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LOT CAM DOAN

T6i xin cam doan dé tai “Nghién ciru phét trién hé tiéu phan nano PLGA

gigi phong c6 kiém sodt diosmin va hesperidin” trong ludn véin nay la céng trinh

nghién cizu cuia tdi dya trén nhirng tai liéu, so liéu do chinh tdi tr tim hiéu va nghién

cizu. Chinh vi vdy, cac két qud nghién cizu dam bdo trung thuc va khach quan nhat.

Pong thoi, két qud ndy chira tirng Xudt hién trong bdt cir mét nghién cizu ndo. CAc so

ligu, két qua néu trong ludn van la trung thwc néu sai tdi hoan toan chju trach nhiém
truéc phap ludt.

TP.HCM, ngay 24 thang 05 nam 2026
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luan van.
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ngudi dan dat em nhitng budc di dau tién, ma trong giai doan em gap nhiéu kho khin
va chong chénh nhat, nhiing 16i khuyén chan thanh va sy an ui cia anh da giup em
cam thay nhe 10ng va viing tin hon rat nhiéu.

Toi xin ghi nhan su hd tro nhiét tinh tir cac ban sinh vién tai phong Hiru co
Moi truong va phong Céng nghé V6 co, Hoa 1y — Vién Cong nghé Tién tién, dac biét
la ban Nguyén H6 Thay An va Vii Minh Khéi, cac ban di cung t6i thuc trang qua
nhitng dém dai va nhitng ngay lam viéc miét mai tai phong thi nghiém. Khoang thoi
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nhitng ky niém vui vé va ¥ nghia nhat ma téi may mén c6 duoc trén hanh trinh nay.

Dong thai, tdi xin tran trong cam on cac anh/chi tai phong Vi sinh — Vién Khoa hoc



Sy sdng da tao diéu kién thuan loi, hd tro thiét bi may moc dé tdi hoan thanh céc noi
dung nghién ciu. Toi cling xin guri 161 cam on su hd tro kinh phi tir dé tai caa Vién
Han 1am Khoa hoc va Cong nghé Viét Nam, m& s6 UDPTCN.01/24-26.

Loi cudi cung, con xin gui 1o tri &n sau sic nhat dén gia dinh. Con cam on ba
va chi hai d ludn 1a chd dya vitng chac, lo lang va hy sinh tham lang dé con yén tam
hoc tap. Va dic biét, con xin danh ting thanh qua nhé bé nay dén me. Cam on me da
sinh ra con, con tin rang me van ludn ddi theo va mim cuoi Véi timg budc truong
thanh cua con. Hy vong con ludn gitt virg tdm va y chi kién cudng dé tiép tuc theo
dudi wéc mo, vuon minh ra bién 16n, gap g nhimg nguoi ban, trai nghiém nhiing
moi truong méi va cham tay vao nhirng tri thiec méi. Con tin rang trén moi hanh trinh
con di, me van ludn ddi theo va tiép thém sicc manh cho con.

Sau tat ca, toi mudn danh mot 1oi cam on cho chinh minh cling nhu mét loi
nhic nhd danh cho t6i vi da di manh mé vuot qua nhiing giai doan kho khan nhét, da
kién tri dén cung va khdng bao gid bo cudc. Va cam on nhimg ngudi ban, nhing
nguoi than yéu da luon & bén canh t6i nhirng nam thang do.
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s6Ng.

Xin tran trong cam on!
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MG PAU

Diosmin va hesperidin 14 hai glycoside flavonoid dién hinh duoc tim thay
nhiéu trong cac loai qua thudc chi Citrus, dugc tng dung rong rai trong diéu tri suy
gidn tinh mach man tinh va bénh tri. Mic du s& hitu tiém ning dugc 1y to lén, tng
dung 1am sang cua diosmin va hesperidin van con nhiéu han ché do thach thirc vé mat
bao ché. Rao can 16n nhat khién cac hoat chit nay chua phat huy téi da hiéu qua diéu
tri trén 1am sang chinh 1a dic tinh 1y hoa kém wu viét: ca diosmin va hesperidin déu
thudc nhom co6 do tan rat thip trong nuée va tinh thim qua mang sinh hoc kém (thuoc
nhém 1V trong Hé théng Phan loai Sinh dugc hoc - BCS) [1].

Khi str dung qua duong uong ¢ dang quy udc, cac hoat chat nay dé bi két tu,
chuyén hoa nhanh qua gan buéc mot va bi dao thai phan 16n ra khoi co thé truéc khi
kip hap thu, din dén sinh kha dung thuc té thap (thuong dudi 5%) [2]. Bé dat duoc
nong do tri liéu, bénh nhan thuong phai sir dung liéu luong cao, giy lang phi duoc
chat va gia tang nguy co tac dung phu. Do d6, viéc tim kiém mét hé dan truyén thudc
méi nham cai thién do tan va nang cao sinh kha dung cho ca hai diosmin-hesperidin
la mot yéu cau cap thiét.

Trong nhitng nim gan day, cong nghé nano, dic biét 1a cac hé hat nano
polymer, d@ mé ra mot hudng di dot pha. Trong d6, PLGA (Poly latic-co-glycolic
acid) ndi 1én nhu mot vat liéu mang 1y twong nho tinh twong thich sinh hoc cao, kha
nang ty phan hiy sinh hoc an toan va da duoc FDA (Hoa Ky) chap thuan sir dung.
Viéc bao g6i diosmin va hesperidin vao 16i polymer PLGA khong chi gitp chuyén
d6i trang thai duoc chat tir tinh thé sang vo dinh hinh dé ting do tan [1], ma con bao
vé hoat chat khoi méi trudong khic nghiét cia duong tiéu hoa, dong thoi kiém soat
qua trinh giai phong thudc tai dich tac dung [3].

Nhan thay tiém nang két hop giira hoat tinh sinh hoc cua diosmin va hesperidin
kém vu diém vuot troi cia hé dan truyén PLGA, dé tai "Nghién ctu phat trién hé tiéu
phan nano PLGA giai phong c6 kiém soat diosmin va hesperidin" dwgc thuc hién
nham muc tiéu bao ché va danh gia hé tiéu phan nano PLGA ddng bao goi diosmin
va hesperidin, hudng t6i viéc tdi vu hoa kha nang hap thu va hiéu qua diéu tri caa ché

pham qua dudng udng.



CHUONG 1: TONG QUAN TAI LIEU
1.1. Pt van dé
1.1.1. Bénh gian tinh mach va tinh hinh chung hién nay

Bénh gian tinh mach (Varicose veins - VVs), suy tinh mach man tinh (Chronic
Venous Insufficiency - CVI) 1a tinh trang mau tinh mach tré vé tim theo mot chiéu
binh thuong bi gian doan va dong mau chay theo hai chiéu. Cac van mong, mém déo
thuong co trong tat ca cac tinh mach ngoai vi thudng ngin chin dong mau chay
nguoc; suy hoic tén thuong van duoc cho 1a nguyén nhin gy suy tinh mach. Céc
yéu t6 din dén suy bao gom cac yéu té 16i sdng, ting huyét ap tinh mach trung tam,
huyét khdi hodc cac bién thé di truyén vé sb luong hoac do gion caa van. Khi van bi
suy va tinh mach suy yéu, diéu nay c6 thé dan dén ting huyét ap tinh mach cuc bo,
mau/phi dai tinh mach, phil né mé va thay déi tuéi mau mo. Nhing thay d6i nay co
thé khu tri hoic anh hudng dén toan bo chi. Tinh mach gidn, tinh mach ndng ngoan
ngoéo gian to rd rét, 1a biéu hién c6 thé nhin thiy bén ngoai cua suy tinh mach chi
duéi ndng. Bat ky tinh mach nao ciing c6 thé bi anh huong, bao gom tinh mach hién
I6n/nho, tinh mach xuyén hoic tinh mach nhé. Tinh trang gidn tinh mach cé thé do
tinh mach khong du chirc nang hoac do cac mach xuyén tinh mach khong du chac
nang khién cac tinh mach nong phai chiu &p luc cao tir hé thong sau [4]. Tac dong
ctia CVI vuot xa nhitng lo ngai vé tham my. N6 12 mot ganh nang kinh té - xa hoi
dang keé, phét sinh tir chi phi diéu tri truc tiép, chi phi gian tiép do mét ngay lam viéc,
va su suy giam nghiém trong chat lwong cudc séng cia bénh nhan [5]. Cac triéu ching
nhu dau, nang chan, phu, va chudt rit ¢ thé anh huong sau siac dén cac hoat dong
hang ngay [4]. Pang bao dong hon, xu huéng gia hoa dan sé trén toan cau duoc du
bao s& lam gia ting dang ké ty 1é mac CVI trong tuwong lai. Piéu nay dit ra mot thach
thizc 16n cho céc hé théng y té, c6 nguy co din dén su gia ting khong bén viing vé
nguon luc va chi phi can thiét & quan 1y va diéu tri bénh [5].

Bénh suy tinh mach man tinh 14 mot trong nhitng van dé suc khoe phé bién
nhét, anh hudng dén mot phan dang ké dan sb toan cau [4]. Céc dir liéu dich t& hoc
cho thay day khong phai 1a mot tinh trang hiém gap ma 1a mot ganh nang y té thyuc
s, Véi ty 18 hién mic dao dong tir 10% dén 30% dan sé thé gisi [5]. M6t s phan tich

t6ng hop con béo cao mot khoang ty 1¢ rong hon, tir 2% dén 73%, phan anh su khac



biét dang ké vé mat dia 1y, phwong phap chin doan, va cac quan thé dugc nghién ciu.
Bénh 1y nay dac biét phd bién ¢ cac qudc gia phuong Tay va cac nudc phat trién, noi
16i séng it van dong va ché do an udng cd thé 1a cac yéu td gép phan [6]. Usc tinh c6
khoang mot phan ba dan sb truéng thanh bi anh huéng bai gidn tinh mach & cac mirc
d6 khac nhau [7], va ty Ié nay ting 1én rd rét & cAc nhém tudi cao hon [8].

Mot nghién ctru tién phong duoc thuc hién tai Bénh vién Binh Dan khoang
mét thap Ky trudce da cho thay ty 1& mac bénh I1én téi 40.5% & nhom tudi 40-50, mot
con s dang bao dong cho thidy CVI 1a mét bénh 1y phd bién tai Viét Nam [9]. Gan
day hon, mot nghién ctu ¢6 muc tiéu trén 1,160 cong nhan ché bién hai san tai Hai
Phong da dua ra mot két qua gay soc: ty 1é mac CVI trong nhom nay 13 51.9% [10].
Diéu nay c6 nghia 13, trung binh ¢t hai cdng nhan thi c6 mot ngudi ¢6 dau hiéu cua
bénh. Két qua nay nhan manh mot cach manh mé vai tro caa yéu té nghé nghiép nhu
mot yéu té nguy co hang dau, dac biét 1a cac cong viéc doi hoi phai dang hoic ngoi
trong thoi gian dai.

Trén binh dién quoc té, mdi lién hé gitra nghé nghiép va CVI di duoc ching
minh rd rang. Nhan vién y té, bao gom y ta va bac si, 1a mot trong nhitng nhém c6
nguy co cao nhat. Mot phan tich tong hop cho thay ty 1& mac bénh mach mau man
tinh (CVD) trung binh & nhan vién'y té 14 58.5% va gian tinh mach 13 22.1%, cao hon
dang ké so voi dan sé chung. Cac y t4, dac biét 1a y ta nir 1am viéc nhiéu gio (> 55
gio/tuan) hodc 1am ca dém, c6 nguy co phat trién bénh cao hon [11]. Tuong tu, Cac
bac si phau thuat, nhitng ngudoi phai ding bat dong trong nhiéu gio lién, cling phai
d6i mat véi nguy co gia ting. Mot nghién ciru cho thiy 14.6% béc si phau thuat c6
dau hiéu cta gian tinh mach, va ty 1¢ nay ting 1én ¢ nhitng ngudi 16N tudi (> 40 tudi),
béo phi, va c6 kinh nghiém lam viéc 1au nam [12].

Céc dir lidu nay cung cap bang ching thuyét phuc cho thiy CVI da trg thanh
mét van dé sic khoe nghé nghiép nghiém trong tai Viét Nam. N6 doi hoi sy chd y
khan cap tir cac nha hoach dinh chinh sach y té va cac chuong trinh can thiép som tai
noi 1am viéc dé giam thiéu ganh niang bénh tat trong twong lai [9].

1.1.2. Tinh cap thiét ciia dé tai
Su phdi hop giita diosmin va hesperidin 1a liéu phap kinh dién mang lai tac

dung hiép dong cao trong diéu tri suy tinh mach man tinh (CVI). Tuy nhién, rao can
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16n nhat han ché hiéu qua lam sang cua bd doi flavonoid nay la dac tinh sinh duoc
hoc rat kém. Ca hai déu dugc xép vao nhom IV theo Hé thong phéan loai Dugc pham
Sinh hoc (BCS), dic trung boi d6 hoa tan trong nude cuc thap va kha ning thim thiu
qua mang niém mac rudt kém [2] [13]. Hau qua la sinh kha dung dudng udng cua
thudc khong 6n dinh, bién thién 16n giita cac ca thé va doi hoi bénh nhan phai tuin
thu str dung liéu cao lién tuc.

Pé vuot qua rao can nay, viéc ing dung cac hé tiéu phan nano polyme (PNPs)
dang 1a mot xu hudng tat yéu. Trong do, poly(lactic-co-glycolic acid) (PLGA) ndi bat
1a vat liéu polyme sinh hoc 1y tuéng gitp bao goi hiéu qua cic dugc chat ky nudc,
bao vé chiing khoi su phan hay tai méi trudng axit da day va tao ra co ché giai phong
6 kiém soat kéo dai [14]. Du vay, cac nghién ctru hién tai trén thé gidi chi yéu chi
m&i tap trung vao viéc bao goi don 1é diosmin hoidc hesperidin. Viée phat trién cac
hé théng don 1¢ nay chua khai thac dugc t6i da tac dung hiép dong ciia hai dugc chat
tai cing mot thoi diém hap thu. Pong thoi, 161 PLGA don thudn mdi chi giai quyét
dugc bai toan vé d6 hoa tan, nhung chua téi vu dugce tinh thim qua mang té bao, doi
hoi can ¢ cac chién lugce thiét ké 16i - vo da 16p dé cai thién toan dién sinh kha dung.

Xuat phét tir nhitng khoang trong nghién ctru néu trén, viéc thiét ké mot hé tiéu
phan nano tién tién c6 kha ning dong bao goi (co-encapsulation) ca diosmin va
hesperidin trén nén tang PLGA 14 thyuc sy cap thiét. Nghién ctru ndy khong chi cung
cAp mot giai phap bao ché cong nghé cao khic phuc nhuoc diém duoc dong hoc cua
thudc gbc, ma con hira hen nang cao hiéu qua diéu tri CVI, giam liéu ding va tac
dung phu cho ngudi bénh.

Tt nhitng ly do do, dé tai duoc tién hanh véi cac muc tiéu nghién ctru cy thé
nhu sau:

1. Bao ché va ti wu hoa hai hé tiéu phan nano D-H@PHC va D-H@PHLC théng
qua phuong phap nhii twong hoa bay hoi dung méi (hé nhii twong don dau
trong nudce).

2. Khao sat toan dién dic tinh Iy hoa, bao gém: dinh lugng hoat chat, danh gia

cau trc, hinh thai bé mat va céc chi sb vat ly caa hé nano thu duoc.



3. Danh gid hiéu qua sinh hoc va d6 on dinh, tap trung vao céc chi tiéu vé kha
ning giai phong diosmin va hesperidin tir hé tiéu phan (in vitro), doc tinh bat
thuong trén chudt (in vivo) va do 6n dinh cua hé dan truyén theo thoi gian.
Dic biét, nghién ctu két hop phuong phap mé phong tin sinh hoc (in silico)

dé phan tich thé tinh dién (MESP) cuia diosmin va hesperidin bang phan mém Spartan,
nham 1am séng to co ché & cap do phan tur.
1.2. Giéi thiéu vé diosmin

1.2.1. Pic diém chung

Hinh 1.1. CAu trdc héa hoc caa diosmin.

Diosmin 12 mot dan xuét disaccharide, bao gdm phan aglycone la diosmetin
lien két voi mot nhom duong rutinose (6-O-(alpha-L-rhamnopyranosyl)-beta-D-
glucopyranosyl) tai vi tri C7 théng qua lién két glycosidic [23].

Cong thuc phén tu: C2sH32015

Khéi lwong phan tir: 608.5 g/mol.

Pic diém cdu triac: Khung co ban 1a 2-phenyl-1,4-benzopyrone (flavone). Sy
hién dién cua lién két d6i C2=C3 trong vong C 13 yéu td phan biét quan trong so véi
hesperidin, mang lai cdu tric phang hon va kha ning lién hop electron manh hon cho
hé thong vong thom [23].

1.2.2. Tinh hinh nghién ciru vé PLGA-diosmin

Mot nghién ciru dang chi y cia Abd El Hady va cong su (2019) da tap trung
vao viéc bao ché va danh gia tiéu phan nano PLGA mang diosmin bing phwong phap
nhil hoa bay hoi dung méi. Nghién ctru nay da tién hanh t6i uu héa cac yéu té cong
thire, trong d6 ty 18 duoc chat (diosmin) so véi polyme (PLGA) la 1:15 (véi luong
diosmin nap vao la 20mg) cho hiéu suat bao g6i cao nhat. Cé4c tiéu phan nano thu
dugc ¢ hinh cau va kich thudc nano. Ngoai ra, cac nha nghién cau con tién hanh phi
mot 16p chitosan 1&n bé mit tiéu phan PLGA-diosmin véi muc dich ting cuong kha

nang luu gitr tai da day va cai thién hoat tinh chéng loét caa diosmin. Cac phan tich



dic tinh héa bang FTIR, DSC va XRD di x4c nhan su bao goi thanh céng caa diosmin
vao trong matrix PLGA [19].

M6t nghién ctu khac cia Anwer MK va cong su (2025) ciing d3 tong hop tiéu
phan nano PLGA-diosmin (duoc goi 1a DNPS), ¢6 phu chitosan, dé danh gia tac dung
chéng viém khép trén mé hinh thuc nghiém. Két qua cho thay cac DNPs nay c6 kich
thugc khoang 223nm, hinh cau khong déu va ¢ trang thai vo dinh hinh. Quan trong
hon, DNPs d3 thé hién hiéu qua diéu tri vuot troi so véi viéc st dung diosmin tu do
trong mé hinh viém khap [24].

1.3. Giéi thiéu vé hesperidin
1.3.1. Pic diém chung

Hinh 1.2. CAu tric héa hoc cua hesperidin.

Hesperidin 12 mot flavanone, nghia 1a lién két giira C2 va C3 trong vong C la
lien két don (bdo hoa). Cau trdc nay lam cho phan tir hesperidin linh hoat hon vé mat
khong gian (c6 tam bat dbi tai C2) [25].

Cong thuc phén tu: C2sHz4015

Khéi lugng phan ti: 610.6 g/mol.

Dic diém cau tric: Aglycone 1a hesperetin gan véi dudng rutinose tai C7.

1.3.2. Tinh hinh nghién ctru vé PLGA-hesperidin

Gan day, mot nghién ciru cia Saja va cong su (2019) vé viéc bao ché va danh
gia hat nano hesperidin-PLGA-Poloxamer 407 nham khic phuc nhitng han ché lién
quan dén do hap thu cua hesperidin, mot chat chdng viém, chéng oxy héa va chéng
ung thu day hira hen nhung c6 sinh kha dung kém. Céc phét hién chinh cho thay, kha
nang tuong hgp mau trén hong cau ngudi da dugc xac nhan bang cac danh gia doc
tinh tan mau va in vitro. Panh gia vé hoat tinh chéng ung thu in vitro cua nano
hesperidin d6i véi té bao MCF-7, hat nano hesperidin c6 kha niang gy ngimng ting
truong té bao, kich hoat phan manh DNA va gay chét té bao theo chuong trinh

(apoptosis) thong qua cac con dudng phu thudc caspase-3 va p53. Két qua nay cho



thiy hat nano hesperidin dong vai trd quan trong trong viéc ting cudng tac dung
chéng ung thu cua hesperidin, mé ra tiém ning cho viéc phat trién cac chat hoa tri
lisu mai [26].

Nghién ctru caa Zang va cong sy (2021) da phat trién mot hé théng phan phi
thuc moi dudi dang tiéu phan nano mang hesperidin. Cu thé, ho da tong hop céc tiéu
phan nano st dung PLGA va chitosan (HPD-loaded PLGA-CS NP) dé bao goi
hesperidin. O déy, cac hat nano chitosan chia hesperidin (HPD/NP) di duoc phéat
trién dé dua hop chit chéng viém HPD qua duong mili dén phoi bi viém. Trong 6ng
nghiém va trong co thé sng, HPD/NP thé hién kha ning hap thu té bao ting cuong
trong moi truong vi md gay viém so véi HPD tu do. Nghién ctu ching minh rang
viéc dua HPD/NP qua duong miii wc ché CSS va ALI/ARDS trong mé hinh chuot
méc bénh viém phoi, va cac chién lugc diéu tri dua trén hat nano c6 tac dung chéng
viém co thé duoc sir dung dé giam CSS va ALl & nhitng bénh nhan bi ton thuong
phdi do viém [27].

Mic di cac cong bd trude day chu yéu tap trung ¢ viéc vi bao ting hoat chat
don 1¢, chung da dit nén méng quan trong khang dinh su twong thich cuia PLGA d6i
véi diosmin va hesperidin. BPang chu y, chua c6 tai liéu nao ghi nhan viéc trng dung
hé dan thudc nano dé van chuyén dong thoi cip doi hoat chat nay. Do d6, dua trén
nhitng bang chiing thuc nghiém di co, dé tai nay duoc thuc hién nham lap day khoang
trong nghién ctu thong qua viéc ché tao hé tiéu phan nano PLGA chira dong thoi
diosmin va hesperidin.

1.4. Giéi thiéu chung vé PLGA

1.4.1. Pic diém chung
o)
o) H
HO ) o],
O

Hinh 1.3. C4u trdc hoa hoc cia PLGA.
Poly(lactic-co-glycolic acid) (PLGA) la mot trong nhitng polymer phan hay
sinh hoc va twong thich sinh hoc thanh c¢éng nhét trong linh vire y duoc hoc hién dai.

Vé mat cau trdc hoa hoc, PLGA 1a mot copolymer aliphatic polyester mach thang,



duogc tong hop théng qua qué trinh déng tring hop mé vong cua hai don phan 1a acid
lactic va acid glycolic [3].

Kha ning tu tiéu huy cia PLGA trong co thé dya trén ban chat nhay cam véi
nuéc cua lién két ester trong mach polymer. Qua trinh thoéi hoa dién ra theo co ché
thay phan cat mach, pha v chudi polymer dai thanh cac don phan ban dau 12 acid
lactic va acid glycolic [3]. Hai san pham thoai héa nay 1a cac chat chuyén héa noi
sinh binh thuong cua co thé:

e Acid lactic tham gia vao chu trinh Cori dé ti tao glucose.

e Acid glycolic tham gia vao chu trinh Krebs.

Cudi cung, ca hai déu dugc chuyén hoa hoan toan thanh khi carbon dioxide
(CO2) va nudc (H20) dé dao thai ra ngoai qua duong hd hap va bai tiét, hoan toan
khong gy doc tinh tich lity cho té bao hay mé co quan [28].

1.4.2. Cac hé polymer mang thudc nano
1.4.2.1. Hat nano lai polymer-lipid

Marathe va cong su (2025) danh gié hiéu qua cua hé hat nano lai (LPHNS) cau
tao tir 16i polymer va 16p vé phospholipid (nhu lecithin) trong viéc phan phéi thudc
qua duong udng. Thay vi ding PLGA tran, viéc tng dung cau trdc hat lai lipid-
polymer (v&i 16p vo lecithin bao boc 16i PLGA) gitip ngan chan su ro ri duoc chat ky
nude, dong thoi ting cudng do twong thich sinh hoc va kha nang bam dinh niém mac
rudt, tir d6 toi wu hoa sinh kha dung duong uéng [29].

Nhom tac gia Yin (2019) nghién ctu phat trién hé hat nano lai (PLNSs) vai ciu
trdc 16i polymer va vo phospholipid (lecithin két hop mudi mat) dé van chuyén
Quercetin qua duong ubng. Lép mang lipid don 16p bao boc bén ngoai dong vai tro
lam giam strc cang bé mat phan cach, gilp cac hat khong bi két tu. Cau tric lai nay
khong chi cai thién dang ké kha ning tai thuéc Ky nudéc ma con bao vé ma tran
polymer khoi méi trudng khac nghiét cua dudng tiéu hda, gidp sinh kha dung duong
udng cua hoat chat tang vot 1&n 375,12% so vé&i hdn dich thong thuong [30].

1.4.2.2. PLGA vgi hydroxypropyl-g-cyclodextrin (HP-£-CD)
Ngoai ra, nhiéu nghién ciru da ching minh hiéu qua cua HP-B-CD trong viéc

tang cudng tai luong thudc. Vi du, mot nghién ciru caa Liu va cong su (2021) vé hat



nano 2-HP-B-CD/PLGA mang paclitaxel (PTX) di cho thay hiéu suat bao géi (EE)
tang khoang 49.12% so vaéi hat nano PLGA khong chira HP--CD [31].

Tuong tu, trong mot nghién ctu cua Uslu va cong su (2014) st dung poly(e-
caprolactone) (PCL), mot polyester phan huy sinh hoc tuong tw PLGA, cac hat nano
PCL duogc phu HP-B-CD da cho thay hiéu suat bao géi docetaxel (DOC) cao hon
dang ké (dat tir 46% dén 73%) so véi cac hat nano PCL khong dwoc pha [32].

1.4.2.3. PLGA v¢i chitosan

Nhom tac gia Alhakamy va cong su (2022) bao ché hé hat nano PLGA boc
chitosan dé chtra thuéc kém tan dung cho dudng uéng. Lép phu chitosan gitp khic
phuc truc tiép nhuoc diém bé mit mang dién am va hién tuong thude bi giai phong 6
at cua hat PLGA tran. Nho dic tinh bam dinh niém mac cua chitosan, hé hat tuong
tac tét hon véi 16p mang nhay, nai long céc lién két chit cua té bao biéu mé ruot, tir
d6 kéo dai thoi gian giai phong va tang manh sinh kha dung caa thudc [33].

Nghién ciru Lima va cong su (2018) boc I6p chitosan bén ngoai ma tran PLGA
dé van chuyén acid ferulic (mot hop chat ¢ ngudn goc tu nhién) qua dudng tiéu hoa.
Viéc boc chitosan di chuyén thé zeta cua hat nano sang dién tich dwong, tao lyc hut
tinh dién manh mé& véi 16p mang nhay tich dién &m caa niém mac rudt. Két qua in
vitro khang dinh I6p vo chitosan gidp hé thdng duy tri cau tric 6n dinh va lam ting
d6 tham thau cua hoat chat qua mang té bao rudt (mé hinh Caco-2) 1én mac 20%,

vuot troi hon han so véi thube tu do [34].

1.5. M6 hinh MESP va phan mém Spartan

Nghién ctru ndy tap trung vao hai ddi tugng chinh: diosmin va hesperidin. Pay
1a hai glycoside flavonoid kinh dién, dugc sir dung rong rai trong diéu tri suy gidn
tinh mach man tinh (CVI) va bénh tri, thuong dudi dang phan doan flavonoid vi hat
tinh ché (MPFF) dé tang cudng hap thu [35]. Tuy nhién, rao can Ién nhét trong viéc
t6i uu hoa hidu qua diéu tri ciia chliing nam & cac dic tinh hoa ly: do tan thap trong
nudéc, tinh thim qua mang té bao han ché va sy phirc tap trong hanh vi phan b pha
[17]. Bé giai quyét van dé nay, viéc sir dung md hinh thé dién tinh phan tir (Molecular
Electrostatic Potential - MESP) théng qua phan mém Spartan nhu mét phuong phap
tiép can manh mé, cho phép céc nha nghién ciru nhin thay su phan b dién tich bé

mat [36], tir d6 du doan tinh than daw/than nudc (lipophilicity/hydrophilicity) - yéu
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t6 cbt 16i quyét dinh tinh chat, phuong phap ciing nhu kha ning mang thudc trong

polymer.

1.5.1. Phin mém Spartan

Spartan 1a mot bo phan mém mé phong phan tir duoc thiét ké dé cung cap cho
cac nha hda hoc quyén truy cap vao cac cdng cu tinh toan hién dai théng qua mot
giao dién do hoa than thién va tryc quan [37]. Phan mém nay hd tro da dang cac
phuong phap tir co hoc phan tir (Molecular Mechanics), ban thuc nghiém (Semi-
empirical nhu PM6), dén cac ly thuyét phi ham mat do (Density Functional Theory -
DFT) va cac phuong phap ab initio cao cap [38]. Trong nghién ctru dugc liéu, Spartan
cho phép cac nha khoa hoc téi uu hoa hinh hoc phan tir, tim kiém cau hinh niang luong
thap nhat, va dac biét Ia tinh toan cac tinh chat bé mat nhu MESP dé du doan kha

ning hoa tan va twong tac thudc-receptor [39].

1.5.2. Nguyén 1y khoa hoc ciia mé hinh thé tinh dién phan tir (MESP)

Thé tinh dién phan tir tai mot diém trong khéng gian xung quanh phan ta duoc
dinh nghia la nang luong tuong tac gitta mot ion duong don vi (+1) gia dinh dat tai
diém d6 va su phan bd dién tich cua toan bo phan tur (bao gdm ca hat nhan va dam
may electron) [38]. Pay 1a mot dai lugng vat ly thuc té, c6 thé do ludng va tinh toan
duoc, phan &nh truc tiép su phan bd mat do electron. Dé tao ra mot ban d6 MESP,
phan mém Spartan thyc hién mot quy trinh gom hai giai doan chinh nham dam bao
tinh chinh xé&c vé mat vat 1y va y nghia hoa hoc.

Pau tién 1a budc dinh nghia tap hop cac diém trong khong gian noi thé tinh
dién s& duoc tinh toan. Cach tiép can phd bién nhat 1a chon mét bé mat c6 mat do
electron ¢4 dinh, thuong 1a 0.002 au, vi bé mit nay tuong tng chit ché véi kich thude
Van der Waals ctia phan tir va dai dién cho viing ma cac phan tir khéc sé tiép xtc dau
tién khi tuong tac [37].

Giai doan thir hai la tinh toan gia tri thé tinh dién tai timg diém trén bé mat do
VA gan c4c mau sac twong wng theo mot thang mau quy wdc. Vé mat toan hoc, tiém
nang nay chiu anh huong boi dinh luat Coulomb, trong d6 nang lugng ty 1€ thuan véi
tich cac dién tich va ty 18 nghich véi khoang cach. Néu mot viing trong phan ti giau

electron, n6 s& hit ion duong thtr, din dén tiém niang 4m. Nguoc lai, nhiing ving
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ngheo electron (noi hat nhan it bi che chin) s& day ion duong tht, tao ra tiém ning
duong [37].

1.5.3. Nguyén tic phan mau / vang trén ban dé thé tinh dién

M6 phong thé tinh dién phan tr (Molecular Electrostatic Potential - MESP)
duogc thuc hién trén nén tang phan mém Spartan'14 (Spartan *14 V1.1.0) nham muc
dich tryc quan hda sy phan bé dién tich bé mit (surface charge distribution) va duy
doan xu hudng tuong tac ua nudc/Ky nudc cua diosmin va hesperidin.

V& mit ban chat, MESP Ia su biéu dién tryc quan cua phan b dién tich khong
gian, dugc anh xa I&n bé mat dang mat do dién tir (isodensity surface, md hinh CPK).
Sy phan bd mau sic trén ban do thé nang cung cap thong tin quan trong vé kha nang
tuong tac lién phan tir dya trén cac quy wdc nhiét dong hoc tiéu chuan [37]:

Ving dién thé am (mau d6): Khu vuc tap trung mat do electron cao (giau
electron). Vé ban chat hoa hoc, day 1a cac tam ua nude (hydrophilic), dong vai tro 1a
tac nhan nhan lién két hydro va dé bi tin cong boi cc tac nhan ai dién tir (nhu nguyén
tur oxy trong nhom carbonyl, hydroxyl).

Vung dién thé duong (mau xanh dwong): Khu vuc thiéu hut mat do electron
(nghéo electron). Pay cling 1a cac vung phan cuc manh, ua nudc, dong vai tro 1a tac
nhan cho lién két hydro (nhu nguyén tir hydro trong nhém -OH).

Vung dién thé trung hoa (mau xanh 14 / vang): Khu vuc can bang vé dién tich.
Vé ban chat hda hoc, viing nay thé hién tinh khong phan cuc (non-polar), dic trung
cho tinh ky nuéc (hydrophobic) hay than dau (lipophilic) cua phan tu.

Viéc phan tich cac viing mau nay cung cap bang chiing truc quan vé cach phan
tir & twong tac voi dung méi nudc. Cac phan tir ¢6 nhiéu ving d6 dam va xanh duong
dam trai dai trén bé mat thuong co xu huéng hinh thanh mang ludi lién két hydro bén

Viing véi nude, dan dén tinh wa nudce cao hon [37].
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CHUONG 2: THUC NGHIEM
2.1. Hoa chat, dung cu, thiét bj
2.1.1. Céc héa chét thuc nghiém
Cac hoa chit duoc mua tir cac hang: Fisher, Merck, Aldrich-Sigma, Xilong,

GHTech, Spectrum™ va sir dung truc tiép khong qua tinh ché lai bang 2.1.

Bdng 2.1. Cac héa chat sir dung trong qua trinh tong hop

Hoéa chat Xuat xir Do tinh khiét (%)
Acetic acid Fisher — My D0 sach 99%
Diosmin Tong hop Do sach 99%
Diosmin TRC-Canada Do sach 99%
Hesperidin Trung Qudc Do sach 99%
Hesperidin TRC-Canada Do sach 99%
Lecithin Thermo Scientific — My Nha san xuat

Poly (lactic-co-glycolic acid)
(38-54 kDa)
2-Hydroxypropyl-Beta-
Cyclodextrin

Chitosan (50-190 kDa)

Poly (vinyl alcohol) (31-50
kDa)

D-Trehalose

Dimethyl sufoxide
Dichloromethane
Dimethylformamide

Ethyl acetate

Trung Qudc

Sigma Adrich — My
Sigma Aldrich — My

Thermo Scientific — My

Cool Chemistry - Trung

Quéc

Fisher — My
Fisher — My
Fisher — My

Fisher — My

b6 sach 90%

Nha san xuat

Nha san xuat

Thuy phén 87.0-
89.0%

Do sach 99%

Do sach 99,9%
Do sach 99,8%
Do sach 99,8%

Do sach 99,8%



Methanol
Polysorbate 80
Sodium hydroxide
Sodium chloride
Potassium chloride

Hydrochloric acid

Dipotassium hydrogen
phosphate
Natri dihydrophosphat

monohydrat
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Fisher — My Do sach 99,8%
Fisher — My Do sach 99%
GHTech — Trung Quéc Do sach 96%
Fisher — My Do sach 99,5%
Fisher — My Do sach 99,5%
Fisher — My Do sach 99%
Xilong — Trung Quéc Do sach 98%

Thermo Scientific — My Do sach 98%

2.1.2. Dung cu va thiét bi

Cac dung cu va thiét bi dugc sir dung trong qua trinh tong hop héa hoc duoc

liét ké trong bdng 2.2.

Bang 0.1. Céac dung cu va thiét bi sir dung trong thuc nghiém

Dung cu

Thiét bi

Becher 50 mL
Thanh khudy tur
Micropipet
Gidy can

Pau loc sic ky 0.22
um

Eppendorf 2mL, 5mL

Ong dong thay tinh

Ong ly tam

May khuay tir Joanlab HF12

May ly tam Z 327 K/Hermle

Thiét bi siéu &m Sonics Model VCX 500

Tu vi khi hau model KBF-S 240 (Binder GmbH,
buc)

Thiét bi FE - SEM S4800, Hitachi
Thiét bi sy thang hoa Eyela FDU-2110

Tu déng sau Panasonic VIP Series MDF-U33V

May HPLC Agilent 1200 (Agilent Technologies,
CA, USA), dau do DAD



14

Dau tip May Nano Partica SZ-100 - Horiba Scientific

Chai thuy tinh trung

] Thiét bi phan tich hdng ngoai Bruker Tensor 27
tinh 250 mL

2.2. Péi twong nghién ciu

Péi twong nghién ciu: Heé tiéu phan nano polymer PLGA c6 chira hdn hop
dugc chat diosmin va hesperidin.

Pham vi nghién ctiru: Nghién ciru tap trung bao ché hé nano bang phuong phap
nhil trong hoa bay hoi dung méi va mé phong thé tinh dién (MESP) trén phan mém
Spartan. Pong thoi, hé duoc danh gia toan dién vé dic tinh Iy hda (cau tric, hinh thai,
giai phong thube) cling nhu hiéu qua sinh hoc (d6 an toan, sinh kha dung va do on
dinh).

2.3. Phuwong phap nghién ctiru
2.3.1. Phwong phap tong hop diosmin

Phuong phap tong hop diosmin dwoc tham khao va tién hanh theo quy trinh
cuia Huynh Thi Kim Chi va cong su (2012) [40]. Qua trinh tong hop duoc tién hanh
trong binh cau hai c6 dung tich 2L. Pau tién, 100 g (9.86 mmol) hesperidin dwgc hoa
tan vao 700 mL dung méi pyridine dudi diéu kién dun nong va khudy co, c6 trang bi
hé théng sinh han hoi luu. Tiép theo, 9.8 g (245 mmol) NaOH ciing 45.6 g (179.53
mmol) iodine lan lugt dwgc bd sung vao binh, tiép tuc gia nhiét cho dén khi hdn hop
d6ng nhat hoan toan. Hé phan tmg dugc duy tri ¢ khoang nhiét do 90-105°C trong
sudt 9-10 gio. Khi két thac thoi gian phan tmg, dung méi pyridine duoc thu hdi bang
phuong phép ¢6 quay chan khong. Phan cin con lai duoc db tir tir vao coc chia nude
da nhuyén, tién hanh khuay tron manh va dé lang trudc khi loc thu phan két taa ran.
Cubi cing, san pham tho dugc tinh ché bang cach dun hoi luu trong dung méi alcohol
va tién hanh loc & diéu kién nhiét d6 phong.

L4y cin ran xtr ly véi dung dich sodium thiosulfate va 900 mL dung dich
NaOH 5%, loc loai tap ban khong phai 1a flavone. Dung acid sulfuric dé diéu chinh
pH V& 2—4 (qua trinh nay duoc tién hanh & nhiét d6 thap). Loc iy diosmin thd. Tinh
ché bang cach hoa tan vao DMF, cho thém nudc néng vao hdn hop, loc va rira san

pham nhiéu lan véi nudéc. Say khd ¢ 80°C thu dugc san pham tinh véi hiéu suat phan
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g 12 76%. San pham dugc xac dinh bang HPLC va duoc so sanh véi diosmin chuan
[40].
2.3.2. Qua trinh nghién ciu va biao ché hé tiéu phin PLGA chira
diosmin:hesperidin
2.3.2.1. H¢ D@PC

Phwong phap bao ché hé nano diosmin dugc tham khao tir cac két qua nghién
ctru cua Tran Thi Tra Mi [41]. Pé tai tiép tuc sir dung bo théng sé k§ thuat da duoc
thiét 1ap sdn. Cu thé, quy trinh thuc nghiém dugc tién hanh theo cac bude nhu sau:

Pha dau: Hoa tan 4,5mg diosmin trong 5ml DMSO, tao ra dung dich trong suét
mau vang, trong diéu kién c6 hd tro siéu am tir 10 dén 15 phut; Hoa tan 57mg PLGA
trong 5ml EtOAc dé thu duoc dung dich PLGA, trong diéu kién cd hd tro siéu am tir
10 dén 15 phat; Tron 13an dung dich thu dugc & trén, tao thanh dung dich trong sudt
va dong nhat, qua trinh hoa tan c6 su hd tro cua siéu am tir 10 dén 15 phat (Bdng
2.4).

Pha nuéc: Hoa tan PVA trong nudc tao thanh nong do 5% (khéi lugng/khéi
luong), chitosan duoc hoa tan trong dung dich axit axetic 1% (thé tich/thé tich) tao
dung dich chitosan c6 nong d6 0.5% (khéi lugng/thé tich), tron 1an 2 ml dung dich
PVA va 6 ml dung dich chitosan thu duoc ¢ trén, pha lodng véi nudce, tao thanh dung
dich trong sudt va ddng nhat véi tong thé tich 20ml trong diéu kién c6 khudy ¢ tdc do
10.000 vong/phut dé thu dugc PVA c6 nong d6 0.5% (khéi lwong/khdi lugng) va
chitosan c6 ndng d6 0.15% (khdi lugng/thé tich) vao dung dich thu duoc ¢ pha nudc
va khuay dé hoa tan véi téc ¢ 10.000 vong/phut.

Tiép dén nho ting giot pha dau tir tir vao pha nudc dé tao hé nhil twong, sau
khi nho xong dem hé di dong hoa trong thoi gian 5 phut, nhiét do 30 °C véi bién do
40%. Két thic qua trinh dong hoa, hé duoc khudy qua dém trong 24 gio ¢ toc do
khudy 700 vong/phut dé 1am bay hoi etyl axetat; tién hanh ly tam véi téc do 12.000
vong/phut, thoi gian ly tam 60 phat, thu hoi két taa, rira két taa bang nudc cit trong
nhiéu lan; tai phan tan trong nudc va 1am lanh khd va siy thing hoa thu hdi san pham

o dang bot.
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2.3.2.2. H¢ D@PHC
Phuong phap bao ché hé nano diosmin dugc tham khao tir cac két qua nghién
ctru cua Tran Thi Tra Mi [41]. Dé tai tiép tuc sir dung bo théng sé k§ thuat da duoc
thiét 1ap sin. B6 sung 3 mg HPCD vao pha nudc, giit nguyén cac thdng sé va cac
budc thuc hién.
2.3.2.2. HE HQPHC
Sau khi x&c nhan tinh I3p lai va do tin cay cua quy trinh nén tang trén, bo théng
s6 ky thuat nay tiép tuc dugc &p dung nguyén trang dé khao sat kha ning tao hat va
bao g6i d6i voi duoc chét hesperidin. Thay vi dung diosmin, nghién ctu sir dung
hesperidin. C4c théng s6 ciing nhu cac budc thuc hién quy trinh déu duoc gitr nguyén.
Tuy nhién, trong qua trinh thuc nghiém, nhan thay c6 su khac biét vé hiéu suat
bao gdi gitra hesperidin va diosmin. Dé t6i wu hoéa hé nano, nghién ctru da tién hanh
khao sét sy anh hudng cua khoi luong dugc chat hesperidin dau vao (Bdng 2.5). Bong
thoi, md phong thé tinh dién phan tir (MESP) ciing duoc sir dung dé giai thich sy
khac biét vé tinh phan cuc va kha ning twong tic cua hai dugc chat nay. Tur d6 1am
co s6 lya chon ty 16 phéi hop ca hai duoc chat diosmin va hesperdin phu hop dé dong

bao goi trong ciing mot hé polymer vai ty 18 san pham 1a 9:1.

2.3.2.3. Phwong phdap mé phong md hinh MESP
Quy trinh chay mé hinh MESP:

e Mo file cu tric da duoc t6i uu hoa (file da chay Equilibrium Geometry thanh
cong). Vao Setup > Surfaces, nhan Add va thiét lap Surface: density,
Property: potential. Nhan OK.

e Vao Setup > Calculations. Trong ctra s6 Calculations, chon Calculate:
Energy (chon dong Energy) with: Hartree-Fock va 3-21G* in Vacuum.

e Nhéan Submit va luu file. Sau khi tinh toan xong, mé file méi nay Ién, vao
Display > Surfaces va tich vao 6 vudng dé hién thi ban d6.

2.3.2.4. H¢ D-H@PHC

Sau khi c6 két qua tir md phong mé hinh MESP va hiéu rd ban chat cia duoc
chat, nghién ctu tién hanh dong bao géi bang cach thay doi ty 1& khdi lwong cua

diosmin va hesperidin, cu thé 80mg diosmin va 10mg hesperidin trong 5ml DMSO.
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Toan bo céc thanh phan ta duoc con lai va thong sé quy trinh thiét bi déu duoc gitr

cb dinh theo phuong phap nén tang da thiét lap.

Siéu 4m

Siéu 4m

- Thai gian: 5 phut; 40% bién do
- Nhiét dé: 30 °C

Bay hoi - Nhiét 6 phong
dung moi - Thoi gian: 24 gio

- Téc dd: 12.000 rpm
- Nhiét d6: 4 °C; Thoi gian: 30 phut

- Téc do: 12.000 rpm
- Nhiét do: 4 °C; Thoi gian: 30 phat

A

Rira 3 1an

Dong kho

So dé 2.1. Quy trinh bao ché hé D-H@PHC.
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Thanh phan cu thé cua cdng thirc duoc trinh bay tai bang 2.2 dudi day:
Bdng 2.2. Cong thirc bao ché hé hat nano D-H@PHC

Pha diu Pha nuéc
DSN (mg) 80 mg HPCD (mg) 3 mg
HPD (mg) 10mg  CS0.5% (mL) 6 mL
PLGA (mg) 57mg  PVA5% (mL) 2 mL
EtOAc (mL) 5 mL Nudc cat (mL) 12 mL
DMSO (mL) 5mL

2.3.2.5. H¢ D-H@PHLC

Mic du ty 1é phdi hop giira diosmin va hesperidin da duoc thiét 1ap, két qua
cho thay hiéu suat dong bao gdi (EE%) cua hé van chua dat mic ky vong do hién
tuong that thoat dugc chat. Bé khic phuc van dé nay, chién lugc bo sung lecithin
nham tao thém mat Iép mang rao can lipid bao boc 16i polymer di dugc ap dung [42].
Do d6, nghién ctu tién hanh khao sat sy anh huong cua khéi lwong lecithin (mg)
(Bdng 2.6) thém vao, nham xac dinh ham luong phi hop nhat gidp tdi da hoa kha
nang giit thudc cua hé nano. Quy trinh hoan chinh cy thé nhu sau:

Pha dau: Hoa tan 80mg diosmin va 10mg hesperidin trong 5ml DMSO, tao ra
dung dich trong sudt mau vang, trong diéu kién c6 hd tro siéu am tir 10 dén 15 phut;
Hoa tan 57mg PLGA trong 5ml EtOAc dé thu duoc dung dich PLGA, trong diéu kién
6 hd tro siéu am tir 10 dén 15 phut; Hoa tan 10mg LC trong 2ml DCM dé thu duoc
dung dich trong suét; Tron 1an dung dich thu dwgc & trén, tao thanh dung dich trong
sudt va dong nhat, qué trinh hoa tan ¢ su hd trg cua siéu am tir 10 d¢én 15 pht,

Pha nudc: Hoa tan PVA trong nudc tao thanh nong do 5% (khéi lugng/khéi
luong), chitosan duoc hoa tan trong dung dich axit axetic 1% (thé tich/thé tich) tao
dung dich chitosan c6 nong d6 0.5% (khéi lugng/thé tich), tron 13n 2 ml dung dich
PVA va 6 ml dung dich chitosan thu duoc & trén, pha lodng vai nudce, tao thanh dung
dich trong sudt va ddng nhat véi tong thé tich 20ml trong diéu kién c6 khudy ¢ toc do
10.000 vong/phut dé thu duoc PVA ¢ nong do 0.5% (khdi lugng/khdi luong) va
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chitosan c6 ndng d6 0.15% (khdi lwong/thé tich); bé sung 3mg HPCD vao dung dich
thu dugc ¢ pha nudc va khudy dé hoa tan voi toe do 10.000 vong/phuit.

Tiép dén nho tirng giot pha dau tir tir vao pha nudc dé tao hé nhil twong, sau
khi nhé xong dem hé di dong hoa trong thoi gian 5 pht, nhiét do 30 °C véi bién do
40%. Két thuc qua trinh dong hoa, hé duoc khudy qua dém trong 24 gid ¢ toe do
khudy 700 vong/phut dé 1am bay hoi etyl axetat va DCM; tién hanh ly tdm vai téc do
12.000 vong/pht, thoi gian ly tam 60 phat, thu hdi két taa, rira két taa bang nude cat
trong nhiéu lan; tai phan tan trong nudc va 1am lanh kho va siy thang hoa thu hdi san

pham & dang bot.
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Dung

v
dich 1

v
dich 3

Dung

¥
% Dung dich 4 ;

Péng hoa - Thoi gian: 5 phut; 40% bién o

- Nhiét d§: 30 °C

Bay hoi - Nhiét dg phong
dung moi - Thoi gian: 24 gio

- Tbe do: 12.000 rpm
- Nhiét do: 4 °C; Thoi gian: 30 phut
- Tbe d6: 12.000 rpm
- Nhiét d: 4 °C; Thoi gian: 30 phut

bong kho

So dé 2.2. Quy trinh bao ché hé D-H@PHLC.
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Thanh phan cu thé cua cdng thirc duoc trinh bay tai bang 2.3 dudi day:
Bdng 2.3. Cong thirc bao ché hé hat nano D-H@PHLC

Pha diu Pha nuéc
DSN (mg) 80 mg HPCD (mg) 3 mg
HPD (mg) 10mg  CS0.5% (mL) 6 mL
PLGA (mg) 57mg  PVA5% (mL) 2 mL
LC (mg) 10mg | Nudc cat (mL) 12 mL
EtOAc (mL) 5mL
DMSO (mL) 5mL
DCM 2mL

2.3.3. Cac khao sat thuc hién

Dua trén ty 1é cong thuc diosmin da duoc nghién cau (Bdng 2.4), hé nén tang
nay tiép tuc duoc sir dung dé danh gia doc lap kha ning tai hesperidin (Bang 2.5).
Qua trinh t6i vu hoa tirng budc ndy cung cap co sé dit liéu thyc nghiém trude khi tién
hanh thuc hién hé dan truyén nano lai ddng bao géi, cho phép van chuyén dong thoi
ca hai duoc chat diosmin va hesperidin. Bén canh d6, nhdam nang cao hiéu suat bao
g6i va han ché su ro ri dugc chat, nghién ctu tién hanh khao sat anh huong caa ham
luong lecithin khi dugc bd sung vao hé mang (Bdng 2.6). Cu thé cac théng sb khao
sat duogc thuc hién nhu sau:

Bdng 2.4. Cac thong s6 trong qua trinh tdng hop hé phirc hop PLGA va HPCD cua

diosmin
Code Ty I¢ PLGA/HPCD PLGA HPCD
(%/%) (mg) (mg)
D@PC 100 60 0
D@PHC 95/5 o7 3
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Bdng 2.5. Khao st anh huong cua khdi lugng hesperidin dén hiéu suat bao goi

EE%
Code Ty 18 PLGA/HPCD PLGA HPCD
(%/%) (mg) (mg)
H@PHC 95/5 57 3
Khao sat khoi lwgng HPD (mg): 6-110mg

Bdng 2.6. Khao st anh huong cua lecithin dén hiéu suat dong bao goi EE%

LC PLGA HPCD
Code
(mg) (mg) (mg)
D-H@PHC 0 57 3
D-H@PHLC 10 57 3
D-H@PH20LC 20 57 3
D-H@PH30LC 30 57 3

2.3.5. Phwong phap danh gia tinh chat, hinh thai va mdt so diic tinh héa ly cia
hé nano mang thudc
2.3.5.1. Pinh lwong dong thei diosmin va hesperidin va xay dwng dwong
chudn
Phuong phap HPLC véi detector UV la cong cu phan tich hiéu qua dé dinh
luong dong thoi diosmin va hesperidin trong cac mau nghién ciu, tir nguyén liéu ban
dau, ché pham nano cho dén cac mau thu duoc tir thi nghiém giai phong in vitro [43].
Sic ky long hiéu nang cao (HPLC), st dung hé may HPLC Agilent 1200
(Agilent Technologies, CA, USA), dau ddo DAD ¢ budc séng 345 nm déi véi diomin
va 285 nm dbi véi hesperidin, dit liu duoc ghi nhan boi phan mém Agilent
Chemstation 4.0. Str dung c6t C18 pha dao Zorbax SB-C18 (Agilent Technologies,
CA, USA) véi thong sé cot 4.6 mmx250 mm, kich thudc hat 5 pm. Thyc hién phan
tich & 26°C, téc do dong 0,8 mL/phdt trong sudt qué trinh chay. Dung mdi ria giai
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A: nuéc cit chira 0,1% formic acid va B: 100% acetonitrile. Diéu kién chay nhu sau
[44]:
Thoi gian | Dung m6i A | Dung moéi B

(phiit) (%0) (%)
00 71 29
02 71 29
03 65 35
04 65 35
05 45 55
10 45 55

Pé xay dung duong chuan dinh lwong, dung dich chuan goc cia diosmin va
hesperidin duoc pha ché chinh xac trong dung moi methanol dé dat nong do6 100
ug/mL. Tir dung dich gc nay, mot day cac dung dich duoc chuan bi bang céch pha
lo&ing lién tiép dé tao ra tdi thiéu 6 diém ndng d6 khac nhau, nam trong dai tuyén tinh
tir 100 ppm dén 3.125 pg/mL cho mdi chat. Puong chuan dugc thiét 1ap bang céch
biéu dién su phu thudc tuyén tinh giira dién tich peak sic ky (peak area, truc tung) va
ndng do cua hoat chat (concentration, truc hoanh). Phuong trinh hdi quy tuyén tinh
(y = ax + b) va hé s6 xac dinh (R?) dugc tinh toan bang phuong phap binh phuong toi

thiéu.

Diosmin Hesperidin
3500.0000 6000.0000
y=30.823x + 43.299 y=128.565x - 83.114
3000.0000 R2=0.9994 5000.0000 R?=10.9995

2500.0000
4000.0000

2000.0000
3000.0000
1500.0000
2000.0000
1000.0000

500.0000 1000.0000

0.0000
0 20 40 60 80 100 120 0 50 100 150 200 250

0.0000

Hinh 2.1. B4 thi duong chuan caa diosmin va hesperidin.
Hiéu suat bao thuéc (Encapsulation Efficiency - EE%) va hiéu suit tai thudc
(Drug loading - DL%): Pay la cac thong sb quan trong dé danh gia hiéu qua cua qua

trinh bao goi. EE% la ty 1& phan tram luong thudc thuc té duoc bao goi so véi tong
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lwong thude ban dau duoc sir dung. DL% la ty 16 phan trim khéi lugng thube so voi
tong khdi luong cua tiéu phan nano. Viéc xac dinh cac chi sé nay thuong duoc thyc
hién bang cach dinh luong lwong thude khong duoc bao goi trong dich néi sau ly tam,
hoidc dinh lugng truc tiép luong thude sau khi pha v ciu trac tiéu phan. Cac phuong
phap dinh luong phd bién 1 sac ky long hiéu ning cao (HPLC).

m Kkhéi lwong thuéc dwoc bao

EE% = - - 10
L m thuoc ban dau X

m thudc dwoc tai
LD% = x 100
m hat nano

2.3.5.2. Phwong phdp phdn tich nhiét quét vi sai (DSC)

Ky thuat phan tich nhiét quét vi sai (Differential scanning calorimetry) dugc
sir dung dé xac dinh cac dac tinh nhiét cua vat liéu nhu diém néng chay (Tm), nhiét
do6 thity tinh hoa (Tg). N6 gitip danh gia trang thai vat Iy cua duoc chat (tinh thé hay
v6 dinh hinh) sau khi duoc bao goi va phat hién cac turong tac c6 thé xay ra giira duoc
chat va polyme [45].

Gian d6 nhiét DSC duoc ghi nhan bang may phan tich nhiét quét vi sai (model
DSC-4, PerkinElmer Inc., Waltham, MA, Hoa Ky). Khoang 5 mg mdi mau dugc
dong kin riéng biét trong cac chén nhém chuyén dung. Qua trinh gia nhiét duoc thuc
hién trong khoang nhiét do tir 35°C dén 400°C véi téc do gia nhiét 10°C/phut, dudi
dong khi nito kho thoi lién tuc voi luu lwong 20 mL/phat. Nhiét d6 cua thiét bi dugc
hiéu chuan sir dung chuan Indium (d6 tinh khiét 99,99%, diém nong chay 156,6°C).

2.3.5.3. Phwong phdp nhiéu xa tia X (XRD)

K3 thuat nhidu xa tia X bot (X-ray diffraction) cung cap théng tin vé ciu tric
tinh thé caia vat liéu. Sy thay d6i hoac bién mét cac dinh nhiéu xa dic trung cua duoc
chat dang tinh thé trong phd XRD cua tiéu phan nano cho thay duoc chat da chuyén
sang trang thai vo dinh hinh hodc duoc phan tan ¢ kich thudc rat nhé trong vt lidu
polyme duoc sir dung dé bao gdi hoic chira duoc chat (matrix polyme) [46].

Gian d6 nhiéu xa tia X (XRD) ctia cac mau nghién ctiru duoc ghi nhan bang
may nhiéu xa tia X (hang Diano, Woburn, MA, Hoa Ky), van hanh & diéu kién dién
thé 45 kV, dong dién 9 mA va goc nhiéu xa 26.
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2.3.5.4. Phwong phdp quang phé hong ngogi bién doi Fourier (FT-IR)

K§ thuat quang phd hong ngoai bién doi Fourier (Fourier transform infrared
spectroscopy) duoc sir dung dé xac dinh cac nhom chire hda hoc dic trung cua duoc
chat va polyme [47]. Bing céch so sanh phd FT-IR cua tiéu phan nano véi phd caa
cac thanh phan riéng 1&, c6 thé phat hién cac tuong tac hoa hoc (néu cd) giira duoc
chat va polyme, hoic xac nhan su hién dién cua duogc chit trong tiéu phan [48].

Phd FT-IR cua cac mau thir, sau khi dugc tron dong nhat véi KBr va ép thanh
vién nén, dugc ghi nhan trong ving sé song 400-4000 cm ™! bang may quang phd FT-
IR (hdng Madison Instruments, Middleton, WI, Hoa Ky).

2.3.5.5. Kinh hién vi di¢n tiz quét (Scanning Electron Microscopy — SEM)

Kinh hién vi dién tar quét (Scanning electron microscopy - SEM) va kinh hién
vi dién ta truyén qua (Transmission electron microscopy - TEM) duoc st dung dé
quan sét truc tiép hinh dang, cau tric bé mat va kich thudc cua cac tieu phan nano.
Kinh hién vi dién tir quét (SEM) 1a mot ki thuat tao anh bé mat trong d6 chum tia
dién tir trong tic véi mau va tao ra cac tin hiéu khac nhau, phan anh thanh phan
nguyeén tir va hinh thai bé mit [48].

Hinh thai va dic diém bé mat cua diosmin, hesperidin, ciing nhu céc tiéu phan
nano PLGA dong kho (bao gom loai chua bao va da bao goi), dugc ghi nhan bang
kinh hién vi dién tur quét (SEM) (model JSM-6510 LV; hdng JEOL, Tokyo, Nhat
Ban). Cac mau duoc ¢ dinh 1én dé kim loai (stub) bang bing dinh carbon hai mat.
Sau d6, mau dugc phi mot 16p vang va quan sat dudi kinh hién vi SEM & dién thé
gia téc 30 kV.

2.3.5.6. Ky thudt tan xa dnh sang déng (Dynamic Light Scattering - DLS) va
tan xa danh sang di¢n di (Electrophoretic Light Scattering - ELS)

Puong kinh thay dong luc hoc trung binh (Z-average), chi sé da phan tan (PDI)
va thé zeta cua hé hat nano duoc phan tich bang hé théng HORIBA SZ-100 (Horiba
Scientific, Kyoto, Nhat Ban). Trong do, kich thudc hat va PDI dugc xac dinh dya trén
ky thuat tdn xa anh sang dong (Dynamic Light Scattering - DLS) [49] ¢ gOc tan xa
90°, trong khi thé zeta dugc do luong thdng qua ky thuat tan xa anh sang dién di
(Electrophoretic Light Scattering - ELS) [50].
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V& quy trinh chuan bi miu, bot hat nano dong khé dwgc hoan nguyén trong
nudc siéu sach (nudc khir ion hai lan) va dugc pha loang dén nong d6 thich hop nham
triét tiéu hién tuong da tan xa c6 thé gy sai léch tin hiéu. Hn dich mau sau d6 duoc
xir Iy bang bé siéu am trong thoi gian 60 phut dé pha v céc khdi két tu tu phat, dam

bao thu duoc mot quan thé hat phan tan ¢ trang thai dong nhat dang don phan ti.

2.3.6. Phwong phap danh gia mét s6 dic tinh cia hé din truyén PHLC chia
diosmin va hesperidin
2.3.6.1. Phwong phdp danh gid dc tinh bdt thuwong

Nham kiém soat su hién dién cua cac tap chat nguy hai cé thé phat sinh trong
qué trinh tong hop va danh gia so bo d6 an toan cua hé nano, thir nghiém doc tinh bat
thuong da duoc trién khai. Toan bo thuc nghiém trén dong vat duoc thiét ké dua theo
chi dan cua Dugc dién Viét Nam V (Phu luc 13.5) va tuan tha chit ch& cac nguyén
tac dao duc [51].

Déi twong thir nghiém: Chudt nhét 4 - 5 tuan tudi ca 2 gidng, dong Swiss albino
thuan chang, trong luong trung binh 20 + 2 g. Néu la chudt cai phai khéng co thai
hodc dang cho con bu, duge chin nudi trong diéu kién binh thudng. Puoc cung cap
tir Viién kiém nghiém thudc thanh phé H6 Chi Minh. Chudt duoc nudi 6n dinh 7 ngay
truéc khi tién hanh thir nghiém. C6 3 mau nhu sau:

1. Diosmin : hesperidin (ty I¢ 9:1, ky hiéu D:H (9:1)): Dang bot min
mau trang nga.

2. D-H@PLGA-HPCD-LC@CS (ky hiéu D-H@PHLC): Dang bot min
mau trang nga.

3. PLGA-HPCD-LC@CS (ky hiéu PHLC): Dang bot min mau trang.

Phuong phép thtr nghiém: Thuc hién theo huéng dan Phy luc 13.5 - Duoc dién
Viét Nam V. Dac tinh bat thudng cua mau thir duoc xac dinh bang cach theo ddi sé
chuot tr vong trong thoi gian 48 gid sau khi cho chudt mot lidu thube qua duong
dung theo quy dinh. Nghién cttu dugc thuc hién tai Trung tdm Sam va Dugc liéu
TP.HCM.

Tién hanh: Chuét sau khi dugc nudi 6n dinh 7 ngay, sé& dugc cho nhin doi 12

gio (qua dém) trude khi thir nghiém. Cac mau thir nghiém déu duoc pha véi nude cat
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véi liéu cho udng 1a 1 g/kg chudt va thé tich cho udng 1a 0,5 ml/chuét. Chudt duoc
cho udng bang kim cong dau td, dam bao dwa thudc vao trong thuc quan hoac da day.

Chuét duoc chia thanh cac 16 thir nghiém tuong rng ca duc va cai, nhu sau:

- L6 sinh ly (SL): Ubng nudc cit.

- L6 D-H@PHLC: Udng mau D-H@PHLC liéu 1 g/kg.
- L6 DH: Ubng mau D:H (9:1) liéu 1 g/kg.

- L6 PHLC: Udng mau PHLC liéu 1 g/kg.

Néu khong c6 huéng dan gi khac thi quan sat chudt 48 gio sau khi ding thudc.
Néu khéng c6 chudt nao chét thi mau thur dat yéu cau. Néu co chuot chét, 1am lai tha
nghiém véi 10 chudt khac, ding chudt ¢ can ning (19 + 1) g. Sau 48 gio, néu khéng
c6 chudt nao tir vong thi mau thir dat yéu cau.

Chuot con sdng duoc tiép tuc theo ddi sau 14 ngay udng dé ghi nhan nhiing
triéu chiing bat thuong (néu c6). Theo ddi va ghi nhan tinh trang chudt binh thudng
hay cac triéu chirng quan trong ¢ chudt khéng chét hoic truge khi chét (gdi mdm lién
tuc, chay hoang loan, nga xiéu veo, co giat, run ray, tim tai ¢ cac b phan co thé, tu

thé nam, dtmg...) va sé chudt tir vong (néu co) trong vong 48 gio.

2.3.6.2. Phwong phdp ddnh gid khd nang gidi phong thuéc in vitro

Khao sét giai phong thuéc in vitro duoc thuc hién nham danh gia dong hoc
phong thich ciia diosmin va hesperidin tir hé dan truyén nano, dong thoi ddi chiéu
tryc tiép voi thue thuong mai Daflon trong cac moéi truong gia lap co thé: dich da
day nhén tao (pH 1.2) va dich dém sinh ly (pH 7.4) [52].

Quy trinh tién hanh: Can mét lugng mau chinh xé4c (twong duwong vai mot ham
luong dugc chat xac dinh) va phan tan vao 100 mL méi truong dém twong ung. Hé
thong duoc dat trén may khudy tir, duy tri lién tuc & nhiét do sinh Iy 37 + 0.5 °C. Tai
c4c méc thoi gian xac dinh (kéo dai dén 96 gio), tién hanh lay 2 mL dung dich méi
truong dé phén tich. Ngay sau do, b6 sung 2 mL dung dich dém méi (da duoc 1am
am & 37 °C) vao hé théng nham duy tri thé tich khong doi va dam bao diéu kién sinh
1y.

Phan tich va dinh lugng: Mau thu duogc duoc loc qua mang loc PTFE 0.22 um
(hoac ly tam téc do cao) nhiam loai bo hoan toan c4c hat nano chua giai phong trudc

khi phan tich. Ham luong diosmin va hesperidin dugc dinh lwong bang hé thng
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HPLC thdng qua dién tich peak ghi nhan tai budc séng Amax = 345 nm va 285 nm.
Phan tram duoc chat giai phong tich lily theo thoi gian duoc tinh toan dua trén phuong

trinh dudng chuan di xay dung.

2.3.6.3. Phwong phdp ddnh gid dp on dinh
Quy trinh khao sat ¢ 6n dinh cuia D-H@PHLC (c6 dung chat bao vé phi hop)
sau 1am lanh khd/siy thing hoa dién ra tai 2 nhiét do gdm 4°C va 33°C (nhiét do
phong). Banh gia cac thdng so: kich thudce hat, hiéu qua bao thuéc, thé zeta tai tirng
thoi diém bao quan. Ham luong thude con luu lai duoc phan tich bang HPLC tai do
hap thu Amax=345nm (cho diosmin) va Amax=285nm (cho hesperidin) thong qua day
duong chuan duoc tinh toan phi hop.

Ngoai ra, sir dung tu vi khi hau model KBF-S 240 (Binder GmbH, Puc) dé
khao sat d6 6n dinh cia D-H@PHLC véi diéu kién ciia ta 1d0 hoa: 25°C/60% do am
twong ddi va 40°C/75% do am tuong d6i. Do thai gian thuc hién luan van c6 han nén
d6 6n dinh s& duoc ghi nhan sau 2 tuan di véi diéu kién 40°C/75% va 1 thang doi
Vi diéu kien 25°C/60%. Khao sat d6 6n dinh caa cac thdng soé: kich thudc hat, hiéu
qua bao thudc, thé zeta. Ham luwong thudc con luu lai dugc phan tich bang HPLC tai
budc song Amax=345nm (cho diosmin) va Amax=285nm (cho hesperdin) thong qua
day duong chuan duoc tinh toan phi hop.

Thém vao d6, so sanh su anh huong chat bao vé ddi véi hé thude. Cu thé,
duong trehalose duoc lya chon dé khao sat. Do 6n dinh s& duoc ghi nhan cac thdng

s6: kich thuéc hat, hiéu qua bao thudc, thé zeta sau thoi gian tuong tng.
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CHUONG 3: KET QUA VA BAN LUAN
3.1. Két qua khao sat c4c yéu t6 anh hwéng dén quéa trinh bao ché hé dan truyén
nano PLGA
3.1.1. Két qué kha ning bao géi ciia diosmin

Bdng 3.1. Két qua do DLS va zeta cua cac hé dan truyén diosmin

DSN tu do D@PC D@PHC
Kich thuéc (") | 3590 954191 7 228.00+15.83 223.0045.72
PDI 0.718 0.309 0.388
Zeta (MV) -3.3540.21 19.10+7.35 35.95+1.34
EE% i 51.46 +1.601 68.88 £2.590
LD% i 10.70+0.3330  18.243 +1.115

Két qua DLS cho thay diosmin ty do (DSN) khi phan tan trong nudc ton tai
duéi dang céc khdi két tinh c6 kich thudc khong 16 18n t6i 3690.95+191.7 nm (twong
duong 3.7 pm, kém theo chi s6 PDI cuc ky cao (0.718) va thé zeta gan nhu trung hoa
(-3.35+0.21 mV). Khi duoc bao géi vao cac hé dan truyén polymer, kich thuéc hat
giam xuéng ving nano (quanh ngudng 220-230 nm).

Hé D@PHC (twong Gng ty 1¢ 95:5) ¢6 kich thudc trung binh (233.00+5.72 nm)
tuong duong voi hé D@PC (228+15.83 nm). Tuy nhién, do léch chuan cua hé
D@PHC nhé hon dang ké (5.72 so vé6i 15.83), chitng to qua trinh nhil hoa va dong
ran hinh thanh hat dién ra ddng déu va lap lai tbt hon. Chi s6 PDI caa D@PHC (0.388)
van nam trong giéi han an toan phan b hep cua hé nano lai. Hé¢ D@PC duoc boc
chitosan cho thé zeta dwong (19.1+7.35 mV). Tuy nhién, khi c6 mit phtc 1ong HPCD,
hé D@PHC di c6 sy thay d6i 16n vé dién tich bé mat, dat mirc 35.95+1.34 mV, diéu
nay chang to kich thuéc hat nano da 6n dinh hon.

Viéc b sung 16p vo chitosan (CS) la gitp hat nano bam dinh tét hon va luu
lai 1au hon tai vi tri hap thu trong co thé. Bén canh d6, khi c6 mat CS s& lam bé mat
hat nano mang dién tich duwong. Vi mang té bao va I6p niém mac cta co thé vén mang

dién tich &m, cac hat nano duong nay s& dé dang bi hat chat vao bé mat té bao thong
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qua twong tac tinh dién trai dau. Kha ning bam dinh sinh hoc nay gitp hé mang khéng
bi dao thai nhanh, kéo dai thoi gian giai phong va ting cuong kha nang hap thu duoc
chat [53].

Do ban chét siéu ky nuéc va ai luc cuc ky cao voi pha dau caa diosmin, hoat
chat nay rat dé dat trang thai bao hoa va c6 xu huéng tu tap hop dé tai két tinh ngay
bén trong 16i hitu co. Thong qua sy cai thién rd rét vé sb liéu hiéu suit bao goi va cau
tric vo dinh hinh, vai trd cia HPCD d3 duogc 1am ndi bat. Sy hién dién caa HPCD tao
ra cac phitrc 16ng ¢ 1ap tirng phan ti diosmin, hinh thanh rao can khdng gian bé gay
hoan toan dong lec sinh mam tinh thé. Co ché cach ly nay dong vai tro then chét
trong viéc uc ché triét dé su tai két tinh cua thudc trong pha dau, dam bao phan tan
hoat chat dong déu & mirc dd phan tir trudc khi mang polymer hinh thanh [54].

Tong hop dir liéu tir cac s6 lidu thuc nghiém: Hé D@PHC (ty 1é P:H 95:5)
khong chi giai quyét triét dé bai toan tai thudc (dat EE% va LD% tét), ma con thé
hién dac tinh hoa ly téi wu véi kich thudc hat dat chuan (223 nm) va d6 6n dinh keo
tinh dién (zeta > 30 mV). Do d6, hé D@PHC (ty 1 95:5) duoc chon la cong thic dan
truyén chinh thiac duoc str dung 1am dai dién dé tién hanh céc thir nghiém khao sat
tiép theo.

3.1.2. Két qua kha ning bao géi ciia hesperidin

Khio sat khoi lwgng HPD
100
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69.57 69.00 69.11
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5711 55 53 53.76
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Hinh 3.1. Biéu d6 khao sat anh huang cua khoi lugng hesperidin dén hiéu suat bao
go6i EE%.
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Dua trén cac két qua toi wu hoa hé dan truyén PHC di duogc xac dinh tai muc
3.1.1, nghién ciru tién hanh khao sét kha nang bao géi hesperidin (HPD) véi hé chat
mang PHC. Két qua thuc nghiém trinh bay tai hinh 3.1 (s6 liéu chi tiét xem tai Phu
luc 2) cho thdy mét hién twong bat thuong: Hiéu suat bao goi (EE%) dat gia trj cuc
thap, gan nhu khong dang ké (< 1%) ddi véi cac muc dau vao 6-10 mg, va chi bat
dau ting nhe 18n 6.07% & mac 12 mg. Sy sut giam nghiém trong EE% & ving khéi
luong dau vao thap nay khac hoan toan so vai dit liéu twong tng caa diosmin (DSN)
trong cuing hé dan truyén, goi y mot su khéc biét cot 16i vé tinh chét Iy hoa gitra hai
hoat chat. Mic du 1a cac dong dang flavonoid chi khac biét duy nhat bai mot lién két
d6i C=C trong ciu trlc, hién twong nay cho thay rang hesperidin sg hitu tinh wa nudc
(hydrophilic) cao hon diosmin.

Vé mat co ché, trong quy trinh nano héa nhii twong (O/W), hesperidin wa nuéc
hon s& ¢6 xu hudng khuéch tdn manh tir pha dau hiru co (pha phan tan) sang pha nuéc
ngoai mang (pha lién tuc). Gia sir, néu luong duoc chat thoat ra nay 1a mot hang sé
cd dinh do can bang bdo hoa ¢ pha nudc, thi ¢ khéi lugng dau vao tong thap, ty lé
dugc chat that thoat nay chiém wu thé hon so véi lugng dugc nhét lai, dan dén EE%
thap. Két luan nay c6 tinh twong dong véi bao céo cia Guangliang Liu va cong su
(2022): Thuédc ky nuéc dé duoc bao boc trong PLGA hon thude wa nudc. Thude ua
nuéc thuong ¢ hiéu qua tai thudc thap hon vi cac phan tir thude di vao pha nuéc
truéc khi cac chudi PLGA hinh thanh thanh hat [55]. Nhan dinh nay da duoc cung ¢6
vitng chic thdng qua viéc mé rong ving khao sat ting dan khdi lugng dau vao Hinh
3.1 va dic biét 1a két qua md phong md hinh thé dién tinh phan tir (MESP) muyc 3.1.3.
Phén tich MESP Hinh 3.1.3.2 da xac nhan hesperidin s& htru mat d6 dién tich phan
cuc than nudc cao hon han so véi diosmin. Do d6, két hop giira dit liéu thuc nghiém
va bang chiing md phong, c6 du co s¢ khoa hoc dé két luan hesperidin c6 tinh ua
nudc cao hon dang ké so vai diosmin.

O cac luong bao goi hesperidin 16n, gia tri EE% ciing ting theo. Tuy nhién,
dinh huéng cua nghién ctu 1a dong bao géi & ty 16 9:1 (diosmin : hesperdidin), tac 12
luong hesperidin dua vao 1a rat nho (khoang 10 mg), diéu nay cho thay hé chat mang
PHC ¢ thé van chua 1a hé chat mang phd hop néu mang hdn hop 2 loai flavonoid

nay.
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Bdng 3.2. Két qua do DLS va zeta cua hé dan truyén hesperidin (khdi luong dau

vao: 10 mg)
HPD ty do H@PHC
Kich thwéc (nm) ND 200
PDI ND 0.167
Zeta (mV) 0.4 41.9

ND: Vuot nguwong phat hién cua may

Hé mang nano H@PHC da dugc danh gia thong qua ky thuat DLS, cho thay
su phan bé kich thude c6 d6 ddng nhat cao. Nhu dugc trinh bay tai Bdng 3.2, cong
thire dat dudng kinh thuy dong trung binh 1y tuéng 1a 200 nm véi chi s6 da phén tan
(PDI) cuc thip, dat 0.167, minh chiing cho dai phan b kich thudc hat hep va hé don
phan tan. Pang chu y, thé zeta c6 su dich chuyén manh mé tir trang thai gan nhu trung
hoa (0.4 mV ddi v6i HPD ty do) sang dién tich dwong rit cao (+41.9 mV) & hé
H@PHC. bién tich duong nay khdng chi khang dinh 16p vo ngoai chitosan da duoc
bao boc thanh cdng, ma con tao ra lyc day tinh dién dang ké han ché hién tuong keo

tu.

3.1.3. Két qua md phéng mé hinh MESP
3.1.3.1. MESP diosmin

MESP model

Line model

Hinh 3.2. Ban d6 bé mit MESP cua diosmin duoc tinh toan bang phan mém

Spartan st dung phuong phap HF ¢ muac 3-21G*.
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Ving mau xanh 14 - Vang ky nude (va dau): Mot ving mau xanh 14 rat 16n,
lien mach va chiém uu thé, bao pha gan nhu toan bo phan khung flavonoid (hai vong
thom va vong ¢ gitra). Mau xanh 14 dai dién cho cac vung khong phan cuc, trung hoa
vé dién. Pay chinh 1 ban chat ky nudc (hydrophobic) hay wa dau (lipophilic) cua
phén tir. Vung ky nudc rong 16n nay giai thich tai sao diosmin cé ai luc manh véi cac
moi trudng dau nhu polymer PLGA va dung mdi hitu co (pha dau) trong qué trinh
bao ché. Diosmin thich & lai trong pha dau hon 1 thoat ra ngoai.

Vung mau d6 - Vung ua nudce (phén cuc, giau electron): Cac viing mau dé dam
nét, tap trung chii yéu ¢ cac nguyén tir oxy cua phan duong (phan dudi chia ra) va
nguyén tir oxy cua nhém C=0 trén vong trung tam. Mau do dai dién cho cac vung
giau electron, mang dién tich 4m. Pay 1a nhitng ving rit phan cyc va ua nudc
(hydrophilic). Chlng c6 kha nang nhan lién két hydro rat manh, do dé s& wa nudc.

Vung mau xanh duong - Vung wa nudc (phén cuc, ngheo electron): Cac vung
mau xanh duong nhé hon, nim & cac nguyén tir hydro cia cac nhém -OH trén phan

duong. Mau xanh duong dai dién cho cac viing nghéo electron, mang dién tich duong.

Pay ciing 1a nhitng vung rat phan cuc va ua nudc, ¢ kha ning cho lién két hydro.
3.1.3.2. MESP hesperidin

Line model MESP model

Hinh 3.3. Ban d6 bé mit MESP cua hesperidin duoc tinh toan bing phan mém
Spartan st dung phuong phap HF ¢ muac 3-21G*.

So véi diosmin, cac ving mau dé (giau electron, xung quanh cac nguyén tur
oxy) va xanh duong (nghéo electron, xung quanh hydro ctia nhém -OH) trén bé mat
hesperidin trong ¢am nét va lan téa hon. Biéu nay cho thay cac nhoém chic phan cuc
(-OH, C=0, -0-) cua hesperidin c6 anh huéng manh mé hon dén méi trudng dién

tich xung quanh nd. Sy vang mat cua lién két doi trong vong C lam cho cau trdc nay
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linh dong hon, c6 thé cho phép cac nhém phan cuc nay boc 16 ra ngoai va tuong tac
v6i dung moi nudc mot cach dé dang hon. Bé mat cua hesperidin ¢6 nhiéu diém ua
nuée hon, 1am cho n6 c6 i lvc manh hon vé6i pha nuéc trong qué trinh bao ché.

Vung mau xanh la (ky nuéc, khéng phan cuc) trén hesperidin khéng tao thanh
mét cau tric phang va lién mach nhu & diosmin. N6 trong bi cat nhau va chap va baoi
cac vung d6 va vang. Diéu nay 1a do ciu tric gap khic va linh dong hon cua khung
flavanone. N6 khdng tao ra duoc mot bé mat ky nude 16n va déng nhat. Mac du van
¢ phan Ky nuéc, nhung nd khong di manh dé giit phan tir hesperidin lai trong pha
dau mét cach hiéu qua nhu diosmin.

T6m lai, phan tich mé phong MESP cho thay hesperidin so hiru dac tinh than
nuéc cao hon diosmin, din dén nguy co ro ri duoc chat dang ké vao pha lién tuc trong
qué trinh tao hat néu chi dwa vao ma tran PLGA tran. Viéc bo sung lecithin vao cong
thire dong vai tro tao mot mang mono layer lipid rao can tai bé mat tiép xuc pha [42],
nham can trd su khuéch tan cua duoc chit ra moi trudng bén ngoai. Chién luoc thiét
ké hé mang da thanh phan nady hy vong sé& cai thién dot pha kha nang dong bao goi,
nang cao ty 1é EE% va giam thiéu that thoat hoat chat, qua d6 giup khang dinh tinh
tat yéu cua viéc phat trién cac nén tang lai thay vi sir dung polymer PLGA don 1¢. Vi
vay, nghién ciu quyét dinh két hop lecithin cing PLGA va HPCD lam hé mang thudc

dé ngan chan su ro ri cua thudc ra ngoai pha lién tuc.
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3.1.4. Khio sat anh hwéng cia lecithin dén kha ning dong bao goéi ciia diosmin

va hesperidin

Khio sat khoi lrong lecithin (mg)
EE% HPD m% EE DSN

10 20 30 0

Khdi lwgng lecithin (mg)
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Hinh 3.4. Biéu d6 khao sat anh huang cua khéi lugng lecithin dén hiéu suat
bao goi EE%.

Dua trén nghién ciu ciia Zhang va cong sy (2015), can mét luong lecithin 10-
15% so vai khéi lwong polymer c6 trong cong thirc bao ché sé cho két qua tét nhat,
nghién ciru tién hanh khao séat anh huong caa khéi luong lecithin dén hiéu suat bao
go6i (EE%). Két qua thuc nghiém trinh bay tai hinh 3.4 (sé lidu chi tiét xem tai Phu
luc 4) cho thay khi khéng sir dung lecithin (0 mg), hiéu suat bao goi (EE) kha thap,
chi dat khoang 50%. Tuy nhién, khi bo sung 10 mg lecithin, EE% d4 tang vot va dat
muc cao nhat (EE dat khoang 75-79%). Nguyén nhén 14 do lecithin di tao thanh mot
I6p mang bao vé bao quanh hat, gitp khoa chat thudc & bén trong va ngan thube ro ri
ra ngoai [42]. Nguoc lai, khi tiép tuc tang luong lecithin 1én 20 mg va 30 mg, hiéu
suit bao goi lai c6 xu huéng giam dan. Piéu nay xay ra do luong lipid bi du thira quéa
nhiéu trong dung dich s& héa thanh c4c hat ma tu do, vo tinh 16i kéo bét dugc chat ra
khoi 18 hat nano 1am that thoat duoc chat. Tir cac két qua trén, 10 mg lecithin la khéi
luong t6i vu nhat dé giir thude, do d6 thong sé nay duoc lya chon dé tién hanh cho

nghién cuu tiép theo.
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3.1.5. Két qua bao ché ciia diosmin va hesperidin

Bdng 3.3. Hiéu suit bao goi va dic tinh phan bé kich thudc hat cia cac hé dan

truyén
Hé D-H@PC D-H@PHC D-H@PHLC
D H D H D H

EE%
43.83 | 33.22 47.79 50.98 | 70.00+37.50 74.15+7.01

DL% 50.07 4.74 36.90 4.92 55.07+6.24  6.70+1.11

Z-average
723.5 299.7 561.9+37.50
(nm)
PDI 0.433 0.357 0.335%0.04
Zeta (mV) 30.8 61.8 55+10.61

Bdng 3.3 cho thay sy bién doi cd hé théng vé cac dac tinh hoa Iy caa hé mang
nano sau khi bd sung tuan tu céc ta dugc chirc ning. Viéc bd sung HPCD (6 hé D-
H@PHC) di lam tang dang ké hiéu suat bao goi (EE%) cua hesperidin tir 33,22% lén
50,98%, qua d6 khang dinh vai trd ciia sy hinh thanh phuc hop bao trong viée ngin
ngtra hién tuong két tinh thudc. Pang cha ¥ nhat, hé théng da 16p hoan chinh (D-
H@PHLC) cho thay sy gia ting vuot bac vé EE% ddi véi ca hai flavonoid (dat muc
~70-74%). Kha ning giit thubc manh mé nay 1a minh chang rd rang cho hiéu qua cua
I6p lecithin trong viéc ngan chan su ro ri thudc ra ngoai pha lién tuc (pha nuéc).

Hon nita, Sy gia ting dang ké vé kich thuéc hat trung binh (Z-average) tir 299,7
nm (hé PHC) Ién 561,9 nm (hé PHLC) chinh la bang chang vat ly cho thay Iép vo
lipid d& dwoc bao boc thanh cdng. Mic du ¢c6 sy gia ting vé kich thude, hé mang cudi
cuing van duy tri duoc chi sb da phan tan (PDI) 6n dinh & mirc 0,335 va thé hién thé
zeta duong cao (+55 mV) gilp xac nhan sy hién dién cuaa lIép vo ngoai chitosan.
3.2. Co ché hoat dong cia hé dan truyén thuéc

Tur céc két qua mo phong va thuc nghiém trén, co ché cua hé dan truyén thude
nhu sau. Dau tién, HPCD la mot dan xuat cua beta-cyclodextrin véi cau trac hinh nén
cut: mit ngoai wra nudc va khoang rong bén trong ky nuéce [56]. Khi thém HPCD vao

pha nudc ngoai trong qua trinh nhii hoa, HPCD c6 thé tuong tac véi thudc tai giao
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dién dau-nudce [57]. Tuy nhién, co ché quan trong hon nam & kha ning tao phic hop
long ctia HPCD, gitip ting d6 tan cua dugc chat va duy tri trang thai phan tan phan
tu [56]. Bac biét, su hién dién caa HPCD tao ra hang rao khong gian, ngén can cac
phan ttr thudc quy tu va tai két tinh trén bé mat hat nano trong qué trinh béc hoi dung
moi, qua d6 cai thién d6 6n dinh vat ly caa hé tiéu phan [58].

Tiép theo, lecithin tu sap xép tai giao dién giita pha dau (PLGA) va pha nudc.
Pubi ky nudc cia né hudng vao trong 16i PLGA, dau va nude hudng ra ngoai. Lop
lipid ndy hoat dong nhu mét rao can vat Iy ban thim, ngin can sy khuéch tan nguoc
cua diosmin/hesperidin tir 16i ra méi truong nude trong qué trinh déng ran hat. Piéu
nay gidp gir lai lugng thudc tdi da bén trong hat [42]. Viéc thém lecithin vao pha dau
két hop voi HPCD trong pha nudc tao ra co ché tac dong kép: Lecithin hinh thanh
hang rao ky nuéc ngin thude than nudéc rd ri [59], trong khi HPCD 6n dinh thudc ky
nudc tai bé mit, ngin can su tai két tinh. Cau trdc lai nay sé& toi da hoéa hiéu suat bao
goi cho ca diosmin va hesperidin.

Cudi cung, dé hoan thién hé dan truyén, chitosan duoc bo sung dé tao thanh
I6p vo ngoai cling. Do bé mit 16i PLGA-lecithin mang dién tich am, con chitosan
mang dién tich duong, ching sé ty dong hit nhau thong qua tuong tac tinh dién va
bam chat lai thanh ciu trac 18i-vo. Lép vo chitosan nay mang lai hai loi ich quan
trong. Thix nhat, n6 1am cho toan bd bé mit hat nano mang dién tich dwong (thé hién
qua két qua do thé zeta), gilp cac hat day nhau va khdng bi von cuc trong dung dich.
Thi hai, khi di vao co thé, mang biéu mé va niém mac vén di mang dién tich am.
Nho 16p v duong ndy, hat nano s& dé dang bam dinh vao bé mat niém mac, luu lai
1au hon tai vi tri hap thu, tir 46 giup diosmin va hesperidin d& dang tham qua thanh té

bao dé di vao mau [53].
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3.3. Két qua danh gia dic tinh ly hoa
3.3.1. Phan tich nhiét quét vi sai (DSC)

Physical mixture

PHLC

D-H@PHLC (sugar)

D-H@PHLC
— N/\—/
’\/H\.’———/‘\
DSN
" ﬂ[\__/—\&
D-H@PHC
—.-..-.._r wv—/‘\——

T T T T T
100 200 300 400 500

Heat flow (W/g)

Temperature (°C)
Hinh 3.5. Gian db phan tich nhiét luong vi sai quét (DSC) cua cac nguyén liéu tinh
khiét va hé hat nano tong hop.

Phan tich nhiét lugng ké quét vi sai (DSC) duoc thuc hién nham 1am sang to
trang thai vat Iy cua dugc chat va cac tuong tac héa 1y vi mo bén trong hé dan truyén
nano. Tinh chét tinh thé cua diosmin (DSN) va hesperidin (HPD) nguyén liéu duoc
thé hién qua cac dinh néng chay sac nét lan luot tai 290°C va 250°C. Céc miii tin hiéu
sac nhon cudng do cao nay la minh ching dién hinh cho mang luéi tinh thé bén viing,
day ciing chinh 1a rao can nang lugng giai thich cho tinh siéu ky nudc va d6 hoa tan
cuc ky kém cua hai flavonoid nay [60]. H3n hop vat ly ghi nhan sy xuat hién tro lai
ctia cic mili thu nhiét dic trung twong @ng véi diém ndng chay cua DSN va HPD
(quanh 250°C va 280°C). Tin hiéu nay khang dinh rang viéc tron lan co hoc don thuan
khong 1am thay ddi trang thai nhiét dong hoc hay gay ra bat ky twong tac héa hoc ndo
lam pha vé& cau trdc tinh thé cua duoc chat.

Péi véi hé mang nano trong (PHLC), biéu d6 khéng ghi nhan bat ky mili nong
chay nao trong viing nhiét d6 200 - 300°C. Thay vao d6 1a mot ving bién doi nhiét
rong bat dau tir 300°C dén 400°C, su dit gdy chudi polymer phan cit lién két este
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cua PLGA, sy phan hay nhiét cac lién két glycosidic cua khung chitosan/HPCD, ciing
nhu qua trinh oxy hoa chudi acid béo cua lecithin. Sy hién dién ciia mili phan hiay
nhiét dic trung nay tai khang dinh rang hé PHLC khong phai 1a mot hdn hop vat ly
don thudn, ma 1a mét cau trdc ma tran polymer-lipid virng chic. Cac nhém hydroxyl
(-OH) dbi dao trén cau trdc phan tor DSN va HPD d4 tao thanh cac lién két hydro va
tuong tac tinh dién manh meé vai cac nhom carbonyl (C=0) cua PLGA va nhom amine
(-NH2) cua chitosan.

O céc cdng thic nano khdng sir dung chat bao vé dong khé duong trehalose
(D-H@PHLC va D-H@PHC), cac dinh néng chay nay van xuat hién, cho thay c6 thé
trong qua trinh say thing hoa da pha vd mot phan cau tric hat, dan dén su ro ri va tai
két tinh ciia dugc chat. Tuy nhién, sy dot pha duoc ghi nhan & cdng thic toi vu co bd
sung duong trehalose (D-H@PHLC sugar). Tai day, cac peak nong chay cua DSN va
HPD d4 bi triét tiéu hoan toan. Puong nén phang Iy ¢ dai nhiét do nay la minh chiing
nhiét dong hoc tuyét ddi cho thay duoc chat da khdng con trang thai mang ludi tinh
the, phan tan & cap do phan tir va bi giam giit hoan toan dudi dang phan tan ran vo
dinh hinh bén trong 18i ky nuéc cua ma tran PHLC.

3.3.2. Gian d6 nhiéu xa tia X (XRD)

Physical mixturd
e .

PHLC

—_JAMM D-H@PHL
e

HPD

Counts
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D-H@PTIC

T | T T 1 T T — T T T
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Hinh 3.6. Gian dd nhiéu xa tia X (XRD) cua cac mau nghién ciu.
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Dé x4c minh trang thai phan tan vat ly cua hoat chét bén trong hé thong hat
mang, k¥ thuat nhiéu xa tia X (XRD) di duoc ap dung. Gian d6 nhidu xa cua cac
nguyén liéu tinh khiét, ma tran polymer PLGA va hé hat dong bao goi duoc trinh bay
trong hinh 3.6.

Két qua phan tich cho thy, nguyén liéu diosmin va hesperidin ban dau thé
hién ban chat két tinh rat cao, duoc minh ching qua hang loat cac dinh nhidu xa cuc
Ky sic nét va c6 cuong do manh tai cac goc 20 (2-theta) dic trung. Cu thé, diosmin
Xuit hién cac dinh chinh tai 12.5°, 15.3°, 21.8°, va 25.1°, trong khi hesperidin bac 16
cac dinh tinh thé dién hinh tai 13.8°, 16.2°, 22.5°, va 24.8°. Trong khi d6, hé mang
trong PHLC chi hién thi mot duong cong dang phan tan rong, xac nhan cau trdc vo
dinh hinh caa ma tran polymer-lipid. Béi véi hon hop vat Iy (physical mixture), gian
dd 1a su xép chong tuyén tinh cia cac mii nhidu xa tinh thé DSN va HPD trén nén
polymer, chiing to viéc phdi tron co hoc don thuan khong lam thay d6i mang tinh thé
géc.

Pang chu y, ¢ cac hé khong c6 ta dugc bao vé (D-H@PHC va D-H@PHLC),
mic du cuong do da suy giam, cdc mii nhidu xa géc caa DSN va HPD van ton tai,
phan anh hién tuong tai két tinh bé mat, cho thay c6 thé trong qué trinh siy thing hoa
da pha v& mot phan cau trdc hat, ddn dén su ro ri nay. Nguoc lai, d6i voi hé bot dong
kho c6 trehalose (D-H@PHLC sugar), toan b tin hiéu tinh thé cua dugc chat di bi
triét tiéu hoan toan, gian d6 dong nhat voi dudng cong vo dinh hinh ciia hé mang
trbng. Thay vao do6, gian dd cua hé hat mang thuéc gan nhu dong nhét véi gian d6
cua hé polymer, chi duy tri hinh thai quang rong vo dinh hinh. Sy triét tiéu cac tin
hiéu tinh thé nay cho thay: trong qua trinh hinh thanh hat nano, ciu tric mang tinh
thé bén vitng cua cac flavonoid di bi pha v&. Cac phan tir diosmin va hesperidin
khong con ton tai ¢ trang thai tap hop tinh thé riéng ré, ma da duoc phan tan dong
nhit & cip do phan tir va chuyén ddi sang trang thai vo dinh hinh bén trong ma tran
PLGA.
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3.3.3. Phd hong ngoai bién d6i Fourier (FT-IR)
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Hinh 3.7. Phd FT-IR cia D-H@PHC va D-H@PHLC.

Pho d6 FT-IR Hinh 3.7 cua hai duoc chat tu do diosmin (DSN) va hesperidin
(HPD) thé hién cac dai hap thu dic trung cuc ky sic nét. N6i bat nhat 1a mii dao dong
kéo dan (stretching vibration) cua nhom carbonyl (C=0) thudc cau tric vong
flavonoid tai viing 1650 — 1600 cm?, cling véi dai hap thu rong caa nhdm hydroxyl
(-OH) ¢ vung 3500 — 3200 cm'®. Pi voi polymer PLGA nguyén ban va hé mang
trong PHLC, tin hiéu dic trung va cudng do manh nhat xuat hién tai khoang 1755
cmL, twong ung véi dao dong kéo dan caa nhém carbonyl (C=0) trong lién két este
cua PLGA.

O hdn hop vat Iy (physical mixture), phé do don thuan 1a su xép chong cua
cac dinh hap thu ciia dugc chét va polymer ma khong co sy dich chuyén dang ké nao,
chung to viéc phdi tron co hoc khong tao ra lién két hda hoc mai.

Tuy nhién, sy thay ddi sau sic vé mit quang phd da xay ra & cac hé nano dong
bao goi (D-H@PHC va D-H@PHLC). Tha nhat, cic miii dao dong C=0 sic nhon
cua DSN va HPD (viing 1650 cm®) va phé viing dau van tay (1500 - 1000 cm™) da

bi che Iap hoic suy giam cudng d6 dang ké. Sy suy giam nay la bang chang quang



42

phd xéac thuc cho thiy duoc chat da bi khda sau bén trong 16i polymer, bi 16p vo
polymer-lipid can tré tin hiéu hong ngoai.

Thir hai, va quan trong nhét, dai dao dong ciia nhém -OH va -NH (tai ving
3500 — 3200 cm'®) & cac hé mang thubc tro nén mo rong (broadened) va ti hon rat
nhiéu so vai hé trong va hdn hop vat ly. Ngoai ra, dinh dao dong kéo dan dic trung
ciia nhdm carbonyl (C=0) thuoc lién két este ciia PLGA nguyén liéu dugc ghi nhan
& 1756.83 cm™. Tuy nhién, trong c4u tric cua hé nano dong bao gdi (D-H@PHLC),
mili hdp thu nay da dich chuyén rd rét vé phia ving c6 sb song thap hon, dat mirc
1749.12 cm™. Sy dich chuyén nay la bang chitng cho sy hinh thanh lién két hydro.
Cu thé, cac nhom hydroxyl (-OH) doi dao trén DSN va HPD da déng vai tro 1a chat
cho/nhan proton, tuong tac manh mé vai nhém carbonyl (C=0) cua PLGA va nhom
amine/hydroxyl cua chitosan/HPCD.

T6m lai, dit liéu FT-IR hoan toan dong thuan véi két qua phan tich nhiét DSC
bén trén, khang dinh rang DSN va HPD khéng chi bi giam giit vat Iy ma con twong
tac hoa hoc chat ché vai hé ta dugc thdng qua mang ludi lién két hydro. Twong tac
lien phan tir manh mé& nay chinh 14 d6ng luc nhiét dong hoc ngan can sy tai két tinh

cua thudc, duy tri trang thai vo dinh hinh 6n dinh cao caa hé dan truyén.

Hinh 3.8. SEM cta mau PHLC.
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Hinh 3.11. SEM cua mau D-H@PHLC (sugar).

Hinh 3.8 cho thiy hé PHLC c6 bé mat x4p va cé4c hat c¢6 xu huéng dinh vao

nhau cho thay ciu triic hat d bi sup d6 va dung hop thanh khéi lién tuc. Hién tuong
nay ching minh su hién dién cua 16p lipid (lecithin) da lam giam nhiét d6 thay tinh

hoa bé mat [61], két hop voi dic tinh tao mang cua chitosan, khién cac hat nano dé
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dang bi chay va két dinh. Bé ching minh gia thuyét mang lipid (lecithin) 1a nguyén
nhan gay ha nhiét do thuy tinh héa va 1am chay dung hop cau trdc hat, nghién ctu da
tién hanh so sanh mau D-H@PHC da loai bo hoan toan lecithin. O Hinh 3.9 két qua
SEM cho thiy, khi khdng c6 hop chat lipid nay, ciu tric tinh thé dang thanh cua
diosmin hién thi sic nét, roi rac, va cau tric khdng hé bi boc bai mot 16p mang nao.
Diéu nay khang dinh vai tro cua lecithin trong viéc lam mém héa hé vé polymer. Con
Hinh 3.10 mau D-H@PHLC (mau tai thubc, khong chit bao vé) quan sét thiy rd cac
c4u tric dang thanh/soi dai. DAy 14 hinh thai tinh thé dic trung cua dwgc chat diosmin,
cd thé duoc giai thich théng qua co ché phan tach pha do 4m. Viéc ban chat nhay cam
v6i do am caa hé polymer nén, khi tiép xdc vai moi truong da dan dén hién tuong
hoa déo ma tran vo dinh hinh. Sy gia ting do linh dong cua cac chudi polyme lam
suy giam rao can can tro khong gian, tao diéu kién thuan lgi cho duogc chat khuéch
tan tir 16i ra bé mat. Tai bé mat, cac phan tu flavonoid ky nudc nhanh chéng tap hop
va tai két tinh thanh céc ciu trac hinh kim. G mau nay, cac hat dang thanh van con
ranh gigi kha o, tuong ddi tach roi nhau. Hinh 3.11 cho thay, & mau D-H@PHLC
c6 phéi tron duong trehalose cau tric dang thanh cua diosmin bi bao pha bai mot 16p
mang dac, dinh chat vao nhau tao thanh cac mang lén. Nguyén nhan 1a do duong
trehalose c6 tinh hit 4m cao, khi luvu mau da hat am va chay nhdo, dinh bét c4c hat
nano lai véi nhau thanh khoi.

Tt nhitng han ché vé hién tuong két tu ciia mau bot dong kho, viéc quét SEM
truc tiép trén khdi bot ran khong phan anh dng kich thudéc va hinh théi thyc té cua
c4c tiéu phan nano don 1¢ (do cau tric bot dé bi dong tang hoac v& nat bé mat). Bé
khic phuc triét dé tinh trang nay va giai quyét van dé mau bi luu 4m do diéu kién mai
truong, nghién ciru dé xuat dinh huéng sau nay sé xt Iy mau SEM theo phuong phap
drop-casting (nho 1 giot dung dich hat nano di pha siéu lodng 1én phién kinh/nhém
réi dé kho tu nhién trong ta hat hoac binh hat 4m) va thay thé trehalose bing cac ta

dugc toi xop, khong hit am nhu SiO».
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3.4. Panh gia sinh hoc va d§ 6n dinh caa hé dan truyén

3.4.1. Panh gia kha ning giai phéng thudc in vitro
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Hinh 3.12. D6 thi giai phong tich iy in vitro caa diosmin va hesperidin tir hé nano
D-H@PHLC so v6i mau doi chiing daflon va hdn hop tron vat ly 9:1 vai pH 1.2.

Db thi giai phong & pH 1.2 (sé liéu cu thé phu luc 4, 5), hesperidin thé hién
téc do hoa tan twong ddi tét. O hé nano, hién tuong giai phdng dugc ghi nhan trong
24 gio dau (dat khoang 37%), sau d6 duy tri trang thai nha cham 6n dinh quanh muc
40% cho dén cudi chu ky. Pang chii ¥, mau hdn hop tron vat Iy (9:1) c6 xu hudng
nha thuéc cham hon & giai doan dau nhung lai ting vot & mdc 96h (Ién t&i 55%).
Diéu nay c6 thé duoc Iy giai do hesperidin hoa tan tt trong nudc sau thoi gian dai
tiép xUc vai moi truong, hoa tan cac tinh thé hesperidin, trong khi hé nano van git

dugc tinh 6n dinh caa khung polymer gidp kiém soét toc do nha.



46

Db thi giai phong cua diosmin phan anh ding ban chéat siéu kém tan
(hydrophobic) cta hoat chat. Piém dang cha ¥ nhét 14 ca hé nano va Daflon déu c6
chung mét xu huéng: ty 18 giai phong ting dan, dat dinh & méc 72 gio, sau do sut
giam ¢ méc 96 gio. Hién tuong ndy hoan toan phi hop véi qua trinh tai két tinh trong
moi trudng thé tich gisi han.

Cu thé, & cac méc thoi gian dau, thude duoc giai phong lién tuc 1am nong do
diosmin trong méi truong dém ting 1én, vuot qua ngudng hoa tan thong thuong dé
dat trang thai qua bdo hoa tai méc 72 gio. Sang mdc 96 gid, cac phan tir diosmin ty
do bat dau két tu lai, tao mam va két tinh thanh cac hat rin ling xudng day hé. Viéc
hit mau ly tdm chi thu thap phan dich trong, dan dén sy sut giam nong do dugc ghi
nhan trén hé thong HPLC. Ca dang thé (daflon) va hat vi phan (D-H@PHLC) déu
phai tuan theo gigi han hoa tan caa ciing mot moi trudng dém, do d6 hinh dang d6 thi
biéu dién 1a twong dong nhau.

Tuy nhién, diém khac biét caa hé nano nam ¢ kha ning wc ché két tinh. DU
tuan theo cing mot xu huéng, duong biéu dién cua nano ludn nam cao hon c¢é ¥ nghia
so voi Daflon. Tai méc 72h, hé nano day nong d6 diosmin 1én mic cao nhét (~3.1%),
so véi Daflon (~2.8%). Bic biét tai mbc 96h, khi hién twong két tua xay ra, Daflon
sut giam manh (chi con ~1.4%), trong khi hé nano van duy tri dugc mirc ~2.4%. Piéu
nay ching minh thuéc D-H@PHLC va hat kich thuéc nano khdng chi gitp ting tbc
d6 hoa tan ma con ngin can sy hinh thanh mang tinh thé, gitp diosmin duy tri ¢ trang
thai hoa tan lau hon.

Pong thoi, viéc mau tron vat Iy (9:1) ghi nhan ty Ié giai phong cuc ky thap
(du6i ngudng dinh lugng HPLC) 1a bang chiing khang dinh: néu khéng c6 cong nghé
bao ché vi hat (nhu Daflon) hozc hé mang boc polymer (hé nano), hdn hop diosmin

thd gan nhu khong thé ty giai phong vao mai truong dich sinh ly.
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Hinh 3.13. D6 thi giai phong tich lity in vitro caa diosmin va hesperidin tir hé nano
D-H@PHLC so véi mau ddi chitng Daflon va hén hop tron vat ly 9:1 vai pH 7.4.
Biéu d6 giai phong véi pH 7.4 (s6 liéu cu thé phu luc 6, 7) cua hesperidin cho
thdy toc do hoa tan twong d6i nhanh. Déi vai hé nano, hién tuong giai phong bung
phat dugc ghi nhan trong khoang 12 gio dau, sau d6 tiém can va duy tri 6n dinh &
mtic ~50% cho dén cudi chu ky (96 gio). Ty 18 niy cao hon han so véi dang bao ché
thuong mai Daflon (~40%) va hon hop tron vat ly 9:1 (~42%).
Sy giai phong nhanh cua hesperidin xuat phat tir hai nguyén nhan cot 16i. Xét

vé mat cau trdc, hesperidin c6 &i lyc véi nude (hydrophilic) tét hon so véi diosmin
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va chiém 10% téng khéi lugng hoat chét, khi tiép xic véi méi truong dém, 1op bé
mit nay nhanh chéng duoc tham wét, kéo cac phan tir hesperidin hoa tan vao dich
giai phong. Viéc hé nano duy tri duoc % giai phong cao hon mau thd chiing té mang
lu6i polymer da lam ting dién tich tiép xGc va cai thién dang ké do hoa tan cua phan
tur.

Trai nguoc voi hesperidin, dd thi diosmin phan anh ding ban chat siéu ky nuéc
(hydrophobic) va su ap dao vé khéi luong (chiém 90% hoat chat). Trong cung diéu
kién pH 7.4, mau hdn hop vat Iy (9:1) gan nhu khong thé ty hoa tan (duéi ngudng
dinh lwong HPLC). Mau Daflon thwong mai ciing chi giai phdng nho giot, dat ~0.78%
& méc 96 gio do gigi han bdo hoa ciia madi truong. Tuy nhién, hé thudc nano thé hién
duong cong giai phong kéo dai tiéu chuan, ting truong tinh tién va dat mac ~3.57%
tai 96 gio — cao gap gan 5 1an so véi mau Daflon.

Su giai phong tu tir nhung lién tuc nay dugc giai thich boi hiéu tng 161 ky
nuéc. Mang PHLC lac nay dong vai trd nhu mot mang béan tham, giai phong diosmin
mot cach cham rai thong qua co ché khuéch tan va phan hay mang polymer. Quan
trong hon, xu huéng di 1én lién tuc cia d6 thi & méc 96 gio khang dinh hé nano da
thanh cong trong viéc e ché hién tuong két tinh lai thuong thay & cac thube ky nudc,
gilip duy tri ndng d6 hoat chat ty do trong méi truong sinh 1y 1au dai hon han so voéi
dang bao ché truyén thng.

3.4.2. Panh gia dc tinh bat thuwong

Bdng 3.4. Hanh vi cua chudt duc/cai sau khi cho uéng mau PHLC

Két qua
Chi tiéu 30 phut 4 gio 24 gior 48 gio
C LC C LC C LC C LcC
L6ng va da N N N N N N N/ N
Mat N N N N N N N N
Tiét nuwoc bot N N N N N| N N N
H6 hap N N N N N N N N
Nuéc tiéu N N N N N N N N
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Phén N N N N N N N N
Van dong va hanh vi N N N N N N N N
Ngu N N N N N N N N
Niém mac N N N N N N N N

Cogiatvarunrdy | NF NF NF NF NF NF NF| NF

Ngtra miéng N.F NF NF NF NF NF NF NF
HoNn mé N.F NF NF NF NF NF NF NF
Ty 18 tir vong N.F NF NF NF NF NF NF NF

Ghi chu: C = Chung, LC = Mdau PHLC, N = Binh thuong, 1 = Tang, | = Giam,
N.F = Khéng phat hi¢n

Bdng 3.5. Hanh vi cua chudt duc/cai sau khi cho uéng mau DH

Két qua

Chi tiéu 30 phut 4 gior 24 gio 48 gior

DH DH DH DH
Long va da

Mt

Tiét nuwéc bot

H6 hap

Nuwéc tiéu

Phan

Van dgng va hanh vi

>

Ngua

z2 Z Z2 Z2 Z2 Z2 Z2 Z2 Z O
z z Zz 9z 9 Zz =z Zz Z2 Z2
z Z Z2 Z2 zZz Z2 Z2 Z Z O
z z Zz 9z 9 Zz =2 Z2 Z2 Z2
z Z Z2 Z2 Zz Z2 Z2 Z2 Z O
z z Zz 9z 9 Zz =2 Z2 Z2 Z2
z Zz Zz Zz Z2z Z2 Z2 Z2 Z O
Z Z2 Z2 Z2 Z2 2 Z2 Z2 Z2

Niém mac
Co giat va run ray N.F N.F NF NF| NF NF NF NF

Ngtra miéng N.F N.F N.F N.F NF NF O NFNF
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HOn mé N.F N.F N.F N.F NF NF NF NF

Ty I€ tir vong N.F N.F N.F N.F NF NF NF N.F
Ghi chi: C = Chitng, DH = Mau DH, N = Binh thuwong, 1 = Tdang, | = Giam, N.F = Khéng
phat hi¢n
Bdng 3.6. Hanh vi cua chuét duc/cai sau khi cho uéng mau D-H@PHLC
Két qua
Chi tiéu 30 phut 4 gio 24 gior 48 gior

L6ng va da

Mt

Tiét nuwéc bot

H6 hap

Nuwéc tiéu

Phan

Van dgng va hanh vi
Ngua

Niém mac

Co giat va run ray

Ngwa miéng

£ £ zzzzzzzzzo
£ £ £ zzzzzzz2zzoO
£ £ zzzzzzzzzo
£ £ £ zzzzzzz2z2zoO
£ £ zzzzzzzzzo
£ £ £ zzzzzzz2z2zoO
£ £ 2 zzzzzzzzzo
£ £ £ zzzzzzzz2zoo

Hon mé
Ty I€ tir vong N.F N.F N.F N.F NF NF NF N.F
Ghi chd: C = Chumg, D = Mdu D-H@PHLC, N = Binh thuong, 1 = Ting, | = Giam,
N.F = Khéng phét hi¢n

Két qua tir Bang 3.4, 3.5 va 3.6 cho thay sau khi cho chudt uong cac mau thir
PHLC, DH va D-H@PHLC & liéu 1 g/kg, khong ghi nhan bat ky biéu hién bat thuong
nao vé 1am sang trong sudt thoi gian theo ddi 48 gio. Céc chi tiéu vé 16ng, da, mit,
hd hép, bai tiét, van dong va hanh vi déu ¢ trang thai binh thudng. Bong thoi, khong
Xuit hién cac dau hiéu ngdé doc cap nhu co git, run ray, hén mé va khong cé trudng
hop tir vong nao duoc ghi nhan. Nhitng két qua nay cho thiy cac mau thir khdng gay

doc tinh theo duong udng & liéu khao sat.
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Bdng 3.7. Can nang chudt duc theo ddi trong 2 tuan

L6 (n=5) Ngay 1 Ngay 5 ' Ngay 7 = Ngay 10 Ngay 14
sL 21,27 + 2497+ 2717+ 2850+ 2991+
0,81 1,32 0,73 0,86 0,96
21,03 £ 2366+ 2798+ 31,26+ @ 33,89+
D-H@PHLC 1,45 1,20 1,31 1,35 1,64
20,84 + 2581+ 2727+ 2923+ @ 3264+
D:H (1) 0,81 2,18 2,70 2,36 2,50
+ + + + +
PHLC 20,77 + 2386+ 2693+ 2747+ @ 2980+
1,10 2,34 2,27 2,29 2,62
Bdang 3.8. Can nang chudt cai theo dai trong 2 tuan
L6 (n=5) Ngay 1 Ngay 5  Ngay 7 = Ngay 10 | Ngay 14
sL 19,95 + 2482+ 2566+ 2755+ 2853z
1,27 1,19 1,02 1,07 1,10
19,31 + 20,62+ 2426+ 2546+ 27,43+
D-H@PHLC 0,86 2,33 2,44 2,77 3,48
D:H (9:1) 19,13 + 20,48+ 2366+ 2549+ 26,06+
' ' 1,99 1,72 1,94 2,17 2,53
17,81 + 1 + 2317+ 2549+ | 27,74+
PHLC 8 989+ 23, 5,49 ,
0,55 0,57 0,95 1,49 2,68

Bén canh do, két qua theo ddi can nang tir Bang 3.7 va 3.8 caa chudt trong 14
ngay cho thiy xu hudng ting on dinh ¢ tat ca cac 16 thi nghiém, twong tu nhu 16 sinh
ly. Khéng ghi nhan su sut giam can hoic bién dong bat thuong vé trong luong co thé

gitta cac nhom. Piéu nay chiing to cac mau thir khdng anh huong dén qua trinh sinh

truong va chuyén hoa cia chudt thir nghiém.

Céac mau thir PHLC, DH va D-H@PHLC khong gay doc tinh bat thuong trén
chuot nhit trang khi sir dung duong udng & lidu 1 g/kg. Khdng ghi nhan tir vong, biéu

hién 1am sang bat thuong hoic anh hudng dén sy phat trién trong lwong cia chuot

trong thoi gian theo doi.
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3.4.3. Panh gia d 6n dinh

Nghién ctru di tién hanh danh gia 46 6n dinh héa ly cua hé nano D-H@PHLC
dang bot sdy thing hoa trong hai diéu kién: khéng sir dung va c6 st dung duong
trehalose 1am ta duoc bao vé. Dir liéu thuc nghiém cho thdy, mau khéng chta chat
bao vé gap kho khin 16n trong viéc tai phan tan, gay can tro truc tiép dén qua trinh
do ludng kich thudce hat qua thiét bi DLS. Nham khéc phuc han ché nay, trehalose da
duoc bo sung vao cong thac véi ky vong duy tri cau trac hat. Tuy nhién, két qua theo
ddi d6 6n dinh theo thoi gian lai boc 16 nhuoc diém dang ké cua loai dudng nay. Dudi
cac diéu kién luu trit khac nhau, tinh hit am cao cua trehalose da dan dén sy pha vo
cau trdc bao vé, gay ro ri duoc chat va lam suy giam nhanh chéng céac dic tinh hoa ly
cua hat nano. Pén thang luu mau tha hai, hién tuong keo tu dién ra manh mé khién
kich thudc hat vuot qué gidi han do luong cua thiét bi DLS, dan dén khong thé ghi
nhan két qua. Tir nhitng rao can vat ly nay, nghién ctiru quyét dinh chuyén hudng thay
thé trehalose bang hé chat mang gom colloidal silicon dioxide (SiO2) va tinh bot dé
khic phuc nhuge diém hat am va tbi wu kha nang tai phan tan.

Bdang 3.9. Hiéu suat bao goi va dic tinh phan bé kich thuéc hat D-H@PHLC

(duong trehalose) tai 2 nhiét do: 4°C va t°nong

biéu kign: 0 thang 1 thang 2 thang

4°C D H D H D H

EE% 70.00+37.50  74.15+7.01 | 69.92  60.51 31.19 24.22

DL% 55.07+6.24 | 6.70+1.11 @ 36.75 3.96 16.39 1.59

Z?x:? % 550.7 2135.6 -
PDI 0.273 0.713 -

Zeta (mV) 39.9 64.1 -

biéu kién: 0 thang 1 thang 2 thang
Cphong D H D H D H

EE% 70.00+37.50 74.15+7.01 | 51.73 @ 44.06 36.53 33.26
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DL% 55.07+6.24 | 6.70+1.11 @ 27.18 2.89 19.19 2.18

Z_
average 550.7 5783.6 ]
(nm)
PDI 0.273 2.244 ]
Zeta (mV) 39.9 6.1 -

Bdang 3.10. Hiéu suét bao goi va dic tinh phan bd kich thuéc hat tai diéu kién
25°C/60% do am twong ddi va 40°C/75% 46 am tuong doi

pidu kién: 0 thang 1 thang 2 thang
250C/60% D ¥ 5 " 5 ¥
EE% 70.00+37.50 | 74.15+7.01 31.19 24.22 - -
DL% 55.07£6.24 | 6.70+1.11 @ 16.39 1.59 - -
Z-
average 550.7 1139.3 i

(nm)

PDI 0.273 0.702 -
Zeta (mV) 39.9 0.3 -
Ppidu kién: 0 théng 2 tuan -

40°C/75% RH D H D H D H
EE% 70.00£37.50 | 74.15+7.01 | 36.53 @ 33.26 - -
DL% 55.07+#6.24 6.70+1.11 19.19 2.18 ; ;

Z-average

verag 550.7 6056.1 i

(nm)

PDI 0.273 0.661 -

Zeta (mV) 39.9 38.1 -
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Tur cac két qua khao sat do on dinh, c6 thé nhan thiy hé phan tan nano D-
H@PHLC s dung ta dugc bao vé bang duong trehalose thé hién su nhay cam dang
ké vé6i diéu kién nhiét @6 va do am moi trudng. V& mit co ché, su hién dién cua 16p
dém lipid lecithin trong ciu trdc vo da tac dong dén mang ludi polymer, 1am giam
nhiét d6 chuyén hoa thay tinh (Tg) cua PLGA. Trong diéu kién khi hau nhiét déi
nong am dic trung tai Viét Nam, dic tinh hao nudc manh cua duong khién mau dé
dang hap thu hoi am tir khéng khi. Cac phan tir nude xam nhap s& dong vai trd nhu
mét chat hda déo 1am sut giam gia tri Tg cua toan bo cau trac hat.

Khi nhiét d6 bao quan vuot qua ngudng Tg da bi suy giam nay, mang polymer
s& chuyeén tir trang théi thuy tinh cing nhac sang trang thai mém déo. Su gia ting tinh
linh dong phan tir nay dan dén hién tuong sup d6 cau trac, khién cac hat nano mat di
tinh toan ven, dé dang két tu va gay ro ri duoc chat. Do d6, dé t6i uvu hoa kha ning
bao quan dai han, viéc thay thé duong bang maot vat lidu bén ngoai vo co, tro vé mat

nhiét hoc va cé kha ning khang 4m nhu nano silica (SiO2) s& pht hop hon.
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KET LUAN VA KIEN NGHI

KET LUAN

Nghién ciru da thuc hién thanh cong viéc bao ché va danh gia hé din truyén

nano lai polymer-lipid dong bao géi hai duoc chat ky nuéc diosmin va hesperidin.

Tir céc két qua thyc nghiém va phan tich hoa 1y, dé tai rat ra cac két luan trong tam

Sau:

V& t6i wu hoa hé dan truyén: Nghién ciru da xay dyng thanh cong hé nano lai
phtrc hop D-H@PHLC. Su két hop mang tinh hiép ddng caa phic 16ng HPCD
(tang 4i luc 16i) va I6p mang rao can lecithin da giai quyét triét dé bai toan ro
ri dugc chat, gitip day hiéu suat bao goi (EE%) cua ca diosmin va hesperidin
lén mic t6i vu (tuong ung dat 70.00% va 74.15%). Viéc 4o lép vo chitosan
thanh cong dao chiéu dién tich bé mat sang dwong manh (55 + 10.61 mV), dam

bao hé phan tan c6 d6 6n dinh nhiét dong hoc.

V& ban chat hoa Iy cia duoc chat: Théng qua khao sat dong hoc phan bé khoi
lugng va d6i chiéu véi md phong dién thé tinh dién phan tar (MESP), nghién
ctru da chirng minh hesperidin s& hitu tinh than nu6c cao hon diosmin. Sy khac
biét vé mat do phan cuc nay 1a yéu t chinh chi phdi kha ning bao goi ¢ ving

nong do thap.

Vé dac tinh cau trlc va trang thai ran: Céac phan tich chuyén sau (XRD, DSC,
FT-IR) cung cip bang chung vat ly va hoa hoc vé cau tric cua duoc chat.
Diosmin va hesperidin khéng bi giam gitt co hoc don thuan, ma da dwoc phan
tan & cap do phan tir vao sau bén trong mang ludi polymer thong qua hé thong
lien két hydro noi/ngoai phan tir. Dac biét, dudi vai trd bao vé cua trehalose,
cau trdc tinh thé cong kénh gdc caa thude da bi phéa v hoan toan, chuyén sang
trang thai vo dinh hinh 6n dinh, gitp khic phuc nhuge diém sinh kha dung
kém cua dang nguyén liéu tu do.

Vé kha nang giai phong in vitro: Hé nano D-H@PHLC d4 cai thién giai phong
ctia hdn hop diosmin/hesperidin (9:1) so véi dang thd va thube thuong mai
daflon. Cau tric vi hat gitp hesperidin phan cuc giai phong nhanh va 6n dinh
(~50% sau 96 gid). Dac biét, mang polymer da uc ché hoan toan hién tuong

két tinh cua thanh phan ky nudc diosmin, thiét lap co ché giai phong kéo dai
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lién tuc. Ty Ié hoa tan cua diosmin dat ~3.57%, cao gap 5 lan Daflon (~0.78%)
va vuot troi so véi mau tron vat 1y (~0.2%), qua d6 khang dinh vu diém cua
cdng nghé nano trong viéc phéa v rao can sinh kha dung caa nhém thudc kém
tan.

KIEN NGHI
Mic du dé tai da dat dwoc cdc muc tiéu dé ra vé miat hoa ly va bao ché co ban,
dé hoan thién va dua san pham tién gan hon dén kha ning tng dung thuc tién, cac

nghién ctu tiép theo can tap trung vao cac dinh huéng sau:

1. Cai tién va tbi vu hoa cong thuc bao ché: Mic di hé dan truyén nano D-
H@PHLC budc dau di cho thay nhiing két qua kha quan vé mat hoa ly, cau
trdc cua hé théng van can duoc hoan thién hon nita. Do d6, dinh huéng nghién
clru tredC mat can tap trung vao viéc tinh chinh ty 18 phdi hop cua cac thanh
phan tao mang lai (PLGA, lecithin, chitosan, HPCD) va khao sat sau hon anh
huong cua cac thdng s6 quy trinh (thoi gian siéu &m, téc d6 dong hoa, ndng do
chét dién hoat). Viéc cai thién cong thuc & quy mé phong thi nghiém Ia tién
dé bat budc nhiam nang cao t6i da hiéu suat bao goi va do on dinh nhiét dong
hoc, trudc khi tién hanh cac danh gia nang cap quy mo (scale-up) trong tuwong

lai.

2. Ung dung Héa tin hoc va Md phong phan tir (in silico studies): Trién khai cac
phuong phap tinh toan mé phong (nhu Molecular Docking va Molecular
Dynamics - MD) thong qua cac céng cu Hoa tin hoc (Cheminformatics) ma
nguén ma bang Python dé nghién ciru co ché twong tic & cap do nguyén ti.
Viéc xay dung md hinh khdng gian 3D nham danh gia nang lugng lién két cua
phirc 16ng HPCD-Duoc chét, ciing nhu quy dao di chuyén ciia mang ludi lién
két hydro giira 16i PLGA va v chitosan s& cung cap minh chang ly thuyét
dinh luong virng chic. Cac dir liéu md phong may tinh nay khi duoc dbi chiéu
chéo vai két qua thuc nghiém héa ly (FT-IR, DSC) sé& gilp giai ma ban chat
nhiét dong hoc cua hé thdng, tdi uvu héa qué trinh thiét ké hé dan truyén thudc

bang may tinh (CADD) trudc khi tién hanh thyc nghiém 16 mé mai.
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PHU LUC
P-H 80:20 90:10 95:5 100:0
EE% 42.21+0.317  60.220 £0.779 = 68.88 £2.500 | 51.46 +1.601

LD% 11.873+0.089 = 11.782 +0.152 18.243 +1.115 10.70 +0.333

Kich thwéc 278 +1 225 +8.20 223.35+5.72 | 228.4 +15.83
(nm)
PDI 0.829 0.603 0.388 0.309

Phu luc 1. Két qua khao sét ti 16 PLGA:HPCD dbi véi kha ning mang - tai DSN va

kich thudc hat nano tao ra.

P-H (95:5) Khao sat khéi lwong HPD
Khéi
6 8 10 12 15 25 35
lwgng

EE% 0.83 1.00 0.93 6.07 29.41 28.90 57.11

Khéi

lwgng

45 95 65 75 85 95 110

EE% 5253 | 53.76 = 69.57 @ 62.53 69.00 69.11 76.76

Phu luc 2. Két qua khao sat anh huong cua khdi lugng hesperidin dén hiéu suat bao
g6i EE%.



Khéi hrong EE%
lecithin (mg) D H
0 47.79 50.98
10 78.85 74.96
20 62.81 71.57
30 57.58 59.26

Phu luc 3. Két qua khao sat anh hudng cua khdi lugng lecithin dén hiéu suit bao

g6i EE%.
EE% DL%
STT
D H D H
1 85.03 82.53 57.68 7.31
2 | 68.96 69.54 47.80 7.62
3 | 6851 57.77 62.13 6.50
4 7743 72.46 52.91 7.05
5 | 78.80 70.52 64.89 8.50
6 | 66.24 77.00 47.49 5.33
7 7397 60.61 54.81 5.45
8 7429 69.30 52.80 5.84

Phu luc 4. Két qua dinh luong diosmin va hesperidin ctia hé nano D-H@PHLC.

Time | H-nano SD H-daflon SD H-9:1 SD
1 37.1277 7.39886 = 33.8337 | 6.66212 | 26.0383  11.5105
2 30.5818 | 11.8783  23.7247 | 0.25807  32.4104 @ 7.37559
3 32.7389 8.64229 @ 27.7583 | 0.73393 | 33.2011 9.59448
4 34.62 | 8.80651 29.5491 | 0.90594 32.5849 8.89082
6
8

33.9876 | 10.8563  27.7206 @ 0.2573  32.2879  6.99777

35.5038 10.9369 = 29.2568 | 2.25289 | 32.5514 5.14877
10 34.8624 | 12.8341  27.7701 | 5.25576  32.6438 | 7.72184
12 38.7682 | 8.79745  33.7893 | 2.46066 37.7583 17.1782
24 37.8172 291688  37.7464  4.12145 36.8383  6.113



48 40.1835 | 5.87048 = 37.165 | 3.77582 45.0283 10.3696
72 39.3474 3.79781 | 37.3091 | 1.97996 | 46.7316 3.54182
96 39.3416 6.83195 35.5666 | 2.80132 | 55.1547 15.3011

Phu luc 5. Sé liéu giai phong tich Iy in vitro cua hesperidin tir hé nano so véi mau

d6i chizng Daflon va hdn hop tron vat ly véi pH 1.2.

Time | D-nano SD D-daflon SD D-9:1 SD
1 0.15291 0.61487 0.02608 | 0.54098 0.2
2 0.41124 | 0.48118 0.30618 | 0.49155 0.2
3 0.6738 | 0.24723 0.53343 | 0.28263 0.2

4 0.69864 0.54429 0.54707 | 0.56275 0.2

6

8

1.21305 0.60669 @ 0.81809 | 0.72799 0.2

1.00952  1.07941 0.46053 | 0.69081 0.2
10 0.88714 | 1.68738 @ 0.42689 | 1.52132 0.2
12 1.66705 | 0.99672 | 1.00561 | 1.36415 0.2
24 1.82617 0.72195 1.36287 | 1.03428 0.2
48 2.36594  0.74354  1.46573 | 0.83135 0.2
72 3.10339 | 1.23325 2.83871 | 1.61911 0.2
96 242341 1.67772 1.45769 | 0.18387 0.2

O 0O O 0O 0O 0O 0O 0o 0oo o o

Phu luc 6. Sé liéu giai phong tich Iy in vitro cia diosmin tir hé nano so véi mau

d6i chirng Daflon va hdn hop tron vat ly véi pH 1.2.

Time | H-nano SD H-daflon SD H-9:1 SD

1 15.5694  15.1255 0 0 10.0719 | 14.2438
2 39.1775 | 4.41516  34.1573 | 7.73708  26.3468  12.9179
3 43.9288 | 3.485 | 35.9716 | 5.95331 | 27.2021 14.3283
4 43.8963 | 3.72505 | 35.8047 | 8.4439  28.7243 9.57248
6 41.126 | 4.95773 37976 | 7.68082 31.506 @ 12.9138
8 459552 ' 2.0704 | 37.038 | 8.44664 32.9905 17.9639
10 43.5505 | 1.52935 | 40.3971 | 8.51729 30.6084 16.6611
12 45.3954 | 530862 = 39.458 | 10.4752 | 31.8655 12.4927
24 46.0491  1.30747 | 36.4497 | 2.96109 31.3261 12.663
48 46.4692 | 2.3499 @ 36.6755 | 2.37006 | 34.4961 10.5689



72 49,5236 | 7.24537 @ 35.8664 | 1.03014 39.8868  13.2619
96 49.1192 | 4.85244 @ 40.1457 | 7.38581 42.1574  13.49
Phu luc 7. Sé liéu giai phong tich liy in vitro cua hesperidin tir hé nano so véi mau

d6i chizng Daflon va hdn hop tron vat ly véi pH 7.4.

Time | D-nano SD D-daflon SD D-9:1 SD
1 0.6163  0.54728 0.30144 | 0.34848 0.2
2 1.00327 | 0.44624 | 0.40154 @ 0.4491 0.2
3 1.13614 0.37298 0.6264 | 0.36514 0.2
4 0.85115 | 0.25222 = 0.65439 0.70399 0.2
6
8

1.00121 0.0866 & 1.00764 @ 0.31459 0.2

1.28492 | 0.39715 = 0.47561 0.44273 0.2
10 1.04736 | 0.31158 = 0.75561 @ 0.4974 0.2
12 1.23624 0.17957 @ 0.71797 | 0.42107 0.2
24 1.52921 0.3445 @ 0.59187 | 0.74769 0.2
48 1.81797 | 0.11748 = 0.63755  0.79282 0.2
72 2.24922 | 0.70709 & 0.27223  0.25817 0.2
96 3.57816 | 0.70552 = 0.78014  0.33863 0.2

O 0O O 0O 0O 0O 0o 0o o|o|o

Phu luc 8. S6 liéu giai phong tich Iy in vitro cua diosmin tir hé nano so véi mau

d6i chizng Daflon va hdn hop tron vat ly véi pH 7.4.



Data File D:“\DATAMWKHOANDIOSMIN 100PEM.D
Sample Name: dicsmin 100ppm

DADT E. 5ig=345,16 Rel=oll (DADATAKHOANDIOSMIN 100PPR.D)
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Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1. 0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=240,18 Refeoff

Peak RetTime Type Width Area Height Area

i [min] [min] [mAl*=] [maAU] %
] R e e R | -=-mmmm-- |-=-=m--- |
1 0.372 VWV 0.0641 5.71019 1.14685 0.1312
2  0.887 W 0.0784 8.11812 1.34457 0.1865
3 1.327 W 0.0773 5.99772 1.00984 0.1378
4 1.545 BV 0. 0658 5.21449 1.27187 0.1198
5 2.100 BB 0. 1204 12. 56189 1.45966  0.2886
6 2.306 BV 0.0859 7.48708 1.06613 0.1720
7 2.437 VB 0.0474 5.03149 1.41747 0.1156
8 2.520 BV 0. 0664 15.94032 3.68B29  0.3662
9 2.586 VvV 0.0501 24 98821 6.61723 0.5741
10 Z2.958 VB 0.2665 1398.87402 64.683731 32.1405
11 3.768 BV 0.1819 482 59464 31.65123 11.0881
12 4.011 Vv 0.1237 555 48364 67.74150 12.7628
13 4.199 VvV 0.0674 42.97413 9.05627 0.9874
14 4.278 VB 0.0831 39.74002 6.17731 0.9131
15 4.578 BV 0.1142 21.66778 2.29291 0.4978
16  4.918 Vv 0.1469 946.28540 96.07706 21.7419
17 5.26B8 VvV 0.0531 6.20358 1.78600  0.1446
18 5.415 BV 0.0535 5.36938 1.51018 0.1234
19 5.887 VB 0.0732 6.49943 1.12835 0.1493

Phu luc 9. Dit liéu xay dung duong chuan va két qua dinh luong diosmin.



Data File D:“DATAMNKHOAMDIOSMIN SOFFM. D
Sample Name: diosmin S50ppm

DAD1 E. Sig=345,16 Rel=oll (DADATAKHOA\DIOSMIN 50PPM.D)
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Area Percent Report
Sorted By : Signal
Multiplier: : 10000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, 5ig=240,16 Ref=off
Peak RetTime Type Width Area Height Area
i# [min] [min] [mAU*s] [maU] %
e D | ==mm [ =mmmmme O | =mmmmmme R |
1 0.713 VB 0.0704 5.05158 1.00868  0.1403
2 2.411 BY 0.0710 20.09196 4.11031 0.5582
3 2.4T4 W 0.0623  31.02651 7.189015 0.8619
4 2.577 W 0.0911 92 65482 12.70693 2.5740
5 2.979 VB 0.2064 1557.17639  60.23250 43.2584
5 3.786 BV 0.1609 405.54041 31.77377 11.28659
T  3.856 W 0.0586 104.70956 26.20208 2.0088
8 4.014 WV 0.1308 683.89319 7O.17464 18.09986
9  4.248 W 0.05389  41.86506 940561 1.1630
10 4.323 W 0.0591 27 .38409 B.25444 0.7610
11 4.407 VB 0.0678 12.77770 2.BTB16 0.3550
12 4.839 WV 0.0815 8.43996 1.27000 0.2345
13 4.962 W 0.1392 603.56134 64 . 45632 167669
14  5.310 W 0.0747 5.52988 1.09908 0.1536
Totals 3509.71245 316, 76266

Cdmnal 2. NANT R CdmaPRA 18 Raofonff

Phu luc 10. Dit liéu xay dung dudng chuan va két qua dinh luong diosmin.



Data File C:“CHEM32“\1\DATA\KHOA\DIOSMIN SOFFM.D
Sample Name: diosmin S50ppm

DAD1 E, Sig=345,16 Ref=oll ([CACHEM3ZVDATAKHOADIOSMIN 50FPM.D)

mAll 1 =
! S
| f
80| [l
60~
40
1 2 — o —
3 4 55 g | 7
o | == — —’ e m-:\_.._._-?-df Sy e —. _.___..i'-:.
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Area Percent Report
Sarted By . Signal
Multiplier: : 1. 0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=240,18 Ref=off
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [maU] %
e e |--m-mmme- R o |
1 0.745 BV 0.3693 129 92682 4.17192  3.9056
2 0.810 W 0.0548 15.94380 3.97323  0.4793
3 0.884 W 0.0602 13.65416 3.30320 0.4104
4 1.003 VB 0.1078 13.82079 1.58384 0.4155
5 1.263 W 0.0629 5.54616 1.27028  0.1667
6 2.983 BB 0.2451 1306.23816 69.56721 39 2654
T 3.706 BV 0.1456 274.10791 27.19857  B8.2397
8 3.795 W 0.0970 201.34641 2830861 6.0525
9 4.002 VW 0.1418 825.23907 91.01305 24.8066
10 4.158 Vv 0.0483 50.31553 14 . 56869 1.5125
11 4.311 VB 0.1673 93.72317 677743 2.B173
12 4.656 VB 0.0766 6. 18037 1.11543  0.1858
13 4.947 VW 0.1271  358.33560 42.20311 10.7715
14 5.666 VvV 0. 0657 5.73926 1.12139 0.1725
15 6.031 VB 00618 5.17827 1.04487 0.1557
16  6.863 VV 0.0615 5.43061 1.27939 0.1632
17 6.933 VWV 0.1084 15.96533 1.81934 0.4799
Totals : 3326.69141 300.31954

Phu luc 11. Dit liéu xay dung duong chuan va két qua dinh luong diosmin.



Data File C:“\CHEM3Z2\1'\DATANKHOANDIOSMIN SOFPM.D
Sample Name: diosmin 50ppm

DAD1 E. Sig=345,16 Ref=oll [CACHEM32\1DATAKHOADIOSMIN 50FPM.D)
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0 2 3 4 5 6 7
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sipg=240, 16 Refeoff
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [mAl] %
] B | ===~ ]-==-=-- R | ===mmmmo- | -~=mm-- |
1 0.745 BY 0.3693  129.92682 4.17192  3.9056
2  0.810 Vv 0.0548  15.94380 3.97323 0.4793
3 0.8B4 VW 0.06802  13.65416 3.30320  0.4104
4 1.003 VB 0.1078  13.82079 1.58384 0.4155
5 1.263 VW 0.0629 5.54616 1.27028  0.1667
6 2.983 BB 0.2451 1306.23816 69.56721 39.2654
7 3.706 BV 0.1456 274.10791 27.19857  B.2307
8 3.795 VW 0.0970 201.34641 2830861 6.0525
9 4.002 VV 0.1418 825.23907 91.01305 24.8066
10 4,158 W 0.0483 50.31553 14 . 56869 1.5125
11 4.311 VB 0.1673 93.72317 677743 2.8B173
12 4.656 VB 0.0766 6.18037 1.11543 0.1858
13 4.947 W 0.1271 358.33560 42 20311 10.7715
14 5.666 Vv 0.0657 5.73926 1.12139 0.1725
15 6.031 VB 0.0618 5.17827 1.04487 0.1557
16  6.863 VWV 0.0615 5.43061 1.27839 0.1632
17 6.933 Vv 0. 1084 15.96533 1.81934 0.4799
Totals 3326.69141  300.31954

Phu luc 12. Dit liéu xay dung duong chuan va két qua dinh Iuong diosmin.



Data File D:\DATANKHOAMDIOSMIN 12.D
Sample Name: diosmin 12 Sppm

DAD1 E, S5ig=345.16 Ref=off (KHOADIOSMIN 12.0)
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Area Percent Report
Sorted By : Sipnal
Multiplier: : 10000
Dilution: : 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADI A, S5ig=240, 16 Ref=off
Peak RetTime Type Width Area Height Area
ft [ mir ] [min] | mAlU*s ] [ maAll] %
e || [ — | |
1 0_486 BB 0.0814 7.35525 1.23630 0.2279
2 0.768 BV 0.0570 5.T20867 1. 48347 0.1772
3 0.905 VW 0.0648 5.39739 1.10810  0.1672
4 1.725 WV 0.0647 5.0B8738 1.37300 0O.1849
5 1.851 WV 0.0545 5.51168 1. 38214 0.1708
51 1.976 VB 0. 0660 6.93299 1 34887 0.2148
7 2.552 BV 0.0492 0.69733 3. 21838 0. 3005
a2 2_689 VW 0.0745 25 58750 15 .96559 2.6512
9 2_986 VB 0.2526 1491 .30648 T4 16891 46.2083
10 3.779 BV 0. 1670 484 75330 37 94776 15.0192
11 3_BET VW 0.0505 20.78356 24 50106 2.5029
12 4008 v 0.1228 742 979086 a1 40165 23 .0199
13 4 221 W 0.0584 41. 97079 9 71087 1.3004
14 4_336 VB 0. 1094 27 14121 3. 25221 0. 8409
15 4.935 VB 0.1346 1832.782862 21.16229 5.8801
18 6.318 BY 0.1102 11.98344 1 66078 0.3713
17 6_634 VWV 0.0603 5.B77E9 1. 37087 0.1759
18 6_833 BV 0. 0906 10. 64489 1 .5BO7E 0.3298
19 6.982 VW 0.0715 2.20023 1.52305 0.2569

Totals : 3227 .55345 295 39610

Phu luc 13. Dt liéu x@y dung duong chu

I3
A

a

n va két qua dinh luong diosmin.

7725

mir
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Data File D:\DATANKHOANDIOSMIN 6.D
Sample Name: dicsmin 6. 25ppm

DADI E. 5ig=345,16 Rel=oll (KHOADIOSMIN 6.0)

mAL— E
] "
20 Iy
154
10
i &
5] @ 3 &+ -
4 o~ [ i~ 1
1 - W \
T e T e e z-._,\_.\..._,/ _\\_'w‘_\,.___f»—"'1“'-‘.J E;_/?"- i e i i
T
V] 1 2 3 4 5 6 7
Area Percent Report
Sarted By : Signal
Multiplier: : 1.0000
Dilution: : 1. 0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=240.16 Refeoff

Peak RetTime Type Width Area Height Area
i [min] [min] [mall*=] [mAU] %

e I | ==mm | mmmmmme | ==mmmmmmem o R !
1 0.756 VB 0.0702 6.84788 1.37286  0.2378
2 (0.938 BB 0.0782 8.36255 1.62121 0.2904
3 1.113 BB 0.0804 11.08719 1.56079  0.3850
4 1.748 BV 0.0738 5.82849 1.06512  0.2024
5 2.410 VB 0.06a7 9.69960 1.95056  0.3368
6 2.595 BV 0.0707 44 .74191 8. BaTH4 1.5535
7 2.654 VWV 0.0465 41.53275 13.28141 1.4421
8 2.948 VB 0.2925 1542 80762 69.09133 53.5601
9 3.7685 BY 0.1724 426.86737 35.46462 14.8216
10 3.857 WV 0.0570 92.79575 23.01690 3.2220
11 4 011 W 0. 1098 567 . 57367 BZ 08754 19.707Z2
12 4.146 VB 0.0541 20.23135 5.35594 0.7025
13 4.945 BY 0.1260 D6.62615 10.84171 3.3550
14 5.195 VB 0. 0627 5.03118 1. 15660 0.1747

Totals : 2880.03346 257.68215

Phu luc 14. Dit liéu xay dung dudng chuan va két qua dinh luong diosmin.
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Data File D:“DATANKHOAMDIOSMIN 3.D
Sample Name: diosmin 3.125ppm

DADT E, 5ig=345,16 Ref=off [KHOADIOSMIN 3.0)

" =8
] @ =]
* aa1
] 1
0 il
4] 1 2 3 Ll ] -] 7
Area Percent Report
Sorted By : Sipnal
Multiplier: . 10000
Dilution: . 10000
Use Multiplier & Dilution Factor with ISTDs
Sipgnal 1: DADI A, S5ig=240, 16 Ref=off
Peak RetTime Type Width Area Height Area
W [mir] [mir] [mAU*s] [ mALT] %
P === | === [ — R |
1 0.670 WV 0.0778 7.91056 1.32182 0. 2230
2 2.382 BV 0.0876 2832547 4.49141 0. 7984
3 2. 488 vV 0.0705 4664722 9.98552 1.3148
4 2.625 VV 0.0979 139.02991 17.64430 3.9187
5 2.960 VB 0.3020 1633 .65503 T1.662B6 46.0458
G 3.773 BV 0.1603 525.32574 41.8B8B69 14 BOGT
7 3.862 WV 0.0603 128.82521 31.09868 3. 6310
2 4 013 vV 0.1165 709 17383 93 53362 19 9886
o9 4 161 WV 0.0627 20 825633 17 .BBT7T 2.2790
10 4 245 VWV 0.0829 A0 564935 13 .62698 2 5268
11 4,383 vV 0.0919 50. 43757 7.36647 1.42186
12 4 480 VB 0. 0685 13 34849 2 _BEETO 0.3762
13 4 583 BV 0.0508 5.21854 1.22211 0. 1471
14 4929 BV 0.1249 52 48412 5.52247 1.4793
15 5.973 BV 0.0594 5. 80216 1.26869 0. 1635
16 G.080 VvV 0.0668 3.80345 1.16954 0. 1661
17 G.901 vV 0.0588 6. 60452 1.51708 0. 1862
18 G988 VV 0.0575 5.79839 1.42542 0. 1634
19 T.087 VB 0.0605 5.99672 1.44238 0. 1690
20 7.652 BV 0.0688 6.91225 1.32604 0. 1948
Totals : 3547 88288 325 25862

Phu luc 15. Dit liéu xay dung dudng chuan va két qua dinh luong diosmin.
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Data File D:“DATAMKHOAMNHES 100FFM.D
Sample Name: HES 100FPFM

Acqg. Operator . KHOA

Acqg. Instrument : HPLC 1200 Location : Vial 1
Injection Date : 28/2/2025 2:15:01 PM

Acq. Method o CoNCHEM3Z2M INDATANDSN_S0PPM . DMHESPERIDIN_DIOSMIN . M
Last changed o 287272025 2:05:38 PM by KHOA

(modified after loading)
Analysis Method : C:“\CHEM32%\1\DATAMDSN_SOPPM.DWHESPERIDIN_DIOSMIN.M
Last changed © 167972024 9:29:18 AM by THU
DAD1 D, Sig=285,16 Ref=off (DADATAKHOAHES 100PPM.D)
maAU i
300

—~—=5:206

250+

-,

50

Area Percent Report

Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=285,16 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=s] [mAU] %

Phu luc 16. Dit liéu xay dyng dudng chuan va két qua dinh luong hesperidin.
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Data File D:“DATAMNKHOANHES SOPPM.D
Sample Name: HES S0FPPM

Acg. Operator : KHDA

Acg. Instrument @ HPLC 1200 Location @ Wial 1
Injection Date : 2ZB/2/2025 2:57:41 FM

Acg. Method : CoNCHEMZ3Z2M 1ADATANDSN_SOPPM . DVBENZIMIDAZOLE . M

Last changed © EBsS2/2025 2:59:19 FM by KHOA

(modified after loading)
Analysis Method : C:WCHEM32M 1NDATAMNDSN_S0PPM . DNHESPERIDIN_DIOSMIN. M
Last changed © EB/S2/2025 2:45:48 PM by KHOA
(modified after loading)
DAD1 D, Sig=285,16 Ref=off [DADATAKHOAHES 50PPM.D)

mAL - i
! A
1204 "
1004
80
] 2
&0 a
40| N o
] 2 N8R o
24 Spaak 5
0 S t
] f )
0 1 2 3 5 & 7 8 9
DADT E, Sig=345.16 Ref=off (DADATAMHOAHES S0PPM.OY
mAU P
30 b
20 %
] ]
] { -
10 Noog¥: =g
o (| 71
-0
)
-0 - = .
V] 1 2 3 4 5 & 7 ] ]
Area Percent Report
Sorted By : Sipgnal
Multiplier: : 1.0000
Dilution: : 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADI D, Sig=285,16 Ref=ofT
Peak REetTime Type Width Area Height Area
i [min] [min] | mAl*s ] [ mALl] %

e R e | =mmmmmme e |——mm - |--mmo- |
1  2.960 BV  0.2273 639.61133  39.42300 15.1772
2 3278 VB  0.1104 10.36439 1.36780 0.2458
3 3.482 BB  0.0700 4_BETOT 1.18268 ©0.1155

Phu luc 17. Di liéu xay dung dudng chuan va két qua dinh lwong hesperidin.
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Data File D:“\DATAMKHOAMHES 25FFM.D
Sample Name: HES 25PPM

Acg. Operator 1 KHODA

Acg. Instrument : HPLC 1200 Location @ Vial 1
Injection Date : 28/2/72025 3:09:31 PM

Acq. Method o C:NCHEM32%1%DATAMNDSN_SOPPM . DAVHESFERIDIN_DIOSMIN.M
Last changed T 28/2/2025 3:07:43 PM by KHOA

(modified after loading)
Analysis Method : C:WCHEM32M1NDATANDSN_SOPPM . DNHESPERIDIN_DIOSMIN.M
Last changed T 2B/2/2025 2:49:48 PM by KHOA
(modified after loading)
DAD1 D, Sig=285,16 Ral=alf {DDATAKHOAMHES 25PPM.D)

maAl =
60—
40
3
20 Py
8
g 327 :
bl o -
i v It
0 - [
-20
1] 1 2 k| 4 5 ]
Area Percent Report
Sorted By : Signal
Multiplier: : 1. 0000
Dilution: : 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 D, Sig=285,18 Refeoff
Peak RerTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

Phu luc 18. Di liéu xay dung dudng chuan va két qua dinh lwong hesperidin.
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Data File D:\DATAMKHOAMNHES 12.D
Sample Name: HES 12.5PPM

Acq. Operator © KHOA

Acg. Instrument : HPLC 1200 Location @ Vial 1
Injection Date . 28/2/2025 3:20:38 PM

Acqg. Method o C:NCHEM3ZM1MDATANDSN_S0PPM. D\HESPERIDIN_DIOSMIN. M
Last changed o 28/2/2025 3:19:33 PM by KHOA

(modified after loading)
Analysis Method @ C:\CHEM32M1WDATANDSMN_SOPPM. DNVHESPERIDIN_DIOSMIN. M
Last changed o 28/2/2025 2:49:48 PM by KHODA
(modified after loading)
DAD1 D, Sig=285,16 Rel=off (D:ADATAWHOAHES 12.D)
mAU |
30

5:234

204

2841
3.894

3.286
3.492
3641
3765
4.738
5947

-30— |

Area Percent Report

Sarted By : Signal

Multiplier: : 1.0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, 5ig=285,16 Ref=off
Feak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mAU] %

S P — — [ |
Phu luc 19. Dit liéu xay dyng duong chuan va két qua dinh luong hesperidin.
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Data File D:“\DATANKHOANHES 6.D
Sample Name: HES &.25PPM

. KHOA

. HPLC 1200 Location @ Wial 1
. 28272025 3:33:39 PM

o CoNCHEM32M 1WDATANDSN_S0PPM . DMNHESPERIDIN_DIOSMIN .M
© 28/2/2025 3:30:39 PM by KHOA

Acr . Operator
Acg. Instrument
Injection Date
Acg. Method
Last changed

Analysis Method
Last changed

(modified after loading)

o CoMCHEM32% 1NDATANDEN_SOPPM . DVHESPERIDIN_DIOSMIN. M
© EB/2/2025 Z2:45:48 PM by KHOA

(modified after loading)

DADT D, Sig=285,16 Ref=off (D\DATAKHOAHES 6.D)

mAl | b4
| o
: W
10 .
o
| s G E
] 5 = ]
| i { |
a7
-5
10|
15
.20
75|
=30 ]
C.I 1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier: : 10000
Dilution: 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 D, Sig=285,16 Ref=off
Peak RetTime Type Width Area Height Area
i |min] [min] |mAl*s | [mAL] %
~mmm e |- ==mmmm- | -mmmmmem — | -=-mm-- |
1 3.012 BV 0. 1896 41.28335 3.05596 1.9662
2 3.281 VB 0.1378 13 21123 1.61754 0.B578
a 3.485 BB 0.0788 7.30526 1.64054 0.3521

Phu luc 20. Dix liéu xay dung duong chuan va két qua dinh luong hesperidin.

min
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Data File D:\DATAMWKHOAMWHES 3.D
Sample Name: HES 3. 125PPM

Acg. Operator : KHOA

Acg. Instrument : HPLC 1200 Location : Vial 1
Injection Date : 28/2/2025 3:45:21 P

Acg. Method : CoNCHEM32M 1SDATANDSN_SOPPM . DMVHESPERIDIN_DIOSMIN .M
Last changed : 287272025 3:43:41 PM by KHOA

(modified after loading)
Analysis Method @ C:\CHEM32%15\DATAMDSN_SOPPM . DVHESPERIDIN_DIOSMIN M
Last changed D 2B/2/2020 2:45: 48 PM by KHOA
(modified after loading)
DADT D, Sig=285,16 Ref=off (D:\DATAWHOAHES 3.0D)

w
1m4
3293
3482
3.665
3.924
5:230

5]

5

Sorted By : Signal

Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=285,6 16 Ref=off

Peak RetTime Tyvpe Width Area Height Area
it [mir] [min] | mAL*s | [ mALT | %
e === | === [— [e—— |- |
1 3.014 BV 0.2255 145.75118 8.97451 10.1050
2 3,293 VWV 0.2206 244 37378 15.896250 16.9425
3 3.492 VW 0.1206 165.21957 20.36678 11.4547

Phu luc 21. Di liéu xay dung dudng chuan va két qua dinh lwong hesperidin.

mir
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Data File D:-“DATAMKHOAMLECITHIN 10.D
Sample Name: LECITHIN 10

Arry. Operator : KHOA

Ao, Instrument @ HPLC 1200 Location : Vial 1
Injection Date @ 25/11/2025 11:58:11 AM

Acg. Method : DNDIOS_EHOA LM

Last changed 1 2571172025 11:40:44 AM by THU

(modified after loading)
Analysis Method @ D:ADIOS_KHOA M
Last changed © 2571172025 12:12:14 PM by KHOA
(modified after loading)
DADT A, Sig=285.4 Ref=off (DADATAKHOALECITHIN 10.0)

] N o I o -, w
MUOEERE B RREae, 5
0 SSeSERS, mo ol R S A -
] Freys Tlednd S a
-H - NN B P e w
! y e i - o S 3
-304 e S w"iu‘-ﬂ w3
e R Ve e
-0 ! o i wa o=} .
50 e = o SE% %m
o0 = T e %@ﬁﬁﬁ
| T TR B9 e
70 T g T mE o
| e, F oy
80 s Ty
[i] 2 4 B a8 mir
DAD1 B, Sig=345.4 Ref=off (DADATAKHOALECITHIN 10.0)
mAL | 2
! &
120 il
100
80 §
80 w
e
20 E § g o] @ o o = =
= == =g . 3 2 oo -
a —_— A= =i W g% E §E Ak = § E §
20 (- Lt . e
0 2 ! & a min|
Area Percent Report
Sorted By : Signal
Multiplier: : 10000
Dilution: : 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADI A, Sig=285,4 Ref=off
Peak RetTime Type Width Area Height Area
i |mir ] [mir] | mAll*s | | mAL %

e e R - |--=m--- |
1 0.112 WV 0.0411 5. 28086 2. 12000 0. 42159
2 0.250 BV 0.0535 10. 22607 2. 62304 0.B170
3 0.357 WV 0.0820 16 44310 2.46014 1.3136

Phu luc 22. Sic ky d6 HPLC khao st anh huong cua lecithin dén cong thire hat

nano.
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Data File D:\DATAMKHOASLECITHIN 20.D
Sample Name: LECITHIN 20

Acq. Operator . KHOA

Acq. Instrument @ HPLC 1200 Location : Vial 1
Injection Date @ 25/11/2025 12:22:43 PM

Acq. Method o D:ADIOS_KHOA M

Last changed © 2541172025 12:12:14 PM by KHOA

(modified after loading)
Analysis Method : D:A\DIOS_KHOA M
Last changed © 2571172025 12:35:45 PM by KHOA
(modified after loading)
DAD1 A, 5ig=285,4 Ref=alf (DADATA\KHOAWECITHIN 20.0)

.

1o g
il
A e, ':'

| = @ s
150 - - e %E | e
| - 70 & -
185 by B e o %g ﬁEﬁ e L
60 HlEng s ) himis o
Pl litfets § R Bmen
am- i e ”,"’:‘E% & 8 =
75 TR e a
| I - L
180 et
o] 1 2 ] 4 5 [ 7 ] ]
DAD1 B, Sig=345,4 Rel=off (DADATAKHOALLECITHIN 20.0)
mAL | [~
] @
] =+
40—
20
0o %
20 |
-40-
] § % g E ] E g 3 ~
0 z N AT R N OR Z
-80 i
0 1 2 3 4 5 [ 7 ] ]
Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor wich ISTDs
Signal 1: DAD1 A, Sig=285.4 Refeoff
Peak RetTime Type Width Area Height Area
i [min] [min] [mal*s] [mAU] %

Phu luc 23. Sic ky dd HPLC khao séat anh hudng cuaa lecithin dén cong thire hat

nano.

~ 8835

21

i | oas0
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Data File D:\DATANKHOANLECITHIN 30.D
Sample Name: LECITHIN 30

Acq. Operator o KHOA

Acqg. Instrument @ HPLC 1200 Location @ Vial 1
Injection Date : 25/11/2025 12:38:58 PM

Acq. Method © D:ADIOS_KHOA M

Last changed C 2571152025 12:35:45 PM by KHOA

(modified after loading)
Analysis Metchod @ D:A\DIOS_KHOA .M
Last changed © 127972025 2:48:33 PM by TRUC
[ DADA A, Sig=2854 Raf=all (DADATAKHOAWECITHIN 20.0)

mAll ] )
| 2
| E o
-180 ] gc\i
| 0 2
85 2 2 e ri
., o BNERE B L2 L
-180 A b, T 4 pnr~ wn @ Yy
] HL 1A P i S o == 2
-195 11 Pt (| F f ma = = _
00 Ty o, Wl ! _FD.  —hd ﬁg %
e e B 8
-205 g ""'l..r;g“.d; E
i 2 4 6 g iy
DAD1 B, Sig=345.4 Ref=all (DADATAWHOAWECITHIN 30.0)
mAll ] o
20 3
o
] 2
-20 2
-40 -
&0 -
| B B 3 = - N 3 &
&0 . e == S wis & il & @
1]} 2 4 L] 8 iy
Area Percent Report
Sarted By : Signal
Multiplier: : 1. 0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADI A, Sig=285.4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [maAl*s] [maU] %
e [ P | =mmmm e |--mmm e |- |
1 MEAO UD [aBNal=1-R1 U | EgATa 1 "AEoaE 1 ERLaTa!

Phu luc 24. Sic ky dd HPLC khao séat anh hudng cuaa lecithin dén cong thire hat

nano.



21

Data File D:\DATANKHOANMAU 1-64.D
Sample Name: mau 1-64

Acq. Operator KHOA
Acq. Instrument @ HPLC 1200 Location @ Vial 1
Injection Date : 9/1/2026 2:37:59 PM
Acq. Method D:\DIOS_KHOA M
Last changed 1 B/1/2026 2:37:10 PM by KHOA
(modified after loading)
Analysis Method : D:A\DIOS_KHOA M
Last changed 12/9/2025 2:48:33 PM by TRUC
[ DAD1 A, Sig=285,4 Rel=alf (D:\DATAKHOAMAL 1-64.0)
MUIE F OBR S o, o 4
53 Bonlroed g =% Ly o 5B i
] 2y L, T2 - o o v ,..EI\N
10+ 2 2 EERT W
ETE| ey SN N i - o
: Ly - -2 2=
204 L w
25 f [ 988 § &
i T TE g Ly
35 8 G
0y O '
o 1 2 k| 4
DAD1 B, Sig=345,4 Rel=aff (D/\DATAKHOAMAL 1-64.0)
mAL 2
! ]
100 b
B0
! ~im
&0 53
40| ety
o % 2 @ = o
0 = . < 3 B8
203 ) T ¥ -- e
1] 1 2 k| 4
Area Percent Report
Sarted By Signal
Multiplier: : 1.0000
Dilution: 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=285 4 Refeoff
Feak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mAL] %
A e |===-|-===-=- e | -=mmmme |--=mm - |
1 M 74 RAR M ARRE B 1RRTR 1T ET73IRA M ARA2

Phu luc 25. Dit liéu xay dung dudng chuan va két qua dinh lwong diosmin va

hesperidin.

5853

I3 1<
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Data File D:“\DATAMKHOANMAU 1-65.D
Sample Name: mau 1-65

Acg. Operator 1 KHODA

Acg. Instrument : HPLC 1200 Location @ Vial 1
Injection Date @ 9/1/2026 2:48:08 PM

Acq. Method : D:ADIOS_KHOA M

Last changed : B/1/2026 2:47:02 PM by KHOA

(modified after loading)
Analysis Method : D:\DIOS_KHOA M
Last changed t 127972025 2:48:33 PM by TRUC
[ DAD1 A, Sig=285.4 Rel=off (DADATAKHOAMAL 1-65.0)

4 z
{ -
L %m =l “ﬂE
| KPR g2EEn. 2l
o So3d FEEgy g B3t g ;Y
I e S T e ~ (== =] o
{ |l T ' - _ g . 1 == i = l"-'l'\g
10 PO & ggaE83:E 5
] L™y mlﬁ- mlﬂll ‘rENg=E m i
-20 — LT[l T g =
M A | i ]
{ T b
-30 . . . . . . . . . . . . . . . .
[i] 1 2 3 4 5
DAD1 B, 5ig=345 4 Rel=aff (DADATAKHOAMAL 1-65.0)
AL - ]
! &
140 - b
120
100 -
80 =
=]
&0 [
40
] = ] o oo 1]
- 2 & - oMW g gm
= @ = o 2B i =]
R g FFE 3 583 M3
e . . .
[4] 1 2 3 4 5
Area Percent Report
Sorted By : Signal
Multiplier: : 1. 0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=285,4 Refeoff
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
e e o | = mmmmmma | =mmmmmmee | -=mmmmmm |
1 0.207 BY 0.0457 5. 25086 1.81539 0.4236

Phu luc 26. Di liéu xay dung dudng chuan va két qua dinh lwong diosmin va

hesperidin.

5854

A
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Data File D:\DATAMKHOASMAU 1-66.D
Sample Name: mau 1-66

Acq. Operator o KHOA

Acq. Instrument @ HPLC 1200 Location : Vial 1
Injection Date : 9/1/2026 2:17:46 PM

Acq. Method o D:ADIOS_KHOA M

Last changed ©B/1/2026 2:16:40 PM by KHOA

(modified after loading)
Analysis Method : D:A\DIOS_KHOA .M
Last changed © 127972025 2:48:33 PM by TRUC
[ DAD1 A, Sig=285,4 Rel=off (IMDATAKHOAMAL 1-66.0)
mAl ]

4.941

35
30
25
20

£

8488

~ 5459
5631
5772

04872
1.078

A%
519
3
4182
4323
4547

L

1]
0z
3fi

~- 0.550

© 0871

1.175
Lk

1488
1.628
1.725

™

| 8
EhE =
1

i} 1 2 3 4 5
DADT B, Sig=345,4 Rel=aff {DMDATAKHOAMAL 1-66.0)
mAl |
140 -

4.934

120 -
100
B0

2.970

60|
40
20

D117
1.429
383

4082
4.593

5.244

(=]
y
f
[§
y

Area Percent Report

Sorted By : Signal

Multiplier: : 1. 0000
Dilution: : 1. 0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Si1g=285 4 Refeoff

Peak RetTime Type Width Area Height Area
i [min] [min] [maAl*s] [mAU] %

S p—— [ E—— [Ee— [— [Ee— |
1 0.053 BY 0.0430 6. 46150 2.42924 0.5362
Phu luc 27. Dit liéu xay dyung dudng chuan va két qua dinh luong diosmin va

hesperidin.
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Data File D:\DATANKHOAMWMAL 1-TEST 9.D
Sample Name: mau l-test 9

Acq. Operator o KHOA

Acq. Instrument : HPLC 1200 Location @ Vial 1
Injection Date : 9/1/2026 2:07:38 PM

Acq. Method o D:NDIOS_KHOA M

Last changed © B/1/2026 2:07:09 PM by KHOA

(modified after loading)
Analysis Method : D:\DIOS_KHOA .M
Last changed © 127972025 2:48:33 PM by TRUC
[ DAD1 A, Sig=285.4 Rel=dlf (D:DATAKHOAIMAU 1-TEST 9.0)

mAll g
50 i
40
| B
1 =
30 o
| -
- - ae R = 29 N3 2 gi o
sgszpge B OERE 2 I3 5 8 GE3E28R 8 = 22
] =] =1 L - it ™M q "
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Area Percent Report
Saorted By . Signal
Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig-285.4 Refeoff
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [maAU] %

1 0.108 BV 0.0420 12 25329 3.87218 0.8440
Phu luc 28. Dit liéu xay dyung dudng chuan va két qua dinh luong diosmin va

hesperidin.

;5.815
- 5822
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HORIBA SZ-100 HORIBA SZ-100 for Windows [Z Type] Ver2. 50

cveuuw v v i w.NSZ

Measurement Results

Date : Tuesday, March 10, 2026 5:10:28 PM
Measurement Type : Particle Size
Sample Name : D-H@PLGA-HPCD-LC/@CS (3)
Material : Organic: D-H@PLGA-HPCD-LC@CS
Source : Ms. Heang Thi Kim Dung
Lot Number : 10.03.2026
Test or Assay Number : 03
Sample Preparation : None
Dispersion Medium Information : H20
Dispersion Procedure : None
Dispersion Procedure Verification : Transparent
Remarks 1 : Nogdy gui mau: 09/03/2026
Remarks 2 : Storage: 250C
Remarks 3 t NSX:
Scattering Angle : a0
Temperature of the Holder ;261 °C
Particle Refractive Index : 1.600 - 0.000i
Dispersion Medium Mame 1 Water
Dispersion Medium RI : 1.333
Dispersion Medium Viscosity : 0.833 mPa-s
Transmission Intensity before Meas. : 20655
Transmission Intensity after Meas. 1 20742
Measurement Gate Time HE
Distribution Form : Standard
Distribution Form(Dispersity) : Polydisperse
Representation of Result : Scattering Light Intensity
Count Rate : 1236 kCPS
ACF Intercept : 0.986
Calculation Results
Peak No. | S.PAreaRatio| Mean | S.D. | Mode
1 0.18 145.7 nm 26.9 nm 142.0 nm
2 0.82 466.7T nm 165.3 nm 482.5 nm
3 - == nm == nm == nm
Total 1.00 409.3 nm 194.1 nm 482.5 nm
Cumulant Operations
Z-Average : 533.5 nm
Pl : 0.366

™
prpe
8283

Frequency (%)
|
8
Undersize (%)

1 L B i B At S B I ) i B R B B | | L] LI A R

1 1 10 100 1000 10000

10-
8]
.
& B
2
o]
0.

HORIBA

Diameter {nm)

Phu luc 29. Size cia mau nano D-H@PHLC.
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2026.03.13 20:09:52

HORIBA SZ-100 for Windows [Z Type] Ver2. 50

Measurement Results

202603101716018.nzt

Measurement Results
D%

Date

Measurement Type

Sample Name

Material

Source

Lot Number

Test or Assay Number
Sample Preparation
Dispersion Medium Infermation
Dispersion Procedure
Dispersion Procedure Verification
Remarks 1

Remarks 2

Remarks 3

Temperature of the Holder
Dispersion Medium Mame
Dispersion Medium RI
Dispersion Medium Viscosity
Conductivity

Electrode Voltage
Calculation Results
Peak No. | Zeta Potential
1 75.2 mV
2 == my == emdiVs
3 == my == cmidiVs

Zeta Potential (Mean)
Electrophoretic Mobility Mean

: 202603101716018

. Tuesday, March 10, 2026 5:16:00 PM
. Zeta Potential

: D-H@PLGA-HPCD-LC@CS (3)
¢ Organic: D-H@PLGA-HPCD-LC@CS
: Ms. Hoang Thi Kim Dung

: 10.03.2026

;03

. None

: H2D

: None

: Translucent sample

: MFD: 09/03/2026

. Storage: 250C

: Batch:

: 25.0°C

. Water

: 1.333

: 0.895 mPa's

¢ 0.240 mSiem

34V

Electrophoretic Mobility |
0.000583 cm2iVs

: 75.2 mV
: 0.000583 cmi/Vs

Intensity (a.u.)
=
th

0.0+ RN R R e R e RN R R R N RN R R R R N AR AR N R R RN

-400 -300 -200

-100 0 100 200 300 400 500
Zeta Potential (mV)

[glelsil=T_¥

Phu luc 30. Zeta cia mau nano D-H@PHLC.
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HORIBA SZ-100 HORIBA 5Z-100 for Windows [Z Type] VerZ.50

WP WP W Iﬂ-nsz

Measurement Results

Date 1 Tuesday, March 10, 2026 4:53:47 PM
Measurement Type : Particle Size
Sample Mame : D-HEPLGA-HPCD-LC@CS (2)
Material : Organic: D-H@PLGA-HPCD-LC@CS
Source 1 Ms. Hoang Thi Kim Dung
Lot Humber : 10.03.2026
Test or Assay Number : 03
Sample Preparation : None
Dispersion Medium Information 1 H2O
Dispersion Procedure : Mone
Dispersion Procedure Verification : Transparent
Remarks 1 1 Ngay gui mau: 09/032026
Remarks: 2 : Storage: 250C
Remarks 3 1 NSX:
Scattering Anale H )
Temperature of the Holder : 250 °C
Particle Refractive Index : 1600 - 0.0008
Dispersion Medium Name 1 Water
Dispersion Medium Rl 1333
Dispersion Medium Viscosity 1 0.894 mPa-s
Transmission Intensity before Meas. : 16961
Transmission Intensity after Meas. : 16790
Measurement Gate Time I
Distribution Form . Standard
Distribution FormiDispersity) : Polydisperse
Representation of Result : Scattering Light Intensity
Count Rate 1 2234 KCPS
ACF Intercept : 0.986
Calculation Results
Peak Mo. | SPAreaRatio | Meam | S.0. | Mode
1 1.00 | 5448nm | 2119nm | 4295 nm
2 - === nim === Mim == mm
3 - -— nm -— nm — nm
Total 1.00 544.8 nm 211.9 nm 429.5 nm
Cumulant Operations
Z-Averane 1 B36.2 nm
2] : 0.624
100
4 ~90
. 12 1 —a0
£ 104 78 &
) - / 60 =
s ] ! o500 a
g 6 I w40 3
1 =
T 4 i 30 =
1 =20
2] 10
ﬂ— 1 rr r"|'||'|""'|"'|'r'|'||'|11""'r"1"r'||r'|1|""r L (} 1 1 e
0.1 1 10 100 1000 10000

Diameter {nm)

Expiarm 1 futung

Phu luc 31. Size ctia mau nano D-H@PHLC.
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HORIBA SZ-100 for Windows [Z Typel Ver2. 50

Measurement Results

202603101702014.nzt

Measurement Results
1D#

Date

Measurement Type

Sample Name

Material

Source

Lot Number

Test or Assay Number
Sample Preparation
Dispersion Medium Information
Dispersion Procedure
Dispersion Procedure Verification
Remarks 1

Remarks 2

Remarks 3

Temperature of the Holder
Dispersion Medium Name
Dispersion Medium RI
Dispersion Medium Viscosity
Conductivity

Electrode Voltage

Calculation Results

: 202603101702014

: Tuesday, March 10, 2026 5:02:08 PM
: Zeta Potential

: D-H@PLGA-HPCD-LC@CS (2)
: Organic: D-H@PLGA-HPCD-LC@CS
: Ms. Hoang Thi Kim Dung

: 10.03.2026

: 03

: None

: H20

: None

: Translucent sample

: MFD: 09/03/2026

: Storage: 250C

: Batch:

: 251 *C

: Water

: 1.333

: 0.893 mPa's

: 0.231 mS/icm

1 34V

Peak Mo. | Zeta Potential | Electrophoretic Mability
1 57.9 mV 0.000449 cm2iVs
2 | = mV | = cm2/Vs
3 [ -V | - cm2iVs
Zeta Potential (Mean) : 579 mV

Electrophoretic Mobility Mean

: 0.000449 cmilV's

1.0
0.9,
0.8
0.7
0.6
05
0.4
03
0.2
0.1

Intensity (a.u.)

-400 -300 -200

Explons this futinn

ﬂ.o—||||I|||||||I|r|1'|||||||||'|I||I||||r|'|r'|'|'r|||||I1[||||||&I||'|I||I||||I1'|r|'|r|||||I1|'|1|||r||||'|'||||

-100 (1} 100 200 300 400 500

Zeta Potential (m\)

Phu luc 32. Zeta cia mau nano D-H@PHLC.
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Measurement Results
Date

29

: Thursday, January 29, 2026 7:06:59 PM

HORIBA SZ-100 for Windows [Z Typel Ver2. 50

Measurement Type : Particle Size
Sample Name : Test sample
Material : Organic: Diosmin, Hesperidin. PLG
Source : Ms. Huynh Thi Kim Chi
Lot Number : 29.01.2026
Test or Assay Number : 03
Sample Preparation : None
Dispersion Medium Information : H2ZO
Dispersion Procedure : None
Dispersion Procedure Verification : Transparent
Remarks 1 : Ngay gui mau: 29/01/2026
Remarks 2 : Storage: 250C
Remarks 3 : NSX:
Scattering Angle - 1]
Temperature of the Holder : 251 °C
Particle Refractive Index : 1.460 - 0.000i
Dispersion Medium Mame : Water
Dispersion Medium RI : 1.333
Dispersion Medium Viscosity : 0.893 mPa-s
Transmission Intensity before Meas. : 13997
Transmission Intensity after Meas. : 13991
Measurement Gate Time e
Distribution Form . Standard
Distribution Form(Dispersity) : Polydisperse
Representation of Result : Scattering Light Intensity
Count Rate : 1653 kCPS
ACF Intercept : 0.983
Calculation Results
| Peak No. | S.P.Area Ratio Mean 5. D. Mode
1 1.00 795.5 nm 383.1 nm 695.8 nm
2 - == M == [Im === MM
3 -— - Nm == [im === MM
Total | 1.00 | 7955nm | 383 1nm | 6958 nm
Cumulant Operations
Z-Average : 550.7 nm
Pi : 0.273
12 —100
1 —90
10+ vy
£ B 7 =70
g 1 -60
5 ] f =
=y
@ 4 L
= 1 i =30
2 -20
] ~10
0'| L I"l'l""l'l'l'|'""|"'I"I"|"'I'I'I'|" R B | '|"|'I1I'|""' [} ' LI | Illllr
0.1 1 10 100 1000 10000

Phu luc 33. Size cia mau nano D-H@PHLC.
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2026.01.29 23:37:12

HORIBA 5Z-100 for Windows [Z Typel Ver2. 50

Measurement Results

202601291919003.nzt

Measurement Results
ID#

Date

Measurement Type

Sample Name

Material

Source

Lot Number

Test or Assay Number

Sample Preparation
Dispersion Medium Information
Dispersion Procedure
Dispersion Procedure Verification
Remarks 1

Remarks 2

Remarks 3

Temperature of the Holder
Dispersion Medium Name
Dispersion Medium RI
Dispersion Medium Viscosity
Conductivity

Electrode Voltage
Calculation Results

1 202601291919003

: Thursday, January 29, 2026 7:19:45 PM
: Zeta Potential

: Test sample

: Organic: Diosmin, Hesperidin, PLG
: Ms. Huynh Thi Kim Chi
1 29.01.2026

: 03

: None

: H20

: None

: Translucent sample

: MFD:29/01/2026

: Storage: 250C

: Batch:

: 25.2°C

: Water

: 1333

: 0.891 mPa-s

: 0.313 mS/cm

: 33V

Peak No. | Zeta Potential | Electrophoretic Mobility

1 39.9 mV
2 -—mV - cm2/\Vs
3 wme MV === cm2/Vs

Zeta Potential (Mean)
Electrophoretic Mobility Mean

N

0.000310 cm2/Vs

: 39.9 mV
: 0.000310 cm2/Vs

«F

0.9
0.8
0.7+
0.6
0.5
0.4-
0.3
0.2
0.1

Intensity (a.u.)

ﬂ.ﬂ— UL L L LR AL L L R e R R R R AR

-400 -300 -200

-100 o 100 200 300 400 500

Phu luc 34. Zeta ciia mau nano D-H@PHLC.
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13.02.2026-95P5H-LC (Coupled TwoTheta/Theta)

i 13.02.2026-95F5H-L§

T T T L A S s S T T T T
10 20 30 40 50

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 35. Gian db nhiéu xa tia X (XRD) cuia cdc mau nghién cau.



32

13.02.2026-D-H Nano LC (Coupled TwoTheta/Theta)
| 15.02.2026-5-F Mano LC

5,000—

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 36. Gian d6 nhiéu xa tia X (XRD) cuia cac mau nghién cau.
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13.02.2026-D-H Nano LC_dudng (Coupled TwoTheta/Theta)

13.02.2026-D-H Nano LC_dudng |

T T T T T — T T T T
10 20 30 40 50

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 37. Gian do nhiéu xa tia X (XRD) caa cdc mau nghién cau.
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13.02.2026-D-H Nano (Coupled TwoTheta/Theta)

i 13.02 2026-D-H Nano

5,000—
4,000~
£ 3,000
5 j
2,000—
1.000—

o I ¥ I v T T | T

10 20 30 40 S0

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 38. Gian db nhiéu xa tia X (XRD) cuia cAc mau nghién cau.
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13.02.2026-D-H V3t Ly LC (Coupled TwoTheta/Theta)

E | 13.022026-0-A VatLy LC
13,000

12 000~

11,000

T I T | T [ T 1
10 20 30 40 50

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 39. Gian d6 nhiéu xa tia X (XRD) caa cac mau nghién cau.
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15.11.2025-HES ty do (Coupled TwoTheta/Theta)

1!.0W—;
12.000—;
meé

8,000

7,000

Counts

60005
5,000

4,000

3,000

i |5.|1.2025-HE§ Ay do

L s s e LA s s e L e T
10 20 30 4an

8-
8-

o

2Theta, Coupled TwoTheta/Theta, 1.54060

Phu luc 40. Gian do nhiéu xa tia X (XRD) caa cdc mau nghién cau.
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COMMANDER Sample ID (Coupled TwoTheta/Theta)

[)_DSN.raw’

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Phu luc 41. Gian d6 nhiéu xa tia X (XRD) caa cdc mau nghién cau.
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13.03.2026-Diosmin in N2

Enthalpy (normaiized) 45162 Jig
Onsetx 262 34 ‘C

_~ o \J 5\
N Enthalpy (normalized): 80 672 Jig T
| Gnsé{xvﬂ?H'C ! / \_
\ —
\‘H.\_“_ ___i—'?f .

Preak tlemperature: 14344 °C

Heat Flow (Nermalized) Q (Wig)

Peak lemperatwre: 202 35°C

ExoUp Temperature 7 ("C)

Phu luc 42. Gian db phan tich nhiét lugng vi sai (DSC) ciia cac mau nghién ciu.

13.03.2026-Hesperidin in N2

—
Enraby (nomalzea) 202.2¢ g // TN

Enthalpy (normalized). 38.210 Jig Onset x. 249.90 "

Onset x. 65.75 G / —\—-‘

0 ) )
| Enthaipy (normalized) 63 567 Jig ] Ml' 1 R
Onsetx: 117.97 °C o [ N‘I T

f
Peak temperature. 94 06°C \‘f \l

Peak temperature: 142 24 °C |

Heat Flow (Normalized) @ (Wig)

-2
Peak temperature: 258.30 °C
3 T T T
0 100 200 300 400 500
ExoUp Temperature T (*C)

Phu luc 43. Gian db phan tich nhiét luong vi sai (DSC) caa cac mau nghién cau.
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13.02.2026-D-H Nano in N2

Enthalpy (normaiized): 70,189 Jig
Onsetc 296,08 °C

Enthalpy (normalized). 0.80825 Jig
Onsetx 51.27°C

Erthalpy (normaiized): 207 61 g
Onsetx 280,10 °C

o Enthaipy nomalized) 19306 Jig
Onset x 61,80 °C
Enthalpy pomalized). 47328 Jig
.\ Onsetx 108.71°C

S -

Peak temperature. 5420°C

Peak temperature: 324.33 °C

Peak temperatre: 132 24 °C

Peak temperature: 75.14°C

Heat Flow (Normalized) @ (Wig)

2
Peak lemperature: 28558 °C
-3 T T T
0 100 200 300 400 500
Ex0Up Temperature T (*C)

Phu luc 44. Gian db phan tich nhiét luong vi sai (DSC) cua cac mau nghién ciu.

13.02.2026-D-H Nano LC in N2

1
Enthalpy (nommalized) 83,823 Jig
Enthalpy (normalized) 39083 Jig Onsetx 30859°C
Onset x. 4850 °C
Enihaipy (normalized). 251.29 Mg
Onsel x. 262 57 °C
0
e
Enthalpy {normalized) 38 417 Jig //
Onsetx 105.56°C
!

2 e
s \ =
=
g Peak temperature: 337.79 °C
£
4
=
H
© Peak lemperature: 71.00 °C Peak femperature: 125,24 °C
£

2

v Peak temperatore 270 73°C
3 T T T
[ 100 200 300 400 500

Exo Up Temperature T ("C)

Phu luc 45. Gian d6 phan tich nhiét luong vi sai (DSC) caa cac mau nghién cau.
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13.02.2026-D-H Vat Iy LC in N2

05
Enthalpy (normalized) 18138 Jig e
Onsetx 4835°C —\\
Peaktemperature; 5155°C Enthaipy (nomaized) 120,98 Jig —
Onsetx 24106 °C
00 /
Enthalpy (normaiized) 48 326 Jig /
.‘ Onsetc 98.81°C
1
\ L Enthalpy (normalized) 151 12 Jig
Onsetx 27404 °C
s —
s 05 3
o N ‘
H '\\ ’ W Peak temperature: 298 44 °C
5
€
E Peak temperature: 129.94 °C ‘
% 10
£
Enthalpy (normaiized). 9 2965 Jig
Onsetx 5889 °C
Peak temperature: 71.60 °C
15
Peak temperature 25102 °C
20 T T T T
0 100 200 300 400 500
ExoUp Temperature 7 (*C)
., X N , A . . R , X . ,
Phu luc 46. Gian do phan tich nhiét luong vi sai (DSC) ctia cac mau nghién cuu.
14.02,2026-95P5H-LC in N2
1
Enthalpy {normalizedy. 13 146 Jig |\
Orsatx 47 88 °C \
“AR
Erthalpy (romaiizad). 1060.0 g ———
0 Onset x: 32901 °C
Erthalpy (normalized) 4 8423 Jig r
Onsatx 84.66 °C !
g Peak temperature: 52 99 °C
o
3
g Peak temperatire: 9220 °C
- |
5
=
]
@
2
S
L
3
Peak temperatire: 37345 °C
4 T T T
o 100 200 300 400 500
ExoUp Temperature T ("C)

Phu luc 47. Gian db phan tich nhiét luong vi sai (DSC) caa cac mau nghién cau.
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14.02.2026-D-H Nano LC_Budng in N2

Enthalpy (normalizedy 1.2363 Jig
Onsetx: 44.14°C
Enthalpy (normalized) 307.82 Jig Enthalpy (normakzed). 58.995 Ji
Peak temperature: 53 47 “C Onsetx 22203°C o-.se\i)ms 14°C ! 9
Erthalpy (nomalized). 150,18 Jig
Onsetx 84.41°C —
T
0 "/ ——
Enthalpy (normalized) 32273 Jig T /
Onset x 123.85°C T /
\ A
\p\‘ — Ai:-;i \
= Peak temperature. 33887 °C
5 .y \ eak temperature
= \ T~ p
- — Iy
o \ ~— //
H - f
= Peak temperature: 120,62 'C J'I
;' -1
g /
Z
H / Peak temperature: 252 90 °C
[
F
. |
2 | ‘
| ‘
|
Peak temperature: 9306 °C
3 T v T
0 100 200 300 400 500
Exo Up

Temperature T (°C)

Phu luc 48. Gian db phan tich nhiét luong vi sai (DSC) caa cac mau nghién cau.

VIEN CONG NGHE HOA HOC Tel: 028.38222263
TL29, P.THANH LOC, Q.12, TP.HCM Mobile: 0909.312.860
Qo

o

-

o
(=}

70
I

Transmittance [%]

50

40

& o)

NN CRRYURDBFEeegh I
NOOD N FROO-ONDO~—TON

3534.50
3469.72
3412.51

T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Phu luc 49. Ph hong ngoai bién doi Fourier (FTIR) ctia cac mau nghién ciu.
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HES TU DO.jws
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4000 2000 1000 500
‘Wavenumber [cm-1]
[Comments] [Measurement Information] HES TU DO.jws
Sample name Model Name FT/IR-4700typeA
Comment Serial Number C019561788
User
Division Accessory ATR PRO ONE
Company TRUONG DHCN THANH HOA Accessory SIN A056361809

Incident angle 45 deg

Measurement Date  10/17/2025 8:53 AM
[Detailed Information]

Creation date 10/17/2025 8:54 AM Light Source Standard
Detector TGS

Data array type Linear data array Accumulation 16

Horizontal axis Wavenumber [cm-1] Resolution 4cm-1

Vertical axis %T Zero Filling On

Start 499.473 cm-1 Apodization Cosine

End 4000.6 cm-1 Gain Auto (8)

Data interval 0.964233 cm-1 Aperture 7.1 mm

Data points 3632 Scanning Speed Auto (2 mm/sec)
Filter Auto (30000 Hz)

Phu luc 50. Phd hong ngoai bién doi Fourier (FTIR) ctia cac mau nghién ciu.
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95P5H-LC jws

100 .
i, —— P T
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g
50 :
4000 2000 1000
‘Wavenumber [cm-1]
[Comments] [Measurement Information] 95P5H-LC jws
Sample name Model Name FT/IR-4700typeA
Comment Serial Number C019561788
User
Division Accessory ATR PRO ONE
Company TRUONG DHCN THANH HOA Accessory S/N AD56361809
Incident angle 45 deg

[Detailed Information]
Creation date 2/3/2026 3:14 PM
Data array type
Horizontal axis

Linear data array
Wavenumber [cm-1]

Vertical axis %T
Start 499.473 cm-1
End 4000.6 cm-1

Data interval 0.964233 cm-1
Data points 3632

Measurement Date  2/3/2026 3:13 PM

Light Source Standard
Detector TGS
Accumulation 16
Resolution 4 cm-1
Zero Filling On
Apadization Cosine
Gain Auto (8)
Aperture 7.1 mm

Scanning Speed Auto (2 mmisec)
Filter Auto (30000 Hz)

500

Phu luc 51. Phé hong ngoai bién doi Fourier (FTIR) ctia ca&c mau nghién cau.
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D-H NANO LC jws
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Wavenumber [cm-1]
[Comments] [Measurement Information] D-H NANO LC.jws
Sample name Model Name FT/IR-4700typeA
Comment Serial Number C019561788
User
Division Accessory ATR PRO ONE
Company TRUONG DHCN THANH HOA Accessory S/IN A056361809
Incident angle 45 deg

Measurement Date

|Detailed Information]

Creation date 2/3/2026 3:12 PM Light Source
Detector

Data array type Linear data array Accumulation

Horizontal axis Wavenumber [cm-1] Resolution

Vertical axis WT Zero Filling

Start 498.473 cm-1 Apodization

End 4000.6 cm-1 Gain

Data interval 0.964233 cm-1 Aperture

Data points 3632 Scanning Speed

Filter

e
A

Phu luc 52. Phd hong ngoai bién

2/3/2026 3:11 PM

Standard

TGS

16

4 em-1

On

Cosine

Auto (8)

7.1 mm

Auto (2 mm/sec)
Auto (30000 Hz)

d6i Fourier (FTIR) caa cAc mau nghién cau.
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4000 2000 1000 500
‘Wavenumber [cm-1]
[Comments] [Measurement Information] D-H VAT LI jws
Sample name Model Name FT/IR-4700typeA
Comment Serial Number C019561788
User
Division Accessory ATR PRO ONE
Company TRUONG DHCN THANH HOA Accessory S/N AD56361809
Incident angle 45 deg
Measurement Date  2/3/2026 3:08 PM
[Desailed Information]
Creation date 2/3/2026 3:09 PM Light Source Standard
Detector TGS
Data array type Linear data array Accumulation 16
Horizontal axis Wavenumber [cm-1] Resolution 4 cm-1
Vertical axis %T Zero Filling On
Start 499.473 em-1 Apodization Cosine
End 4000.6 cm-1 Gain Auto (8)
Data interval 0.964233 cm-1 Aperture 7.1 mm
Data points 3632 Scanning Speed Auto (2 mm/sec)
Filter Auto (30000 Hz)

Phu luc 53. Phd hong ngoai bién doi Fourier (FTIR) ciia ca&c mau nghién ciu.



