - mucous; S - submucous; Мs - muscular, * - р<0,05

Precapillaries and capillaries had the same tendency to ex-
pand. It should be noted that the postcapillaries and venules dif-
fered statistically significantly from the previous values. Thus, 
the diameter of the postcapillaries in the muscular layer of the 
upper part of the duodenum reached 14.40±0.36 μm. This 
numerical value was statistically significantly different from 

the similar control (13.28±0.30 μm, P<0,05). It is also worth 
noting that the latter parameter was lower than the above by 
8.4%. Venules in the mucous, submucosal and muscular mem-
branes of the duodenum also had an almost similar tendency 
to expansion [23]. Thus, the diameter of the venules in the 
mucous membrane of the studied organ reached 32.95±0.83 
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μm. This morphometric index was statistically significantly 
different from the similar control parameter (30.05±0.96 μm, 
p<0.05). The last digital value was 9.6% lower than the previ-
ous one. The diameter of venules in a submucous membrane 
of experimental animals exceeded control size in 1,1 times, 
and in a muscular layer - on 8,7%. The density of capillaries 
per unit area tended to expand, but did not statistically sig-
nificantly exceed the last morphometric parameter in intact 
animals. It should also be emphasized that up to a week (3 

days) the above morphometric parameters did not differ sig-
nificantly from the control (Table 1).

Under these experimental conditions, the microcirculatory 
tract of others - the duodenum was changed less significantly, so 
we did not present these data in the tables. 

During this period of mechanical jaundice, deeper changes in the 
structural and spatial organization of the vascular bed of the duo-
denum were observed, which were already observed on the review 
radiographs of arteries and veins of the studied organ (Fig. 1, 2).

 

Fig. 1. arterial bed of the duodenum with two-week mechani-
cal jaundice. depletion of vascular pattern in the wall of the 
duodenum in pigs. Photo from radiograph

Fig. 2. dilation of the venous bed and loss of asymmetry in 
pigs 14 days after the onset of surgical cholestasis. Photo from 
radiograph

Table 7. Morphometric characteristics of the vascular bed of the duodenum in pigs with two-week obstructive cholestasis (М±m)

Or-
der

Types 
of ves-

sels

Indices

D0, μm D1, μm D2, μm φ0, ° φ1, ° φ2, ° L, mm Н2, % К3, %

I А V

15
0,

10
±1

2,
30

28
3,

40
±1

3,
20

10
4,

90
±8

,1
0

27
5,

21
±1

3,
50

73
,6

0±
7,

20
20

6,
40

±1
2,

30

81
,2

0±
4,

20
**

75
,8

0±
3,

60
*

40
,1

0±
2,

40
*

21
,9

0±
1,

50
*

51
,8

0±
3,

30
*

53
,7

0±
3,

60
*

45
,1

5±
3,

70
50

,3
0±

4,
50

29
,1

0±
2,

40
24

,5
1±

1,
80

*

90
,7

0±
9,

30
97

,3
0±

5,
40

II А V

73
,8

2±
7,

80
21

1,
50

±1
2,

90

67
,5

0±
6,

30
17

2,
50

±1
3,

80

36
,7

0±
5,

40
11

0,
10

±1
2,

60

82
,4

0±
4,

50
*

66
,9

0±
3,

60

35
,7

0±
2,

10
*

24
,3

0±
1,

70

51
,1

0±
3,

30
43

,8
0±

2,
70

*

16
,9

0±
1,

80
34

,6
0±

2,
70

26
,4

0±
2,

10
25

,1
0±

1,
90

98
,1

2±
8,

10
97

,9
0±

5,
70

III А V

36
,6

0±
3,

30
*

11
6,

90
±7

,2
0*

30
,1

0±
3,

30
*

10
5,

12
±8

,1
0*

24
,9

0±
2,

70
*

66
,1

0±
4,

20
*

92
,3

0±
4,

80
88

,6
0±

3,
30

**

44
,5

0±
3,

10
*

34
,6

0±
1,

80
*

50
,3

0±
1,

80
55

,2
0±

3,
10

*

7,
40

±0
,9

0
18

,8
0±

1,
20

26
,6

0±
1,

80
27

,8
0±

1,
50

11
8,

50
±1

0,
20

10
4,

32
±9

,3
0

IV А В

23
,3

0±
1,

90
**

69
,9

0±
4,

50
**

20
,7

0±
2,

10
**

56
,1

0±
4,

50
*

18
,3

0±
1,

90
**

40
,4

5±
2,

70
*

12
5,

60
±5

,7
0*

94
,3

0±
3,

60
*

50
,9

0±
3,

30
37

,9
2±

2,
07

*

64
,5

0±
3,

60
*

56
,7

0±
3,

30
*

2,
70

±0
,8

1
10

,2
0±

0,
90

*

33
,2

1±
2,

10
28

,4
0±

3,
30

98
,5

0±
4,

60
10

0,
11

±8
,1

0

V А V

18
,4

0±
1,

20
**

39
,8

0±
2,

10
**

16
,0

3±
10

,1
0*

*
34

,6
0±

2,
10

**

15
,9

0±
1,

20
**

31
,7

0±
1,

50
**

10
8,

50
±6

,6
0*

92
,4

0±
3,

60
**

54
,7

0±
3,

03
*

41
,2

0±
2,

40

51
,2

0±
3,

27
*

50
,7

0±
3,

10
*

1,
70

±0
,0

9
3,

10
±0

,2
1

17
,5

6±
1,

90
*

26
,4

0±
1,

50
**

13
8,

30
±5

,1
0*

98
,8

0±
3,

30

note: * - p<0,05; ** - p<0,01 in comparison with the control. A-arteries; V - veins

After 14 days from the beginning of modeling of mechanical 
jaundice, deeper changes in the structural and spatial organiza-
tion of the vascular bed of the duodenum were observed, which 
were already observed on review radiographs of arteries and 
veins of the studied organ (Fig. 1, 2).

A detailed analysis of the morphometric parameters of the 
vascular bed of the duodenum showed that during this period of 
the experiment, the absolute values of the diameters of the veins 
increased. The arteries are narrowed (Table 7). It should be not-
ed that starting from the vessels of the III order, the diameters of 
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the veins significantly exceeded the control values. Thus, D0 ar-
teries of the third order in these pathological conditions reached 
49.80±3.30 μm, which is almost 1.3 times lower than the values 
in the intact group of animals. The D0 of the third-order vein 
was 126.90±7.20 μm, which was 1.2 times higher than the same 
morphometric parameter of the duodenum of control male pigs 
of the Vietnamese breed. A similar pattern in the dynamics of 
changes in diameters was observed in the arteries and veins of 
the studied organ of IV and V orders. Almost the same changes 
were observed when comparing D1 and D2 with control values 
[24,25].

The change in the diameters of arteries and veins in the stud-
ied organ was accompanied by a loss of asymmetry of vascu-
lar orders (H2), especially in arteries and veins of the 5th order 
(Table 7). The angles of branching of the arteries in most cases 
increased compared to the previous observation period. At the 

same time the angles of formation of venous trunks also increased. 
It should be noted that the latter values were statistically significant-
ly changed in comparison with control values in almost all stud-
ied vascular orders. The coefficient of vascular branching (K3) in 
comparison with a similar parameter of the previous group has not 
changed. It should be noted that in arteries of the V order it reached 
138.30±5.10%. The given value was statistically significantly dif-
ferent from the same in intact animals (85.90±3.90%, p<0.05). The 
length of vascular orders in these simulated pathological conditions 
tended to decrease (Table 7).

The Kernogan index increased in arteries of all orders (Table 
8). The thickness of the media tended to increase significantly. 
It increased statistically significantly in the arteries of medium 
and small calibers. Such changes in the Kernogan index and me-
dia thickness indicated a deterioration in the blood supply to the 
duodenum in simulated obstructive cholestasis [26].

Table 8. Morphometric characteristics of arteries of different caliber
of the duodenum in pigs with two-week obstructive cholestasis (М±m)

Level
Indices

KI MT, μm
Large arteries 0,190±0,017* 26,20±1,20
Middle arteries 0,250±0,012* 21,80±0,90*
Small arteries 0,300±0,015* 17,20±0,60*

notes: IR - Kernogan index, MT - media thickness, * - p<0,05 in comparison with control values, ** - p<0,01

Table 9. Morphometric characteristics of the microcirculatory tract 
of the duodenum in pigs with two-week obstructive cholestasis (М±m)

Part 
of 

dude-
num

Arterioles Precapillares Capillares Postcapillares Venulae Den-
sity of 
capil-
laresM S Ms M S Ms M S Ms M S Ms M S Ms

Upper

31
,4

0±
0,

90
**

32
,1

0±
1,

20
**

31
,5

0±
0,

90
**

15
,3

0±
0,

60
*

14
,9

0±
0,

72
*

15
,4

0±
0,

63
*

10
,3

0±
0,

36
**

11
,2

0±
0,

33
**

11
,5

0±
0,

30
**

19
,4

0±
0,

51
**

19
,1

0±
0,

48
**

19
,6

0±
0,

54
**

48
,1

0±
3,

30
**

47
,9

0±
3,

10
**

48
,6

0±
3,

30
*

(2
85

±9
) х

 1
0*

note: M - mucous; S - submucous; Мs - muscular, * - р<0,05

Morphometry of all parts of the microcirculatory tract showed 
that almost all of them tended to change significantly. Thus, the 
diameter of the arterioles in the upper part of the studied organ in 
the mucous membrane was equal to 31.40±0.90 μm. This value 
was statistically significantly different from that in the previous 
group of observations (20.80±0.75 μm, p<0.01) and exceeded 
the latter by 1.5 times. The same tendency to changes was ob-
served also at the analysis of morphometric characteristics of 
arteries in a submucosal and muscular layers of the investigated 
part of a duodenum. Significant changes took place in the mor-
phometric assessment of the structural rearrangement of the pre-
capillaries. Thus, in the mucous membrane of this organ with 
14-day obstructive cholestasis, the diameter of the precapillar-
ies reached 15.30±0.60 μm. This morphometric parameter was 
statistically significantly different from the same in the previ-
ous group of observations, ie with 7-day obstructive cholesta-
sis. In the specified terms this diameter of precapillaries reached 
11,57±0,72 microns. These values were statistically signifi-
cantly different. Similarly, the dynamics was observed with the 
structural rearrangement of the precapillaries in the submucosal 
and muscular membranes of the studied part of the duodenum. 

Thus, with 14-day obstructive cholestasis, the diameter of the 
precapillaries in the submucosal membrane of the studied organ 
exceeded a similar parameter in animals with 7-day mechanical 
jaundice 1.25 times, and in the muscular layer - 1.3 times.

The diameters of capillaries in the mucous, submucosal and 
muscular membranes of the upper part of the studied organ also 
increased significantly. Thus, the diameter of the capillaries in 
the mucous membrane in these experimental conditions reached 
the value of 10.30±0.36 μm. This parameter was statistically 
significantly different from that in the previous group of ob-
servations (7.11±0.45 μm, p<0.01) and exceeded the latter by 
almost 44.8%. Almost similar tendency to increase in diameters 
of postcapillaries was observed in submucosal and muscular 
covers of the investigated body. During this period of obstruc-
tive cholestasis, the diameter of postcapillaries and venules also 
increased (Table 9).

Thus, the diameter of the venules in the mucous membrane 
of the upper part of the duodenum in these simulated patho-
logical conditions reaches 48.10±3.30 μm, when in animals 
with 7-day obstructive cholestasis - 32.95±0.83 μm. It should 
be noted that the above morphometric parameters were statisti-
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cally significantly different (p<0.01) and the previous parameter 
was 1.46 times higher than the last. A similar phenomenon was 
found in the study of the structural rearrangement of the venules 
in the submucosal and muscular layers of the studied organ. 
Under these pathological conditions, the density of capillaries 
significantly decreased (Table 9), which indicated a significant 
deterioration in the blood supply to the duodenum with 14-day 
obstructive cholestasis. Morphometric parameters of all parts of 
the microcirculatory tract of other parts of the duodenum in this 
period of mechanical jaundice are not presented in the tables, 
because the dynamics of their changes was the same as in the 
upper part of this organ.

Visual examination of angiograms of pigs with 28-day ob-
structive cholestasis revealed significant changes in the struc-
tural and spatial organization of the vessels of the duodenum.

Arterial vessels were narrowed, deformed and twisted. Thus, 
during this period, D0 in the arteries of the first order reached 
183.20±12.60 μm. This presented value (Table 10) was statisti-
cally significantly different from similar intact pigs (152.30±6.90 

μm, p<0.05-0.001). The veins were ectasized, the diameter of 
their lumen increased. However, statistically significant, this 
parameter did not differ from the control. Thus, the diameter 
(D0) of the first order veins in this period was 284.50±13.80 μm, 
and in intact animals - 276.40±9.3 μm (p>0.05). Almost similar 
dynamics was observed in the analysis of the given in vessels of 
the II order (Table 10).

The same processes were observed in vessels of the III-th, 
IV-th, V-th orders. D1 values   of arteries and veins in 28-day ob-
structive cholestasis also tended to change. This parameter in 
the arteries of the first order was reduced, but did not differ sta-
tistically significantly from that in intact animals. It should be 
noted that in the veins of this order, the difference between these 
values was significant (p<0,05, Table 8). Similar changes were 
found in vessels of the II order. In vessels of the III order the 
specified parameter statistically significantly differed from con-
trol indicators both in arteries, and in veins. The same dynamics 
of the studied morphometric index was observed in arteries and 
veins of IV and V orders.

Table 10. Morphometric characteristics of the vascular bed of the duodenum 
in male pigs with 28-day obstructive cholestasis (М±m)

Or-
der

Types 
of 

ves-
sels

Indices

D0, μm D1, μm D2, μm φ0, ° φ1, ° φ2, ° L, mm Н2, % К3, %

I А V

14
3,

20
±1

2,
60

*
28

4,
50

±1
3,

80

10
3,

10
±8

,4
0

27
6±

13
,7

0*

70
,8

0±
7,

40
20

7,
20

±1
2,

60

82
,1

0±
4,

10
*

76
,2

0±
3,

70
*

41
,4

0±
2,

50
*

22
,5

0±
1,

60
*

52
,3

0±
3,

20
*

54
,1

0±
3,

56
*

45
,9

0±
3,

80
50

,8
0±

4,
60

29
,2

0±
2,

50
24

,6
0±

1,
70

*

91
,1

0±
9,

40
97

,6
0±

5,
70

II А V

71
,4

0±
7,

90
21

2,
60

±1
3,

10

66
,3

0±
3,

36
19

3,
62

±9
,2

4*

36
,2

0±
5,

60
11

2,
30

±1
2,

70

82
,9

0±
4,

40
*

67
,2

0±
3,

50
*

36
,1

0±
2,

08
*

24
,8

0±
1,

60
*

51
,6

0±
3,

40
44

,2
0±

3,
30

*

16
,7

0±
1,

90
34

,4
0±

2,
80

26
,8

0±
2,

20
25

,3
0±

2,
10

98
,5

0±
8,

40
97

,4
0±

6,
30

III А V

36
,4

0±
3,

60
*

11
7,

40
±7

,1
0*

29
,9

0±
3,

30
*

10
6,

20
±8

,2
0*

24
,8

0±
2,

60
*

67
,2

1±
4,

10
*

92
,9

0±
1,

80
*

89
,3

0±
3,

20

45
,1

0±
3,

09
*

34
,9

0±
1,

70
*

50
,9

0±
1,

96
55

,8
0±

3,
10

*

7,
20

±0
,9

7
18

,1
0±

1,
30

26
,6

6±
1,

90
27

,6
0±

1,
80

11
8,

90
±1

1,
70

10
5,

30
±1

0,
50

IV А V

22
,9

0±
1,

80
**

68
,2

0±
4,

60
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Table 11. Morphometric characteristics of arteries of different caliber 
of the duodenum in pigs with 28-day obstructive cholestasis (М±m)

Level
Indices

KI MT, μm
Large arteries 0,194±0,016* 26,22±1,30

Middle arteries 0,256±0,013* 22,10±0,96*
Small arteries 0,326±0,015* 17,30±0,57*

notes: IR - Kernogan index, MT - media thickness, * - p<0,05 in comparison with control values, ** - p<0,01
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On day 28 of mechanical jaundice, there was a tendency to in-
crease the total angle of branching of the vascular order due to the 
greater deviation of the daughter branch. The angle of discharge of 
the latter (φ2) in all orders of arteries and veins significantly exceed-
ed the control values. It should be noted that the angle of discharge 
of the parent branch was less pronounced (Table 8).

The increase in the transverse diameter of the venous vessels 
was accompanied by a decrease in their relative length, which 
indicated the predominant dilatation and loss of asymmetry of 
the vascular bed. The tendency to decrease the branching coeffi-
cient of vascular orders (K3) indicated a decrease in the capacity 
of the arterial bed [27,28].

Thickening of the arterial wall was observed in 28-day ob-
structive cholestasis. This was evidenced by the dynamics of 
the Kernogan index and media thickness. Thus, the Kernogan 
index of the large arteries of the duodenum in pigs with 28-day 
obstructive cholestasis reached 0.194±0.016, which is 1.5 times 
higher than in intact animals. In the middle arteries, this param-
eter was 1.6 times higher than in the control group, and in the 
small arteries - 1.5 times. At the same time, the thickness of the 
media also increased. In large arteries it increased by 11.1%, in 
medium vessels - by 17.5%, and in small - by 30.0% (Table 11).

Data on the morphometry of the microcirculatory tract of the 
duodenum in pigs with 28-day obstructive cholestasis showed 
that changes in all its parts continued to grow. At the same time, 
the spatial characteristics of arterioles, precapillaries, capillaries, 
postcapillaries and venules significantly increased. The number 
of capillaries also decreased significantly (Table 12).

At light optical research of microdrugs of a duodenum at 
experimental pigs plethora of both arteries, and veins is estab-
lished. The walls of the vessels are somewhat thickened with the 
phenomena of edema. Stasis, as well as perivascular diapades 
hemorrhages were found in small vessels [29–31]. The internal 
elastic membrane in the arteries with the phenomena of edema, 
stratification, disorganization of its fibers. In some places there 
were gaps in the latter. Smoothing of this membrane was ob-
served in most vessels. The inner lumen of the vessels narrowed 
and was deformed. In most cases, the deformation of the lumen 
of the arteries was found in the places of their branching. In a 
wall of these vessels between muscular myocytes increase in 
a connecting fabric was observed. Perivascular sclerosis was 
also detected. Alternative and infiltrative processes were also 
observed in the mucous membrane of the studied organ [32,33]. 

On injectable micropreparations in vessels of a microcircula-
tory channel various forms of expansion and bulging were ob-
served. The vascular density of the microcirculatory tract was 
reduced. There was also a significant deformation of the studied 
structures. Endothelial cell proliferation was observed in some 

vessels, which indicated hypoxia. Infiltrative and sclerotic pro-
cesses took place in the muscular membrane.

Thus, obstructive cholestasis was accompanied by a signifi-
cant structural and spatial rearrangement of the vascular bed of 
the duodenum. The latter correlated with the duration of me-
chanical jaundice. The most pronounced changes in the vascular 
bed of the duodenum of pigs occurred during 28-day mechanical 
jaundice [34].

Conclusions. The degree of circulatory disorders, disorders 
of the microcirculatory tract is accompanied by an increase in 
the angles of arteries and fusion of veins, increased asymmetry 
of the vascular bed of the duodenum, narrowing of the lumen 
of arteries and thickening of their walls are objective criteria 
for assessing the degree of mechanical jaundice, predicting the 
reversibility of their changes.
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SUMMARY

MORPHOMETRIC ASSESSMENT OF STRUCTURAL 
CHANGES IN THE VASCULAR BED OF DUODENUM 
IN ANIMALS WITH OBSTRUCTIVE CHOLESTASIS 

Grabchak S., Bedenyuk A., Gnatyuk M., Futujma Yu.

i. Horbachevsky Ternopil national Medical University, Ukraine

Aim of the research – comprehensive morphometric assess-
ment of the structural and spatial organization of the circula-
tory system of the duodenum in obstructive cholestasis in intact 
animals.

Three days after the simulated obstructive cholestasis in 3 ex-
perimental animals, on examination of radiographs there is a ten-
dency to reorient the arterial and venous bed of the duodenum. 
Analysis of morphometric parameters also showed a tendency 
to constriction of arteries and varicose veins. Some narrowing 
of the arteries was evidenced by a decrease in the diameters of 
the main trunks of the vascular order (D0) almost throughout the 
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period of the studied vascular bed. The same trend was observed 
in the morphometric assessment of daughter branches (D1, D2). 

The degree of circulatory disorders, disorders of the micro-
circulatory tract are accompanied by an increase in the angles 
of arteries and fusion of veins, increased asymmetry of the vas-
cular bed of the duodenum, narrowing of the lumen of arteries 
and thickening of their walls are objective criteria for assessing 
the degree of mechanical jaundice, predicting the reversibility 
of their changes.

Keywords: obstructive cholestasis, duodenum, microcircula-
tory tract.

РЕЗЮМЕ

МОРФОМЕТРИЧЕСКАЯ ОЦЕНКА СТРУКТУРНЫХ 
ИЗМЕНЕНИЙ СОСУДИСТОГО РУСЛА ДВЕНАДЦА-
ТИПЕРСТНОЙ КИШКИ ЖИВОТНЫХ ПРИ ОБТУРА-
ЦИОННОМ ХОЛЕСТАЗЕ

Грабчак С.О., Беденюк А.Д., Гнатюк М.С., 
Футуйма Ю.М.

тернопольский национальный медицинский университет 
им. и.Я. горбачевского Моз украины

Цель исследования – комплексная морфометрическая 
оценка структурно-пространственной организации системы 
кровообращения двенадцатиперстной кишки при обтураци-
онном холестазе в эксперименте.

Эксперименты проведены на 12 половозрелых (6-12 мес.) 
самцах свиней вьетнамской породы массой 30,5-48,4 кг с 
разными линиями родословной. Распределение по группам 
осуществлялось на основе сроков обтурационного холеста-
за (3,7,14,28 дни).

Спустя три дня после моделирования обструктивного 
холестаза у 3 из 12 экспериментальных животных при ис-
следовании рентгенограмм наблюдается тенденция к измене-
нию ориентации артериального и венозного русла двенадцати-
перстной кишки. Анализ морфометрических данных выявил 
склонность к сужению артерий и варикозному расширению 
вен. О сужении артерий свидетельствует уменьшение диаме-
тров основных стволов сосудистого порядка (D0) практически 
на протяжении всего периода исследуемого сосудистого рус-
ла. Подобная тенденция наблюдалась при морфометрической 
оценке дочерних ветвей (D1, D2).

Результаты проведенных исследований выявили, что сте-
пень нарушения кровообращения и микроциркуляторного 
русла, сопровождающееся увеличением углов артерий и 
сращением вен, повышенная асимметрия сосудистого рус-

ла двенадцатиперстной кишки, сужение просвета артерий и 
утолщение их стенок являются объективными критериями 
оценки степени механической желтухи и прогнозирования 
обратимости их изменений.

reziume

Tormetgoja nawlavis sisxlZarRvTa kalapotis 
struqturuli cvlilebebis morfometriuli Se-
faseba obturaciuli qolestazis dros

s.grabCaki, a.bedeniuki, m.gnatiuki, i.futuima

ternopilis i.gorbaCevskis sax. erovnuli samedi-
cino universiteti, ukraina

kvlevis mizans warmoadgenda Tormetgoja naw-
lavis sisxlZarRvTa sistemis struqturul-sivr-
ciTi organizebis kompleqsuri morfometriuli 
Sefaseba obturaciuli qolestazis dros eqs-
perimentSi.
kvleva Catarda 30,5-48,4  kg masis da sxvadasxva 

xazis vietnamis jiSis 12 zrdasrul (6-12 Tvis 
asakis) mamr Rorze. jgufebad ganawilebis prin-
cips warmoadgenda obturaciuli qolestazis 
vada (3, 7, 14  da 28 dRe).
obturaciuli qolestazis modelirebidan sami 

dRis Semdeg 12 eqsperimentuli cxovelidan sams 
rentgenologiurad aReniSna tendencia Tormet-
goja nawlavis arteriuli da venuri kalapotis 
orientaciis cvlilebebisken. morfometriuli 
monacemebis analiziT gamovlinda midrekileba 
arteriebis Seviwroebisa da venebis varikozuli 
gaganierebisaken. arteriebis Seviwroebis Sesaxeb 
miuTiTebda sisxlZarRvebis ZiriTadi Reroebis 
(D0) diametris Semcireba mTlianad sisxlZarRv-
Ta kalapotSi. aseTive tendencia aRiniSna sisxl-
ZarRvTa gantotebebis (D1, D2) morfometriuli 
Sefasebis drosac.
Catarebuli kvlevis SedegebiT gamovlinda, rom 

sisxlis mimoqcevis da mikrocirkulaciuri ka-
lapotis darRvevis xarisxi - arteriebis kuT-
xeebis da venebis Sezrdis mateba, Tormetgoja 
nawlavis sisxlZarRvTa kalapotis momatebuli 
asimetria, arteriebis sanaTuris daviwroeba da 
maTi kedlebis gasqeleba, warmoadgens meqanikuri 
siyviTlis xarisxis Sefasebis da ganviTarebuli 
cvlilebebis Seqcevadobis prognozirebis obieq-
tur kriteriums.


