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Linh vuc ky thuat dwoce dé cip
Sang ché dé cip dén chat mang hoat chat sinh 1y (“hoat chét sinh hoc ).
Tinh trang ky thuat cia sang ché

Hé phan phéi thudc chi cong nghé duogc pham c6 thé phan phdi mot cach hidu qua
lwong thude mong mudn, vi du protein, axit nucleic hodc cc hop chét trong lwong phan tir
thép khac trong khi giam thiéu tac dung phu cua thudc hién c6 va tdi da hoa hiéu qua va
tdc dung cua ching. Cong nghé dugc mo ta & trén cho phép giam chi phi va thoi gian can
thiét dé phat trién céc thue méi gan day da try thanh mot linh vue mg dung trong cong
nghé cao tao ra cdc gid tri gia ting méi trong khoa hoc y té, ddng thoi két hop véi cong
nghé nano. Hon nta, tu cudi nhitmg nam 1980, cac nudc cong nghé tién tién nhu My va
Nhat Ban d3 tap trung phat trién hé phan phéi thude ciing nhu céc thudc méi hop tac véi

cac doanh nghiép, bao gom céc cong ty dugc pham dong vai tro chu chot,

Cho dén nay, cdc gen virut, protein tai td hop, liposom, polyme cation va céc loai
hat nano va vt liéu nano khac nhau da duoc su dung dé dua thudc vao té bao dong vat.
Tuy nhién, phat hién ring nhiéu liposom cation va polyme cation c6 ddc tinh manh dbi voi
t8 bao, do d6 ching khong phu hop dé 4p dung vao thuc hanh 1am sang. Hon nita, dé viéc
thim axit nucleic qua mang 6n dinh, phuong phép bién d6i héa hoc chudi chinh trong axit
nucleic cling d3 duoc thi nghiém. Tuy nhién, phuwong phap nhu vay rat tn kém, mat nhiéu
thoi gian va can mot qua trinh str dung nhiéu lao dong, do d6 khong phu hop cho cac ing
dung lam sang. Su nd luc déng ké dé phat trién mot hé phan phéi thude (drug delivery
system - DDS) bang cach sir dung cac loai hat nano khac nhau, bao gbm céc chdm luong
tir, hat tir tinh hodc hat nano vang. Vi dy, nghién ctru lién quan nhu "chat mang phéan phdi
thudc dé chan doan qua hinh anh sir dung cac hat silicon xOp va phuong phap san xuit
chung (patent Han Qudc da cong bd s6 2010-0117433)." Tuy nhién, cdc hat nhu vy co
nhuoc diém 1a gdy doc ddi véi té bao, cdu tric khong dé dé dwa vao phan tir sinh hoc nhu

axit nucleic va hiéu qua dua vao té bao thap.

Dé nghién ctru cac chitc ndng hodc su phan phdi ndi bao cua hoat chat sinh hoc

trong cac té bao, can phai cé hé phan phoi hiéu qua. Tuy nhién, van chua hoan thién viéc
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phat trién hé phan phdi cho muc dich chung c¢6 thé phan phoi pham vi réng cac hoat chat

P
sinh hoc, hé nhan va phan phéi luong 16n thude, hé giai phong thude duy tri, v.v..
Ban chét ky thuét cia sang ché
Vian dé ky thuat

Muc dich cua sang ché 1a dé xudt chat mang hoat chét sinh hoc dugc st dung cho

cac muc dich chung.

Muc dich khéc cua sdng ché 1a dé xuat chat mang hoat chat sinh hoc, ¢6 thé phén

phéi nhiéu loai hoat chat sinh hoc theo cach kéo dai.
Giai phéap ky thuat
1. Chét mang hoat cht sinh hoc, bao gém: hoat chét sinh hoc; va

hat silic dioxit xbp mang hoat chét sinh hoc nay, ¢ nhiéu 16 rong véi dudng kinh tir
Snm dén 100nm va c6 ‘t’ khong nhé hon 24, trong d6 ty 1& d6 hip thu dugc do theo phuong

trinh 1 dudi day la 1/2:
Phuong trinh 1
At/AO

trong do, Ao biéu thi d6 hap thu cta hat silic dioxit xép do duoc sau khi dat SmL
dich huyén pht chira Img/mL hat silic dioxit x6p trong mang thdm hinh tru c6 16 rong véi
duong kinh 50 kDa,

trong d6 15mL dung mdi tiép xtc v6i mang thim va thue chit gidng véi dich huyén
pht c6 mat bén ngoai mang thdm, cdc phan bén trong va bén ngoai cua mang thim duoc
khudy theo phuong ngang ¢ 37°C va 60 vong/phut,

dich huyén phu c6 do pH 7,4, va

trong d6A biéu thi do hap thu cua hat silic dioxit xdp do duoc ‘t’ gits sau khi do A0.

2. Chét mang hoat chit sinh hoc theo muc | néu trén, trong d6 dich huyén phu la
mot hodc nhiéu dich duoc chon tir nhém gém c6 nudc mudi dém phosphat (phosphate

buffered saline - PBS) va dich thé mé phong (simulated body fluid - SBF).

3. Chéat mang hoat chét sinh hoc theo muc 1 néu trén, trong d6 A; trong phuong trinh
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4. Chét mang hoat chét sinh hoc theo muyc 1 néu trén, trong d6 ‘t’ nim trong khoang

tir 24 dén 120.

5. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong do hat silic dioxit xép

c6 thé phan hiy sinh hoc.

6. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong do hat silic dioxit xép

¢6 “t” tir 70 dén 120, trong do ty 1& do hap thu do dugc theo phuong trinh 1 1a 1/5.

7. Chét mang hoat chit sinh hoc theo muc 1 néu trén, trong d6 hat silic dioxit xép

6 “t” tir 130 dén 220, trong d6 ty 1& dd hap thu do dugc theo phuong trinh 1 14 1/20.

8. Chat mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 hé sb tuong quan

Pearson giita ti 1€ cua do hép thu do duoc theo phuong trinh 1 va “t” 1a 0,8 hodc 16n hon.

9. Chat mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 duong kinh 16 réng

ndm trong khoang tir 7nm dén 30nm.

10. Chat mang hoat chét sinh hoc theo muc 1 néu trén, trong d6 hat silic dioxit xép

c6 dang hinh cau.

11. Chit mang hoat chét sinh hoc theo muc 1 néu trén, trong d6 duong kinh trung

binh cua hat silic dioxit xdp nam trong khoang tir 150nm dén 1000nm.

12. Chét mang hoat chét sinh hoc theo muc | néu trén, trong d6 hat silic dioxit xép

c6 dién tich bé mat BET ndm trong khoang tir 200 m?/g dén 700 m?/g.

13. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 hat silic dioxit Xép

c6 dién tich bé mat BET ndm trong khoang tir 300 m*/g dén 450 m*/g.

14. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 thé tich ctia hat silic

dioxit xép trén mdi gram ndm trong khoang tir 0,7mL dén 2,2mL.

15. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 thé tich cua hat silic

dioxit x6p trén mdi gram nim trong khoang tir 1,0mL dén 2,0mL.

16. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 hat silic dioxit xép
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17. Chét mang hoat chit sinh hoc theo muc 1 néu trén, trong d6 hat silic dioxit xép
duoc tich dién duong hodc am trén bé mit ngoai cua hat hodc bén trong 16 réng & d6 pH

trung tinh.

18. Chat mang hoat chét sinh hoc theo muc 1 néu trén, trong d6 hoat chét sinh hoc
la khong tan, va hat silic dioxit xép c6 nhom thé ky nudc trén bé mat ngoai cua hat hodc

bén trong 10 rong.

19. Chét mang hoat chit sinh hoc theo muc 1 néu trén, trong d6 hoat chét sinh hoc
la khong tan, va hat silic dioxit x6p c6 nhém thé ky nudc bén trong 16 rong va nhoém thé
wa nudce trén bé mat ngoai cua hat.

20. Chat mang hoat chat sinh hoc theo muc 1 néu trén, trong d6 hoat chét sinh hoc
duoc tich dién 4m & do pH trung tinh, va hat silic dioxit Xép duoc tich dién duong trén bé
mat ngoai cua hat hodc bén trong 16 rong & do pH trung tinh.

21. Chét mang hoat chat sinh hoc theo muc 1 néu trén, trong dé hoat chét sinh hoc
duoc tich dién duong ¢ do pH trung tinh, va hat silic dioxit xép duoc tich dién am trén bé
mat ngoai cta hat hodc bén trong 16 rdng ¢ do pH trung tinh.

22. Chét mang hoat chit sinh hoc, bao gém: hoat chit sinh hoc; va hat silic dioxit
x6p hinh cau mang hoat chit sinh hoc nay, c6 nhiéu 16 rdng véi duong kinh hat tir 150nm
dén 500nm va duong kinh tir 7nm dén 30mm, va

¢4 ‘t’ nam trong khoang tur 24 dén 120, trong do ty 1€ do hép thu do duoc theo

phuong trinh 2 dudi day 1a 1/2:
Phuong trinh 2
At/AO

trong do, Ao biéu thi do hép phu cua hat silic dioxit Xép do duoc sau khi dat SmL
dich huyén phu chira 1 mg/mL hat silic dioxit x6p trong mang tham hinh tru c6 16 rong véi

dudng kinh 50 kDa,

trong d6 15mL dung mot tiép xtic véi mang thAm va thuc chat giéng véi dich huyén
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dich huyén phu 1a PBS hoac SBF va c6 dd pH 7,4, va
trong do Ay biéu thi do hép thu cua hat silic dioxit Xép do duogc ‘t’ gio sau khi do Ao.

23. Chét mang hoat chat sinh hoc theo muc 22 néu trén, trong d6 hat silic dioxit Xép
¢6 dién tich b& mit BET nim trong khoang 300 m2/g dén 450 m?/g, va thé tich trén mdi g

nam trong khoang 1,0mL dén 2,0mL.

24. Chat mang hoat chit sinh hoc theo muc 22 néu trén, trong d6 hoat chét sinh hoc
la khong tan, va hat silic dioxit xép c6 nhom thé ky nudce trén bé mat ngoai cua hat hodc

bén trong 16 rong.

25. Chét mang hoat chat sinh hoc theo muc 22 néu trén, trong d6 hoat chét sinh hoc
la khong tan, va hat silic dioxit x6p ¢6 nhém thé ky nude bén trong 16 rdng va nhém thé

uva nudc trén bé mat ngoai cua hat.

26. Chat mang hoat chat sinh hoc theo muc 22 néu trén, trong d6 hoat chat sinh hoc
duoc tich dién Aam ¢ d6 pH trung tinh, va hat silic dioxit xép duoc tich dién duong trén bé

mit ngoai ctia hat hodc bén trong 16 rong & dd pH trung tinh.

27. Chét mang hoat cht sinh hoc theo muc 22 néu trén, trong d6 hoat chét sinh hoc
duoc tich dién duong & dd pH trung tinh, va hat silic dioxit xép duoc tich dién am trén bé

mat ngoai cua hat hodc bén trong 16 rong ¢ dd pH trung tinh.

28. Phuong phép san xuat chét mang hoat chat sinh hoc, bao gom viée cho hat silic

dioxit xOp tiép xuc v4i hoat chat sinh hoc trong dung moi.

29. Phuong phdp theo muc 28 néu trén, trong d6 dung moi la mot hodc nhiéu loai
duoc chon tir nhom gém c6 nudce, cloroform, metylen clorua, cacbon tetraclorua, 1,2-
dicloetan, dicloetylen, tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-
dibrometan, axeton, metyl isobutylketon, xyclohexanon, benzen, toluen, xylen, N,N-
dimetyl formamit, N,N-dibutylformamit, N,N-dimetylaxetamit, N-metylpyrolidon,
metanol, etanol, propanol, butanol, PBS, SBF, nudc mudi dém borat va nudc mudi dém

tris.
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30. Phuong phép theo muc 28 néu trén, trong do ti 1€ trong lugng cua hat silic dioxit

o0

Xép vo1 hoat chét sinh hoc 1a 1 : 0,05 dén 0,

31. Phuong phap phan phdi hoat chat sinh hoc, bao gom viéc ding ngoai dudng tiéu
héa chit mang hoat chét sinh hoc theo muc bat ky trong s6 cac muc tir 1 d&én 27 cho timg

d6i twong.

32. Phuong phap theo muc 31 néu trén, trong d6 viéc dung ngoai duong ti€u hoa la
trong héc mét, trong mat, truyén, trong ddng mach, trong khép, trong tim, trong da, trong
co, trong mang bung, trong phdi, trong tiry sdng, trong xurong tc, trong vo, trong tir cung,
tinh mach, dudi mang nhén, dudi bao, dudi da, dung qua niém mac hodc dung qua cac bo

phan.
Hiéu qua c6 loi cua sang che

Chét mang hoat chat sinh hoc theo sing ché c6 thé bao gom hat silic dioxit x6p
mang hoat chét sinh hoc, dugc phan huy cham in vivo, do vdy viéc phan phéi thudc theo

cach duy tri.

Chét mang hoat chat sinh hoc theo sing ché ¢ thé bao gbm hat silic dioxit xop
mang (chang han, mang) hoat chét sinh hoc, duoc phan hiy hoan toan in vivo, do vay aé

phan phdi hoan toan hoat chét sinh hoc duge mang trong co thé sdng.
Chat mang hoat chat sinh hoc theo séng ché ¢6 thé duoc ding ngoai dudng tiéu hoa.

Chét mang hoat chat sinh hoc theo sang ché c6 thé phan phoi nhiéu loai thudc theo

cach duy tri.

MB& ti vin tit cac hinh vé
Fig.1 1a vi anh thé hién hat silic dioxit x6p theo mdt phuwong 4n cua sang ché.
Fig.2 12 vi anh thé hién hat silic dioxit x6p theo mdt phuong 4n cua sdng ché.

Fig.3 1a vi anh thé hién hat x6p min dugc tao ra trong qud trinh san xuat hat silic

dioxit x0p theo mot phuong an cua sang che.
Fig.4 1a vi anh thé hién hat x6p min theo mot phuong an cua sang che.

Fig.5 1 vi anh thé hién hat silic dioxit x5p theo dudng kinh 15 réng theo mét phuong
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an cta sang ch

O day, phuong tién phan phéi phan hity durge (degradable delivery vehicle - DDV)
chi hat minh hoa, trong d6 chit $6 trong dau ngoac biéu thi duong kinh hat va chit sd & chi
56 dudi biéu thi duomg kinh 16 réng. Vi du, DVD(200)10 nghia la hat minh hoa c6 duong

kinh hat 200nm va dudng kinh 16 réng 10nm.

Fig.6 1a vi 4nh minh hoa nhin dang su phan huy vi sinh vt cta hat silic dioxit x6p
theo mot phuong an cla sang ché.

Fig.7 minh hoa 6ng vO1 mang tham hinh tru theo mot vi du.

Fig.8 minh hoa sy gidam do hép thu theo thoi gian cua hat silic dioxit Xép theo mot
phuong an cta sang ché.

Fig.9 minh hoa su giam do hap thu theo dwdng kinh hat theo thoi gian cua hat silic
dioxit xdp theo mot phuwong 4n cla sang ché.

Fig.10 minh hoa viéc giam do hép thu theo duong kinh 15 rong theo thoi gian cua
hat silic dioxit x6p theo mot phuong én cua sing ché.

Fig.11 minh hoa sy giam dd hap thy theo d6 pH trong mdi trudng theo thoi gian cla
hat silic dioxit x5p theo mét phwong 4n cua sang ché.

Fig.12 minh hoa sy giam dd hap thu theo thoi gian cua hat silic dioxit x6p theo mot
phuong an cua sang ché.

Céc hinh v& tir Fig.13 dén Fig.17 minh hoa bién dang giai phong theo thoi gian cua
hoat chét sinh hoc, twong Umg, dugc mang trén hat silic dioxit xép theo mot phuong an cua
sang ché.

Fig.18 minh hoa dng sir dung dé x4c nhan sy gidi phong hoat chét sinh hoc theo mot
vi du.

Céc hinh v& tir Fig.19 dén Fig.25 minh hoa bién dang giai phong theo thoi gian cua
hoat chét sinh hoc, twong ung. dugc mang trén hat silic dioxit Xép theo mdt phuong an cua
sang ché.

Fig.26 14 vi anh thé hién két qua mang protein Cas9 trén hat silic dioxit x6p theo

mot phuong an cua sang ché, sau d6 phan phoi protein nay vao té bao.

-
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theo moét phuong 4n cua sang ché, sau d6 phat hién sy gidi phong siARN trong chudt.
MG ta chi tiét sang ché
Chat mang hoat chat sinh hoc theo sang ché ¢6 thé bao gém: hoat chit sinh hoc; va

hat silic dioxit xbp mang hoat chét sinh hoc nay va c6 nhiéu 16 rong v6i duong kinh Snm

dén 100nm.
Hoat chat sinh hoc

Hoat chét sinh hoc la chat ¢6 hoat tinh sinh 1y /chit kiém soat chic nang sinh hoc
dugc mang trén hat silic dioxit Xép va dugc phan phéi dén tung ddi tuong dé biéu hién
hoat tinh, chét nay co thé déng vai tro cua chat ¢6 hoat tinh diéu tri bénh c6 kha ning tao
ra hiéu qua truc tiép, gian tiép, chita bénh, sinh 1y va/hodc duogc 1y ddi véi co quan cua

nguoi hode dong vat.

Chét c6 hoat tinh diéu tri nhu mé ta & trén c6 thé bao gém, vi du, thudc thdng thudng,
duoc phém, duoc chét hodc tién duoc chat, nhom hudng dich, dugce chét hodc tién duoc

chat chira nhém huéng dich.

Cu thé hon, chét c6 hoat tinh diéu tri co thé bao gém, vi du: thudc tim mach, cu thé,
thuéc chdng tang huyét ap (ching han, thudc chen kénh canxi hodc chét dbi khang canxi)
va thudce chéng loan nhip tim; thude suy tim sung huyét; thude co co; thude gidn mach;
chit e ché ACE; thude loi tiéu; chat e ché anhydrat khir oxy; glycosit tim; chat e ché
phosphodiesteraza; thude chen; thude chen B; thudc chen kénh natri; thude chen kénh kali;
chat chu van B-adrenergic; chat e ché tiéu cau; chat ddi khang angiotensin II; thudc chong
dong tu; thude tan huyét khéi; thude chay mau; thudc thiéu mau; chét (e ché thrombin;
chéit diét ky sinh tring; tic nhan khang khuan; tac nhan khéng viém, cu thé, tic nhan khéng
viém khong phai steroid (NSAID), cu thé hon, chit tc ché COX-2; thudc chéng viém
steroid; tac nhan khang viém phong bénh; tic nhan phong bénh ting nhén ap; chét 6n dinh
dudng bao; thudc lam g1an déng tr; thude tac dong dén hé ho hép ; thude viem mi di ung;
chét dbi khang alpha-adrenergic; thudc corticosteroid; thude phdi tic nghén man tinh; chat
trc ché xantin-oxidaza; tac nhan chéng viém khép; tdc nhan diéu tri bénh gut; thude da tac

dung va chit dbi khéng thudc da tac dung; tic nhan chdng bénh lao; tdc nhan khang nim;
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virut phong bénh duong hd hap, herpes, cytomegalovirut, virut gdy suy giam mién dich &
nguoi va su lay nhiém bénh viém gan; tac nhan diéu tri sacom Kaposi va bénh bach cau;
thc nhan kiém soét chung dau, cu thé, thudc gy mé va thude giam dau, cac opioid bao gdm
chit cha van thu thé opioid, chit cha van mot phﬁn thu thé opioid, chét dbi khéng opioid,
chét ddi khang chu van hdn hop thu thé opioid, chéng han; thudc an than; thudckich thich
than kinh giao cam; chét dbi khang adrenergic; thudc dan truyén than kinh téc dong dén su
thu va phat chat dan truyén than kinh; chét kich thich chéng tac dong kiéu colin; tdc nhan
diéu tri chéng hemorrhoid; btrc xa hodc tac nhan phong ngura hodc diéu tri v6i hiéu qua
diéu tri ctia hoa tri liéu; chit tao m&; tic nhan giam md; thude chéng béo phi nhu chét e
ché lipaza; tac nhan kich thich than kinh giao cam; tac nhan diéu tri loét va viém da day
nhu chit e ché bom proton; prostaglandin; chit ttc ché VEGF; tac nhan chong rdi loan
md mau, cu thé, statin; thude tac dong dén hé than kinh trung wong (central nervous system-
CNS) nhu thude chéng loan than, thube dong kinh va thude chong con dong kinh (thude
chéng co giat), thudc 1am tinh than tich cuc, chét kich thich, thude chéng lo au va thude
ngu,; thude chéng trAm cam; thudc chéng bénh parkinson; hormon va doan cua nd nhu
hormon gi6i tinh; chat d61 khang hormon sinh trudng; hormon giai phong gonadotropin va
c4c chat tuong tu ctia ching; hormon steroid va chét ddi khéng cua ching; chit diéu bién
estrogen chon loc; yéu to sinh trudng; thudc chéng dai thio duong nhu insulin, doan
insulin, chit twong tu insulin, peptit gidng glucagon va thudc ha duong huyét; khang
histamin HI1, H2, H3 va H4; peptit, protein, polypeptit, axit nucleic, va thude
oligonucleotit; chit tuong tw, doan va bién thé nhu protein tu nhién, polypeptit,
oligonucleotit va axit nucleic; thudc st dung dé diéu tri ching dau nua dau; thude chéng
hen; chat d¢di khang tiét axetylcholin; glucocorticoit; androgen; khang androgen; chat wc
ché sinh tong hop adrenocorticoit; thudc diéu tri bénh lodng xwong nhu biphosphonat; chat
khang tuyén giap; kem chéng ning, chit bao vé ngin ngtra va loc UV; chat dbi khang
xytokin; thude chéng u; thude chéng bénh Alzheimer; chit e ché HMGCoA reductaza;
fibrat; chat (e ché hap thu cholesterol; tdc nhan nang cholesterol HDL; tic nhan giam
triglyxerit; tdc nhan chéng ldo héa hoic chéng nép nhan; protein nhu colagen va elastin,
tac nhan khang khuén; tic nhan chéng mun tring ca; chét chéng oxy hda; tac nhan diéu tri

toc va tring da; bién thé ctia apolipidoprotein ctia ngudi; phan tir tién chit dé tao hormon;
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protein va peptit clia ching; axit amin; chiét xuAt thuc vat nhu chiét xuat hat nho; DHEA;
isoflavon; cac chat dinh dudng bao gdm vitamin, phytosterol va iridoid glycosit,
sesquicarbonat lacton, terpen, phenolic glycosit, triterpen, din xuit hydroquinon,
phenylalkanon; chat chdng oxy héa nhu retinol va retinoid khac bao gdm axit retinoic va
coenzym Q10; axit béo omega-3; glucosamin; axit nucleic, oligonucleotit, thudce chéng roi
loan tri gidc; enzym; coenzym, chat twong tir xytokin; chat chu van xytokin; chat d6i khang
xytokin; globulin mién dich; khing thé; thude khang thé; tdc nhan diéu tri gen; lipoprotelin;
erythropoietin; vacxin; tdc nhan diéu tri phén tir nho dé diéu tri hodc phong nglra cac bénh
& nguoi va dong vat nhu di ung/hen, viém khép, ung thu, tiéu duong, rdi loan sinh truong,
roi loan tim mach, viém nhiém, roi loan mién dich, rung téc, dau nhirc, bénh vé mit, dong
kinh, rdi loan phu khoa, réi loan CNS, nhiém virut, nhiém khuén, nhiém ky sinh, bénh GI,

béo phi va cac bénh ve méu, v.v., nhung khong chi giéi han & cdc bénh nay.

Chét ¢ hoat tinh didu tri c6 thé 1a chét co hoat tinh bd sung bao gom, vi du,
erytropoietin (EPO), thrombopoietin, xytokin nhu interleukin (bao gb6m IL-1 dén 1L-17),
insulin, yéu td sinh truong tuong ty insulin(bao gb6m IGF-1 va IGF-2), yéu t6 sinh truong
biéu bi (EGF), yéu té sinh truong chuyén dang (bao gdm TGF-alpha va TGF-beta), hormon
sinh trudmg cua nguoi, transferin, lipoprotein ty trong thap, lipoprotein ty trong cao, leptin,
VEGF, PDGF, yéu t6 dinh dudng than kinh c6 16ng mao, prolactin, hormon huéng vo
thuong than (ACTH), calcitonin, chrorionic gonadotropin ctia ngudi, cortisol, estradiol,
hormon kich thich nang (FSH), hormon kich thich tuyén giap (TSH), hormon lutein hoa

(LH), doc t0 bao gdm progesteron, testosteron, rixin, v.v..

Chét ¢ hoat tinh diéu tri ¢6 thé duge chon tir nhom thude dé diéu tri cac bénh ung
thur va bién ddi t& bao hodc mo. Ché pham didu tri phit hop c6 thé bao gdm tic nhan chéng
ung thu, vi du: alkyl sulfonat nhu busulfan, improsulfan, piposulfan, v.v., tac nhan alkyl
hoa bao gém benzodepa, carboquon, meturedepa, aziridin nhu uredepa, v.v; altretamin,
trietylen melamin, trietylen phosphoramit, trietylen thiophosphoramit, etylenimin nhu
trimetylolmelamin, va metyl melamin; clorambuxil, clornaphazin, xyclophosphamit,
estramustin, ifosfamit, mecloetamin, mecloetamin oxit, mecloetaminoxit hydroclorua,
melphalan, novembichin, phenesterin, prednimustin, trofosfamit, tdc nhan goi la mu tac

nito nhu mu tac uraxil ; hop chat nitroso-ure nhu carmustin, clozotoxin, fotenmustin,
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lomustin, nimustin, ranimustin; dacarbazin, mannomustin, mitobranitol, mitolactol;
pipobroman; sorafenib; doxorubixin va cis-platinum va dan xuat cua chung, va tohgp

va/hodc dan xuat bat ky cua cac chat trén.

Chét c6 hoat tinh diéu tri c6 thé duoc chon tir nhém gém c6 tac nhan khéng virut va
tac nhan khang khudn, nhu aclaxinomyxin, actinomyxin, antramyxin, azaserin, bleomyxin,
cuctinomyxin, carubixin, carzinophilin, chromomyxin, ductinomyxin, daunorbixin, 6-
diazo-5-oxn-1-norieucin, doxorubixin, epirubixin, mitomyxin, mycophenolsaure,
mogalumyxin, olivomyxin, peplomyxin, plicamyxin, porfiromyXin, puromyxin,
streptonigrin, streptozoxin, tuberxidin, ubenimex, zinostatin, zorubixin, aminoglycosit,

polyen hodc khang sinh macrolid, va t6 hop va/hodc dan xudt bat ky ctia cac chat trén.

Chét ¢6 hoat tinh diéu tri ¢ thé duoc chon tir: endostatin, angiostatin, interferon,
yéu to tiéu cau 4 (PF4), thrombospondin, yéu tb sinh truéng chuyén dang beta, chat trc ché
md cua metalloproteinaza-1, -2 va -3 (TIMP-1, -2 va -3), TNP-470, marimastat, neovastat,
BMS-275291, COL-3, AG3340, thalidomit, squalamin, combrestastatin, thudc 1lam nhay
phong xa nhu SU5416, SU6668, [FN-[alpha], EMD121974, CAI IL-12 va IM-862, thude

khang viém steroid hodc khong steroid, hodc cac dang bao ché cho sy hinh thanh mach, va

t0 hop va/hodc dan xuat cua cac chat trén.

Chét c6 hoat tinh diéu tri c6 thé duoc chon tir nhém bao gém axit nucleic. V& van
dé nay, vi du, dé mang lai hiéu qua cua liéu phap gen hodc d6i nghia, thut ngt “axit
nucleic” ¢6 thé bao gom oligonucleotit chia it nhit hai nucleotit lién két véi nhau théng
qua lién két cong hoa tri. Axit nucleic t6t hon ¢6 lién két phosphodieste. Theo cach khéc,
céc chat twong tu ¢6 khung xuong khac nhau, tuong ting, ciing dugc bao gdm. Céc chat
tuong tuw co thé bao gdm khung xuong, vi du, phosphoramit, phosphorothioat,
phosphorodithioat, hop chat O-metyl phosphoroamidit, va khung xwong peptit-axit nucleic
va hop chat cta chimg. Céc chét twong tur khac c6 thé ¢6 khung xuong ion, khung xuwong
khong ion, hodc khung xuwong khong riboza. Axit nucleic ¢ mot hodc nhiéu duong thude
vong cacbon co thé phu hop lam axit nucleic duge st dung trong sang ché. Ngoai viéc lua
chon axit nucleic va chét trong tu axit nucleic dugc biét dén trong linh vuc k¥ thudt nay,
axit nucleic va chét twong tu axit nucleic duge tao ra trong tu nhién hodc t6 hop bat ky cla

hon hop axit nucleic va chét twong tu axit nucleic cling ¢6 thé duoc ap dung
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hé bao gom, vi dy, everolimus, tacrolimus, sirolimus,

ﬂ))

Chét c6 hoat tinh d iéu tri ¢6 th
mycofenolat-mofetil, rapamyxin, paclitaxel, actinomyxin D, angiopeptin, batimastat,
estradiol, VEGF, statin, v.v, va dan xuét ctia chung va céc chét trong tu, ma cod thé st dung
lAm chét Chéng di dong, chéng tang sinh, c ché mién dich, chéng viém hodc tac nhan tai

tao mang trong.

Chét ¢ hoat tinh diéu tri ¢6 thé bao gdm thu thé opioid, cht chi van va chat ddi
khang, hop chat thé hién hoat tinh hdn hop chii van/déi khing va hop chat thé hién hoat
tinh chi vin mot phan, vi du, morphin, depot morphin, atropin, diaxetyl morphin,
hydromorphin, oxymorphon, levorphanol, metadon, levometadyl, meperidin, fentanyl,
sufentanil, alfentanil, codein, hydrocodon, oxycodon, thebain, desomorphin, nicomorphin,
dipropanoyl morphin, benzyl morphin, etyl morphin, pethidin, metadon, tramadol,
dextropropoxyphen; naloxson va naltrexon; buprenorphin, nalbuphin, butorphanol,

petazoxin va etylketoxyclazoxin.

Chét ¢6 hoat tinh diéu tri va to hop cua chung co thé duoc chon tir, vi du: heparin,
chat twong tu heparin tdng hop (ching han, fondaparinux), hirudin, chét chong ddng mau
II1, drotrecogin alpha; chat phan huy fibrin nhu alteplaza, plasmin, lysokinaza, yéu t6 VIla,
prourokinaza, urokinaza, anistreplaza, streptokinaza, v.v.; chét re ché két tap tiéu cau nhu
axit axetylsalixylic [aspirin], ticlopidin, clopidogrel, abxiximab, dextran, v.v;
corticosteroid nhu alclometason, amcinonit, betamethason tang cudng, beclometason,
betametason, budesonit, cortison, clobetasol, clocortolon, desonit, desoximetason,
dexametason, floxinolon, floxinonit, flurandrenolit, flunisolit, fluticason, halxinonit,
halobetasol, hydrocortison, metylprednisolon, mometason, prednicarbat, prednison,
prednisolon, triamxinolon, v.v.; thude gol la chéng viém khdng steroid (NSAID) nhu
diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen, ibuprofen, indometaxin,
ketoprofen, ketorolac, meclofenamat, axit mefenamic, meloxicam, nabumeton, naproxen,
oxaprozin, piroxicam, salsalat, sulindac, tolmetin, xelecoxib, rofecoxib, v.v.; cac thude kim
té bao, bao gbm alkaloit nhu vinblastin, vincristin, v.v. va doc t6 podophyllum, v.v.; khang
sinh gdy doc té bao nhu daunorbixin, doxorubixin, cdc anthraxyclin khdc va cdc chét lién
quan, bleomyxin, mitomyxin, v.v.; chat chdng chuyén héa, nhu chét tuong tu axit folic,

chét tuong ty purin hodc chét trong tw pyrimidin, v.v.; paclitaxel, doxetaxel, sirolumus;
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hop chat platin nhu car
imatinib, topotecan, interferon-alpha 2a, interferon-alpha 2b, hydroxycacbua, miltefosin,
pentostatin, porfimer, aldesleukin, bexaroten, tretinoin; chat chéng androgen va chéng
estrogen; thudce chéng loan nhip tim, bao gém thudc chéng loan nhip tim loai quinidin, cu
thé, thudc chdng loan nhip tim typl nhu quinidin, diisopyramit, ajmalin, prajmalium
bitartrat, detajmium bitartrat, v.v.; thude chéng loan nhip tim loai lidocain, vi du, lidocain,
mexiletin, phenytoin, tocainid, v.v.; thube chéng loan nhip tim typ Ic, vi du, propafenon,
flecainid (axetat), v.v.; thudc chen thu thé beta chéng loan nhip tim nhém II nhu
metoprolol, esmolol, propranolol, atenolol, oxprenolol, v.v.; thude chéng loan nhip tim typ
[T nhu amiodaron, sotalol, v.v.; thude chéng loan nhip tim typ IV nhu diltiazem, verapamil,
gallopamil, v.v.; cac thudc chéng loan nhip tim khdc nhu adenosin, orxiprenalin,
ipratropium bromua, V.v.; C4c ché pham kich thich sy tao mach trong co tim nhu yéu té
sinh trréng mang trong mach (VEGF), yéu t6 sinh trudng nguyén bao soi co s6 (bFGF),
ADN khong virut, ADN virut, yéu t6 sinh trueong mang trong, v.v.; FGF-1, FGF-2, VEGF,
TGF; thudc khang sinh, khéng thé don dong, khang calin; té bao gdc, té bao tién than noi
mac (EPC); glycosit chita suy tim nhu axetyl digoxin/metyl digoxin, digitoxin, digoxin,
v.v.; glycosit tim nhu ouabain, proscillaridin, v.v.; thubc chéng ting huyét 4p, vi du,
metyldopa, chét cht van thu thé imidazolin nhu hoat chét khang adrenergic CNS, v.v,;
thudc chen kénh canxi loai dihydropiridin nhu nifedipin, nitrendipin, v.v.; chét trc ché ACE;
quinaprilat, cilazapril, moexipril, trandolapril, spirapril, imidapril; chit chi van
angiotensin II; candesartancilexetil, valsartan, telmisartan, olmesartanmedoxomil,
eprosartan; thude chen thu thé alpha hoat tinh ngoai vi nhu prozosin, urapidil, doxazosin,
bunazosin, terazosin, indoramin, atc.; vaspdilatator nhu dihydralazin, diisopropylamin
dicloraetat, minoxidil, natri nitroprussit, v.v.; thudc chéng ting huyét 4p khac nhu
indapamit, co-dergocrin mesylat, dihydroergotoxin metansulfonat, cicletanin, bosetan,
fludrocortison, v.v.; chét e ché phosphodiesteraza nhu milrinon, enoximon va, cu thé,
thudc chéng tang huyét ap nhu cac chat gay tiét adrenalin va chat gay tiét dopamin, vi du,
dobutamin, ephinephrin, etilefrin, norfenefrin, norepinephrin, oxilofrin, dopamin,
midodrin, pholedrin, ameziniummetil, v.v.; chit chu van thu thé adrenalin cuc bd nhu
dihydroergotamin; cac xytokin viém nhur fibronectin, polylysin, etylen vinyl axetat, TGF,

PDGF, VEGE, bFGF, TNFa, NGF, GM-CSF, IGF-a, IL-1, IL-8, IL-6, hormon sinh trudng,
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v.v.; chét bam dinh nhu xyanoacrylat, beryllium, silic dioxit, v.v.; yéu té sinh trwdng nhu
erythromyxin, cdc hormon nhu corticotrophin, gonadotropin, somatropin, thyrotrophin,
desmopressin, terlipressin, pxytocin, cetrorelix, corticorelin, leuprorelin, triptorelin,
gonadorelin, ganirelix, buserelin, nafarelin, goserelin, v.v., va peptit diéu hoa nhu
somatostatin, octreotit, v.v.; peptit kich thich xuwong va sun, BMP-2 tai to hop cua nguot
(thBMP-2), BMP tai t6 hop nhu bisphophonat (ching han, riseddronat, pamidronat,
ibandronat, axit zoledronic, axit clodronic, axit etidronic, axit alendronic, axit tiludronic),
protein tao hinh xwong (bone morphogenetic protein-BMP) bao gom cac florua nhu dinatri
flophosphat, natri florua, v.v.; calcitonin, dihydrotachystyrol; yéu t6 sinh truong biéu bi
(epidermal growth factor-EGF), yéu td sinh trudng c6 ngudn gbc tiéu cau (PDGF), yéu to
sinh truéng nguyén bao soi (FGF), yéu to sinh tredngchuyén dang-b (TGF-b), yéu td sinh
treong chuyén dang-a (TGF-a), erythropoietin (EPO), yéu t6 sinh trudng twong tu insulin-
I (IGF-D), yéu tb sinh truong twong tw insulin-IT (IGE-II), interleukin-1 (IL-1), interleukin-
2 (IL-2), interleukin-6 (IL-6), interleukin-8 (IL-8), yéu td hoai tir khoi u-a (TNF-a), yéu t6
hoai tit khéi u-b (TNE-b), interferon-g (INF-g), yéu t kich thich khuan lac (CSF); protein
hudng hoa bach cau don nhan, yéu t6 kich thich nguyén bao soi 1, histamin, fibrin hoéc
fibrinogen, endothelin-1, angiotensin II, colagen, bromeriptin, metysergit, metotrexat,
cacbon tetraclorua, thioaxetamit va etanol; hon nita, bac (ion), titan dioxit, cu thé, vi du,
penixilin nhay v&i B-lactamaza nhu benzyl penixilin (penixilin G), phenoxymetyl-penixilin
(penixilin V); vi du, penixilin khédng B-lactamaza nhu amoxixilin, ampixilin, bacampixilin,
v.v.; axylamino penixilin nhu mezloxilin, piperaxilin, v.v; carboxyl penixilin nhu
cefazolin, cefuroxim, cefoxitin, cefotiam, cefaclor, cefadroxil, cefalexin, loracarbef,
cefixim, cefuroximaxetil, ceftibuten, cefpodoximproxetil, v.v.; aztreonam, ertapenem,
meropenem,; chdt wc ché p-lactam nhu sulbactam, sultamixilintosylat, v.v.;
tetraxyclinxyclin nhu doxyxyclin, minoxyclin, tetraxyclin, chrotetraxyclin, oxytetraxyclin,
v.v.; aminoglycosit nhu gentamixin, neomyxin, streptomyxin, tobramyxin, amikaxin,
netilmixin, paromomyxin, framyceetin, spectinomyxin, v.v.; khdng sinh macrolit nhu
azithromyxin, clarithromyxin, erythromyxin, roxithromyxin, spiramyxin, josamyxin, v.v.;
lincosamit nhu clindamyxin, lincomyxin, v.v.; chét tc ché gyraza nhu floquinolon, vi du,
xaxinciprofloxaxin, ofloxaxin, moxifloxaxin, norfloxaxin, gatifloxaxin, enoxaxin,

fleroxaxin, levofloxaxin, v.v.; quinolon nhu axit pipemidic; sulfonamit, trimethoprim,
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sulfadiazin, sulfalen; khang sinh glycopeptit nhu vancomyxin, teicoplanin, v.v.; khan

polypeptit nhu colistin, polymyxin, vi du, polymyxin-b, v.v., dAn xuét nitroimidazol, vi du,
metronidazol, tinidazol, v.v.; aminoquinolon nhu cloquin, mefloquin, hydroxycloquin, v.v.;
biguanid nhu proguanil; quinin alkaloit nhu pyrimetamin, va diaminopyrimidin;
amphenicol nhu cloramphenicol; rifabutin, dapson, axit fusidic, fosfomyxin, nifuratel,
telithromyxin, fusafungin, pentamidin diisethionat, rifampicin; taurolidin, atovaquon,
linezolid, v.v.; kim virut nhu xicloviraxiclovir, ganxiclovir, famxiclovir, foscarnet, 1onsin-
(dimepranol-4-axetanidobenzoat), valganxiclovir, valaxiclovir, cidofovir, brivudin, v.v.;
chat e ché phién ma nguoc twong tu nucleosit hoat chat chdng retrovirut va dan xuat nhur
lamivudin, zalxitabin, didanosin, zidovudin, tenofovir, stavudin, avacavir, v.v.; chét (e ché
phién ma nguoc khong nucleosit; amprenavir, indinavir, saquinavir, lopinavir, ritonavir,
nelfinavir; amantadin, ribavirin, zanamivir, oseltamivir, lamivudin, va td hop bat ky cua

ching va hon hgp cta chung

Chét ¢6 hoat tinh diéu tri c6 thé bao gém, vi du, thude chéng trdm cam, Chéng loan
than kinh hodc thudc chéng lo au, nhu alprazolam, amoxapin, bentazepam, bromazepam,
clorazepin, clobazam, clotiazepam, diazepam, lorazepam, flunitrazepam, flurazepam,
lormetazepam, medazepam, nitrazepam, oxazepam, temazepam, maprotillin, mianserin,
notriptyline, risperidon, sertralin, trazodon, baloperidol, trimipramin maleat fluoxetin,
ondansetron, midazolam, clorpromazin, haloperidol, triazolam, clozapin, florpromazin,
fluphenazin decanoat, fluanison, perphenazin, pimozit, prochlorperazin, sulfirit,
thioridazin, paroxetin, citalopram, bupropion, phenelzin, olanzapin, divalprox natri va

venlafaxin.

Chét ¢6 hoat tinh diéu tri c6 thé bao gdm, vi du, cht chu van va chat ddi khang thu
thé opioid, hop chét thé hién hoat tinh két hop chu van/ déi khang, va hop chat thé hién
hoat tinh cuc bd, nhu morphin, depot morphin, etorphin, diaxetyl morphin, hydromorphin,
oxymorphon, levorphanol, metadon, levomethadyl, meperidin, fentanyl, sufentanil,
alfentail, codein, hydrocodon, oxycodon, tevin, desomorphin, nicomorphin, dipropanoyl
morphin, benzyl morphin, etyl morphin, pethidin, tramadol, dextropropoxyphen; naloxon

va naltrexon; buprenorphin, nalbuphin, butorphanol, pentazoxin va etyl ketoxyclazoxin.

Chét c6 hoat tinh diéu tri c6 thé bao gdm, vi du, hop chat ba vong, nhu azothiophen,
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amitriphthylin, famotidin, pr omethazin, paroxatin, oxycarbazepin va mirtazapin.

Chét c6 hoat tinh diéu tri co thé bao gém, vi du, thude chéng tiéu duong, nhu
axetohexamit, clorpropamit, glibenclamit, gliclazit, glipizit, metformin, tolazamit,

glyburit, glimepirit va tolbutamit.

Chét ¢6 hoat tinh diéu tri ¢co thé bao gém,' vi du, thudc chéng dong kinh, nhu
beclamit, carbamazepin, gabapentin, tiagabin, vigabatrin, topiramat, clonazepam, ethotoin,
methoin, methsuximit, metyl phenovabiton, oxycarbazepin, paramethadion, phenaxemit,
phenovabiton, phenyloin, phensuximide, primidon, sultiamin, natri phenytoin,
nitrofurantoin monohydrat, gabapentin, lamotrigin, zonisamit, ethosuximit va axit

valproic.

Chat ¢6 hoat tinh didu tri c6 thé bao gdm, vi du, thubc ngi/giam dau va/hodc thude
gidn co, nhu zolpidem tartrat, amylobabiton, babiton, butobabiton, pentobabiton,
brotizolam, carbromal, clordiazepoxit, clormethiazol, ethinamat, meprobamat,
metacualom, xyclobenzapren, xyclobenzaprin, tizanidin, baclifen, butalbital, zopiclon,

atracurium, tubocurarin va phenobarbital.

Chit c6 hoat tinh diéu tri c6 thé bao gdm, vi du, cht chéng ném, chat chéng nguyén
sinh déng vat hodc chat diét ky sinh trung, nhu: amphoterixin, butoconazol nitrat,
clotrimazol, econazol nitrat, fluconazol, flucytosin, glyceofluvin, itraconazol, ketoconazol,
miconazol, natamyxin, nystatin, sulconazol nitrat, terconazol, tioconazol va axit udecenoic;
benznidazol, clioquinol, decoquinat, diiodo hydroxyquinolin, diloxanit furoat, dinitolmit,
furazolidon, metronidazol, nimorazol, nitrofurazon, ornidazol, terbinafin, clotrimazol,

chloroquin, mefloquin, pyrimetamin, praziquantel, quinacrin, mebendazol va tinidazol.

Chét ¢6 hoat tinh diéu tri c6 thé bao gé)m, vi du, tac nhan chéng tang huyét ap hodc
thudc tim mach, nhu candesartan, hydralazin, clonidin, triamteren, felodipin, gemfibrozil,
fenofibrat, nifedical, prazosin, mecamylamin, doxazosin, dobutamin va cilexetil.

Chét ¢6 hoat tinh diéu tri co thé bao gém, vi du, thude chéng dau ntra dau, nhu
dihydroergotamin mesylat, ergotamin tartrat, methysergit maleat, pizotifen maleat va

sumatriptan sucxinat.

Chét ¢6 hoat tinh diéu tri c6 thé bao gdm, vi du, tdc nhan chdong muscarinic, nhu
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oxybutynin, oxypencyclimin va tropicamit.

Chét c6 hoat tinh didu tri c6 thé bao gdm, vi duy, tac nhan chdng khdi u (hodc chat
{rc ché hé mién dich), nhur aminoglutethimit, amsacrin, azathioprin, busulfan, clorambucil,
xyclosporin, dacarbazin, estramustin, etoposit, lomustin, melphalan, mercaptopurin,
methoclexat, mitomyxin, mitotan, mitoxanthron, procarbazin, tamoxifen Xxitrat,

testolacton, tacrolimus, mercaptopurin va sirolimus.

Chét c6 hoat tinh diéu tri c6 thé bao gé)m, vi du, tdc nhan chéng bénh Parkinson,
nhu bromcriptin mesylat, levodopa, tolcapon, ropinirol, bromeriptin, tac nhan
hypoglycemic, vi du, sulfonylure biguanit, chét e ché alpha-glucosidaza, thiazolidinedion,

cabergolin, carbidopa va lisurit maleat.

Chét c6 hoat tinh diéu tri c6 thé bao gdm, vi dy, tic nhan chéng tuyén giap nhu
carbimazol va propythiouraxil.

Chét ¢6 hoat tinh diéu tri c6 thé bao gém, vi du, inotropic, nhu amrinon, milrinon,
digitoxin, enoximon, lanatosit C va medigoxin.

Chét ¢6 hoat tinh diéu tri c6 thé bao gém, vi du, thudc ha m& mau hoic thude tang
md& mau nhu fenofibrat, clofibrat, probucol, ezetimib va torcetrapib, v.v..

Chét c6 hoat tinh diéu tri co thé bao gém, vi du, tdc nhan khang viém nhu
meloxicam, triamcenolon, cromolyn, nedocromil, hydroxycloquin, montelukast, zileuton,
va zafirlukast.

Chat ¢ hoat tinh didu tri c6 thé bao gdm, vi du, thudc khang histamin nhu
fexofenadin, cloral hydrat, hydroxyzin, promethazin, cetirizin, cimetidin, xyclizin,
meclizin, dimenhydrinat, loratadin, va nizatidin.

Chét ¢6 hoat tinh diéu tri c6 thé bao gém, vi du, thude chéng loét nhu omeprazol,
lansoprazol, pantoprazol va ranitidin.

Chét ¢6 hoat tinh diéu tri ¢6 thé bao gém, vi du, thude loi tiéu nhu hydroclothiazit,

amylorit, axetazolamit, furosemit va torsemit.

Chét ¢ hoat tinh didu tri c6 thé bao gdm retinoit, vi du: retinoit thé h¢ thit nhat nhu
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retinol, retinal, tretinoin (axit retinoic, retin-A), isotretinoin va alitretinoin; retinoit thé hé
thir hai nhu etretinat va axitretin nhu chat chuyén héa cua nd; va retinoit thé hé thir ba nhu

tazaroten, bexaroten va adapalen.

Chat ¢ hoat tinh diéu tri ¢ thé bao gom, vi du, statin va dan xuit cua nd, nhu
atorvastatin, fluvastatin, lovastatin, nystatin, rosuvastatin, pravastatin, orlistat va

simvastatin.

Chét ¢6 hoat tinh diéu tri ¢6 thé bao gém, vi du, chét kich thich nhw amphetamin,
phentermin, tyramin, ephedrin, metaraminol, phenylephrin,  dexamphetamin,

dexfenfluramin, fenfluramin, nicotin, caffein va mazindol.

Chét ¢6 hoat tinh diéu tri co thé bao gém, vi du, thude gidn mach nhu carvedilol,

terazosin, phentolamin va menthol

Chét c6 hoat tinh diéu tri c6 thé bao gém, vi du, thude chéng Alzheimer nhu

levetiracetam, levitiracetam va donepezil.

Chét ¢6 hoat tinh diéu tri ¢ thé bao gé)m, vi du, chit e ché ACE nhu benzapril,

enalapril, ramipril, fosinopril natri, lisinopril, minoxidil, isosorbide, ramipril va quinapril.

Chét 6 hoat tinh diéu tri ¢6 thé bao gdm, vi du, chit d6i khang thu thé beta-adrenalin
nhu atenolol, timolol, pindolol, pronanolol hydroclorua, bisoprolol, esmolol, metoprolol

sucxinat, metoprolol va metoprolol tartrat.

Chét ¢6 hoat tinh diéu tri ¢6 thé bao gém, vi du, chit chu van angiotensin II nhu
losartan.

Chét ¢6 hoat tinh diéu tri ¢o thé bao gém, vi du, chét (rc ché tiéu cau nhu abciximab,
clopidogrel, tirofiban va aspirin.

Chat ¢6 hoat tinh diéu tri co thé bao gém, vi du, ruou hodc phenol, nhu tramadol,
tramadol hydroclorua, allopurinol, calcitriol, cilostazol, sotalol, urasodiol bromperidol,

droperidol, flupentixol decanoat, albuterol, albuterol sulfat, carisoprodol, clobetasol,

ropinirol, labetalol va methocarbamol.

Chét c6 hoat tinh diéu tri co thé bao gém, vi du, xeton hodc este nhu amiodaron,

fluticason, spirolacton, prednison, triazodon, desoxymetason, metyl prednison, benzonatat
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. ,
nabumeton va buspiron.

Chét ¢6 hoat tinh diéu tri co thé bao gém, vi du, thude chéng ndn nhu metoclopramit.

Chét ¢6 hoat tinh didu tri c¢6 thé bao gdm, vi du, thudc diéu tri nhin khoa nhu

dorzolamit, brimonidin, olopatadin, xyclopentolat, pilocarpin va ecothiopat.

Chét ¢6 hoat tinh diéu tri c6 thé bao gom, vi duy, tic nhan chong dong tu hodc tac

nhan chong huyét khoi nhu warfarin, enoxaparin va lepirudin.

Chét ¢6 hoat tinh diéu tri co thé bao gém, vi du, thudc diéu tribénh gt nhu

probenecid va sulfin pyrazon.

Chit c6 hoat tinh didu tri ¢6 thé bao gdm, vi du, COPD hodc thudc diéu tri hen nhu

ipratropium.

Chét c6 hoat tinh diéu tri c6 thé bao gém, vi du, thude diéu tri loAng xwong nhu

raloxifen, pamidronat va risedronat.

Chét c6 hoat tinh diéu tri c6 thé bao gdm, vi du, peptit dung cho my pham, nhu

axetyl hexapeptit-3, axetyl hexapeptit-8, axetyl octapeptit va l-carnosin.

Chét 6 hoat tinh diéu tri ¢6 thé bao gdm, vi du: vacxin bao gdm toxoit (hop chét
ddc bat hoat); protein, don vi con protein va polypeptit; polynucleoti nhu ADN va ARN;

két hop; vacxin bao gom saponin, virosom, chat phu gia vd co va httu co, vi dy, zostavax.

Chét 6 hoat tinh diéu tri c6 thé bao gom hoat chét y t& dinh dudng hoic y té my
phém, bao gém, vi du: Q10 (hodc ubiquion), ubiquinol hodc lesveratrol; cac carotenoit nhu
0, B hodc y-caroten, lycopen, lutein, zeaxanthin va astaxanthin; dudng chit thuc vt nhu
lycopen, lutein, va thiaxanthin; axit béo omega-3 bao gém axit linoleic, axit linoleic lién
hop, axit docosahexaenoic(DHA), axit eicosapentaenoic(EPA) va este glyxerol cua chung;
vitamin tan trong dau bao gém vitamin D (D2, D3 va dan xuét cua chung), vitamin E (a,
B, v, - tocopherol hodc a, B, v, 8- tocotrienol), vitamin A (retinol, retinal, axit retinoic va
din xuit cta ching), vitamin K (K1, K2, K3, va dan xuét cua chung), capric/caprylic
triglyxerit, axit folic, sdt, niaxin, glyxeryl linoleat, axit béo omega-6, vitamin F, selen,
xyanocobalamin, 16 hoi, beta-glucan, bisabolol, chiét xuit ché Camellia (ché xanh),
triglyxerit dang capric/caprylic, chiét xuat rau ma (rau md), cetearyl olivat, chat diép luc,

tinh diu cam, cocoyl prolin, dicaprylyl ete, dinatri lauriminodipropionat tocopheryl
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phosphat (vitamin E phosphat), glixerin, glyxeryl oleat, chiét xuit ciy cam thdo chiét xut
ciy phi (cay phi), axit lactic, lexithin, lutein, tinh dau hat mic ca, chiét xuét cay cuc la ma,
tinh diu hoa anh thao, chiét xuit 14 cay oliu, dau cam gao, dau bo, chiét xut ré cdy ong
tho ngd, pomegranat xterol qua luu, resveratrol, diu hoa hdng, dau gd dan huong, titan
dioxit, vitamin A palmitat, dau hat nho, halobetasol, adenosin, adenosin triphosphat, axit
alpha hydroxyl, allantoin, axit hyaluronic va din xuét, isolutrol, axit tranexamic, axit
glycolic, arginin, ascorbyl glucosamin, ascorbyl palmitat, axit salicylic, axit carnosic, axit
alpha-lipoic, axit gamma-linolenic(GLA), panthenol, retinyl propionat, retinyl palmitat,
furfuryl adenin, retin aldehyt, glypeptit, idebenon, dimetylaminoetanol (DMAE),
niaxinamit, beta-glucan, palmitoyl pentapeptit-4, palmitoyl oligopeptit/tetrapeptit-7,
etoshin, ceramit, phenylalanin, glucuronolacton, L-carnitin, hydroxyapatit, palmitoyl
tripeptit-3, phoscholin, k&m oxit, a-bisabolol, eugenol, silibinin, tinh mam dau dau nanh,
catalpol, pseudoguaianolit co ngudn gdc tir hoa ho clic Arnica chamissonis, axit rosmarinic,
rosmanol, salixylat, vi du, salixin, saligenin va axit salixylic, taraxasterol, a-lactuxerol, 1so-
lactuxerol, taraxacosit, ceremit, arbutin, gingerol, shogaol, hyperixin, elastin, colagen va

peptit cua chung.
Hat silic dioxit xdp

Hat silic dioxit theo sang ché (hat silic dioxit xdp, pSP) 1a hat bang vat liéu silic
dioxit (Si0O2) cé duong kinh hat kich thuéc nano.

Hat nano silic dioxit theo sang ché la hat x6p ¢6 16 rdng kich thuée nano.

Hat silic dioxit xép theo sang ché co thé mang hoat chét sinh hoc trén bé mat ngoai
cta hat hodc bén trong 16 rong.

Hat silic dioxit xp theo sang ché o thé phan huy sinh hoc va co thé mang hoat chat
sinh hoc in vivo va, khi dugc dung trong co thé, bi phan huy sinh hoc dé giai phong hoat
chét sinh hoc.

Tuc la, hat silic dioxit Xép bi phan huy sinh hoc dé giai phong hoat chét sinh hoc.
Cu thé, hat silic dioxit xp theo sang ché bj phan huy tir tir in vivo, cho phép hoat chat sinh
hoc duge mang cé dic tinh giai phong duy tri. Vidy, ‘t’ ¢ d6 ty 1€ do hap thu trong phurong
trinh 1 sau dat t&1 1/2 1a 24 hodc hon.
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At/AO

trong d6 Ao biéu thi do hap thu cua hat silic dioxit x5p do duge sau khi dit SmL dich
huyén phti chita Img/mL hat silic dioxit xOp trong mang thAm hinh tru c6 16 rong véi dudng

kinh 50 kDa,

trong d6 15mL dung mdi tiep xuc voi mang tham va thue chat giong véi dich huyén
phtl c6 mit bén ngoai mang tham, cac phan bén trong va bén ngoai cua mang tham duoc

khudy theo phuong ngang & 37°C va 60 vong/phut,
dich huyén phu c6 d6 pH 7,4, va

trong do Aq biéu thi d6 hép thu cua hat silic dioxit xép duoc do ‘t” gio sau khi do cua

Ay.

Phuong trinh 1 cho biét tbe d6 ma hat silic dioxit x5p bi phan huy trong moi truong

trong tu nhu diéu kién sinh 1y in vivo

D6 hap thu Ao, va A, trong phuong trinh 1 ¢6 thé duoc x4c dinh, nhuw minh hoa trong
Fig.7, bang cach dit hat silic dioxit x6p va dich huyén phu trong mang thim hinh try va

cling @ dich huyén phu gidng nhu vay bén ngoai mang tham, va sau d6, do do hép thu.

Hat silic dioxit x4p theo sang ché co thé phéan huy sinh hoc va bi phan hiy chdm
trong dich huyén pht. Do dudng kinh 50 kDa xap xi twong tmg v&i Snm, hat silic dioxit
xép d3 bi phan hity sinh hoc ¢6 thé di qua mang thdm c¢6 duong kinh 50 kDa. Mang thim
hinh tru trong diéu kién khudy ngang & tdc do 60 vong/phut dé duge tron dong nhét trong

khi hat silic dioxit x5p bi phan hity ¢6 thé tiy ¥ di ra qua mang tham.

bo hép thu trong phuong trinh 1 c6 thé duoc xac dinh trong moi trudng, vi du,
trong d6 dich huyén phii bén ngoai mang thAm duoc thay thé bang dich huyén pht mai.
Dich huyén pht c6 thé lién tuc duoc thay doi hodc thay thé trong khoang thdi gian xac dinh
trude. O diy, khoang thoi gian dinh trude c6 thé 1a khoang thdi gian déu hodc khong déu.
Vi du, dich huyén phu c6 thé duoc thay thé trong khoang thoi gian dinh trude trong khoang
1 gid dén 1 tudn, mdi gio, mdi 2 giv, mdi 3 giv, mdi 6 gidy, mdi 12 gio, moi 24 gio, moi 2

ngdy, 3 ngdy, 4 ngdy, 7 ngay, v.v., nhung khong bi giéi han ¢ do.
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Dich huyén phit ¢6 thé 1a dung dich dém va, cu thé, it nhat mot hodc nhiéu dich
dwoc chon tir nhém gdm cé nude mudi dém phosphat (PBS) va dich thé mo phong (SBF),
va cy thé hon, PBS.

Theo sang ché, ‘t’ ma tai d6 ty 1& d6 hap thu x4c dinh dugc theo phwong trinh 1 dat
td1 1/2, ¢b thé 14 24 hoac hon, vi du, ‘t’ ¢ thé trong khoang tur 24 dén 120, va cu thé hon,
24 dén 96, 24 dén 72, 30 dén 70, 40 dén 70, 50 dén 65, v.v., nam trong khoang trén, nhung
khong gi&i han ¢ do.

Péi v6i hat silic dioxit xdp theo sdng ché, ‘' ma tai do ty 1& do hap thu xéc dinh
duoc theo phuong trinh 1 dat té1 1/5, vi du, ¢6 thé trong khoang tr 70 dén 140, va cu thé
hon, 80 dén 140, 80 dén 120, 80 dén 110, 70 dén 140, 70 dén 120, 70 dén 110, v.v., ndm

trong khoang trén, nhung khong gidi han ¢ do.

Péi voi hat silic dioxit xdp theo sdng ché, ' ma tai d6 ty 1¢ do hap thu xac dinh
duoc theo phuong trinh 1 dat t&i 1/20, vi du, c6 thé trong khoang tir 130 dén 220, va cu thé
hon, 130 dén 200, 140 dén 200, 140 dén 180, 150 dén 180, v.v., nim trong khoang trén,

nhung khong gidi han & do.

Hon nita, ddi v6i hat silic dioxit x3p theo sang ché, < ma tai d6 ty 1¢ dd hap thu xé4c
dinh duoc theo phuong trinh 1 tré thanh 0,01 hodc nho hon, vi dy, 6 thé 12 250 hodc hon,
va cu thé hon, 300 hodc hon, 350 hoic hon, 400 hodc hon, 500 hodc hon, 1000 hodc hon,

V.v., va ¢6 thé con ¢o gidi han trén 12 2000, nhung khéng gidi han & do.

Péi v6i hat silic dioxit xop theo sdng ché, ty 1¢ dd hap thu xdc dinh dugc theo
phuong trinh 1 va ‘t’ c6 twong quan duong muc cao. Vi du, he s6 trong quan Pearson ¢6
thé 14 0,8 hozc hon, vi du, 0,9 hodc hon, va 0,95 hodc hon.

‘t’ trong phuong trinh 1 cho biét téc do ma tai d6 hat silic dioxit x6p bi phan hiy
trong moi truong twong tu nhu diéu kién sinh Iy in vivo, va ¢6 thé duoc kiém soat bang
cach didu chinh, vi du, dién tich bé mit, dudng kinh hat va dudng kinh 10 rdng cua hat silic

dioxit xép, thay thé trén bé mit cta hat va/hoic bén trong 16 réng, do nén cua bé maét hodc
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tuong tu.

Vi du, c6 thé giam t bang c4ch tang dién tich bé mat hat hodc ting t bing cach gidm
fwong tu. Dién tich bé mat ¢6 thé duoc kiém sodt bang cach diéu chinh duong kinh hat,
hodc duong kinh 16 réng. Hon nita, viéc dat nhém thé trén bé mit hat va/hodc bén trong 16
rdng c6 thé giam su tiép xuc truc tiép cla hat silic dioxit x6p v6i moi trudng (dung mdi,
v.v.), do dé lam tdng t. Hon ntra, su tiép xuc truc tiép cua hat silic dioxit x4p v6i mdi truedng
c6 thé bi giam bai viéc mang hoat chét sinh hoc trén hat silic dioxit xp va tang i lyc gitta
hoat chit sinh hoc va hat silic dioxit x6p, do @6 lam ting ‘t’. Hon nita, ‘t’ ¢6 thé duoc ting
bing cach tao day dic hon bé mit cua hat trong qua trinh didu ché hat. O trén, cac vi du
khéc nhau vé viéc kiém soat ‘t” trong phuong trinh 1 dd duge md ta, nhung khong gidi han
& cac vi du nay.

Hat silic dioxit xp theo sdng ché c6 thé 14 hat hinh cau, nhung khong gidi han &
do.

Hat silic dioxit xp theo sang ché c¢6 thé c6 dudng kinh trung binh 14, vi du, 150nm
dén 1000nm, va cu thé hon, 150nm dén 800nm, 150nm dén 500nm, 150nm dén 400nm,

150nm dén 300nm hodic 150nm dén 200nm trong khoang trén, nhung khong giéi han & dé.

Hat silic dioxit x3p theo sang ché c6 thé c6 duong kinh trung binh 10 rong, vi dy,
Inm dén 100nm, va cu thé hon, Snm dén 100nm, 7nm dén 100nm, 7nm dén 50nm, 10nm
dén 50nm, 10nm dén 30nm hodc 7nm dén 30nm trong khoang trén, nhung khong gi6i han
& 6. Néu ¢6 dudng kinh 16n nhu mo ta trén, mot lugng 16 hoat cht sinh hoc ¢6 thé duge

mang va tham chi cac hoat chét sinh hoc ¢6 kich thudce 16n ¢ thé cling dugc mang.

Hat silic dioxit x&p theo sang ché co thé ¢6 dién tich bé mat BET, vi du, 200 m?/g
dén 700 m*/g. Vi du, dién tich bé mat BET c6 thé dao dong tir 200 m*/g dén 700 m*/g, 200
m2/g dén 650 m¥/g, 250 m¥/g dén 650 m*/g, 300 m*/g dén 700 m?/g, 300 m*/g dén 650
m?/g, 300 m*/g dén 600 m*g, 300 m¥/g dén 550 m*/g, 300 m*/g dén 500 m*/g, 300 m*/g

dén 450 m*/g, hoic twong tu, trong khoang trén, nhung khéng gidi han & do.

Hat silic dioxit x5p theo sang ché c6 thé co thé tich trén mdi g (thé tich/g) 14, vi du,
0,7mL dén 2,2mL. Vi du, thé tich/g c6 thé dao dong tir 0,7mL dén 2,0mL, 0,8mL dén
2.2mL, 0,8mL dén 2,0mL, 0,9mL dén 2,0mL, 1,0mL dén 2,0mL trong khoang trén, nhung
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hat cuc 16 hau nhu khong dugc diéu ché hodc khong cé hinh dang hoan chinh.

Hat silic dioxit x8p theo sang ché c6 thé c6 nhom thé wa nude vi/hodc nhém thé ky
nudc trén bé mat ngoai cua hat va/hodc bén trong 16 réng. Vi du, chi nhém thé wa nude
hodc chi nhém thé ky nudc 6 thé c6 mat trong ca bé mat va bén trong 16 rong. Mit khac,
nhém thé wa nude hoic nhom thé ky nude co thé c6 mit trong hodc bé mat cua hat hoic
bén trong 16 rong. Theo cach khéc, nhém thé wa nudc b thé co6 mit trén bé mit cua hat

trong khi nhom thé ky nude c6 thé c6 mat bén trong 16 rong, va ngugc lai.

Hoat chét sinh hoc thudng duge giai phong bing cach phan huy hat nano. Do do, su
twong tac cua hat silic dioxit xbp voi moi trudmg gidi phong hoat chit sinh hoc ¢6 thé dugc
kiém soat bing cach diéu chinh nhém thé, ma diéu nay c6 thé diéu chinh toc d6 phan huy
cua chinh hat nano, do d6 kiém soat tdc do giai phong hoat chit sinh hoc. Hon nita, hoat
chat sinh hoc c6 thé duoc khuyéch tan va gidi phong tir hat nano, trong d6 luc gin két cua
hoat chét sinh hoc v&i hat nano ¢6 thé duoc diéu chinh bing cich diéu chinh nhom thé, do

d6 kiém soét su giai phong hoat chat sinh hoc.

Hon nita, dé cai thién luc gin két v6i hoat chat sinh hoc khong tan (ky nuéc), mot
s6 thao tac c6 thé duoc thuc hién sao cho nhém thé ky nude c6 mat bén trong 16 rong trong

khi tao ra nhom thé wa nudc trén bé mat hat, khi cn nhac tinh dé sir dung va dang bao ché.

Nhém thé wa nudc c6 thé bao gom, vi du, hydroxy, carboxy, amino, carbonyl,
sulfhydryl, phosphat, thiol, amoni, este, imit, thioimit, keto, ete, inden, sulfonyl, hodc nhom
polyetylenglycol, v.v.. Hon nfta, nhom thé ky nude co thé bao gbm, vi du, alkyl C1 dén
C30 duoc thé hoic khong duoc thé, xycloalkyl C3 dén C30 duoc thé hodc khong dugc thé,
aryl C6 dén C30 duoc thé hoac khong duoc thé, heteroaryl C2 dén C30 duoc thé hoic

khong dugc thé, halogen, este C1 dén C30, nhom chira halogen, v.v.

Hon ntra, hat silic dioxit xép theo sang ché ¢c6 thé duoc tich dién duong hodc am
trén bé mat ngoai cua hat va/hoac bén trong 15 réng. Viduy, ca bé mit ngoai cua hat va bén
trong 16 réng ¢6 thé duoc tich dién duong hodc am. Ngoai ra, hodc bé mat ngoai cua hat
hodc bén trong 16 réng 6 thé duoc tich dién duong hodc am. Mt khac, bé mit ngoai cua
hat ¢6 thé duoc tich dién duong con bén trong 16 rSng c6 thé duoc tich dién am, va nguoc

lai.
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Viéc tich dién c6 thé duge thyc hién boi sy ¢6 mit caa nhom theé cation hodc nhém

thé anion.

Nhoém thé cation ¢6 thé bao gém, vi du, nhém bazo nhu amino hodc nhém chira
nito, trong khi nhom thé anion ¢6 thé bao gdm, vi du, nhém axit nhu carboxyl (-COOH),

axit sulfonic (-SOsH), thiol (-SH), v.v., nhung khéng gidi han & do.

Tuwong tu, su teong tac cua cac hat silic dioxit x6p v6i moi trudong giai phong hoat
chit sinh hoc ¢6 thé duoc kiém soat bang cch tich dién, diéu ny c6 thé diéu chinh toc do
phén huy hat nano, do d6 kiém soat toc dd giai phong hoat chét sinh hoc. Theo cach khéc,
hoat chét sinh hoc ¢ thé dugc khuyéch tan va gidi phéng tr hat nano, va khi diéu chinh
nhém thé, luc gén két cua hoat chit sinh hoc v6i hat nano cé thé duoc diéu chinh, do d6

kiém soat su giai phong hoat chat sinh hoc.

Hon nita, hat silic dioxit xdp theo sang ché c6 thé chtra nhom thé, nhém nay dugc
su dung dé mang hoat chat sinh hoc trén bé mit hat va/hoic bén trong 16 rong, viéc phan
phéi hoat chat sinh hoc dén té bao dich, mang vt liéu hitu ich cho cac muc dich khac, hodc
gan két nhom thé khac bd sung, ngoai cdc muc dich da dé cap o trén. Ngoai ra, hat silic
dioxit xdp cé thé bao gdm thém khang thé, phdi tir, peptit thAm vao té bao hodc aptamer
lién két véi nhom thé.

Nhom thé, dién tich, vt liéu gin két, v.v. duoc mo ta & trén 6 thé duoc thém vao,

vi du, bang cach cai bién bé mat.

Viéc cai bién bé mit ¢6 thé duoc thyc hién, vi du, bing cach cho hop chét chia
nhoém thé can dliqc dua vao phan ting véi cac hat, trong d6 hop chit c6 thé 1a, vi du,
alkoxysilan c6 nhom alkoxy C1 dén C10, nhung khong giéi han ¢ d6. Alkoxysilan c6 mot
hoac nhiéu nhom alkoxy, vi du, 1 dén 3 nhom alkoxy. Theo cach khéc, alkoxysilan co thé
bao gém nhém thé duoc dua vao vi tri ma nhém alkoxy khong duge lién két, hodc nhom

thé khac dwoc thé bang nhém thé & trén.
Diéu ché hat silic dioxit x5p

Hat silic dioxit x0p theo sang ché c6 thé duogc tao bang cich, vi dy, qua trinh diéu
ché hat c6 16 réng nho va su gidn nd cua 16 rong. Neéu can thiet, cdc hat co thé dugce tao

thong qua qué trinh nung tiép theo, cdi bién bé mit va tuong tu. Khi cd qué trinh nung va
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cai bién bé mit duoc thuc hién, hat ¢6 thé cai bién bé mat sau khi nung.
Hat c6 10 rong nho ¢6 thé ¢6 duong kinh 16 rong trung binh, vi du, 1 dén Snm.

Hat ¢6 18 rdng nho ¢6 thé thu duge bang cach thém chit hoat dong bé mat va tién

chét silic dioxit vao dung moi, tiép theo 1a khiy va ddng nhat hoa.

Dung mdi su dung 6 day co thé 1a nudc va/hodc dung mdi hitu co. Dung moéi hitu
co ¢ thé bao gém, vi du: ete (cu thé, ete vong) nhu 1,4-dioxan, v.v.; hydrocacbon duoc
halogen hda nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-dicloetan, dicloetylen,
tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-dibrometan, v.v.; xeton nhu
axeton, metyl isobutylxeton, y-butyrolaxton, 1,3-dimetyl -imidazolinon, metyletylxeton,
xyclohexanon, xyclopentanon, 4-hydroxy-4-metyl-2-pentanon, v.v.; hydrocacbon thom
nhu benzen, toluen, xylen, tetrametyl benzen, v.v.; alkylamit nhu N,N-dimetylformamit,
N N-dibutylformamit, N,N-dimetyl axetamit, N-metyl pyrolidon, v.v.; rugu nhu metanol,
etanol, propanol, butanol, v.v.; glycol ete (cellosolve) nhu etylenglycol monoetylete,
etylenglycol monoetylete, etylenglycol monobutylete, dietylenglycol monoetylete,
dietylenglycol monoetylete, dietylenglycol monobutylete, propylenglycol monoetylete,
propylenglycol monoetylete, dipropylenglycol dietylete, trietylenglycol monoetylete, v.v.;
cac hop chit khac bao gém, vi du, metyl axetamit (DMAc), N,N-dietyl axetamit, dimetyl
formamit (DMF), dietyl formamit (DEF), N,N-dimetyl axetamit (DMAc), N-metyl
pyrolidon (NMP), N-etyl pyrolidon (NEP), 1,3-dimetyl -2-imidazolidinon, N,N-
dimetylmetoxy axetamit, dimetyl sulfoxit, pyridin, dimetylsulfon, hexametyl phosphoamt,
tetrametylure, N-metyl caprolactam, tetrahydrofuran, m-dioxan, P-dioxan, 1,2-
dimetoxyetan hodc twong tu. T4t hon, rwou va, tdt hon nita, metanol cé thé duoc st dung,
nhung khéng gidi han ¢ do.

Khi st dung dung méi hdn hop cua nude va dung moéi hitu co, ty 1€ twong dbi gitta
ching ¢6 thé 1a ty 1& theo thé tich 1:0,7 dén 1,5, vi du, 1:0,8 dén 1,3, nhung khong gidi

han ¢ do.

Chét hoat dong bé mat c6 thé bao gém, vi du, xetyltrimetylamoni bromua (CTAB),
hexadexyltrimetylamoni bromua (TMABr), hexadexyltrimetylpyridini clorua (TMPrCl),
tetrametylamoni clorua (TMACI) hodc twong tu. Tét hon, CTAB dugce st dung. |
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moi, vi du, 1 dén 8g, 2 dén 8g, 3 dén 8g, hodc twong tu trong khodng trén, nhung khong
gidi han & do.
Tién chét silic dioxit ¢6 thé dwoc thém vao sau khi thém chét hoat dong bé mat vao
dung moi va khudy déu. Tién chat silic dioxit c6 thé bao gdm, vi du, tetrametyl orthosilicat

(TMOS), nhung khong gidi han & do.

- Vi du, viéc khuéy 6 thé duoc tién hanh trong 10 dén 30 phut, nhung khong gidi

han ¢ do.

Tidn chat silic dioxit c6 thé duge thém vao véi lugng 0,5 dén SmL cho 1 lit dung
moi, vi du, 0,5 dén 4mL, 0,5 dén 3mL, 0,5 dén 2mL, 1 dén 2mL, hodc twong tu trong

khoang trén, nhung khong giéi han 6 do.

Néu cin thiét, natri hydroxit ¢ thé duge thém vao nita lam chét xtc tac. Trong
truong hop nay, hop chét nay co thé duge thém vao trong khi khudy déu sau khi thém vao

chat hoat dong bé mit va trude khi thém tién chat silic dioxit vao dung mol.

Natri hydroxit c6 thé duoc thém vao véi lugng 0,5 dén 8mL cho 1 lit dung moi tinh
theo dung dich natri hydroxit 1M, vi du, 0,5 dén 5mL, 0,5 dén 4mL, 1 dén 4mL, 1 dén
3mL, 2 dén 3mL, hodc twong tu trong khoang trén, nhung khong gi6i han & do.

Sau khi thém tién chit silic dioxit, dung dich c6 thé trai qua phan tng trong diéu
kién khuéy. Viéc khuéy 6 thé duoc thuc hién trong 2 dén 15 gi0, vi dy, 3 dén 15 gid, 4
dén 15 gio, 4 dén 13 gio, 5 dén 12 gid, 6 dén 12 gio, 6 dén 10 gio, hodc twong tu trong
khoang trén, nhung khong gi6i han & d6. Néu thoi gian khudy (thoi gian phan ing) 1a qua
ngén, c6 thé din dén su tao mam khong du.

Sau khi khudy, dung dich c6 thé dugce dua vao budce gia hoa. Budce gia hda ¢ thé
dugc thue hién trong 8 dén 24 gid, vi dy, 8 dén 20 giv, 8 dén 18 gid, 8 giv 16 gio, 8 dén
14 git, 10 dén 16 gio, 10 dén 14 gio, hodc twong tw trong khoang trén, nhung khong giéi
han ¢ dé.

Sau d6, san phim phan g 6 thé duoc rira va lam khé dé diéu ché hat silic dioxit
XOp.

Néu can thiét, vat liéu khong phan tng c6 thé dwoc loai bod trudce khi ria.
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VChang han, viéc loai bé nhu vay cé thé duoc thuc hién bang cach tach chat no1

trén bé mit thong qua ly tAm.

Ly tim co thé duoc thuc hién & tde d6 6.000 dén 10.000 vong/phit trong 3 dén 60
phit, vi du, 3 dén 30 phut, 4 dén 30 phut, 5 dén 30 phut, hodc twong tu trong khoang trén,
nhung khong giéi han ¢ do.

Buéc rira ¢6 thé duoge thuc hién béng nudc va’hodc dung moéi hitu co. Cu thé hon,
do cac loai vat liéu khac nhau bi hoa tan trong cac dung moi khac nhau, nuge va dung moi
hitu co ¢6 thé duoe st dung mot lan hodc vai lan bang cach quay vong. Theo cach khéc,
nuée hodc dung mdi hiru co ¢ thé duoc st dung riéng dé rira mot hodc vai lan. Vai lan c6
thé 14 2 1An hodc nhidu hon nhung khong qué 10 14n, t&t hon 12 3 1an hogc hon nhung khong
qua 10 lAn, 4 1an hodc hon nhung khong qué 8 lan, 4 14n hodc hon nhung khong qué 6
lanhodc tirong tu.

Dung moi hitu co co thé bao g@)m, vi du: ete (cu thé, ete vong) nhu 1,4-dioxan, v.v.;
hydrocacbon halogen héa nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-dicloetan,
dicloetylen, tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-dibrometan, v.v.;
xeton nhu axeton, metyl isobutylxeton, y-butyrolaxton, 1,3-dimetyl -imidazolinon,
metyletylxeton, xyclohexanon, xyclopentanon, 4-hydroxy-4-metyl-2-pentanon, v.v.;
hydrocacbon thom nhu benzen, toluen, xylen, tetrametyl benzen, v.v.; alkylamit nhu N,N-
dimetylformamit, N,N-dibutylformamit, N.N-dimetyl axetamit, N-metyl pyrolidon, v.v.;
ruounhu metanol, etanol, propanol, butanol, v.v.; glycol ete (cellosolve) nhu etylenglycol
monoetylete, etylenglycol monoetylete, etylenglycol monobutylete, dietylenglycol
monoetylete, dietylenglycol monoetylete, dietylenglycol monobutylete, propylenglycol
monoetylete, propylenglycol monoetylete, dipropylenglycol dietylete, trietylenglycol
monoetylete, v.v.; cdc hop chat khac bao gém, vi du, metyl axetamit (DMAc), N,N-dietyl
axetamit, dimetyl formamit (DMF), dietyl formamit (DEF), N,N-dimetyl axetamit
(DMAc), N-metyl pyrolidon (NMP), N-etyl pyrolidon (NEP), 1,3-dimetyl -2-
imidazolidinon, N,N-dimetylmetoxy axetamit, dimetyl sulfoxit, pyridin, dimetylsulfon,
hexametyl phosphoamit, tetrametylure, N-metyl caprolactam, tetrahydrofuran, m-dioxan,
P-dioxan, 1,2-dimetoxyetan hodc tuong tu. Tét hon, rwou va, tdt hon nita 13, etanol ¢6 thé

duoc str dung, nhung khong giéi han & do. Bude rira ¢6 thé duge thuc hién béng cach
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ly tam, vi dy, & tdc d6 6.000 dén 10.000 vong/phit. Budéc rira ¢6 thé dugce thuc hién trong
3 dén 60 phut, trong 3 dén 30 phut, 4 dén 30 phut, 5 dén 30 phut, hodc twong tu trong

khoang trén, nhung khong gidi han & do.

Theo cach khac, budc rira ¢ thé duoc thue hién trong khi loc cac hat thong qua bd
loc ma khong can ly tim. B loc su dung ¢ day co thé duogc trang b1 c6 cac 10 r5ng co
duong kinh 16 rong bang hodc nho hon hon dudng kinh hat silic dioxit xOp. Bang cach loc
dung dich phan tng, c4c hat chi con lai trén bd loc, va c6 thé duoc rira béng cach do nudce
va/hodc dung moi hitu co 1én bd loc.

Trong qua trinh rua, nude va dung moi hitu co ¢o thé duogc st dung mot hodc vai
lan bang cach quay vong. Mt khac, nudc hodc dung méi hitu co ¢6 thé duoc sir dung riéng
d2 rira mot hodc vai lan. Vai 1in ¢6 thé 13 2 1in hodc nhiéu hon nhung khong qua 10 lan,
t5t hon 13, 3 1an hodic hon nhung khong qua 10 1dn, 4 1dn hoic hon nhung khong qua 8 lan,
4 lan hoic hon nhung khong qua 6 lan hodc tuong tu.

Qué trinh lam kho ¢6 thé duoc thuc hién &, vi du, 20°C dén 100°C, nhung khong
gi6i han & d6. Theo cach khéc, qua trinh lam kho c6 thé duoc thuc hién trong diéu kién
chan khong.

Sau do, hat silic dioxit xép thu duoc co thé trai qua sy gidn nd 16 rong.

Su gidn ng 16 réng c6 thé duoc thuc hién bang cich st dung tic nhén gy gidn nd

O»t

1

rong.

Tac nhan giy gidn nd 16 rong st dung ¢ day co thé bao gdm, vi du, trimetylbenzen,
trietylbenzen, tripropylbenzen, tributylbenzen, tripentylbenzen, trihexylbenzen, toluen,
benzen hoic tuong tw. Tot hon 14, trimetylbenzen c6 thé dwoc str dung, nhung khong gidi
han ¢ do.

Hon nita, tic nhan gy gidn nd 16 rong st dung & day co thé bao gdm, vi du, N,N-
dimetylhexadexylamin (DMHA), nhung khong gi6i han & do.

Su gidn no 16 rong cb thé duoc thuc hién bé‘mg cach, vi du, tron hat silic dioxit Xép
trong dung moi véi tdc nhan gy gidn nG 16 rong va gia nhiét chung dé tién hanh phan tng.

Dung mdi sit dung & day c6 thé bao gom nude va/hodc dung mdi hitu co. Dung moi
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hitu co ¢6 thé e (cu thé, ete vong) nhu 1,4-dioxan, v.v.; hydrocacbon
duoc halogen héa nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-dicloetan,
dicloetylen, tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-dibrometan,v.v.;
xeton nhu axeton, metyl isobutylketon, xyclohexanon, v.v.; hydrocacbon thom nhu benzen,
toluen, xylen, v.v.; alkylamit nhu N,N-dimetylformamit, N,N-dibutylformamit, N,N-
dimetyl axetamit, N-metyl pyrolidon, v.v.; regu nhu metanol, etanol, propanol, butanol,
v.v.. Tdt hon 13, rueou va, tdt hon nita 13, etanol ¢o thé duoc st dung, nhung khdng gi61 han
o do.

Hat silic dioxit xdp co thé duge thém vao véi luong 10 dén 200g cho 1 lit dung moi,
vi du, 10 dén 150g, 10 dén 100g, 30 dén 100g, 40 dén 100g, 50 dén 100g, 50 dén 80g, 60

dén 80g, hodc turong tu trong khoang trén, nhung khong gi6i han & do.

Hat silic dioxit xép 6 thé duge phan tan déu trong dung mdi. Vi du, hat silic dioxit
x0p ¢6 thé duoc thém vao dung moi, sau d6 phan tén bang siéu am. Khi st dung dung moi
hdn hop, hat silic dioxit x6p co thé bi phan tan trong dung moi thir nhit, sau d6 thém hon

hop nay vao dung moi thir hai.

Téc nhan gy giin nd 13 rong c6 thé duoc thém vao véi lugng 10 dén 200 phan thé
tich (‘phdn thé tich’) cho 100 phn thé tich clia dung méi, vi dy, 10 dén 150 phan thé tich,
10 dén 100 phin thé tich, 10 dén 80 phan thé tich, 30 dén 80 phn thé tich, 30 dén 70 phan
thé tich, hoic tuong tu trong khoang trén, nhung khong giéi han ¢ do.

Phan (g ¢6 thé duoc thuc hién & 120 dén 180°C, vi du, & 120 dén 170°C, 120 dén
160°C, 120 dén 150°C, 130 dén 180°C, 130 dén 170°C, 130 dén 160°C, 130 dén 150°C, hodc
trong tu trong khoang trén, nhung khong gidi han ¢ do.

Phan tmng c6 thé duoc thyc hién trong 24 dén 96 gio, vi du, 30 dén 96 gio, 30 dén
96 gitr, 30 dén 90 gid, 30 dén 80 giv, 30 dén 72 gioy, 24 dén 80 gid, 24 dén 72 gio, 36 dén
96 gidr, 36 dén 80 gio, 36 dén 72 gid, 36 dén 66 gidy, 36 dén 60 gid, 48 dén 96 giv, 48 dén
88 gid, 48 dén 80 gid, 48 dén 72 gio, hodc twong tu trong khoang trén, nhung khong gioi
han ¢ do.

Bang cach diéu chinh thoi gian va nhiét do trong khoang vi du trén, phan tmng ¢6 thé

duoc thuc hién du nhung khong thue hién qud mure. Vi du, néu nhiét do phéan Umg giam,
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phan tmg c6 thé duoc thyc hién trong khoang thdi gian phan Gng ting. Mat khac, néu nhiét
d6 phan (rng gidm, thoi gian phan Gng c6 thé gidm. Néu phdn ung duoc thue hién khong
du, su gidn no 10 rong cé thé cing khong du. Mat khic, n€u phan ung dugc thuc hién du

thira, hat c6 thé bi xep do sy gidn nd 10 rong qua muec.

Phan tng co thé dwoc thue hién, vi du, trong khi nang nhiét d phan tng 1én timg
budc. Cu thé hon, phan tng co6 thé duoc thuc hién béng cach nang nhiét do 1én tirng budc
fir nhiét d0 trong phong dén nhiét dd trén & toe d6 0,5°C/phut dén 15°C/phut, vi du, 1°C/phut
dén 15°C/phat, 3°C/phit dén 15°C/phat, 3°C/phut dén 12°C/phut, 3°C/phut dén10°C/phit,

hoidc twong tu trong khoang trén, nhung khong gidi han ¢ do.

Sau phan tng, dung dich phan g c6 thé duoc ngudi tur tir, vi du, nhiét do co thé
dugc gidm tung budc dé 1am mat dung dich phan tng. Cu thé, bude 1am mat c6 thé dugc
thuc hién bang cach gidm nhiét do trén dén nhiét do trong phong tirng bude & téc do
0,5°C/phtit dén 20°C/phut, vi du, 1°C/phut dén 20°C/phut, 3°C/phut dén 20°C/phut, 3°C/phit
dén 12°C/phut, 3°C/phut dén 10°C/phut, hodc twong tu trong khoang trén, nhung khong gidi

han ¢ dé.

Sau khi 1am mat, sin phim phan tmg c6 thé trai qua qué trinh rira va lam kho dé

didu ché hat silic dioxit xdp c6 16 réng gidn nd.
Néu can thiét, vat liéu khong phan ung c6 thé dugce loai bo trudce khi rua.

Ché“ing han, viéc loai bd nhu vay cé thé dwoc thuc hién béng cach tach chit ndi trén

bé mat thong qua ly tim.

Ly tam c¢6 thé duoc thuc hién ¢ tde do 6.000 dén 10,.000 vong/phut. Hon nita, ly
tam c6 thé duoc thue hién trong 3 dén 60 phut, vi du, 3 dén 30 phut, 4 dén 30 phut, 5 dén

30 phut, hodc twong tu trong khoang trén, nhung khong giéi han ¢ do.

Budc rira ¢6 thé duge thuce hién béng cach str dung nude va/hodc dung moi
htru co. Cu thé hon, do cac loai vat liéu khac nhau bi hoa tan trong cac dung maéi khac
nhau, nudc va dung moéi httu co ¢o thé duoc st dung mot hodc vai lan biang cach quay
vong. Theo cach khac, nude hodc dung moi hiru co ¢é thé duoc st dung riéng dé rira mot
hoiic vai 1an. Vai 1an c6 thé dao déng tir 2 dén 10 1an, vi du, 3 1an, 4 1an, 5 1an, 6 lan, 7 lan,

8 lan hoic tuong tu.
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Dung méi hitu co c6 thé bao gdm, vi du: ete (cu thé, ete vong) nhu 1,4-dioxan, v.v.;

aQ

hydrocacbon dugc halogen héa nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-
dicloetan, dicloetylen, tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-
dibrometan,v.v.; xeton nhu axeton, metyl isobutylketon, xyclohexanon, etc.; hydrocacbon
thom nhu benzen, toluen, xylen, v.v.; alkylamit nhu N,N-dimetylformamit, N,N-
dibutylformamit, N,N-dimetyl axetamit, N-metyl pyrolidon, v.v.; ruqu nhu metanol,
etanol, propanol, butanol, v.v..Tét hon 13, ruou va, tdt hon nita 13, etanol ¢6 thé duoc st

dung, nhung khong gidi han ¢ do.

Buéc rira ¢6 thé duwoc thuc hién bing cach ly tim & tc dd 6.000 dén 10.000
vong/phut. Hon ntta, ly tdm c6 thé duge thuc hién trong 3 dén 60 phut, vi du, 3 dén 30
phut, 4 dén 30 phat, 5 dén 30 phut, hodc twong tw trong khoang trén, nhung khong gisi han
& do.

Buée rira ¢6 thé con duoc thuc hién béng cach loc hat ma khong can ly tam. Bo loc
¢6 thé c6 dudng kinh 15 rdng bing hodc nhé hon duong kinh hat silic dioxit xp. Chi cac
hat 6 thé con lai trén bo loc bang cach loc dung dich phan tng va dugc rira bing cach do
nudce va/hodc dung mai hiru co vao bd loc.

Nuédc va dung moi hitu co co thé duogc st dung mot hodc vai lin bang cach quay
vong trong thoi gian rira. Mat khac, nude hodc dung moéi hitu co ¢o thé duoc sir dung riéng
& rira mot hodic vai lan. Vai 1dn ¢6 thé 1a 2 1an hodc nhiéu hon nhung khéng qua 10 lan,
tdt hon 1, 3 1an hodc hon nhung khong qua 10 lan, 4 lan hodc hon nhung khong qua 8 lan,
4 lan hoic hon nhung khong qua 6 lanhodc tuong tu.

Qua trinh 1am kh c6 thé dugce thuc hién & 20 dén 100°C, nhung khong gidi han &

do. Hon ntra, qua trinh lam kho co thé ciing duge thuc hién trong diéu kién chan khong.
Sau do, hat thu duoc ¢6 thé trai qua qué trinh nung.

Nung la mot qué trinh gia nhiét hat dé hat co bé mait va bén trong co ciu trac nho
gon hon trong khi loai bo chat hitu co bét ky lap day 16 rong cua hat. Qua trinh nay c6 thé
duoc thuc hién & 400°C dén 700°C trong thdi gian tir 3 dén 8 gio, cu thé 1a & 500°C dén
600°C trong thoi gian tr 4 dén 5 gid, nhung khong gidi han & do.

Sau d6, hat thu duoc ¢6 thé trai qua qud trinh cai bién bé mit.

32



49507 33/99

Qué trinh cai bién bé mat c6 thé dugc thyc hién trén bé mat va/hodc bén trong
rong. Bé mit cua hat va bén trong 16 rong ctia hat ¢6 thé duoc bién tinh theo cach twong tu

nhau hodc cac cach khac nhau.

Qua trinh cai bién c6 thé ého phép céac hat dugc tich dién hodc co tinh wa nude
va/hodc tinh ky nuéc. Qué trinh cai bién c6 thé duoc thyuc hién bang cach cho hop chat c6
nhém thé ua nudc, ky nudc, cation hoac anion, dugc du dinh dé dua vao, phan g véi1 cac
hat, nhung khong giéi han & d6. Hop chét & trén c6 thé 14, vi dy, alkoxysilan c6 nhém
alkoxy C1 dén C10, nhung khong gi6i han ¢ d6. Alkoxylsilan co thé c6 it nhat mot nhém
alkoxyl, vidu, 1 dén 3 nhém alkoxy va co thé c6 nhom thé du dinh dé dua vao hodc nhom

thé khac dugc thé bing nhom thé trén tai vi tri ma nhom alkoxy khong duoc lién két.

Phén Ung cta alkoxysilan v6i hat silic dioxit xbp ¢6 thé tao lién két cong hoa tri
gilta nguyén tu silic va nguyén tir oxy, do do dé cho phép alkoxysilan dugc lién két vao bé
mat cua hat silic dioxit xép hodc bén trong 16 rong cua hat. Hon nita, vi alkoxysilan c6
nhém thé duoc dua vao, nhom thé nay co thé duoc dua vao trén bé mit cua hat silic dioxit

x6p hodc bén trong 16 réng cua hat.

Phan ung trén co thé duoc thuc hién bang cach cho hat silic dioxit x6p phén tan

trong dung mdi bing alkoxysilan.

Dung méi dugc st dung co thé 1a nuéc va/hodc dung mdi hitu co. Dung mdi hiru co
nay co thé bao g@)m, vi du: ete (cu thé, ete vong) nhu 1,4-dioxan, v.v.; hydrocacbon dugc
halogen hda nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-dicloetan, dicloetylen,
tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-dibrometan, v.v.; xeton nhu
axeton, metyl isobutylketon, y-butyrolacton, 1,3-dimetyl -imidazolinon, metyletylketon,
xyclohexanon, xyclopentanon, 4-hydroxy-4-metyl-2-pentanon, v.v.; hydrocacbon thom
nhu benzen, toluen, xylen, tetrametyl benzen, v.v.; alkylamit nhu N,N-dimetylformamit,
N,N-dibutylformamit, N,N-dimetyl axetamit, N-metyl pyrolidon, v.v.; ruou nhu metanol,
etanol, propanol, butanol, v.v.; glycol ete (cellosolve) nhu etylenglycol monoetylete,
etylenglycol monoetylete, etylenglycol monobutylete, dietylenglycol monoetylete,
dietylenglycol monoetylete, dietylenglycol monobutylete, propylenglycol monoetylete,
propylenglycol monoetylete, dipropylenglycol dietylete, trietylenglycol monoetylete, v.v.;
cac hop chét khac bao gém, vi du, metyl axetamit (DMAc), N,N-dietyl axetamit, dimetyl
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formamit (DMF), dietyl formamit (DEF), N,N-dimetyl axetamit (DMAc), N-metyl
pyrolidon (NMP), N-etyl pyrolidon (NEP), 1,3-dimetyl -2-imidazolidinon, N,N-
dimetylmetoxy axetamit, dimetyl sulfoxit, pyridin, dimetylsulfon, hexametyl phosphoamit,
tetrametylure, N-metyl caprolactam, tetrahydrofuran, m-dioxan, P-dioxan, 1,2-
dimetoxyetan, hodc twong tu, cu thé, toluen ¢6 thé dugc st dung, nhung khong giGi han &
do.

Vi du, su cai bién thanh nhém thé cation ¢6 thé dwgc thuc hién bang cach cho hat
phan mg vdi alkoxysilan c6 nhom bazo, ching han, nhém chira nito nhu amino hodc
aminoalkyl.  Cu thé  hon, N-[3-(trimetoxysilyl)propyl]etylendiamin,  N1-(3-
trimetoxysilylpropyl)dietylentriamin, (3-aminopropyl)trimetoxysilan, N-[3-
(trimetoxysilyl)propyl]anilin, trimetoxy[3-(metylamino)propyl]silan, 3-(2-
aminoetylamino)propyldimetoxymetylsilan, va tuong tw co6 thé duoc st dung, nhung
khong gidi han ¢ do.

Vi du, su cai bién thanh nhom thé anion c6 thé duoc thwe hién béng cach cho hat
phan tmg véi alkoxysilan ¢6 nhom axit nhu carboxyl, axit sufonic, thiol hodc twrong tur. Cu
thé hon, (3-mercaptopropyl) trimetoxysilan, va tuong tu c6 thé duoc st dung, nhung khong
gid1 han & do.

Tinh ua nuée c6 thé duoc dua vao bang cach cho cac hat phan tmg véi alkoxisilan
c6 nhém chite ua nuée, vi du, hydroxyl, carboxyl, amino, carbonyl, sulfhydryl, phosphat,
thiol, amoni, este, imit, thioamit, keto, ete, inden, sulfonyl, polyetylenglycol hodc tuong
tur. Cu thé hon, N-[3-(trimetoxysilyl)propyl]etylendiamin, N1-(3-
trimetoxysilylpropyl)dietylentriamin, (3-aminopropyl)trimetoxysilan, (3-mercaptopropyl)
trimetoxysilan, trimetoxy|[3-(metylamino)propyl]silan, 3-(2-
aminoetylamino)propyldimetoxymetylsilan, va twong tu co thé duoc s dung, nhung
khong gidi han ¢ do.

Tinh ky nuéce co thé duoe dwa vao bang cach cho hat phan tng véi alkoxysilan ¢6
nhom chire ky nude nhu alkyl C1 dén C30 dugc thé hodc khong duge thé, xycloalkyl C3
dén C30 duoc thé hoic khong duge thé, aryl C6 dén C30 dugce thé hogc khong duge thé,
heteroaryl C2 dén C30 dugc thé hodc khong duoc thé, halo gen, este C1 dén C30 hodc nhéom

chia halogen. Cu thé hon, trimetoxy(octadexyl)silan, trimetoxy-n-octylsilan,
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trimetoxy(propyl)silan, isobutyl(trimetoxy)silan, trimetoxy(7-octen-1-yl)silan,
trimetoxy(3,3,3-triflopropyl)silan,  trimetoxy(2-phenyletyl)silan,  vinyltrimetoxysilan,
xyanometyl, 3-(trimetoxysilyl)propyl] trithiocarbonat, (3-brompropyl)trimetoxysilan, va

trong tu c6 thé dugce st dung, nhung khong gi6i han & do.

Ngoali ra, dé tang luc gén két ctia hat véi hoat chét sinh hoc khong tan (ky nudc),
nhom thé ky nude co thé dugc dua vao bén trong 16 rong, va nhom thé wa nude ¢6 thé dugc
dwa vao trén bé mit cua hat xét vé tinh dé st dung va dang bao ché, va nhom thé dé gin
két cac chét khac ngoai hoat cht sinh hoc ¢6 thé duoc dua vao trén bé mat béng cach cai
bién.

Hom nita, cai bién ¢6 thé duoc thuc hién theo ché d6 két hop. Vi dy, ci bién bé mit
¢6 thé duoc thuc hién hai lan hoac hon trén bé mit ngoai cua hat hodc bén trong 16 r5ng
cua hat. Trong mot vi du cu thé, hat tich dién dwong c6 thé duoc bién d6i dé c6 céac dic
tinh b mat khac nhau bang cich gan két hop chét chira nhom carboxyl véi hat silic dioxit

c6 nhém amino dua vao diy thong qua lién két amit, nhung khéng gidi han ¢ do.

Phan Urng cua céc hat vai alkoxysilan co thé duoc thue hién, vi du, trong diéu kién
gia nhiét.

Trong trudng hop nay, qua trinh gia nhiét c6 thé duoc thuc hién, vi du, & 80°C dén
180°C. Vi du, phan tng c6 thé duoc thuc hién & 80°C dén 160°C, 80°C dén 150°C, 100°C
dén 160°C, 100°C dén 150°C, 110°C dén 150°C, hodc tuong ty trong khoang trén, nhung
khong gidi han ¢ do.

Hon nita, phan ung cta cac hat véi alkoxysilan co thé duoc thuc hién, vi du, trong
4 dén 20 gid. Vi du, phan g c6 thé dugc thuc hién trong 4 dén 18 gio, 4 dén 16 gio, 6
dén 18 gid, 6 dén 16 gio, 8 dén 18 gio, 8 dén 16 gid, 8 dén 14 gid, 10 dén 14 gid, hodc
trong tu trong khoang trén, nhung khong gidi han ¢ do.

DPbi véi sur cai bién dwoc mé ta & trén, nhiét d6 phan ing, thdi gian phan tng, luong
hop chét su dung dé cai bién, v.v. ¢o thé duoc chon chinh xac khi can nhic vé mac do cai
bién. Cu thé hon, trong cac diéu kién phan tng khac nhau dya trén tinh ua nudc, tinh ky
nude va/hodc mure dién tich cua hoat chét sinh hoc, tinh wa nudc, tinh ky nudc va/hodc

muc dién tich cua hat silic dioxit xop c6 thé duge diéu chinh, do d6 kiém soat toc dd gidi
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phoéng cta hoat chit sinh hoc. Vi du, mot khi hoat chit sinh hoc duoc tich dién Am cao &
d6 pH trung tinh, nhiét do phan tmg hodc thoi gian phan ang c6 thé duoc tang hodc lwong
hop chét xtr 1y ¢6 thé dugc ting dé cho hat silic dioxit x6p duge tich dién duong cao, nhung
khéng gidi han ¢ do.

P&i vdi ché phém theo sang ché, hat silic dioxit Xép c¢6 thé duoc didu ché béng, vi
du, qua trinh diéu ché hat c6 15 rong nho, qua trinh gidn no 16 réng, qué trinh cai bién bé

mit va cai bién bén trong 16 rong.

Cac qué trinh dé diéu ché hat c6 16 rong nho va dé gidn no 16 rong c6 theé duoc thuc

hién bang cac qud trinh duwgc md ta ¢ trén. Sau do, o the thuc hién budc rira va sdy.
Néu can thiét, vat liéu khong phan (g c6 thé dugce loai bo trudce khi rura.

Vi du, vidc loai bé nhu vay c6 thé duoc thuc hién bing cich tich chét nodi trén bé

mat bang cach ly tam.

Ly tim c6 thé dugc thuc hién & tde d6 6.000 dén 10.000 vong/phut trong 3 dén 60
phtt, vi du, 3 dén 30 phut, 4 dén 30 phut, 5 dén 30 phut, hodc twong tu trong khodng trén,

nhung khdéng gidi han ¢ do.

Qué trinh rira sau khi diéu ché hat c6 13 rdng nho c6 thé duoc thuc hién bang phwong

phap/trong cac diéu kién trong khoang vi du trén, nhung khong gidi han & do.

Qua trinh rtra sau khi sgidn no 16 rong c6 thé duoc thuc hién trong cac diéu kién
giam bét, so v6i cac khia canh trén. Vi du, budc rua co6 thé duoc thuc hién 3 lan hoac it

hon, nhung khong gidi han ¢ do.

Qué trinh cai bién bé mat ctia hat va/hodc 16 rdng bén trong cua hat c6 thé duoc thuc
hién bang phuong phap duge md ta trén. Cai bién bé mat hat va sau d6 cai bién 16 rdng bén
trong cua hat cé thé dugc thuc hién tuan tu theo th tw nay. Theo cach khac, qua trinh rira

hat ¢co thé con duoc thue hién gitta hai qua trinh trén.

Khi rtra trong diéu kién giam bét sau khi diéu ché hat ¢4 18 réng nho va gidn nd 16
rong, dung dich phan ung nhu chat hoat dong bé mit s dung trong viéc diéu ché hat
va/hodc su gidn no 16 rong duge lap diy bén trong 16 rdng. Do d6, bén trong 16 rong khong
duge bién tinh trong khi cai bién bé mit, thay vao d6, chi c6 bé mat ¢6 thé dugc bién tinh.

Sau do6, dung dich phan ung bén trong 16 rong c6 thé duoc loai bo bang budc rira hat.

36



49507 37/99

r

Budc rira hat gitta cai bién bé mit va cai bién bén trong 15 rdng cb thé duoc thuc
hién bﬁng cach st dung nuGe va/hodc dung moéi hitu co. Cu thé hon, do céac loai vat liéu
khéc nhau bi hoa tan trong cdc dung moi khac nhau, nude va dung méi hitu co ¢o thé duge
st dung mdt hodc vai lan bang cach quay vong. Theo cach khac, nudc hodc dung mdi hitu
co ¢6 thé duoc st dung riéng dé rira mot hodc vai Jin. Vai 1an c6 thé 13 2 14n hodc hon
nhung khong qua 10 lin, tt hon 13, 3 1in hogc hon nhung khong qué 10 lan, 4 1an hoac

hon nhung khong qua 8 lan, 4 14n hodc hon nhung khong qué 6 lan hoic twong tu.

Budc rira ¢6 thé duoc thuc hién béng cach ly tdm. Ly tam co thé duoc thuc hién &
tdc d6 6.000 dén 10.000 vong/phtt trong 3 dén 60 phit, vi du, 3 dén 30 phut, 4 dén 30
phiit, 5 dén 30 phut, hodc twong tu trong khoang trén, nhung khong gidi han 6 do.

Theo céach khac, budce rira ¢ thé duoc thue hién trong khi loc cc hat thong qua bd
loc ma khéng cin ly tam. Bo loc st dung & dy c6 thé chira cc 18 rdng c6 duong kinh 16
rdng bang hozc nho hon duong kinh hat silic dioxit x4p. Bang cach loc dung dich phan
urng, cac hat chi con lai trén bd loc, va ¢o6 thé duoc rua bﬁng cach dd nudc va/hoic dung

moi htru co 1én bd loc.

Trong thoi gian rira, nude va dung moi hitu co ¢o thé duoc st dung mot hodc vai
lan bing cach quay vong. Theo cch khac, nuée hodc dung mdi hitu co ¢d thé duge st
dung riéng dé rira mot hodc vai lan. Vai lan ¢ thé 13 2 1an hodc hon nhung khong qua 10
1an, tot hon 14, 3 1an hodc hon nhung khong qua 10 lin, 4 1an hodc hon nhung khong qua
8 1an, 4 1an hodc hon nhung khong qué 6 lan hodc tuong tu.

Qué trinh lam khé c6 thé duoc thue hién &, vi du, 20°C dén 100°C, nhung khong
gidi han & d6. Theo cach khéc, qud trinh lam kho co6 thé duoc thuc hién trong diéu kién
chan khong.

Nap hoat chét sinh hoc

Hoat chét sinh hoc ¢6 thé duoc nap trén bé mit hat va/hoic bén trong 16 rong.

Vi du, viéc nap co thé duoc thuc hién béng cach tron hat silic dioxit Xép va hoat
chat sinh hoc trong dung mai.

Dung moi su dung co thé 1a nuéc va/hodc dung méi hiru co, va dung moi hiru co ¢d

thé bao gém, vi du: ete (cu thé, ete vong) nhu 1,4-dioxan, v.v.; hydrocacbon dugc halogen
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héa nhu cloroform, metyl clorua, cacbon tetraclorua, 1,2-dicloetan, dicloetylen,
tricloetylen, percloetylen, diclopropan, amyl clorua, 1,2-dibrometan, v.v.; Xeton nhu
axeton, metyl isobutylketon, xyclohexanon, v.v.; hydrocacbon thom nhu benzen, toluen,
xylen, tetrametyl benzen, v.v.; alkylamit nhu N,N-dimetylformamit, N,N-dibutylformamit,
N,N-dimetyl axetamit, N-metyl pyrolidon, v.v.; rugu nhu metanol, etanol, propanol,

butanol, v.v.

Dung moi st dung ¢ day co thé con bao gdbm dung dich nuéc mudi dém phosphat
(PBS), dich thé mo phong (SBF), nudc mudi dém borat, nwdc mudi dém tris hodc tuong

tur.

Ty 12 twong ddi cua hat silic dioxit x5p va hoat chat sinh hoc khong bi gi6i han cu
thé nhung ¢6 thé 14 theo ti 1& trong luong 1:0,05 dén 0,8, vi du, 1:0,05 dén 0,7, 1:0,05 dén
0,6, 1:0,1 dén 0,8, 1:0,1 dén 0,6, 1:0,2 dén 0,8, 1:0,2 dén 0,6, hodc tuong ty trong khoang

trén.
Giai phong hoat chat sinh hoc

Hat silic dioxit xdp c6 thé tir tir giai phong hoat chét sinh hoc duge mang trong hat

trong mot khoang thoi gian dai.

Hoat chit sinh hoc dugc mang trong hat 6 thé bi phan hury sinh hoc va giai phong.
Trong trudng hop nay, hat ¢6 thé phan hiiy cham dé cho phép giai phong duy tri hoat chét
sinh hoc duoc mang. Su giai phong nay co6 thé duoc kiém soat bang cach, vi du, diéu chinh
dién tich bé mat, duong kinh hat va/hodc duong kinh 16 rong cua hat silic dioxit Xép, viéc
didu chinh nhom thé trén bé mit hat va/hodc bén trong 18 rdng ctia hat, dd nén bé mat, hodc

twong tu, nhung khong giéi han ¢ do.

Hon ntra, hoat chat sinh hoc mang trong hat co thé thoat ra khoi hat silic dioxit xép
va cling dugc giai phong trong khi duoc khuyéch tan. Qua trinh nay ¢6 thé bi anh hudng
bai mdi tuong quan giita hat silic dioxit x6p va hoat chét sinh hoc, méi trudng giai phong
hoat chit sinh hoc hoidc twong tu. Do d6, viéc giai phong hoat chit sinh hoc ¢c6 thé duoc
kiém soét biang cich diéu chinh cic diéu kién trén. Vi du, viéc giai phong hoat chit sinh
hoc co thé duoc kiém soat béng cach lam manh hodc lam yéu luc gén két gitta hat silic

dioxit x5p va hoat chét sinh hoc thong qua ci bién bé mit.
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Theo mdt vi du wu tién hon, khi hoat chit sinh hoc duoc mang 13 kém hoa tan (ky
nudc), bé mit ctia hat va/hoic bén trong 16 réng cua hat c6 thé ¢6 nhém thé ky nudc, do
véy dé ting luc gin két clia hat véi hoat chét sinh hoc, va do d6 cho phép giai phong duy
trl hoat chét sinh hoc. Vi du, cac hat trén c6 thé dugc bién tinh bé mat vo1 alkoxysilan ¢6

nhém thé ky nuée.

Trong ban mo ta nay, thuat ngit “kém tan” co thé bao gdm nghia “khong tan”, “hau
nhu khong tan” hozc “chi hoi tan” véi nude, v.v., thudt nglt nay duoc dinh nghia trong
"Pharmaceutical Science " tai ban lan thir 18 (duoc xuit ban boi U.S.P., Remington, Mack

Publishing Company).

Hoat chit sinh hoc kém tan c6 thé co, vi du, d6 tan trong nudc it hon 10 g/L & 1 atm

va 25°C, Tt hon 14 it hon 5 g/L va, t6t hon nita 14 it hon 1 g/L, nhung khong gi6i han & do.

Khi hoat chét sinh hoc dugc mang 1a tan duge nude (va nude), bé mat cua hat hodc
bén trong 16 rong cua hat c6 thé c6 nhom thé ua nude, do vay dé ting luc gan két cua hat
véi hoat chét sinh hoc, va do d6 cho phép giai phong duy tri hoat chét sinh hoc. Vi du, hat

silic dioxit xop c6 thé duge bién tinh bé mat bang alkoxysilan c6 nhom thé wa nude.

Hoat chét sinh hoc tan dwoc trong nuée cd thé ¢é, vi du, do tan trong nudc 1a 10 g/L

hodc hon & 1 atm va 25°C, nhung khong gidi han ¢ do.

Khi hoat chét sinh hoc duoc mang duoc tich dién, bé mat cua hat va/hoic bén trong
16 rong cua hat ¢ thé 1a duoc tich dién trai déu, do vay dé ting luc gén két gitta hat silic
dioxit xdp va hoat chat sinh hoc, do d6 cho phép giai phong duy tri hoat chét sinh hoc. Vi
du, hat silic dioxit x8p c6 thé dwoc bién tinh bé mit bang alkoxysilan ¢6 nhom axit hogc

nhém bazo.

Cu thé hon, néu hoat chat sinh hoc tich dién dwong & do pH trung tinh, bé mit ctua
hat va/hodc bén trong 16 rSng cua hat co thé dugc tich dién &m & do pH trung tinh, do vay
dé tang luc gén két gitta hat silic dioxit x5p va hoat chat sinh hoc, va do d6 cho phép giai
phong duy tri hoat chat sinh hoc. Vi du, hat silic dioxit Xép c6 thé duoc bién tinh bé mat
bang alkoxysilan c6 nhém axit nhu carboxyl (-COOH), hodc axit nhém sufonic (-SO3H),

V.V..

Hon ntta, néu hoat chét sinh hoc tich dién 4m & dd pH trung tinh, bé mait cua hat
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va/hodc bén trong 16 rong ctia hat ¢é th
dé ting lwe gén két gitra hat silic dioxit xOp va hoat chét sinh hoc, va do d6 cho phép giai
phong duy tri hoat chat sinh hoc. Vi du, hat silic dioxit x5p c6 thé dugc bién tinh beé mét

bang alkoxysilan ¢6 nhém bazo nhu amino, hodc cdc nhom chira nito khac, v.v..

Hoat chét sinh hoc duoc mang c6 thé duoc giai phong, vi du, 7 ngay dén 1 nam hodc
hon iy thudc mai trudong giai phong, hat silic dioxit x6p sir dung dé mang hoat chat sinh

hoc nay va tuong tu.

Di véi ché pham theo sing ché, hat silic dioxit x8p co thé 1a phan hity sinh hoc
duogc va cé thé bi phan huy toan bd khoang 100%, do do, hoat chét sinh hoc dwoc mang
trong hat nay c6 thé dugc giai phong dén 100%.

Dang bao ché va st dung chit mang hoat chét sinh hoc

Chét mang hoat chét sinh hoc theo sang ché c6 thé duoc bao ché dé phan phdi qua
bt ky dudng ding nao. “Puong ding” ¢6 thé bao gdm sol khi, duong trong mili, dudng
miéng, qua niém mac, qua da, ngoai dudng tiéu hoa hodc duong rudt, tuy nhién, cling co
thé dé cap dén viéc dung bat ky duoc biét dén trong linh vuc ky thudt nay, ma khong gidi

han chung.

Hat silic dioxit x&p theo sang ché co thé 1a phan hily sinh hoc dugc va bi phan hiy
1én dén 100%, do vy c6 thé c6 dd on dinh in vivo tuyét voi, va do d6 duge ding ngoai

duodng tiéu hoa, cling nhu sdn xudt san pham bao ché cho viéc dung ngoai duong tiéu hoa.

Duong “ngoai duong tiéu hoa (khdng ubng)” chi dudng dung noéi chung di kém voi
viéc tiém bao gém trong hdc mit, trong mit, truyén, trong dong mach, trong khép, trong
tim, trong da, trong co, trong mang bung, trong phdi, trong tiy sbng, trong xurong G, trong
vo, trong tir cung, tinh mach, duéi mang nhén, dudi bao, dudi da, qua niém mac hodc dung
qua cac bd phan. Thong qua duong ngoai dudng ti€u hoa, chat mahg c6 thé & dang dung
dich hodc dich huyén phu dé truyén, tiém hodc kho lanh. Thong qua dudng rudt, chét mang
hoat chat sinh hoc ¢6 thé G dang bét ky gdm: vién nén, vién nang gel, vién nén boc dudng,
xird, dich huyén pht, dung dich, bdt, c6m, nhil twong, cAu micro hoic cau nano, hodc tai
nh¢ lipit hodc tui nho polyme cho phép gidi phong duge kiém soat. Théng thudng, chét

mang duoc dung bang cach tiém thdng qua mdt trong sb cac duong tinh mach hodc trong
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mang bung. Phuong phap st dung thong qua cac dudng nay la da biét doi vo1 nguoi ¢6

hiéu biét trung binh trong linh vuc nay.

Chét mang hoat chit sinh hoc theo sang ché c6 thé con bao gdm chét mang duoc
dung bit ky. “Chat mang dugc dung”, nhu dugce st dung trong ban mo ta sang ché, c6 thé
chi vat liéu, ché phém hoic ta duoc long duge dung, di kém voi viéc mang hodc van chuyén
hop chit dich tr md, co quan hodc bd phén co thé dén mo, co quén hodc bd phan khac cua
co thé. Vi du, chét mang co thé 14 chit don long hodc ran, chét pha loang, t4 duoc, dung
mdi hodc vat liéu bao nang, hodc t6 hop ciia chiing. MJ4i thanh phan trong cht mang can
phai 1a “duge dung”, tirc la, co kha ning twong thich vo1 thanh phﬁn khac cua dang bao
ché. Hon nita, chit mang can phai phu hop dé str dung khi di vao tiép xtic v6i cdc md hodc
CO quan bat ky ma c6 thé tiép xtic véi chit mang. Thuec té, chit mang khéng nén chita nguy
co doc tinh, kich ing, phan ung di tng, tinh sinh mién dich hodc céc bién ching khac bat

ky 1a quan trong hon nhiu so v&i loi {ch diéu tri dat duge boi chit mang.

Chét mang hoat chat sinh hoc theo sang ché ¢6 thé cting duoc bao nang, duoc tao
thanh vién nén hodc dugc diéu ché dudi dang nhil twong hodc xird dé sir dung theo dudng
miéng. Chét mang duoc dung ran hodc long co thé duoc thém vao deé tang hodc on dinh
ché phém, hodc tao thuén tién cho viéc san xuét ché phém. Chét mang long co thé bao g@)m
xird, dau lac, dau 6liu, glixerin, dung dich mudi, ruou va nude. Chét mang rdn c6 thé bao
gém tinh bot, lactoza, canxi sulfat, dihydrat, thach cao, magie stearat hodc axit stearic, bot
talc, pectin, acaxia, aga hodc gelatin. Chat mang c6 thé cling bao gdm chit giai phong duy

tri nhu glyxeryl monostearat hodc glyxeryl distearat riéng hodc vo1 sap.

Chét mang hoat chét sinh hoc co thé duoc san xuét bé“mg ky thuat dugc phém thong
thudng, bao gém: néu can thiét, qué trinh tén thanh bdt, tron, tao hat va nén trong truong
hop dang vién nén; hodc qua trinh tan thanh bét, tron va nap trong truong hop dang vién
nang gelatin cung. Khi str dung chat mang long, san pham bao ché ¢6 thé & dang xird, con
ngot, nhi twong hodc dich huyén phu nude hodc khong nude. Dang bao ché loai 16ng nhu
vay c6 thé duge ding trire tiép va theo dudng miéng, hodc duoc d6 vao vién nang gelatin

A

mem.

Chit mang hoat chit sinh hoc theo séng ché c¢6 thé dwgc phan phdi véi lwong 6 co

hiéu qua didu tri. Luong c6 hiéu qua didu tri chinh x4c 12 luong ché phdm dé thu duoc két
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qua hiéu qua nhét cho vé hiéu qua didu tri trén mot déi tuong nhét dinh. Luong nay c6 thé
thay ddi phu thudc vao: déc trung cua cac hop chét diéu tri (bao gém'hoat dong, dugc dong
hoc, duge hue hoe va hoat tinh sinh hoc), diéu kién sinh 1y clia cc ddi twong (bao gom do
tudi, gidi tinh, loai va giai doan bénh, tinh trang strc khoe thé chét noi chung, phan tmg va
loai duoc phém v6i lidu nhit dinh ), cac ddc diém cua (cac) chat mang duoc dung trong
dang bao ché, duong dung, cling nhu ¢6 thé thay dbi phu thudc vao nhiéu yéu t6 khac
khong bi gidi han ¢ d6. Trong linh vuc duge 1y 1dm sang, ngudi ¢o hiéu biét trung binh
trong linh vuc nay s€ theo doi phdn ing cua d6i twong dé sir dung hop chit va diéu chinh
lidu luong dua trén két qua theo doi, do d6 xac dinh lugng c6 hiu qua diéu tri thong qua
cac thir nghiém thong thuong. Dé huéng dan thém, tai liéu s& dugc két hop & day (xem
[Remington: The Science and Practice of Pharmacy (Gennaro ed. tai ban lan tht 20,

Williams & Wilkins PA, USA) (2000)]).

Po6i tuong duoc ding chat mang thudc, tire 13, chat mang theo sang ché c6 thé bao

gdm dong vat c6 vi bao gdm con ngudi, cu thé 1a, nguoi.

Trude khi dung cho doi twgng, dang bao ché c6 thé duoc thém vao san phdm bao
ché. Dang bao ché loai long duge uu tién. Dang bao ché c6 thé bao gom, vi du, dau, cac
polyme, vitamin, hydrat cacbon, axit amin, muoi, chat dém, albumin, chat hoat ddng bé

mit, chét bd sung, hodc hdn hop cua ching.

Céc dang bao ché hydrat cacbon c6 thé bao gém dudng hodc ruou dudng, nhu
monosacarit, disacarit hodc polysacarit, hodc glucan tan trong nudc. Sacarit hodc glucan
c6 thé bao gém fructoza, dextroza, lactoza, glucoza, mannoza, sorboza, xyloza, maltoza,
sucroza, dextran, pullulan, dextrin, alpha va beta xyclodextrin, tinh bdt tan duoc, tinh bot
hydroxyetyl, va carboxymetyl xenluloza, hoac hdn hop ctia chung. "Ruou dudng" duoc
dinh nghia la hydrocacbon C4 dén C8 c6 nhom -OH, c6 thé bao gdm galactitol, inositol,
manitol, xylitol, sorbitol, glyxerol va arabitol. Puong hodc rueou duong dugc dé cap o trén
c6 thé duge sir dung riéng hodc & dang két hop cua ching. Néu duong hodc ruou dudng
tan duoc trong san pham bao ché dang nudc, khong c6 giéi han ¢b dinh vé lwong str dung.
Theo mot phuong an, néng d6 duong hodc rugu dudng co thé dao dong tr 1,0% trong
lwong/thé tich dén 7,0% trong lugng/thé tich, va tot hon nira la tir 2,0 dén 6,0% trong

lwong/thé tich.
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N4 Lan ~rhA avi i A A A A ) 111
Dang bao ché axit amin ¢6 thé bao gom cdc dang levorotatory (L) cua cacnitin,

acginin va betain, tuy nhién, axit amin khéc ciing c¢6 thé duoc thém vao.

Theo mot s6 phuong 4n, dang bao ché ¢4 thé 1a polyme bao gom polyvinylpyrolidon
(PVP) c6 trong lugng phan tir trung binh 2.000 dén 3.000, hoic polyetylenglycol (PEG) c6
trong lwong phan tir trung binh 3.000 dén 5.000.

Hon ntra, dé tbi thiéu su thay doi pH trong dung dich truéce khi kho lanh hodc sau
khi hoan nguyén, tot hon 1 str dung chét dém trong ché pham. Chét dém c6 thé bao gom
mudi xitrat, phosphat, sucxinat va chat dém glutamat hodc hdn hop cua ching, tuy nhién,
da s chat dém sinh 1y ciing c6 thé dugc st dung ma khong gi6i han ching. Theo mot sb
phuong an, néng dd ctia chting cé thé dao dong tr 0,01 dén 0,3 mol. Chét hoat dong bé mit

c6 thé thém vao dang bao ché duoc thé hién trong patent chau Au s 270,799 va 268,110.

Hon nita, chit mang c6 thé, vi du, dugc bién tinh hoa hoc boi lién hop cong hoa tri
v6i polyme, dé ting thoi gian ban rd luu thong. Polyme va phuong phéap uu tién dé gin
chét mang vao peptit dugc bd 10 trong patent My cac $6 4,766,106; 4,179,337; 4,495,285;
va 4,609,546, ndi dung cua ching duoc két hop hoan toan ¢ day béng cach vién dan.
Polyme uu tién co thé bao gom polyol duoce polyoxyetyl hoa va polyetylen glycol (PEG).
PEG tan duoc trong nudce & nhiét dd trong phong, va theo mot s& phuong 4n, cé trong
lwong phan ti trung binh 500 dén 40.000, 2000 dén 20.000 hodc 3.000 dén 12.000. Theo
mot ) phuong an, PEG c¢ it nhit mot nhém hydroxyl, vi du, nhém hydroxyl tdn cung.
Nhom hydroxyl ¢6 thé duge hoat hda dé phan (ng v6i nhém amin tu do trén chit tc ché.
Tuy nhién, loai va luong cua chat phan Gmg co thé thay ddi dé dat dugc PEG/khang thé

dugc lién hop cong hoa tri theo sang ché.

Ngoai ra, cdc polyol duge polyoxyetyl hoa tan trong nude ¢ thé 14 hitu ich trong
sang ché. Chung co thé bao gém, vi du, sorbitol dugc polyoxyetyl hoa, glucoza duoc
polyoxyetyl hda, glyxerol dugc polyoxyetyl hoa (POG) va tuong tu. Tét hon 14 stir dung
POG. Mot 1y do 1 khung xuong glyxerol cua glyxerol dugc polyoxyetyl héa la mono-, di-
hoac triglyxerit, cd ngudn gbc tyr nhién, tirc 14, gidng véi khung xuong & dong vat hodc
nguol. Vi vay, nhanh nay khong nhat thiét duwoc coi la tic nhan ngoai lai trong co thé. POG
c6 trong lugng phan tir trong khoang twong tu nhu PEG. Céu trac cua POG duoc bo 10
trong tai liéu [Knauf et al., 1988, J. Bio. Chem. 263: 15064-15070], va ban luan vé lién
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hop POG/IL C2 dugc tim
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hop hoan toan & day bing cach vién dan.

Sau khi chat mang hoat chat sinh hoc 1ong dugc san xuét, chit mang nay cé thé
duwoc 1am kho lanh dé ngan ngira sy phan hiy va dé bao toan tinh vo tring. Phuong phap
1am kho lanh ché phim long la da biét déi véi ngudi ¢é hiéu biét trung binh trong linh virc
nay. Ngay trudc khi str dung, chat mang c6 thé dugce hoan nguyén trong chit pha lodng vo
tring (chang han, dung dich Ringer, nuéce ct, hodc dung dich mudi v trung) dé c6 thé bao
gbm thanh phan thém vao. Khi hoan nguyén, chit mang duoc dung cho d6i twong bang

phuong phap bat ky da biét dbi voi nguoi co hiéu biét trung binh trong linh vuc nay.

Str dung chét mang hoat chét sinh hoc

Chét mang hoat chit sinh hoc md ta & trén ¢ thé bao gom thudc va hat silic dioxit
x6p, va sang ché dé xudt viéc st dung hat silic dioxit x5p mo td & trén trong qué trinh san
Xuét chat mang hoat chat sinh hoc.

Nhu mo ta trén, hat silic dioxit x0p theo sang ché co thé 1a phan huy sinh hoc duoc
va phan huy cham in vivo, do vay giai phong hoat chit sinh hoc dwoc mang theo cach duy
tri, va do d6 dugc st dung trong san xuAt chit mang hoat chat sinh hoc loai giai phong duy
tri

Chi tiét v& dic tinh vat 1y, dic diém k¥ thudt va cai bién bé mit cta hat silic dioxit
x0p o thé ¢ trong khoang minh hoa trén, va hat silic dioxit xbp 6 thé duoc san xuat bang
phuong phap dudi trong cac diéu kién trong khoang minh hoa trén.

Vi du thwe hién sang ché

I. Diéu ché hat silic dioxit xdp

(1) Bidu ché hat silic dioxit xop

1) Biéu ché cac hat c6 16 rong nhé

960mL nudc cat va 810mL MeOH duoc dit trong binh ddy tron 2L. Sau khi dat
7,88g CTAB trong binh, 4,52mL NaOH IM duogc nhanh chéng thém vao binh dang khudy.
Sau khi tao thanh hdn hop ddng nhat trong khi khudy trong 10 phit, 2,6mL TMOS dugc
thém. Sau khi khudy trong 6 gid va tron dong nhat, hdn hop duge gia hoa trong 24 gio.
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Sau d6, dung dich phan (mg duge ly tdm ¢ 25°C va 8000 vong/phut trong 10 phut
dé loai bo chit ndi trén bé mit, sau d6 ly tdm thém ¢ 25°C va 8000 vong/phut trong 10

phut va rira bing etanol va nudc cét, luan phién, ndm lan.

Sau d6, san phim duge sdy kho trong 16 & 70°C dé tao 1,5g hat silic dioxit 16 rng
nho loai bot (v6i dudng kinh 16 rong trung binh 1a 2nm va dudng kinh hat 1a 200nm).

2) Gian nd 16 rong

1,5g hat silic dioxit 16 rong nhé dugc thém vao 10mL etanol, va thyc hién phén tan
bang siéu am. Sau d6, 10mL nudc va 10mL trimetyl benzen (TMB) duoc thém vao dung
dich phan tng, sau dé phén tin bang siéu am.

Sau d6, dich phan tan dugc dat trong ndi hap va phan tmg & 160°C trong 48 gid.

Phan tmg duoc bit diu & 25°C, tiép tuc trong khi nang nhiét d6 & toc do 10°C/phit,
va sau do, dich phén tdn d3 phan Gmg duoc tr tr lam mat trong ndi hap & toc do 1 dén

10°C/phut.

Dung dich phan tng dugc 1am mat duge dua vao ly tim ¢ 25°C va 8000 vong/phut
trong 10 phut dé loai bo cht ndi trén bé mat, sau d6 ly tam thém ¢ 25°C va 8000 vong/phut

trong 10 phut va rira bing etanol va nudc cat, luan phién, ndm lén.

Sau dé, san phém duoc séy kho trong 10 & 70°C dé tao hat silic dioxit 16 rdng nhé

loai bot (voi duong kinh 16 rdng trung binh 10 dén 15nm va duong kinh hat 200nm).
3) Nung

Hat silic dioxit xdp diéu ché trong phan 2) & trén duge dit trong lo thuy tinh, gia
nhiét & 550°C trong 5 gid, va sau d6 hoan thanh phan tng, lam mét chdm xudng dén nhiét

do trong phong, bang cach do tao ra hat.
(2) Didu ché hat silic dioxit x6p

Hat silic dioxit xép duoc diéu ché theo cach twong ty nhu mo ta trong vi du 1-(1)

trén, ngoai trir viéc didu kién phan tmg duoc thay doi thanh 140°C va 72 gio.
(3) Didu ché hat silic dioxit x&p (thang 10L)

Hat silic dioxit Xép duoc diéu ché theo cach twong tw nhu mo ta trong vi du 1-(1)
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trén, ngoai trir viéc st dung binh 16n gap 5 lan va mdi vét liéu duge su dung vé1 the tich

gip 5 lan.
(4) Diéu ché hat silic dioxit x6p (dudng kinh hat 300nm)

Hat silic dioxit xdp dugc didu ché theo cach twong tw nhu md ta trong phan (1) trén,
ngoai trir viéc 920mL nuéc cat, va 850mL metanol dugc st dung trong diéu ché hat 16 rong
nho.

(5) Didu ché hat silic dioxit xp (duong kinh hat 500nm)

Hat silic dioxit x&p duoc diéu ché theo cach tuong tw nhu md ta trong phan (1) trén,
ngoai trir viéc 800mL nude cét, 1010mL metanol va 10,6g CTAB duoc st dung trong diéu
ché hat 13 rdng nho.

(6) Diéu ché hat silic dioxit x4p (dudng kinh hat 1000nm)

Hat silic dioxit xép duoc diéu ché theo cach tuong tw nhu md ta trong phan (1) trén,
ngoai trr viéc 620mL nudc cat, 1380mL metanol va 7,88g CTAB dugc st dung trong diéu

ché hat 15 rdng nho.
(7) Diéu ché hat silic dioxit xp ( dudng kinh 16 rong 4nm)

Hat silic dioxit xdp duoc diéu ché theo cach twong tw nhu md ta trong phan (1) trén,

ngoai trir viée 2,5mL TMB duoc st dung khi gidn nd 10 rong.
(8) Diéu ché hat silic dioxit xbp ( duong kinh 16 réng 7nm)

Hat silic dioxit xdp duoc diéu ché theo cach tuong tu nhu md ta trong phan (1) trén,

ngoai trir viéc 4,5mL TMB duge str dung khi gidn nd 16 rong.
(9) Diéu ché hat silic dioxit x6p (duong kinh 13 rongl7nm)

Hat silic dioxit x&p dwoc diéu ché theo cach tuong tw nhu mo ta trong phan (1) trén,

ngoai trir viéc 11mL TMB duogc str dung khi gian no 16 rong.
(10) Didu ché hat silic dioxit xop (dudng kinh 16 rong 23nm)

Hat silic dioxit xép duoc diéu ché theo cach tuong tu nhu mo ta trong ph?m (1) trén,

ngoai trir viéc 12,5mL TMB duoc str dung khi gidn no 16 réng.

(11) Diu ché hat silic dioxit xdp (cai bién kép)
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1) Biéu ché hatlor

Theo cach twong tu nhu mo ta trong vi du (1)-1), hat 16 rong nhé duge didu ché.
2) Gian no 16 rong

Theo cach twong tu nhu mé ta trong vi du (1)-2), hat 16 rdng nho dugc phan tng véi
TMB, sau d6 lam mat xudng va ly tAm dé loai bo chat ndi trén bé mit. Sau do, trong diéu
kién gidng nhu trong vi du (1)-2), thuc hién ly tdm, sau do rua bang etanol va nudc cét,
luan phién, ba lin. Sau d6, san pham phan ung dugc sdy kho trong diéu kién gidéng nhu
trong vi du (1)-2), do d6 tao ra hat silic dioxit xép loai bot (vdi duong kinh 16 réng 10 d&n
15nm, va duong kinh hat 200nm).

3) Cai bién bé mit

Sau dé 0,8g dén 1g hat silic dioxit x5p c6 16 rong gidn nd dugc phan tin trong S0mL
toluen, 5mL (3-aminopropyl)trietoxysilan duoc dat trong dich phan tan va gia nhiét &
120°C trong 12 gio trong khi héi lwu. Sau cac qud trinh rira va sdy kho trén, qua trinh nay
duoc thuc hién bing cich phan tan 1mL trietylenglycol (PEG3, 2-[2-(2-
metoxyetoxy)etoxyJaxit axetic), 100 mg EDC (1-etyl-3-(3-
dimetylaminopropyl)carbodiimit) va 200 mg N-Hydroxysucxinimit(NHS) trong 30mL
PBS, va tién hanh phan Gmg trong 12 gio trong khi khudy ¢ nhiét do trong phong. Sau do,

san pham phan tng dugc rra va say kho.

Vi dung dich phan tmg trude d6 van con bén trong 10 rong nén bén trong 16 rong

khong duoc bién tinh.

4) Rira bén trong 16 rong

800 mg bot hat bién tinh bé mat duoc hoa tan trong 40mL HCl/etanol 2M, sau d6
hdi luu trong khi khuay manh trong 12 gid.

Sau d6, dung dich phan tng lanh duge ly tim & 8000 vong/phut trong 10 phut dé
loai b6 chit néi trén bé mat, ly tim thém & 25°C va 8000 vong/phit trong 10 phut, sau d6
rira bang etanol va nudc cat, luan phién, nim lan.

Sau do, san phém phan mg duogc lam kho trong 16 ¢ 70°C, do do tao ra hat silic

dioxit xép loai bot.
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5) Cai bién bén trong 16 rong
(i) Nhom propyl duge dua vao bén trong 16 rong theo cach twong tw nhu vi du 2-

(2)-1) duge mo ta bén dudi.

(ii) Nhom octyl duge dua vao bén trong 16 rong theo cach twong tu nhu vi du 2-(2)-
2) dugc mo ta bén dudn.

2. Cai bién bé mat

(1) Tich dién thanh dién tich duong

1) Hat ¢6 duong kinh hat 300nm

Hat silic dioxit xép trong vi du 1-(4) duoc phan Umg véi (3-

aminopropyl)trietoxysilan (APTES) dé duoc tich dién duong.

Cu thé, 100 mg hat silic dioxit x6p duoc phan tan trong 10mL toluen trong binh day
tron 100mL bang mdy siéu 4m thung. Sau d6, ImL APTES duoc thém vao, va hén hop
phan Gmg duoc phan ung ¢ 130°C trong khi khudy & 400 vong/phut trong 12 gio.

Sau phan Gmg, san pham phan tng duoc lam mat chdm xubng dén nhiét d6 trong
phong, ly tim ¢ 8000 vong/phut trong 10 phat dé loai bo chit ndi trén bé mit, ly tAm thém
& 25°C va 8000 vong/phtt trong 10 phut, sau do rua bing etanol va nudc cét, luan phién,
nam lan.

Sau d6, san pham phan tmg dugc sdy kho trong 16 & 70°C, do d6 tao ra hat silic
dioxit x6p loai bot c6 nhém amin trén bé mit hat va bén trong 16 rdng.

2) Hat c6 duong kinh hat 200nm

(1) Budc cai bién duoc thuc hién theo cach twong tu nhu md ta trong vi du 2-(1)-1)
trén, ngoai trr viéc hat silic dioxit xép trong vi du 1-(1) dwogc phin ung voi (3-
aminopropyl)trietoxysilan (APTES) dé duoc tich dién dwong, 0,4mL APTES dugc thém
vao va phan ung dugc thuc hién trong 3 gid.

(i) Budc cai bién duge thuc hién theo céch twong tu nhu mo ta trong vi du 2-(1)-1)
trén, ngoai tre viéc hat silic dioxit x6p trong vi du 1-(9) duoc phan umg véi (3-

aminopropyl)trietoxysilan (APTES) dé duoc tich dién duong.
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(ii1) Budc cai bién dwoc thuc hién theo cach twong tu nhu mé ta trong vi du 2-(1)-
. < 0 5 5 < \t)

1

1) trén, ngoai trir viéc hat silic dioxit x6p trong vi du 1-(10) dugc phan tng véi (3

aminopropyl)trietoxysilan (APTES) dé duoc tich dién dwong.

(2) Pua vao nhéom ky nude

1) Nhom propyl:

Budc cai bién duge thuc hién theo cach twong tw nhu md ta trong vi du 2-(1) trén,
ngoai trir viéc hat silic dioxit xép trong vi du 1-(1) dugc phan Ung véi
trimetoxy(propyl)silan dé duwa nhém propyl vao bé mat cua hat va bén trong 16 rong,
0,35mL trimetoxy(propyl)silan dugc thém vao thay cho APTES, va phan img duoc thuc
hién trong 12 gi0.

2) Nhém octyl

Budc cai bién duoc thuc hién theo cach trong tw nhu md ta trong vi du 2-(1) trén,
ngoai trir viéc hat silic dioxit xbp trong vi du 1-(1) dugc phan Gng véi trimetoxy-n-
octylsilan dé dwa nhom propyl vao bé mit cua hat va bén trong 16 réng, 0,5mL trimetoxy-

n-octylsilan durgc thém vao thay cho APTES, va phan ing dugc thyc hién trong 12 gio.
(3) Tich dién thanh dién tich &m
1) Nhom carboxyl :

Budc cai bién duoc thuc hién theo cich twong tu nhu mo ta trong vi du 2-(1)-1)
trén, ngoai trir vi€c hat silic dioxit xbp trong vi du 1-(1) duge phan Gng véi anhydrit

sucxinic dé duoc tich dién am,

Dimetyl sulfoxit (DMSO) dugc st dung thay vi toluen, 80 mg anhydrit sucxinic
duoc thém vao thay cho APTES va phan tng ¢ nhiét 6 trong phong trong khi khuay trong

24 git, va DMSO dugc st dung dé rira thay vi nudc cét.
2) Nhém thiol

Budc cai bién duoc thuc hién theo cach twong tu nhu mo ta trong vi du 2-(1)-1)

trén, ngoai trr viéc 1,1mL MPTES dugc str dung thay vi APTES.

3) Nhom axit sulfonic
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Bude cai bién duge thuc hién theo cach twong tw nhu md ta trong vi du 2-(1)-1)
trén, ngoai trr viéc 100 mg hat silic dioxit x6p trong doan (3)-2) duge phén tan trong ImL
dung dich axit sulfuric IM va 20mL hydro peroxit 30% va khudy ¢ nhiét d6 trong phong
dé gay phan tmg oxy hoa, lan luot oxy nhém thiol thinh nhém axit sulfonic. Sau dé, san

pham phan tng dugc ria va sdy kho theo cach twong ty nhu md ta trong vi du 2-(1)-1).
3. Nap chét mang hoat chét sinh hoc.
(1)Doxorubixin
Hat silic dioxit xp trong vi du 1-(1) dwgc nap doxorubixin.

Cu thé, sau khi tron 5 mg bot hat silic dioxit xép va 2 mg doxorubixin trong nudc

cét, hdn hop duoc dé & nhiét do trong phong trong 1 gio.
(2) Irinotecan

Sau khi phén tan 5 mg bot hat silic dioxit x6p ¢6 dién tich Am trong vi du 2-(3)-1)
trong 1mL dung dich PBS Ix 1x, 2 mg irinotecan dugc thém vao dich phéan tan va duoc

phén tan trong 15 phut, va hdn hop duoc dé & nhiét do trong phong trong 1 gio.
(3) Sorafenib
Hat silic dioxit xp trong vi du 1-(11)-5)(i) dugc nap sorafenib.

Cu thé, sau khi tron 5 mg bot hat silic dioxit xép va 2 mg sorafenib trong ImL
nudc/etanol khir ion cé trong ty 1€ 5:5 (ty 1€ thé tich), hdn hop dugc u & nhiét d6 trong

phong trong 1 gio. Sau do, san pham dugc rira bang ImL nudc khir ion ba lan.
(4) Axit retinoic

ImL axit retinoic dung dich (50 mM etanol) dwoc thém vao 100 pg bot hat silic
dioxit x4p trong vi du 2-(1)-2)(i), sau d6 dé & nhiét d6 trong phong trong 4 gid. Sau do, san

pham duoc rira bang 1mL etanol ba lan.
(5) Peptit p53
Hat silic dioxit xdp st dung & day 1a hat trong vi du 1-(11)-5)(i).

Peptit p53 st dung & day mo phong phan trinh ti protein p53 di kém véi co ché chét

té bao (su chét té bao theo chwong trinh). Trinh tu md phong dé cap dén trinh tur ctia ciu
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triic xodn thir cap ky nudce trong d6 protein p53 duoc két hop véi protein A(MDM2. Do vay,

peptit p53 tac dong nhur chét dbi khang cta protein hMDM?2.

Trinh tu axit amin cua peptit p53 (Cal. m.w. 2596.78, dugc tim thiy béi MALDI-

TOF 2597.92) duoc biéu dién bing Cong thirc 1 sau (dau tan cting N -> dau tan ctng C).
Cong thtrc 1

Z-Gly-Gly-QIn-Ser-QIn-Qln-Thr-Phe-Y-Asn-Leu-Trp-Arg-Leu-Leu-X-Qln-Asn-
NH2

(trong d6 X 1a mot axit amin khong tu nhién duoc dua vao bang nhom chue azit va
biéu thi axit 2-amino-5-azido-pentanoic; va Y 1a axit amin khong tu nhién dugc dua vao

bang nhém chirc alkyn trong d6 axit 4-pentynoic dugc dua vao & chudi bén ctia D-Lys;

X va'Y duoc lién két dé tao thanh nhom chie triazol thong qua phan ting cdng hop
vong azit-alkyn (hodc phan ung click) véi nhén phan ung; va

7 biéu thi 5(6)-carboxy florescein (FAM)).

1,3 mg (500 nmol) peptit p53 dugc hoa tan trong 100 pl va tron vé1 SmL dung dich
chtta 5 mg bot hat silic dioxit xbp trong dng day hinh nén dung tich 15mL, sau d6 & ¢ nhiét
d6 trong phong trong 12 gio.

Hat silic dioxit xdp duoc nap peptit p53 da dugc ly tdm (9289 rcf, 8500 vong/phut,
20 phut, va 6ng ddy hinh nén dung tich 15 mL) va ria bang nudc ba lan, do d6 duoc tinh

e
A

ché.
(6) siARN

SIARN kép gom 21 cidp bazo huéng dich protein phat huynh quang xanh 14 (green
fluorescent protein-GFP) dugc tdng hop khi yéu cau va duoc mua tir Bioneer Co. Ltd.
(trinh tu: soi ¢6 nghia; 5'-GGCUACGUCCAGGAGCGCACC-3’ (SEQ ID NO: 1), sot a6i
nghia; 5'- UGCGCUCCUGGACGUAGCCUU-3’ (SEQ ID NO: 2))

10 ug hat silic dioxit xép trong vi du 2-(1)-2)(ii) va 50 pmol siARN duogc tron lan

trong didu kién PBS 1x, sau d6 dé & nhiét do trong phong trong 30 phut dé hoan thanh nap.

(7) ADN Plasmit
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ADN plasmit 6,7k cip bazo (SE Q ID NO: 5) dugc thiét ké dé biéu hién GFP tron

UQ

khung xuong pcADN3.3 duoc tao ra tur vi khuan va str dung sau khi tinh ché.

10 pg hat silic dioxit x6p trong vi du 2-(1)-2)(iii) va 0,25 g ADN plasmit dugc tron
lin trong didu kién PBS 1x, sau d6 dé & nhiét d6 trong phong trong 30 phit dé hoan thanh
nap.

(8) ADN mach thang

ADN mach thing 1,9k cap bazo (SEQ ID NO: 6) duoc thiét ké theo thé tu tudn tu
gom doan moi xudi- gen khoi dau CMV - eGFP cADN — doan mdi nguoc va thu dugce bang

khuyéch dai PCR dugc st dung.

12,5ug hat silic dioxit xép trong vi du 2-(1)-2)(iii) va 0,25 ug ADN mach thing
dwoc tron lin trong didu kién PBS 1x sau d6 dé & nhiét do trong phong trong 30 phut dé
hoan thanh nap.

(9) Protein

1) BSA

100 pg bdt hat silic dioxit x6p trong vi du 2-(1)-2)(ii) va 10 ug BSA (Sigma Aldrich,
A6003) duoc tron 1an trong 200 ul PBS 1x, sau d6 t ¢ nhiét dd trong phong trong 1 gi16.

2) IeG

100 ug bot hat silic dioxit xbp trong vi du 2-(1)-2)(ii) va 10 ug 1gG chong x04n
(Santacruz, sc-81417) duoc tron lan trong 200 pl PBS 1x, sau d6 u ¢ nhiét do trong phong
trong 1 gio.

3) RNaza A

100 pg bat hat silic dioxit x6p trong vi du 1-(9) va 10 ug RNaza A (Sigma Aldrich,
R6513) duge tron 1an trong 200 pl PBS 1x, sau d6 u ¢ nhiét do trong phong trong 1 gio.

4) Cas9

40 ug bot hat silic dioxit Xép trong vi du 2-(1)-2)(i), 4 pg protein Cas9 (SEQ ID
NO: 3) va 2,25 ug BSA dan hudéng (SEQ ID NO: 4) dugc tron lan trong 10 ul PBS 1x, sau
do6 1t & nhiét do trong phong trong 1 gi0.
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Vi du thtr nghiém
1. Nhén dang sy tao hat va su gidn n¢ 16 r6ng

Quan st cac hat 16 rong nho va céc hat silic dioxit x&p diéu ché duge trong céc vi
du 1-(1) dén (3) bing kinh hién vi, xdc dinh duoc liéu hat 16 rdng nho c6 dugc tao ra mot
cach dong nhét, 15 rdng gidn nd du va hat silic dioxit x6p duge tao mot cach d6ng nhat hay
khong (cac hinh vé Fig.1 dén Fig.4).

Fig.1 12 anh thé hién hat silic dioxit x8p trong vi du 1-(1), va Fig.2 12 anh the hién
hat silic dioxit x4p trong vi du 1-(2), ching minh rang hat silic dioxit x6p ¢6 hinh cau c6
13 rdng gidn nd du duoc tao ra mot cich dong nhat.

Fig.3 12 anh thé hién hat 15 rdng nho trong vi du 1-(1), va Fig.4 1a anh thé hién so
sanh cua hat 13 rdng nhé trong cdc vi du 1-(1) va 1-(3), chimg minh rdng hat 16 réng nho
¢4 hinh cu duoc tao ra mot cach dé)ng nhét.

2. Tinh dién tich bé mit BET va thé tich 16 rong

P4i véi hat 16 rong nhé trong vi du 1-(1) va hat silic dioxit xbp trong cic vi du 1-
(1), (7), (8) va (10), dién tich bé mat va thé tich 13 rdng duge tinh. Dién tich bé mét duge
tinh bang phwong phdp Brunauer-Emmett-Teller (BET), va sy phén bd thé tich 16 rdng
duge tinh bang phuwong phép Barrett-Joyner-Halenda (BJH).

Vi anh cua hat twong ung dugc thé hién trén Fig.5, va két qua tinh duoc thé hién

trong bang 1 dudi day.

Bang 1
i duong kinh 16 | dién tich bé mat | thé tich 10 rdng
rong (nm) BET (m?%g) (mL/g)

hat 16 réng nho

trosg V1 d 141) 2,1 1337 0,69
Vi du 1-(7) 43 630 0,72
Vi du 1-(8) 6.9 521 0,79
Vidu 1-(1) 10,4 486 0,82
Vi du 1-(10) 23 396 0,97
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3. Nhén dang kha ndng phan hﬁy sinh hoc cua hat silic dioxit xop

Pé nhan dang kha ning phan huy sinh hoc cua hat silic dioxit x6p trong vi du 1-(1),
mirc d6 phin hiy sinh hoc trong SBF (pH 7,4) ¢ 37°C dugc quan sat bang kinh hién vi &

0 gio, 120 gio va 360 gio, va két qua quan sat dugc thé hién trén Fig.6.

Theo Fig.6, c6 thé thdy ring hat silic dioxit xdp bi phan hity sinh hoc va hau nhu bi
phéan huy sau 360 gio.

4. Po ty 1& dd hap thu hat silic dioxit x5p
Ty 18 d6 hip thu theo thoi gian duge x4c dinh theo phuong trinh 1 dudi ddy.
Phuong trinh 1

AvAo

(trong d6 Ao biéu thi do hép thu cua hat silic dioxit Xép do duoc sau khi ddt SmLdich
huyén phii chira Img/mL hat silic dioxit x6p trong mang tham hinh tru ¢6 16 rong véi dudng
kinh 50 kDa,

trong d6 15mL dung moi tiép xuc voi mang thAm va thuc chét gidng véi dich huyén
phu cé mét bén ngoai mang thdm, cac phan bén trong va bén ngoai cua mang thidm duoc
khudy theo phuong ngang & 37°C va 60 vong/phit, dich huyén phii c6 d6 pH 7,4, va

trong do A: biéu thi dd hép thu cua hat silic dioxit xép duoc do ‘t’ gid sau khi do

Ap).

Cu thé, 5 mg bdt hat silic dioxit xép duoc hoa tan trong SmL SBF (pH 7,4). Sau do,
didu ché SmL dung dich hat silic dioxit xp dugc dit trong mang thdm c6 16 réng voi dudng
kinh 50 kDa thé hién trén Fig.7. 15mL SBF duoc thém vao mang ngoai va SBF & mang
ngoai duoc thay ddi sau moi 12 gid. Su phan huy hat silic dioxit Xép duoc thuc hién &

37°C trong diéu kién khudy ngang & 60 vong/phut.

Sau d6, d6 hap thu duge do bangmay do quang ph6 UV-vis va phan tich & A =
640nm.

(1) Po ty 1& do hap thu

Ty 1€ do hép thu cta hat silic dioxit xbp trong vi du 1-(1) duoc do theo phuwong phap
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trén, va két qua cua phép do dugc thé hién trén Fig.8.

Theo Fig.8, “t’ ma tai d6 ty 1& do hdp thu dat t6i 1/2 12 khoang 58 gio, va c6 thé thdy

rang hat silic dioxit xbp duogc phan hiy rat cham.
(2) Do hip thu theo dudng kinh hat

Po hép thu cua hat silic dioxit xép trong cac vi du 1-(1), (5) va (6), lan luot, duogc
do thep phuong trinh 1 néu trén, va két qua do dugc thé hién trén F 1g.9 (v61 SBF dugc

dung lam dich huyén phu va dung méi).
Theo Fig.9, c6 thé thdy rang ‘t’ gidm véi viée ting duong kinh hat.
(2) Do hép thu theo dudng kinh 18 rng trung binh

Do hap thu cuta hat silic dioxit x6p trong céc vi du 1-(1) va (9), lan luot, ciing nhu
d6 hp thu cua hat silic dioxit 18 rdng nho trong vi du 1-(1) 1a nhém ddi chimgddi ching
duoc do theo phuong trinh 1 néu trén, va két qua do duge thé hién trén Fig.10 (v6i SBF

duogc dung lam dich huyén pht va dung moi).

Theo Fig.10, c6 thé thdy rang ‘t’ cua hat silic dioxit x6p trong céac vi du la 16n hon
dang ké so véi nhom ddi chimg.

(3) Do hap thu theo d6 pH

bo hép thu theo d6 pH cua hat silic dioxit xép trong vi du 1-(4) duoc do. B hép

thu duoc do trong SBF va Tris ¢ dd pH 2, 5va 7,4, va két qua do duoc thé hién trén Fig.11.

Theo Fig.11, cé thé théy réng, mic du c6 su khac nhau cua’t’ theo do pH, ‘t’ ma tai
d6 tAt ca ty 1é do hap thu dat 1/2 12 24 hogc hon.

(4) Tich dién

Do hép thu cua hat silic dioxit xép trong vi du 2-(1)-1) duoc do, va két qua do dugc

thé hién trén Fig.12 (Tris (pH 7,4) dung nhu dich huyén phu va dung mdi).

Theo Fig.12, c6 thé thay rang hat duge tich dién duong cling c¢6 ‘t’ 24 hogc hon khi
ty 1& do hap thu dat 1/2.

5. Giai phéng hoat chat sinh hoc

(1) Doxorubixin
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0,5 mg hat silic dioxit x6p duoc nap doxorubixin (0,1 mg) duoc phan tan trong PBS.
Dung dich nay duoc duy tri trong diéu kién dong dé khudy ngang & 37°C va 200 vong/phit.
Dung dich silic dioxit xbp dugc nap doxorubixin dugc lam ling bang may tach ly tim tai
méi thoi diém, d6 hip thu cia chit ndi trén bé mit (Aab = 480nm) dugc do dé x4c dinh

lugng doxorubixin dugc gidi phong, va két qua do duoc thé hién trén Fig.13.

Dua theo Fig.13, c6 thé théy réng doxorubixin dugc nap trén bé mit ctia hat voi luc
lién két twong dbi yéu va duoc gidi phong tuong dbi nhanh do d6 hoa tan cao trong PBS,

cling nhu hoat chét sinh hoc duoc giai phong lién tuc hon 70 gid hodc lau hon.
(2) Irinotecan

1 mg hat silic dioxit xbp duoc nap irinotecan (0,2 mg) dwgc phan tan trong 1mL
huyét twong ngudi. Dung dich nay dwoc duy tri trong didu kién dong dé khuiy ngang &
37°C va 200 vong/phtt. Dung dich silic dioxit x6p duoc nap irinotecan dugc lam ling bang
mAy tach ly tim tai moi thoi diém, do hép thu cta chét ndi trén bé mit (kab = 255 hoic
278nm) duoc do dé x4c dinh luong irinotecan duoc giai phong, va két qua do duoc thé hién

trén Fig. 14,

Theo Fig.14, co thé thiy rang irinotecan dugc giai phong khoang 50% sau 5,5 gio,

va hoat chat sinh hoc duoc giai phong lién tuc trén 120 gid hodc lau hon.
(3) Sorafenib

1 mg hat silic dioxit x6p dugc nap sorafenib (0,1 mg) duoc phén tan trong 10mL
PBS 1x. Dung dich nay duoc duy tri trong didu kién dong dé khudy ngang & 37°C va 200
vong/phut. Dung dich silic dioxit xbp duoc nap sorafenib dugc 1am ling bang mdy tach ly
tam tai moi thoi diém, do hép thu cua chat ndi trén bé mat (hab = 270nm) dugc do dé xéc
dinh luong sorafenib duge giai phong, va két qua do duge thé hién trén Fig.15.

Theo Fig.15, co thé thay rang sorafenib 1a hoat chét sinh hoc khong tan duoc gidi
phéng cham do sy twong tdc cua sorafenib véi hat silic dioxit x6p ¢6 nhém thé ky nudc.

(4) Axit retinoic

0,1 mg hat dugc nap axit retinoic dugc dét trong PBS (pH 7,4) dung dich chtra 5%
etanol va dugc gitt ¢ nhiét do 37°C trong khi khudy ngang. Dung dich chtta hat duge ly
tAm sau moi 24 gid, va do hép thu cua chat ndi trén bé mat dugc do & budc sdéng 350nm dé
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xé4c dinh luong gidi phong axit retinoic, va két qua do duoc thé hién trén Fig.16.

Theo Fig.16, co thé thay rang axit retinoic c6 dién tich &m duoc giai phong rat chim
do su twong tic cta ching véi hat silic dioxit xdp tich dién duong va hau nhw 100% duoc

giai phong hon 10 ngay.
(5) Peptit p53

5 mg hat duoc nap peptit p53 duoc dat trong SmL PBS 1x chira 10% FBS hodc SmL
PBS 1x, va duoc giit trong moi truong ddng trong khi quay ¢ 37°C va 20 vong/phut. Dung
dich duoc ly tim & 8500 vong/phut tai mdi thoi diém, va cuong d6 huynh quang cta 5(6)-
carboxy fluorescein (FAM) lam chét danh dau huynh quang két hop véi peptit p53 trong
chat ndi bé mit duge do (d6 hip thu : 480nm, phat huynh quang: 520nm).

Céc két qua do duoc thé hién trén Fig.17.

Dua theo Fig.17, ¢6 thé thay rang peptit p53 duoc nap trong hat silic dioxit x6p nho
luc lién két do tac dong ky nudc, va khong giai phong trong dung dich PBS. Tuy nhién,
néu protein nhu huyét thanh bao thai bo (FBS) c6 mit trong dung dich, peptit p53 duoc
lién két v6i doan ky nuée trong protein FBS va co thé duoc hoa tan trong dung dich, do
do, peptit nay co thé duoc giai phéng ra bén ngoai hat. Mit khéc, cho rang peptit p53 duge
nap trong hat co thé duoc giai phong ra bén ngoai hat va do d6 protein FBS s& duogc dua
vao trong hat.

(6) siARN

10 pl hat silic dioxit x6p duoc nap CyS-siARN duoc tao huyén phu lai trong SBF
(pH 7,4, 37°C) va sau d6 dat trong mang tham cé dudng kinh 16 rdng 20 kDa (6ng trén
Fig.18).

Sau d6, bng tham nay dwgc nhing trong 1,5mL SBF.

Thuc hién giai phong siARN ¢ 37°C trong khi khudy ngang & 60 vong/phtit.

Trudce 24 ¢id, dung moi giai phong duoc thu hoi tai thoi diém trdi qua 0,5, 1, 2, 4,
8, 12 va 24 gi¢. Sau d6, 0,5mL dung moi gidi phong duge thu hdi & khoang céch thoi gian
24 gi @& do huynh quang, sau d6 thém SBF véi luong tuong dwongtuong duong.

Cudng d6 huynh quang ctia Cy5-siARN dugc do ¢ bude séng 670nm (Aex = 647nm)
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dé xac dinh mrc d6 gidi phong siARN, va két qua do duoc thé hién trén Fig.19.

Theo Fig.19, c6 thé thay rang 50% siARN dugc giai phong trong khoang 48 gid.

(7) ADN plasmit

Hat silic dioxit xdp dwoc nap ADN plasmit (ADN plasmit 1 pg, hat silic dioxit xdp
50 pg) duogc tao huyén phu lai trong PBS (pH 7,4, 37°C) va sau d6 dat trong mang thim
c6 duong kinh 13 rdng 20 kDa (Sng giéng nhu éng trén Fig.18).

Sau d6, dng tham nay dwogc nhiing trong 1,5mL PBS.

Thuc hién giai phéng ADN plasmit ¢ 37°C trong khi khudy ngang & 60 vong/phiit.

Trudce 24 gid, dung moi giai phong duge thu hdi tai thoi diém trdi qua 0,5, 1, 2, 4,
8, 12 va 24 gio. Sau do, 0,5mL dung mdi giai phong dugc thu hdi & khoang cach thoi gian
24 giy dé thir nghiém gan két Hoechst, sau d6 thém PBS véi luong twong duongtuong

duong.

Cudng d6 huynh quang Hoechst 33342 duoc do ¢ budc song 460nm (kex = 360nm)
dé xac dinh murc do gidi phong cua ADN plasmit, va két qua do duogc thé hién trén c4c hinh
v€& Fig.20 va 21.

Nhu thé hién trén Fig.20 va 21, c6 thé thay ring 50% ADN plasmit duoc giai phong
trong khoang 24 g10.

(8) ADN mach thing

Hat silic dioxit xdp dugc nap DNA mach thing (ADN mach thang 3 ug, hat silic
dioxit x6p 100 ug) duge tao huyén phu lai trong PBS (pH 7,4, 37°C) va sau d6 dat trong
mang thdm c6 duong kinh 16 rong 20 kDa (6ng gidng nhu dng trén Fig.18).

Sau d6, dng tham nay duge nhing trong 1,5mL PBS.

Thuc hién giai phong cia ADN mach thang & 37°C trong khi khudy ngang & 60
vong/phut.

Trudce 24 gid, dung moi giai phong duge thu hdi tai thoi diém trdi qua 0.5, 1, 2, 3,
4, 6, 12 va 24 gi¢d. Sau d6, 0,5mL dung moéi giai phong duoce thu hoi & khoang cdch thot

gian 24 gid dé thir nghiém gin két Hoechst, sau d6 thém PBS véi luong tuong duongluong
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twong duong.
Cuodng do huynh quang ctia Hoechst 33342 duoc do ¢ budc song 460nm (hex =

360nm) dé xac dinh mtc do giai phong ADN mach thing, va két qua do duoc thé hién trén

Fig.22.

Theo Fig.22, ¢ thé fhéy ring 50% ADN mach thing dugc giai phong trén khoang
24 gio.

(9) Protein

1) BSA

100 g hat silic dioxit x6p duoc nap BSA c6 huynh quang duoc gin voi néd duogc
tao huyén phu lai trong 200 pl SBF (pH 7,4) hodc PBS (pH 7.,4).

Thuc hién giai phong BSA ¢ 37°C trong khi khudy ngang & 60 vong/phiit.

O thoi diém 6, 12, 24, 48, 96, 144 va 240 gid, 200 ul dung mdi giai phong duge thu
hdi d do huynh quang, sau d6 thém SBF hodc PBS véi luong twong duong.

Cuong d6 huynh quang cua BSA dugce danh d4u bang huynh quang dugc do & budc
séng 517nm (hex = 492nm) dé xéc dinh mirc d6 giai phong BSA, va két qua do dugc thé
hién trén Fig.23.

Theo Fig.23, c6 thé thiy ring BSA c6 thé duwoc giai phong trong ca SBF va PBS
theo cach duy tri, va hau nhu 100% duogc giai phong trén 250 gidr hodc lau hon.

2) IeG

100 pg hat silic dioxit xbp duoc nap IgG c6 huynh quang duge gin véi né duge tao

huyén phu lai trong 200 pl SBF (pH 7,4) hoac PBS (pH 7.,4).
Thuc hién giai phong IgG 6 37°C trong khi khudy ngang & 60 vong/phut.

O thoi diém 6, 12, 24, 48, 96, 144 va 240 gid, 200 ul dung méi gidi phong duge thu
hdi dé do huynh quang, sau d6 thém SBF hodc PBS véi luong tuong duong.

Cuodng d6 huynh quang cua [gG duge danh ddu bang huynh quang dugc do & budce
song 517nm (hex = 492nm) dé x4c dinh mirc do giai phong IgG, va két qua do dugc thé
hién trén Fig.24.
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Theo Fig.24, c6 thé thay rang IgG c6 thé dugc gidi phong trong ca SBF va PBS theo

cach duy tri, va hau nhu 100% duge gidi phong trén 250 gio hoac lau hon.
3) RNaza A

100 pg hat silic dioxit x6p duoc nap RNaza A c6 huynh quang duoc gin véi no duge
tao huyén phu lai trong 200 pul SBF (pH 7,4) hodc PBS (pH 7,4).

Thuc hién giai phong RNaza A ¢ 37°C trong khi khudy ngang & 60 vong/phiit.

O thoi didm 6, 12, 24, 48, 96, 144 va 240 gid, 200 ul dung méi giai phong dwoc thu
hdi dé do huynh quang, sau d6 thém SBF hodc PBS véi lugng twong duong.

Cudng do huynh quang cua RNaza A danh diu bang huynh quang dugce do & budc
séng 517nm (hex = 492nm) dé x4c dinh murc do giai phong RNaza A, va két qua do duoc
thé hién trén Fig.25.

Theo Fig.25, c6 thé thiy ring RNaza A c6 thé duoc giai phong trong ca SBF va PBS
theo cach duy tri, va hau nhu 100% duge giai phong trén 250 gid hodc lau hon.

4) Cas9

40 pg hat silic dioxit xbp dugc nap phuc protein Cas9 / ARNA dan huéng duoc tao
huyén phu trong PBS (pH 7,4).

Sau d6, hat silic dioxit x6p duoc xt 1y trong moi truong khéng chita huyét thanh
trén lam kinh v6i té bao nguyén bao soi clia chudt, tie 1, 50.000 té bao NIH 3T3 duoc dan

mong trén d6, sau do u trong diéu kién 5% CO, va 37°C.

G thoi didm 1, 3, 6 va 24 gid, méi trudng duoc loai bo, té bao duge rira bing dung

dich PBS 1x, sau d6 u bang 4% paraformaldehyt trong 15 phiit dé c¢é dinh té bao.

Sau do, sau khi rira béng PBS, té bao duoc trong chat dém phong bé (PBS 1x, 5%
huyét thanh dé thuong, 0,3% triton X-100) trong 1 gid.

Sau khi rira bang PBS, t& bao duoc u trong khang thé gin dudi His (Santa Cruz, sc-

8036) trong 16 gio.

Mot lan nita, sau khi rira béng PBS, té bao dugc U trong khang thé thi cép khang
chudt (Abcam, ab150113) két hop véi Alexa Fluor 488 trong 2 gid.
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Sau khi rira bang PBS, DAPI (thudc nhuém dé nhudm nhén té bao) duge xu ly trén
lam kinh dé& nhudm nhan té bao. Sau d9, té bao dugc quan sat dudi kinh hién vi huynh
quang dé phat hién sy phan bo clia protein trong té bao, va ket qua quan sat dugc thé hién

trén Fig.26.

Theo Fig.26, thudc thir ¢ nhudm nhan té bao, DAPI, duoc quan sat la mau xanh
lam trong anh hién vi huynh quang dé chi vi tri ciia nhan té bao. Alexa Fluor 488 1a thude
nhom huynh quang dugc danh déu trén protein Cas9 va dugc quan sat 1a mau xanh luc
trong anh hién vi huynh quang dé chi vi tri ctia protein Cas9. Khi té bao dugc xir 1y bing
hat silic dioxit dugc nap protein Cas9 dugc danh dau béng Alexa Fluor 488, sau d6 nhuom
DAPIL c6 thé phat hién liéu protein Cas9 da dugc dwa vao trong té bao bing hat silic dioxit

khong, cling nhu vi tri cia nhén té bao, dua trén dnh hién vi huynh quang.

Tix cac két qua trén, co thé thdy rang protein Cas9 dugc dua vao trong té bao duge
quan sat chu yéu trong phan té bao chat sau 3 gio tr kh1 dua vao, va c6 mit trong nhan té
bao sau 24 gi¢. Do céc hat silic dioxit dugc dung gan nhu 1a khong thé di vao nhan té bao,
duoc hiéu rang protein Cas9 trong té bao duoc giai phong tr hat silic dioxit sau 24 gid va
sau d6 dwoc dua vao bén trong nhan dugc biét dén 1a co quan tir trong d6 protein Cas9

duogc tich tu.
6. Phan phdi hoat chat sinh hoc

Dé x4c nhan rang chat mang c6 thé dung lam chat mang phu hop trong cac nghién
ctru phan phdi siARN & cap dong vat, mirc dd kim khoi u & chudt bang cach giai phong

hoat cht sinh hoc duoc do.

Chudt duc trui 16ng Balb/c (5 tudn tudi) duge mua tit Orient Bio Co. Ltd., 3 triéu
té bao HeLa (t& bao ung thu c6 tir cung) dugc phan tan trong PBS 1x vo trung vadugce tiém
dudi da cho chudt dé phét trién khéi u ghép ngoai lai trong chudt. Khi cac khoi u rdn ¢6
kich thuée 70 mm? duge tim thdy, PBS, FITC-hat silic dioxit xdp (hat silic dioxit x4p trong
vi du 2-(1)-2)(ii)) va FITC-hat silic dioxit xdp (hat silic dioxit xp trong vi du 2-(1)-2)(ii))
dugce nap Cy5-siARN, lan luot, duoc sir dung vao khoi u cua chudt thong qua tiém. Sau
do, cudong @6 huynh quang va sy phan bd ctia né duge quan sit ngay trude khi va sau khi
str dung, va sau 48 gi¢ tir khi sir dung, bang phuong tién hé chup anh huynh quang in vivo
(FOBI) (Neo science, Korea).
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Péanh diu FITC duge thuc hién bing: phan tan 50 mg hat silic dioxit trong 1mL
dimetyl sulfoxit (DMSO); thém 25 pg (10 ul) dung dich FITC-NHS (N-
hydroxycucxinimit) (2,5 mg/mL) vao dich phan tan; phan tng hon hop & nhiét do trong
phong trong 18 gio trong khi chin 4nh sang bang 14 nhom; tinh ché san pham phan tmg
bang céac ly tim (8500 vong/phit, 10 phut); loai bo chét ndi trén bé mit trong khi gom hat
d3 lang lai va phan tan déu chting trong etanol; va lap lai budc tinh chédich phan tan bang
etanol-nudc cit, luin phién, 3 hodc 4 lan cho dén khi mau FITC khong nhin théy duoc
trong chét ndi trén bé mat.

Céc két qua cia ching duge thé hién trén Fig.27.

Theo Fig.27, ‘ddi chimg’ biéu thj chi st dung PBS, trong khi ‘cy5-siARN’ biéu thi
chi stt dung cy5-siARN, ‘FITC-DDV’ biéu thi viéc st dung chi hat silic dioxit xép, duoc
biéu thi 1a FITC, va ‘phirc’ biéu thi viée sir dung hat silic dioxit xdp, dwoc nap cy5-siARN
va danh diu bang FITC. Tur cic két qua nay, c6 thé x4c nhan rang siARN duoc nap trén
hat va dua vao co thé c6 thé duy tri hoat tinh trong khoang thoi gian dai va ¢ lai 1au hon

tai vi tri tiém, do d6 biéu hién huynh quang manh ngay ca sau 48 gi0.
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- YEU CAUBAO HO

1. Hat silic dioxit xop c6 nhiéu 13 rdng ¢6 duong kinh tir Snm dén 100nm va ¢6 't' khong

nho hon 24 gio, trong d6 ty 1€ do hap thy duoc do theo phuong trinh 1 dudi day 1a 1/2:
Phuong trinh 1
Av/Ao

trong d6 Ao biéu thi do hip thu ciia hat silic dioxit xdp do dugc sau khi dat SmL
dich huyén phil chtra Img/mL hat silic dioxit xp trong mang thim hinh tru ¢6 15 rdng ¢6

duong kinh 1a 50kDa,

15mL dung moéi tiép xuc v6i mang thAm va thuce chat gidng véi dich huyén phu ¢6
mit bén ngoai mang tham, cic phén bén trong va bén ngoai ciia mang thAm duoc khudy

theo phuong ngang ¢ 37°C va 60 vong/phut, dich huyén phu c6 d6 pH 1a 7,4, va
A biéu thi do hép thu cua hat silic dioxit Xép duoc do ‘t’ gid sau khi do Ao.
2. Hat silic dioxit xép theo diém 1, trong d6 ‘t’ nim trong khoang tir 24 dén 120 gio.

3. Hat silic dioxit x0p theo diém 1, trong d6 hat silic dioxit x6p nay c6 thé phan huy sinh

hoc duoc.

4. Hat silic dioxit x4p theo diém 1, trong d6 hat silic dioxit x6p cb “t” nim trong khoang

tir 70 dén 120 gio, trong d6 ty 1& do hép thu do dugc theo phuong trinh 1 1a 1/5.

5. Hat silic dioxit x0p theo diém 1, trong d6 dudng kinh 16 rong nam trong khoang tir 7nm

dén 30nm.
6. Hat silic dioxit xép theo diém 1, trong do6 hat silic dioxit Xép c6 dang hinh cau.

7. Hat silic dioxit x6p theo diém 1, trong d6 dudng kinh trung binh cua hat silic dioxit xop

nam trong khoang tir 150nm dén 1000nm.

8. Hat silic dioxit x6p theo diém 1, trong d6 hat silic dioxit xdp ¢6 dién tich bé mat BET

nim trong khoang tir 200 m%g dén 700 m?/g.

9. Hat silic dioxit x6p theo diém 1, trong d6 thé tich cua hat silic dioxit xp trén mdi gam

nam trong khoang tr 0,7mL dén 2.2mL.

10. Hat silic dioxit xp theo diém 1, trong d6 hat silic dioxit x&p ¢6 nhém thé wa nude hodc
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rong.

O

nhém thé ky nuéc trén bé mat ngoai cua hat hodc bén trong 1

11. Hat silic dioxit xép theo diém 1, trong d6 hat silic dioxit xép tich dién duong hodc 4m

trén bé mat ngoai ctia hat hodc bén trong 16 rong & d6 pH trung tinh.

12. Phuong phéap san xuét hat silic dioxit xop theo diém 1, phuong phap nay bao gdm céc

budec:

chuén bi hat silic dioxit x5p c6 nhiéu 13 rdng c6 dudng kinh 15 rdng thi nhét bang

cach thém chat hoat dong bé mat va tién chat silic dioxit vao dung mdi, sau d6 khudy;

lam gidn no nhiéu 16 rong dén dudng kinh tir Snm dén 10nm bang céch cho hat silic
dioxit x6p phan tmg véi chit 1am gidn nd & nhiét do 120°C dén 180°C trong thoi gian tir
24 dén 96 gio; va

nung hat silic dioxit x6p c6 nhiéu 15 rdng da gidn nd & nhiét d6 400°C hogc cao hon
trong thoi gian 3 gio hodc 14u hon.
13. Phuong phép theo diém 11, trong d6 phuong phap nay con bao gdm budc loai bo phan
chat hoat ddng bé mat trong cac 16 rdng bang cach rira hat silic dioxit x6p 6 nhiéu 16 rong
c6 duong kinh 18 rdng thir nhit bang nudc hode dung mdi hiru co.
14. Phuong phap theo diém 11, trong d6 phan ng dugc thuc hién bén trong céc 16 rong
ciia hat silic dioxit x8p c6 nhiéu 16 rdng c6 dudng kinh 18 rdng thir nhét.
15. Phuong phap theo diém 11, trong d6 phan Gmg dugc thuc hién bang cach nang nhiét do
firmg bude tir nhiét do trong phong dén nhiét d nim trong khoang tir 120°C dén 180°C véi
tbc do tir 0,5°C/phut dén 15°C/pht.
16. Phuong phap theo diém 11, trong d6 budc nung duoc thuc hién ¢ nhiét do nim trong
khoang ttr 400°C dén 700°C trong thoi gian tir 3 gio dén 8 gio.
17. Phuong phép theo diém 11, trong d6 budc nung loai bo phdn chét hoat dong bé mit
con luu lai trong céc 16 rong cua hat silic dioxit.
18. Phuong phép theo diém 11, trong d6 phuwong phap nay con bao gom bude dua cic
nhom thé wa nude, ky nude, cation, hodc anion 1én bé mat ngoai ctia hat hodc bén trong 16
rdng bang cach cai bién bé mat.

19. Phuong phép theo diém 18, trong d6 budc cai bién dugc thuc hién bang cich cho hop
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chét co cac nhom thé duge dua vao phan Gng v6i hat silic dioxit x0p.
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1315 1320 1325
Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp
1330 1335 1340
Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile
1345 1350 1355 1360
Asp Leu Ser Gln Leu Gly Gly Asp Gly Gly Ser Gly Pro Pro Lys Lys
1365 1370 1375
Lys Arg Lys Val His His His His His His
1380 1385

<210> 4



<211> 130

<212> ARN

<213> Trinh tu nhdn tao
<220>

<223> ARN dan huéng
<400> 4

49507

gaaauuaaua cgacucacua uaggggccca guggaucuaa augagggguu uuagagcuag

aaauagcaag uuaaaauaag gcuaguccgu uaucaacuug aaaaaguggc accgagucgg

<220>

<223>

<400> 5

gttaggcgtt

ttgactagtt

ttccgegtta

ccattgacgt

cgtcaatggg

atgccaagta

cagtacatga

attaccatgg

cggggatttc

caacgggact

ADN plasmit

ttgcgctgcet

attaatagta

cataacttac

caataatgac

tggagtattt

cgccccecctat

ccttatggga

tgatgcggtt

caagtctcca

ttccaaaatg

ugcuuuuuuu

<210> 5

<211> 6330

<212> ADN

<213> Trinh ty nhédn tao

tcgcgatgta

atcaattacg

ggtaaatggc

gtatgttccc

acggtaaact

tgacgtcaat

ctttcctact

ttggcagtac

ccccattgac

tcgtaacaac

cgggccagat

gggtcattag

ccgcctggcet

atagtaacgc

gcccacttgg

gacggtaaat

tggcagtaca

atcaatgggc

gtcaatggga

tccgecccat

atacgcgttg

ttcatagccc

gaccgcccaa

caatagggac

cagtacatca

ggcccgectg

tctacgtatt

gtggatagcg

gtttgttttg

tgacgcaaat

acattgatta

atatatggag

cgacccccge

tttccattga

agtgtatcat

gcattatgcc

agtcatcgcect

gtttgactca

gcaccaaaat

gggcggtagg

60

120

130

60

120

180

240

300

360

420

480

540

600

74/99



cgtgtacggt

agacgccatce

actctagagg

gaaataagag

gaggagctgt

cacaagttca

aagttcatct

acctacggcg

aagtccgcecca

aactacaaga

ctgaagggca

tacaacagcc

ttcaagatcec

aacaccccca

tccgeectga

accgccgcecg

gcttgccttce

taaagcctga

ccggttagta

gaaggaaccc

gtttgttcat

accccattgg

gggtgaaggc

gcgcagcetgg

gggtgtggtg

tttcgecttte

gggaggtcta

cacgctgttt

atcgaaccct

agaaaagaag

tcaccggggt

gcgtgteegg

gcaccaccgg

tgcagtgctt

tgcccgaagyg

cccgcgecga

tcgacttcaa

acaacgtcta

gccacaacat

tcggcgacgg

gcaaagaccc

ggatcactct

tggccatgcecc

gtaggaagtg

atgagtttaa

gcgctatgac

aaacgcgggg

ggccaatacg

ccagggctcg

ggctctaggg

gttacgcgca

ttcececttect

tataagcaga

tgacctccat

tttggaccct

agtaagaaga

ggtgcccatc

cgagggcgag

caagctgccc

cagccgcectac

ctacgtccag

ggtgaagttc

ggaggacggc

tatcatggcc

cgaggacggc

cccegtgetg

caacgagaag

cggcatggac

cttcttctct

agggtctaga

acgggggagg

ggcaataaaa

ttcggtccca

cccgegttte

cagccaacgt

ggtatcccca

gcgtgaccgce

ttctcgeccac

49507

gctcgtttag
agaagacacc
cgtacagaag
aatataagag
ctggtcgagc
ggcgatgcca
gtgccctggce
cccgaccaca
gagcgcacca
gagggcgaca
aacatcctgg
gacaagcaga
agcgtgcagce
ctgcccgaca
cgcgatcaca
gagctgtaca
cccttgcacc
actagtgtcg
ctaactgaaa
agacagaata
gggctggcac
ttcecttttee
cggggcggcea
cgcgccctgt
tacacttgcc

gttcgecegge

10

tgaaccgtca

gggaccgatc

ctaatacgac

ccaccatggt

tggacggcga

cctacggcaa

ccaccctegt

tgaagcagca

tcttcttcaa

ccctggtgaa

ggcacaagct

agaacggcat

tcgccgacca

accactacct

tggtcctgct

agtaagctgc

tgtacctctt

acgcaagggt

cacggaagga

aaacgcacgg

tctgtcgata

ccaccccacc

ggccctgcecca

agcggcgeat

agcgccctag

tttcccegte

gatcgcctgg

cagcctcegg

tcactatagg

gagcaagggc

cgtaaacggc

gctgaccctg

gaccaccctg

cgacttcttc

ggacgacggce

ccgcatcgag

ggagtacaac

caaggtgaac

ctaccagcag

gagcacccag

ggagttcgtg

cttctgcggg

ggtctttgaa

tcgatcccta

gacaataccg

gtgttgggtc

cccecaccgag

ccccaagtte

tagcagatct

taagcgcggce

cgccecgcetcece

aagctctaaa

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

75/99



tcggggcatc

tgattagggt

gacgttggag

ccctatcteg

aaaaaatgag

ttagggtgtyg

aattagtcag

agcatgcatc

ctaactccgce

gcagaggccg

ggaggcctag

caagagacag

ccggccgcett

tctgatgccg

gacctgtccg

acgacgggcg

ctgctattgg

aaagtatcca

ccattcgacc

cttgtcgatc

gccaggctca

tgcttgccga

ctgggtgtgg

cttggcggcg

cagcgcatcg

cgaaatgacc

cctttagggt

gatggttcac

tccacgttct

gtctattctt

ctgatttaac

gaaagtcccc

caaccaggtg

tcaattagtc

ccagttccgce

aggccgcectce

gcttttgcaa

gatgaggatc

gggtggagag

ccgtgttccg

gtgccctgaa

ttccttgege

gcgaagtgcce

tcatggctga

accaagcgaa

aggatgatct

aggcgcgceat

atatcatggt

cggaccgcta

aatgggctga

ccttctatcg

gaccaagcga

tccgatttag

gtagtgggcce

ttaatagtgg

ttgatttata

aaaaatttaa

aggctcccca

tggaaagtcc

agcaaccata

ccattctccg

tgcctctgag

aaagctcccg

gtttcgcatg

gctattcggc

gctgtcagcg

tgaactgcag

agctgtgctc

ggggcaggat

tgcaatgcgg

acatcgcatc

ggacgaagag

gcccgacgge

ggaaaatggc

tcaggacata

ccgcttcecte

ccttcttgac

cgcccaacct

49507

tgctttacgg
atcgccecctga
actcttgttc
agggattttg
cgcgaattaa
gcaggcagaa
ccaggctccc
gtcccgcccce
ccccatggcet
ctattccaga
ggagcttgta
attgaacaag
tatgac;ggg
caggggcegcec
gacgaggcag
gacgttgtca
ctcctgtcat
cggctgcata
gagcgagcac
catcaggggc
gaggatctcg
cgcttttetg
gcgttggcta
gtgctttacg
gagttcttct

gccatcacga

11

cacctcgacc

tagacggttt

caaactggaa

gggatttcgg

ttctgtggaa

gtatgcaaag

cagcaggcag

taactccgcc

gactaatttt

agtagtgagg

tatccatttt

atggattgca

cacaacagac

cggttctttt

cgcggctatce

ctgaagcggg

ctcaccttgc

cgcttgatcc

gtactcggat

tcgcgceccage

tcgtgaccca

gattcatcga

cccgtgatat

gtatcgccgce

gagcgggact

gatttcgatt

ccaaaaaact

ttcgececttt

caacactcaa

cctattggtt

tgtgtgtcag

catgcatctc

aagtatgcaa

catcccgcecc

ttttatttat

aggctttttt

cggatctgat

cgcaggttct

aatcggctgce

tgtcaagacc

gtggctggcecc

aagggactgg

tcctgccgag

ggctacctgc

ggaagccecggt

cgaactgttc

tggcgatgcce

ctgtggcegyg

tgctgaagag

tccecgattceg

ctggggttcg

ccaccgccgce

2220

2280

2340

2400

2460

76/99

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720



cttctatgaa

gcgcggggat

tggttacaaa

ttctagttgt

ctctagctag

gctcacaatt

atgagtgagc

cctgtcgtgce

tgggcgctct

agcggtatca

aggaaagaac

gctggecgttt

tcagaggtgg

cctcgtgcecge

ttcgggaagce

cgttcgctcc

atccggtaac

agccactggt

gtggtggcct

gccagttacc

tagcggtggt

agatcctttg

gattttggtc

aagttttaaa

aatcagtgag

cccecgtegtg

aggttgggcet

ctcatgctgg

taaagcaata

ggtttgtcca

agcttggcegt

ccacacaaca

taactcacat

cagctgcatt

tccgettect

gctcactcaa

atgtgagcaa

ttccatagge

cgaaacccga

tctcectgttce

gtggcgcttt

aagctgggcet

tatcgtcttg

aacaggatta

aactacggcet

ttcggaaaaa

ttttttgttt

atcttttcta

atgagattat

tcaatctaaa

gcacctatct

tagataacta

tcggaatcgt

agttcttegce

gcatcacaaa

aactcatcaa

aatcatggtc

tacgagccgg

taattgcgtt

aatgaatcgg

cgctcactga

aggcggtaat

aaggccagca

tcecgecceccce

caggactata

cgaccctgcc

ctcaatgctc

gtgtgcacga

agtccaaccc

gcagagcgag

acactagaag

gagttggtag

gcaagcagca

cggggtctga

caaaaaggat

gtatatatga

cagcgatctg

cgatacggga

49507

tttccgggac
ccaccccaac
tttcacaaat
tgtatcttat
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctcgctgcegce
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccccecegtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt

gggcttacca

12

gceggetgga

ttgtttattg

aaagcatttt

catgtctgta

cctgtgtgaa

tgtaaagcct

cccgctttcece

gggagaggcg

tcggtcgttce

acagaatcag

aaccgtaaaa

cacaaaaatc

gcgtttcccc

tacctgtccg

tatctcagtt

cagcccgacc

gacttatcgc

ggtgctacag

ggtatctgcg

ggcaaacaaa

agaaaaaaag

aacgaaaact

atccttttaa

tctgacagtt

tcatccatag

tctggcceccca

tgatcctcca
cagcttataa
tttcactgca
taccgtcgac
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggceg
gggataacgc
aggccgcgtt
gacgctcaag
ctggaagctc
cctttctccc
cggtgtaggt
gctgcgcectt
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact

gtgctgcaat

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

77/99



gataccgcga

aagggccgag

ttgccgggaa

tgctacaggc

ccaacgatca

cggtcctecyg

agcactgcat

gtactcaacc

gtcaatacgg

acgttcttcg

acccactcgt

agcaaaaaca

aatactcata

gagcggatac

tcceccgaaaa

actctcagta

gtgttggagg

accgacaatt

<210> 6

<211>

<212>

<213>

<220>

<223>

<400> 6

gacccacgct

cgcagaagtg

gctagagtaa

atcgtggtgt

aggcgagtta

atcgttgtca

aattctctta

aagtcattct

gataataccg

gggcgaaaac

gcacccaact

ggaaggcaaa

ctcttccttt

atatttgaat

gtgccacctg

caatctgctc

tcgctgagta

gcatgaagaa

1878

ADN

caccggctcce

gtcctgcaac

gtagttcgcce

cacgctcgtce

catgatcccc

gaagtaagtt

ctgtcatgcc

gagaatagtg

cgccacatag

tctcaaggat

gatcttcagc

atgccgcaaa

ttcaatatta

gtatttagaa

acgtcgacgg

tgatgccgca

gtgcgcgagce

tctgcttagg

Trinh ty nhdn tao

ADN mach thdng

49507

agatttatca
tttatccgcec
agttaatagt
gtttggtatg
catgttgtgc
ggccgeagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
atcgggagat
tagttaagcc

aaaatttaag

gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttctg
ccgagttgct
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
ctcccgatcc
agtatctgct

ctacaacaag

agccagccgg
ctattaattg
ttgttgccat
gctccggttce
ttagctcctt
tggttatggc
tgactggtga
cttgccecgge
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt
cctatggtcg
ccctgettgt

gcaaggcttg

ttcgcgatgt acgggccaga tatacgcgtt gacattgatt attgactagt tattaatagt

13

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6330

60

78/99



aatcaattac

cggtaaatgg

cgtatgttcc

tacggtaaac

ttgacgtcaa

actttcctac

tttggcagta

accccattga

gtcgtaacaa

atataagcag

ttgacctcca

ttttggaccc

gagtaagaag

tggtgcccat

gcgagggcega

gcaagctgcc

tcagccgcta

gctacgtcca

aggtgaagtt

aggaggacgg

atatcatggc

tcgaggacgg

gcccegtget

ccaacgagaa

tcggcatgga

ccttcttctce

ggggtcatta

cccgectgge

catagtaacg

tgcccacttg

tgacggtaaa

ttggcagtac

catcaatggg

cgtcaatggg

ctccgcecccca

agctcgttta

tagaagacac

tcgtacagaa

aaatataaga

cctggtcgag

gggcgatgcc

cgtgccctgg

ccccgaccac

ggagcgcacce

cgagggcgac

caacatcctg

cgacaagcag

cagcgtgcag

gctgcccgac

gcgcgatcac

cgagctgtac

tccecttgeac

gttcatagcc

tgaccgccca

ccaataggga

gcagtacatc

tggcccgect

atctacgtat

cgtggatagc

agtttgtttt

ttgacgcaaa

gtgaaccgtc

cgggaccgat

gctaatacga

gccaccatgg

ctggacggcg

acctacggca

cccaccctcg

atgaagcagc

atcttcttca

accctggtga

gggcacaagc

aagaacggca

ctcgccgacc

aaccactacc

atggtcctgce

aagtaagctg

ctgtacctct

49507

catatatgga
acgaccccceg
ctttccattg
aagtgtatca
ggcattatgc
tagtcatcgc
ggtttgactc
ggcaccaaaa
tgggcggtag
agatcgcctg
ccagcctcecg
ctcactatag
tgagcaaggg
acgtaaacgg
agctgaccct
tgaccaccct
acgacttctt
aggacgacgg
accgcatcga
tggagtacaa
tcaaggtgaa
actaccagca
tgagcaccca
tggagttcgt
ccttctgegg

tggtctttga

14

gttccgegtt

cccattgacg

acgtcaatgg

tatgccaagt

ccagtacatg

tattaccatg

acggggattt

tcaacgggac

gcgtgtacgg

gagacgccat

gactctagag

ggaaataaga

cgaggagctg

ccacaagttc

gaagttcatc

gacctacggc

caagtccgcc

caactacaag

gctgaaggge

ctacaacagc

cttcaagatc

gaacaccccc

gtccgececctg

gaccgccgcec

ggcttgcctt

ataaagcctg

acataactta

tcaataatga

gtggagtatt

acgcccccta

accttatggg

gtgatgcggt

ccaagtctcc

tttccaaaat

tgggaggtct

ccacgctgtt

gatcgaaccc

gagaaaagaa

ttcaccgggg

agcgtgtccg

tgcaccaccg

gtgcagtgcect

atgcccgaag

acccgcgcecg

atcgacttca

cacaacgtct

cgccacaaca

atcggcgacg

agcaaagacc

gggatcactc

ctggccatgce

agtaggaagt

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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gagggtctag

aacgggggag

cggcaataaa

gttcggtccce

gcccgegttt

aactagtgtc

gctaactgaa

aagacagaat

agggctggcea

cttccttt

49507

gacgcaaggg ttcgatccct
acacggaagg agacaatacc
aaaacgcacg ggtgttgggt

ctctgtcgat accccaccga

15

accggttagt

ggaaggaacc

cgtttgttca

gaccccattg

aatgagttta

cgcgctatga

taaacgcggg

gggccaatac

1680

1740

1800

1860

1878

80/99
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Fig.5
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Fig.7

Dung dich DDV

Mang tham

SBF tuot
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Fig.8
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Fig.9
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Fig.10

Rel. Abs. @640 nm
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Fig.11
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Fig.13
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