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LOI CAM DOAN
T6i xin cam doan d¢é tai nghién ctru trong ludn vin nay 1a cong trinh nghién ctru
cua to6i dya trén nhitng tai li¢u, s6 liéu do chinh toi ty tim hiéu va nghién ctru. Chinh
vi vay, cac két qua nghién ctru dam bao trung thuc va khach quan nhat. Pong thoi, két
qua ndy chua timg xuét hién trong bat cir mot nghién ciru ndo. Cac s liu, két qua

néu trong luan van Ia trung thyc néu sai toi hoan chiju trach nhiém truéc phat luat.
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LO1 CAM ON
Loi dau tién, toi xin chan thanh cam on TS. Cao Vian Du va PGS.TS Tran Ngoc Quyén
da hudng dan t6i thyuc hién dé tai nay. Toi cling xin g 161 cam on dén ThS. Pang Thi
Lé Hang da nhiét tinh ho tro gitp d&, chia s& kinh nghiém nghién cru quy bau va dong
vién toi trong subt qua trinh 1am dé tai.
T6i xin chan thanh cam on dén tat ca thay c6 ¢ Hoc vién Khoa hoc va Cong nghé,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam da truyén dat cho toi nhitng kién
thire sau rong trong suét théi gian qua tir nam 2021 — 2023.
T6i Xin gui 101 cam on dén dé tai DPLTE00.07/22-23 va Phong Vat liéu Sinh — Duoc,
Vién Khoa hoc Vat liéu Ung dung, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
d4 tao diéu kién thuan loi bao gom hoa chét, dung cu va thiét bj dé t6i co thé hoan
thanh dé tai.
Cubi cung to1 Xin cam on gia dinh, ban b¢ da ho tro, dong vién tinh than cho toi trong
thoi gian hoc tap va thuc hién dé tai.
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TOM TAT

Methotrexate 1a thudc thuéc nhom DMRADs, dugc lya chon dau tién trong
phac d6 diéu tri & bénh nhan VKDT. MTX phai duoc diéu tri kéo dai, hiéu qua cua
thudc thé hién rd sau 3 thang diéu tri. Tuy nhién, cdc nghién ctru 14m sang cho thay,
do nguyén nhan tinh tan caa MTX, MTX tich I{y trong gan, giy cac ddc tinh cho gan,
va tir 46 kéo theo nhiéu bénh khong mong muén. Do d6, nghién ctru nay dugc thuc
hién v&i muc tiéu tao hé chit mang cho Methotrexate dé khong ché vé liéu luong tir
d6 lam giam doc tinh cia MTX. Cuy thé, nghién ctru diéu ché hé nanogel nhay nhiét
trén co s& dan xuat alginate véi pluronic F127 ¢ gan tic nhan hudng dich folic acid,
va str dung dé nang hoa MTX. Thong qua *H-NMR va FT-IR két hop véi UV-vis, cau
tric cua vat liéu tong hop tir dan xuat alginate-pluronic véi FA (FA-Alg-F127) dugc
ching minh. Vat liéu FA-Alginate-Pluronic tao dugc micelles & nong d6 339,766 +
1,104 ppm, va c6 su 6n dinh vé kich thuéc khi nong do dat trén 1000 ppm qua khao
sat bang phuong phap DLS & nhiét do 25°C. Bong thoi, kich thudc hat tao tir FA-Alg-
F127 cho thay su anh huéng manh bai nhiét 6. Kich thudc hat dat 45 nm & nhiét do
25°C va giam xubng 33nm & nhiét do 37°C, cho thay hat nanogel tao thanh c6 tinh
chat nhay nhiét. Sir dung phuong phap thiét ké thi nghiém trén co sé RSM, cong thiic
bao ché MTX dugc dua ra nhu sau: khoi lwong FA-Alg-F127 1a 20mg nang hoa voi
khdng lugng thuée MTX 14 4 mg/ml. V&i cong thiic ndy, ham luong MTX giai phong
khoi hé cho thay su phu hop véi phac do diéu tri. Him lugng MTX giai phong khoi
hé sau 1h dat 10% va tang 1én 30% trong vong 6h, dat 60% MTX giai phong ra khoi
hé sau 24h. Khao sat trén dong RAW 264.7 va dong té bao MSC cho thdy nang héa
MTX trong hé chat mang FA-Alg-F127, doc tinh MTX duoc giam dang ké. Sau 72 o
V6i cing MTX (120ppm), gan 80% té bao Raw264.7 va t& bao MSC bj uc ché khi
thue hién voi MTX tu do, trong khi d6, 40-50% té bao bi e ché ghi nhan khi cac dong
té bao nay nudi cdy véi MTX/ FA-Alg-Plu. Panh gia duoc tinh cia MTX va MTX
bao ché duoc thuc hién trén muc tiéu nitric oxide duoc san sinh ra khi té bao

XVi



RAW264.7 bi kich thich véi yéu té gy viém LPS. Khi té bao bi kich viém trudc 18h,
ham lugng NO dugc uc ché voi MTX / FA-Alg-Plu gan nhu twong dwong voi MTX
tu do sau 20 gio ¢. Tuy nhién, khi té bao viém dugc & MTX trong 6h, ham lugng NO
duoc tc ché bai MTX / FA-Alg-Plu cao hon han khi so sanh véi MTX tu do. Nhu vay
c6 thé thay, chat mang hd trg cho MTX duoc tham nhap vao té bao viém ¢ thoi diém
ban dau. Trén co s& cac tién dé trén c6 thé két luan, MTX nang héa trong nanogel hinh
thanh tir vat liéu tdng hop FA-Alg-F127 tao hé bao ché méi cho MTX véi kha ning
giai phong thude c6 tinh kiém soat, giam duoc tac dung phu lién quan dén doc tinh,

tang hoat tinh thudc do ting cuong kha nang nhép bao.
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ABSTRACT

Methotrexate is a drug of the DMRAD:Ss class, the first choice in the treatment
regimen in patients with RA. MTX must be treated for a long time, the effect of the
drug is evident after 3 months of treatment. However, clinical studies show that, due
to the solubility of MTX, MTX accumulates in the liver, causing hepatotoxicity, and
thereby leading to many unwanted diseases. Therefore, this study was carried out with
the goal of creating a carrier system for Methotrexate to control the dose, thereby
reducing the toxicity of MTX. Specifically, the study prepared a heat-sensitive
nanogel system based on alginate derivatives with pluronic F127 with folic acid-
targeting agent attached, and used to encapsulate MTX. Through 1H-NMR and FT-
IR combined with UV-vis, the structure of composites from alginate-pluronic
derivative with FA (FA-Alg-F127) is demonstrated. The FA-Alginate-Pluronic
material produced micelles at a concentration of 339,766 + 1,104 ppm, and had size
stability when the concentration reached over 1000 ppm by DLS method at 25°C. At
the same time, the particle size generated from FA-Alg-F127 shows a strong influence
by temperature. The particle size reached 45 nm at 25°C and decreased to 33 nm at
37°C, showing that the resulting nanogel has thermosensitive properties. Using the
experimental design method on the basis of RSM, the formulation of MTX is given
as follows: the volume of FA-Alg-F127 is 20mg encapsulated with a control amount
of MTX drug of 4 mg/ml. With this formula, the amount of MTX released from the
system shows the agreement with the treatment regimen. The content of MTX released
from the system after 1 hour reached 10% and increased to 30% within 6 hours,
reaching 60% of MTX released from the system after 24 hours. Investigation on
RAW264.7 cell line and MSC cell line showed that by encapsulation of MTX in FA-
Alg-F127 carrier system, MTX toxicity was significantly reduced. After 72 incubation
with the same MTX (120ppm), nearly 80% of RAW?264.7 cells and MSC cells were

inhibited when treated with free MTX, whereas 40-50% of cells were inhibited when
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these cell lines were tested. cultured with MTX/FA-Alg-F127. Pharmacological
evaluation of MTX and MTX formulation was performed on the target of nitric oxide
produced when RAW?264.7 cells were stimulated with the inflammatory factor LPS.
When cells were inflamed before 18 h, the NO content inhibited with MTX/FA-Alg-
F127 was almost equivalent to that of free MTX after 20 h of incubation. However,
when inflammatory cells were incubated with MTX for 6 h, the NO content inhibited
by MTX/FA-Alg-F127 was significantly higher when compared with free MTX.
Thus, it can be seen that the support carrier for MTX is infiltrated into inflammatory
cells at the initial time. On the basis of the above premises, it can be concluded that
the encapsulated MTX in the nanogel formed from the FA-AIlg-F127 composite
material creates a new preparation system for MTX with the ability to control drug
release, reduce the effects of the drug. Side effects related to toxicity, increased drug

activity due to enhanced cell entry.
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MO DAU

Viém khép dang thap (VKDT) 1a mot bénh viém ty mién hé théng man tinh dic
trung boi tinh trang sung khdp, dau khép va pha hay mang hoat dich khép, din dén
tan phé nang né va tir vong soml. Pay 1a mot bénh khdp viém phd bién nhat, véi ty
1¢ hién mac trén toan cau khoang 0,5 - 1% dan s6 2, do vay anh hudng ning né dén
kinh t& va xa hi.

Sung, nong, dau c6 thé c6 do ¢ nhiéu khdp nho, nhd ngoai vi ¢6 tinh chat dbi
xtng hai bén 1 nhimg triéu chtng 1am sang dién hinh, hay gip trong VKDT. Sung
dau cac khop kiéu viém, dién bién thuong kéo dai trén 6 tuan va nhidu dot tai phat
1a cac biéu hién thudng gip ctiia bénh VKDT. Ngoai ra, cimg khép budi sang (CKBS)
cling thudng gip trong cac dot tién trién cta bénh. Trén X-quang biéu hién 13 nhimg
tén thuong huy ddu xwong, khe khép hep nham nhé, dinh khép, ban trat khép, 1éch
truc khop (hinh 1). Mot sb truong hop t6n thuong nodi tang nhu mang tim, mang
phdi, ndo thuong 13 hé qua do VKDT gy ra.

Hinh 4nh bao mon xuwong X-quang ban tay bénh nhan VKDT (A) Bl va Cong
huéng tir khép ton thuong (B) M

Piéu tri VKDT can dat myc tiéu lui bénh trén 1am sang, déng thot lam cham
hozc giam tinh trang pha huy khop. Trong diéu tri ndi khoa VKDT, cac thude didu

trj co ban hay con goi 1a nhém thuéc DMARDs (Diseasemodifying antirheumatic



drugs) kinh dién (Methotrexate, sulfasalazine, hydroxychloroquine...) ¢6 vai trd
quan trong trong viéc 6n dinh bénh va can diéu tri kéo dai. Cac nghién ctru 1am sang
cho thay diéu tri co ban baing DMARDs lam cham hodc lam nging tién trién cta
bénh, can diéu trj 1au dai va theo doi cac triéu chung lam sang, can 1am sang trong
sudt thoi gian diéu tri.

Trong cac thubc thip khdp nhém DMARDs thi Methotrexate dugc str dung diéu
tri ngay tir giai doan dau cta bénh. MTX 1a thudc duwoc Food and Drug
Administration (FDA) chap thuan trong diéu tri VKDT B, méi day 1a thudc duoc
Hiép hoi Phong chéng Bénh khép Chau Au nam 2015 ¥ (European League against
Rheumatism - EULAR) khuyén cdo dung trong diéu tri VKDT murc do trung binh
hozc ning [, hidu qua diéu tri thay doi tuy theo cac nghién ciru ), c6 thé sir dung
don trj liéu hodc phédi hop véi cac thude khac hay phuong phap tri liéu khac.

Do e ngai dgc tinh cua Methotrexate, tir nam 1951 dén nam 1980, chi c6 mot vai
thong bao trong diéu tri VKDT bang Methotrexate véi liu tiém 15mg/tuan va lidu
udng 7,5mg dén 15mg/tudn. Céac trudng hop ghi nhan trong 1am sang, sit dung
Methotrxate thuong kém theo nhiéu tic dung phy khong mong mudn nhu nhu ha
bach cau, suy gan, suy than, tdn thuong phéi man tinh. Bén canh do, theo cac bao
cdo y khoa, cac yéu td nguy co gdy doc cho gan, béo phi, dai thao dudng va suy giam
chtrc ning than dugc ghi nhan & ca 14m sang st dung MTX liéu cao. Bién chimg
nang nhét duoc cong b6 14 nhiém doc phéi & bénh nhan diéu tri béng MTX, tham
chi & liéu thap 7,5 mg/tuan. Pa c6 tir vong do Methotrexate gay ra bénh phoi k& man
tinh.

Giai phap tang hiéu qua in vivo ctia MTX, diéu chinh, khong ché liéu lugng phu
hop st dung cac hé phan phéi thube (drug delivery system) da va dang dugc nghién
ctru rong rai. Hién nay, c6 nhiéu hé tiéu phan nano véan chuyén thude nhu tiéu phan

nano polymer (nanogel, micelles), tiéu phan nano lipid (liposome, nano nhii twong)



duoc cong bd trong linh vuc bao ché. Trong cic hé tiéu phan nano trén thi nano
polymer c6 ngudn gde sinh hoc, dic biét polysacharide (alginate, chitosan, dextran
sulfate, hyaluronic acid) nhan duoc rat nhiéu sy quan tdm trong nhitng nim gan day.
Céc polymer sinh hoc ¢6 nhiéu nhom chirc nang, do d6 dé dang bién tinh véi cac tac
nhan nhu folic acid (tic nhan duoc khuyén cdo sir dung dé lam giam céc tac dung
phu cua Methotrexate) hoac/va polymer than nudc linh dong va nhay kich thich
(nhay nhiét d9, pluronic hay nhay pH cyclodextrin) nham 1am ting tuong tac cta hé
chat mang va té bao, khong ché kha ning giai phong thude trén dudng dén dich tac
dung, giam nguy co két tu trong tuan hoan mau, ting thdi gian luu thong va cai thién
duoc tinh tham. Bén canh d6, cac polymer sinh hoc thudng c6 do hoa tan trong nudc
tuong d6i cao, tinh khong ddc, kha ning phan haty sinh hoc, tinh trong hop sinh hoc
va cac dic diém tao gel doc déo. Do do, duoc ung dung rong rai trong y sinh nhu
truyén tai thudc va protein, chita lanh vét thuong, nuéi cay té bao, tai tao mo (tai tao
mach mau, tai tao xwong,...). Vi du, tiéu phan nano tir alginate hién dang duoc
nhiéu nha khoa hoc quan tAm, nghién ctru trong tmg dung tao hé phan phdi thude
diéu tri VKDT. Manjanna (2010) d2 ti vu hoa va phat trién thanh cong hé phan phi
thudc aceclofenac bang cach sir dung sodium alginate 1am chat mang wa nudc va
calcium chloride 1am chat lién két ngang. Nghién ctru giai phong 6n dinh qua dudng
udng, dé giam sé 1an dung thudc, loai bo cac tac dung phu lién quan dén lidu luong.
Trong khi ting nong do alginate lam ting kich thudc hat trung binh, ty 18 truong no
va hiéu qua mang thudc. Kich thudc hat trung binh ctia microbeads chira thudc nim
trong khoang 596,45 + 1,04 dén 880,10 + 0,13 um. Hiéu suét mang thude thu duoc
trong khoang 63,24-98,90% (w/v). Su giai phong thudc khoi microbeads ¢ pH 1,2
1a khong dang ké. Trong diéu kién trung tinh, cac hat s& truong 1én va viéc giai phong

thudc phu thudc vao do truong 2.

Hién nay, cic nghién ciru vé dan truyén thudc dya trén nén copolymer nhay nhiét



dang duoc chu trong nham nang cao tinh sinh kha dung ctia thudc va han ché cac tac
dung khong mong mudn. Chinh vi vy trong nghién ctru nay, dé tai “Nghién ctru
diéu ché va budc dau danh gia hiéu qua cta hé nano alginate-pluronic mang thudc
Methotrexate dinh hudng tmg dung diéu trji viém khép dang thap” duoc chon cho dé

tai luan van tot nghiép cao hoc.



CHUONG 1. TONG QUAN
1.1.TONG QUAN VE ALGINATE

1.1.1. Giéi thiéu Alginate:

Alginate duoc Stanford gigi thiéu 1an dau vao nam 1881, 1a mot polysaccaride
nhu mot thanh phan chu yéu xuat hién trong cau tric tio niu bién (Phaeophyta). Tuy
nhién, mét loai vi khuan dit nhu Azotobacter vineladii va mot s6 loai Pseudomonas
cling san xuat ra mot loai polymer c6 cdu tric giéng nhu alginate. Dac biét, vi khuan
tiét alginate Pseudomonas aeruginosa & bénh nhan xo nang di duoc chu ¥ nhiéu
trong nhitng nim gan day. Trong tao nu, alginate 1a polysaccaride phong pha nhat
chiém t&i 40% chat kho, chii yéu xuat hién ¢ thanh té bao va khoang gian bao noi

n6 bao gom hdn hop khong hoa tan cuia canxi, magié, natri va mudi kali.l®!

Alginate 1a mot ho cac copolymer nhi phan tuyén tinh gom (1—4) acid o-L-
guluronic (G) duoc lién két glycoside va epimere C-5 cua nd, goc acid p-D-
mannuronic (M) (Hinh 1.1 a) . Luong tuong ddi ciia hai monome acid uronic ciing
nhu sy sap xép tuan ty cua chung doc theo chudi polymer rat khac nhau, tiy thudc
vao ngudn gdoc cua alginate. Cac gbc acid uronic duoc phan bé doc theo chudi
polymer theo mé hinh céc khdi, trong d6 cac khbi dong nhat cia cac goc G (khdi G),
cac khdi ddng nhat cia cac géc M (khdi M) va céc khéi co trinh tu xen k& cua céac
don vi M va G (khdi MG ) cung ton tai (Hinh 1.1b).[?]
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Hinh 1.1 Cau tric monomer va khéi phan b cau mudi Algnate.

Alginate 1a mot nhom cac polymer tu nhién twong hop sinh hoc va phan huy
sinh hoc, d duoc khai thac va nghién ciru rong rai trong linh vuc dugc pham va y
sinh. Alginate duoc sir dung rong rai 1am nguyén liéu tho dé diéu ché nhiéu dang
bao ché phan phdi thudc dua trén polymer sinh hoc. Nhiéu hat composite dya trén
alginate di dugc nghién ctru dé duy tri su giai phong thudc dé st dung trong diéu tri
cac bénh khac nhau. Trong nhitng nim gan day, cac vat liéu vo co khac nhau nhu
montmorillonite, hydroxyapatite (HAp) va canxi cacbonate (CaCO3), v.v., da duoc
gia cb bén trong chit nén alginate dé tao diéu kién giai phong duoc chét 6n dinh hon
trong thoi gian dai hon. Chuong hién tai dé cap dén mot cudc thao luan toan dién veé
cac nghién ciru duge bao cdo lién quan dén cac hat hdn hop vé co alginate cho céac

g dung giai phong thudc bén viing.!!



1.1.2. Tinh chit va @&ng dung cia Alginate:
1.1.2.1. D¢ nhot

Do nhét cua dung dich alginate chii yéu phu thude vao trong luong phan tir va
nong d6 cia mau polymer. Tuy nhién, do tinh linh hoat noi tai ciia cac khéi chudi
khac nhau nén thanh phan ciing c6 thé anh huong dén do nhét cudi cung cua dung
dich. Vi alginate 12 mot polyelectrolyte tich dién 4m cao, nén lyc day tinh dién gita
cac nhom tich dién sé tiép tuc gop phan tao nén do nhét bang cach budc phan tir vao
mét cau tric cudn ngau nhién rat dai. Do d6, cuong do ion cua dung dich sé& co tam
quan trong trong khia canh nay vi cuong do ion cao s& dan dén viéc che chan céac

dién tich va do d6 1am giam kha niang mo rong chudil®l,

Tuy nhién, viéc sir dung cac vat liéu c6 trong lwong phan tir rat cao bi han ché
bai d nhét cao cua chiing, vi du: 1am cho qua trinh loc vo6 tring va xir 1y chung cta
giai phap tré nén kho khin. Ngoai ra, dd c6 béo céo riang cac dung dich alginate co
d6 nhét rat cao c6 thé 1am giam kha nang séng cua té bao do luc cat cao can thiét dé

tron cac té bao voi cac dung dich nay'®l,

1.1.2.2. Dj hoa tan

Natri alginate va hau hét cac alginate khac cua kim loai hoa tri mot déu hoa
tan trong nude va tao ra dung dich c6 do nhét cao. Tuy nhién, d6 pH ctia dung moi
1a mot thong s thiét yéu xac dinh do hoa tan cia alginate trong nudc vi nd s& anh
hudng dén sy hién dién cua dién tich tinh dién trén du luong acid uronic. Do d6, acid
alginic, dang alginate bi proton hoa, thuong khong hoa tan trong nudc tao thanh gel
hodc két taa. Gia tri pKa ctia hai monomer di duogc xac dinh 1a 3,38 ddi véi M va
3,65 ddi véi G (trong 0,1M NaCl), va do d6, pKa ciia polymer ting khi ham lugng
G tang. Tuy nhién, d6 hoa tan cia mau alginate & pH thap khong nhét thiét 1a anh
hudng truc tiép ciia pKa. Trén thuc té, mot mau co cau tric da xen k& tinh khiét da

duoc chirng minh 1a hoa tan hoan toan trong toan bo pham vi pH ¢ thoi gian can



bang ngan. Ly do cho diéu nay dugc cho 13 do cau tric, dya trén sy bat thuong cua
cac lién két truc/xich dao trong cac chudi xen k&. Ngoai do pH quan trong di véi
kha ning hoa tan cta alginate trong nudc, cuong do ion caa chét tan va su hién dién
clia cac ion hoéa tri hai dong vai trd quan trong do tac dung loai bo mudi va tao gel

twong ung.®

1.1.2.3. Khd nang tao gel

Cac tng dung hién tai va tuong lai cua alginate chu yéu lién quan dén dic
diém noi bat nhat cua phan tir alginate — sy hinh thanh gel hudng ion véi sy c6 mit
ctia mot sd cation da hoéa tri nhu Ca?*, Ba2* va Sr%*. Su lién két caa cac ion co tinh
chon loc cao va ai luc phu thudc rat nhiéu vao thanh phan alginate. Ai lyc cua
alginate vai cac kim loai kiém tho da dugc ching minh 1a tang theo thir ty Mg?* <<
Ca%* < Sr?* < Ba?* . Cy thé hon, tir cac thi nghiém lién quan dén qua trinh tham tach
can bang cua alginate cho thay rang d6 chon loc ddi véi cac kim loai kiém tho ting
rd rét khi ting ham lugng G, nhung cac khoi MM va MG hau nhu khong c¢6 tinh

chon loc.]

Su tao gel 13 qua trinh xay ra theo chiéu thuan cau phan tmg hoa hoc va tu
tuong tac, diéu nay vé mat vat 1y duoc giai thich bang lién két khong thuan loi vé
mat entropi cau ion hoa tri hai dau tién gitra hai khéi G va lién két nay tro nén thuan
loi hon cho cac ion sau (co ché day kéo). Yéu cau tdi thiéu dé tao gel véi lugng du

ion Ca?* la tir 8 dén 20 don vi G.[8

1.1.2.4. Tinh twong hop sinh hoc
Alginate 1a polymer da anion tu nhién, polymer khong gay mién dich, khong
doc hai, phan huy sinh hoc isanon. Trong thiét ké thudc hop 1y cho hoéa tri liéu,

alginate cho thiy mot (ng dung trong diéu tri khdi u.l%



Viéc sir dung alginate qua duong udng da khong duoc ching minh 1a gy ra
nhiéu phan wng mién dich khong giéng nhu cac dang tiém tinh mach va c6 bao cao
rang alginate khong doc hai va c6 thé phan huy sinh hoc khi sir dung qua dudng
uéng. Mac du tinh tuong thich sinh hoc cua alginate da dugc nghién ciru rong rai,
van cé su bat ddng trong tai lidu. Trong trudong hop tiém tinh mach, viéc gay ra phan
ng di vat va xo hoéa di dugc bao cao dbi voi hau hét cac alginate thuong mai, trong
khi cac bao céo khac cho thiy it hodc khong c6 phan ¢ng mién dich xung quanh céc
mo cay alginate. Phan &ng tao mién dich doi vai viéc tiém tinh mach c6 thé 1a do

cac chat gay 6 nhiém doc hai tir alginate thuong mai.[*%

1.2.PLURONIC F127:

1.2.1. Giéi thiéu Pluronic F127:
Pluronic (polyxamer) 1a mdt polymer khong ion cua polyoxyethylen-
polyoxypropylen-polyoxyethylen c6 cong thirc chung PEOn-PPON-PEON (A-B-A).

N6 ¢6 nhiéu ung dung trong duoc pham. [t

Céc Pluronic & dang dung dich véi su c¢6 mit cta acid, kiém va cac ion kim
loai rat on dinh. Pluronic thuwong mai v&i bo ba A-B-A c6 san ¢ nhiéu loai khac nhau
vé trong lugng phan tir va dang vat ly. Tuy thudc vao ky hi¢u vat 1y, cac loai dugc
chia thanh cac dang nhu F cho manh, P cho bot nhio hoic L cho chat long. Cac
polaxamer thuong dugc su dung la: 188 (F-68), 237 (F-87), 338 (F-108) va 407 (F-
127).122



H()A{(:llg(:“:}() CH>CHO CH,CH,O H
100 EH; 65 100

Pluronic F127

Hinh 1.2 CAu trac Pluronic F-127

1.2.2. Tinh chit va dic diém caa Pluronic F127:

Pluronic F-127 (PF-127) 1a mét chat dong trung hop ¢ trong luong 12.000
dalton, ty 16 PEO/PPO 1a 2:1 va khong doc hai, c6 do nhét thap duéi 4 °C va tao
thanh gel ban ran & nhiét o co thé (25-29°C). PF-127 hoa tan trong nudce lanh nhiéu

hon trong nudc nong do ting kha ning hoa tan va lién két hydro & nhiét do thap.[*!

Cac dung dich nudc cua PF-127 ¢ nong do tir 20-30% (m/m), bién d6i thuan
nghich thanh gel & mét nhiét do nhat dinh, tirc 13 chiing tré nén 1ong hon & nhiét do
thap hon (4-5 °C) va bién thanh gel & nhiét do co thé (su bién doi nay co thé dao
nguoc va do d6 dung dich trd lai trang thai 16ng & nhiét do thap)Y. Su tao gel nhiét
nay 1a két qua cua sy twong tac gitta cac phan ttr khac nhau ctia Pluronic. Sy gia tang
nhiét d6 1am thay doi cac qua cau hydrat hoa xung quanh cac don vi ky nuéc, do do

gy ra tuong tac cao hon gifta cac don vi khac nhau nay 3 4],

N6i cach khac, véi su gia ting nhiét do caa dung dich PF-127 thi khéi PPO
c6 xu huéng khir nuée va tao thanh 16i voi 16p vé ngoai 1a chudi PEO ngam nudc
tap hop lai thanh cac mixen hinh cau. Cau tric micellar ctia chat dong tring hop nay
trong méi trudng nude co thé dugc st dung dé két hop cac thude wa nudc va ky
nudc, dong thoi kéo dai thoi gian giai phong thudc 1% 11, Ngoai ra, dac diém nay,

cung véi doc tinh thap, kha niang tuong thich sinh hoc véi té bao va dich co thé, va

10



dic tinh sinh mién dich yéu, c6 nghia 13 PF-127 1a mot polymer thuong duoc sir

dung trong cc hé thong phan phdi thudctl.

1.2.3. Ung dung ciia gel Pluronic F127 trong dwgc pham:

PF-127 (poloxamer 407) c6 thé duoc st dung lam chat mang cho mot sé
duong dung, bao gém duong uéng, dudi da, trong miii, am dao, truc trang, mét va
ngoai dudng tiéu hoa 7 18 Trong vai nam gan ddy, PF-127 ciing c6 mdt vai tro

quan trong trong cac hé thong phan phdi thubc qua da 179,

Mot s6 nghién ciru d3 duoc thuc hién dé thir nghiém viéc két hop PF-127
trong céc liéu phap ngan han, chang han nhu kiém soat kha nang sinh san, kiém soat
con dau va diéu tri nhiém trang ). Loai polymer nay da duoc thir nghiém dé sir
dung bén ngoai (phan phdi tai chd va lau dai) thudc chéng ung thu va chong viém.
N6 ciing da duoc thir nghiém trong nhin khoa bang cach sir dung pilocarpine '3, Ba
c6 bao cao nghién ciru lién quan dén cong thirc ngoai dudng tiéu hoa (tiém bap va
tiém dudi da) vai interleukin-2 va khang sinh 2. Theo cach twong tu, poloxamer
nay da duoc thir nghiém thanh cong dé mang peptide va protein (insulin, urease va

cac yéu té tang truong), thé hién qua trinh phan phdi bén viing trong vai gio 14,
1.3.HE DAN TRUYEN NANOGEL.:

1.3.1. Tong quan vé hé dan truyén nanogel:

Vi sy phat trién cia cong nghé nano tién tién trong nhiing thap ky gan day,
cac chat mang nano di xuét hién va tré nén pho bién trong y sinh. Cac chat mang
nano khong chi dong vai tro 1a chat mang cac tac nhan hoéa tri liéu thong thuong do
kha ning déng géi thuéc ma con 1a nén tang cho liéu phap két hop, chan doan da

chirc ning va tri lieut??,

Nanogel, mot loai chat mang van chuyén thudc toan than, 1a copolymer c¢é cu

tric xOp o6 thé diéu chinh ba chiéu (3D) va kich thudc hat nam trong pham vi duéi
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siéu vi ké, tir 20 dén 250 nm; nanogel c6 thé dugc phan biét voi microgel, ¢ kich
thudc hat nam trong khoang tir 1 &én 350 pum, va copolymer hinh thanh tai chd, tao
diéu kién thuan lgi cho viéc phan phdi cuc bd. Nanogel bao gom nhiéu loai polymer
tu nhién, polymer tong hop hoic su két hop cua chung, gop phan vao viéc bao boc
cac phan tir nho, oligonucleotide va tham chi ca protein. Nhirng dac tinh doc dao nay

trang bi cho nanogel kha ning phan phdi thudc, chan doan va chup anhf?2,

La mot loai hydrogel, nanogel giit dugc ban chat ngdm nudc cao va cac dic
tinh truong né co lai caa hydrogel trong cac diéu kién méi truong khac nhau. Cau
tric 3D cua chung cho phép dong géi cac thudc Ky nudc hodc ua nudc trong mang
ludi bén trong ctia chiing, c6 kha ning bao vé cac thude nay khoi sy xudng cap trong
qua trinh bao quan hozc luu thong (chang han nhu sy xuong cap do thity phan hoac
enzyme). Khong giéng nhu cac hat nano dién hinh, gel nano thé hién kich thudc hat
c6 thé diéu chinh, hinh dang hat va do nhay véi pH, nhiét do, cuong do ion, diéu
Kién oxy hoa khir va cac kich thich bén ngoai khac, mang lai cho ching déc tinh giai
phong thube duoc kiém soat hiéu qua. Hon nita, gel nano c6 thé dugc diéu chinh dé
tré nén da chtrc ning va dugc nham muc tiéu, déng thoi thoi gian luu thong cua

chung c6 thé duoc kéo dai bang cach bién ddi bé matl?2.

1.3.2. C4u tao caia hanogel:

Dua trén cac cu trac va khdi xay dung khac nhau trong nanogel, cac phuong
phap tong hop nanogel ¢ thé duoc chia thanh lién két ngang hoa hoc va tu lap rap
vat 1y. Nanogel duoc hinh thanh bang lién két ngang hoa hoc thé hién tinh 6n dinh
t6t hon so véi lién két ngang vat 1y thong qua lién két cong hoa tri giita cac nhom
chuc trén chudi polymer. Trong khi d6, cac két ndi thuan nghich cua cac nanogel
lién két ngang vat 1y thuong phu thudc vao cac tuong tac khong cong hoa tri, cha
yéu bao gom lién két hydro, luc Van der Waals, tuong tac ky nudc, twong tac chu-

khach, tuong tac tinh dién, v.v. Mac du tuong tac cua lién két khong cong hoa tri vat
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ly twong d6i yéu hon so véi lién két ngang cong hoa tri hoa hoc, nhung qua trinh tu
lip rap vat 1y lai linh hoat va thuan tién hon do khéng can cac phan &ng phuc tap.

Phan nay thao luan vé cac phuong phap tong hop va cac vi du vé diéu ché nanogel?,

Pullulan Cholesteryl group
AN 7
A 7
7 /
— /—
' Self-assembly ,—-7‘(
- ~ e = < (v 4
I b o> 6] E— )\ \ NG
y - - *+ >
= y: 3

>

Hinh 1.3 So db biéu dién diéu ché nanogel CHP (cholesterol-bearing pullulan)
bang phuong phéap vat Iy lién két chéo (tu lap rap)®.

1.3.2.1. Lién két vt ly

Cac nanogel lién két ngang vé mat vat 1y 1a cac hat siéu phan tir bao gom cac
phéan tir polymer dugc hinh thanh thong qua cac twong tac khong cong hoa tri. Kich
thudc cia nanogel ¢ thé bi anh huong bai nong do polymer va cac diéu kién moi
truong khac nhau, chang han nhu cudng do ion, nhiét do va do pH, trong qua trinh

chuan bi nanogel®,
1.3.2.2. Lién két héa hoc

Ngoai lién két ngang vat 1y, lién két ngang héa hoc 1a chién lugc phat trién
nhét va linh hoat hon dé xay dung nanogel. Cac phuong phap lién két ngang héa hoc
bao gom trung hop bang nhii twong, chuyén chudi phan manh b sung c6 thé dao
nguoc, lién két ngang hoéa hoc dua trén phan tng click va lién két chéo cam tng.
Lién két ngang amino thudng duoc sir dung dé diéu ché gel nano phan huy sinh hoc

dua trén acid amin!?,
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1.3.3. Nanogel véi vai tro 1a chat mang:

Nanogel truong nd cao c6 thé két hop 30% trong luong hoac nhiéu phan tir
sinh hoc va thudc thong qua tuong tac tinh dién, van der Waals, ky nudc hoic lién
két cong hoa tri voi chudi polymer. Kha ning tai nay cao bat thuong va vuot qua
kha ning tai cia liposome va mixen polymer. Do qua trinh nap thudc, cac nanogel
co lai tao thanh céc hat nano 6n dinh, trong d6 tac nhan sinh hoc bj cudn vao. Viéc
dua cac polymer wa nude phan tan (vi du PEG) vao cau triic nanogel ¢ thé ngin
chan sy két tu cua chung. Trong qua trinh phan hay phtc hop thuéc-nanogel, cac
chudi polymer ua nudc 16 ra trén bé mit va tao thanh mot 16p bao vé xung quanh
nanogel. Kha ning kiém soat va tinh linh hoat cia héa hoc polymer cho phép thiét
ké mot loat cac cong thirc thude va bao gdm nhiéu hang héa tri liéu trong cting mot
chat mang nanogel. Sy giai phong thude dap (ng voi kich thich thong qua su giam
thé tich do nhiét d6 hodc pH gay ra ciing c6 thé rat hap dan doi voi cac ung dung
phan phdi thudc. Chirc ning hoa ctia bé mit nanogel co thé tao diéu kién thuan loi
hon nira cho su tich liiy c6 chon loc cia ching trong mo hoic té bao dich. Viéc phat
trién cac nanogel c¢6 thé mang, bao vé, nham muc tiéu va giai phong cac tac nhan tri
liéu theo cach duoc kiém soat theo khong gian va thoi gian dang dién ra tich cuc va

thiét ké hop 1y ctia chung c6 thé cung cap mot nén tang cho nhiéu tng dung?.

1.3.4. Ung dung cia nanogel nhay nhiét:

Nanogel phan ng nhiét 1a mot trong nhitng hé phan phdi thudc da chic nang
phan tng thong minh hap dan nhat. Cac nanogel phan ang nhiét thé hién bang cach
truong nd 1én véi su thay do6i nhiét d6 méi trudng, cho phép tc do giai phong thude
duoc nap vao bén trong duoc kiém soat. Hon nira, Sy tich lily trong mdi trudng vi
mo lién quan dén bénh va hiéu qua hap thu noi bao dugc cai thién co thé dat duoc
bang cach kich thich giam kich thuéc hat va mang lai loi ich hon nira cho két qua

diéu tril?,
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Nanogel nhay nhiét nay da duoc giéi thiéu dé tai protein bang cach két taa
trong nudc. Quan trong hon, lysozyme protein mau thé hién dic tinh giai phong dau
an di kém vai su co lai-phdng 1én phu thudc vao nhiét ¢ cua nanogel, cho thay kha

nang phan phdi c6 kiém soat day hira henl??,
1.4.TONG QUAN VE METHOTREXATE:

1.4.1. Giéi thiéu vé Methotrexate:

Methotrexate (MTX, amethopterin, Hinh 1.3) 1a mot hop chat hitu co tong
hop, thudc nhém diéu tri chéng folate va thudc loai 111 ciia Hé thong phan loai dugc
pham sinh hoc. Né duoc tao ra vao cudi nhimg nam 1940 dudi dang dan xuat it doc
hon ctia aminopterin, sau d6 1a chat déi khang acid folic (FA) duoc st dung dé diéu
tri cho tré em mac bénh bach cau cap tinh . Vai nam sau, ngudi ta ghi nhan rang liéu
thap aminopterin (1-2 mg/ngay) giup cai thién dang ké & bénh nhan viém khép dang
thip (RA) va bénh nhan vay nén . Tuy nhién, MTX di duoc dua vao ung dung lam
sang trong RA tir giita nhitng nam 1980 . Hién nay, MTX thuong dugc ap dung két
hop Véi céc loai thudc khac dé diéu tri nhiéu loai ung thu (bénh bach cau nguyén
bao lympho cap tinh, bénh bach cau dong tiy cép tinh, bénh bach ciu mang nio va
u lympho, sarcoma xuong, ung thu hach khong Hodgkin, ung thu v, bang quang va
mot s6 bénh ung thu khac) , cac dang bénh ty mién nghiém trong va khang thudc
(viém khép dang thap, bénh vay nén, bénh nhuoc co, bénh Crohn, bénh da xo cing,
viém da khop tu phat ¢ tré vi thanh nién) , hodac tham chi la mang thai ngoai tir

cungl,

15



OH

OH
NH, NW
H
N 0
)\\\ N CHj
H,N N N

Hinh 1.4 Céu trac hoa hoc ciia Methotrexate

1.4.2. Co ché tac dung ciia Methotrexate:

MTX 1a mot loai thudc, co co ché hoat dong da huéng. Hoat dong chéng
chuyén héa va chéng ting sinh manh c6 lién quan dén tng dung diéu tri caia MTX
nhu mot tic nhan chdng ung thu. Hanh dong din dén ting nong d6 adenosine cuc
bo tai vi tri viém va tac dung &c ché mién dich cu thé caia MTX dong vai trd quan
trong trong diéu tri viém ning va cac bénh ty mién (viém khép, bénh vay nén, bénh
nhuot co). Ngoai ra, MTX c6 thé dong vai tro 1 vecto dan cdc tac nhan gan MTX
dén cac muc tiéu phén tir cu thé nhu RFC hodc, it c6 kha nang 1a FR, dugc biéu hién
qua muc trén cac té bao ung thu khac nhau. Trong khi FA déng vai trd 13 mot con
ngua thanh Troia dé phan phdi co chon loc tac nhan gan FA dén céc té bao ung thu
biéu hién FR, MTX duoc coi 1a nén tang cua liéu phap chdng folate trong diéu tri

mot s6 khdi u 4c tinh?),
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Hinh 1.5 So dd co ché tac dung cia MTX

1.4.3. Tac dung khong mong mudn cia Methotrexate:
Theo hudng dan sir dung thudc hang Arthritis ctia Australia thi nhitng tac dung

phu thuong gap nhat khi st dung MTX 13 budn nén, 6i mira va tiéu chay; 1& miéng;
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kho da, mot s6 dang ndi man da; mot s6 bao cdo cho thiy ngudi ding con cam thay

hoi mét moi, nhirc dau va cam giac nhe daul?l.

Bén canh nhiitng tic dung khong mong mudn thuong gap s& cé nhitng tac dung
phu it gap nhung nguy hiém nhu viém gan, viém phoi do thuéc MTX, rung toc.
Ngoai ra nhitng ngudi bi thap khdp c6 nguy co bi ung thu hach bach dich lymphoma
(loai ung thu do u lympho)!28l.,

1.5.TONG QUAN VE ACID FOLIC:

1.5.1. CAu tao va tinh chat cia acid folic:

Acid folic (FA) 1a mot chat phan tir nho, con dugc goi 1a vitamin B9. FA 1a
mot hop chét thiét yéu tham gia vao nhiéu qua trinh sinh hda quan trong & nguoi,
chu yéu & dang ion. FA tham gia vao qua trinh nhan 1én cua té bao, diéu hoa hoat
dong cua gen, san xut té bao mau va tham gia qua trinh tdng hop cac chét hoa hoc
diéu chinh chtic niang ciia ndo. FA c6 sin ca tu nhién va téng hop. Folate 1a dang
anion cua acid folic va la dang ¢ pH sinh ly. Thong thuong thuat ngir “acid folic”
dung dé chi hop chat téng hop dugc oxy héa hoan toan duoc sir dung trong céac thuc
pham b sung dung cho ché d6 an udng, trong khi “folate” dung dé chi cac dan xuat
cua tetrahydrofolate c6 trong cac thuc pham ty nhién. Tuy nhién khéng c6 su khéc
biét gitra acid folic “tu nhién” va “tong hop”, dang ty nhién hoic tong hop déu cing
mot cong thirc phan tir 271, Cau trac phan tir cta acid folic duoc chia thanh 3 phan
gom: gdc acid glutamic (Glu), gbc acid p-aminobenzoic (PABA) va gc pterin. Phan
g6c PABA lién két véi pterin bang cau methylen va PABA duoc ndi voi Glu bang
lién két peptit dé tao thanh Acid folic. FA ¢ d6 hoa tan thap trong nudc & 25 °C
(1.6 mg/L). Kha ning hoa tan cua FA duoc cai thién trong méi truong kiém hozc

acid va c6 do on dinh hon trong méi truong kiém [28],
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Hinh 1.6 CAu trac cua acid folic

1.5.2. Tac dung cua acid folic:

Acid folic rat quan trong dé dam bao cac chirc ning, cic qua trinh chuyén hoa
va sinh hoa khac nhau dugc dién ra binh thudng trong co thé con ngudi. FA déng
Mot vai tro quan trong trong qué trinh tong hop purin va pyrimidin, trong qué trinh
chuyén hoa homocystein va trong qua trinh sao chép va methyl hoa DNA. FA ciing
can thiét cho su phat trién binh thuong cua cac mo, dic biét 1a nhitng mo lién quan

dén qua trinh phan chia té bao nhanh chéng nhu trong phoi 29,

Khi st dung Methotrexate trong diéu tri VKDT c6 thé gy ra cac tac dung
khong mong mudn do Methotrexate 1a chat khang acid folic lam giam luong acid
folic trong co thé. Mot sb tac dung khong mong mudn cia MTX nhu: dau dau va
mét moi, budn non, non, nhidm doc gan va dau da day. Udng bo sung acid folic co
thé 1am giam nguy co méc cac tac dung khong mong mudn nay. Va viéc ubng bo

sung acid folic khong lam thay dbi hiéu qua caa Methotrexate trong diéu tri VKDT
[30]

Nghién ctu cua Beverley Shea va cong su vao nam 2013 vé viéc st dung acid
folic va acid folinic dé giam tac dung khong mong muén, & bénh nhan dung

Methotrexate cho bénh viém khép dang thip di cho thay, c6 mot su giam dang ké
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ty I tac dung khong mong mudn trén duong tiéu hoa va réi loan chirc ning gan. Cu
thé, acid folic di lam giam 26% nguy co mic cac tac dung phu cua Methotrexate,
nhu budn nén, ndn va dau da day. Nghién ctiru cho thay rang viéc bo sung acid folic
c6 thé lam giam 76,9% nguy co phat trién cac van dé vé men gan ctia bénh nhan so

voi nhitng bénh nhan khong dung acid folic B,
1.6.TONG QUAN VE TINH HINH NGHIEN CUU:

1.6.1. Tinh hinh nghién ctru ngoai nwéc

Nhiéu cong trinh nghién ctru trén thé giéi da dé cap dén phuong phép st dung
hé tiéu phan nano polymer dé cai thién nhuoc diém caa MTX trong diéu tri VKDT
va cho két qua kha quan.

Hé théng phan phdi thudc Methotrexate trén co s& poly(amidoamine)
dendrimer thé hé 5 do nhom Thommey P Thomas va cong sy cong bd cong trinh
nghién ciru cta ho trén tap chi y khoa Viém khép va thap khop (Arthritis Rheum)
nam 2011. Két qua cho thay dendrimer G5 lam ting kha ning xam nhap cua thudc
vao dai thuc bao 1am tang lidu dung nap tdi da trén mo hinh chudt Lewis khi so sanh
v&i mo hinh chudt Lewis chi sir dung Methotrexate.

Roun Heo va cong syt (2013) cong bd hiéu qua st dung hé tiéu phan nano
polymer tur polysachride (DSNP) mang MTX thur nghiém trén mo hinh chudt viém
khép gay bang CIA. Mic du ciing ham lugng MTX tu do, diéu tri bang hé tiéu phan
nano DSMP mang MTX cho thay su giam dang ké su bao mon khép, su tham nhiém
cia té bao bach ciu trung tinh (neutrophil infiltration), viém mang hoat dich
(synovial inflammation). Hon nita, phan tich giai phau bénh mot sé co quan cia
chuot CIA thir nghiém sau diéu tri bang MTX cho thay sy thay d6i vé cu triic gan
va than, trong khi d6 chudt diéu tri bang hé tiéu phan nano MTX- DSNPs khong c6
su khéc biét véi chudt binh thuong (hinh 1.9).
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Hinh 1.7 Két qua thir nghiém hé nano MTX cia Roun Heo va cong sut®@ (2013).
(a) Minh hoa hiéu qua cta hé tiéu phan nano polymer mang MTX trong diéu tri
VKDT. (b) kich thuéc hat nano chita MTX va d6 thi biéu dién qua trinh giai phong
MTX theo thoi gian. (c) md hinh phan khép gdi ciia cac phuong an diéu tri va mirc
d6 ton thuong sun, lwong bach cau trung tinh va viém hoat dich (d). (e) giai phau
hoc mét sé co quan cua chudt sau khi diéu tri. WT: chudt binh thudng, nhom
chung: Vesicle (PBS), DSNP (hé tiéu phan nano khéng mang thubc), MTX,
MTX-DSNPs.

Nam 2014, Jung Min Shin ciing cong su cong bd giai phap 1am ting hiéu qua
diéu tri cho Methotrexate bang cach sir dung hé phan phdi thudc nano trén co so
hyaluronic acid. Str dung hyaluronic acid (HA) khong chi lam tang kha nang xam
nhap vao té bao do ban chat HA twong tac truc tiép véi thy thé CD44 co mit trén té
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bao mién dich va con khdng ché luong MTX giai phong khoi hé, tranh duoc céc tac
dung phu khong mong mudn cia MTX ddi véi co thé.

Nim 2017, nhém nghién ciru cua Young Mo Kang!® tai khoa xuwong khép,
Bénh vién Pai hoc Quéc gia Kyungpook nam ¢ Daegu, Han Qudc phat trién hé chat
mang MTX tur polysacharide, hyaluronic acid (HA-MTX). HA gitip cho MTX tich
tu trong dai thuc bao cao hon gap 12 lan so véi truong hop MTX tu do. Thir nghiém
trén mé hinh chudt viém khép CIA cho thay & liéu thap 3mg/kg, khong co su khac
biét vé y nghia thong ké gitra HA-MTX va MTX ty do Vé tién trinh pha huy sun
khop. Khi st dung liéu cao (50 mg/kg), triéu ching cia VKDT gan nhu dugc loai
bo & mo hinh diéu tri bang HA-MTX va ty Ié chét 0%. Tuy nhién, MTX tu do liéu
50mg/kg chudt chét gan nhu 100% sau 2 tuan diéu trj mac du két qua danh gia hiéu
qua diéu tri 1a twong duong. Panh gia vé chi tiéu huyét hoc ciia cac nhém chudt diéu
tri bang HA-MTX déu nam trong khoang sinh 1y binh thudng, tuy nhién chuét diéu
tri bang MTX tu do c6 chi s6 hong cau va bach cau ngoai ngudng tiéu chuin va thé
hién rd khi str dung ¢ liéu cao. Trén co so polysacharide (Hyaluronic acid), hé phan
phdi thube nano kich thuée 167.6 + 57.4mm mang MTX (HA-PLGAMTX) duogc
cong bd boi nhom Keilalsaac-OlivecB4. Trong nghién ctru ndy, nhom di bién tinh
polysacharide vi PLGA- polymer c6 tinh chat tuong hop sinh hoc cao giup cho qua
trinh giai phong MTX duogc kiém soat tot hon. Trong 3 gio dau, 16% ham luong
MTX dugc phong ra khoi hé, theo sau la giai doan nha cham, khoang 5% trong
khoang 70h tiép theo va giai phong hoan toan vao 100h. MTX tu do gdy chét 50%
dai thuc bao (dong Raw 2647) & giai doan dau 24h va hdi phuc ¢ giai doan sau 120h.
Theo nhan dinh cia nhom tac gia, d6i chiéu vai cac cong trinh trudce, nguyén nhan
cta su phuc hdi duge cho 1a do sy phan huy hodc duoc tinh cia MTX bi mat di. Ty
18 séng cua dong Raw 2647 khi duoc xu 1y véi HA-PLGA(MTX) khoang 70% va
duoc duy tri lién tuc trong 120h, diéu d6 chung to MTX trong hé tiéu phan nano
duoc bao toan va giai phong c6 kiém soat.
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Nim 2019, nhom nghién ctu Maimoona Qindeel® tao ra hé van chuyén
MTX kich thuwéc nano st dung copolymer dang khdi, polycaprolactone-
polyethylene glycol-polycaprolactone (PCL-PEG-PCL-MTX). Tuong tu Vi cac hé
tiéu phan nano polymer khéc, biéu hién duoc tinh cia MTX c¢6 sy cai thién dang ké
khi duoc nang héa trong PCL-PEG-PCL . MTX tu do, ¢ liéu thap 3.12-12.5 pg/mL
gay hién tuong tan mau ¢ chudt thir nghiém, 15% hong cau bi va khi st dung MTX
lidu cao (25-50 pg/mL). Sau khi dugc nang hoa trong hé nano PCL-PEG-PCL, miic
d6 tan mau & dudi 2.5% khi sir dung nong do tir 3.12-50 pg/mL. Bén canh d6, nho
kich thudc nano, lugng MTX tich tu trong dai thuc bao raw 264.7 duoc xi 1y LPS
cao hon dang ké so véi MTX tu do. Phan trim té bao séng giam tir 82% xudng 60%
khi ndng d6 MTX tu do trong mdi trudng nudi cdy tang tir 6.25- 100 pug/mL. Trai
lai, ty 1& té bao song duy tri & mac 80-88% khi thir nghiém cung khoang nong do.
MTX tu do c6 thoi gian luu trong méau thap, sau 10h cho uéng, ham lugng MTX
trong mau rat thap, thip hon 3.68 1an so véi chudt cho udéng PCL-PEG-PCL-MTX.
Nira doi trong huyét twong (T1/2)- thoi gian can thiét dé nong do MTX trong huyét
tuong giam xudéng con mot nira (50%), & md hinh tiéu phan nano cao hon 4.34 lan
s0 v&i mo hinh tu do. Két qua trén mo hinh chudt viém khép cling chtrng minh tac
dung cua hé nano trong viéc lam tang dugc tinh cia MTX.

Niam 2020, nhom tac gia caa GS.Yu Zhang vé viéc st dung polyethyleneimine
bién tinh voi cau nbi sulfide dé mang MTX @ng dung trong diéu tri VKDT. Hé giap
khong ché viéc nha MTX phu hop vé6i phac dd, (¢ ché san sinh cytokines va cai
thién tinh trang s6i mon sun trén mé hinh chudt viém khép. Nhu vay co thé thy,
g dung hé thong phan phdi thude kich thudc nano gitp cho cac liéu phap diéu tri
VKDT c¢6 hiéu qua hon nho viéc kiém soat liéu dung, giam duoc viée dung thude
thudng xuyén, giam cac nguy co ngd doc do du lwong thuéc.

VKDT con duoc coi 1a bénh 1y duoc diéu tiét bai cac té bao dai thuc bao, boi vi cac
dai thuc bao 1a ngudn gbc chinh san xuat cac cytokine tién viém trong khdp. Cac
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cytokine tién viém quan trong do dai thyc bao & mang hoat dich san xuat bao gom
TNF-a, IL-1, IL-6, IL-12, IL-15, IL-18, va IL-23. Nguyén bao s¢i mang hoat dich
1a mot tip té bao quan trong khac & mang hoat dich tiét ra cac cytokine tién viém nhu
IL-1, IL-6 va TNF-o. Trong d6, TNF-a 1a cytokine tdi quan trong trong sinh bénh
hoc cuia viém mang hoat dich. Nguyén bao soi mang hoat dich con tiét cic enzyme
tiéu chat nén sun khép (matrix metalloproteinases - MMPs) ciing nhu cac protease
khac ¢ chirc nang pha hay sun khop® 37, Nghién cau vé su thay dbi bé mit cua
dai thuc bao trong giai doan viém & cac bénh nhan VKDT cho thay su biéu hién qua
muc clia cac thy thé folate, Folate Receptor p (FRy)P7). Do d6, Pé ting hiéu qua diéu
tri, dac biét ting kha nang nhap bao d6i véi hé tiéu phan nano polymer van chuyén
MTX, hé dan truyén thudc nano polymer duoc gan thém tac nhan folic acid trén bé
mat.

Thommey P va cong sul® thiét ké hé nano polymer dan truyén MTX c6 bién
tinh bé mat véi folic acid (G5-FA). So sanh giita hé nano polymer gan FA va khong
FA, hiéu qua xAm nhap vao ndi bao dai thuc bao RAW 264.7 khéc biét tuyét doi. Hé
nano FA x4m nhap gan nhu hoan toan vao nodi bao sau 3-4 nudi cdy, trong khi tin
hiéu cua hé nano khong gan FA gan nhu khong duoc phat hién trong cung khoang
thoi gian. Jinlong Zhaot®® va cong sy cung cap thém bang chiing vé loi ich sir dung
hé nano polymer dan truyén MTX. Hé nano polymer (FA-PLGA) mang MTX tur
polyethylene glycol (PEG)—poly(lactic-co-glycolic acid) (PLGA) bién tinh voi tac
nhan (folic acid) c6 thé gan 1én thu thé FRpB cua cac dai thuc bao dang trong giai
doan viém. Kha nang xam nhap vao dai thuc bao xur ly LPS ctia hé FA-PLGA cao
hon han so véi cac hé khong c6 FA. Déi véi dai thuc bao khong duoc kich hoat bang
LPS, tin hiéu huynh quang ctia cac mau 13 nhu nhau. Piéu nay ching t6 FA 1am ting
hiéu qua xam nhap vao cac dai thuc bao dang bi kich hoat viém hon 1a dai thuc bao
binh thuong. Do diy ban chan chudt céng viém khp AIA (6.18mm) gan nhu tuong
duong véi chudt cng binh thuong. Chudt céng diéu tri bang hé tiéu phan nano
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khong tac nhan folic acid, khoang 6.87mm, cao hon so véi hé chat mang c6 FA
(p<0.01), nhung nho hon so vi mé hinh str dung MTX tu do (8.01mm, p<0.001).
Hién tuong sung va ban do xuét hién trong 16 chudt cong diéu tri bang MTX tu do

va md hinh tiéu phﬁn nano khéng cd FA (hinh 1.10).

B) 10
PPLNF’s FA-PPLNPs PPLNPs FA-PPLNPs 5y
3
E
w 81
z ¢
< £
- S
£ 61
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Rhodamine B

PPLNPs/ Mlx Normal AlA
PPLNPSI Mtx
FA-PPLNPs/Mtx PPLNPs/Mtx ormal

Hinh 1.8 Két qua caa Jinlong Zhaot®® va cong su. (A) danh gia hiéu qua xam

Ocm

nhap cua hé nano mang tac nhan FA, so sanh véi hé khong c6 FA trong 2 diéu kién
nudi dai thue bao ¢o kich loai LPS va khong kich hoat LPS. DAPI: chat nhuom
nhan té bao, Rhodamine B: duoc tai trong hé nano, dé danh dau kha ning xam

nhap. (B) kich thudc va hinh anh (C) ban chan chudt céng viém khop AlA sau khi
diéu ti bang hé tiéu phan nano c6 FA va khong FA mang MTX, so sanh voi cac

mau khong diéu tri AIA, mau chudt céng khong viém khép va MTX tu do.

Nghién ctru cua Sarat KumarKottarath® vé sy hd tro cua folic acid trén bé mat hé
dan truyén MTX trong diéu tri VKDT ciing cho két qua kha quan. Sau 2 ngay diéu
tri, kich thudc ban chan chuét mé hinh viém khép giam manh d6i véi hé tiéu phan
c6 mang tic nhan FA (30.8% + 3.1%; p < 0.001), theo sau 1a md hinh diéu tri bang
hé tiéu phan khong FA (28.2% + 3.0%; p < 0.005) va cudi cung 1a mé hinh diéu tri
bang MTX (20.2% + 2.9%). Chi s6 biéu hién cua cac cytokine (IL-6 and TNF o)
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giam manh véi hé tiéu phan nano gan FA khi so véi hé tiéu phan nano khong gan
FA va MTX tu do. Nhuoc diém cua hé nay chu yéu vé thoi gian giai phong thich
qua nhanh, gan 85 + 5.4% thubc giai phong khoi hé sau 24h.

Cung v6i xu hudng tao hé tiéu phan nano mang thudc MTX, nghién citu tao cac vat
liéu nano nhay cam véi cac tac nhan tir moi truong nhu nhiét do, pH hoac anh sang..
tao két qua tha vi vé diéu khién qua trinh phong thich MTX3 401,

Nghién ctu méi nhat gan day caa MukeshDhanka®! va cong su (nim 2021) ciing
cho thy bang chiing cua sir dung hé dan truyén thuéc nhay cam. MukeshDhanka
diéu ché hé phan phdi thudc MTX trén cé s polysacharide (chitosan) két hop véi
hydrogel nhay nhiét (poloxame). Hé dan truyén duoc tao ra c6 tinh dap tng su thay
ddi cua nhiét d. Cu thé, hé co su chuyén dich tir dang long sang dang gel & nhiét do
duoc nang 1én 37°C va quay vé dang dung dich ¢ nhiét d6 4°C.Nho dic diém nay,
hé tng dung lam thudc tiém tai chd. Pac biét, sy két hop giita polysachride va
poloxame cho thay su khdng ché tét vé ham lugng MTX giai phong khoi hé. Tuong
tu nhu két qua cua Sarat KumarKottarath®, hé nano polymer trén co s& chitosan
khong sir dung poloxame, gan 80% thudc giai phong khoi hé sau 12h. Két hop véi
ploxame, ham luong MTX phong khoi hé trong 4h dau khoang 40% va duy tri 5%
cho kéo dai 72h. Ham lugng MTX nang hoa trong hé nano chitosan st dung
poloxame cao hon so véi hé nano chitosan thuong. Két qua trén mé hinh dong vat
gay VKDT cho thay tiém ning cua hé két hop chitosan-poloxame vi qué trinh stra
chita mo6 sun ton thuwong dwgc ghi nhan véi mét lidu diéu tri duy nhat (175.7
ng.keg—1), trong khi diéu tri MTX tu do trong 10 ngay lién tiép (tong lidu 750
ng.kg—1) méi co két qua tuong tu.

Thay vi sir dung chitosan va poloxame, MukeshDhankal*! va cong su phat
trién hé dan truyén MTX nhay nhiét trén co s¢ alginate va Methylcellulose. Sur két
hop nay tao cho hé co tinh tiém dugc, cu thé hé duogc tiém khi & dang dung dich va
chuyén thanh dang gel 3D sau khi duoc tiép xuc voi nhiét do co thé, nhu vay MTX
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s& duogc goi trong hé thdng gel va giai phong mot cach 6 kiém soat. Nho sir dung
alginate trong mang ludi, hé dan truyén c6 kha ning hap thu nudc va truong. Qua
trinh truong cua vat lidu duoc duy tri trong 3 ngay va sau d6 tién hanh phan hay
hoan toan trong mdi truong sinh hoc, tao tinh kiém so4t trong giai phong MTX. 45.5
% MTX duogc giai phong khoi hé alginate va Methylcellulose trong 24h trong khi
gan 75% MTX bi loai khoi hé khi khong cé su két hop 2 thanh phan. Hé dan truyén
MTX nay hoan toan bi loai bo sau 10 ngay tiém vao co thé chudt va khong gay céac
hiéu tng mién dich. Mot trong cac lo ngai vé sir dung MTX 1a gay doc gan. Cac chi
tiéu danh gia chic ning gan bao gdm ndng do bilirubin truc tiép (TBS), Alanine
Aminotransferase (ALT), enzyme phosphatase (ALP) déu nam trong ngudng binh
thuong va khong co sir khac biét so véi chudt khong tiém hé tiéu phan mang MTX
(hinh 1.11).

a \’ Blocompatibility Arthritis Treatment
- N - - i
— g - . . > .- =

% /n-vivo microparticles-hydrogel gel depot Kl Hydrophobic
intaraction

TS Syringe (18-26G) with microparticles-hydrogel composite

Hinh 1.9 Hé tiéu phan nano polymer mang MTX ciia nhom tac gia
MukeshDhanka et al (441,
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Trong cac nghién ctru trén, sir dung hé dan truyén thudc nano polymer cé
ngudn gdc sinh hoc nhu polysacharide gitip cho kha ning dap tng MTX cao hon
han khi so véi MTX tu do va mirc d6 dap ng tiép tuc cai thién trong qua trinh diéu
tri. Cac chi s6 vé s6 khép sung, hoat dong viém va tinh trang thai hoa syn ciling giam
rd rét hon & nhom diéu tri sir dung hé dan truyén thudc nano. Thém vao do, cac tac
dung phu khong mong mudn giy ra boi MTX tu do ciing dugc giam dang ké mac
du liéu str dung 1 nhu nhau. Viéc bién doi hé chat mang véi tac nhan folic acid ciing
cho thay hiéu qua trong qua trinh tich lity MTX trong ndi bao té bao viém. Hoic su
két hop véi cac polymer nhay cam véi kich thich tir méi trudng cho thay nhitng két
qua thua vi trong ing dung 1am chat mang MTX cho diéu tri VKDT.,

1.6.2. Tinh hinh nghién ctru trong nwéc

Thay 6 tiém nang cta hé dan truyén thude kich thudc nano, & Viét Nam, cac
trung tAm/phong thi nghiém cong nghé nano tai cac thanh phd 16n nhu Ha Noi, Tp
Ho6 Chi minh dugc thanh lap. Trong linh vuc dugc bao ché, co nhiéu cong trinh da
duoc cong bd Vé phat trién dang thudc cai tién dua trén hé dan truyén thudc nano.

Nhoém nghién ctu caa Ha Phuong Thu-Vién Khoa hoc Vat liéu da phat trién
nhiéu hé chat din truyén nano s dung copolymer poly (lactide)-tocopheryl
polyethylene glycol succinate bién tinh folic dé nang héa curcumin, paclitacel hozic
doxorubicine ting cudong hap thu hat nano nang héa thudc vao té bao ung thu.

Nhom nghién ciru ciia chung toi di thanh cong phat trién hé dan truyén trén

[4214.15] _ hoat chat c6 duge tinh cao

co s& chitosan-pluronic cac hoat chat ty nhién
nhung bi han ché vé sinh kha dung. Nho su gitip d& caa hé chat mang, cac hoat chat
duoc nha ra phu hop kich thich su phat trién ctia nguyén bao soi lam vét thuong lanh
nhanh hon.

Bén canh cac hé nanocomposite hydrogel hoat tinh c6 hiéu qua cao trong chira
lanh vét thuong, nhom nghién ctru chiing toi ciing phat trién 1 s6 hé tiéu phan nano
(nanogel) dan truyén két hop thuéc chong ung thu va cac hoat chat tu nhién nhu
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curcurmin va quercetin. Cac hé dan truyén trén di tao duoc su cong hop giita vai tro
cia hé chat mang, thuéc chéng ung thu va hoat chat ty nhién gop phan lam giam
dang ké tac dung phu caa thudct 4,

Céc nhom nghién ciru vat liéu dan truyén thude trong nudc hién nay danh
nhiéu quan tdm dé phat trién thudc chong ung thu. Tuy nhién hudng nghién ciru vé
dan truyén cac thudc diéu tri viém thap khép nham giam tac dung phu cua thude thi
chua dugc quan tdm nghién ctu. Mic du day 1 hudng nghién ctu rt s6i dong hién
nay trén thé gioi. Hau hét cac nghién ctu hién nay déu thudc linh vuc y hoc ¢b
truyén, tap trung phat trién ché pham tir dich cao chiét nhu Hoang Kinh cua tac gia
Nguyén Thi Thanh Tu, chiét xuat noc ong cua Nguyén Thi Thanh Mai. Cac két qua
déu cho thay kha quan trong diéu tri VKDT. Tuy nhién, cac ché pham nay chi c6 tac
dung hd tro va khong c6 kha ning thay thé hoan toan phac d6 diéu tri MTX trong
thoi gian dai. Vi vay rat can c6 nghién ciru diéu ché hé tiéu phan nano polymer mang

MTX dé diéu tri viém khép dang thap trong thoi gian dai hon tai Viét Nam.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1.POI TUQNG NGHIEN CUU
2.1.1. Nguyén liéu héa chit va té bao

Bang 2.1 Nguyén liéu - hoa chat:

STT Tén nguyén liéu — héa chat Xuit xie Muc dich sir dung
Sodium alginate (Alg, Mn ~ Fisher Nguyén liéu téng
120,000-190,000 g/mol) Scientific hop
_ Sigma- .
Pluronic F127 (F127, Mn~ ] Nguyén li¢u tong
2 Aldrich
12600 g/mol) hop
(USA)
1-(3-Dimethylaminopropyl)-3- ,
o Acros Nguyén li¢u tong
3 ethylcarbodiimide (EDC, _
Organics hop
>97%)
N-Hydroxysuccinimide (NHS, Acros Nguyén liéu tong
>98%) Organics hop
, _ Nguyén liéu tong
5 Khi nito tinh khiét phan tich Viét Nam "
op
6 Benzoylaceton
7 Nudc cat Viét Nam Dung mbi
p-nitrophenylchloroformate (p- Acros Nguyén liéu téng
NPC, >97%) Organics hop
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10

11

12

13

14

15

16

17

18

Cystamine dihydrochloride Acros

(Cys, >97%) Organics
Toronto
Methotrexate Research
Chemical
Sigma-
TNBS _
Aldrich
) ) Fisher
Dimethyl sulfoxide o
Scientific
Natri bicarbonate Hoa Ky
Acid hydrochloric
Natri hydroxide
0,25% Trypsin-EDTA 1X Gibco
T bl Sigma-
rypan blue
7P Aldrich
Bo kit Sulforhodamine B
Abcam

(SRB) (ab235935)

Nguyén liéu téng
hop

Dugc chat thu

nghiém

Nguyén liéu tong
hop

Dung méi

Dung mo1

Piéu chinh pH

Piéu chinh pH
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Thudc nhuom Acridine

Life

19 orange/ Propidium iodide Technologies Nhudm té bao
(AO/PI) Korea LLC
20 Lipopolysaccharid (LPS) Sigma-
ipopolysacchari
POPOLY Aldrich
)1 Griess reagent (modified) Sigma-
(G4410) Aldrich
Bang 2.2 Cac dong té bao thir nghiém
STT Té bao Nha cung cap
, Duoc tang tr Trung tam Cong
1 T¢ bao RAW264.7 _
nghé sinh hoc TP.HCM, P4
2 Té bao MSC Lonza, P3

2.1.2. Dung cu va trang thiét bi

Bang 2.3 Danh muc trang thiét bi

STT Tén thiét bj Model Xuat x&
1 May co quay Buchi Rotavapor R-114, Thuy Si
2  Bésiéuam Elmasonic S 80H Puc
3  May dong kho EYELA FDU-1200 Nhat Ban
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4 May li tdm lanh Hermle Z32HK buc
5 Can phan tich 4 s6 1& OHAUS pioneer PA114 M5
6  May khudy tir gia nhiét VELP Scientifica Italy
7  May quang phd tir ngoai kha Agilent 8453 UV-Vis  Nhat Ban
kién Spectrophotometer.
8 May quang phd hong ngoai
FTIR
9  May sic ky 16ng hiéu nang cao  Aligent Nhat Ban
10  May do kich thudc hat Horiba SZ-100 Nhat Ban
11  May ly tam lanh téc d6 cao HERMLE Z 32 HK Puc
12 Tuam CO, MEMMERT INCO 246 M§
MED
13 May doc bang giéng tu dong HumanReaderHS buc
14 No6i hap tiét tring CL-32L/ALP Nhat Ban
15 Kinh hién vi ddo nguoc 2 thi TCM 400 My
kinh LABOMED
16  Kinh hién vi 3 mat c¢6 camera Ci-L/DS-Fi2-U3 Nhat Ban
NIKON
17  Kinh hién vi dong tiéu Laser Dragonfly 200 Anh
ANDOR
Bang 2.4 Danh muc dung cu
STT Tén dung cu Hang san xuat
1  Binh cau 1 c6 Duran 100 mL Viét Nam
2 ong falcon ly tdm 50mL Viét Nam
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18
19
20

Micro pipet Viét Nam

Hu bi Viét Nam
Mang cellulose Spectra/Por® 12-14 kDa M§

Ca tr, kim tiém Viét Nam
Gidy do pH Viét Nam
Binh dinh muc, ong dong Viét Nam
Chai nubi cdy, 25 cm2 Biologix (Hoa Ky)
Pia petri nudi cay, 35 x 10 mm Biologix (Hoa Ky)
Pia petri nudi cay, 90 x 20 mm Biologix (Hoa Ky)

Pia nuoi cay 96 giéng, ddy phang, conap SPL Life Sciences (Han Qudc)
Pia nudi cay 24 giéng, day phang, coniap SPL Life Sciences (Han Qudc)

Budng dém té bao Neubauer Marienfeld (Burc)

Ong ly tam 50 ml Finetech (Pai Loan)

Pau tip 1000 pl Biologix (Hoa Ky)

Pau tip 200 pl Thermo Fisher Scientific (Hoa
Ky)

Pau tip 10 pl Biologix (Hoa Ky)

Eppendorf 2,0 ml ISOLAB (brc)

Pau loc @ 0,22 um Finetech (Pai Loan)
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2.1.3. Cac phuong phap phan tich
% Phd hdng ngoai (FT-IR)

Thiét bi FT-IR/NIR Spectroscopy Frontier dit tai vién Khoa hoc Vit liéu Ung
dung, Vién Han 1am Khoa hoc va Cong nghé¢ Viét Nam st dung phuong phéap nén
vién bang KBr, x4c dinh phd hap thu hdng ngoai tir khoang 4000 — 500 cm™.

Mau thir duoc chuan bi bang cach nghién 2mg mau thar chung véi 100 mg
KBr dang bot min (dung do IR) dd dugc siy kho, vira du tao thanh mot vién nén voi
duong kinh 13 mm va cho phd c6 cudng d6 phu hop. HOn hop duoc nghién min
d6ng nhat va dan déu trén 1 khuén thich hop. Khudn c6 hon hop chat thir dugce nén

trong diéu kién chan khong t6i ap suat khoang 800 Mpa. Tién hanh do phd IR.
< Panh gia cau trac cta hé copolymer bang 'H-NMR

Viéc tong hop thanh cong vat lidu copolymer duoc minh chiing bang cach hoa
tan vat li¢u trong dung moi deuterated chloroform (CDCl3) hodac nuéc D20 sau do
khéo sat cau trac bang may pho cong huang tir hat nhan (Bruker Advance 500MHz,
USA, Vién Hoéa hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam) chat
chuan cé do dich chuyén hoéa hoc & (ppm) bang khong 1a tetramethyl silane
(TMS). Dua vao sy xuat hién do chuyén dich hoa hoc cia cac proton trén phd
do sé& biét dugc sy 6 mat cua cac proton trén cac nhom thé khac nhau.

< Pho ti ngoai — kha kién (UV-Vis)

Phuong phap hap thu quang 1a phuong phap phan tich dya vao hiéu ang hap
thu Xay ra khi phan tir vat chat twong tac véi buc xa dién tir. Ving buc xa dugc sir
dung trong phuong phép niy la ving tir ngoai hay kha kién ung véi bude séng
khoang tir 200-800nm. Hién tugng hap thu btc xa dién tir tuan theo dinh luat Bouger-

Lam bert-Beer.
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Phd UV-Vis duoc do trén thiét bi UV-1800 Shimadzu dat tai vién Khoa hoc
Vit lieu Ung dung, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2.PHUONG PHAP NGHIEN CUU
2.2.1. Tong hop copolymer nhay nhiét trén co sé alginate-cystamine va
Pluronic F127:

Hé copolymer nhay nhiét dugc tao ra trén co so alginate-cystamine va
Pluronic F127 thong qua lién két ctia nhém amin trén alginate-cystamine va nhom
(-C=0) cua hop chat Pluronic sau khi hoat hoa bang p-nitrophenyl chloroformat
(NPC), Copolymer Alg-F127 dugc tao thanh bang phuong phap tong hop hoa hoc
quy trinh téng hop dugc thuc hién dua trén quy trinh cua Vién Khoa hoc Vit ligu
Ung dung — Vién Han 1am Khoa hoc va Cong nghé Viét Naml*l, san pham sau d6
duoc lién két véi acid folic (FA) thong qua nhém NH tu do con ton tai. San pham

cudi cing duoc xac dinh cau trac thong qua pho *H-NMR, FT-IR.

2.2.1.1. Téng hep dén xudt Alginate-cystamine (Na-Alg-Cys) va khdo
sdt diéu kign téng hep
Cac nhom amin trén mach Natri alginate (Na-Alg) duoc tao ra dé phan tng
véi NPC-F127-OH, cystamine (Cys) duoc st dung dé tao ra cic nhém amin.
Cystamine c6 cau trac 2 nhom NHy, mot nhom tao lién két véi nhom carboxylate co

trén alginate, mot nhom NH, ty do con lai tao lién két véi NPC-F127-OH.

Na-Alg

Hinh 2.1 So db phan ¢ng tong hop dan xuat Na-Alg-Cys

36



Na—Alg

Hoa tan
Pidu chinh pH
i
i
Tao tua
Hoa tan
Thém; tch
Say th;ng hoa
Na—Alg -
Cys

- Nhiét d phong
-t=30 phut

- Nhiét d¢ phong
-t=24h

- Nhiét do phong
-t=24h

e

{ - Mang cellulose

Hinh 2.2 Quy trinh tong hop Na — Alg — Cys

Thuyét minh quy trinh: Can chinh xac khéi luong Sodium alginate (Alg) hoa
tan vao DMSO: H,0 (1:1 theo thé tich). Sau khi hdn hop dat dugc sy dong nhat,
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diéu chinh pH cua dung dich Alg vé khoang 5,5 bing NaOH 0,1M hoic HCI 0,1M.
Cho NHS va EDC vao cung moi truong dung hoa tan Alg, hoat hoa trong vong 30
phut. Cho tiép cystamine (Cys) duoc hoa tan trong H,O va duoc nho giot vao hon
hop dung dich Alg/EDC/NHS dang duoc khudy & téc d6 1000 vong/phut & nhiét do
phong. HAn hop tiép tuc duoc khudy & nhiét do phong trong vong 24 gid, dung dich
sau phan tng duoc thém ting giot vao con tuyét dbi dé thu taa. Két taa sau d6 duoc
hoa tan lai trong nudc va mang di tham tach bang mang cellulose (MCWO~12-
14KDa) trong mdi trudng nude cat dé loai bé Cys khong phan @ng, chat hoat hoa va
cac dung moi da sir dung. Phan dung dich trong ti tham tach sau d6 duogc dem say
thang hoa thu san pham dang bot 1a Na-Alg-Cys. San pham sau d6 duoc ding dé
danh gia cau trac bang FT-IR va 'H-NMR.

% Khao sat diéu kién téng hop

Anh huong caa pH va su hién dién caia EDC/NHS duoc khao sat théng qua
phuong phap Okuyama va Satake phan tich ham luong nhém NH, trén san pham
Alg-Cys, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) 1a
hop chét carbodiimide phé bién nhat duoc str dung dé tao cau néi giita nhém amin
va nhom carboxyl. EDC tan trong nudc va hoat dong tot trong khoang pH 4,5 - 7,5,
EDC ciing thuong duogc sir dung két hop voi N-hydroxysucinimide (NHS) dé tang
hiéu qua gan két hoic tao ra mot san pham amin phan ung 6n dinh. Na-Alg s& phan
g véi EDC/NHS tao ra mot chét trung gian khong bén, hop chat nay ngay 1ap tirc
s& gan két véi cystamine thong qua lién két gitra nhom amin véi carboxyl tao thanh
san pham bén viing va phan @ng dich chuyén theo chiéu thuan.

Nghién ciru cia Hermanson cho thay phan ¢ng ciia EDC hinh thanh lién két
amin trong nudc va viéc hoat héa nhom carboxyl xay ra hiéu qua nhét khi dung EDC
tai pH 3,5 — 4,5 trong khi lién két amin duoc hinh thanh hiéu qua nhat trong pham
vi pH 4,0 — 6,0, Bén canh d6, két qua nghién ctru ciing chi ra rang su thity phan EDC
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xay ra tdi da o gid tri pH c6 tinh acid voi sy 6n dinh ngdy cang tang ctia carbodiimide
trong dung dich c6 pH bing hoic trén 6,5, Ngoai khoang pH nay thi su hinh thanh
lién két van xay ra nhung véi toe do rat cham va hiéu qua khong cao [*31. Do d6 viéc
khao sat ving pH khac nhau dé tién hanh phan ¢ng gan cystamine 1én Na-Alg théng
qua cau ndi trung gian EDC/NHS duoc tién hanh. Bén canh d6 Na-Alg 13 hop chat
kho tan, hau nhu chi truong né trong méi trudng nudc hoic DMSO. Trén co s
nghién ctiu cua tac gia Bang Thi Lé Hang va cong sy * ty 16 H,0:DMSO 1a 1:1
duoc chon thyc hién nghién ctru nay. H3n hop H20: DM SO dugce can chinh pH bang
HCI (1IM) va NaOH (1M) dé dat duoc cac pH nhu sau: 4,5, 5,5, 6,5 va 7,0. Cung véi
viéc lya chon méi trudng tong hop, ty 1€ alginate va EDC/NHS ciing dugc tién hanh
nham xé4c dinh dugc ty 18 thich hop nhat cho hiéu qua gan cao nhat. Thanh phan va

cac ty 1& cac chit tham gia duoc trinh bay trong bang 2.5.
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Bang 2.5 Cac bién lua chon trong khao sat tim diéu kién tong hop Na-Alg-Cys.

pH | STT PMSOMH20 | Na-Alg | -y ks (mol) | Cys (mol)
(mL) (9)
1 50 1 0,0046/0,0046 | 0,0046
PH=45 | 2 50 1 0,0046/0,0046 | 0,0023
3 50 1 0,0046/0 0,0046
1 50 1 0,0046/0,0046 | 0,0046
pPH=55 | 2 50 1 0,0046/0,0046 | 0,0023
3 50 1 0,0046/0 0,0046
1 50 1 0,0046/0,0046 | 0,0046
PH=65 | 2 50 1 0,0046/0,0046 | 0,0023
3 50 1 0,0046/0 0,0046
1 50 1 0,0046/0,0046 | 0,0046
PH=7,0 | 2 50 1 0,0046/0,0046 | 0,0023
3 50 1 0,0046/0 0,0046

2.2.1.2. Tong hop copolymer va khdo sdat diéu kién ghép Alginate-
Cystamine-Pluronic F127 (Alg-Cys-F127)
% Tong hop NPC-F127-OH:

Pluronic F127 dugc hoat hoa bang 2 budce dé thu duoc san pham NPC — F127
— OH cac bao cao cua Tran Ngoc Quyén va cong su 64743 Buéc 1 p-nitrophenyl
chloroformate dugc cho vao F127 da dugc lam nong chay ¢ 65°C véi ty 1€ NPC:F127
1a 2,5:1 theo ty 1& mol. Sau 6 gid nhiét d6 caa phan tmg dugc ha vé nhiét do phong
va hdn hop nay duogc pha loang véi THF. San pham thu duoc sau khi két taa lanh
voi diethyl ether. Co quay bay hoi dung moi trong chan khong. Buéc 2, NPC-F127-
NPC tiép tuc cho phan &ng véi 3-amino-1-propanol trong THF cho san pham NPC-
F127-OH. Qua trinh tinh ché 1am sach NPC-F127-OH giéng nhu budc 1.
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Thuyét minh quy trinh: Pau tién, Na-Alg-Cys hoa tan vao nudc cat dén khi
d6ng nhat sau d6 mau tiép tuc khiy trong méi truong lanh, nhiét do dudi 15°C.
NPC- F127- OH duoc hoa tan trong nudc cat & nhiét do 4°C, khudy tir cho dén khi
tan hoan toan. Dung dich NPC-F127-OH dugc cho vao dung dich Na-Alg-Cys khuay
va giit lanh it nhat 24 gio trudc khi dem tham tach voi mang cellulose (12,000-
14,000 Da). Tham tach trong nudc cat dién ra trong khoang 7 ngay trudc khi dem
mau di dong kho. San pham thu duoc dem di do phd *H-NMR dé xac dinh cau trac.

% Khao sat diéu kién tong hop

Dua trén quy trinh phan ung tong hop copolymer Alg — Cys — F127. Ty &
khao sat duoc thé hién ¢ Bang 2.8 bén dudi. San pham duoc dem di phéan tich ham

lugng amoni bac 1.

Bang 2.6 Ty l¢ khéi lugng ghép mach giita Na — Alg — Cys véi NPC — F127 — OH

Ty 1€ ghép Na — Alg —Cys (g) NPC - F127 — OH (g)
1:5 0,5 2,5
1:10 0,5 5,0
1:15 0,5 7,5
1:20 0,5 10

2.2.1.3. Phan tich ham lwong nhom amino bdc 1:

Phuong phap Okuyama va Satake dugc su dung vai dung dich 2,4,6-
trinitrobenzene sulfonic acid (TNBS) dé phan tich ham lugng nhom NH, *8] trén san
pham Na-alginate. Trong phuong phap nay, L-alanine duoc st dung dé dung duong
chuan. Dung dich chuan gdc c6 ndng do 4000 ppm, sau d6 dugc pha lodng thanh céc

nong d6 & bang 2.5 va tién hanh theo quy trinh nhu bang 2.6.
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Bang 2.7 L-alanine dugc pha tir ndng d6 0 -140 ppm

Néong do (ppm) 0 20 40 60 80 100 120 140
Thé tich L-alanine

5 10 15 20 25 30 35
4000 ppm (ul)
Thé tich nudc (ul) 1000 995 990 985 980 975 970 965
Té)ng thé tich (ul) 1000 1000 1000 1000 1000 1000 1000 1000

Bang 2.8 Quy trinh phan tich ham Iugng nhém amine bac |

Mau 100 pL
NaHCO; 0,1M (pH 8,5) 1,5 mL
TNBS 20 puL
U 37°C trong 2 gio
SDS (10%) 1mL
HCI 1N 0,5 mL

Mang di do ¢ budc song 420 nm

2.2.1.4. Téng hep Alginate-cys-pluronic F127-Acid folic (Alg-F127-

FA)
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Quy trinh phan tng: 0,1g Acid folic dugc hoa tan hoan toan trong 10 ml
DMSO, sau d6 diéu chinh pH cua dung dich vé khoang 5,5. Han hop 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) va N-hydroxysucinimide
(NHS) (ty 18 s6 mol 1: 1 = 0,2 mmol) duoc pha vao dung dich FA trén, hoat hoa
trong vong 30 phut thu duoc hdn hop dung dich A. Hoa tan 1g Alg-F127 trong 20
ml nuéc cat duge dung dich B. Nho tir tir dung dich A vao dung dich B va cho khudy
& nhiét do phong trong 24 gid. Dung dich sau khi thu dugc mang di tham tach tach
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bang mang cellulose (12 — 14 KDa) trong mdi truong dém PBS (pH 7,4) trong vong
3 ngay dé loai bo FA du, sau d6 tham tach tiép tuc trong méi trudng nudc dé loai bo
mubi dém du. Phan dung dich trong tai tham tach sau d6 duoc dem siy thing hoa
thu san pham dang bot 13 Alg-F127-FA. Panh gia cdu tric san pham bang FT-IR va
H-NMR.

2.2.2. Xac dinh ndng dd tao nanogel cia vat liéu Alg — F127 - FA
2.2.2.1. Khdo sdt néng dé tao hat CMC va sw hinh thanh nanogel

Benzoylaceton (BZA) duoc dung dé khao sat nhiing thay doi vé tinh hoa 1y
cua hé Alg-F127-FA (APF) khi micell duoc hinh thanh bang phuong phap UV- Vis
491 BZA ton tai trong nude dudi dang hdn hop hai ddng phan enol va keton. Phuong
phap xac dinh néng d6 tao micell dya trén hién tugng chuyén doi Ian nhau giira 2
ddng phan dang keton va dang enol cia BZA. Khi thém chét hoat dong bé mat vao
dung dich BZA tai va trén ndng d6 CMC, d6 hap thu cia dong phan enol ting dot
ngot, trong khi dong phan keton s& giam dot ngot, diém can bang d6 hap thu cua
enol va ketone (Aenol / Aketone) s& tang dot ngot. Khi micell duoc hinh thanh, dong
phan enol s& bi gitr lai bén trong micell, can bang keton — enol trong nudc s& dich

chuyén vé phia hinh thanh enol 19 5,

Quy trinh: 10 mg BZA dugc hoa tan trong 10 ml dung moi dimethyl sulfoxide
(DMSO) dé 1am dung dich géc BZA (1000 ppm). Dung dich géc Alg-F127-FA duoc
chuan bi bang cach hoa tan 250 mg vat liéu trong 250 ml dung méi nude cat lanh
(1000 ppm). Mau do dugc chuan bi bang cach cho 120 ul dung dich gbc BZA vao
binh dinh mirc 10 ml, sau d6 cho dung dich goc APF dé dat duoc nong do 1, 10, 25,
50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950 ppm.
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Phé hap thu cua dung dich dugc ghi lai trong pham vi 380 — 235 nm bang may
quang pho tia UV-vis, tat ca cac phép do dugc thuc hién ¢ 25°C. S liéu cua phd

hap thu duoc vé thanh biéu dd duong dya trén cac budc song thu duoc.

2.2.2.2. Phwong phdp do kich thwéc va tac dong cua nhiét lén kich

thwoc hat nanogel

Mau do kich thudc hat bi tac dong boi nhiét ¢ dugc chuan bi nhu sau, 10 mg
mau Alg-F127-FA duoc hoa tan trong 10 ml nuéc cat véi nhiét do lanh. Sau do,
dung dich nanogel s& duoc siéu am trong 20 phut ¢ 35°C bang bé siéu 4m Elmasonic
S 80H. Mau tiép tuc duoc dé 6n dinh 8-12 gio  nhiét d6 phong. Tién hanh do kich
thude tiéu phan ¢ 25°C va 37°C bang phuong phép tan xa anh sang dong (Dynamic
Light Scattering— DLS) trén thiét bj phan tich kich thudc Horiba SZ100.

2.2.3. Nang hoa Methotrexate vao hé alginate — pluronic F127 —folic acid
va danh gia hiéu suat nanogel héa
2.2.3.1. Quy trinh nang héa Methotrexate vao hé alginate — pluronic
F127 — folic acid

Can va hoa tan chinh xac khéi lugng MTX (X1) trong 8 mL dung dich Alg —
F127 — FA (X2). Khudy déu ¢ toc do 1a 200 vong/phut trong 60 phut & nhiét do
phong. Cho dung dich thu dugc vao dng ly tim 15 mL, st dung phuong phap ly tim
dé loai b6 MTX khong tai vao hé vai tbe do 6000 vong/phut trong 10 phat. Phan
dung dich truéc va sau ly tdm s& duoc pha lodng st dung cho danh gia hiéu suat
nanogel hoa (Y1). Phan dung dich sau ly tim s& duoc sir dung cho danh gia do kich

thudc hat caa hé nanogel (Y2).

2.2.3.2. Thiét ké téi wu héa cong thirc nanogel Alginate — Pluronic
F127 — Acid folic mang Methotrexate
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Thiét ké va t6i wu hoa cong thirc nanogel Alg-F127-FA mang MTX St dung
phuong phap bé mat dap ung (RSM) — mé hinh phtc hop nhiéu tim (CCD), duoc
thiét ké bang phan mém Design-Expert phién ban 13.0.5.0. Trong dé tai nay, hai yéu
t6 quan trong anh hudng dén tinh chat san pham duoc thiét 1ap bao gom: ham luong
MTX (X;) va ndng do dung dich Alg-F127-FA (Xz). Thong sé dap ung bao gom:
kich thirc hat nanogel (Y1) va hiéu suat nanogel hoa (Y2). Mdi yéu té duoc chia lam
nim muc thay doi, cu thé theo Bang 2.7. Trong nghién ciru nay, mién khao sat nhu
sau: ham luong MTX tir 1 — 5 mg va noéng do dung dich Alg-F127-FA duoc thuc
hién tir 20000 — 30000 ppm. M6 hinh théng ké biéu dién su phu thudc cua hiéu suat
nanogel héa va kich thudc hat vao cac nhan té duoc mi hoa 1a mot phuong trinh da

thirc bac hai c6 dang:
Y =bo +b1 X1 + b2Xo + boX Xo + biXi? + boXz? (1)

Trong do:
Y 14 hiéu suat nanogel hoa (%)
bo 12 hé sb hdi quy bac 0
X1, Xz lan luot 12 ndng d6 dung dich Alg-F127-FA va ham luong MTX
by, by 13 hé s6 hdi quy bac 1 m6 ta anh huéng cua nhan td Xq, Xo véi Y
b1z 13 hé s twong tac ctia cap yéu té Xi va X,
S6 liéu dugc phan tich bang phan mém Design-Expert dé xay dung mé hinh
toan hoc va xac dinh céc gia tri t6i uu.

Bang 2.9 Gigi han va cac murc d6 da duoc mi hoa cua cac yéu to khao sat thuc

nghiém
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Bién Mirc nghién ctru

. Don
Bién thuc ma
vi 2(-a) -1 0 +1 +2(+a)
hoa
MTX X1 mg 1 2 3 4 5

Agl-F127-FA X ppm 10000 15000 20000 25000 30000

2.2.3.3. Phwong phdp xdc dinh hiéu sudt nanogel héa

Dinh luong MTX toan phan (MTX dang tu do va MTX trong phuc hop
nanogel): hut chinh x4c 0,2 mL hdn dich nanogel truée khi ly tim, dua vao binh dinh
muc 10 mL, dinh muc t6i vach bang dung dich DMSO. Tién hanh phép do quang
phd UV & bude song 300 nm.

Dinh lugng MTX nanogel: dé xac dinh hiéu suat nanogel héa, can loai phan
MTX tu do. Trong nudc MTX tu do khong tan va kich thuéc tiéu phan twong doi
|6m khi ly tAm & 6000 vong/phit trong 10 phut s& lang, bam vao thanh ong. Lay 0,2
mL phan dich thu duoc sau khi ly tAm, dwa vao binh dinh méc 10 mL, b sung dung
dich DMSO dén vach. Tién hanh phép do quang ph6 UV & budc séng 300 nm.

Hiéu suat nanogel hoa duoc tinh bang cong thtc®:

_ Al 'ABlank X E
A2 'ABlank f2

Trong do:
A 13 d6 hap thu quang ciia MTX nanogel sau khi li tim (Abs)
A 13 d6 hap thu quang ciia MTX nanogel toan phan (Abs).
f1, £ 1an luot 13 hé s6 pha lodng cia MTX nanogel sau ly tim va toan phan.

2.2.3.4. Phwong phap danh gia ham lwong MTX gidi phong tir hé Alg-
F127-FA
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Céac nghién cttu giai phong in-Vvitro cia cac hat nano cao phan tir dugc nghién
clru rong rdi nhat bang phuong phap khuéch tan mang 254, 0,5 mL ché pham cho
vao tai mang tham tach, duoc budc chit va cho vao 15 mL dung dich mudi dém
phosphate (PBS) c6 pH 7.,4. Nhiét d6 cua dung dich dugc duy tri & 37 °C va khudy
tir lién tuc véi toc do 50 vong/phat. Sau mdi khoang thoi gian xac dinh trude 1 gio,
3 gio, 6 gio, 12 gio, 24 giv, 0,5 mL dung dich méi trudong duoc lay ra loc qua mang
loc 0,22 pum, dong thoi thém vao 0,5 mL dung dich PBS dé dam bao thé tich dung
dich dém khong dbi. Cac mau sau khi tham tach dugc bom vao vial dé tiém mau tu
dong. Luong mau tiém 1a 20 pL, dung méi chay cot C18 — 18000 5.5 um. Tdc do
bom 1 1 mL/phut do tai budc song 303 nm. Pha dong bao gém Acetonitrile (kénh
A) va nuée c6 bd sung 1% acid fomic (kénh B). Chuong trinh chay gradient, 0 — 12
phut kénh A tang tir 0 — 60%, tur 12 — 15 phat kénh A tang tir 60 — 100%. Sy giai
phong MTX tir cac hat nano dugc xac dinh bang cach sir dung duong chuan.

Xac dinh duong chuan bang cach: 1y chinh xac 4 mg MTX tinh khiét hoa tan
trong 10 mL PBS c6 pH 7,4 (400 ppm). Sau d6, pha loang thanh cac nong do tir 0 —
28 ppm bing dung dich dém PBS c6 pH 7.4. Két qua do HPLC cua dung dich MTX
sau khi dugc loc qua mang 0,22 pL dé xac dinh duong chuan. T phuong trinh
duong chuan ta co6 thé xac dinh dugc ham lugng thube MTX duoc tai vo hé va nong
d6 thubc MTX giai phong ra tir hé nano Alg-F127-FA.

Phan trim thuéc MTX phéng thich dugc tinh theo cong thic 530:

o VixCitV, Y Gy
YoM TX= - x100%

Trong do:
V1 14 tong thé tich ctia dung dich PBS (15 mL)

Ci 1a nong d6 cua thudc trong dung dich PBS (mg/mL)
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V, 1a thé tich caa mau (0,5 mL)
m 13 lwong thudéc MTX trong 0,5 mL ché pham (mg)

2.2.4. Khdo sat tinh an toan ctia hé nano MTX/Alg-F127-FA
2.2.4.1. Nudi ciy té bao

% Chuan bi méi trudng

Moi truong DMEM/F12: 11,8 g DMEM/F12 va 1,2 g NaHCO3 trong 1000 ml
nudc cat (dd loc va hap tiét trung), pH 7,4.

Moi truong DMEM: 13,3 ¢ DMEM va 3,7 g NaHCO3 trong 1000 ml nudc
cat (d3 loc va hap tiét trang), pH 7.4.

Moi truong duoc loc (@ 0,22 um) trudc Khi st dung. Moi truong dugc bao
guan ¢ nhiét d¢ 2 °C — 8 °C.
Moi trudng hoan chinh dwoc bd sung 10% (v/iv) FBS, 1% (v/v) penicillin-
streptomycin.
< Diéu kién nudi cay té bao
MSC duoc nudi trong moi truong DMEM/F12. RAW264.7 dugc nudi trong
moi truong DMEM.

Pia duoc t trong tia CO, & diéu kién CO, 5%, do am 90% & 37 °C. Mbi trudng
nudi cay dugc thay moi 48 gio. Khi té bao dat dén do hop luu 70 — 80%, cay chuyén
duoc thuc hién.

< Quy trinh cdy chuyén té bao bam dinh (MSC, RAW264.7)

MBoi trudng cit dugc loai bo, rira dia nhe bang PBS 1X (3 lan), sau d6 thém vao 2 ml
0,25% Trypsin-EDTA 1X, trang déu bé mat dia nudi va u & nhiét 6 37 °C trong 3 —

5 phuat. Quan sat dudi kinh hién vi soi ngugc dé dam bao cac t€ bao da co tron va
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tach ra khoi bé mat dia. Thém vao 4 ml moi trudong dé bat hoat trypsin va tron déu.
Chuyén huyén phu té bao vao éng ly tim 50 ml. Ly tdim ¢ 1200 rpm trong 5 pht,
thu cn té bao. Thém 2 ml moi trudong vao va tron déu. Sau do, cho huyén phu té bao
vao cac dia méi, thém méi truong cho di 5 ml (d6i voi chai nudi cay 25 cm2) hoic

10 ml (d6i véi dia petri 90 x 20 mm).

Khao sét gia tri ICsp Vi dong té bao RAW264.7 va dong té bao MSC sau 48
gio va 72 gio t gitta MTX tu do 1a 120 ppm va hé MTX/Alg — F127 — FA.

2.2.4.2. Khdo sat hoat tinh khdng viém

Dénh gia hoat tinh khang viém ctia cac mau thir nghiém thong qua kha ning
trc ché san xuat nitric oxid (NO) cua té bao RAW264.7 do kich thich LPS. Xac dinh

ham luong NO & cac mau thi nghiém bang thudc thi Griess.
< Nguyén tic

Pai thuc bao RAW264.7 duogc kich hoat phan tmg viém bang cach kich thich
véi LPS. Khi d6, NO duoc tiét ra véi luong 16n boi cac té bao nay. Dinh lugng NO
bang phuwong phép Griess dé danh gia kha nang uc ché san sinh NO; tir d6 danh gia

duoc hoat tinh khang viém cua cac mau thi.

Phuong phéap Griess 1a mot phwong phap dinh luong gian tiép NO thong qua
phan tmg mau gitra nitrit (NO") va thudc thir Griess. Phan tmg nay doi hoi nitrate
(NO3") dau tién dugc khtr thanh nitrit (NOy), do tac dong cua nitrate reductase. Sau
d6, nitrit dwoc phan ung véi sulfanilamid trong méi trudng tao thanh mudi
diazonium, tiép d6 mudi diazonium dugc phan Gng véi N-alpha-naphthyl
ethylenediamin dé tao thanh hop chit azo mau hong doé 6n dinh. Po d6 hap thu cua
hop chat azo nay & budc song 540 nm. Két qua do hap thu ti 18 thuan véi luong NO

c6 trong cac giéng 54,
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Hinh 2.6 Nguyén tic cua phuong phap Griess

% Quy trinh
Té bao RAW264.7 duoc cho vao dia 96 giéng véi mat do 2 x 10* té bao/giéng
(100 pl/giéng). Pia duoc t trong ta 4m CO, & diéu kién CO; 5%, do am 90% & 37°C
trong 24 gio.
Sau do:
- Té bao duoc U trudc voi mau thir, l1ac nhe va u dia & 37°C va CO, 5%. Sau 1
gid, LPS (pha trong PBS & pH 7.4) duoc thém vao cac giéng & nong do cudi
la 1 ug/ml (truong hop 1)
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- Té bao dugc kich thich trudc bang LPS (ndng d6 cudi 1a 1 ug/ml), lc nhe va
1l dfa & 37°C va CO, 5%. Sau 1 gid, mau thir dugc thém vao cac giéng (truong
hop 2)

Sau 24 gio, dich nudi cay duogc thu thap dé do mirc d6 tiét NO bang thubc nhuom

Griess.
Phuong phéap Griess duoc thuc hién theo b kit ciia Sigma G4410 B9,

Mau doi chimg am 1 té bao dugc xtr Iy voi LPS va PBS 7,4 + 0,1% NaHCO3. Mau

dbi chimg duong 13 té bao duoc xir 1y v6i LPS va dexan.

Nong d6 nitrit cia mdi mau duoc xac dinh dwa vao duong chuan natri nitrit; pha

lodng & cac ndng do trong khoang [ 0;100 uM ]

- 100 pl dich nudi cay hoic dung dich NaNO, dugc tron véi thé tich twong ting
cua thude thir Griess
- U 10 phiit ¢ nhiét ¢ phong

Po d6 hap thy & budc song 540 nm bang may ELISA.
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CHUONG 3. KET QUA VA THAO LUAN
3.1.KET QUA TONG HQP VAT LIEU NHAY NHIET ALG - F127
3.1.1. Két qua tong hop Na — Alg — Cys
3.1.1.1. Két qua khao sat diéu kién tong hop

Phuong trinh hdi quy tuyén tinh thé hién méi quan hé gitta ham lwong L-
alanine va gia tri OD la y= 0,00178931x + 0,0710449 trong d6 y la gia tri OD do
duoc & budce song 335 nm va x 1a sé mol L-alanine (don vi 1a mmol), hé sé twong
quan R cta phuong trinh tuyén tinh 13 0,998.

Standard Curve
0.343 T T

0.300

0.200

0.100F =

0.084 | |
20.000 50.000 100.000 140.000
Conc. (mgf)

vy =0.0017B831 x+ 0.0710440
Correlstion Coeffident r2 = 0.28882

Hinh 3.1 Buodng chuan dung dich L-alanine c¢6 ham lugng tir 0-140 ppm phan
ung vai dung dich TNBS 0,1% trong NaHCO3 0,1M

Déi voi cac mau Na-alg-cys sau khi duoc dong kho, can chinh xac khdi luong
0,01 g pha vao 50 ml nuéc cat sau khi tan hét, dinh mirc chinh xac 100 ml. 10 ml
dung dich Na-alg-cys (c6 ndng d6 pha lodng dén 2 ppm) cho vao 6ng nghiém sau d6
5 ml NaHCO3 0,1 M duogc cho vao trude khi 1 ml TNBS 0,1% dugc thém vao. Ong
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nghiém nay duoc u trong bé on nhiét 37°C trong 2 gid, roi do do hap thu & budc
song 420 nm. S6 nhém NH; dugc tinh dya trén sy so sanh sb ham luong L-alanine

twong ung voi gia tri OD do dugc & mau Na-Alg-cys.

| Phuong an 1
| Phuwong an 2
B ohuong an 3

160 -

HH
—
1

H
'—

—_
L

120 -

S0 nhom NH,
o
=]
|

40 S

L I ¥ T b

. h :
pH=4.5 pH=5.5 pH=6.5 pH=7.0

Hinh 3.2 S6 nhém NH; c6 trong Na-Alg-cys voi cac phuong an sir dung
EDC/NHS/Cys ti I¢ mol khac nhau (Phuong an 1: 1:1:1; phuong an 2: 1:1:0,5 va
phuong an 3: 1:0:1) & cac diéu kién pH khac nhau.

Hinh 3.2 khong c6 su khac biét dang ké vé ty Ié cys st dung (p = 0,34), trong
khi ¢ su khac biét dang keé trong viéc sir dung két hop EDC/NHS (p < 0,05) khi so
sanh voi cac gia tri pH khac nhau. Theo co ché da duoc ching minh bgi Nakajima
vé co ché hoat hoa nhom carboxyl bang EDC, EDC can duoc proton hoa tao ra
carbocation. Cac carbocation nay s& tin cong vao gdc carboxylate —COOH tao thanh
thanh nhom O-acylisoureal®. Do d¢6 moéi trudng cd pH > 7,0 1a can thiét trong qua

trinh str dung EDC 14 tac nhan hoat hoa. Piéu ndy hoan toan phu hop véi két qua
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thie nghiém khi s6 nhom NH; (27 + 1, 3,08 + 0,08 mM) it nhét 1a & pH 7,0 khi s
dung EDC riéng 1é. Tuy nhién, s nhém NH; gin 1én Na-alg chi khoang 30 + 1 (3,39
+ 0,09 mM) nhém & pH 4,5 thap hon 3 1an véi diéu kién pH 5,5 va 4,87 1an so voi
diéu kién pH 6,5, Theo nghién cttu cia Bulpitt va cong su ¢ & pH 4,75, O-
acylisourea bi thuy phan nhanh, dan dén phan @ng cong hop véi nhém NH, bi kho
khan. S6 nhém NH; gan cao nhat trong truong hop st dung EDC riéng 16 1 147 + 3
(16,51 + 0,26 mM) duoc gan 1én Na-Alg khi tong hop trong diéu kién pH 6,5. Nhu
vay c6 thé két luan pH 6,5 1a diéu kién t6i uu cho phan ung carbodiimide sir dung
EDC la tac nhan hoat hoa.

So sanh véi phuong an sir dung EDC riéng 1€, su két hop véi NHS cho thay
khong co6 su khac biét khi so sanh trong khoang gia tr1 pH khi so sanh & muc do
95%. Pac biét, duy nhat & pH 6,5, viéc sir dung NHS khong co tac dung ting ty 18
gan két cystamine 1én mach Na-Alg (gié tri p ciia phuong an 1: 1: 1 va 1: 1: 0,5 véi
1: 0: 1 lan luot 0,80629 va 0,99954 ¢ pH 6,5). S6 nhom NH; gan 1én mach 1 phan
tr Na-Alg & pH 6,5 lan luot 14 152 + 6, 149 + 5 va 147 + 3 ¢ 3 phuong an st dung
EDC/NHS/cys. Ngoai ra trong trudng hop st dung EDC: NHS ty 1é 1:1 theo s6 mol,
khong c6 sy khac biét nhiéu vé mit thong ké khi so sanh sé6 nhém NH, duoc gan
trén mach Na-Alg giita 2 phuong an 1 (EDC/NHS/cys= 1:1:1 theo s6 mol) va
phuong an 2 (EDC/NHS/cys = 1:1:0,5 theo s6 mol). Piéu nay chtng to viéc sir dung
NHS chi gitip cho ngéan can sy hinh thanh ctia nhém N-acylurea do sy thuy phan cia
O-acylisourea trong diéu kién pH khong thuan loi. Trén co s& cac két qua trén, quy
trinh t6ng hop hop Na-Alg-cys nén duoc thyc hién theo phwong an sb 1, 2 dé dat

duoc hiéu qua tét.
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Bang 3.1 Quy d6i ham luong nhom NH, cta cac mau Na-alg-cys theo nong

do mol

piéu kién pH | Ty 1¢ EDC/NHS/Cys | Néng dd (mM) Sai 6
1:1:1 16,85 0,34

pH=45 1:1: 0,5 16,61 0,009
1:0:1 3,39 0,09

1:1:1 17,07 0,50

pH =55 1:1: 0,5 16,84 0,16
1:0:1 7,89 0,11

1:1:1 17,05 0,59

pH =65 1:1: 0,5 16,75 0,41
1:0:1 16,51 0,26

1:1:1 16,58 0,12

pH=7,0 1:1: 0,5 16,49 0,20
1:0:1 3,08 0,08

3.1.1.2. Phdn tich cdu triic héa hoc Alginate - Cystamine

Ph6 FT —IR cia Na — Alg (Hinh 3.3) cho thiy c6 sy hién dién ctia nhém —OH
qua ddy hap thy & cuong do manh & s6 song 3437 cm™, dao dong tir s6 song 2944
cm™ va 2911 ecm™ véi cudng do yéu thé hién sy dao dong cua chudi —CHy. O mii
dao dong 1294 cm™ va 1037 cm™ dic trung cua nhoém guluronic acid, miii dao dong

tai 890 cm™ va 815 cm™ ching t6 cho sy hién dién ctia mannuronic acid®.,

Sau khi gin cystamine 1én mach, pho xuat hién mili voi dao dong hap thu
manh & 2909 cm® duoc 4n dinh ddi v6i dao dong din ndi ciia nhém amino bac L, tin
hiéu nay twong ty nhu phd FT-IR cta cys ty do. Pac biét trén pho gan cystamine co

su xuat hién 1 dao dong dan ndi & sb song 1606 cm™ twong tng véi tin hiéu cua N-
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C=0 cua nhém amide bac I. Cudng do 16n cua cac dai tai 1294 cm™ va 1037 cm™
cho biét ham lwong G cao. Trong khi d6, ham lwgng M nhiéu hon, tuong ¢ng Véi
cudng dd manh cua cac dai tai 815, 890 cm™, So sanh ti 18 cac dai phé trén cho thay,
sau khi gan cystamine cuong d6 tin hiéu tai 1037 bi chuyén dich xubng vung duéi
1112 cm™, trong khi cudong do cac tin hiéu tai 815 cm™ va 890 cm™ tré nén 6 nét,
chtng to ham lugng M cao trong phd ghép cao hon, nhu vay hau hét cystamine duoc

gan chu yéu trén nhom carboxylate cua guluronic acid.

Alg-Cys

- T - - T -

4000 3500 3000 2500 2000 1500 1000 500

Tan so cm!

Hinh 3.3 Pho FT-IR ctia Na-Alg, Cys va Na-Alg-Cys tong hop sir dung
EDC/NHS/Cys
Ph6é 'H-NMR cua Na-Alg-cys (Hinh 3.4) cho thay tin hiéu cong huéng &
truong thap 5,08 ppm va 4,48 ppm 1a cua proton & C-1 cia don vi guluronate (H-1-
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G) va mannuronate (H-1-M) %81, Bén canh d6, pho Na-alg-cys con xuét hién cac tin
hiéu cong hudéng & 5,02 ppm va 4,20 ppm tuwong ung lan luot véi proton & C-5 cua
don vi guluronate (H-5-G) va mannuronate (H5-M) B9, Trong khi H-5 cua cac don
vi guluronate trong khdi GG (H-5-GG) cho tin hiéu cong huong ¢ 4,39 ppm va cac
tin hi¢u cong hudng ¢ 4,48 ppm va 4,7 ppm la cua H-1 caa don vi mannuronate va
H5 caa don vi guluronate trong cac don vi thuoc khéi GM (H-1-M+ H-5-GM). Bén
canh cac tin hiéu dic trung cua Na-alg, phé *H-NMR xuat hién tin hiéu méi & 3,4
ppm va 3,2 ppm, 2 tin hiéu dic trung ctia proton c6 trén pho *H-NMR cua cystamine.
Déi chiéu voi phd 'H-NMR cua cystamine tu do, Véi cac cong bd khac vé phd Na-
alg 1% 61, Dya trén céc tai liéu tham khao vé su ghép ndi giita Na-alg va cystamine,

tin hiéu ndy co thé dugc sinh nhd su hinh thanh do sy amit héa ctia nhom carboxylate
[61]

Nhu vay, thong qua danh gia cau tric bang 'H-NMR va FT-IR, quy trinh bién
d6i Na-alg dé co nhom NH, bang cach gan phan tir cystamine véi tic nhan ho trg
EDC/NHS d4 tao ra duoc san pham Na-Alg-cys.
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Hinh 3.4 Ph6 'H-NMR cua Na-alg-cys trong méi truong D20.

3.1.2. Két qua tong hop Alg — F127
3.1.2.1. Két qud khdo sdt diéu kign téng hep Alg - Cys

Dua trén phuong phap nhan biét va xac dinh s6 nhom NH; d4 trinh bay & trén,
mau Alg — F127 cho phan ung véi TNBS va sau d6 do mat d6 quang tai 335nm dé
tinh toan s6 nhom NH; con lai trén mau ghép. Két qua duoc trinh trong bang 3.2,
Nhu két qua trinh bay trong bang 3.2, sé nhém NH, giam rd rét sau phan (mg ghép
mach, cu thé trong trudng hop duoc phan tich phd (ty 1& Na-alg-cys: Pluronic
F127=1:10), 6 nhom a-amino dugc ghép vai Pluronic 14 111 nhém. Diéu nay giai
thich cho viéc cudng do hap thu cua dao dong gidn NH; giam manh trong pho ghép.
Ngoai ra, khi ting ham lugng Pluronic F127, s6 lugng nhém NH tu do giam, nhung

khi phan img ghép mach dat qua trinh bao hoa thi hiéu suat phan img khong thay doi
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dang ké mic du ham luong Pluronic F127 ting. Trén co s& cac phan tich trén, qua
trinh t6ng hop da thanh cong trong viéc tao ra vat liéu copolymer ghép trén co s&
Pluronic F127 va Natri alginate thong qua cau ndi cystamine va chon ra duoc ti 18

ghép thich hop dé tiép tuc cac nghién ciu sau.

Bang 3.2 Hiéu suat phan tng ghép mach Alg-F127 véi cac khéi luong

Pluronic F127 khac nhau.
~ S6nhém NH2 ban  S6 nhém NH2 sau ) )
Na-alg- Pluronic . ) Hiéu suat
dau trén 1 phan phan &ng voi
cys(9) F127(9) x . (%)
tir dan xuat? pluronic®

1 5 152 63+6 58,55 +4,31

1 10 152 41 +4 73,03 +£2,85

1 15 152 39+1 74,34 £ 0,90

1 20 152 31+1 79,61 £ 0,16

a: két qua tinh bang phuong phap TBNA, s6 nhéom NH2 = (s6 mol Alg-cys)/(so
mol NH2); s6 mol alg-cys = mass Alg-cys/ (GPC wieight of Alg-cys)

b: Két qua tinh dya trén TBNA, s6 nhom NH2 c6 trong mau Al-F127 = (n alg-
F127)/ (NNH2); s6 mol Agl-F127 = mass Alg-F127/ GPC weight of Alg-F127

3.1.2.2. Phdn tich ciu trisc héa hoc Alg — F127

Phan ang tong hop copolymer ghép giita Na-Alg-Cys véi Pluronic F127 da
hoat hoa cho ra san pham Alg-F127. Cau trac hoa hoc ctua hop chit dugc xac dinh

thong qua pho FT-IR va 1H-NMR trong méi trudng nudc.

Trén ph6 FT-IR cua Alg-F127 (Hinh 3.5) cac mili dao dong dic trung ctia Na-
Alg, cys va F127 déu xuat hién. Dic biét dao dong co gidn ctia nhém OH tai Vi tri
3554 cm™ duoc cai thién vé cudong do hap thu, do su bd sung nhom chic OH cua
pluronic F127 sau khi dugc ghép thanh cong. Mic du tin hiéu tai vi tri 2887 cm™ dac
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trung cho dao dong dan cia nhém NH, van xuét hién trén phd ching té van con du
nhom NH; tu do dé tiép tuc nghién ctiu tiép theo. Bén canh d6, tan sé hap thu cua
dao dong NH va C=0 trong lién két amin dugc thé hién rd rang hon trong pho ghép.
Pic biét co su xuat hién tin hiéu hap thu manh cia amin bac I va bac Il & ving song
1600 cmt— 1700 cm™ va tin hiéu dan cua lién két bat ddi xting C=0 c6 trong mach
Na-alg twong tu nhu ¢ pho IR cia Na-alg-cys. Do hap thu cua tin hiéu dic trung cho
mannuronic acid duong nhu khong c6 su thay ddi dang ké, tuy nhién cac tin hiéu
cua guluronic acid tai 1294 cm™ c6 su chuyén dich sang vung trén 1281 cm™. Miii
1241 cm'* cling xuét hién trén phd ghép nhitng voi do sac nét va rd rang hon khi so

sanh v&i pho Na-alg-cys, diéu d6 chtng té nhiéu lién két amin dugc hinh thanh hon.

127 ; T
Alg F127, |

I
i
|
Na-Alg-Gys
I
I
|
1

NPC-F127-OH

4000 3500 3000 2500 2000 1500 1000 500
Tan so (cm™)

Hinh 3.5 Ph6 FT-IR cua Alg-F127, Na-Alg-Cys va NPC-F127-OH

Theo két qua phdé 'H-NMR (hinh 3.6), sau khi ghép F127 1én, tin hiéu cong
huoéng cua proton trén guluronate (H-1-G) va mannuronate (H-1-M) xuat hién véi
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cuong do rat thap, do sy giam chan manh nhét cua hai nguyén tir oxi ké véi chung
va su giam chin boi nguyén tir oxi tir lién két truc (axial) 12 manh hon tir lién két
xich dao (equatorial) sau khi dugc ghép véi Pluronic F127. Chi con tin hi€u cua
proton trén mannuronic acid, MH5, MH4 va MH3 xuat hién trén pho cong huong tir
tai cac vi tri 3,73 ppm, 3,71 ppm va 3,9 ppm 9. Bong thoi tin hiéu ¢ 3,4 ppm va 3,1
ppm ciing xuat hién nhung véi cudng do rat thap, ching té phan 16n nhém NH, cua

cystamine gén trén Na-alg dd tham gia phan @ng véi Pluronic F127.

Ngoai céac tin hiéu dic trung cua Na-Alg-cys, pho con cho thay tin hiéu cia
pluronic tai vi tri 3,5-3,8 ppm tuong ng vai Su hién dién ctia methylen proton trén
Pluronic. Tin hiéu xuét hién ¢ trudng manh & =3,64 ppm tuong (ng Vi proton cua
— CH2 — CH2 — thudc chdi PEO cua pluronic.

HO~ X PR - O]hﬂ -}Hw{}]\r g s\:\s

10 65 100

HF‘E{}

e

Hinh 3.6 Pho 'H-NMR cua Alg-F127
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Dua vao dit liéu phd FT-IR, 'H-NMR va so sanh véi céc tai liéu tham khao,

chtng t6 rang da tong hop thanh cong hé copolymer ghép Alg - F127.
3.1.3. Két qud tong hep Alg-F127-FA

Phé FT-IR (hinh 3.7) cua acid folic cho thiy su xuat hién cua diy hap thu véi
cuong d6 manh & sé song 3327 cm™ dic trung cho nhom amin bac | ¥4, & s song
2960 - 2924 cm! ing vé6i dao dong cua chudi CH,, Bén canh do, trén phd xuat hién
s6 song 3590 cm ™, 1a dic trung ctia nhom OH ©3. Trén phd xuét hién cudng 6 manh
& miii 1697 cm™ dic trung cho nhém carbonyl C=0 thudc nhém COOH & pterin .
Sau khi FA duoc gén 1én Alginate-F127, bén canh cac tin hiéu dac trung cua Alg-
cys hay Alg-F127 nhu 3451 cm™ dic trung cua gidn O-H, & vi tri 2891 cm™ 1a cua
CH2, cac tin hiéu cua FA gan nhu khé xéac dinh trén phd. Tuy nhién, so sanh phd
Alg-F127 va Alg-F127-FA, c6 thé thay dao dong dan ndi cia C=0 ¢ 1700 cm™ hay
tin hiéu 1697 cm* ctia nhém carbonyl ctia FA déu bj khong phan biét duoc. Thay
vao do, tin hiéu & 1642 cm™* xuat hién, dic trung ctia nhom N-C=0 cua amin | 63,

véi cuong d6 manh hon khi so sanh véi pho Alg-F127.
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Hinh 3.7 Ph6 FT-IR cua Alg-F127-FA, FA va Alginate-F127.

Ph6 'H-NMR cua Alg-F127-FA (Hinh 3.8) duogc thuc hién trong méi truong
nuéc. Két qua duoc thé hién trong hinh. Bén canh céc tin hiéu caa pluronic (HPPO
tai 1,05 ppm, 3,5 - 3,8 ppm cia HPEO) va cac tin hiéu cua alginate tai vung 3,73
ppm, 3,71 ppm va 3,9 ppm, pho cong hudng tir xuat hién chuyén dich hoa hoc tai &
= 8,65 ppm, proton trén vong peteridin 4, tai =6,61 va ppm §=7,59 ppm proton
trén vong benzen ctia glutamic acid. Két qua nay gop phan chang minh sy thanh

cong trong viéc tong hop Alg-F127-FA.
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Hinh 3.8 Ph6 H-NMR cua Alg-F127-FA trong dung méi D20, 500HZ

Bén canh d6, UV-vis duogc tién hanh dé khang dinh sy thanh cong cua qua
trinh t6ng hop. Acid folic dugc biét dén 1a chéat c6 kha niang hap thy anh sang kha
kién tai ving 285 nm va 350 nm do sy dich chuyén cta n—* trong vong pterin [,
Tuy nhién, do mau pha trong NaHCOs, nhom carboxylic acid trén Folic tro thanh
carboxylate, do vay tin hiéu hap thu ¢ 285 nm xuat hién thém cac tin hiéu nho bén
canh %81 Sau khi duoc gan vao Alg-F127, san pham Alg-F127-FA chi xuat hién 2
dinh 285nm va 350nm (hinh 3,9 F). Bén canh d6, cac nguyén liéu cho phan téng hop
bao gom Na-alg, Na-alg-cys hay Alg-F127 déu khong c6 xuat hién cac dinh hap thu
nhu mau Alg-F127-FA. Két hop véi 1H-NMR, c6 thé két luan, miu Alg-F127-FA
dugc tong hop thanh cong.
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Hinh 3.9 Ph6 UV-Vis caa (A) Na-alg, (B) NA-alg-cys, (C) Alg-F127, (D) Acid
folic va (F) Alg-F127-FA trong dung dich NaHCO; 0,01M

3.2.KET QUA XAC PINH NONG PO TAO NANOGEL CUA HE NANO
ALGINATE — PLURONIC F127 - FOLIC ACID
3.2.1. Két qua khao sat ndong d6 tao hat CMC va sy hinh thanh nanogel
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3.2.1.1. Két qud khdo sdt néng dé tao hat CMC

Phuong phap xac dinh nong d6 tao nanogel dua trén hién twong chuyén doi
Idn nhau gitra 2 ddng phan dang keton va dang enol cia BZA. BZA ton tai trong
nudc dudi dang hdn hop cua ca hai déng phan (trong d6 dong phéan enol chiém
37,5%) 7). Khi thém chat hoat dong bé mit vao dung dich BZA tai va trén ndng do
tao nanogel, d6 hap thu cua ddng phan enol ting dot ngot, trong khi dong phan keton
s& giam dot ngot. Luc nay, ty 1€ ¢ hap thu cta enol va keton (Aenol/Aketon) sé& tang
dot ngot. Khi c6 mat ciia nanogel, dong phan enol sé bi giir lai bén trong nanogel,
can bang keton — enol trong nudc s& dich chuyén vé phia hinh thanh enol. Kha ning
hoa tan déng phan enol trong nanogel cang cao 1a do hiéu tng ky nudc. Sy hinh
thanh céc lién két hydro noi phan tir trong mot cau tric, 1am cho dang enol cia BZA

it phan cyc hon dang keton [¢8],

H
0 o/ \h“‘|o
K,
CH, G CH,
Keton Enol

Hinh 3.10 Phan tmg dong fphaan hoa ctia BZA 671

Pé xac dinh bude song hap thu cuc dai cua BZA, tién hanh khao sat quét phd
hap thu cia BZA trong dung méi dugc chuan bi nhu sau: cho 5 mg vt liéu Alg —
F127 — FA vao binh dinh mac 10 mL va dinh mic téi vach bang nuéc cit), & néng

d6 12 ppm & dai song 380 — 235 nm trén may quang phé UV-VIS Shimadzu.
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Hinh 3.11 Pho hap thu UV-VIS cia BZA

BZA cho hai budc song hap thu cu dai 310 nm ddng phén enol ciia BZA (0,41
Abs) va 250 nm dong phan keton ctia BZA (0,78 Abs). Két hop véi cac tham khao
cac nghién ciru trude day 9, ¢6 hap thu cia mau dung dich Alg— F127— FA mang

BZA dugc do ¢ hai budc song 310 nm va 250 nm.
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Bang 3.3 Do hap thu cua cac dung dich APF mang BZA

Nong d9 chat mang C (ppm) LogC  A310 A250 A310/A250
1 0.00 0.35 0.716 0.488826816
10 1.00 0.344  0.703 0.489331437
25 1.40 0.363 0.74 0.490540541
50 1.70 0.371 0.746 0.497319035
100 2.00 0354  0.712 0.497191011
150 2.18 0.36 0.723 0.497925311
200 2.30 0366  0.728 0.502747253
250 2.40 0376  0.744 0.505376344
300 2.48 0.379 0.756 0.501322751
350 2.54 0.385 0.76 0.506578947
400 2.60 0.372 0.733 0.507503411
450 2.65 0.36 0.71 0.507042254
500 2.70 0.382 0.747 0.511378849
550 2.74 0.388  0.754 0.514588859
600 2.78 0.38 0.736 0.516304348
650 2.81 0.378 0.73 0.517808219
700 2.85 0.382 0.739 0.51691475
750 2.88 0374  0.718 0.520891365
800 2.90 0.395 0.75 0.526666667
900 2.95 0.406  0.771 0.526588846
950 2.98 0.392 0.733 0.53478854
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A310/250

Hinh 3.12 D6 thi biéu dién twong quan gitta logarit nong d6 va mat d6 quang.

khong dang ké khi tang nong d6 chat dién hoat. Khi ting ndng do tir 251 — 316 ppm
(log C: 2,4 — 2,5) mat @6 quang tang manh. Chang to mot luong I6n BZA da duoc
nap vao micell (viing ky nudc) hay néi cach khac micell caa dung dich APF da duoc

hinh thanh. Nong d6 dé tao duoc hat nanogel cua dung dich APF duoc tinh dya trén

Model PWL2

double vi;
052 -1 4\1=al+k1"xu. =

if( x<xi )

Equation :y=‘al+k1'x .‘

else n
Oy=yi+k2*(x-x1); .

Plot A310/250

al 0.48545 + 0.00241

k1 0.00657 £ 0.00128

% 253118 £ 004292 -

K2 0.06047 + 0.0064 ] :

Reduced Chi-Sqr 8.62677E-6

R-Square (COD) 0.95567 1

050 -1 Adj. R-Square 0.94785
|
|
[ |
I 1 v I ' 1 I 1 |
0.0 0.5 1.0 15 2.0 2.5 3.0

Log C

Két qua 1a khi ndng d6 APF < 251 ppm (log C = 2.4), d6 hap thu thay ddi

dd thi 1a 339,766 + 1,104 ppm.

mang MTX phai c6 nong d6 > 339 ppm. Boi vi, nong do 339,766 + 1,104 12 nong

do t6i thiéu dé c6 su xuét hién cua hat micelle. Nén can khao sat DLS vé ndng d6 dé

3.2.1.2. Két qud khdo sdt sw hinh thanh hat nanogel

Nong d6 dung dich Alg— F127 — FA sir dung trong cong thitc bao ché nanogel
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xéac dinh duoc ndng do tao hat nanogel cua hé Alg — F127 — FA. Két qua khao sat
DLS vé nong do xac dinh dugc hat nanogel duogc trinh bay ¢ Bang 3.4, c6 thé thay
dé cac hat nanogel hoan toan hinh thanh, ndng do 10000 ppm nén duoc st dung.
Nong d6 dung dich cang cao thi kha ning tao hat cta vat liéu cang cao, hat cang nho,
d6 on dinh caa hat cang 16n. Do vay ndng do dung dich Alg — F127 — FA dugc sir
dung dé thiét ké cong thirc nanogel mang thuéc MTX 13 10000 — 30000.

Bang 3.4 Bang két qua thuc nghiém

STT Alg - F127 - FA (ppm) Kich thwéc (nm)
1 400 Khong xéac dinh
2 500 Khong xéac dinh
3 500 Khong xéac dinh
4 750 Khong xac dinh
5 750 Khong xéac dinh
6 750 Khong xac dinh
7 1000 Khong xac dinh
8 1500 Khong xéac dinh
9 1500 Khong xac dinh

10 5750 1291,7
11 5750 1319,0
12 8000 1047,7
13 10000 59,4
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3.2.2. Két qua khao sat tac dong nhiét d 1én hat nanogel

Dua trén két qua thiét ké cong thirc nanogel Alg — F127 — FA mang thudc
MTX tién hanh khéo sat sy anh huéng cua nhiét do 1én kich thudc hat khi didu ché
nanogel tir dung dich Alg — F127 — FA tai mic ndong d¢6 20000 ppm.

Két qua ctia khao sat kich thuéc hat nanogel cua Alg-F127-FA duoc tinh bang
cach 1ay két qua trung binh giita 2 lan do cho mdi nhiét do 1a 25°C va 37°C, két qua
|an luot 14 42,25 nm va 33,8 nm.
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Hinh 3.13 Két qua kich thudc hat nanogel & 25°C
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Hinh 3.14 Két qua kich thudc hat nanogel & 37°C

Nhu vay, théng qua két qua khao sat kich thudc hat cua Alg-F127-FA & 25°C
va 37°C bang phuong phap tan xa anh sang d¢ong (Dynamic Light Scattering— DLS)
trén thiét bi phan tich kich thuéc Horiba SZ100 cho thay nhiét do c6 anh huong dén
su thay ddi kich thudc hat nanogel caa Alg-F127-FA. Khi ¢ nhiét d6 37°C kich thudc
hat nho hon ¢ nhiét do 25°C do & nhiét do 37°C. Nguyén nhan do nhom PEO wa
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nudc con PPO thi ky nudc nén khi nang nhiét do 1én no tao thanh dang micelle véi
nhan 12 PPO va 16p vo ngoai 1a PEO. Viéc ting nhiét do s& din dén sy cit dat cac
lién két trén mach PPO va xdy ra qua trinh loai nudc tai ving chira cic nhom ky
nuéc, két qua 1a cac nhom PPO ¢6 xu hudng mat nudce tao thanh 16i véi vo bén ngoai
1a chudi PEO ngam nudc hop thanh hinh cau micelle bén nhiét dong polymer va gel
duoc hinh thanh

3.3.KET QUA QUA TRINH NANG HOA METHOTREXATE VAO HE
ALGINATE - PLURONIC F127 - FOLIC ACID

3.3.1. Két qua thiét ké cong thirc nang héa Methotrexate vao hé nano

Alginate — Pluronic F127 — Folic acid va hiéu suit nanogel héa

Phuong phap RSM — CCD dugc thiét ké bang phan mém Design — Expert
phién ban 13.0.5.0 gém 13 cong thirc. Sy tuong tac cua hai bién doc 1ap bao gom:
ham lugng MTX va nong do dung dich Alg — F127 — FA anh huong téi kich thudce

nanogel va hiéu suat nanogel hoa duoc trinh bay trong Bang 3.5.
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Bang 3.5 Ma tran ké hoach thuc nghiém va két qua thuc nghiém

Alg - F127 -  Kichthwéc  Hiéu suit nanogel
STT MTX (mg)

FA (ppm) (nm) hoa (%)
1 3 20000 39,70 91,73
2 4 25000 38,10 97,92
3 1 20000 40,00 98,43
4 4 15000 39,60 87,38
5 3 20000 43,40 97,12
6 3 10000 40,60 73,86
7 5 20000 41,10 97,73
8 3 30000 41,10 92,71
9 3 20000 42,80 96,16
10 2 25000 40,60 95,29
11 3 20000 41,60 96,02
12 3 20000 42,80 96,40
13 2 15000 40,80 96,24

Mo hinh toan hoc md ta moi quan hé gitra kich thuéc nanogel (1) va hiéu suat
nanogel hoa (2) véi cac bién ma hoa nhu sau:
Y, = 40,97 1)
Y, = 95,80 — 0,6358X; + 3,94X; + 2,87X1X, + 0,6679X; 2—3,03X, 2 (2)
Phuong trinh hoi quy (1) cho thdy, kich thudc hat khong chiu su anh huong
ctia bac 1 va 2 cua yéu té X; va Xo ciing nhu 13 sy twong tac giita chung.
Déi voi hiéu suat nanogel hoa theo phuong trinh hdi quy (2) cho thay, hiéu
suat nanogel hoa chiu Sy anh huong bac 1 va bac 2 cia yéu to nong do Alg — F127
— FA (X2) Véi hé sb lan lugt 3,94 va - 3,03. Dong thoi hiéu suat nanogel hoa ciing

chiu su anh huong bac 1 va 2 cua yéu td ham luong MTX (X1) Véi hé 6 1an luot 1a
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- 0,6358 va 0,6679. Hai yéu t6 X1 X, twong tac v6i nhau va anh huéng dén ham muc
tiéu véi hé s6 2,87.

Két qua dap ting bé mat dugc thé hién ¢ Hinh 3.14, khi ting néng d6 dung
dich Alg — F127 — FA va ham lwong MTX thi hiéu suat nanogel hoa thé hién xu
huéng ting trong ving khao sat. Hiéu suat nanogel hoa cao khi dung dich Alg —
F127 — FA c6 ndng do tir 20000 — 30000 ppm va ham luwgng MTX tir 3,5 -5 mg. Tir
két qua Hinh 3.15 cho thdy, kich thudc nanogel khong thay d6i khi cac yéu té thay
d6i trong ving khao sat.

Hidu sudt nanogel hixa (%)

10030
"D’

10020

oa N

AF (pped

X

1840 Sl nanoge! h.

I Mg #1237
2

1%

Hinh 3.15 D6 thi bé mat dap ung biéu dién su phu thudc cua hiéu suat nanogel hoa
vao noéng do Alg — F127 — FA va ham lugng MTX — (A) dudng dong mic va (B)
ba chiéu
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Hinh 3.16 Do thi bé mit dap wng biéu dién sy phu thudc cua kich thude nanogel

vao néng do Alg — F127 — FA va ham lugng MTX — (A) dudng dong mirc va (B)

ba chiéu

Tir cac két qua phan tich cho thay gia trj téi wu dé bao ché nanogel sir dung it
vat liéu mang thude va tai lwong thude 16n nhat bang phuong phap dap ang bé mat.
Cac diéu kién bao ché dugc chon 13: ndng d6 dung dich Alg — F127 — FA 13 20000
ppm nang hoa véi khdi lugng thuéec MTX 14 4 mg.

Dadnh gid hiéu qua diéu kién dwoc chon

Pé kiém tra két qua cua mo hinh tién hanh thuc hién lai quy trinh nang hoa
Methotrexate vao hé nano Alginate — Pluronic F127 — Acid folic véi diéu kién dugc
chon d3 dugc lya chon. Thi nghiém duogc thuc hién 3 1an va két qua duoc trinh bay
¢ Bang 3.6.
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Bang 3.6 Két qua khao sat nong d6 dung dich Alg — F127 — FA mang MTX

STT MTX (mg) Alg—F127-  Kich thwéc Hiéu suat
FA (ppm) (nm) nanogel héa
(%)
1 4 20000 40,00 96,52
2 4 20000 40,30 96,52
3 4 20000 41,10 95,70
Trung binh 40,47 +0,33 96,25 +£0,27

Sai so kich thuéc nanogel gitta két qua st dung phan mém va thuc nghiém

_ |Kq,-Kq,| [40,47-40,94|
Kgq, 40,94

%A x100%=1,15%

Sai s hiéu suat nanogel hoa gitra két qua sir dung phan mém va thuc nghiém

Kq,,-Kq,| 196,25 -95,83]
Kgq, 95,83

Kich thudc caa MTX/Alg — F127 — FA dao dong tir 40 — 41,10 nm st dung

%A= x100%=0,44%

bang phuong phéap do kich thudc dong DLS. D¢ sai s6 khoang 1,15% so sanh vi
gia tri wdc doan tir phan mén thuc nghiém. Bén canh d6, hiéu suit MTX duoc tai
trong hé dao dong tir 95,70 — 96,52%, dat trén 99% d6 twong quan véi gia trj t6i wu

xéc dinh tir phuong trinh hoi quy. Két qua cho thay mé hinh ti uu c6 do lap lai tét.

3.3.2. Két qua danh gia ham lwong Methotrexate giai phong tir hé nano
Alg-F127-FA

Thudec MTX dugc pha véi 7 nong d6 khac nhau tir 0 — 28 (ppm), sau d6 do
HPLC ghi lai tin hiéu pic va tién hanh lap duong hdi quy tuyén tinh. Két qua khao
sat sy twong quan gitra dién tich pic va nong 6 MTX dugc trinh bay trong Bang 3.7

va Hinh 3.17.
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Bang 3.7 Tuong quan giita ndng d6 va dién tich pic cia MTX

STT Nong do (ppm) Spic (MAU.S)
1 0 0
2 8 6896,221
3 12 10177,917
4 16 13712,562
5 20 16867,783
6 24 20375,803
7 28 24010,297
30000
y = 852.25x - 0.4092
25000 R?=0.9998
20000
=
=
= 15000
=
£ 10000
=
5000
0
5 10 15 20 25 30

-3000

Nong dé (ppm)

Hinh 3.17 So d6 duong chuan MTX

Dua vao phuong trinh dudng chuan dé tinh luong MTX duoc tai vao trong

cau tric Alg — F127 — FA va luong thuoc MTX di dugc phong thich ra ngoai mang.
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Két qua dinh lwong MTX c6 trong hé duoc thé hién ¢ Bang 3.8 va két qua nha
thudc trong 24 gior duoc thé hién ¢ Bang 3.9 va Hinh 3.18 nhu sau:

Bang 3.8 S6 liéu MTX duoc tai vao trong cau tric Alg — F127 — FA cua cong thuc

lwa chon
Tong thuéc mang Ty I thudc / chat Hiéu suét nanogel hoa
dwoc mang (%)
3,38 Mg 0,021 84,52

Bang 3.9 S6 liéu qua trinh phong thich thudc MTX

Gio MTX (mg) % MTX
1 0,0177 8,420 + 0,040
3 0,0413 19,645 + 0,015
6 0,0722 34,375 + 0,095
12 0,0857 40,800 + 1,580
24 0,1194 56,830 + 2,560
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Hinh 3.18 So db giai phong thuéc MTX

Bang 3.9 va Hinh 3.18 cho thay téc do giai phong MTX tir hé nano Alg —
F127 — FA tang dan theo thoi gian. O thoi diém 1 gio, 8,420% MTX dugc giai phong
ra mdi trudng va ting theo tuyén tinh trong thoi gian 6 gio tiép theo. Tir 6 — 12 gio,
ham lugng MTX giai phong khoang 34,375 — 40,800%, cho thay sy 6n dinh. Tai
thoi diém 24 gio khao sat, 56,830% hoat chat da duoc giai phong hoan toan. So sanh
v6i mot s6 hé chat mang co tinh chat gan twong tu Alg — F127 — FA, cho thiy tinh
tuong dong trong viéc giai phong thudc. Vi du, Jinlong Zhao va cong su (2017) 39
cong bd MTX giai phong tir hé polyethylene glycol (PEG)—poly(lactic-co-glycolic
acid) (PLGA) khoang 14% & gio dau va 35% trong 6 gid tiép theo, dat 64% trong
vong 24 gid. Mukesh Dhaka va cong su (2021) U luong thubc MTX duoc giai
phong manh tuyén tinh véi thoi gian va dat 40%, sau d6 cham dan véi 45,5% MTX
duoc giai phong khoi hé alginate — methylcellulose trong 24 gio. HE poly
(hydroxyethyl methacrylate) mang MTX nghién ctu cia nhom Javad Farzanfar
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(2021) "1 30% MTX duoc giai phong tuyén tinh khoi hé sau 10 gio, va dat 40% sau
24 gio. Nhu vay c6 thé thiy, qué trinh giai phong ban dau caa MTX tir cac hé nanogel
déu, co6 thé do nguyén nhan MTX & bé mat ngoai s& giai phong dau tién. Cac thoi
diém sau 1a do su hap thu dich tir méi truong khién cho hat nanogel bi truong 1én,
khién cho cac lién két trong mang luéi cua hat bit dau bi gdy va thudc duoc giai
phoéng ra bén ngoai. Sy duy tri 6n dinh dugce ham luong thudc giai phong hoan toan
phu thudc vao cdu trac cua vt liéu tao chat mang. Duge dong hoc cia MTX 14 2 —
10 gio. Nhu vay c6 thé thay, viéc phong thich MTX theo thoi gian s& gop phan ting
thoi gian MTX duogce luu trit trong hé thdng tuan hoan, ting cudng hiéu qua caa thude

trong diéu tri bénh.

3.4.KET QUA PANH GIA TAC DUNG KHANG VIEM CUA HE
3.4.1. Két qua khao sat ICso
3.4.1.1. Dong té bao RAW264.7

Gia tri 1Csp (Half-maximal inhibitory concentration) 1a gia tri nong do hoat
chét wc ché 50% su phat trién caa té bao, duogc trinh bay ¢ Bang 3.10, ICs xac dinh
dbi véi MTX tu do khi u 48 gio 1a 104,00 pg/ml, trong khi do, gia tri 1Cso caa hé
MTX/FA-Alg-Plu khong xac dinh dugc. Tai thoi diém 72 gio, 43,03 pug/ml 1a nong
d6 can thiét ¢&& MTX ty do ¢ ché 50% té bao RAW264.7, trong khi MTX/FA-Alg-
Plu can t6i 128,10 pg/ml. Két qua nay cho thay dang bao ché nano MTX/FA-Alg-
Plu gitp giam doc tinh ciia MTX dbi v6i dong té bao RAW264.7.
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Bang 3.10 Gi4 tri ICs cia MTX tu do va hé MTX/FA-Alg-Plu sau 48 va 72 gio
trén dong té bao RAW264.7

o ) ICs0 cia MTX tw do ICs0 cia MTX/FA-Alg-
Thot gian a (gio)

(ng/ml) Plu (ng/ml)
48 104,00 Khong xac dinh
72 43,03 128,10

3.4.1.2. Dong té bao MSC

Gia tri IC50 cta dong té bao MSC dbi voi MTX don va MTX/ MTX/FA-Alg-
Plu dugc thé hién ¢ Bang 3.11. tai thoi diém 48 gio, gia tri IC50 cia MTX 13 101,30
ng/ml , gia tri 1C50 cua hé MTX/ MTX/FA-Alg-Plu cho két qua 352,70. Bac biét,
kéo dai thoi gian u 1én dén 72 gio, gid tri ICso cia MTX 1a 23,56 pg/ml, tuy nhién
ICso cia MTX/FA-AIg-Plu cao hon (56,54 pg/ml).

Bang 3.11 Gia trj 1Csp cia MTX tu do va hé MTX/FA-AIlg-Plu sau 48 va 72 gio
trén dong té bao MSC

. _ ICso cia MTX tw do ICso ctia MTX/FA-Alg-
Thoi gian a (gio)

(pg/ml) Plu (pg/ml)
48 101,30 352,70
72 23,56 56,54

3.4.2. Két qiia danh gia kha niing khang viém cau hé¢ MTX/Alg-F127-FA

Téc dung khang viém cua cac nhom thir nghiém dugc danh gia qua kha nang
trc ché san xuat NO ciia RAW264.7 do kich thich LPS.

Sau khi danh gia doc tinh cua cac nhom thtr nghiém trén dong té bao
RAW264.7, nong d6 cua cac chat thir nghiém ma tai d6 kha nang sdng cua té bao
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khong bi anh hudng 1la MTX 15 ug/ml, MTX/FA-AIlg-Plu 15 ug/ml, FA-Alg-Plu
100000 pg/ml duoc chon dé tiép tuc khao sat kha niang khang viém. Dé khao sat anh
hudng cua cac chét thir nghiém déi véi viec giai phong NO trong qua trinh viém do
kich thich véi LPS, céc té bao duoc @ vGi chat thir nghiém, sau d6 1 gio kich thich
v6i LPS (trudng hop 1); hoic kich thich LPS trude, sau d6 1 gid u véi chat thir
nghiém (tredng hop 2). Hinh 3.19 thé hién két qua khao sat, ham lugng NO ¢ nhom
chi kich thich v6i LPS cao hon so v&i nhom ddi ching khong kich thich véi LPS.
Déi voi nhom chimg 4m PBS + NaHCO; (dung mdi pha mau) khong cé su khac biét
dang ké so v&i nhom chi kich thich véi LPS. Pbi voi nhom chimg duong dexan
(thuéc khang viém), cho thdy tac dong giam san xuat NO cua dai thuc bao
RAW264.7 c6 su khac biét co ¥ nghia so vi nhom chi kich thich véi LPS. Tai nong
d6 100000 ug/ml FA-Alg-Plu trong ca hai truong hop, két qua cho thay ham luong
NO khong c6 sy khac biét dang ké so véi nhom chi kich thich véi LPS (Hinh 3.19A).
Diéu nay, chung to chat mang FA-Alg-Plu khong c6 kha ning khang viém.
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Hinh 3.19 Anh huong cia FA-Alg-Plu (A), MTX (B) va MTX/FA-Alg-Plu (C)
1én su san xuat NO caa dong dai thuc bao RAW264.7. Dit lidu duoc biéu thi dudi
dang trung binh + d6 léch chuan (n = 3). * p < 0,05.
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Mt khac, trong ca hai truong hop, ham lugng NO trong méi trudng nudi ciy
1t voi MTX/FA-Alg-Plu thap hon so véi MTX nhung sy khac biét khong c6 y nghia
thng ké (Hinh 3.20). Di véi truong hop kich thich RAW264.7 véi LPS trudce khi
i MTX hay MTX/FA-Alg-Plu, ndng d6 NO giam & ca hai nhom khi so sanh véi té
bao chi duge kich thich voi LPS, nhung cao hon so v&i mau ching khong xir 1y
(Hinh 3.20B). Ddi vai trudong hop t MTX hay MTX/FA-Alg-Plu trudc 1 gio, sau do
xt Iy véi LPS, két qua cho thay ham lugng NO giam mét cach dang ké.
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Hinh 3.20 Anh huéng ciia FA-Alg-Plu, MTX va MTX/ FA-Alg-Plu 1én sy san
xuat NO cuia dong dai thuc bao RAW264.7. (A) Té bao duoc u véi chat thi
nghiém trudc, sau d6 1 gio kich thich LPS. (B) Té bao dugc kich thich véi LPS
trude, sau d6 1 gio u véi chat tha nghiém. Dit liéu duoc biéu thi dudi dang trung
binh + d6 léch chuan (n = 3), ns: no significant difference (khong c6 su khac biét
dang ké).
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KET LUAN VA KIEN NGHI
KET LUAN

Két qua nghién ctru dat duoc trong luan vin cho thdy chung t6i di thanh cong
trong viéc diéu ché hé tiéu phan nano trén co sé nanogel nhay cam nhiét tir Alginate
va Pluronic F127 ¢ gan tac nhan hudng dich acid folic, Cac két qua nghién ciru
khao sat chon duoc ti 16 EDC/NHS/cys = 1: 1: 0,5 theo sé mol, ty 1& Alginate :
Pluronic F127 (1:10) gitip dat duoc hiéu qua tét nhat va kinh té nhat. Cac cdu trac
duoc chung minh bang phé 1H-NMR, pho hong ngoai FT-IR va quang pho tir ngoai
kha kién UV-Vis. Hé nanogel nhay nhiét trén nén vat liéu Alg — F127 — FA mang
hiéu qua thudc MTX.

Két qua xac dinh nong do tao hat micelle (CMC) cua hé vat liéu 1a 339,766 +
1,104 ppm. Khi khao sat tac dong nhiét 1én hé vat liéu thi & 37°C kich thudc hat cia
vat liéu 1a 33,8 nm nho hon so véi khi ¢ 25°C 1a 42,25 nm. Hé nanogel Alg — F127
— FA (20000 ppm) mang thubc Methotrexate (4 mg) c6 kich thudc tiéu phan nho
40,47 nm, hiéu suat nanogel hoa cao 96,25% va giai phong 56,83% MTX sau 24 gid
trong moi truong pH = 7,4.

Chat mang FA-AIg-Plu khong anh huong dén kha ning sdng cua hai dong té
bao RAW264.7 va MSC. Hé MTX/FA-Alg-Plu c6 kha ning gay doc té bao thap hon
S0 V6i MTX & cing nong dd, co thé do kha ning giai phong co kiém soat cua hé
MTX/FA-Alg-Plu. Két qua ciing cho thay MTX va MTX/FA-Alg-Plu c¢6 kha ning
khang viém trén dong dai thuc bao RAW264.7 va cho hiéu qua trong tc ché san xuat

NO.

KIEN NGHI

< Vé mat vat liéu:
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Can thyc hién thém cac bude nhu do GPC dé xac dinh khéi luong phan tir,
tir d6 xac dinh duoc hiéu suat tong hop. Hinh thai hoc cua hat nanogel can dugc
xéac dinh thém bang phuong phap TEM. D6 6n dinh nanogel theo thoi gian can
duoc xac dinh.

Phuong phap danh gia ham lugng MTX giai phong tir hé alginate — pluronic
F127 — acid folic can c6 thém cac mdc thoi gian khao sat phong thich thube sau 24
gid nhu 36 gid, 48 gio va 72 gid dé xac dinh duoc thoi diém thude duge phong
thich hoan ra khoi hé nano.

% Vé th nghiém 1am sang:

Do thoi gian thuc hién dé tai ¢6 han nén chua thuc hién dugc nhiéu thir
nghiém 1am sang hon. Can khao sat thém kha nang chéng ung thu cta hé nanogel
mang Methotrexate. Thir nghiém kha ning khang viém thong qua kha ning Gc ché
cytokine TNF-a, IL-6. Tiép tuc thuc hién thir nghiém doc tinh, hiéu qua khang
viém cua hé¢ MTX/FA-AIlg-Plu trén dong vat.
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Phu luc 1 Pudng chuan caa dung dich L-Alanine c6 ham luong tir 0-140 ppm

PHU LUC

phan tng véi dung dich TNBS 0,1% trong NaHCO; 0,1M.

Standard Table Report

05242022 04:25:27 PM

File Mame: CMJsers\ADMIN'\Deskiop'\Bao- Hoa ducckhoaduong chuan alanine'duong chuan

alapho

Siandard Cunse

0343

20000 50000 fog.ooo
Comc. (g
W= D0C1TESE &+ DOT10842
Correlation Cosfident 12 = 155282
Eandard Table
Sampls 1D Tyna Ex Coms WiLazo.o ‘Wit Faohor Commante
1 rrau3 Elardard 40 000 0.143 10000
z [T Eiandard pleshe e el D252 1000
3 g Etandard 140,000 0317 1000
4 2 Etandard 20000 D.10s 1000
5 [T Eiandard [=ele e ] 0.17e 1000
[ s Eiandard -ele e ] o217 1000
T [T Elardard 120000 0.288 10000
-]
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Phu luc 2: Do hap thu cua benzoylaceton tai bude séng 310 nm va 250 nm

Standard Table
Sample ID Type Ex Conc WL310.0 WL250.0 Result Wgt.Factor Commen
1 01 Standard 1.000 0.350 0.716 -0.365 1.000
2 02 Standard 10.000 0344 0.703 -0.360 1.000
3 03 Standard 25.000 0.363 0.740 -0.377 1.000
4 04 Standard 50.000 0371 0.746 -0.375 1.000
5 05 Standard 100.000 0.354 0.712 -0.358 1.000
6 06 Standard 150.000 0.360 0.723 -0.364 1.000
7 or Standard 200.000 0.366 0.728 -0.362 1.000
8 08 Standard 250.000 0.376 0.744 -0.368 1.000
9 09 Standard 300.000 0.379 0.756 -0.376 1.000
10 10 Standard 350000 0.385 0.760 -0.375 1.000
11 11 Standard 400.000 0372 0.733 -0.362 1.000
12 12 Standard 450.000 0.360 0.710 -0.350 1.000
13 13 Standard 500.000 0.382 0.747 -0.365 1.000
14 14 Standard 550.000 0.388 0.754 -0.366 1.000
15 15 Standard 600.000 0.380 0.736 -0.356 1.000
16 16 Standard 650.000 0.378 0.730 -0.352 1.000
17 17 Standard 700.000 0.382 0.739 -0.358 1.000
18 18 Standard 750.000 0374 0.718 -0.344 1.000
Standard Table
Sample ID Type Ex Conc WL310.0 WL250.0 Result Wagt.Factor Commen

19 19 Standard 800.000 0.395 0.750 -0.355 1.000
20 20 Standard 850.000 0.290 0.738 -0.249 1.000
21 21 Standard 900.000 0.406 0.771 -0.364 1.000
22 22 Standard 950.000 0.392 0733 -0.341 1.000
23 23 Standard 1000.000 0.408 0772 -0.364 1.000
24

102



Phu luc 3: Két qua do ndng dd tao nanogel trén thiét bi phan tich kich thuéc
Horiba SZ100.

Parameters
Value Standard Bror t-Value Prob>{t| Dependency
al 048545 000241 2013702 371334E-30 092932
k1| 0.00657 0.00128 511919  8.54574E5 0.95179
A310/250 x| 253118 004292 5897792 417231E21 086565
k2| 006047 00064 944459 355382E8 078211
a2 034903 001783

Reduced Chi-sar = B.626T697343E-6

COD{R"2) = 0.95567 279658374

lterations Performed = 8

Total lterations in Session =8

Fit converged. Chi-Sqr tolerance value of 1E-9 was reached.
Standard Emor was scaled with square root of reduced Chi-Sar.

a2 are derived parameter(s).

Stalistics
A310/250
Number of Points 21
Degrees of Freedom 17
Reduced Chi-Sgr 8.62677E6B
Residual Sum of Squares 1.46655E4
R-Square (COD) 0.95567
Adj. R-Square 0.94785
Fit Status ' Succeeded(100)
Fit Status Code

100 : Fit converged. Chi-Sgr tolerance value of 1E-O was reached.
Summary

al [§] Xi [#] a2 Statistics
Value | Standard Error  Value | Standard Error | Value | Standard Emor|  Value | Standard Error  Value | Standard Error  Reduced Chi-Sqr | Adj. R-Square
A310/250 | 0.48545 0.00241, 0.00657 0.00128 253118 0.04292 | 0.08047 0.0064 | 0.34903 0.01783 8.62677E6 0.94785
ANOVA
DF | Sumof Squares | Mean Square F Value Prob=F
Regression 3 0.00316 0.00105, 12217056 1.05564E11
17 1.46655E4 8.62677E6
A310/250 Residual
Uncorrected Total | 21 5.43245
Corrected Total | 20 0.00331

A310/250: At the 0.05 level, the fitting function is significantly better than the function y=constant.

Fitted Curves Plot

A310/250
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Phu luc 4: Két qua khao sat diéu kién diéu ché Alginate - Cystamine

Owverall ANOWVA
OF  Sum of Squares | Mean Square F Valus P Value
pH value 3 127 63484 42 54405 31047388 1]
tyle 2 6565066 328.2083 246522103 ]
Interaction ] 235 68333 a7 61389 282 44613 a
Model 11 100891478 91.81043 GRO.41203 o
Error 24 318813 013317 - -
Comected Total 35 10131108 - - -
At the 0.05 level, the population means of pH value are significantly different.
At the 0.05 level, the population means of ty le are significantly ditferent.
Al the 0.035 level, the interaction between pH value and ty le i significant.
Means Comparisons
Tukey Test
Interactions
pH walue ty b pH walue tyle MeanDiff SEM q Valus Prob Alpha Sig LCL ucL
pH=45 1:1:05 pH=45 |1:1:1 -0.23821| 029796 1.12114 0.98951 0.05 1] -1.31056 083813
pH=45  1:0:1 pH=45 1:1:1 -13.45525 029796  63.8625 [i] 0.05 1| -14.52950 -12.3800
pH=45  1:0:1 pH=45 | 1:1:0.5 -13.21903 029796 62.74136 0 . 005 1| -1420337| -12.14480
pH=55  1:1:1 pH=45 | 1:1:1 021760 029796 1.03324 090977 0.05 ] -0.B5665 120303
pH=55  1:1:1 pH=45 1:1:0.5 045301 020706 215438 0.91934 0.05 1] -0.620:43 152825
pH=55  1:1:1 pH=45 1011 1367204 | 020706 64.80574 1.2815E-6 0.05 1 12.5086| 1474728
pH=55 1:1:05 pH=45 |1:1:1 0.01072 | 020796  0.05087 1 0.05 1] -1.08506 1.06362
pH=55 1:1:05 pH=45 |1:1:05 022858 020706 1.07028 0.990968 0.05 1] -0.84884 120084
pH=55 1:1:05 pH=45 101 1344453 029706 63.81163 [i] 0.05 1| 1237019 1451887
pH=55 1:1:05 pH=55 |1:1:1 022841 029706 1.08411 090064 0.05 ] -1.30275 084503
pH=55  1:0:1 pH=45 | 1:1:1 -8.05627 | 020706 42.50004 [i] 0.05 1| -10.03061 -T.ea10o2
pH=55  1:0:1 pH=45 | 1:1:0.5 -8.72006 ) 020706  41.34T789 [i] 0.05 1 -0.70430 -T645T1
pH=55  1:0:1 pH=45 1101 449808 029706 21.35347 GO11B4E-8 0.05 1 342484 557332
pH=55  1:0:1 pH=55 | 1:1:1 -0.17306 | 020706 43.54228 1] 0.05 1 -10.2483 -B.099E2
pH=55  1:0:1 pH=55 | 1:1:0.5 -B.04555 | 020706 4245817 1] 0.05 1| -10.01980 -TAT1I2
pH=65  1:1:1 pH=45 | 1:1:1 019862 | 029706  0.94273 0.9899 0.05 ] -0.87572 127247
pH=65  1:1:1 pH=45 1:1:0.5 043484 | 020706  2.06388 0.93793 0.05 ] -0.6395 150918
pH=65  1:1:1 pH=45 11 1365387 | 029706 6480523 1277T9TE-6 0.05 1| 1257953 147281
pH=65  1:1:1 pH=55 1:1:1 -0.01907 | 029796  0.00051 1 0.05 ] -1.08341 1.05527
pH=65  1:1:1 pH=55 | 1:1:0.5 020934 | 029706 0.9936 099984 0.05 1] -0.865 128368
pH=65  1:1:1 pH=55 1101 015480 020706 43.45177 [i] 0.05 1 B.0BOSS| 10.22923
pH=65 1:1:0.5 pH=45 [1:1:1 010142 | 029796  0.48137 1 0.05 1] -1.17576 09722
pH=65 1:1:05 pH=45 |1:1:05 013479 029796 063077 1 0.05 ] -0.93955 120913
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pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH =6.5
pH=T.0
pH=T7.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=T.0
pH=7.0
pH=7.0
pH=T.0
pH=T.0
pH=T.0
pH=T7.0
pH=T.0
pH=T.0
pH=T.0
pH=7.0

1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:1
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:1:0.5
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1
1:0:1

pH=5.5
pH=5.5
pH=5.5
pH =6.5
pH=4.5
pH=4.5
pH=4.5
pH=5.5
pH=5.5
pH=5.5
pH =6.5
pH =6.5
pH= 4.5
pH= 4.5
pH= 4.5
pH=5.5
pH=5.5
pH=5.5
pH =6.5
pH =6.5
pH =6.5
pH=4.5
pH= 4.5
pH=4.5
pH=5.5
pH=5.5
pH=5.5
pH =6.5
pH =6.5
pH =6.5
pH=T.0
pH= 4.5
pH=4.5
pH= 4.5
pH=5.5
pH=5.5
pH=5.5
pH =6.5
pH =6.5
pH =6.5
pH=T.0
pH=T.0

1:1:1
1:1:0.5
1401
1:1:1
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1401
1:1:1
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5
1101
1:1:1
1:1:0.5
1401
1:1:1
1:1:0.5

-0.31911
-0.0807
B.85484
-0.30005
-0.3358
-0.09959
13.11944
-0.55349
-0.32508
B.62046
-0.53443
-0.23438
-0.26888
-0.03277
13.1B626
-0.48668
-0.2582T
B.GBTZE
-0.46T61
-0.16756
0.06882
-0.36046
-0.12425
13.00478
-0.57815
-0.34974
5.5a58
-0.55800
-0.25804
-0.02466
-0.08148
-13.76385
-13.52764
-0.30861
-13.98154
-13.75313
-4.B0T59
-13.96248
-13.66243
-13.42805
-13.40487
-13.40330

0.29706
0.29706
0.29706
0.26706
0.26706
0.26706
0.26706
0.29706
0.29706
0.249706
0.29706
0.26706
0.29706
0.29706
0.29706
0.26706
0.29706
0.26706
0.26706
0.29706
0.29706
0.29706
0.29706
0.29706
0.26706
0.29706
0.29706
0.29706
0.29706
0.29706
0.26706
0.29706
0.29706
0.29706
0.29706
0.29706
0.29706
0.29706
0.29706
0.29706
0.29706
0.26706

1.51461
0.4205
4202766
1.4241
1.5938
0.4T2668
62.2687
2.62T04
1.54204
40.91523
253654
1.11243
1.2T667
0.15553
62.58583
230001
1.22581
41.23236
221941
0.7953
0.31713
1.71085
0.58871
62.15165
2.74409
1.65008
40.79819
265358
1.22048
0.11704
043418
65.32T23
6420609
1.46473
66.36047
65.27637
22 8182
66.26006
64.84588
63.73243
6405056
63.61638

099332

0.99597
0.98999

0.77221
0.99225

0.80629
099054
0.99842

08799
0.90839

09040
0990958

0.88283

0.72502
088631

0.76179
0.90887

1

1
1.28821E-6
1.25447E-6
098491

0
1.20625E-6
6.83504E-8
0
1.2T956E-6
0

0

0

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

E I I I I I = A = A = = A = N = = — B = I — B — R = R — I = — I = I — DR = I — R = D = = D = R = i =]

-1.30345
-1.16504
7.7805
-1.37430
-1.41014
-1.17383
12.0451
-1.62783
-1.30042
7.54612
-1.60877
-1.30872
-1.34332
-1.10711
12.11192
-1.56102
-1.33261
T.61204
-1.54185
-1.2419
-1.00752
-1.4348
-1.19853
12.02044
-1.6525
-1.42408
T.52146
-1.63343
-1.33338
-1.0€8
-1.16582
-14.83819
-14 60198
-1.38245
-15.05589
-14 82747
-5.88183
-15.03682
-14. 73677
-14.50239
-14.56921
-14.47773

0.75523
0.98364
o.g2918
077428
0.73854
097476
14.19379
0.52085
0.74926
069481
0.53942
0.83906
0.B0536
1.04157
14,2606
0.58766
0.81807
o.TE162
060673
0.906T8
1.14116
0.71388
0.95009
14.16913
0.49619
0.7246
067015
0.51526
0.8153
1.04968
0.98286
-12.68951
-12.4533
0.T65T4
-12.9072
-12.678T9
-3.73324
-12.88813
-12.58800
-12.353T1
-12.42053
-12.32805
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Phu luc 5: Siac ky dd dinh lugng methotrexat tai cac thoi diém phong thich 1, 3, 6,
12, 24 gio
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Phu luc 6 Kich thudc nanogel cta 13 cong thirc va cong thuc tdi vu

Measurement Resuits
Cate Wosneaday, June 1. 2022 9 36 25 AM
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Sample Table
Sample ID Type Ex Conc WL300.0 Comments
1 CT4TL1 Unknown i 0.670
2 CT4ATL2 Unknown i 0.665
3 CT4TL3 Unknown b 0.662
4 CT4 L1 Unknown i 0583
5 CT4L2 Unknown i 0579
6 CT4L3 Unknown b 0583
7 CT13L1 Unknown i 0282
8 CT131L2 Unknown i 0.281
9 CT131L3 Unknown i 0281
10 CT13T L1 Unknown e 0.293
11 CT13T L2 Unknown i 0.293
12 CT13TL3 Unknown i 0291
13 CTI1TL1 Unknown o 0.375
14 CTITL2 Unknown i 0.375
15 CTITL3 Unknown i 0374
16 CT1L1 Unknown b 0346
17 CT1L2 Unknown i 0.342
18 CT1L3 Unknown i 0.343
Sample Table
Sample ID Type Ex Conc WL300.0 Comments
19 CT5TL1 Unknown i 0431
20 CTETL2 Unknown s 0.425
21 CT5TL3 Unknown i 0428
22 CT5 L1 Unknown i 0419
23 CTs L2 Unknown i 0.416
24 CT5 L3 Unknown i 0412
25 CTITL1 Unknown i 0.723
26 CTiTL2 Unknown i 0721
27 CT/TL3 Unknown i 0718
28 CTITL1 Unknown o 0.391
29 CTIT L2 Unknown s 0.390
30 CTITL3 Unknown i 0.390
3 CT11 11 Unknown i 0422
32 CT11L2 Unknown i 0417
33 CT11L3 Unknown s 0.415
34 CTHT L1 Unknown i 0435
35 CTHTLZ2 Unknown i 0.435
36 CTITL3 Unknown i 0.436
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Sample Table

Sample ID Type Ex Conc WL300.0 Comments
37 CT12 L1 Unknown s 0.375
38 CcTi2L2 Unknown s 0.376
39 CT12L3 Unknown s 0.374
40 CT12TL1 Unknown i 0.388
41 CT12T L2 Unknown s 0.388
42 CT12T L3 Unknown s 0.391
43 CT2TL1 Unknown s 0561
44 CT2TLZ2 Unknown s 0.562
45 CT2TL3 Unknown e 0559
46 cT211 Unknown e 0.550
47 CT2L2 Unknown e 0.548
48 CT2L3 Unknown e 0.549
49 CT10T L1 Unknown e 0.254
50 CT10T L2 Unknown e 0.283
51 CT10T L3 Unknown e 0.283
52 CT10 L1 Unknown e 0.270
53 cTioLz2 Unknown e 0.270
54 CTi10L3 Unknown e 0.270
Sample Table
Sample ID Type Ex Conc WL300.0 Comments
55 CTe L1 Unknown T 0.373
56 CT8 L2 Unknown e 0.375
57 CT8L3 Unknown T 0371
58 CT8T L1 Unknown T 0.402
59 CTBT L2 Unknown e 0402
&0 CTBTL3 Unknown T 0403
61 CT6 L1 Unknown T 0.293
52 CT6 L2 Unknown e 0.296
63 CTEL3 Unknown T 0.301
64 CTET L1 Unknown T 0.402
65 CTeT L2 Unknown e 0401
66 CTETL3 Unknown T 0402
67 CT3L1 Unknown T 0127
56 CT3L2 Unknown e 0.124
69 CT3L3 Unknown T 0.124
70 CT3TL1 Unknown T 0.128
71 CT3T L2 Unknown e 0.128
72 CT3TL3 Unknown e 0.125
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Sample Table

Sample ID Type Ex Conc WL300.0 Comments
73 CT9L1 Unknown o 0.376
74 CT9LZ2 Unknown e 0.375
75 CT9L3 Unknown e 0.375
76 CT7L1 Unknown e 0.705
77 CT7L2 Unknown e 0.704
78 CT7L3 Unknown o 0.704
79
Sample Table
Sample ID Type Ex Conc WL300.0 Comments
1 CTTUTT L1 Unknown o 0.489
2 CTTUTT L2 Unknown e 0.488
3 CTTUTTL3 Unknown o 0.489
4 CTTU 1 Unknown e 0472
5 CTTu 2 Unknown o 0471
6 CTTu 3 Unknown e 0.468
7
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