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Abstract

To study the growth factor's influence on the vascular prosthesis and arterial pitch healing we used PTFE
("GORE", "IMPRA"), flourolavsan prostheses (Russia), xenoprostheses and tissue growth factor (GF) we have
obtained in our laboratory. The endothelial cells (EC) were cultured under typical condition (1). Bioprostheses
endothelized by autocells were implanted in dogs infrarenal aorta (78). The morphological investigation of
functioning endothelized xenoprostheses showed that endothelialization of vascular substitution is a method
of stimulating early healing of graft and provides forming of athrombogenal EC monolayer in the first days
after implantation. The treatment of prostheses by GF was made by the original method. Experimental
animals were divided into 4 groups depending on increasing GF concentration on the prosthesis wall: 0.05
mg/cm 2 of prosthesis - 0.00025 mg/cm2 of prosthesis. There were made operations of grafting the carotids
(54), femoral arteries (48), infrarenal part of abdominal aorta (174), torakoabdominal shunting (16). The best
results were obtained in the third and the fourth groups. In 4 - 6 weeks after implantation all experimental
prostheses and pitches had good cellular organization of neointima and endothelial coverage of luminal
surface that was kept for the 6 months of observation.
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Introduction

arterial systems damage occurs in 50-70% of

vascular pathology cases and needs serious
reconstructive interferences [2,3,4,8]. The problem of
creating adequate vascular substitutions for last ten
years practically has not changed. The question of
adequate alternative of vascular substitution is as
penetrating as it was earlier, especially in grafting of
vessels of middle and small diameter [5,6]. Investigation
of reasons of vascular grafting failures brings to light
main defects of vascular prostheses healing. Obviously,
the key principal of qualitative healing of vascular
substitute is forming of new vascular wall that has
natural biological defense systems. Limited possibilities
of growth of endothelium and subendothelial structures
on surface of prosthesis, and also absence of valuable

C ritical ischemia of lower limbs determined by

vascular prosthesis,
endothelial cells

healing,

neomedia and neoadventitia forming are not able to
provide quantitative functioning of vascular substitute.

For providing the valuable healing of vascular substitute,
that has natural biological structures, we used cultivated
endothelial cells (EC) and tissue growth factor (GF)
obtained from the artiodactyls [7,9].

Material and Methods

The material for the investigation was: prostheses from
PTFE of firm "GORE", "IMPRA", USA; flourolavsane
prostheses; xenobioprostheses, made by the method of
the First Moscow Medical Institute after I. M. Sechenov
and firm "Solco" called "Solcograft-P" (Switzerland).

283



TBILISI STATE MEDICAL UNIVERSITY
ANNALS OF BIOMEDICAL RESEARCH AND EDUCATION
2002 October/December, Volume 2, Issue 4

The growth factor was obtained from the brain of
artiodactyls. The analysis of albuminous solution of
obtained material was made on polyacrylamide gel
plates, comprising 10%-ed dividing and 3%-ed
concentrating gel in presence of dodecyl sulphate of
natrium.

For the endothelial cells receive was used humans
umbilical cord veins (5650), vena saphena magna (106).

There were investigated the attachment, the growth and
covering of human endothelial cells on the intraluminal
surface of prostheses by authors methods [1]. The
mitogen activity of growth factor (GF) obtained from
calf's brain in our laboratory was investigated on the
growth of endothelial cells' culture in different
concentrations in proportion to heparin 2:1. Were
investigated the following concentrations of GF: 100;
200; 400; 600 (g/ml of medium).

Endothelial cells (EC) were obtained and cultivated by
described method [1]. The entire prostheses were
covered with EC, turning them along their long axle. For
this effect mechanism of circumgyrating the prosthesis
filled with suspense of cells in horizontal plane was
constructed. The instrument allows to change frequency
of circumgyration from 0.5 to 1 turn/min.

For earlier forming of endothelial covering of prosthesis'
luminal surface we used tissue GF, which we obtained
in our laboratory. The treatment of prostheses by the GF
was made by the original method. Prostheses were
passed through alcohol battery of 30%-50%-90%-100%
for 5 min in each concentration. Then they were dried in
the air for 2-3 min and placed in heparinized
autoplasma. Plasma was taken from the dog being
planned for operation 1-2 days before the operation. GF
was added in autoplasma in 4 different concentrations:
10.0 mg% - 5.0 mg% - 0.5 mg% - 0.05 mg%.
Antibiotics, prednizolon were added to the plasma in
quantity that is used for cultures of tissues and cells.
The redundant heparin effect was removed by
supplement natrii protaminsulfurici after the prostheses
had been placed in the prepared plasma. The
prostheses were stayed there at 370 C for 2 hours and
after that were stayed there at 40 C. Next day the graft
was implanted.

Experimental animals were divided into 4 groups
depending on increasing mitogen concentration in
solution: the first group of animals, 21 experiments,
prostheses were treated with the solution of
autoplasma, that had 10 mg% GF (0.05 mg/cm2 of
prosthesis); the second group of animals, 21
experiments, prostheses were treated by the solution of
autoplasma that had 5mg% GF (0.025 mg/cm2 of
prosthesis); the third group of animals, 113 experiments,
GF was added to autoplasma in quantity of 0.5 mg %
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(0.0025 mg/cm2 of prosthesis); the fours group of
animals, 136 experiments, GF was added to
autoplasma in quantity of 0.05 mg% (0.00025 mg/c::m2 of
prosthesis).

There were made operations of grafting the carotids
(54), femoral arteries (48), infrarenal part of abdominal
aorta (174), torakoabdominal shunting (16).

Results

Received GF comprises no less than 13 albuminous
components, with molecular mass in measures of
20x10°-70x10° Da.

Quantity of endothelial cells of culture with the use in
absolute growth medium of obtained mitogen in
concentration 200pg/ml in 24 hours was (60.3+1 .8><103),
increased twice in 48 hours and became 100.2+9.2 x10°
and in 72 hours 240.2+2.0x10°. Quantity of cells of
culture with the use in absolute growth medium of the
mitogen in concentration 400ug/ml in 24 hours was
55.4+7.4x10° and authentically was not different from
the quantity of cells in 24 hours with the use of GF in
concentration 200kg/ml. The increase of concentration
of GF to 600 pg/ml didn't increase the number of cells.

Experimental Examination of Endothelialised
Arterial Biotransplants

Frequency of circumgyration of the prosthesis with
suspense of EC equals 0.05 turn/min., consistence of
the attached «cells is closed to monolayer
(0,95+0,15%x10° cells/cm?).

Endothelialised xenoprostheses (78 experiments) were
sewed in abdominal aortas of dogs.

The morphological investigation of functioning of
endothelized xenoprostheses in abdominal aorta of dog
shows, that in all cases, beginning from the third day
after implantation neointima is formed. The base of its
forming is EC artificially seeded on the surface of
prosthesis.

In 3-7 days after implantation endothelial monolayer isn't
solid. The structure of the prosthesis is seen through
disengaged cells. In a week cells solidly cover the
surface of the prosthesis. There is no doubt that EC are
healed and are able to function on the surface of the
prosthesis.

Luminal surface continues transforming in 14 days after
implantation. Cells have orientation on blood flow.
Endothelial plate is solid, through it isn't seen the
connecting fibers. Smooth muscled cells that in attitude
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to endothelium have vertical location are situated under
the endothelial cover. Thickness of xenoprostheses
sprouts with fibroblasts that are orientated along the
long axle of the prosthesis.

In 60 days after implantation the inner surface of
endothelial xenoprostheses "Solcograft-P" macro-
scopically dosen't differ from inner surface of aorta. The
central part of xenoprosthesis "Solcograft-P" by this time
forms a plicated surface with the direction of the plaits
by the blood flow. Nucleus prominences are well noted
on both the plaits itself and interplicated hollows.
Surface of the prosthesis is free from impositions of
fibrin and cell blood elements.

Experimental Examination of arterial
transplants treated with GF in vivo

First and second groups of animals (42 experiments)

The prostheses were treated with solution of
autoplasma containing 10 mg% (0.05 mg/cm2 of
prosthesis) and 5 mg% of GF (0.025 mg/cm2 of
prosthesis).

In these groups beginning from the first day the
prostheses trombired for the first 2 weeks after
implantation. Using prostheses from PTFE and
flourolavsan in first days after implantation was noted
the forming of neointima with the thickness much
superior than the thickness of prosthesis. In this case
neointima is parietal thrombus on different levels of
organization.

Third group of animals (113 experiments)

GF was added in autoplasma in quantity 0.5 mg%
(0.0025 mg/cm? of prosthesis).

Neovascularisation of prostheses from PTFE and
flourolavsan on the 7-10 24 hours is noted well formed
penetrated with vasa vasorum neoadventitia, snug
against surface of the prosthesis. The thickness of
prosthesis is penetrated with cells mesenchyme row.
Investigation with scanning electro microscopy showed,
that in two weeks in position of carotid aorta region of
anastomosis is completely covered with solid cell layer,
that has identical construction in comparison with the
cell layer of aorta. Prostheses in position of carotid and
femoral arteries thrombined during first week after
implantation.

Fourth group of animals (136 experiments)

Growth factor was added in autoplasma in quantity of
0.05 mg% (0.00025 mg/cm? of prosthesis).

Patency of prostheses is 90 % during 6 weeks after
implantation.

In first two weeks anastomoses of prostheses are
smooth, shining, color isn't different from the color of
intima of grafted vessel in 1.5-2 cm from anastomosis. It
isn't noted the narrowing of prosthesis openingin
position of carotid and femoral arteries, where diameter
of prosthesis is 4mm. interstice of prosthesis are filled
with fibroblasts, smoothmuscled cells that are got over
intraluminal surface of prosthesis, where neointima is
already formed.

Anastomoses of prostheses are without any sign of
hyperplasia. Organized neointima on the place of
wedge-shaped thrombus is thin, covered with
endothelial cells that increase form the side of artery.
Rugosity of surface of artery gets over the surface of
prosthesis.

Central part of prostheses has whitish appearance,
there are noted solitary punctate impositions of red color
on it's background. It is noted celled organization of
neointima in the centre of prosthesis. Cells of oblong
form are directed to blood flow and compile solid
monolayer. Flourolavsan prostheses remained passable
during the investigational period -180 days, in 100% of
cases. Beginning from the first days after implantation
the forming of neoangiogenesis continued similarly.
Already in a month, intra luminal surface of prostheses
was covered by organized by neointima endothelial
monolayer.

Discussion

The key principle of qualitative healing of vascular
substitute is forming of new vascular wall that has
natural biological defense systems. Limited possibilities
of endothelium growth and subendothelial structures on
surface of prosthesis, and also absence of forming
complete neomedia and neoadventitia aren't able to
provide with qualitative functioning of vascular
substitute. The use of biological technologies during
transplantation of vessels supplies with natural ways of
growth of vascular wall structure.

Cultivated endothelium applied on the surface of
vascular prosthesis in organism after implantation is
powerful regulator of growth of vascular wall. There is
no doubt, that the healed endothelial cells are able to
function on the surface of prosthesis. If in control
prostheses, indispensable condition for forming of
endothelial monolayer is the forming on its surface
connecting tissue, than in our case endothelium itself
forms basal membrane and exerts stimulating influence
on the healing of the prosthesis.

285



TBILISI STATE MEDICAL UNIVERSITY
ANNALS OF BIOMEDICAL RESEARCH AND EDUCATION
2002 October/December, Volume 2, Issue 4

Forming of neointima cannot take place isolated and is
associated with forming of two other layers: neomedia
and neoadventitia. Absence of rigid connecting-tissued
capsule around prosthesis is prerequisite for forming
elastic structures of vascular substitute wall. Obviously,
connecting-tissued capsule doesn't form because the
prosthesis is already surrounded from one side with
endothelium and from the other side loose neoadventitia
with big quantity of vasa vasorum and microvascular
cell.

Presence of valuable endothelium, as on intraluminal
surface, so in periprosthesis tissues provides with
prosthesis normal functioning from one side and is
guarantee of self-regulation of processes of vascular
wall regeneration.

In our opinion, consecutive growth of structural
elements of arterial wall, stimulated on early levels of
healing of prosthesis is able to form functionally
valuable new vessel of the circulatory system. In
capability of mitogen we exuded GF from brain of calf.

The investigations showed that obtained factor of
growth has mitogen activity in respect of endothelial

Reference

cells inall investigated concentrations. For cultures of
cells with more effective concentration of GF is 200-400
pg/ml in in combination with 100-200 pg/ml of heparin. It
is necessary to mark that in no cases there was not
noted uncontrolled growth of cells.

High concentration of GF during the treating of vessels
contributes to precipitate fibrin on the surface of
prosthesis and stimulates excessive growth of cells of
periprosthesis tissues that prevents from evolution of
neoangenesis processes. Decrease of concentration of
GF to 0.00025 mg/cm? of prosthesis wall allows to reach
moderate stimulation of growth of EC as from the side of
grafted artery, so of microvascular endothelium. Early
forming of endothelial pavement is prerequisite for
complete healing of prosthesis.

The use of GF precipitates the healing of vascular
substitutes, forms neointima covered with monolayer of
endothelial cells earlier than there is formed fibrose
capsule. Cell organization of neointima becomes
possible in absence of rude connecting tissue on
intraluminal surface of prosthesis.

1. A63uanugse '.A., Mukaase W.LL.; Mongo6aesa A.K.; n ap. QHooTenm3auns cocyamncTbiX NPOTE30B KyNbTUBUPYEMBIMU
aHAoTeNnuanbHbIMK KreTkamu yenoseka // Xvpyprus,- 1989 - N.6,- C.124-128.

2.  Abou-Zamzam A. M., Jr., MD, Lee R. W., MD, Moneta G. L., MD,. et al., Functional outcome after infrainguinal bypass for

limb salvage// J. Vasc. Surg .-1997.-25.-P.287-297.

3. Clagett, G. Patrick, Valentine R. James and Ryan T. Hagino Autogenous aortoiliac/femoral reconstruction from superficial
femoral popliteal veins: Feasibility and durability // J. Vasc. Surg.-1997.-25.-P.255-270.

4. Chang John B., Stein Theodore A., Liu, Julie P. and Mary Ellen Dunn. Long-term results with axillo-axillary bypass grafts
for symptomatic subclavian artery insufficiency // J Vasc Surg.-1997.-25.-P.-173-178.

5. Fahal A.H., McDonald A.M., Marston A. Femoro-femoral bypass in unilateral iliac artery occlusion // Br. J. Surg.-1989.-

Vol.76.- N.1.-P.22-25.

6. Loftus |. M., A. Reid, M. M. Thompson, N. J. M.et al., The Increasing Workload Required to Maintain Infrainguinal Bypass
Graft Patency// Eur. J. Vasc. Endovasc. Surg.- April 1998.- Vol. 15, N. 4.- P. 337-341.

7. Minn K.V, Serafin D., Mikat E., Klitzman B. //Reconstruction of rat femoral veins with microvascular prostheses //Plast.

Reconstr. Surg.-1991.- Vol.87.-N.3.-P.536-542.

8. Miyamoto M., et al. //Fibroblast Growth Factor - 9//Mol. Cell. Biol.-1993.-N.13.-P.4251-4260.

9. Schror K., Hecker G. Different Effekt of E - and | - Type Prostaglandins on human Platelet and Polymorphonuclear Cell
Function // In Book "Prostaglandin E1 in Atherosclerosis, Helmut Sinzinger, Waltraud Rogatti (Eds).-1986.-Munich.-P.22 -

31.

286



TBILISI STATE MEDICAL UNIVERSITY
ANNALS OF BIOMEDICAL RESEARCH AND EDUCATION
2002 September/December, Volume 2, Issue 3

MeToabl OMOTEXHOJIOTHH B COCYAUCTON TPAHCIJIAHTOJIOTHH
Heopv Muxaose, 'eopeuti Ab3uanuose Jlena Kananoapuweuiu

JlaGopaTopus TpaHCIUIAaHTALMK COCy0B, HanmoHansHbIi HeHTp xupypruu, Tounucu, ['py3us;
®dapmarieTuyeckas Gpopma «buodapm»

PE3IOME

Ona obecneyeHnss MOMHOLIEHHOrO MNPWXMBIEHUS COCYOQMCTOro 3aMeHuTens, Obinu MCnonb3oBaHbl NpoTe3bl K3
nonutetpadTopatuneHa (MTPI) "GORE", "IMPRA" (CLUA); dbTopnoHnascaHoBble NpoTe3bl; 6onpoTesbl M3 COHHOM
apTepumn kpynHoro poratoro ckota 1 MMW um. .M. CeueHoBa u "Solcograft-P" (LLUBeliuapus) n TkaHeBon dakTop
pocta (®P) nonyyYeHHbIV U3 MO3rOBOWM TKaHW NapHOKOMbITHLIX XMBOTHbLIX. QHAOTENNanbHbIe KNEeTKN KynbTBMpoBanm
B TUMWUYHbBIX YCMOBUSX. OHOAO0TENN3NPOBAaHHbIE ayTOKNeTKaMu KCeHOMpPOoTesbl Obiny BLUNTLI B BPIOLLHYIO aopTy cobak
(78). Mopdcponorunyeckoe mccnegoBaHne PYHKLMOHMPYIOLWMX 3HAOTENM3NPOBAHHBLIX KCEHOMPOTE30B MoKasano, 4To
3HOOTENM3auns COCYAUCTbIX 3aMeHUTenen - 3TO MeTOoA, CTUMYIMPYIOLWMIA paHHee MNpPWXMBREHWE MNpPOTe30B W
obecneuvBaownii  opMmrpoBaHne aTpomMOOreHHOro 9SHAOTENManbHOr0o MOHOCMIOA B MNepBble OHU  focne
UMMnaHTauum. OKCnepuMeHTbl C ucnonb3oBaHvem PP Obinv pasgeneHsl Ha 4 rpynnbl B 3aBUCMMOCTU OT €ro
copepxaHnus B pactsope: 0.05 Mmr/cm? npotesa - 0.00025 Mmr/cm? npoTtesa. [MpousseaeHsbl onepaumun: NpoTe3mpoBaHne
COHHbIX apTepuii (54), 6egpeHHbIX apTepuii (48), npoTe3npoBaHme MHPapeHanbHoWM YacTu GptoLuHon aopTel (174),
TopakoabaoMuHaneHoe WyHTupoBaHune (16). Haunyywme pesynbTaTtbl nomyveHbl B TPeTbel W YeTBepTon rpynne
XMBOTHbIX. Yepes 4-6 Hegenb nocne MMnaHTauun BCe SKCNepuUMeHTarbHble NPOTe3bl MMENW XOPOLLYIO KIETOYHYIO
OpraH13aunio HEOUHTUMbI U 3HAOTENUanbHOE MOKPbITME NMIOMUHANBHON NOBEPXHOCTM COXPaHANOCH Ha MPOTSHKEHUN
6 mecsLueB HabnogeHus.

Knouersle cyoBa: ¢QaxTop pocTa, HNPOTE3MPOBAHME COCYINOB, 3aXuBaHuUE,
HEOAHTMOI'€HEe3, SHIOTEeJMAJIbLHEE KJIIETKHU
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