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TOM TAT

Doéng mau la mot trong nhiing van dé can giai quyét khi s dung mang ghép trong diéu tri bénh
tim mach. Do d6, bai bdo trinh bay viéc ché tao mang tim bo vo bao c6 ¢é dinh heparin nham
cai thién dac tinh khang dong mau dinh hudng tng dung lam mang ghép. Mang dugc ché tao
bang phuong phap cé dinh ting I6p (LbL) heparin vao mang tim bo v bao, gia cuong thong qua
cau ndi lién két ion phuc sét-hydroxyl (DHI). Cac danh gia vé cau truc, sinh hda, khang déng mau,
bam dinh té bao ndi mé dugc thuc hién nham xéac dinh kha nang ¢ dinh heparin (83,63 4 9,475
ug/cm?) , hiéu qua khang déng mau va hé trg ndi mé hda in vitro cia mang tim bd vé bao cé
heparin. Cac hinh anh nhuém mé hoc va chup kinh hién vi dién tir quét da chira sy hién dién cla
heparin trén khung nén mang tim bo vé bao. Hon na, két qua dinh lugng chiing minh phuong
phép c8 dinh ting I6p da lam tang dang ké lugng heparin dugc c6 dinh vao mang. Mang tim bo
vO bao c6 heparin thé hién hoat tinh khang déng mau sau khi t trong mau mau toan phan, va kha
nang chéng huyét khéi ctia mang dugc duy tri sau 30 ngay thtr nghiém. Ngoai ra, mang khong
gay doc va hé trg cho su séng va bam dinh clia té bao ndi mé trén mang sau 48 gid quan sat. Cac
két qua thu nhan nay cho thdy mang tim bo vé bao gia cudng c6 dinh heparin c6 tiém nang Ung

dung trong cay ghép tim mach.

T khoa: c6 dinh ting I6p, heparin, hd trg ndi mé hoda, khang dong méu, mang tim bo

GIGI THIEU

Bénh tim mach (cardiovascular diseases, CVDs) dugc
xem la nguyén nhén gy tii vong hang dau trén toan
thé gidi. Theo bdo cdo ctia TS chiic Y t€ thé gidi nim
2019, 6 ca tt vong do CVDs 1én dén 17,9 triéu ngudi
(chiém 32% trén tdng s6 ca tit vong trén toan cau).
Khoang 85% s6 ca tii vong la do nhéi mau co tim va
dot quy, va phan b6 hon mot phin ba & cac nude ¢
thu nhap trung binh va thap (chiém 82%) (th6éng ké
ctia T8 chiic Y t€ Thé gisi 2021). Mot s6 bénh tim
mach bdm sinh nhu thong lién nhi, thong lién that,
hep van dong mach, hodc t6n thuong tim mach nhu
x0 viia dong mach, bénh mang ngoai tim... cin c6
phau thuat can thiép d€ diéu tri. Trong d6, cic mang
ghép da dugc st dung phd bién trong phiu thuit
nham hd trg qud trinh stia chita va ti cdu trac tim
mach. Cu thé, cdc mang ghép da dugc st dung trong
phau thuit & dong mach, tinh mach, va cho théy hiéu
qua giam dang ké nguy co dot quy/tt vong hau phau
(con 14,6%), tdi nghén mach mau (con 4,8%) va phau
thuét lan hai (con 1,1% sau 30 ngay) so v6i khong st
dung mang va (tuong tGing 1a 24,1%; 18,6% va 3,1%) 1
Thong ké tit ndm 2003 dén 2014 da chi ra xu hudng
ting stt dung cdc mang vé trong phau thuit mach mau
(chiém 91% téng s6 ca diéu tri) 2.

Mang ghép ty than lu6n dugc xem 13 vu tién do khong
vuéng phai rao can dap ting mién dich. Céc loai dong
mach va tinh mach ty than cé thé dugc thu nhan nhu
dong mach vu trong, dong mach quay va tinh mach
hién (dugc stt dung phd bién nhét). Tuy nhién, nguén
mau mach mau ghép ty than ludn gép trd ngai chu yéu
& s6 lugng rit han ché va cic bién ching trdm trong
c6 thé mic phai tai vi tri mach thu nh4n’. Nguén
mo dong vat cling dugc xem la giai phap phu hgp dé
cung cdp s6 lugng 16n mang ghép. Sau khi dugc xu
ly loai bé khang nguyén di loai bing qud trinh khu
t€ bao, khung nén ngoai bao ctia mé dugc thu nhén,
6 chita cac thanh phan sinh hoc nhu collagen, fi-
bronectin, elastin, glycosaminoglycan, va cac nhén t6
ting trudng . So véi cac vit liéu téng hop, vat lidu ti
khung nén ngoai bao c6 kha nang tham gia vao qua
trinh tai tao va thong nhat moé chi. Mang tim bo da
dugc sti dung nhiéu trong ché tao cdc mang ghép tim
mach nhu mang va tim, mang vd mach mau®. C4csan
phdm mang ghép ti mang tim bo phan 16n da dugc
xt 1y loai té€ bao va khau mach béng glutaraldehyde
nhdm giam dap ing mién dich, ting cudng do bén va
thdi gian ton tai trong co thé. Ngoai ra, mang ghép
ti mang tim bo giup han ché hién tugng chady mau tai
vét khau t6t hon cac mang ghép téng hop (ty 1é chay
mau mii khau sau 3 phit 6 nhém mang va tii mang

Trich dan bai bao nay: My N TN, Nghia P TH, Hoang L M, Ha T L B. Danh gia kha nang khang déng mau
va hé trg néi mé héa in vitro ciia mang tim bo vé bao gia cudng cé ¢ dinh heparin. Sci. Tech. Dev. J.

- Nat. Sci.; 6(3):2251-2259.
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tim bo 1a 14%, trong khi dé, dén 55% & nhém mang
va Dacron) >°. Tuy nhién, c4c thanh phin khung nén
ngoai bao dé dang cho phép su hép thu ctia cic pro-
tein huyét tuong, bam dinh tiéu cdu va thic ddy qua
trinh dong mau bé mat vat ghép. Day 1a mot bat lgi
khoéng chi ctia cic loai vét liéu téng hgp, ma con & cac
vat liéu c6 ngudn gdc ty nhién va mé néi chung do
chiu sy tiép xtc véi dong méu trong thoi gian dai.
C6 dinh heparin dugc xem 1a gidi phap han ché huyét
khéi do heparin dugc thai chdm, ngan can sy bam
dinh tiéu ciu trén bé mit vat liéu”-® theo d6 dam bao
cho vat ghép khang dong méu, dong thoi tao diéu
kién phii hgp cho ndéi mé héa®. Heparin, mot chit
khéng dong mau thudc nhém cac glycosaminoglycan,
da dugc nghién cttu ¢6 dinh 1én cic bé mit vat liéu
tuong tac méu . C4u triic phan t heparin chtia mat
dd cao nhét cac nhém tich dién am, nhu carboxylate
va sulfate. Do d6, heparin c6 kha ning tuong tac tinh
dién v6i phd rong céc protein. Dién hinh la albumin
va fibronectin, hai loai protein quan trong trong tuong
tac tiéu cdu va khéi phat dong méu, ciing ¢ déc tinh
tich dién 4m trong diéu kién pH mau. Chinh nho vao
luc ddy tinh dién gitia cic protein nay va heparin ¢
dinh trén bé mat vat liéu da ngén can sy thim hut ctia
protein, dan dén bat hoat s¢ bam dinh va hoat héa
tiéu cau trén bé mit vat liéu 0. Viéc a truc tiép trong
dung dich heparin khong c6 hiéu qua dua mot lugng
déng ké heparin vao vat liéu va dé dang bi rtia troi'l.
Dé dat dugc lugng heparin cao va c6 kha niang thai
dan ra moi truong, phuong phép c6 dinh heparin tliing
16p (layer-by-layer, LbL) 1én khung nén ngoai bao tii
md gan da dugc bao cdo va cho két qua tét, cling véi
hoat tinh khang huyét khéi tot (12). Ngoai ra, trong
hudng tiép cin ¢ dinh heparin bang LbL, ion sit (II)
dihydroxyl (goi tit 1a DHI) dugc st dung lam cau néi,
lién két tinh dién véi phén td heparin va khung nén
clia mach méu v6 bao®. Phuong phap LbL ¢6 dinh
heparin vao khung nén thong qua DHI da ting cuong
ham lugng va sy 6n dinh ctia heparin trén mach méu
v6 bao, khing huyét khéi va khong gay doc in vitro,
qua do, du dodn c6 thé mang lai hiéu qué tuong ty
trong ¢4 dinh heparin 1én céc vét liéu c6 ban chit tu
khung nén ngoai bao.

Bai béo trinh bay viéc ché tao mang tim bo v6 bao
gia cudng c6 cd dinh heparin bing phuong phép LbL
cling v6i su tham gia ctia cac ion DHI. Sau khi dugc
xt Iy, mang thi nghiém dugc dinh lugng heparin va vi
cdu tric. Mang c6 ¢6 dinh heparin dugc khao sat kha
ning khing déong mau tic thoi, va sau mot khodng
thdi gian thai rtta. Dic tinh mang hé trg sy bdm dinh
clia céc té bao ndi mod cing dugc danh gia nham dy
dodn kha ning cho phép tai lap ndi mod ctiia mang
trong dinh hudéng st dung lam mang ghép tim mach.
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VAT LIEU PHUONG PHAP

Chuan bi mang tim bo vé bao gia cudng cé
c6 dinh heparin

Mang tim bo vo bao gia cudng (goi tit mang M) dugc
chufn bi theo phuong phdp da cong b ctia nhom
nghién ctiu >3, Theo d6, mang tim bo tuci dugc thu
nhén va xt ly loai bo thanh phén t€ bao bang dung
dich Tris-HCl 10 mM trong 8 gi¢ (Sigma, Hoa Ky)
va dung dich sodium dodecyl sulfate 0,15% trong 12
gio (Sigma, Hoa Ky). Tiép theo, mang vo bao dugc
gia cudng bang cach 0 trong dung dich glutaralde-
hyde 0,1% trong 6 giG (Merck, Dtic). Mang vd bao
gia cudng trai qua hai giai doan rtia véi dung dich am-
monium acetate 50 mM (Sigma-Aldrich) trong 24 gi¢
va dung dich dém phosphate (PBS 1X; Gibco, USA)
trong 24 gio. Cudi cling, mang dugc xt ly dong lanh
kho va khti tring bing chiéu xa tia gamma véi liéu 25
KGy.

Mang M dugc ¢6 dinh heparin bang quy tic LbL.
Trong d6, mét chu ky LbL bao gom cac budc ngam
(i) dung dich NaCl 0,9% (Merck, Dtic), (ii) dung dich
DHI 0,05 mol/L (Sigma, Hoa Ky) va (iii) dung dich
heparin 5 mg/mL (Sigma, Hoa Ky). Mang M dugc c6
dinh heparin (mang MDH) sau khi hoan thanh 7 chu
ky LbL lién tiép (8). Mang MDH dugc st dung cho
cac budc danh gid sau. Nhém mang ddi chiing dugc
chuén bi bang quy trinh LbL tuong ty, nhung khong
c6 su hién dién ctia heparin, dugc ky hiéu la mang
MD.

Panh gia cau tric cia mang

Céc miu sau khi dugc ¢6 dinh heparin sé dugc tri
trong formaldehyde 10% (Merck, Diic) trong vong 24
gi6 dé€ dugc xt 1y cho dénh gia m6 hoc bing nhudém
hematoxyline va eosin (H&E). Ngoai ra, cdu tric bé
mat mang dugc ghi nhin bang ky thuét chup kinh
hién vi dién tt quét (SEM, Scanning electron micro-
scope) (JSM-6510, JEOL, Nhat).

Thir nghiém toluidine blue O

Thtt nghiém toluidine blue O (TBO) dugc thuc hién
nhim xdc dinh ham lugng heparin da dugc c6 dinh
trén mang. Cac mang thu nghiém dugc dong kho,
cit thanh kich thudc 1 x 1 cm?, va ngam trong 250
UL dung dich TBO 0,04% (Sigma, Hoa Ky) & 37°C
trong 4 gid. Mau mang dugc riia lai bing nudc khu
ion va thim ra bing gidy Whatman. Mau mang dugc
ngam trong hon hgp dung dich ethanol 80% / NaOH
0,1 M (Merck, Dtic) trong 30 phut ¢ nhiét d6 phong.
Dich néi dugc thu nhén va do d¢ hép thu cua phiic
hop hoa tan & budce séng 492 nm (OD492) (EZ Read
400, Biochrom, Anh)®. Ham lugng heparin dugc x4c
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dinh tui gid tri OD4g va dudng chuén heparin. Nhom
mang d6i chiing dugc chuén bi bing quy trinh LbL
tuong tu, nhung khong ¢6 sy hién dién cua heparin,
dugc ky hiéu la mang MD, giup loai trit gid tri nén
do su bam thudc nhudm toluidine blue O khong dit
hiéu.

Thir nghiém déng mau

Kha ning chong dong mau trén bé mat mang thi
nghiém dugc thi nghiém bang cach cho ti€p xic mau
tryc tiép. Mau stt dung cho thi nghiém nay la méu
toan phén c6 chia chit khang déong ACD (Anticoag-
ulant Citrate Dextrose). Cac mang thi nghiém dugc a
v6i 500 #L médu toan phédn trong 5 phut ¢ 37°C. Sau
do, 50 uL CaCly (Merck, Bic) 100 mM (Tilé 1:10 thé
tich méu) dé kich hoat qud trinh hinh thanh cuc méu
1415 Sau 60 pht, ghi nhan hinh anh dnh d€
xac dinh sy tao thanh huyét khoéi trén bé mét mang

dong

thi nghiém. Thi nghiém dugc chia lam 05 nhém:
chting duong la mau thtiy tinh mong - cho phép huyét
khéi bam vao bé mit; chiing am 14 mau polyethylene
- khong xay ra su bam huyét khoéi; mang M, mang
MDH va mang MD. Thii nghiém dugc thyc hién & hai
mdc thoi gian: thdi diém ngay sau khi ¢6 dinh hep-
arin va sau 30 ngay ngdm mang trong dung dich PBS
1X nham dy dodn kha ning khing déng méu sau 30
ngay thai heparin.

Panh gia ddc tinh dich chiét in vitro

Kha ning gay doc cia mang MDH dugc danh gia gian
tiép thong qua dich chiét mang d6i véi nguyén bao sgi
1929 (t& bao 929, ATCC, Hoa Ky). Té bao 1929 dugc
nudi bang moi trudng CM, véi thanh phdn DMEM-
F12 (Sigma, Hoa Ky) c6 huyét thanh bao thai bo (FBS,
Sigma, Hoa Ky) va khang sinh 1X (Sigma, Hoa Ky).
Dich chiét mang MDH dugc chuén bi bdng cdch ngdm
mang trong moi trudng CM (Sigma, Hoa Ky) 6 37°C,
trong 24 gi (3 cm®/mL, theo ISO 10993-12) 1°.

Té bao 1929 dugc cdy vao cac giéng ctia dia 96 giéng
(Nunc, Hoa Ky) (méat do 104 t& bao/giéng) va nudi &
diéu kién 37 °C, 5% CO,. Sau khi t€ bao bam, méi
trudng nudi cdy ¢ méi giéng dugc thay thé bang dich
chiét mau mang MDH va dugc u & diéu kién 37 °C,
5% CO, trong 24 gi6. Dung dich MTT 0,5 mg/mL
(Sigma, Hoa Ky) dugc b6 sung vao cic giéng thit
nghiém va u trong 4 gid. Céc t€ bao séng tao thanh
tinh thé formazan va dugc hoa tan bang dung dich
ethanol/DMSO (Sigma, Hoa Ky). Dung dich trong
giéng dugc ghi nhén gia tri mat do quang & budc séng
570 nm (OD570). Mtic d6 séng tuong d6i cta té bao
(%V) dugc tinh theo cong thic: %V= (OD570 cua
nhoém thi nghiém/ OD570 cia nhém chiing am) X

100%. Mang dugc xem la khong gay doc cho té bao
néu %V > 70% (theo ISO 10993-5) (17). Trong do,
moi truong CM dugc stt dung nhu d6i chiing chiing
am, moi trudng CM chiia 20% DMSO (Sigma, Hoa
Ky) dugc xem la d6i chiing chiing duong do kha nang
gy ddc cao doi voi té bao.

Panh gia kha nang hé trg ndi mé héa cha
khung nang dé

Kha ning h6 trg ndi mé6 héa ctia mang MDH dugc du
dodn thong qua sy bam clia t€ bao ndi mo trén mang
sau khi dugc cdy. Mang MDH dugc cét thanh hinh
tron, c6 kich thudc bang véi giéng ctia dia 96 giéng va
dugc dat c6 dinh vao giéng. Té bao noi mdé (HUVEC,
ATCC, Hoa Ky) dugc cdy vao giéng da c6 dat mang,
v6i mat d6 5x10* t€ bao/giéng. Mang chia t& bao
dugc nudi & diéu kién 37°C, 5% CO; trong 24 gio.
Sau d6, moi trudng nudi cdy dugce thay mdi va tiép
tuc nuoi trong 24 gid. D€xdc dinh t€ bao ndi mé soéng
va bdm trén mang, cic mau mang dugc tuong tGing
v6i thude tht MTT 0,5 mg/mL trong 4 gig, va thudc
thu Calcein (ty 1é 1:1000, Thermo Scientific, Hoa Ky)
trong 30 phut. Té bao song trén mang dugc xac dinh
thong qua sy hinh thanh tinh thé formazan va hinh
anh quan sat dudi kinh hién vi soi néi (Zeiss, Diic).
Sau khi nhuém Calcein, sy bAm ctia té bao n6i mo trén
mang dugc quan sat dudi kinh hién vi ddo ngugc, c6
tich hgp huynh quang (Olympus, Nhit).

Phuong phap xt ly sé liéu

Cac danh gia dugc thuc hién véi d6 lap lai 3 1an.
Do thi dugc thé hién & dang trung binh £+ d¢ 1éch
chuén va phén tich thong ké bang phan mém Prism
6 (GraphPad Software, My). Khac biét so sanh c6 y
nghia thong ké khi gia tri p < 0,05.

KET QUA VA THAO LUAN

C4u tric mang tim bo vé bao gia cudng c6
¢6 dinh heparin

Mang tim bo v6 bao gia cudng c6 ban chét 1a khung
nén ngoai bao, chiia phan 16n sgi collagen loai I, cd
xu huéng mang tinh kiém, nén dé dang dugc nhuém
bdi thu6c nhudém cé tinh acid 13 eosin va hién thi
thanh cic s¢i mau hong. Phén tl heparin chifa nhiéu
nhoém sulfate va carboxylic acid nén thé hién tinh
acid'”!8, nén c6 kha ning tuong tic bit mau bai
thudc nhudém c6 tinh kiém hematoxyline, do d6 hién
thi ving mau xanh tim trén tiéu ban nhu¢m. Hinh
anh H&E cho thédy tai nhém mang MD (Hinh 1A),
khung nén ngoai bao bit mau héng va khong c6 ving
duong tinh véi hematoxyline. Sau khi dugc ¢6 dinh
heparin, viing ngoai vi ciia mau MDH ¢6 sy nhuém
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Nhuém H&E

SEM

Hinh 1: Két qua danh gia cau trdc mang. (A) Mau mang khong cé heparin — nhuém H&E; (B) Mau mang khong ¢
heparin - SEM; (C) Mau mang dugc cé dinh heparin - nhuém H&E; (D) Mdu mang dugc c6 dinh heparin — SEM.

mau xanh tim ddm, trong khi thanh phan cta khung
nén ngoaibao thé hién mau hong (Hinh 1C). Ngoaira,
phtic hgp DHI/heparin con dugc phat hién véi dang
céc vi hat bam 1én céc sgi va phan b6 khép trén bé mit
mang MDH (Hinh 1D), diéu nay khong xuét hién véi
mang MD khi quan sat duéi kinh hién vi dién tit quét
(Hinh 1B).

Pinh luong heparin

Heparin trén mang dugc déanh gia dya trén sy hinh
thanh phtic hop heparin-toluidine bén dang khong
hoa tan, lam cho mang bt mau xanh tim sau khi @
trong dung dich toluidine blue. K&t qua quan sit dai
thé cho thdy mang MD c¢6 mau xanh nhat (Hinh 2A),
trong khi d6, mang MDH thé hién mau xanh tim d4m,
du dodn ¢4 sy hién dién mot lugng heparin dédng ké
6 nhom mang MDH (Hinh 2B). Sau khi dugc ngdm
trong dung dich ly giai ethanol/NaOH va do d6 hap
thu quang hoc, ham lugng heparin 6 mang MDH la
83,64 + 8,657 ug/cm2 (n=9) (Bang 1). Ké qua nay
chting minh phuong phap LbL da 6 dinh thanh cong
heparin vao mang tim bo vo6 bao gia cudng véi hiéu
sudt cao.
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Thi nghiém dong mau

Thtt nghiém déng mdu nhim kiém tra hiéu qua han
ché sy bam cua huyét khéi trén bé mit mang c6 cd
dinh heparin. Trong thti nghiém, méu toan phén chiia
chét khang dong dugc st dung. Su déng mau dugc
khai phét nhd vao b8 sung ion Ca?t ngoai sinh. Bé
mit thiy tinh mong (d6i chiing duong) va cac thanh
phéin khung nén ngoai bao cho phép tuong tic bam
va hép thu t6t cdc thanh phéin protein huyét tuong,
do d6 tao diéu kién cho huyét khéi bam dinh va tich
tu (Hinh 3A). Co s& nay ly giai cho két qua quan sat
dai thé vé sy hinh thanh khdi méu dong trén bé mat
clia mau thaty tinh va mang MD (Hinh 3C, D). O d6i
ching am (Hinh 3B), méu nhua polyethylene khong
¢6 su hinh thanh huyét khoi. Tuong tu véi vat liéu
polyethylene, tai nhém mang MDH (Hinh 3E), khong
c6 huyét khoi dugc phat hién trén bé mit mau. Su
hién dién ctia nhiéu nhom sunfate va axit cacboxylic
quy dinh dic tinh tich dién &m manh cua phén tu
heparin. Bé mdt vat liéu c6 ¢ dinh heparin ciing
dugc bién d6i theo hudng tich dién am, do d6 han
ché dugc hip thu protein huyét tuong nhd vao luc ddy
tinh dién!78. Nheo vay, bé mat vét liéu c6 c6 dinh

heparin, cu thé 1a nhém mang MDH, dugc han ché
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Hinh 2: Két qua quan sat dai thé mang sau khi 0 vdi toluidine blue O. (A) Mdu mang khéng c6 heparin; (B) Mau
mang dugc ¢ dinh heparin bdng phuong phap LbL

Bang 1: Két qua dinh lugng heparin trén mang

Mau Ham lugng heparin (g/cm?) Trung

binh
MD 4,67 5,91 4,06 2,62 3,65 1,98 1,98 1,98 1,98 3,20
MDH 90,82 98,23 94,11 71,88 79,09 77,65 90,20 91,23 88,35

MDH sau khi loai bo 87,62 95,03 90,91 68,68

75,89 74,44 87,00 838,03 8515 83,64
gia tri nén

MD (Mau mang khong c6 heparin), MDH (Mau mang dugc ¢6 dinh heparin bing phuong phap LbL)

A (+) Cc E
g
(=]
=z
B () D
a
8
2]
=z

Hinh 3: K&t qua thi nghiém déng mau trén bé mat mang thi nghiém. (A) Chiing duong: mau thay tinh; (B) Chiing
am: mau nhua polyethylene; (C) Mau mang khong cé heparin, ngay 0; (D) Mau mang khéng c6 heparin, ngay 30;
(E) Madu mang dugc cé dinh heparin, ngay 0; (D) Mau mang dugc ¢ dinh heparin, ngay 30.
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dang k€ su bam dinh huyét khoéi. Sau 30 ngay ngdm
trong dung dich PBS 1X, mang MDH van duy tri dugc
hiéu qua khang huyét khéi (Hinh 3F), du dodn van
con mot lugng heparin hoat tinh ton tai trén mang.
Vai nghién ctiu vé manh ghép mach mau da céng bé
cho théy tinh trang huyét khéi c6 thé dugc phét hién
trong vong 10 ngay sau ghép, tuy nhién nguy co huyét
khéi thdp dugc ghi nhén sau 30 ng:‘aylg’zo. Dua trén
su tham chiéu nay, mau mang MDH tng vién c6 tiém
nédng ting dung 1am méanh ghép mach mau.

Panh gia doc tinh dich chiét

Theo tiéu chuén ISO 10993-5, danh gia doc tinh t&
bao in vitro 1a can thiét nham dam bao cic chit tiét
ra ti mang khong gy anh hudng dén cac t€ bao va
phan ting thai loai v6i mé sau khi ghép?!. Sau khi
U v6i dung dich MTT, tinh thé formazan mau tim
dugc hinh thanh nhd vao hoat dong khit mudi tetra-
zolium ctia enzyme dehydrogenase c6 mit trong cac
t€ bao sdng. Két qua cho thdy c6 sy xudt hién tinh thé
formazan & giéng nhém d6i chling am va mang thi
nghiém (Hinh 4A, C). Ngudc lai, & cac giéng chiing
duong hiu nhu khong xuét hién tinh thé mau tim,
do su xudt hién cia DMSO da gay doc doi véi té bao
(Hinh 4B).

Dé xac dinh %RGR va do doc tinh, tinh thé formazan
dugc hoa tan trong dung mdi Ethanol/DMSO tao
thanh dung dich mau tim va do mat d6 quang & budc
soéng 570 nm. %RGR ghi nhan dugc & nhém chiing
am la 96,44 6,489%, ¢ dich chiét mang thi nghiém
14 93,99 9,165% (Hinh 4D), cao hon mutic t6i thiéu la
70%, diéu nay chiing t6 mang khong giy doc cho té
bao.

Panh gia kha nang hé trg néi mé héa cta
khung nang d&

Kha ning h6 trg ndi mo6 héa duge danh gid thong qua
su séng va bam dinh ctia t€ bao ndi mo trén mang
MDH. Thudc thtt MTT dugc chuyén héa bdi enzyme
ctia ty thé trong t€ bao séng va hinh thanh cdc tinh thé
formazan mau tim. Tai nhém mang khong dugc cdy
t€ bao hodc khong cé té€ bao sdng, céc tinh thé for-
mazan sé khong dugc hinh thanh (Hinh 5A). Quan
sat dudi kinh hién vi soi néi da ghi nhan sy hién dién
clia céc tinh thé formazan mau tim trén mang MDH
da cdy té bao (Hinh 5B). Céc tinh thé formazan dugc
tao thanh va phan bd d6ng déu trén bé mit mang
MDH, chiing t6 mang MDH cho phép sy hién dién
va séng sot clia cac té bao ndi mo sau 48 giv duge cdy
1én mang. Ngoai ra, thudc thii Calcein ciing dugc hép
thu bdi t€ bao s6ng, do d6, nhudém va hién thi hinh
thdi bAm ctia t€ bao trén mang. Quan sat dudi kinh
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hién vi huynh quang, cic t€ bao bat mau Calcein c6
mau xanh 14 (Hinh 5C). Céc té bao n6i mo thé hién
hinh théi bAm thudn dai trén mang. Do mang c6 ciu
tric dang sgi ba chiéu, mot s6 t€ bao c6 thé bam va
phén bé theo cdc sgi dang xen ba chiéu va hién thi
dudi dang cdc d6m xanh. Nhu véy, cdc két qua véi
thudc that MTT va calcein chiing minh mang MDH
da dam bao sy s6ng va bam trai cta cac té bao ndi mod
trén mang, gitip du dodn kha ning hé trg noi mo6 hda
clia mang.

KET LUAN

Bai bdo trinh bay viéc ché tao mang tim bo v bao gia
cuong dugc c6 dinh heparin nhdm cai thién déc tinh
chéng dong mau. Panh gid cdu truc va dinh lugng
heparin da chira phuong phap c6 dinh tling 16p (LbL)
va két hgp véi ion DHI da cho phép c¢6 dinh dugc
heparin 1én bé mit mang tim bo v bao gia cudng.
Bé mit mang c6 ¢6 dinh heparin da thé hién dic tinh
chéng dong mau va duy tri dac tinh nay 1én dén 30
ngay thii nghiém. Ngoai ra, mang tim bo vo bao gia
cudng c6 ¢d dinh heparin da hé trg sy bam cta té bao
ndi mo sau 48 gid cdy. Cac két qua danh gia ban dau
da cho théy hiéu qua c6 dinh heparin trong cai thién
kha ning ch6éng déng méu va hé trg ndi moé hda in
vitro clia mang tim bo v bao gia cuong, do d6, dugc
dinh huéng nghién ctu tng dung trong phiu thujt
mach mdu.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khuon khé
DéE tai ma s6 B2021-18-03.

DANH MUC TU VIET TAT

CVD Cardio Vascular Diseases Bénh tim mach

ACD Anticoagulant Citrate Dextrose Chéit chdng
ddéng mau

LBL Layer-by-Layer Cé dinh tiing 16p

FBS Fetal Bovine Serum Huyét thanh bao thai bo
SEM Scanning Electron Microscope Kinh hién vi dién
tl quét

CM Complete Medium Moi trudng nudi cdy
HUVEC Human umbilical vein endothelial cells Té
bao n¢i md tinh mach rén cia con nguosi

TBO Toluidine Blue O Thudc nhudém Toluidine Blue
(0]

RGR Relative growth rate Ti 1é ting truéng tuong déi
DHI Dihydroxy-ironDMEM-F12 Dulbeccos Modi-
fied Eagle Medium/Nutrient Mixture F-12

DMSO Dimethyl sulfoxide

H&E Hematoxyline & Eosin

MTT 3-(4,5-dimetylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide
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N

p <0,0001

|

70%

%RGR (%)
3

(D) 0

+

MDH

Hinh 4: Két qua danh gia doc tinh dich chiét mang MDH. (A) Chiing &m: méi truéng CM, (B) Chiing duang: CM bé
sung 20% DMSO (CM-DMSO0); (C) Dich chiét mang thi nghiém MDH (MDH-ext); (D) Biéu dé biéu dién ty |é té bao

s6ng tuong déi & cac nhom thi nghiém.

3
4
L

Hinh 5: Banh gia su hién dién cla té bao ndi m6 trén mang MDH. (A) Mang khong cdy té bao (thudc thit MTT); (B)
Mang dugc cdy té€ bao (thudc thir MTT); (C) Mang dugc cdy té bao (thudc thi calcein).

XUNG POT LOI iCH

Nhom téc gia xin cam doan raing khong c6 bt ky xung
dot l¢i ich nao trong cong bd bai bao.

DPONG GOP TACGIA

Nguyén Thi Ngoc My lén ké hoach nghién ctu, thuc
hién céc thi nghiém, thu thap va xt Iy dii liéu va dong
g6p viét ban thdo. Phan Thi Hiéu Nghia va Lim Minh
Hoang dong gdp viét ban thao, khao sat va hoan thién
ban thdo. Tran Lé Bdo Ha dinh hudng va 1én ké hoach
nghién ctiu, huéng dan nghién ctiu, déng gop khao sit
va gép y ban thao.
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ABSTRACT

Thrombogenicity is one of the challenges when using membrane grafts in cardiovascular surgery.
Therefore, this paper presented the fabrication of bovine pericardial scaffold immobilized with hep-
arin in order to improve its antithrombogenicity for the application in the cardiovascular field. Hep-
arin was immobilized on the scaffolds by the layer-by-layer method, based on the interaction of
heparin and dihydroxy-iron (DHI). The structure, biochemistry, anticoagulation, and ability to sup-
port the endothelial cell attachment were evaluated to determine the effectiveness of the heparin
immobilization. Histology staining and scanning electron microscopy images revealed the pres-
ence of heparin on the bovine pericardial scaffolds. The quantitative result demonstrated that the
layer-by-layer method significantly increased the heparin content on bovine pericardial scaffolds.
The heparin-immobilized scaffolds performed a good antithrombogenicity after direct incubation
in the whole blood samples. This antithrombogenicity was maintained after 30 days of testing.
Additionally, the scaffolds were shown to cause no cytotoxicity and support endothelial cell adhe-
sion after 48 hours. These results indicated the potential of heparin-immobilized bovine pericardial
scaffolds for the application in cardiovascular transplantation.

Key words: anticoagulation, bovine pericardium, endothelialization support, heparin, layer-by-
layer immobilization
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