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Chat van chuyén oxy Perfluorocarbon va trién vong
phat trién hong cau nhan tao
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Tém tit

Méu nhén tao, hay con goi 1a chit thay thé mau, 1a nhitng dang bao che sir dung céc chét khac nhau, ding dé
bu dich va/hoac van chuyen khi oxy cting nhu cdc khi khac trong hé tuan hoan thay cho chte nang ty nhién cua
méu. Voi nhidu uu diém so véi mau hién ting tw nhién, nhidu hop chat khac nhau c6 ngudn gbc tong hop hoa
hoc hodc sinh hoc da dugc nghién cou dé su dung cho muc dich nay. Mau nhan tao dugc chia thanh hai nhom
chinh: Nhom bao ché tir perfluorocarbon (cac phén tir hydrocarbon dugc flor 'hod) c6 kha nang bét giit oxy & mdi
truong giau oxy va nha oxy ¢ moi trudong ngheo oxy; nhoém con lai 1a cac chét thay thé mausir dung hemoblobin.
Bai tong quan nay trinh bay cac tinh chét 1y hoa, cac dang bao ché va cac ché phdm mau nhén tao c6 ngudn goc
perfluorocarbon dang dugc nghién ctru ddng thoi néu cac van dé gip phai khi sir dung céac perfluorocarbon lam
chét van chuyén oxy trong co thé.

Nhén ngay 26 thang 9 nim 2015, Chinh sira ngay 07 thang 11 nam 2015, Chap nhan ding ngay 05 thang 12 nim 2016

Tir khoa: Perfluorocarbon, mau nhan tao, chét thay thé mau, chét van chuyén OXYy.

1. Gi6i thigu

Ké tir khi William Harvey 1an diu tién mo
ta vong tudn hoan ciing nhu tinh chét va vai tro
clia mau vao nam 1616, cac ché pham co6 thé
thay thé mau (mau nhan tao) da bat dau duoc
tim kiém va phat trién. Tur dau thé ki 20, cac
ché pham nay thyc sy nhin dugc nhiéu quan
tam va phat trién V1 viée truyen mau c6 nhu cau
cao, ngudn cung cip mau c6 han, va 4n chira
nhiéu nguy co khi truyén méau ty nhién [1, 2].
Mau nhan tao dugc dinh nghia 1a cac san pham
ding d& thay thé mau that nhdm bu dich
va/hodc véan chuyén khi trong hé tudn hoan [3].
Theo, dinh nghia nay, mau nhan tao hi¢n nay
chua cé nhitng vai tro khac ciia mau that nhu
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tham gia vao hé mién dich hay qué trinh dong
mau. Mau nhén tao dugc phat trién trén co s
sir dung cac chat tong hop c6 kha ning van
chuyén oxy duoc goi chung 1a chit mang oxy.
Chiing dugc chia thanh hai nhém chinh la nhém
perflurocarbon (PFC) va nhom dya trén
hemoglobin (HBOC) [1]. Bai téng quan nay tip
trung gidi thidu nhom chit mang oxy thir nhét.

2. Cu triic va tinh chit perflurocarbon

PFC ton tai du6i dang long, dugc tong hop
toan phdn, c6 ciu tric giébng hydrocarbon
nhung cac nguyén tr hydro (H) dugc thay thé
bang flor (F) hoic flor va cac halogen khac nhu
brom (Br), clor (Cl), chiing ¢6 thé & dang mach
théng, mach nhanh hodc mach vong. PFC hién
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dugc tdng hop hoan toan bang céc qua trinh
chon loc, ¢ hiéu suit cao va it tap chét c6 thé
giy doc [4]. Pay 1a loi thé 1on cta PFC so véi
cac HBOC vi ching c6 thé dé dang dugc san
xudt cong nghiép v6i chi phi ré, khong phu
thuéc vao ngudn nguyén liéu sinh hoc [5, 6].
PFC dugc tong hop tir nhitng nam 1920, nhung
mai dén nim 1996, kha nang sir dung nhu chét
mang oxy mé&i dwgc biét dén khi Clark va
Gollan mo ta thi nghiém cho chudt thd trong
PFC bao hoa oxy [7].

Hinh 1. Chudt thé trong fluorocarbon long
dugc bao hoa oxy [8].
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Hinh 2. Céu triic mot sb perflurocarbon dang
duogc thu nghiém lam sang: (1) Perfluorodecalin
CoF 13, (2) Triperfluoropropylaminel N(CsF,)s,

(3) CyNF 4, (4) Perfluorobron CgF;Br,

(5) Dichloroperfluoro-n-octane CgF4Cl, [6].

PFC 1a cac chit long trong sudt, khong
mau, khong mui, khong tan trong nude, c¢6 do
nhét dong hoc xép xi nudc, stc cing bé mit

thip (12-18 dyne/cm) [9]. Nho sy co mit cua
cac nguyén tir F ma tinh chat Iy hoa cia PFC rat
dac biét so voi cac hydrocarbon twong ung.
PEC c6 thé ion hoa cao nhung rat kho bi phan
cuc. Lién két C-F (485 kJ/mol) 1a lién két bén
virng nhat dugc tim thay trong hoa hoc hitu co.
Lién két nay con tré nén bén ving hon nita néu
tiép tuc thé nguyén tir H bang F (531 kJ/mol dbi
v6i nhom CF; tan cung) [6]. Tinh tro cua PFC
con do 16p electron day dédc cua nguyén tu F
hinh thanh rao khong gian c6 tic dung chén,
bao vé tranh khéi su tn cdng cua céc tac nhan
hoéa hoc. Qua trinh flor hoa lam tang tinh ky
nudc cia PFC so voi cac hydrocarbon tuong
ung, nhung tuong tac gilra cac mach lai giam.
Luc lién két Van der Waals yéu c6 thé 1a 1i do
giai thich mot s dic tinh ciia PFC nhu hang s6
dién méi thap [10], strc ciang bé mat thap, chi s6
trai rong cao, nhiét dd noéng chay cao, ap sut
hoi va kha nang hoa tan cac khi cao [6].

3. Nguyén ly sit dung perfluorocarbon lam
mau nhan tao va wu nhwoc diém

PFC c6 kha ning hoa tan cac chét khi vuot
troi so vdi cac chét léong khac. 6 tan cua khi
trong PFC phu thudc vao thé tich phan tir
(CO>0O,>N,) va tuan theo dinh luat Henry
[11]. D tan cia O, trong cac PFC nidm trong
khoang 37,5 - 55,5 ml/100 ml [12]. Khi thay
nguyén toF bang Br hodc Cl, kha ning hoa tan
O, cua PFC giam [6]. Dya vao kha nang hoa
tan tbt cac khi & ph01 va dé dang giai phong khi
& mo, PFC c¢6 thé duge Umg dung lam chat van
chuyén oxy thay thé hong cau.

Tuong tu nhu hdng ciu, PFC vén chuyén
khi trong co thé theo sy chénh léch gradient
nong d6 [1]. PFC hoa tan mot luong 16n O, tal
phdi, noi co ap suét khi oxy riéng phan cao, rdi
van chuyén dén cic mo va giai phong O, tai
day. Do tuong tic gitta dung moi va chét tan
yéu (twong tac vat 1y) nén kha ning giai phong
O, cua PFC cao dén 90% trong khi cua
hemoglobin (c6 tuong tac hoa hoc) 1a 25 - 30%
[6]. Tuy nhién, trong diéu kién binh thuong,
nhil twong PFC chi hoa tan dugc luong O, rat
thip so véi hemoglobin nén thyc té trén 1am
sang bénh nhan phai tho khi chaa 70 - 100% O,
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[13]. Theo chiéu nguoc lai, PFC van chuyén
CO, tir cac mo va thai ra ngoai theo duong
phéi. Siéu vi nhil twong PFC (nano nhil tuong)
c6 dién tich bé mat 16n, tao diéu kién trao doi
0, va CO, hiéu qua cao [14]. Uu diém cua
nhom chit van chuyén oxy perfluorocarbon so
v6i mau that dugc trinh bay trong bang 1.

Bang 1. Uu diém ciia mau nhan tao perfluorocarbon
so vOi mau that [1, 2, 11, 15]

Mau that

Perfluorocarbon

Phai bao quan lanh,
thoi gian bao quan
ngan (42 ngay)

Kha ndng vén
chuyén oxy giam
theo thoi gian
Luong mau hién
tang khong dép ung
da nhu ciu

Nguy co ldy truyén
caic  bénh  truyén
nhiém nhu HIV,
viém gan do virus,...
Can c6 sy tuong
thich vé nhom méu
Hong ciu that
khong thé di chuyén
qua nhiing mach
mau bj tac

Chi phi cao

Bédo quan ¢ nhiét do
thuong, thoi gian bao
quan dai hon, c¢6 thé téi
mot nam

Kha ning van chuyén
oxy khong thay ddi theo
thoi gian

Khéng phu thudc vao
ngudn hién ting

Tranh cac bénh truyén
nhiém lay truyén qua
duong mau do san pham
hoan toan tinh sach

C6 thé sir dung cho moi
nhém mau

Kich thuéc giot vi nhii
twvong PFC chi bing
khoang 1/40 cua hong
clu nén co thé dén duoc
nhitng mé6 ma hdng ciu
khong thé toi khi mach
mau bi tic

Chi phi thdp hon

Trong co thé, cac PFC khéng bi chuyén
hoa, chiing dugc thai trir qua da va phdi ¢ dang
nguyén ven. Pay 1a mot dic diém co loi clia cac
thudc sir dung trén ngudi. No6i chung, cac PFC
6 tir 9 - 12 carbon c6 tinh chat thai trir phu hop
[16]. Vi du, perfluorodecalin c6 thoi gian ban
thai khoi vong tuan hoan 13 24 gio va thai trir
khoi co thé trong 8 - 9 ngay [12]. Cac PFC chira
it hon 9 carbon c6 ap suat hoi qua cao, dugc
thai trir qua nhanh va dé gay tic mach do tao
bot khi. Nguoc lai, cac PFC véinhiéu hon 12
carbon c6 ap suét hoi thip, thai trir rat cham va
c6 thé khong thai trir hoan toan khoi co thé
duoc [12, 16].

4. Bao cheé cac cheé pham chira perfluorocarbon

PFC c6 thé dugc bao ché duéi cac dang dac
bi¢t nhu nhii twong,vi nhii tuong, nano nhil
tuong, liposome.

Nhil twong PFC c6 thé dugc bao ché theo
phwong phap dong nhét hoa sir dung ap sut cao
hodc song si€u am. Tuy nhién, siéu am lam cho
PFC bi pha huy mét phan, giai phéng ion F,
lam thay d6i c4u tric cua nhii dich va ting nguy
co gay doc [4]. Mac du PFC c¢6 dd nhét va suc
cing bé mat thap, su ¢ mdt cua cac chat nhii
hoa 1a can thiét dé giit 6n dinh nhii twong PFC
trong nude. Cac chat nhii hoa di dugc sir dung
dé bao ché nhii twong PFC bao gém: Pluronic
F68 (copolymer oxyethylene-polypropylene),
phospholipid tir long d6 trimg, cac hgpchat flor
héa (FA) hoac ban flor hoa (SFA). Mac du cac
chat dién hoat khong ion hoa khong anh hudng
dén sy trao d6i oxy qua bé mat dau - nudc cua
nhil twong PFC nhung lai ¢6 thé 12 nguyén nhan
gy doc cho co thé [17]. Pluronic F68 duoc sir
dung trong nhil twong PFC thé hé 1, dwoc cho
12 nguyén nhan gy hoat hoa b thé kém theo
giam bach cﬁu, mac du cac tac dung khoéng
mong mudn ndy c6 thé ddo nguge va thudng
khong nghiém trong [18]. Tac dung khong
mong mudn tuong tu khong con xuit hién &
nhil twong PFC thé hé 2, st dung phospholipid
lam chét nhii hoa [4, 18]. Hién nay, cac nhil
twuong PFC thé hé 3 sa dung phdi hop
phospholipid va cac FA hodac SFA lam chat nhii
hoa. Phdi hop cac FA co thé 1am giam sirc cing
bé mit nudc dau xuong con vai dyn/cm, muirc
ma khong mot chat nhii héa hydrogen nao dat
t6i [10, 19]. Do hiéu qua nhil hoa cao nén nong
d6 cua cac chét nay thap hon tir 10 - 100 lan cac
chat dién hoat thong thuong [10]. Cac SFA
dugc dung lam chit dién hoat & noéng do thap vi
chung d& dang tap trung ¢ bé mit gitra hai
tuéng diu/nude va tro vé mat hoéa hoc [20].
Nho phdi hop thém cac chit nhii hda nidy ma
nhil twong thé hé 3 c6 ndng d6 PFC dat dén dén
90% (w/v), kich thuéc khoang 220 nm va 6n
dinh it nhat 6 thang & nhiét d6 40°C (diéu kién
130 hoa cap tdc) [4].

Khac véi nhii twong, vi nhii twong duoc
hinh thanh ty phat bang cach phdi hop chét dién
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hoat véi ti 18 thich hop vao hdn hop dau/nudc
khong tron 1an ma khong can lyc phan tan®!.
Do khéng phu thudc vao phuong phap bao ché
va khong can cung cip ning lugng nén d¢ lap
lai cua qua trinh vi nhii twong héa rat cao. Tuy
nhién, dé hinh thanh vi nhil twong 6n dinh doi
hoi lwong 16n chit nhii hoa [10]. Nhil twong
Perfluorooctyl bromide (PFOB) ¢6 én dinh cao,
kich thuéc tiéu phan nho va phan bd hep duoc
bao ché bang cach sir dung cac chat nhii hoa 13
phospholipid va SFA C,F,+1CHaome1 (diblock
F.H.). SFA duoc thém vao v6i muc dich én
dinh 16p mang phan cach giita hai pha dau va
nude [13].

Hién nay, huéng bao ché cac chat van chuyén
oxy dudi cac dang: liposome, PEGylated
transfersome, dendrimer hodc polymerosome
dang thu hit dugc sy quan tdm ctia cac nha khoa
hoc do c6 thé gitip han ché cac tac dung khong
mong mubn (nhu doc tinh vai than, hoat hda phan
g mién dich,...) dong thoi tang thoi gian tuan
hoan va thoi gian bao quan [22]. Phdi hopcac
diblock F,H,, véi phospholipid 1am thay doi dang
ké dic tinh 1y hoa cua liposome [23, 24]. Chang
han nhu khi ph01 hop FH, Voi
phosphatidylserine, qua trinh hinh thanh mang
lipid kép ciling nhu tdc do gidi phong cac chat bén
trong giam dang ké so véi chi c6 phospholipid
[25]. D6 6n dinh cua liposome & 25°C ting 1én
dang ké khi c6 mat FHyE so véi liposome chi
dung dimyristoylphosphatidyl choline (DMPC).
F4HoE cé tac dung lam giam tinh thAm cua mang
phospholipid, ting d6 bén nang hoda, kéo dai t;
cta liposome 16 1an so véi liposome chi ding
DMPC [24].

Khi nhic t6i cac dang bao ché thuoc thudce
hé phan tan véi kich thudc nano, cac yéu t6 can
quan tam 12 kich thudc, phan bé kich thude tiéu
phan va dién thé bé mit. Dién thé bé mat tiéu
phan dugc cho 1a ¢6 anh huéng dén toc do bi
thyc bao va tuong tic giita tiéu phan voi tiéu
ciu [26]. St dung cac polymer than nudc nhu
PEG dé xtr Iy bé mat 1a mot cach phd bién dé
kéo dai thoi gian ton tai cia cac tiéu phan trong
vong tudn hoan. Bén canh do, viéc kiém soat
kich thudc cua tiéu phan rat quan trong vi khi
kich thude tiéu phan trén 300 nm, doc tinh cua

hé ting 1én va thoi gian tudn hoan trong mau
giam [22]. Tc do tang kich thudc cua tiéu phan
nhii twong phu thugc vao ban chat ciia PFC, dic
biét 1a kha ning khuéch tan, hoa tan cia PFC
trong nudc va ngugc lai [6, 19]. Nghién ctru
cho thiy nhii twong Perfluorotributylamine 6n
dinh  hon nhidu so v&i nhii tuong
Perfluorodacelin trong cing didu kién bao ché
va bao quan. S6 luong nguyén tir carbon nhiéu
hon lam tang tinh ky nudc cua phan tir PFC co
thé 1a 1y do chinh giai thich su 6n dinh nay. Tuy
nhién ting tinh ky nudc ciing déng nghia kéo
dai thoi gian thai trir khoi co thé. Didu nay dan
dén viéc phai lya chon PFC vura c6 kha nang
tao nhil twong 6n dinh vira c6 thoi gian ban thai
mong mudn [19]. Mot bién phap di dugc ap
dung thanh cong dé dung hoa hai yéu cau trén
1a phdi hop cac PFC vé6i nhau. Phbi hop PFOB
véi mot Iugng nho Perfluorodecylbromide
(PFDB) gitip tao ra nhil twong véi kich thudc
giot dudi 100 nm so voi nhil twong kich thudc
200 nm néu chi st dung PFOB. PFDB cuc ky
ki nudc, co6 tac dung trc ché su khuéch tan tiéu
phan PFC bang cich lam giam d¢ tan trong
nuéc cua pha dau [27]. Su khong 6n dinh cua
nhil twong PEC c6 thé dugcgiai thich dua trén
dinh luat Ostwald - ripening [19].

5. Cac nghién ciu va
perfluorocarbon trong l1am sang

ing dung

Nho c6 nhiing déc tinh riéng biét, PFC da
duogc nghién ctru va ung dung trén 1am sang voi
nhiéu chi dinh khac nhau. PFC c6 thé dung lam
chat long ho hép do c6 tac dung cung cd bio
hoa oxy trong ton thuong phoi cap, cai thién su
kich tmg phéi va trc che viém phdi [6, 9], dua
thudc dén phdi voi ndng dd cao (vi du céac
khang sinh) [10], chan doan bang tia X sir dung
dic tinh tir ciia "F-PFC, diéu trj ung thu va bao
quan cac co quan ndi tang [4]. Tuy nhién, cé
thé thdy cac tmg dung lam chit van chuyén O,
trong phau thuat ngoai khoa, diéu tri thiéu mau,
méat méu thu hat duge nhiéu su quan tam hon
ca. Nhiéu ché phdm tr PFC da va dang duoc
nghién ctru va thir nghiém & céc giai doan khac
nhau [6, 11, 28].
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Béng 2. Mot s6 ché phim tir Perfluorocarbon da va dang duoc thir nghiém [29]

Tensan 5oty Loai PFC Chi dinh Giai doan
pham nghién ctu
Fluosol Green Cross Perfluorodecaline va - Phau thuat thong mach Puogc cap phép
DA Corp., Osaka, Perfluorotripropylamine  vanh tai My (1989),
Nhat Ban 20% (kl/tt) - B4 trg hoa/xa tri da ngung san
Xuit
Oxygent  Alliance Perfluorooctylbromide - Pha lodng méau truéc phau  Pha II/III,
Pharmaceutical ~ 90% (kl/tt) thuat, chéng thiéu mau ngung thir
Corp., San -Bb tro hoa/xa tri nghiém do doc
Diego, CA, My tinh trén néao
va tang nguy
co sbc
- Nghién ctru hinh anh Dang tuyén
fMRI chirc nang cta nao tinh nguyén
dap ung v6i rITMS trong vién
diéu tri tram cam ning
Oxyfluor HemaGenPFC Perfluorodichlorooctane  Pha lodng mau truéc phau Pha /11
Inc.,St Louis, thuat, chdng thiéu mau
MO, M¥
Oncosol Sierra Ventures,  Perfluorophenanthrene B tro hoa/xa tri Pha I
Menlo Park, CA,
My
S-9156 Sonus Corp., Dodecafluoropentane * Tién 1am sang
Seattle, WA, My
Perftoran  Perftoran, St. Perfluorodecalin va - Chdng thiéu mau Pugc cip phép
Petersburg, Nga  Perfluoromethyl - Bao quén co quan ndi tai Nga (1996)
cyclohexylpiperidine tang trong phau thuat
Oxyflour HemaGen, St. Perfluorodichlorooctane  * Tién 1am sang
Louis, MO, My 40% (kl/tt)
Oxycyte  Oxygen F-tertbutylcyclohexane - Ngan thiéu oxy mé trong Pha Il
Biotherapeutics phﬁu thuat tao hinh hodc
Inc., NC, My phau thuat tim

- Tang lugng oxy qén nao
cho bénh nhan bi ton
thuong ndo tram trong

Pha H, mot $6
da két thac

*: Khong c6 thong tin

Fluosol DA 20 14 nhii twong PFC dau tién
dugc cip phép luu hanh véi chi dinh ding trong
phau thuat mach vanh [2]. Tuy nhién, fluosol da
bi nging san xuit khong chi boi tac dung diéu
tri han ché ma con do gay nhiéu tic dung phuy,
dic biét nguy co gip cac bién ching nghiém
trong nhu phu phdi, suy tim tic nghén véi nguy
co tir vong cao [30-32].

Perftoran da dugc cho phép sur dung tai Nga
tr 1996 va téi trudc ndm 2000, san phim dai
duoc dung trén 2.000 bénh nhan cho rAt nhiéu
cac truong hgp lam sang khac nhau [28].

Perftoran cho thiy tac dung ting ndng do oxy
bdo hoa, giam tén thuong do thiéu mau hoic
thiéu oxy va cai thién dong hoc ciia mau. Tuy
nhién, nhiéu dir liéu 1am sang chi tiét, bao gém
ca liéu dung chua 13 rang [28, 33].

Oxyfluor 14 san pham duoc nghién ctru véi
chi dinh 1am gidm tic nghén mach gy ton
thwong thin kinh trong phiu thuit ngoai tim
phéi [11]. Trong mdt nghién ctu tién lam sang,
Oxyfluor cho thdy tic dung cai thién muc oxy
bdo hoa tai mé va téng luong oxy tiéu thu cua
co thé [13]. Hién chua c6 thong tin tha 1am
sang cua oxyfluor.
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Oxygent (perflubron) 14 nhil trong thé hé 2
dugc nghién ctiu ding dé pha lodng mau tién
phau thuat [11]. Oxygent sir dung chét nhii hoa
phospholipid, ¢6 wu diém 14 thoi gian tudn hoan
trong mau dai (t;, = 9h) trong khi thoi gian luu
trong co thé ngan (4 ngay) [28]. Cac nghién ctru
tién 1am sang va lam sang cho thay oxygent &
lidu twong doi thap (1,35 g/kg) c6 thé cung cap
du oxy cho co thé ngudi va dong vat trong diéu
kién giam hemoglobin do chay mau [34, 35].
Trong mdt nghién ctru pha III tai Chau Au,
oxygent phdi hop pha loing mau déng thé tich
(Acute Normovolemic Hemodilution) gitp
giam truyén mau ngoai ciing nhu giam sé don
vi mau phai truyén & bénh nhan thuc hién phiu
thuat ngoai tim. Tuy nhién, PFC c¢6 xu hudng
lam tang nguy co gip cac bién cd bat loi va ti 1¢
tr vong & nhom dung oxygent cao gip doi so
v6i nhém chimg [36]. Pay co thé 1a Iy do cac
thir nghiém lam sang trén oxygent da budc phai
dung lai.

Oxycyte 1a nhii twong PFC thé hé 3, ¢6 kich
thudc tiéu phan 150-300 nm cua perfluoro (tert-
butylcyclohexane) trong méi truong dém trung
tinh, ddng trwong [37]. Sau khi hoan thanh pha I
va Ila tai My, oxycyte dugc tiép tuctht 1am
sang pha IIb trén d6i twong bénh nhan chin
thuong so ndo & Chau Au. Tuy nhién nghién
cuu da bi nging lai vao nam 2014 [38].

6. Tac dung khong mong mudn

PFC giy ra cac tac dung khong mong mudn
trén lam sang ¢ nhiing mac d¢ khac nhau, day
la mot trong nhiing tré ngai chinh trong viéc
mg dung rong rdi PFC. Piém qua mot sé ché
pham PFC c6 thé thay hién chua c6 mot ché
pham nao dugc sir dung rong rii trén 1am sang,
trir perftoran dugc dung tai Nga.

PFC thuong khong gy tac dung khong
mong mudn trén tién 1m sang hodc cic pha dau
lam sang nhung cic tic dung khong mong
mudn nghiém trong nhur sdc, giam tiéu cau xuat
hién & pha II hodc pha III dan t6i nhiéu nghién
ctru 1am sang bét budc phai dimg lai [28]. Tuy
nhién ciing khong loai trir nguyén nhéan khién
mdt s6 nghién ciru phai dimg lai gitra chimg 13

do sai sot trong protocol nghién ctru chi khong
phai 1a do thudc [39]. Mot sb tac dung khong
mong mudn dd tim dwgc nguyén nhan, nhung
n6i chung da sd c6 co ché chua rd rang. PFC bi
bét gitt & hé théng ludi ndi mod trude khi thai
trir, do d6 c6 thé gay qua tai, ting men gan, lam
gan lach to [2]. PFC lam giam chtc nang cua
bach cAu trung tinh nhung lai hoat hoa dai thyuc
bao va bach cdu don nhan giai phong cac chat
trung gian hoa hoc nhu prostaglandin, cytokine,
endopreoxide. Day co thé 1a nguyén nhan dan
dén cac tac dung khong mong mudn nhu dau
dau, sot, rét run, non mira va dau lung trén cac
thu nghiém 14m sang. PFC lam thay doi bé mat
tiéu cau, tang muc thanh thai, gdy giam sb
luong tiéu cau (co thé t6i 40%). PFC con c6 thé
kéo dai thoi gian tic dung ctia mot sd thude bao
gdm céc barbiturate [15].

7. Trién vong twong lai

Cung v6i cac HBOC, cac ché phim tir PFC
véi hiéu qua tri liéu cao va an toan dugc mong
doi s€ som c6 ing dung rong rai trén lam sang.
Dé lam duoc didu naycan phai vuot qua nhiéu
kho khan va thir thach. Thtr nhét, thoi gian ban
thai ngan va kha ning mang oxy ty 1& voi ap
sut riéng phan ciia khi da lam cho tng dung
cua PFC chi han ché trong nhiing truong hop
can cung cap OXy ftrong thorl gian ngan, tai
nhitng noi c6 ngudn cung cip oxy [40]. Thir
hai, can 4p dung cac k¥ thut bao ché hién dai
dé tang nong do PFC trong nht tuong, han ché
tac dung khong mong mudn (ddc biét cac bién
¢b nghiém trong nhu giam tiéu cau, dot quy),
kéo dai thoi gian tudn hoan trong mau dong thoi
giam thoi gian ton luu trong co thé, ting do bén
ctia ché pham. Thtr ba, thiét ké thi nghiém danh
gi4d kha niang van chuyén oxy hodc danh gia
mirc d6 diéu tri thanh cong, cac van dé dao dirc
trong 1am sang can phai duoc nghién ciru, cai
thién, tr @6 thu thap dugc nhitng théng tin 1am
sang hitru ich [1].

Hién nay PFC dang duoc nghién cliru voi
nhiing cach tiép cdn méi dang chi y. Nghién
clru bude dau cho thiy tac dung hiép ddng khi
phdi hop ca hai dang van chuyén oxy PFC va
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HBOC [41]. Nhii dich PFC dang dugc nghién
ctru ung dung voi cac muc dich khac nhu chin
doan hinh anh MRI va siéu am [39]. Cac dang
bao ché nhu nhil twong nuéc/PFC, dauw/PFC,
dau/PFC/nuée co thé phat trién thanh hé van
chuyén ca thude than dau va than nudc t6i phoi
mot cach dong déu, lap lai va co kiém soat [10].
Mot sb nghién ctru sir dung tiéu phan nano chira
PFC nhu la ta dugc mang oxy nhim chong ung
thy khang diéu tri trong diéu kién thiéu oxy
(hypoxia-associated cancer therapeutic
resistance) [42, 43]. Khong chi tng dung dé van
chuyén 0, va CO,, cac PFC ciing c6 thé duoc
ding trong diéu tri bénh khi ép khi lan bién ',
Hy vong cac nghién ctru vé& PFC s& sém thu
dugc nhirng két qua dot pha, dem lai nhiing tng
dung hitu ich cho nhan loai.
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Perfluorocarbon-Based Artificial Blood
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Abstract: Artificial bloods, also calledblood substitutes, are compounds used to fill fluid volume
and/or carry oxygen and other blood gases in the cardiovascular system. With many advantages
compared to donated blood, various compounds synthesized by chemical or biological methods have
been investigated for this purpose. Artificial bloods are categorized in two main groups. The first one
is composed of perfluorocarbon-based substances. These fluorinated hydrocarbon molecules are
capable of physically dissolving a large amount of oxygenin oxygen-rich environment and releasing
oxygen in oxygen-poor environment. The other group is hemoglobin-based blood substitute. This
review presents the physico-chemical properties, dosage formsof perfluorocarbon-based artificial
bloods. The clinical problems encountered when using perfluorocarbons as oxygen carriers are
also discussed.

Keywords: Perfluorocarbon-based, artificial blood, blood substitute, oxygen carrier.



