BO GIAO DUC VA PAO TAO BOY TE
TRUONG DAl HOC DUQC HA NOI

DUONG THI THUAN

NGHIEN CUU BAO CHE LIPOSOME

BERBERIN UNG DUNG
DUNG PUONG UONG

LUAN AN TIEN SI DUQC HOC

HA NOI, NAM 2022




BO GIAO DUC VA PAO TAO BOY TE
TRUONG DAl HOC DUQC HA NOI

DUONG THI THUAN

NGHIEN CUU BAO CHE LIPOSOME
BERBERIN UNG DUNG
DUNG PUONG UONG

LUAN AN TIEN SI DUQC HQC

CHUYEN NGANH : CONG NGHE DUGC PHAM VA BAO CHE THUOC
MA SO : 9720202

Ngwoi huwong dan khoa hoc : 1. GS.TS. Pham Thi Minh Hué
2. GS.TS. Jyrki Tapio Heinamaki

HA NOI, NAM 2022




LOI CAM POAN

T6i xin cam doan day la cong trinh nghién ctru cua toi va mot phan két qua
cua dé tai khoa hoc céng nghé cip thanh phé Ha Noi ma sé 01C- 06/04-2020-3 do
GS.TS. Phgm Thi Minh Hug¢ chu nhiém va t6i 14 thu ky khoa hoc cua dé tai. Cac sé
lieu, két qua néu trong luan an 1a trung thue va chua tirng dwoc ai khéc céng bé trong

bat ky cong trinh nao.

Duong Thi Thuan



LOI CAM ON
Véi 1ong kinh trong va biét on sau sic, toi xin chan thanh cam on:

GS.TS. Pham Thi Minh Hué
GS.TS. Jyrki Tapio Heinamaki

La nhirng nguoi thdy da nhiét tinh huéng dan, dinh hudng va truyén cam hing cho
t61 dé toi du niém tin va sic manh dwong dau véi nhitng thach thire trong nghién ctu
khoa hoc trong suét thoi gian thuc hién luan an.

T6i Xin tran trong cam on PGS.TS. Nguyén Pding Hoa, TS. Nguyén Tran Linh,
TS. Tran Thi Hdi Yén da dong gop nhitng ¥ kién quy bau dé xay dung ban dé cuong
nghién ctru dau tién cua toi.

Xin chan thanh cam on cac thay, ¢6 va cac anh chi ky thuat vién caa bo mén
Bao ché, bo mon Duoc ly, bo mén Vat Iy — Hoa ly, bo mén Cong nghiép Duoc, Vién
cdng nghé duoc pham Quéc gia - truong Pai hoc Dugc Ha Noi di nhiét tinh hd trg
toi trong qua trinh thuc hién nghién cuu.

Xin cam on GS.TS. Ain Raal va cac thay, c¢d, cac nha nghién ctiru & Vién nghién
ctru Dugc- Pai hoc Tartu-Estonia, khoa Y Sinh - trudong Pai hoc Helsinki - Phan Lan,
Vién Vat Iy - Vién han 1am khoa hoc Viét Nam di tao moi diéu kién thuan loi cho toi
dé thuc hién céc thir nghiém tai day.

Cam on cac déng nghiép & bo mén Bao ché, khoa Dugc truong Pai hoc Duy
Tan da tao diéu kién thuan loi vé thoi gian dé toi tap trung thuc hién dé tai.

Xin chan thanh cam on ban bé than thiét da ludn bén toi, dong vién va co vii
tinh than trong sudt thoi gian toi luwu tra tai Ha Noi dé thuc hién luan an.

Toi cling xin chan thanh cam on Ban giam hiéu truong Pai hoc Duoc Ha Noi
cling cac thay c6 phong Pao tao Sau dai hoc di quan tim va gitp d& toi trong qué
trinh hoc tap va nghién cau.

Cudi cung, toi xin cam on céc thanh vién trong gia dinh da luén & bén canh,
dong vién kip thoi vé mat vat chat 1an tinh than dé t6i vuot qua nhitng khé khin trong
sudt thoi gian hoc tap va nghién cuu.

Ha Noi, nam 2022

Duong Thi Thuan



MUC LUC

LOT CAM DOAN

LO1 CAM ON

DANH MUC PO THI, HINH VE

DAT VAN DE ..ottt 1
Chuong 1. TONG QUAN ......cooiviveeeeeeeeeeesee e 3
1.1. BERBERIN. ... 3
1.2 10 NQUBN GOC .t 3
1.1.2. CONQG tNTC ...ccveeeiieieecie et 3
1.2.3. TiNN CAL 1Y NOA ..., 3
1.1.4. Dinh tinh vA dinh TEONG c..veeeeeeeeeeeeeeeeeee e eseeeeese e esesese s 4
1.1.5. DO SN GINNeeeeeeeeeeeeeeee ettt 4
1.1.6. TAC dung dugC Y ..ooeovveiieceee e 4
1.1.7. SINNKNA AUNG ..o 6
1.2, LIPOSOME.......ciii e e 6
1.2.1. Khai niém, thanh phan CaU ta0...........ccoveeeeeeeeeeeeeeeeeeeeeseeenneon. 6
1.2.2. PRAN 01.cccciiiiiiicie et 9
1.2.3. Uu, nhugc diém ciia liPOSOME ..........oeeveeeeeeeeeeeeee e, 10
1.2.4. Phuong phap bao ché liPOSOME ..........cccvvevvvvrrreereesrseenienienienens 12
1.2.5. Phuong phap danh @14 ......ccccooiviiiiiiiii e 13
1.2.6. Mot sb thach thac va bién phép khac phuc trong bao ché liposome
AUNE AUONG UONT ©.vovvveveveeeeeee ettt 17
1.3. PROLIPOSOME........cooie e 21
A T T 31T 1 4 OO 21
1.3.2. TRANN PRAN......cocereeceee s 21
1.3.3. Phuong phap A0 Ché.......c.coevvveeeeeieesieeeeeeee e 21

1.3.4.Danh 14 prolipoSOME .........coviviiiiiieiie e 22



1.3.5. Mot sb nghién ctru proliposome dung duong udng...................... 24
1.4.1. Cac nghién ctu vé bao ché liposome berberin.........c..ccoovvvenane, 25
1.4.2. Cac nghién ctu vé bao ché proliposome berberin...........c.co........ 26
1.5. CAC NGHIEN CUU DANH GIA SINH KHA DUNG VA TAC
DUNG HA LIPID MAU IN-VIVO CUA BERBERIN, LIPOSOME
BERBERIN VA PROLIPOSOME BERBERIN DUNG PUOGNG UONG

1.5.1. Panh gia sinh kha dung in-vivo dung duong ubng caa berberin.. 26
1.5.2. Panh gia sinh kha dyng in-vivo duong ubng cua liposome berberin
va Proliposome DErberiN........ccvcveci i 29

1.5.3.M0 hinh danh gia tac dung ha lipid méau noi sinh cua berberin trén

dong Vat thuC NGNIEM........c.ooiiii e 29
Chuwong 2. NGUYEN LIEU, TRANG THIET BI, NOI DUNG VA
PHUONG PHAP NGHIEN CUU.........cccoovviiiiieirsceeeeeeee e, 31
2.1. NGUYEN VAT LIEU, THIET BI, PONG VAT NGHIEN CUU.. 31
2.1.1. NQUYEN VAL HEU ..o 31
21,2, THIEE DI oottt ettt n e 32
2.1.3. Dong vat thi NGhIEM........ccooiiiice e, 34
2.2. NOI DUNG NGHIEN CUU. ..o 34
2.3. PHUONG PHAP NGHIEN CUU ....c.coooviiieieceseeeee e 35
2.3.1. Tham dinh phuong phap dinh [EONG ......ccoveeveveeeeeeeeeeeeeeees 35
2.3.2. Phuong phéap nghién citu tién cOng thiC..........cvvvvvvvveeeeeeceiene, 43
2.3.3. Phuong phap bao ché liposome berberin.........cccocvveveeerienenne, 45
2.3.4. Phuong phap bao ché proliposome berberin ............cccocvveveenenee. 46
2.3.5. Phuong phap danh gia mét s6 dic tinh cua liposome BBR.......... 46

2.3.6. Phuong phéap danh gia mét s6 dic tinh cua proliposome BBR ... 49
2.3.7. Panh gia sinh kha dung in-vivo caa liposome BBR trén chudt céng



2.3.8. Banh gia tac dung ha lipid mau noi sinh cia liposome BBR trén chuot

21401 PP 54
2.3.9. Phuong phap Xt 1Y SO TBU ..o, 55
Chuong 3. KET QUA NGHIEN CUU......cocooovveeeeeeeeeeeeeeee e, 56
3.1. KET QUA THAM DINH PHUONG PHAP DPINH LUONG......... 56
3.1.1. Tham dinh khoang ndng do tuyén tinh cua phuong phap dinh lugng
berberin bang quang pho hap thu UV-Vis ..........ccccoevreeeseieiesiesenns 56
3.1.2. Tham dinh phuong phap dinh luong berberin bang HPLC........... 57
3.1.3. Tham dinh phuong phap dinh lugng berberin trong huyét tuong
chudt bang sic ky long két hop khdi phd (LC-MSIMS).....c.cvvveeeeennn 58
3.2. NGHIEN CUU TIEN CONG THUTC .....coeviveecrereeeeceeeee e 63
3.2.1. Két qua danh gia mot sé dac tinh cia duoC Chat .........c.ovvveeeeeee. 63
3.2.2. Két qua nghién ctru twong tac giita duoc chét véi ta dugc........... 65
3.3. NGHIEN CUU BAO CHE LIPOSOME BERBERIN..................... 66
3.3.1. Thiét K& CONG tNTC.........eeeceeeeeeeeeee e 66
3.3.2. Bao ché liposome berberin bang phuong phap tiém ethanol........ 67

3.3.3. Bao ché liposome berberin bang phuong phéap hydrat hoa film... 74
3.3.4. So sanh anh hudng cta phuong phéap bao ché 1én dic tinh caa liposome
DEIDEIIN <. e 79
3.4.NGHIEN CUU BAO CHE PROLIPOSOME BERBERIN ............ 87
3.4.1. Xac dinh mot sb thong sé quy trinh va lua chon cong thirc bao ché
Proliposome DErberin ..o 88
3.4.2. Panh gia anh huong mot sé yéu td vé cong thac va thdng sb trong
quy trinh dén dic tinh proliposome berberin...........ccovevvvceivsveeennna. 89
3.4.3. Panh gia mot sb dic tinh caa proliposome berberin .................... 94
3.4.4. Xay dung cong thac va quy trinh bao ché proliposome berberin quy

MO PhONG thi NGNIEM ..c.eiiiiie e 103



3.4.5. Nghién ctu nang cip quy mé bao ché proliposome berberin 200

OIME e ree e 105
3.4.6. Nghién ctru d6 6n dinh cua proliposome berberin...................... 111
3.5. PANH GIA SINH KHA DUNG IN VIVO CUA LIPOSOME
BERBERIN ......oiviitiesteeee ettt 116
3.6. PANH GIA TAC DUNG HA LIPID MAU NOI SINH CUA
LIPOSOME BERBERIN.......c.coiuiiiiiiseeieseeeees et 121

3.6.1. So sanh anh hudng trén nong do cholesterol toan phan huyét thanh
cua liposome BBR va hdn dich quy wéc BBR trén chuot duoc gay ting lipid
MAU NOT SINNL...vie et be e 121
3.6.2. So sanh 4nh huong cua liposome berberin va hon dich quy uéc
berberin trén ndng do cholesterol ti trong thap & chudt dugc gay tang lipid
MAU NOT SINN 1o 123
3.6.3. So sanh 4nh huong cua liposome berberin va hon dich quy uéc
berberin trén ndng do cholesterol ti trong cao & chudt duoc gay tang lipid
MAU NOT SINN 1o b e srbe e nes 124
3.6.4. So sanh anh huong cua liposome berberin va hon dich quy uéc

berberin trén nong do triglycerid ¢ chudt duoc gay tang lipid mau ndi sinh

..................................................................................................... 125
Chuong 4. BAN LUAN .........cccooiiiiieiniesneeesee e 127
4.1. VE NGHIEN CUU TIEN CONG THUTC.......cccovveverrieerersean, 127
4.2. VE BAO CHE VA BANH GIA LIPOSOME BERBERIN .......... 128
£.2.1. YEU O CONG tUIC .ovoeeeevceeceeee et 128
4.2.3. Phuong phap bAo Ché..........cceveveveeeiiieeeeeeseeeee e 133
4.2.4. Phuong phap danh @ia..........ccccoveviiiiiiieee e 134
4.3. VE BAO CHE VA PANH GIA PROLIPOSOME BERBERIN .. 139
4.3.1. YEU S CONG tUIC ... 139

4.3.2. V& phuong phap bao ché..........coovvvvieeieeesreeeeeereeesee e 140



4.3.3. V& thdng sé quy trinh bao ché va d6 6n dinh cua proliposome

0 1= 0 1=1 o TR 140
4.3.4. \/& phuong phap dAnh ia ........coveeveeeeeeeeeeeeeeeeee e, 142
4.4. VE DANH GIA SINH KHA DUNG IN VIVO CUA LIPOSOME
BERBERIN ......oovieiieeeeteeee e eeeeee et en s 147
4.4.1. Phuong phdp danh @id...........ccoceiiiiiiiiiiii e 147
4.4.2. K&t QUA AANN IA covovvoveeeececeeeese e 149
45. VE TAC DUNG HA LIPID MAU NOI SINH CUA LIPOSOME
BERBERIN ......coovitiieeeeteietee sttt 150
4.5.1. M6 hinh duoc 1y, dbi teong thir va liéu thir..........cccceveveeveeeenne, 150
4.5.2. CRUNG AUONE......ovveveeeeereeeesee st 151
4.5.3. Mau ddi chiéu va két qua danh id ........cccovevvevreerneererereeieeinens 151
4.6. DPONG GOP MOI CUA DE TAl ..o 153
KET LUAN VA BE XUAT ..o 154
DANH MUC CAC CONG TRINH DA CONG BO ......ccovveveeen 156

TAI LIEU THAM KHAO



Chir viét tit
AFM

AUC

BBR

Cho

Cl

CLSM

Cmax
Cryo-EM
CVv
DDAB
DLS
DMPG
DOPE
DQA-
PEG2000-
DSPE
DSPC
DSPE
DSPG
bv

EE

EMA
EPC

ESI

FDA

FTIR

GUvV
HDL-C
HEPC
HSPC
KTTP

DANH MUC CAC CHU VIET TAT

Chir viét day da

Atomic force microscopy (Kinh hién vi lyc nguyén tir)
Area under the curve (Dién tich dudi duong cong)

Berberin

Cholesterol

Confidence interval (Khoang tin cay)

Confocal laser scanning microscopy (Kinh hién vi quét lase
ddng tiéu)

Nong d6 dinh trong huyét twong

Cryogenic electron microscopy (Kinh hién vi dién tir dong lanh)
Coefficient variation (Hé s6 twong quan)
Didodecyldimethylammonium bromid

Dynamic light scattering (Nhiéu xa anh sang dong)
Dimyristoyl phosphatidylglycerol

Dioleyl phosphatidyl ethanolamin

Dequalinium and carboxyl polyethylen glycol-
distearoylphosphatidylethanolamin

Distearoyl phosphatidylcholin

Distearoyl phosphatidyl ethanolamin

Distearoyl phosphatidylglycerol

bong vat

Entrapment efficency (Hiéu suét nap)

European Medicines Agency (Co quan Y té Chau Au)

Egg phosphatidylcholin

Electrospray ionazation (Ion hoa phun dién truong)

Food and Drug Administration (Cuc quan ly thyc pham va duoc
pham Hoa Ky)

Fourier transform infrared spectroscopy (Phé héng ngoai
Fourier)

Giant unilamelar vesicle (Liposome 1 16p khong 16)

High density lipoprotein cholesterol (Cholesterol ti trong cao)
Hydrogenated egg phosphatidylcholin

Hydrogenated soy phosphatidylcholin

Kich thudc tiéu phan



LC-MS/MS

LDL-C
LUV
MLV
MF
MRT
MUV
MVV
MWCO
NaCMC
NaDC
NTA
oLV
PC
PDI

PE
PEG
PG

PM

PS
PVP
RSD
SD
SDC
SEM
SKD
SPC
SPM
SUvV
TB

TC

TEM

TG
Tmax

TPFM

Liquid Chromatography with tandem mass spectrometry (Sic
ky long két hop hai 1an khéi pho)

Low density lipoprotein cholesterol (Cholesterol ti trong thap)
Large unilamellar vesicle (Liposome 1 16p 16n)
Multilamellar vesicle (Liposome nhiéu 16p)

Matrix factor (Yéu té nén mau)

Mean retention time (Thoi gian Iuu tri trung binh)
Medium unilamellar vesicle (Liposome 1 I6p trung binh)
Multi vesicular vesicle (Liposome nhiéu ngan)

Mole weight cut-off (Piém cat khéi luong phan tir)

Natri carboxymethyl cellulose

Natri deoxycholat

Nanoparticle tracking analysis (Phan tich vét hat nano)
Oligolamellar vesicle (Liposome vai 16p)
Phosphatidylcholin

Polydispersity index (Chi s6 da phan tan)
Phosphatidylethanolamin

Polyethylen glycol

Phosphatidyl glycerol

Physical mixture (H6n hop vat ly)

Phosphatidylserin

Polyvinyl pyrolidon

Relative standard deviation (D6 léch chuan tuong dbi)
Standard deviation (B6 léch chuan)

Sodium deoxycholate

Scanning electron microscopy (Kinh hién vi dién tir quét)
Sinh kha dung

Soy-phosphatidylcholin

Sphingomyelin

Small unilamellar vesicle (Liposome 1 I6p nho)

Trung binh

Total cholesterol (Cholesterol toan phan)

Transmission electron microscopy (Kinh hién vi dién ta truyén
qua)

Triglycerid

Thoi gian dat ndng do dinh trong huyét twong
Two-photon fluorescense microscopy (Kinh hién vi huynh
quang 2 photon)



DANH MUC CAC BANG BIEU

Bang 1.1. M6t s6 phospholipid thuong sir dung dé bao ché liposome ............ 8
Bang 1.2. Cac nghién ctu sinh kha dung in vivo cua BBR.............cccccven 28
Bang 2.1. Nguyén vat liéu st dung trong Nghién CauU.........ccccoveververeseernnnne 31
Bang 2.2 Céc thiét bi st dung trong NGNIEN CHU.........ccviveeeeeeeeeeeeeee. 32
Bang 2.3. Diéu kién khdi phd cua phuong phap LC-MS/MS dinh luong

BB R e —————————— 39
Bang 2.4. Thanh phan tao film trén chat mang manitol dung trong khao sat
DAN GAU ©..vovvoeee s 46
Bang 2.5. Diéu kién bao quan va thoi diém Iy mau trong nghién ciu theo dbi
G0 O GINN .ottt ettt ettt ettt ettt ettt en e 53
Bang 3.1. B6 chinh xac va do lap lai cua phuong phap LC-MS/MS trong phan
tich nong do BBR trong huyét trong ChUudL. ...........c.oveevveierieeeeeeeees s 60
Bang 3.2. Anh hudng ctia nén mau trén BBR va IS ¢ nong d6 LQC va HQC
tr&N 6 16 NUYEL tONE CUGK .....cvovveveeeeeeeeecese ettt 61
Bang 3.3. Két qua danh gia twong tac duoc chat véi ta duoc sau 1 thang bao
quan & dieu Kien 150 NOA CAP tEC.........c.vveeeeeeeeeeeee e, 66
Bang 3.4. Thanh phan liposome Derberin ...........coocvveeceeiseeeeeseeeeeeeeenen, 67
Bang 3.5. Pic tinh cua liposome BBR theo nhiét do phéi hop hai pha......... 68
Bang 3.6. Pic tinh cua liposome BBR theo nhiét do va &p suat cat quay...... 69
Bang 3.7. Anh hudng cua thanh phan cong thic dén dic tinh liposome BBR
bao ché bang phuong phap tiém ethanol.............ccccovvvvveverireieseessesiesieeenenn, 70
Bang 3.8. Thanh phan céng thic bao ché liposome BBR khi thay ddi ti 1& mol
BB R . ——————————— 72
Bang 3.9. Anh huong caa ti 16 mol BBR dén dic tinh cua liposome BBR.......... 72

Bang 3.10. Anh hudng cia ti 1¢ mol HSPC:DSPG dén dic tinh liposome BBR.. 73



Bang 3.11. Anh huéng cua thanh phan ciu tao 1én dic tinh liposome BBR bao

ché bang phuong phap hydrat hoa film. ...........cc.cceerrereereerereeeeesee s 75
Bang 3.12. Anh huéng cua s6 lan dun qua mang 400 nm dén KTTP cua mau

FHOA ... e e e e e e e naeas 76
Bang 3.13. Anh huéng cua ti 16 mol BBR dén dic tinh cua liposome........... 78
Bang 3.14. Anh huong cua ti 1é mol HSPC:DSPG 1én dic tinh cua liposome

BB R e ———————————— 79
Bang 3.15. Anh hudng cia phuong phéap bao ché 1én KTTP va phan bo KTTP
......................................................................................................................... 80

Bang 3.16. Hiéu suat liposome hoa cua cac mau liposome BBR bao ché bang
phuong phap tiém ethanol va hydrat hoa film .........cccccoeeeeiiiii e, 83
Bang 3.17. Ti I¢ khéi lwong va thong sé quy trinh bao ché proliposome BBR
bang phuong phap bao hat trén thiét bi bao ting SOi ...........ccceeeeevveevriernenean. 89
Bang 3.18. Mat khoi lugng do 1am kho va ham luong BBR cua proliposome

Bang 3.19. KTTP, phan b KTTP va hiéu suat nap duoc chat caa liposome
hoan nguyén tir proliposome BBR.........ccccovvieie i 93

Bang 3.20. Hiéu suat, khéi lugng riéng biéu kién cua proliposome BBR bao

Ch& treN MAY MINI-GIALL..........c.ovieeeeeeeeeeeeeeeee et 97
Bang 3.21. Cong thirc bao ché proliposome BBR qui md 25 g/mé bang
phuong phap bao hat trén thiét bi ting s6i Mini-Glatt............c..ccceveerernne. 103
Bang 3.22. Cong thic bao ché proliposome BBR quy md 200 g/mé trén thiét
D1 DIOSNA-MUNTIAD ......cvviiiciiic e 105
Bang 3.23. C4c thong sb quy trinh khi nang cap quy mé bao ché................ 106

Bang 3.24. Két qua danh gia hiéu suat quy trinh, khéi luong riéng biéu kién,
mat khéi luong do 1am kho, ham luong BBR cua proliposome BBR........... 108
Bang 3.25. Phan tram giai phong qua mang tham tich cua BBR tir

proliposome BBR bao ché ¢ 2 qui md trong cac méi trudng khac nhau...... 108



Bang 3.26. Mot sb dic tinh caa liposome BBR hoan nguyén ..................... 110
Bang 3.27. Du kién tiéu chuan chét lugng cua proliposome BBR dua trén két
QUA 3 ME TN TIEP .ottt 110
Bang 3.28. Két qua xac dinh mat khéi lugng do 1am khé sau bao quan 6 thang
& diéu kién thuong va diéu Kien 130 hda CAp tC..........ovovvvveeveeeeeeeeeans 112
Bang 3.29. Phan trim BBR trong proliposome BBR bao quan & diéu kién
thuc va 120 h6a CAp tEC SO VAT ban QAU ........c.cevveeeeeeeeeeeeeeeeeeeee e 113
Bang 3.30. Kich thudc tiéu phan, phan boé KTTP va hiéu suat liposome hoa

cua liposome hoan nguyén tir proliposome bao quan & diéu kién thuc sau 6

Bang 3.31. Kich thudc tiéu phan, phan boé KTTP va hiéu suat liposome hoa

cua liposome hoan nguyén tir proliposome bao quan & diéu kién LHCT sau 6

ENANG oo eenneens 115
Bang 3.32. Nong do BBR trong huyét twong chudt cong sau khi uéng hon
ICh QUY WOC BBR covvvvvvvvvevveveeeveesesseesesesssssssssesssssessssssssssssssssesssssssssssssssssssenees 117
Bang 3.33. Nong do BBR trong huyét twong chudt cong sau khi uéng
[IPOSOME BBR ...t 118

Bang 3.34. Mét sb thong sé duge dong hoc cia BBR trén chudt udng hon

dich quy uéc BBR va liposome BBR vai liéu twong (g 100 mg/kg can ning

Bang 3.35. Két qua so sanh trung binh SKD giita hdn dich quy wéc BBR véi hon
dich liposome BBR & chudt cong sau khi udng 1 liéu don BBR 100 mg/kg can
1T PP PP PURPPTPRRPPRI 120
Bang 3.36. Nong do TC trong huyét thanh ¢ cac nhém chudt nhét trang duoc
gay tang lipid mau noi sinh sau 10 ngAY A1EU i ...vvveveeveeeeeeeeeeceieeien, 122
Bang 3.37. Nong do LDL-C huyét thanh & cac nhdm chudt nhat tring duoc
gay tang lipid mau noi sinh sau 10 ngAY dieU tri ..ovvvvvevvereceeeeee e, 123



Bang 3.38. Nong d¢6 HDL-C huyét thanh & cac nhém chudt nhat duoc gay
tang lipid mau ndi sinh sau 10 Ngay iU T ....c.vvevveveevereeeeeeeeese e,
Bang 3.39. Nong do TG huyét thanh ¢ cac nhom chuét nhit dugc gy ting

lipid méau ndi sinh sau 10 NGAY FHU T ...vv.vvveeeeeeeeeeeee e,



DANH MUC PO THI, HINH VE

Hinh 1.1. Cong thic CAU tao Cla DEIDEriN.........ccvvveeeeeeeee e 3
Hinh 1.2. Co ché 1am giam lipid mau ctia berberin . ........ccooeveveeveeeeeeene. 6
Hinh 1.3. So @6 minh hoa dai dién thanh phan ciu tao cua liposome ............. 7
Hinh 1.4. So d4 phan loai liposome theo kich thuéc va s§ 16p .......cc.ceec...e. 10
Hinh 1.5. Anh huéng cua liposome kich thudc nano trong mé ung thu. Cau

tric mod ung thu 16ng 1éo 1am nano liposome dé tham qua...........cccecevveeneeee 11
Hinh 1.6. So d6 qua trinh tach duoc chét ty do bang tham tich ..................... 15

Hinh 1.7. So db qua trinh tach duoc chét tu do bang phuong phép sic ky cot

Hinh 1.8. So d6 biéu dién qua trinh tach duoc chat ty do bang phuong phép

) [0 T [ TSSOSO RROUURRPRRI 16
Hinh 1.9. Co ché hap thu thuéc tir liposome & trong dudng tiéu hoa ............ 18
Hinh 3.1. Hinh thai va kich thudc cua tiéu phan bot nguyén liéu BBR: ........ 63

Hinh 3.2. Phd huynh quang cua dung dich BBR 0,2 mg/ml trong méi truong
NUGC VA BTNANOL ... s 64

Hinh 3.3. Hinh anh bot nguyén liéu BBR quan sat dudi kinh hién vi dién tir

010 USSR 65
Hinh 3.4. Phan b kich thuéc tiéu phéan (theo cuong d6) cua liposome BBR

MAU FJOZ, FI2L VA FILT oottt ettt ettt 70
Hinh 3.5. Hiéu suat liposome hda caa cAc mau bao Ché.........cocvvevvvveevveennne. 73

Hinh 3.6. Phan b kich thuéc tiéu phan (theo ti trong) cua cac mau FHO4,
FH21, FH17 5aU KNi DA0 Ché.........ooeveeeeeeeeeeeeeeeee e 75
Hinh 3.7. Phan bé KTTP liposome mau FHO4 sau khi dun qua mang
polycarbonat kich thudC 16 10C 400 NM ..ot 77
Hinh 3.8. Phan bd KTTP cua liposome BBR Mau F12 ........cccoovvevvveeieneienn. 80



Hinh 3.9a. Hinh anh chup bang kinh hién vi dong lanh (cryo-EM) vé hinh thai

va cau tric caa liposome BBR (MAU FI21).......cvvvvieiiceieeieeeeeseeeseeseeseeies 81
Hinh 3.9b. A. Hinh anh chup bang kinh hién vi dong lanh (cryo-EM) vé hinh

thai va cau trdc cua liposome BBR (MAU FI17) ..o 82
Hinh 3.10. Hinh anh cau trdc caa liposome BBR (mau FH12)...................... 82

Hinh 3.11. Hiéu suét liposome hda cua cac mau liposome BBR bao ché theo
hai phuong phép tiém ethanol va hydrat hda film ..., 84
Hinh 3.12. Pho nhiéu xa tia X cua liposome BBR va nguyén liéu cau tao nén
[IDOSOIME ... be et e st e e e e ns 85
Hinh 3.13. Phan trdm giai phong qua mang tham tich cua duoc chét tur

liposome BBR bao ché bang phuong phép tiém ethanol va hydrat hoa film & 3

moi trrong gidl PhONG G 37 OC....vveieiiee e 86
Hinh 3.14. Hinh thai ctia chat mang manitol quan sat dudi kinh hién vi dién tr
QUEL SEM ...ttt et 90
Hinh 3.15. Hinh thai cua proliposome BBR mau FF19-1.1 quan sat dudi kinh
iGN Vi 18N 10 QUEL SEM ..ot 90
Hinh 3.16. Hinh thai va bé mat cua proliposome BBR mau FF19-1.2 dudi
Kinh Nién vi dién t QUEE SEM ......o.eeeeeeeeeeeeeeeeeeeeee e ee e, 91
Hinh 3.17. Hinh thai va bé mat cua proliposome BBR mau FF19-1.3 dudi
Kinh Nién vi dién t QUEE SEM ......o.eeeeeeeeeeeeeeeeeeee e eeeee e 92
Hinh 3.18. Hinh thai va bé mat cua proliposome BBR mau FF19-2.1 dudi
Kinh Nién vi dién t QUEE SEM .....co.oveeeeeeeeeeeeeeeeee e 92
Hinh 3.19. Liposome BBR sau khi hoan nguyén tir proliposome BBR mau
L2, L. e 94
Hinh 3.20. Phé nhiéu xa tia X caa BBR, HSPC, DSPG, NaDC (SDC), MNT,
hon hop vat ly (PM) va proliposome BBR FF19-2.1 ......ccoccvvvveeeeeceeieeeeennen, 95

Hinh 3.21. Ph6 hong ngoai FTIR caa BBR, HSPC, DSPG, NaDC (SDC),
MNT, hdn hop vat ly (PM) va proliposome BBR FF19-2.1 .......ccccccovurnee.. 97



Hinh 3.22. Hinh anh hydrat hoa trong méi truong pH 1,2 mang film trén tiéu
phan proliposome BBR chup bang kinh hién vi dién tir quét lase (CLSM)... 99
Hinh 3.23. Hinh anh hydrat héa mang film trén tiéu phan proliposome BBR
trong mdi truong pH 4,5 chup bang kinh hién vi dién tir quét lase (CLSM) 100
Hinh 3.24. Hinh anh hydrat héa mang film trén tiéu phan proliposome BBR
trong mdi truong pH 6,8 chup bang kinh hién vi dién tir quét lase (CLSM) 101
Hinh 3.25. Phan trim giai phong qua mang tham tich cua duoc chét tir

proliposome BBR mau FF19-1.3 va FF19-2.1 bao ché bang phuong phap bao

Hinh 3.27. Hinh anh proliposome BBR bao ché & quy md 200 g/mé quan sat
dudi kinh hién vi dién ti QUEL SEM ........oeoeeeceeeeeeeeeeeeeeeeee e 107
Hinh 3.28. Phan tram giai phong qua mang tham tich cua BBR tir
proliposome BBR bao ché & 2 qui md trong cac méi trudng khac nhau...... 109
Hinh 3.29. Hinh thai cua liposome BBR hoan nguyén ttr proliposome BBR qui
mo 200 g/mé quan sat dudi kinh hién vi dién tir truyén qua (TEM) ............ 110
Hinh 3.30. Hinh thai cuaa proliposome BBR bao ché qui md 200 g/mé sau 6
thang bao quan diéu kién thuc quan sat dudi kinh hién vi dién tir quét. ...... 111
Hinh 3.31. Hinh thai cua proliposome BBR bao ché qui md 200 g/mé sau 6

thang bao quan diéu kién 130 hoa cap téc quan sat dudi kinh hién vi dién tir

Hinh 3.32. Phé nhiéu xa tia X cua proliposome BBR bao ché qui md 200

g/mé & thoi diém ban dau va sau 6 thang bao quan & PKT va LHCT ......... 113
Hinh 3.33. Ph6 hong ngoai cua proliposome BBR bao ché qui mé 200 g/mé &
thoi diém ban dau va sau 6 thang bao quan ¢ DKT va LHCT ..........cc......... 114



Hinh 3.34. Hinh thai cuaa liposome hoan nguyén tir proliposome BBR sau 6
thang bao quan & diéu kién thuc (A) va diéu kién LHCT (B) quan sat dudi
kinh hién vi dién tir truy&n qua (TEM) ..o, 116
Hinh 3.35. Buong biéu dién ndng d6 trung binh BBR trong huyét twong chuot
cdng theo thoi gian ctia nhém ubng hén dich quy wdc BBR va nhdm udng
liposome BBR sau khi udng liéu don twrong dwong véi liéu BBR 100 mg/kg
o2 0 1 10 o USSR 119
Hinh 4.1. So d6 qué trinh chuyén pha gel sang pha tinh thé long caa mang
PROSPNOIIPIA KEP ..o 132
Hinh 4.2. So' @5 NQUYBN tAC BA0 Nat .......ovveeeieceeeeeeeeee e 140



PAT VAN PE

St dung thudc qua duong udng cho dén nay van 1a su lya chon hang dau cho
bénh nhan bai dé st dung, dé& kiém soat liéu, thuén loi trong diéu tri cac bénh man
tinh, giam chi phi. Tuy nhién, mot sb thudc khong thé sir dung dugc duong udng boi
tinh thAm kém, do tan thép, khong 6n dinh trong duong ti€u hoa va bi co ché bom
nguoc thude. Vuot qua cac rao can dé 1a mot trong nhitng thach thirc 16n cho hé dua
thudc qua dudng udng [58], [157]. Mot sé bién phap da sir dung dé cai thién sinh kha
dung duong udng, trong dé cé liposome, dugc biét dén nhu 1a mot hé mang thuée
tuong dong sinh hoc, 1am ting sinh kha dung cho nhiéu duoc chat [4]. Ké tir khi duoc
phat minh bgi Bangham va Horne vao nim 1964 [21] cho dén nay, liposome - hé
mang duoc chat tiém ning- da dugc nghién ciu rong rai qua cac duong dung khéc
nhau nhu dudng udng, dudng tiém, dudng xong hit, dudng nhé mii, mat va hap thu
qua da [60], [141].

Berberin (BBR) la mot duogc chat da dugc sir dung tir 1au dé diéu tri tai chd
mét sé bénh duong tiéu hoa [3]. Gan day, nhiéu nghién ciru méi cho thiy BBR c6
tiém ning cao trong diéu tri mot s6 bénh nhu: ting lipid mau [82], ticu duong [156],
nhoi mau co tim [15]. Pac biét, nhiéu nghién ctru da cong bd tc dung ha lipid mau
cua BBR rit dang chd ¥ trén dong vat thi nghiém [82], [149] va trén nguoi khi st
dung liéu cao 500 mg x 2-3 lan/ngay [41], [82]. Tuy nhién, dé c6 tac dung nay, BBR
can dugc hap thu vao tuan hoan. Trong khi ¢6, BBR bi han ché béi sinh kha dung
duong uéng kém (dudi 10%) do BBR c¢6 tinh thim kém, bi chuyén héa lan dau ngay
tai rudt, bi anh huong boi bom téng thude ¢ trén bé mat niém mac rudt, bi tai bai tiét
boi chu trinh gan mat [97], [142], [161]. Viéc sir dung BBR dang thudc truyén théng
qua dudng udng voi liéu cao dé diéu tri da dan dén nhitng tac dung khdng mong
mudn, biéu hién trén duong rudt nhu: tidu chay, tao bon, dau bung [156]. Nhing han
ché vé sinh kha dung dudng uéng caa BBR c6 thé dugc khic phuc bang sir dung hé
mang duoc chat liposome.

Mic du BBR ¢ tiém ning 16n nhung hién nay chua c6 nghién cru nao trong
nuéc vé bao ché liposome BBR ung dung dudng udng dé ha lipid méu. Vi vay, can

thiét phai nghién ctzu bao ché liposome BBR nham phat trién dang bao ché mai, c6



tiém ning ting gia tri st dung cia BBR. Do d6, dé tai:

“Nghién ciru bao ché liposome berberin wng dung dung dwdng uéng” duoc
thuc hién vai 2 muc tiéu sau:

1. Xay dung dwoc cong thizc va quy trinh bao ché liposome berberin va
proliposome berberin ¢ quy md phong thi nghi¢m.

2. Ddnh gid dwoc sinh khd dung dwrong uong cua liposome berberin va tac dung

ha lipid mau ngi sinh cua liposome berberin trén déng vdt thuc nghiém.



Chwong 1. TONG QUAN

1.1. BERBERIN
1.1.1. Nguén géc

Berberin (BBR) la mot isoquinolin alkaloid bac 4, dwoc chiét xuat tir r&, than
ré va vo cua mot so lodi thude chi Berberis, ho Hoang lién gai (Berberidaceae) hoic
moét s6 lodi khac thudc céc chi Coptis, Hydrastis, Thlictrum, ho Mao luong
(Ranunculaceae) [3], [108], [158]. Ngay nay, BBR da dugc tong hop va st dung rong
rai trong nganh Dugc.
1.1.2. Cong thwrc

- Cong thuc phan tir: C2oH1sNO4*

- Khéi luong phan ta: 336,36 g/mol

- Tén khoa hoc: 5,6-Dihydro-9,10-dimethoxybenzo[g]1,3-benzodioxolo [5,6-
a] quinolizinium [165].

- Cong thirc cau tao:
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OCH,
Hinh 1.1. Céng thic cau tao cua berberin

- Céc dang duoc su dung: berberin base, berberin clorid, berberin sulfat.
1.1.3. Tinh chat Iy hoa
a. Tinh chat vat ly

- Hinh thirc: tinh thé hay bot két tinh mau vang, khdng mui, vi rat dang

- b6 tan: Trong méi truong nude, BBR ¢6 d6 tan 5,27 mM ¢ 25 °C va 8,5 mM
¢ 37 °C. Trong mdi truong dém phosphat pH 7,0, BBR ¢6 do tan ¢ 25 °C va 37°C lan
luot 1a 4,05 mM va 9,69 mM. Trong méi truong dung dich acid HCI pH 1,2 va dung
dich dém phosphat pH 5,0, d6 tan thap hon 20 1an so v&i méi trudng dém phosphat
pH 7,0 [24].



_ Nhiét néng chay: 204 - 206 °C

- LogP: -1,5 [24].

- Log Dow: - 4,2 6 pH 4,0;-1,03 ¢ pH 7,3; -0,09 ¢ pH 10,2 [128].

- C6 kha nang phat quang khi kich thich ¢ budc song 350 nm [47].
b. Tinh chdt héa hoc

- O vj tri N cua berberin khéng bén trong maéi treong kiém manh, tham gia
phan itng maé vong isoquinolin.

- Lién két C=N* trong c4u trGic phan tir berberin dé bi tac nhan &i nhan tan
cong dé tao cac dan xuat & vi tri C8 nhu 8-dihydroberberin hoic 8-
acetonyldihydroberberin [140].

- C6 cau trlc phan tir ludng cuc tao ra boi ion N* 1am thuan loi cho twong
tac ludng cuc véi cac phan tir khac. Vi vay, bat cir chat ndo lién két voi BBR déu cho
pho phét xa huynh quang voi cuong d6 khac nhau [47].

1.1.4. Pinh tinh va dinh luwgng

Theo chuyén luan “Berberin clorid” trong Duoc dién Viét nam V [2], BBR c6
thé dinh tinh bang pho hong ngoai hodc phuong phap hoa hoc dua trén sy xuat hién
taa hodc mau sic pht hop vai thube thir dac trung. Ham lugng BBR trong nguyén
lieu hoic trong ché pham bao ché c6 thé dinh lwong bang phuong phap sic ky long
hiéu ning cao (HPLC). Pinh luong duoc chét giai phdng tir ché pham bao ché trong
phép thir d6 hoa tan bang phwong phéap do phd hap thu UV-Vis.

1.1.5. P§ 6n dinh

BBR khé 6n dinh trong cac dung dich dém c6 pH khac nhau. Nghién ciru caa
Battu va cong su cho thay, khi bao quan céc dung dich BBR trong cic mdi truong
dém vai ndng d6 dém 0,2 mM (dém borat pH 9,0, dém phosphat pH 7,0, dém phtalat
pH 5,0 va 3,0, va dung dich acid HCI pH 1,2 ) ¢ 2 diéu kién nhiét do 25 °C va 40 °C
trong 6 thang giam it hon 5% ham luong dwoc chét so véi ban dau [24]. Nhung BBR
bi gidng hda trong thoi gian tir 2-6 gio sau khi phoi nhiém véi cac yéu té moi truong
khic nghiét nhu tia tir ngoai, chat oxy héa, dung dich HCI 1N, dung dich NaOH 1N
& nhiét do 80 °C [53].
1.1.6. Tac dung dwoc ly

Téc dung truyén théng cua BBR 1a khang khuan va cac ky sinh tring duong



rudt nhu ly amip, E. Coli, dung diéu trj tai chd cac bénh duong tiéu hoa nhu dau bung,
tiéu chay [3], [140]. Ngay nay, c6 nhiéu nghién ctu in vitro va in vivo cho thiy BBR
dang clorid c6 nhiéu tac dung dugc ly tiém ning nhu lam giam duong huyét [14],
[37], [151], [156], chéng xo vita dong mach [38], bao vé néi mo [95], [147], [152],
bao vé than [45], [111], bao vé gan [48], [162], bao vé tim trong suy tim va thiéu mau
cuc bo [34], [112], diéu hoa mién dich [89], [96], [105], chéng oxy héa [13], [129],
trc ché té bao ung thu [93], [148], [159].

Téc dung lam giam lipid mau caa BBR duoc khang dinh trong nhiéu nghién
ctru trén dong vat. Trén chudt céng, BBR & ca 3 muc lidu 50mg/kg, 100mg/kg va
150mg/kg lam giam cholesterol ti trong thip (LDL-C) & muc 31-41%, giam
cholesterol toan phan (TC) 29-33% so v&i nhom ching sau 8 tuan diéu tri. Muc giam
khéng c6 su khac biét giira cac lidu [149]. Trong lic d6, trén chudt hamster, ti 1& giam
LDL-C ¢ mic liéu 50 mg/kg 1a 26% va & muc licu 100 mg/kg la 42% so vaéi nhém
chang sau 10 ngay diéu tri [82]. V&i mirc liéu BBR 380mg/kg trén chudt cong sau 2
tuan diéu tri, mac giam triglycerid (TG) va TC lan luot 12 34,7% va 9% so véi nhém
ching [65]. Mot nghién ciru khac trén chudt cong & muc liéu 200mg/kg cho thay,
nong d6 TC va LDL-C trong mau ciing giam c6 y nghia théng ké sau thoi gian diéu
tri 16 tuan [35]. Trén chudt nhat ¢ liéu 250mg/kg (tuong duong véi lieu 125mg/kg
trén chuot céng) sau 4 tuan diéu tri, BBR lam giam TC va TG lan luot 12 41,7% va
41,9% so véi nhdm chang mot cach c6 ¥ nghia théng ké (p < 0,05) [160]. Nhu vay,
BBR & muc liéu tir 50mg/kg co thé 1am giam ddng thoi hoic riéng 1é nong do TC,
LDL-C va TG trong mau chudt céng va chudt hamster.

Co ché 1am giam lipid mau chinh nho 1am 6n dinh thy thé LDL-cholesterol
(LDL-C) ¢ gan bang con dudng diéu hoa tin hiéu ngoai bao phu thugc kinase, va
cling 1am tang hoat dong phién ma cua chat méi LDLR qua con dudng JNK (c-Jun N
terminal kinase) lam tang biéu hién va tudi tho cua thu thé LDL, do d6 lam ting qua
trinh thuc bao LDL [9], [42], [86]. Ngoai diéu chinh LDLR, BBR con hoat héa 5’-
AMP kinase (AMPK) trong khi chan con duong hoat hoa protein mitogen kinase
(Mitogen-actived protein kinase-MAPK)/ERK (Extracellular signal-regulated
kinase). Két qua 1a &c ché tdng hop lipid [30]. Co ché 1am giam lipid méu cua BBR



dugc tom tit & so do sau (hinh 1.2).
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Hinh 1.2. Co ché lam giam lipid mau cua berberin (BBR)[42].
Ngoai co ché tai gan, BBR con lam giam lipid mau bang cach tc ché hap thu
cholesterol ¢ rudt [149].
Véi két qua tir nhitng nghién ciru trén, c6 thé thay rang BBR ¢ tac dung lam
giam lipid mau mét cach hiéu qua trén dong vat thi nghiém.
1.1.7. Sinh kha dung
Tuy BBR c¢6 nhiéu tac dung duogc ly tiém ning, nhung sinh kha dung duong
udng ciia BBR duoc béo céo 1a thap (dudi 10%) [161]. Trén dong vat, BBR c6 nong
d6 ti da trong huyét twong (Cmax) 1a 4 ng/ml sau khi udng liéu 100mg/kg chuét cong,
AUC0.48=57,9 +20,6 ng.h/ml [97]. Ciing v&i liéu ubng nay trén chuot cong, mot
nghién ciu khac c¢ong b6 Cmax = 9,48 + 3,40 ng/ml, Tmax= 2,60 + 1,14 h, AUC,.
36h=56,5 +12,8 ng.h/ml [51].
1.2. LIPOSOME
1.2.1. Khéi niém, thanh phan ciu tao
Liposome la nhitng tdi nho hinh cau, chira mét hoac nhiéu 16p phospholipid kép
d6ng tdm bao boc ngin nudc & gitra hodc ngin cach boi cic ngian nude, ¢ kich thude
thay d6i tir hang chuc dén hang ngan nanomet [4], [10].
Thanh phan cu tao cua liposome bao gdm 16p vo phospholipid va duoc chat.
Ngoai ra con c6 cac thanh phan khéc [4], [64] (hinh 1.3).
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Hinh 1.3. So d6 minh hoa dgi dién thanh phan cdu tgo cia liposome [127]

Lop vé liposome:

Lép vo liposome duoc cdu tao phd bién nhat tir hai thanh phan phospholipid va
cholesterol [4], [64].

Phospholipid:

Phospholipid ciing & thanh phan chinh cu tao nén mang té bao. Phospholipid
ding bao ché liposome cha yéu c6 hai loai la glycerophosphat va sphinomyelin.
Phospholipid c6 thé tao thanh Iép lipid kép boi dic tinh ludng tinh cua loai
phospholipid gom duéi ky nuéc ciu tao bai hai chudi céc acid béo va mot dau than
nuéc c6 chira nhém phosphat [12], [64]. M6t s6 phospholipid thudng dung dé bao

ché liposome dugc trinh bay & bang 1.1.



Bang 1.1. Mgt sé phospholipid thwong sir dung dé bao ché liposome [4], [126]

Phospholipid Viét tit Nhigt chuyén pha | Tich

Tc (°C) dién
Dimyristoyl phosphatidylcholin DMPC 23 0
Dipalmitoyl phosphatidylcholin DPPC 41 0
Distearoyl phosphatidylcholin DSPC 58 0
Dilaruryl phosphatidylglycerol DLPG 4 -1
Dimyristoyl phosphatidylglycerol DMPG 23 -1
Dipalmitoyl phosphatidylglycerol DPPG 41 -1
Distearoyl phosphatidylglycerol DSPG 55 -1
Phosphatidyl ethanolamin PE 48 0
Dimyristoyl phosphatidyl ethanolamin DMPE - 0
Dipalmitoyl phosphatidyl ethanolamin DPPE 60 0
Distearoyl phosphatidyl ethanolamin DSPE - 0
Dipalmitoyl phosphatidyl serin DPPS 48 -
Dimyristoyl phosphatidyl serin natri DMPS.Na 35 -1
Dipalmitoyl phosphatidyl serin natri DPPS.Na 54 -1

Cholesterol:

Cholesterol c6 thé cho thém vao 16p phospholipid kép nham tao hé dém long dé
diéu chinh thé chat cua Iép phospholipid kép, han ché su chuyén dang ciu trdc tir
“trans” sang “gauch” cta chudi acyl trong phan tir phospholipid [4], [126]. Ngoai ra,
cholesterol con c6 tac dung 1am 6n dinh mang d6i véi su thay déi nhiét do, 1am giam
hé sb tham cia mang ddi véi glucose va céac ion Na*, K*, CI-, do d6 can thiét cho su
giam tinh tham cua mang [126].

Duwgc chat:

Nhiéu dugc chat dugc sir dung dé bao ché hé mang thudc liposome. D6 14 nhitng
dugc chat cd tinh tham kém, kho tan hozc dé bi tac dong béi nhirng yéu té ngoai moi
dan dén sinh kha dung thap, hoic nhitng duoc chat can tap trung tai dich nhu cac
thude diéu tri ung thu, cic enzym [4].

Duoc chat duoc nap vao liposome theo hai cach khac nhau: gan thu dong va gan



chi dong. Qua trinh gén duoc chat thu dong 13 qua trinh ma duoc chét duoc nap vao
liposome trong qua trinh liposome dugc hinh thanh. Qué trinh gin duoc chat chu dong
14 qua trinh ma duoc chat dugc nap vao liposome sau khi liposome duoc tao thanh thong
qua viéc tao ra gradien pH xuyén mang hoic chénh léch dién thé mang [10], [44].
Thanh phan khac

Céc lipid tich dién dwong tdng hop nhu sterylamin, cholesteryl acetat ciing dwoc
dung trong thanh phan tao 16p vo phospholipid. Cac dan xuat sterol chiét xuét tir dau
nanh nhu B-sitosterol, campesterol, stigmasterol va brassicasterol ¢4 ciu tric twong
tu nhu cholesterol nhung 1am mang phospholipid 6n dinh hon [64]. Ngoai ra, mot s6
thanh phan khac ciing duoc sir dung dé lam thay doi dic tinh cua liposome, dién hinh
la chat dién hoat khdng ion hda [4].
1.2.2. Phan loai

Liposome duoc chia ra 1am nhiéu loai khac nhau dua trén sb 16p va kich thudc
cua liposome [18]. Ngoai ra, liposome ciing dugc phan loai theo co ché huéng dich
tac dung [4], [64].
Phan loai theo s6 16p phospholipid va kich thwéc cia liposome:

Theo c&ch phan loai nay, liposome dugc chia thanh nhitng loai sau (hinh 1.4):

- Liposome 1 16p (Unilamellar vesicle): chi cé 1 16p phospholipid kép bao
boc quanh mot nhan nudce trung tdm. Liposome 1 16p ciing duwoc chia lam 4 loai thy
theo kich thuoc:

+ Liposome nho: SUV (small unilamellar vesicle): duwong kinh nho hon 100
nm, thuong tir 20-100 nm.

+ Liposome trung binh: MUV (medium unilamellar vesicle), duong kinh 16n
hon 100 nm.

+ Liposome to: LUV (large unilamellar vesicle), duong kinh 16n hon 200 nm

+ Liposome khéng 16: GUV (Giant unilamelar vesicle), duong kinh 16n hon 1
micromet.

- Liposome 1 s 1p: (oligolamellar vesicle- OLV), cau tao khoang dudi 5 16p
phospholipid kép xen k& cac ngan nudc, duwong kinh tir 0,1-1micromet.

- Liposome nhiéu 16p: MLV (multilamellar vesicle), cau tao tir nhiéu 16p



phospholipid kép va nhiéu ngan nudc xen k& ddng truc, thuong tir 5-25 16p, duong
kinh 16n hon 0,5micromet.
- Liposome nhiéu ngan: MVV (multi vesicular vesicle), 1a liposome kich

thuge trén 1 micromet, trong chira nhiéu khoang, mdi khoang 1a mét liposome nhoé.

Hinh 1.4. So' d6 phan logi liposome theo kich thwéc va sé 16p [46]
A. Lipsome don 16p (lan luot tir trai sang phai la GUV, LUV va SUV); B:
OLV; C: MLV; D: MVV gom liposome to chtra cac liposome nho: E:
MVV dugc hinh thanh tir nhiéu liposome nho don 16p lién két lai véi nhau

Phan loai theo co ché hwéng dich tac dung:

- Liposome huéng dich thu dong: 1a liposome khdng bi bt giit dic hiéu
boi nhitng mo khac nhung c6 thé tich tu & mé dich bai vong tuan hoan.

- Liposome hudng dich chu dong: liposome gan phdi tir, liposome gan khang
thé.

- Liposome hudng dich theo dac tinh ly hda: liposome nhay cam véi pH,
liposome nhay cam vai nhiét do.

- Liposome da chirc ning: 14 loai liposome duoc bao ché dé dat duoc nhiing
muc dich khac nhau, trong d6 mét liposome c6 thé dat dwoc muc tiéu toan dién bang két
hop gitra hudng dich thu dong, chi dong va hudng dich 1y hoa.

1.2.3. Uu, nhwoc diém cia liposome

Liposome la mot hé mang duoc chét ¢ nhiéu wu diém doc déo nhung ciing ton tai

mot s6 nhuge diém [4], [64], [102].
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Uu diém ciia liposome:

- Co tinh twong hop sinh hoc va phéan huy sinh hoc cao, khong gay doc va
khéng gay dap ung mién dich do thanh phan cau tao cua liposome chia yéu la
phospholipid gidng nhu mang té bao ngudi.

- C6 thé bao vé dugc chét khoi bi phoi nhidm véi cac yéu to moi trudng
do dugc chat dugc bao goi trong liposome.

- C6 thé mang ca duoc chat than nudc, dugc chat than dau va cac tac nhan
ludng cuc do ciu trdc caa liposome gom c6 ngian nudc va mang phospholipid kép
than dau.

- Lam thay d6i phan bé sinh hoc cua thube trong co thé do liposome ¢
tinh huéng dich thu dong tu nhién trong co thé nguoi. Kich thudc tiéu phan khéc
nhau cua liposome mang dugc chat gay ra su luu giit co hoc khac nhau & cac mé do
su khac nhau vé d6 dic caa nhitng md nay. Nhitng mé bi ton thuong (vi du md ung
thu) s& c6 do dic thip hon mé thudng, liposome mang dwoc chét s& luu gitr & mé ton
thuong véi ndng d6 dam dic hon (hinh 1.5). Do d6 lam thay doi phan b sinh hoc
mét cach ty nhién cua dugc chit trong co thé ngudi va nang cao chi sé diéu tri, giam
tac dung phu.

- C6 thé thiét ké liposome hudng dich chu dong hoic hudng dich theo co
ché 1y héa ty nhién. Do d6 c6 thé mang duoc chat dén ving diéu tri mong mudn.

M6 ung thw M6 thuong
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Hinh 1.5. Anh hwong cia liposome kich thuwéc nano trong mé ung thw. Cdu tric mo
ung thw léng 1éo 1am nano liposome dé tham qua [64]
Nhuwoe diém:
- Do phospholipid khdng bén vé mat héa hoc nén dugc chat duwgc

liposome hoa c6 thé bi rod ri trong qua trinh bao quan, 1am giam tudi tho cua thudc.
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- Kho kiém soat do dong nhat giira cac 16 me, kho trién khai san xuat 16n
do c6 nhiéu théng sé tac dong dén kich thude, chat lugng caa liposome trong qua
trinh san xuat.

- Thoi gian ban thai ngén do liposome quy wéc dé bi thanh thai bai hé dai
thuc bao, thoi gian tuan hoan kho kéo dai.

- Gia thanh cao.

1.2.4. Phwong phap bao ché liposome

Liposome duoc bao ché bang nhiéu phuong phap khac nhau. Mot s6 phuong
phap tao ra truc tiép liposome ngay sau qué trinh bao ché. Bén canh do, c6 mot s6
phuong phap tuy khdng tao ra liposome ngay sau qué trinh san xuat, nhung liposome
s& duoc hinh thanh nhd su hydrat hda ché pham trude khi sir dung.
1.2.4.1. Phwrong phdp bao ché liposome truc tiép

Phuwong phdp hydrat hoa film:

Phuong phap nay dugc Bangham thuc hién tir nam 1965. Pay la phuong phap
don gian va duoc sir dung rong rdi nhat dé bao ché liposome. Trong ky thuat nay,
liposome dugc bao ché bang cach hoa tan lipid vao dung méi hitu co, thuong la
cloroform hoic hdn hop cua cloroform véi methanol. Sau d6, dung méi duoc béc hoi
ap suét giam dé tao mang film lipid trén thanh binh. Sau khi dung mdi hitu co duoc
bdc hoi hoan toan, mang film lipid sau d6 dugc hydrat héa bang dung dich dém. Lép
lipid ddng thoi dugc hydrat héa va truong phong 1én dé tao ra liposome. Liposome
tao thanh thuong la nhiing liposome nhiéu 16p, c6 kich thudc khong ddng nhat, Ion
hon 1um. Kich thudc tiéu phan sau d6 duoc lam giam bang siéu &m hozc dun [12],
[18].

Phurong phdp thay doéi dung moi hitu co bang méi truong nwdc:

Phuong phap nay gdm c6 phuong phép tiém ethanol va phuong phép tiém ether
[12].

Phuwong phdp tiém ether:

Liposome duoc tao ra bang cach hoa tan lipid trong diethyl ether hoic hdn hop
methanol va ether, sau d6 tiém cham vao dung dich trong nudc da hoa tan cac thanh
phan khéc & 55-65°C hoic dudi ap suat thdp. Nhuoc diém chinh cua phuong phap

nay 1a tao ra quan thé liposome khong dong nhat vé kich thudc va duoc chét bi phoi
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nhiém véi nhiét do cao [4].

Phuwong phap tiém ethanol:

Trong phuong phap nay, ethanol duoc sir dung dé hoa tan phospholipid va
cholesterol. Bing cach sir dung mot bom xi-lanh dé tiém dung dich lipid vao mot thé
tich nudc xéac dinh, vira tiém vira khuay tir. Liposome dugc hinh thanh ngay khi lipid
tiép xUc v6i moi treong nude. HON dich liposome sau d6 duoc tiép tuc khudy & nhiét
d6 phong trong vong 15 phut. Phuong phap nay c6 nhiéu vu diém nhu don gian, thyc
hién nhanh chéng, va c6 do lap lai cao. Liposome tao thanh c¢6 kich thudc nhé ma
khong can tac dong siéu 4m hay dun. Vi vay, lipid khdng bi anh huéng bai sy oxy
hoa hay giang héa [33].

MGt sé phwong phép khdc:

Phuong phap vi dong chay, phuong phap khi-bu nude, phuong phap bbc hoi
pha dao, phuong phép loai bé chat dién hoat [12], [144].
1.2.4.2. Phwong phdp bao ché liposome gian tiép

La phuong phap bao ché ra tién liposome hay con goi la proliposome hoic
preliposome. Khi sir dung, proliposome sé dugc hoan nguyén thanh liposome. Ky
thuat bao ché proliposome s& dugc trinh bay chi tiét & muc 1.3,

1.2.5. Phuwong phap danh gia
1.2.5.1. Pdnh gid kich thwéc tiéu phan (KTTP) va phan bé KTTP

Tan xa anh sang dong (Dynamic light scattering — DLS) hay con co tén khac la
quang pho twong quan (photon correlation spectroscopy — PCS) duoc sir dung dé xac
dinh KTTP, phan bé KTTP va hinh dang tiéu phan dya trén sy chuyén dong Brown
va dich chuyén Doppler gay ra bai chum tia lase [125].

Phuong phap phan tich vét hat nano (Nanoparticle tracking analysis-NTA) ciing
dugc 4p dung dé do kich thudc tiéu phan nano dya trén su theo ddi dong luc hoc
chuyén dong cua hat thong qua su tan xa anh sang tir cac hat riéng I& bang céach ghi
lai hinh anh. K§ thuat nay vuot troi so voi DLS vi NTA ghi lai dau vét caa tung
chuyén dong don 1é cua ting tiéu phan do d6 cung cap thdng tin vé hinh anh va do
phan giai cua cac chat tan xa cao hon DLS [154].

Bén canh DLS va NTA, c6 nhiéu k§ thuat khac dé xac dinh kich thudc tiéu phan
va tham chi ¢6 nhiéu tinh ning hon phuong phap DLS, cho phép xac dinh hinh thai
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tiéu phan, sb 16p cua liposome.
1.2.5.2. Ddnh gid hinh thdi cdu tric

Hinh thai bén ngoai cua tiéu phan duoc quan sat bang hé kinh hién vi dién tir
nhu kinh hién vi dién tir quét (SEM), kinh hién vi dién tir truyén qua (TEM), kinh
hién vi dién tr dong lanh (Cryo-EM), kinh hién vi quét lase ddng tiéu (CLSM), kinh
hién vi luc nguyén tir (AFM), va kinh hién vi huynh quang 2 photon (TPFM). Ngoai
chic ning quan sat bé mat, mot sé loai kinh hién vi con c6 kha ning phan tich cu
tric bén trong nhu AFM, TEM, cryo-EM, TPFM, CLSM [39], [122], [154].
1.2.5.3. Pdnh gid higu sudt nap dwec chdt (liposome hoa)

Hiéu suat nap duoc chat 13 mot tiéu chi danh gia chét luong cua liposome. D6
la ti s gitra lwgng dugc chit dugc nap vao liposome vai tong lugng duoc chat duoc
sir dung, biéu thi bang % va duoc tinh theo cong thirc sau:

EE (%) = (dugc chat nap trong liposome/duoc chat toan phan) x 100 [4]

Hiéu suat nap cang cao cang c6 hiéu qua trong diéu tri. Panh gia hiéu suat nap
1a tach dugc duoc chat tu do ra khoi liposome nhung khong anh hudng dén cau trdc
cua liposome. Hién nay, cac ki thuat danh gia hiéu suat nap hay duoc sir dung gom:
sac ky cot gel, tham tich, siéu ly tam, siéu loc [103], [120].

Phuong phdp tham tich (dialysis method):

Tham tich 1a ky thuat pho bién dé loai bo nhiing phan tir nho khéi hdn dich
liposome bang céch sir dung mang ban tham c6 cac 15 nho cho phép nhiing phan tir
nhé dugc ty do chui qua I8 trong khi sy khuéch tan nhitng phan tir 16n ra khoi ngan
chira bi han ché (hinh 1.6). Tdi tham tich phai cho phép céac phan tir duoc chat khuéch
tan qua tu do nhung khong cho liposome di qua. Mdi truong tham tich phai 1a moi
treong hoa tan tét dugc chit nhung bao vé dugc cau tric cua liposome. Vi vay, ngoai
dugc chat wa nudce, dugc chat ky nudce ciing dugc phan 1ap néu sir dung moi trudng
thich hop.

Uu diém cta phuong phap nay 1a don gian, dé thuc hién, khong yéu cau thiét bi
dat tién, ¢ thé xur Iy duoc mot lugng 16n mau va co thé loai bo gan hét duoc chat ty
do. Két qua thu duoc dang tin cay va co do 13p lai. Tuy nhién, phuong phéap nay ciing

c6 mot s6 nhuge diém nhu thoi gian tién hanh kéo dai. Ap suat tham thau cia moi
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truong tham tich phai lya chon dé tranh sy phé huy cau tric liposome gay ra hién
tuong ro ri duoc chat dan dén anh huéng téi o chinh xéc cua két qua thu dugc. Hon

nita, phuong phap dinh lwong duoc chét ty do phai co d6 nhay phu hop [103], [120].

S
] S
o® 2. 5 e
22 Tham tich - (9o - )
%0 »| =28 ..°| . Duoc chat trdo
Y J.® - | eLiposomes
Bit diu tham tich Két thiic tham tich
(chénh léch nong do) (trang thdai can bang)

Hinh 1.6. So' d6 qud trinh tach dwoc chat ty do bang tham tich [103]

Phurong phdp tdach sac ky cét (phwong phdp loc gel):

Phuong phap nay ding cot sic ky dé tach dugc chat ty do ra khoi liposome. Cot
sac ky thuong la cot Sephadex hoac cot Sepharose. Nguyén tic co ban cua phuong
phap nay la su khéac nhau vé ti trong cua liposome va dugc chat tu do s& ¢ thoi gian
luwu gitr khac nhau. Thudng thi qué trinh tach xay ra ¢ trong cot duoc nhdi bang nhiing
hat xp nhu hat Sephadex, gel agarose. Trong qué trinh rt:a giai, nhirng tiéu phan cé
khoi luong phan tir twong d6i thap (duoc chat tu do) cé kha ning di vao cac 16 xop
cua hat va luu lai 1au hon trong nhiing 18 nay. Trong khi d6, nhiing tiéu phan c6 kich
thudc 16n hon (liposome) khong di vao 16 x6p duoc va bi rira giai nhanh hon. Tan
dung su khac biét vé thoi gian nay, dugc chét tu do c6 thé duoc tach ra khoi duoc
chat nap trong liposome (hinh 1.7).

Uu diém cta phuong phap nay 1a diéu kién tach twong d6i n dinh va cot c6 thé
tai sir dung, tiét kiém chi phi. Nhuoc diém khac cua phuong phap nay 1a khong ap
dung duoc véi duoc chat than dau, khéng c6 kha ning rira giai bang chat rira giai than
nudc. Hon nita, viéc st dung luong I6n dich ria giai trong qua trinh tach, lam loéng
liposome Vva r0 ri duoc chat. Piéu nay c6 thé 1am anh hudng dén chat luong san pham
[31], [78], [91], [103], [120].
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Phurong phdp siéu loc (ultrafiltration) két hop vai ly tam:

Pay 1a phuong phap nhanh va don gian dé tach duoc chat ty do ra khoi
liposome, dic biét 1a 4p dung dé loai bo duoc cht than nudc. Dya trén sy khac biét
vé kich c¢&, mang ban thim duoc sir dung dé giit lai nhirng tiéu phan c6 phan tir luong
cao va cho di qua cac phén tir ¢d khéi lwong thap nhu nude va dugc chat tu do (hinh
1.8). Kich thuéc cua 16 mang béan tham 13 yéu té anh huong dén luong liposome con
s6t lai trong dich loc [146]. Nhin chung, dé dat dugc hiéu qua tach thi nén st dung

mang c6 kich thuéc 16 mang bang 1/10 kich thuéc cua tiéu phan [103].

Uu diém caa phuong phap nay 1a giam bét sy rd ri duoc chat vi liposome khong
bi pha lodng. Hon nita, qué trinh tach dugc chét tu do nhanh va c6 d6 lap lai cao [31],

[120].
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Hinh 1.8. So' d6 biéu dién qud trinh tach dwoc chat tie do bang phwong phdp
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Phuwong phap li tam (centrifugation):

Ly tam 1a mot ky thuat lién quan dén viéc ap dung luc ly tim dé tach tiéu phan
tir dung dich dwa vao kich thudéc cua tiéu phan, ti trong, 6 nhét ctia moi truong va
tdc d6 quay cua rotor. Trong linh virc nghién ciru vé hé mang thuéc, loi dung su khéc
nhau V& ti trong cua liposome va dugc chat ty do, ly tdm c6 thé st dung dé tach duoc
chat ty do. Duéi tac dong cua luc ly tdm, liposome ling xubng duéi day cua 6ng ly
tam, trong khi d6 duoc chat ty do ndi ¢ phan trén. Bang phan tich duoc chat & phan
dich néi so véi duoc chat ban dau trude khi ly tam dé tinh dugc hiéu suat nap [78].
Uu diém cta phuong phép nay 13 nhanh. Tuy nhién, doi khi sy khac biét vé ti trong
gitta liposome v&i méi trudng phan tan khong ¢ ¥ nghia dé tach liposome nén cé thé
tang toc do quay l1én dén 10.000 vong/phut. Piéu nay c6 thé gay ra su ro ri duoc chat
hozc v& liposome. Do d6, dé dat dwoc két qua dung, phai lya chon duoc tée do quay toi
uu cua rotor [103].
1.2.5.4. Ddnh gid khd ning gidi phéng dwec chat in vitro

Pé danh gia kha ning giai phong dugc chat in vitro cua cac ché pham liposome
quy mo phong thi nghiém, phuong phap dong hoc tham tich 1a phwong phap phd bién
nhat do nhanh, don gian va kinh té [103]. Ché pham duoc cho vao tdi tham tich véi
gia tri diém cat khdi lugng phan tir 1a 14.000 dalton (MWCO=14.000 dalton). Tui
tham tich chira mot lwong ché pham duoc cho vao cac moi trudng thir giai phong
khac nhau. Thong thuong la cac dung dich dém phosphat vai cac gié tri pH khac nhau
[4] hodc cac moi truong mé phong dich da day hay dich rugt [110]. Ngoai phuong
phap tham tich, phuong phap siéu loc ciing dugc ap dung [146].

1.2.6. M@t s6 thach thirc va bién phap khic phuc trong bao ché liposome diing
dwong udng

Liposome d duoc nghién ciu ding dudong udng tir nam 1970, dai dién dau tién
cho linh vuc nay la ché pham liposome insulin [60]. Tuy nhién hiéu qua cta liposome
dung duong ubng khong dong nhat gitta cac mé va kho du doan, danh ddu nhiing
thach thic khi st dung liposome dudng uéng.
1.2.6.1. Thach thsc

Liposome dung dudng udng cé nhiéu thach thirc nhu kém 6n dinh trong duong

tiéu héa do chiu tac doéng cua acid da day, mudi mat va men duodng tiéu hoa
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(pancreatic lipase). Nhirng tac nhan nay lam mat tinh nguyén ven cua liposome, gay
rd ri dugc chat hoic pha vé mang lipid kép caa nhitng liposome c6 thanh phan
phospholipid c6 nhiét chuyén pha thiap nhu phosphatidylcholin (PC), dimyristoyl
phosphatidyl cholin (DMPC) [63], [139]. Dich pancreatic trong duong tiéu hda chira
cac enzym thay phan lipid nhu lipase, phospholipase A2, cholesterol esterase, lam
thuy phan mang phospholipid kép, pha v& cau trdc cua liposome [81].

Tinh tham qua 16p biéu md niém mac rudt cua liposome quy uéc kém boi kich
thudc tiéu phan liposome to cling véi su hién dién caa nhiéu hang rao biéu mé niém
mac rudt. Cé hai gia dinh vé su hap thu thudc tir liposome qua niém mac rudt: mot Ia
thudc duoc giai phdng trong 10ng rudt roéi duoc hap thu; hai 1 liposome dugc chuyén
thanh mixell hon hop réi dugc hap thu qua biéu mé rudt, hoac liposome nguyén ven
duoc thuc bao qua té bao biéu md rudt hoac hap thu qua té bao M ¢ viing Peyer trong
soi nhung mao ruét (hinh 1.9) [131], [150]. Tuy nhién té bao M véi s6 luong chi chiém
1% so véi tong té bao biéu md rudt nén sé luong liposome duoc hap thu nguyén ven qua
té bao M bi han ché [98].
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o— Mudi mat Té bao biéu mo6 rudt

Moi trwong acid

liposome 1 s @ Lép nhéy
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Hinh 1.9. Co ché hap thu thudc tir liposome ¢ trong dwong tiéu hoa [85]
Thiét ké cong thuc ciing 1a mot thach thirc cua liposome noi chung va liposome
dung duong ubng nai riéng. Sy dong nhat vé chat luong gitra cac 16 mé ciing nhu kha

nang nang cap quy moé bao ché liposome phu hop cho sir dung duong ubng véi lidu
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cao va sir dung thoi gian dai 12 vin dé quan trong. Liposome vén khong on dinh khi
& dang hdn dich nuéc, vi vay viéc chuyén doi cong thic dang long sang dang rin van
la nhu cau can thiét [36], [85] .

1.2.6.2. Mgt sé bign phap khdc phuc

Lam én dinh liposome:

Do tinh kém 6n dinh cua liposome trong qué trinh bao ché, bao quan va di
chuyén trong duong tiéu hda, mot sé bieén phap duoc sir dung dé cai thién tinh on
dinh cua liposome nhu thay doi thanh phan lipid cua l6p vo hoic bao bé mat liposome.

Liposome chira thanh phan phospholipid c6 nhiét chuyén pha duéi 37 °C thuong
bi pha huy hoan toan boi mubi mat, nhung tac dong nay anh huang khdng rd rét véi
liposome chira phospholipid cé nhiét chuyén pha trén 37 °C [121]. Bang cach lién két
stearylamin trong thanh phan 16p vo liposome, liposome trd nén tich dién dwong va
6n dinh trong duong tiéu hoa, ting tic dung ha dudng huyét cua insulin [77]. Téac
dung ha duong huyét cua insulin trong liposome duoc cai thién khi thay thanh phan
lipid trong liposome quy uéc bang dipalmitoyl phosphatidylcholin - mét lipid cé nhiét
chuyén pha 41 °C (bang 1.1) va dan xuat sterol chiét xuét tir dau nanh [107].

Cac mudi mat tiét tir té bao gan vao dudng rudt ciing 1a yéu té 1am pha v cau
tric liposome trong duong tiéu hoa [17], [28]. Viéc thém mot sé mubi mat vao mang
phospholipid kép cua liposome ciing 1a bién phap dé cai thién tinh 6n dinh cua
liposome chong lai anh huong cia mudi mat & ngoai moi vi xu hudng mudi mat s&
lién két vai phospholipid, khi da duoc lién két sin trong 16p phospholipid kép rdi thi
I6p vo liposome s& tranh duogc tac dong ciia mudi mat bén ngoai [63], [131].

Bao bé mit liposome bang polyme (chitosan, protein, polyme tan trong rudt)
cling 1a bién phap giup liposome tranh dugce cac tac dong khac nghiét trong moi
truong duong tiéu hoa [23], [62].

Tdang hap thu:

Str dung chat 1am tang hap thu nham 1am cho qué trinh hap thu qua dudong tiéu
hoa d& dang hon ciing 1a mot trong nhirng bién phéap dwoc st dung phod bién. Cac chat
lam tang hip thu nhu tocopherol polyethylen glycol succinat (TPGS), tween-80
[113], mudi mat [67], [135]. Mudi mat 1a mot chét dién hoat sinh 1y, dong vai tro
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quan trong trong hép thu lipid. Bang céach lién két mubi mat vao giira Iép phospholipid
kép, sinh kha dung dudng uéng caa liposome chia dugc chat than dau va dugc chat
than nude dugc cai thién rd rét [67]. Do cd cau tric gan gidng véi cholesterol, mudi
mat dé lién két vao 16p trong mang lipid kép cua liposome, dé tao nén liposome chira
mudi mat véi tén khac 1a bilosome. Nhiing loai mudi mat hay duoc st dung dé lam
tang sinh kha dung dudng udng 1a natri cholat, natri taurocholat, natri deoxycholat
(NaDC), va natri glycolat. NaDC lam sinh kha dung duong udng cua bilosome cao
hon so véi liposome quy uéc do NaDC gilip cho qua trinh hap thu dé dang hon va
duoc chét giai phong tir bilosome rat it [56].

Mot sb bién phap khéc 1am tang hap thu nhu bao polyme hoic thay déi dién tich
bé miat dé ting bam dinh 1én 16p nhay niém mac rudt [85], [138], gan trung gian
huéng dich té bao biéu mé rudt dé ting qua trinh hip thu qua thanh rudt nho trung
gian thy thé thuc bao [57], [90], hoic sir dung polymer ting tham théng qua viéc mo
khop ndi chit gita cac té bao [26] hoic két hop co ché ma khép ndi chat véi co ché
xuyén bao [66]. Tuy nhién, viéc mé khap ndi chit c6 nhuoc diém 1a ciing 1am cho
c4c chat doc trong duong tiéu hoa cling duoc hap thu.

Chuyén dgng ran va nang cap quy mo:

Thuec tién phat trién liposome thanh mot hé dua thude dung duong uéng dang
la mong mudn cta nha nghién ciru dé nang cap thanh quy mé cdng nghiép. Trong san
Xuat quy mé phong thi nghiém, ¢ nhiéu phuong phap duoc ap dung nhu hydrat hoa
mang mong lipid, tiém dung mai, loai bo chat dién hoat, boc hoi pha dao va mot sb
phuong phap khac [115]. Tuy nhién, nhitng phwong phap nay cho dén nay chi thanh
cong trong san xuat quy md nho, nhung lai thé hién nhiéu nhugce diém khi san xuat
quy md Ién nhu phan b kich thuéc tiéu phan khong déu, it lap lai gitra cac 16 me,
khong 6n dinh vé ly hoa, gia thanh cao [132]. Phuong phap tiém ethanol dugc coi la
phuong phap phu hop nhit trong sb nhitng phuong phap hién tai dé nang cip quy mo
do don gian, an toan, c6 thé kiém soat duoc kich thudc tiéu phan bang diéu chinh
nhiét d6 pha nudc [73]. Tuy nhién, liposome khdng 6n dinh vé mat vat ly & moi
truong nudc trong quéa trinh bao quan. Vi vay, viéc thiét ké coéng thuc bao ché

liposome & dang kho 1a giai phap pht hop dé san xuét quy md 16n va gidp ché pham on
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dinh trong qua trinh bao quan. Proliposome amphotericin B [134] va proliposome
cyclosporin A [74] 1a nhitng san pham dai dién dau tién cho giai phap nay.

1.3. PROLIPOSOME

1.3.1. Khai niém

Proliposome 1a san pham dang bot hoac hat khé, tron chay tt, duoc tao thanh
tir duoc chat va phospholipid, khi phan tan vao nuéc hoic dich sinh hoc s& tao hén
dich liposome [109], [116], [130].

Proliposome ¢6 wu diém twong ty nhu liposome. Ngoai ra, so véi liposome, bao
ché proliposome thuan tién hon, d& nang cap quy mé va chi phi thip hon [130].
1.3.2. Thanh phan

Thanh phan cia proliposome ciing tuong tu nhu thanh phan caa liposome, bao
gom duoc chat, phospholipid va céc thanh phan khac (cac chat bao vé mang
phospholipid, chat chdng oxy hoa, ting hiéu suat liposome héa ...). Tuy nhién, khac
véi liposome, trong thanh phan cua proliposome con ¢ chat mang tan trong nudc.

Cac chat mang thuong duoc sir dung 1a nhirng chat cé dién tich bé mit va do
x6p 16n. Hon nira, chat mang phai duoc hoa tan nhanh chéng trong qué trinh hydrat
hoéa trong nude dé tao thanh hdn dich liposome. Mot s6 chat mang hay duoc sir dung
gém: maltodextrin, sorbitol, manitol, .v.v [68].

1.3.3. Phuong phap bao ché
1.3.3.1. Phwong phdp phun sdy

Nguyén tic chung ctia phuong phap nay 1a duoc chat, phospholipid va cac thanh
phan khac duogc hoa tan trong dung méi, tiép theo chat mang dwoc phan tan vao dung
mdi va hdn hop nay duoc phun siy dé thu duoc proliposome dang bot khd [109].
Phuong phép nay duoc ap dung khi c6 yéu cau vé sy ddng nhat kich thuéc va hinh
dang cua tiéu phan.

Uu diém nodi bat cua phuong phap phun siy 1a sy hinh thanh va 1am khd tiéu
phan 12 mot budc don lién tuc, do d6 tiéu phan dugc kiém soét tét hon; &p dung duoc
cho ca dung moi nudc va cac dung moi khac. Ngoai ra, phuong phap nay con c6 uu
diém chi phi thap, d& dang nang cap quy mé va phi hop dé san xuat proliposome khéi

lwong Ion [130]. Quy trinh phun siy gdm c6 bdn giai doan: Pau tién, hdn dich gém
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chat mang va thanh phan tao liposome dwgc phun qua voi phun vao budng tao hat.
Tiép theo, giot phun s& duoc tiép xUc véi khi ndng thdi vao budng say roi dugc say
khd. Cudi ciing, san pham dang ran dugc tao thanh [109].

1.3.3.2. Phwong phdp bao hat

Phuong phap nay dua vao nguyén tic cia ki thuat bao hat tro, déng vai trd gia
mang. Nhiéu nguyén liéu duoc st dung 1am chit mang, c6 thé 1a bot hoic céc hat tro.
Khi sir dung hat tro dé 1am chat mang, phai bao 16t hat tro dé tao bé mat nhin cho budc
bao phospholipid tiép theo. Diéu nay gitp tao ra I6p bao phospholipid méng quanh hat
nhan va khi hydrat hoa sé tao ra liposome c6 kich thudc tiéu phan nho [106].

Quy trinh bao gdm céac budc sau:

- Hoa tan duoc chat, phospholipid va thanh phan khac vao dung méi hoic
hdn hop dung mai hitu co.

- Phun dung dich thu dugc qua sing phun Ién trén chat mang da chira san
trong budng tao hat. Dudi tac dong cua nhiét va ap suat giam trong budng tao hat,
dung moi bay hoi d¢ lai 16p phospholipid chira duoc chat trén bé mat chat mang.

- Tiép tuc nhu vy cho dén khi hét dich phun. Sy san pham thu duoc dé
lam kho va loai bo dung méi ton du.
1.3.3.3. Mét s6 phwong phdp khdc

Phuong phap d6i dung mdi siéu t6i han [130], phuong phép trang film trén bé
mat chat mang [116], phuong phép tao cét lipid-duoc chat [61], phuong phap dong
kho [52] ciing c6 thé 4p dung bao ché proliposome.

1.3.4. Danh gia proliposome
1.3.4.1. Hinh thai

Hinh thai cua proliposome dugc danh gia bang kinh hién vi dién tir quét (SEM).
Bé& mit cua proliposome dugc quan sat va so sanh véi bé miat cua chat mang truéc khi
bao ché dé x4c dinh sy hinh thanh cia proliposome [153].
1.3.4.2. Ham lwong dwoc chit

Ham luong duoc chat trong proliposome duoc xac dinh bang nhiéu ky thuat
khac nhau tdy thudc vao loai dugc chat st dung. Panh gia ham luong duoc chat trong

proliposome 13 co s¢ dé danh gia hiéu suit nap duoc chit trong pha lipid. Véi duoc
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chat kém tan trong nudce, ham luong 1y twéng duoc chat & trong pha lipid 12 100% (so
Vvé6i lugng dugc chat s dung). Tuy nhién, khi dung dich lipid va dwogc chat phun 1én
chat mang thi duoc chét c6 thé bj tach ra khoi pha lipid va tao thanh dugc chat tu do
[109].
1.3.4.3. Dy tron chay

Proliposome 1a dang bot hozc hat khd, vi vay viéc danh gia do tron chay la van
dé can thiét dé chuyén proliposome vao dang bao ché thong thuong nhu vién nén hay
vién nang. Xéc dinh cac thdng sé nhu ti trong thd, ti trong biéu kién, goc chay va chi
s6 Carr’s hoac ti 6 Hausner cua proliposome lam co s cho danh gia gia d6 tron chay
[68].
1.3.4.4. Kha néng gidi phéng dwoc chit

Kha niang giai phong dugc chat tir proliposome c6 thé danh gia bang nhiéu ky
thuat khac nhau nhu str dung may thir &6 hoa tan, binh khuéch tan Franz, tdi tham
tich, tham tich nguoc, mang cellophan [133].
1.3.4.5. Trang thai Iy hoa ciia direc chdt sau khi tdi vao proliposome

Phép do nhiéu xa tia X (Xray powder diffractometry - XRPD) hoic phan tich
nhiét quét vi sai (Differential scanning calorimetry - DSC) duoc st dung dé danh gia
trang thai vat Iy ciia duoc chat khi tai vao proliposome (trang thai két tinh hay vé dinh
hinh) [11], [109]. Ngoai ra, cac tuong tac héa hoc gitta dugc chit vai cac thanh phan
khac ciing duge danh gia bang phan tich phd hong ngoai (infrared spectrum) [69],
[114].
1.3.4.6. Khd ndng hydrat hoa

Danh gia kha ndng hydrat hoa 1a danh gid kha nang hinh thanh liposome sau khi
proliposome dugc cho tiép x(c vi méi truong nudc in vitro [109]. Mbi truong thir
thuong 1a nhitng dung dich dém ¢ diéu kién nhiét do giong nhu nhiét d6 co thé (37
°C). Sy tao thanh liposome dugc quan sat dudi kinh hién vi quang hoc [116].
1.3.4.7. Liposome hoan nguyén

Liposome dugc hoan nguyén tir proliposome s& dugc danh gia mot sé dic tinh
sau: hinh thai liposome dugc quan séat bang kinh hién vi dién tir truyén qua (TEM);

kich thudc va phan bé kich thudc tiéu phan, thé zeta duoc do bang st dung phwong phap
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tan xa 4nh sang dong (DLS), hiéu suit nap dugc chét dugc danh gia bang phuong phap
tham tich hay siéu loc, siéu ly tam... [11], [68], [69].
1.3.4.8. Bg on dinh

Do 6n dinh cua proliposome c6 thé duge danh gia & cac diéu kién bao quan khéc
nhau: nhu diéu kién lanh 5 + 3 °C [11], [29]; diéu kién bao quan thuc 25 + 2 °C/60 +
5% RH [11], [83] trong thoi gian 3-6 thang; diéu kién dai han 30 + 2 °C/70 + 5%
[114] va diéu kién l40 hoa cap toc 40 + 2 °C / 75 + 5% RH trong thoi gian 6 thang
[83], [114]. Céc tiéu chi danh gia bao gom kich thudc tiéu phan, phan bé kich thudc
tiéu phan, hiéu suat nap cua liposome hoan nguyén va ham lwong duoc chat cua
proliposome.
1.3.5. Mt sé nghién ctru proliposome diung dwong udng

Proliposome ding duong udng da duoc nhiéu nghién ciu cong bé tir nhitng nam
1990, bat dau bang nghién ctru ciia Katare va cong su vé proliposome ibuprofen [76].
T d6 dén bay gio, nhiéu nghién cau khac dd bao cdo vé duogc chat nap vao
proliposome theo nhitng phuong phap khac nhau da lam tang sinh kha dung duong
udng hoic lam tang hoat tinh sinh hoc cua duoc chit.

Céc duoc chat dugc nghién ciru bao ché proliposome ding duong udng thuong
la nhitng duoc chat cé tac dung phu Kich tmg duong tiéu hoa nhu ibuprofen [76],
indomethacin [75], hoic dugc chit c6 tinh thAm kém qua dudng niém mac rudt nhu
lopinavir [114], drondaron [83], calcitonin chiét xuat tir c& hoi [136], exemestan [61].

Phuong phép bao ché proliposome duoc str dung gébm bao tang sdi [75], [76],
bao bang noi bao truyén théng [84], trang film trén bé mat chat mang [83], [114],
[136], [145], hydrat hoa film két hop dong kho [11], [40] hoic tao cdt lipid-duoc chat
[61]. Chat mang sir dung trong phuong phap bao hoic trang film trén bé mat chat
mang gom manitol [40], hdn hop manitol v&i cém sui bot [76], hat tro mang duoc
chat [84], cellulose vi tinh thé [83], sorbitol [75], [136] hodc maltodextrin [114]. Cac
thanh phan tao vo liposome duoc sir dung gom lecithin, stearylamin, DSPC, DMPG,
SPC, HSPC, cholesterol [61], [75], [76], [114], [145].

Sinh kha dung duong udng cua liposome hoan nguyén tir proliposome da bao
ché theo cac phuong phap trén ting 1én 2 1an [114], 2,29 lan [40], 3,6 lan [136], va
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4,5 lan [145] so véi dang nguyén liéu. Tac dung duoc ly cua liposome hoan nguyén
cling ting 1én so véi nguyén lidu, dong thoi 1am giam tac dung khéng mong muén
cua duoc chat [76].

Nhu vay, véi mot s dugc chat c6 tac dung phu khi dung duong ubng, hoic
dugc chat 6 tinh tham kém qua niém mac rudt thi viéc sir dung hé mang duoc chat
liposome duoc hoan nguyén tir proliposome 1a mét giai phéap c6 tiém ning.

1.4. CAC NGHIEN CUU VE BAO CHE LIPOSOME BERBERIN VA
PROLIPOSOME BERBERIN
1.4.1. Céc nghién ciu vé bao ché liposome berberin

Liposome di duoc nghién ciru nhiéu vai cac dugc chat khac nhau tir nhitng nim
1970. Tuy nhién, liposome BBR m&i bat dau nghién ciru trong 10 nam tré lai day.

Céc phuong phap duoc sir dung dé bao ché liposome BBR gom hydrat hda film
[32], [92], [100], [L10], [124], tiém ethanol [15], [99] va béc hoi pha dao [92]. T4
dugc tao vo liposome da phan duoc sir dung 1a phospholipid c6 nguén goc tir dau
nanh nhu HSPC, SPC [32], [92], [99], [124], hoac tir tring nhu EPC [100]. Ngoai ra,
cac thanh phan khac duoc thém vao dé l1am ving chic mang phospholipid kép nhu
cholesterol hodc dé ting thoi gian tuin hoan trong co thé cua liposome nhu DSPE-
PEG2000, DQA-PEG2000-DSPE [15], [92], [100]. Liposome sau khi bao ché duoc lam
giam KTTP bang phuong phap dun qua mang loc polycarbonat véi kich ¢& 15 loc
khac nhau [15], [92], [100] hodc két hop dun qua mang loc polycarbonat véi dong
nhat hoa ap suat cao [92] hoic siéu am [110], [124]. Sau khi dun qua mang
polycarbonat c6 kich c& 200 nm va 100 nm, liposome ¢6 KTTP nho (tir 100 dén 130
nm), phan b6 KTTP hep (PDI tir 0,07 dén 0,2) [92], [100]. Phuong phap lam giam
KTTP bang siéu am c¢6 KTTP to (tir 140 dén 1100 nm), phan bé KTTP rong (PDI tir
0,3 dén 0,5) [110], [124]. Duoc chat ty do duoc loai bé bang phwong phap loc gel
[92], [99], [100], hodc tham tich [15], hoac ly tdm lanh [124]. Hiéu suat nap duoc
chat c6 sy dao dong lon trong cing phuong phap hydrat hoa film, tir 14% [92] dén
94% [100], [124]. Su khac nhau nay do nhiéu yéu té anh huéng nhu thanh phan cong
thac, phuong phap lam giam KTTP.

Tir két qua téng quan cac nghién ciu vé bao ché liposome BBR trén, phuong
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phap hydrat hoa film don gian, thao tac dé dang. Bén canh d6, phuong phap tiém
ethanol ciing d& thuc hién, d& nang cip quy mé, liposome tao ra déng nhat vé kich
thude, dung moéi it doc. Phuong phap lam nho kich thuéc tiéu phan bang dun qua
mang loc polycarbonat 1am liposome tao ra ¢ kich thuéc dong nhat, phan b kich
thude tiéu phan nho. Trong nghién ctu caa Lin va cong su, khi so sanh 2 phuong
phap 1am nho kich thudce tiéu phan bang dun qua mang, dong nhat hoa ap suét cao thi
dun qua mang c6 hiéu suat nap cao hon [92].

1.4.2. Céc nghién citu vé bao ché proliposome berberin

Proliposome dung dudng udng nhu mot huéng tiép can méi nham khic phuc
cac nhuoc diém cua liposome khi qua dudng tiéu hda. Tuy proliposome cé nhiéu tiém
nang, nhung cho dén nay c rat it nghién ctu vé proliposome BBR. Gan day, Jia va
cong su nghién ciru bao ché proliposome BBR bang phuong phap dbi dung méi siéu
tGi han. Chat mang st dung chinh 14 thanh phan tao vo liposome bao gom
HSPC/EPC/cholesterol véi ti 1¢ xac dinh. Ti I1é BBR: chat mang = 1:10. Dung mdi
hoa tan dugc chat va chat mang 1a hdn hop dimethyl sulfoxid va cloromethan vaéi ti
I8 1:5. Proliposome BBR voi thong sé quy trinh bao ché téi vu c6 ham lugng duoc
chat 9% vai ti 1¢ giai phong duoc chat trong mai treong pH 1,2 va pH 7,4 trong 3 gio
dau lan luot 12 19% va 47%. Sau 20 gio, cé4c ti 1& nay lan luot 1a 34% va 85%.
Liposome BBR hoan nguyén c6 kich thudc tiéu phan trung binh 180 nm do bang
phuong phap DLS vai chi s6 phan bé KTTP (PDI) bang 0,216, va khi do bang phuong
phap chup TEM thi kich thudc liposome khoang 50 nm. Hiéu suat nap t6i wu 1a 92%
[69].

Do méi chi duoc Jia va cong su bao ché bang phwong phap dbi dung mai siéu
t6i han, nén proliposome BBR 1a d4i twong nghién ctu tiém nang dé thuc hién nhiéu
nghién ciu bang sir dung nhitng phuong phap bao ché khéac nhau.
1.5. CAC NGHIEN CUU PANH GIA SINH KHA DUNG VA TAC DUNG HA
LIPID MAU IN-VIVO CUA BERBERIN, LIPOSOME BERBERIN VA
PROLIPOSOME BERBERIN DUNG PUONG UONG
1.5.1. Panh gia sinh kha dung in-vivo dung dwang udng ciaa berberin

BBR c6 nhiéu tac dung duoc ly tiém nang, nhung sinh kha dung duong uong

thip di duoc béo céo trong nhiéu nghién ctu. Bit dau bang nghién ciu cua Zuo F.
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va cong sy nam 2006 trén d6i twong thir chudt cdng véi liéu 40 mg/kg [164]. Sau do,
c6 nhiéu nghién ctu vé linh vuc nay trén cung d6i tuong chudt cbng véi nhidu mirc
lidu khéc nhau tir 25 mg/kg [54], 90 mg/kg [91], [95] dén 100 mg/kg chudt [51]. Mau
mau duoc 14y & c4c vi tri khac nhau nhu & tinh mach chi bung dué6i [164], tinh mach
héc mat [51], [95] hoic tinh mach c6 [54]. S6 thoi diém 1ay mau 1a 7 [164], 12 [51],
hodc 14 [54], [88]. Thoi diém lay miu mau dé dinh lwong nong do thude trong mau
thuong bat dau tir sau 5 phat [54], sau 10 phut [88] hozc sau 15 phat [51] ung thube
va diém két thic 1ay mau sau khi udng thudc 36 gio [51], [54], [164].

Dé phan tich nong do thude trong mau chudt cong, phuong phap siac ky long két
hop khéi phd (LC-MS/MS) Ia phuong phap phé bién dé dinh lwong BBR trong mau
chuot. Trong phuong phéap dinh lugng ndy, mot sé nghién ctiru da lya chon pha dong
gom acetonitril va nude (chira 0,1% acid formic) véi ti 18 bién d6i theo thoi gian [51],
[54], [95]. Tuy nhién mot sé nghién ctu lai lya chon pha dong gom nudéc/acetonitril
(100:1) va metanol Vi ti 18 pha dong bién doi theo thoi gian [164]. Chat chuan noi
dugc st dung la diphenhydramin [54] hoac tetrahydropalmatin [88]. Trong cac
nghién ctu trén, BBR duoc ion hda & ché d phun dién tir duong. lon c6 m/z=319,8
[95] hoac m/z=320 [54] dung dé dinh luong BBR.

Céc thong s6 duoc dong hoc dugce danh gia bang s dung mo hinh khong ngin
[51], [54], [164]. Mac du mot sé nghién ciru déu thuc hién trén dbi twong chudt cong
Vi ciing liéu, cing phuong phap va chat chuan noi, nhung két qua nghién ciru cho
thiy c6 su dao dong 16n vé gia tri cua dai luong Tmax. Trong nghién ctu caa Liu M,
gid tri Tmax = 1,0 + 1,5 h, nhung trong nghién ctu cua Li Guofei, gia tri nay dat dén
18,9 + 23,0 h. Tuy nhién, gia tri Cmax déu xap xi 30 ng/mL [88], [95]. Cac gia tri
AUCo.36 giita cac nghién ctru véi cac lidu tir 25 mg/kg dén 100 mg/kg can nang chuot
déu dusi 100 ng.h/mL [51], [95], [164] (bang 1.2).
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Bdng 1.2. Cac nghién cuzu sinh kha dung in vivo cua BBR

Péi twong | Liéu Vi tri, thoi diém PP dinh lwong BBR trong Mb hinh va cé4c thong
., £ x % £ ax ., TLTK
thw (mg/kQg) lay mau huyét twong so danh gia
Chuét céng 40 Tinh mach cha bung LC-MS/MS Mo hinh khéng ngan [164]
(n=4) dudi Pha dong: Nudc/acetonitril (100:1) va Tmax ()= 2 Cmax (ng/ml) =5
LAy mau tai 7 thoi diém, | MeOH vai ti 16 pha dong bién d6i (0 phut AUCo.35 (ng.h/ml) = 37,42
tr 0 gidr dén 36 gid 80:20; 10 phdt 60:40; 20 phut 0:100) MRT (h) = 10,53
Chudtcong | 100 Tinh mach mat UPLC-MS/MS M6 hinh khéng ngin [51]
(n=6) Liy mau tai 12 thoi Chét chuan nai: tetrahydropalmatin Tmax (N)=2,6+1,1
diém, tir 15 phat sau Pha dong: nudce (chira 0,1% acid Cmax (ng/ml) = 9,48+3,4
udng thudc dén 36 gio formic) va acetonitril AUCo.36 (ng.h/ml) = 46,5+12,8
Chudt cong 25 Tinh mach ¢ UPLC-MS/MS Mo hinh khong nganTu (phut) = | [54]
(n=5) LAy mau tai 14 thoi Chat chuan noi: Diphenhydramin 770,36
diém, tir 5 phat sau uéng | Pha dong: acetonitril: nugc (chira 0,1% Tmax (phtt) =15+ 0
thudc dén 36 gio acid formic). Cmax (ng/ml) =16,7 +4,5
Ton dinh lugng: m/z =320 AUCo. ng.phlt/ml) = 2.039,5+492,2
CL/F (L/h/kg) = 4.999,34 + 1198,8
Chudtcong | 90 Lay 200 pl méu tai tinh ~_ UPLC-MS/MS Théng s¢: [95]
(n=6) mach hdc mit Chat chuan noi la tetrahydropalmatin AUCo-36 (ug.h/L) = 88,8 + 41,2
Pha dong: acetonitril: nuéc (chta 0,1% AUCo-« (ng.h/L) = 99,7 + 48,8
acid formic). Tmax(h) =1,0%£1,5
Ion dinh luong: m/z =319,8 Cmax(ng/mL)= 29,2 + 26,1
Chugtcong | 90 | Lay mau 14 thoi diem, tr UPLC-MS/MS Théng so: [88]
(n=6) 10 phat; 20 phit sau Chét chuan ndi tetrahydropalmatin. Pha AUCo 60 (ug.h/L) = 305,8 + 156,7

udng thude dén 60 gio.

dong: acetonitril:nudc chira amoni
acetat 10mM. Ion dinh lugng: m/z
=319,8

Tmax (h) = 18,90 £ 23,0
Cmax(ng/ml_)= 28,2 +12,7
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1.5.2. Panh gia sinh kha dung in-vivo dwong udng caa liposome berberin va
proliposome berberin

Rat it nghién ctu vé sinh kha dung duong uéng cua liposome BBR hoic
proliposome BBR. Gan day, Nguyen va cong su (2014) da nghién ctru vé SKD duong
udng cua liposome BBR trén thé va Jia cling cong su (2019) nghién ciru SKD duong
udng cua proliposome BBR trén chudt cong. Trong ca hai nghién cttu, mau mau duoc
lay 8 thoi diém (trén tho) hoic 12 thoi diém (trén chuot cong) dén 24 gio. Nong do
BBR trong huyét twong duoc dinh luong bang phuong phap HPLC [110] hosc LC-
MS/MS [69]. Cac thong s danh gia duoc dong hoc co ban gom Crmax, Tmax, AUCo-t
AUCo., MRTot, MRTo-. Két qua cho thay liposome BBR c¢6 SKD cao hon hon dich
BBR quy udc tir 0,8-1,5 1an trong nghién ctru ciia Nguyen va cong sy [110], va cao
hon 20 14n trong nghién ctru ctia Jia va cong su [69]. Tuy nhién, trong nghién ctru ciia

Nguyen, thoi gian I tra khong khac voi nhém udng hdn dich [110].

1.5.3. Mo hinh danh gia tac dung ha lipid mau ngi sinh cia berberin trén dgng
vat thuc nghiém

Cholesterol méau néi sinh duoc tong hop & gan chiém 70% tng sé cholesterol
trong co thé ngudi, 30% con lai c6 nguon goc ngoai sinh duoc hap thu tir thirc an boi
protein Niemann-Pick C1 like-1 trén mang dinh cua té bao diém ban chai cua ruot
[1], [101]. B¢ danh gia tac dung ha lipid méau noi sinh cia thude, trude hét phai gay
dugc mo hinh tang lipid méau ndi sinh.

CAc chét gy tiang lipid mau ndi sinh thudng duoc sir dung 1a Tween 80, Triton
WR-1339 va Poloxamer 407. Ca 3 loai nay déu sir dung liéu don, duong tiém tinh
mach hoac tiém phic mac, mang lai hiéu qua nhanh, phu hop cho nghién cau sang
loc ban dau [6], [87], [104]. Triton lam ting sinh tong hop cholesterol & gan lam
cholesterol tang dot ngot trong huyét thanh trong vong 24 gio dau. Tween 80 gy ting
cholesterol huyét twong nhanh, nhung trong thoi gian ngin (6-12 gio), cha yéu do
tang cholesterol ndi sinh [6]. Poloxamer 407 (P-407) gay tang TG va ca cholesterol
& huyét tuong véi ndng do hang dinh trong 24 gio [87]. Trong cAc chat gay ting lipid
méu ndi sinh nay, P-407 st dung dudng tiém mang bung thé hién vu diém vuot troi
hon do thoi gian lam tang lipid mau duy tri 1au hon, ndng d6 6n dinh hon trong huyét

tuong, an toan, it doc, khdng gay thuy phan HDL [104].
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Mo hinh danh gia tac dung ha lipid mau néi sinh cua berberin trén chuét cdng
dugc gy tang lipid mau bang tiém phlc mac P-407 lidu 500 mg/kg duoc Kim va
cong su thuc hién vai 2 lidu thir BBR 50 mg/kg va 100 mg/kg. Ca hai liéu ther déu c6
tac dung 1am giam ndéng d6 TC, LDL-C, TG va lam ting HDL-C so véi nhém chitng
mét cach c6 ¥ nghia thong ké (p < 0,05). Khéng c6 su khéc biét vé tac dung giita hai
lidu ther [79].
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Chuong 2. NGUYEN LIEU, TRANG THIET BI, NOI DUNG

VA PHUONG PHAP NGHIEN CUU

2.1. NGUYEN VAT LIEU, THIET BL, PONG VAT NGHIEN CUU
2.1.1. Nguyén vat li¢u

CAac nguyén vat liéu va hoa chat chinh dung trong nghién ciru dugc trinh bay

o bang 2.1

Bang 2.1. Nguyén vt liéu sur dung trong nghién cuzu

STT

Tén nguyén liéu

Nguén géc

Tiéu chuan

1 | Berberin base Sichuan Weikeqi Biological Nha san xuat
(98,06%; CAS number: Technilogy Co., Ltd -Trung
2086-83-1) Quéc

2 | Berberin chuan (86,2%, VKN thudc Trung wong Chuan lam viéc
s6 16 C0420168.04)

3 | Artovastatin (Lipitor) Pfizer -USA Nha san xuat
20mg

4 | Glibenclamid chuan
(100,10%, s6 16 VKN thudc Trung uong Chuan lam viéc
0103129)

5 | Hydrogenated soy Lipoid GmbH - buc Nha san xuat
phosphatidylcholin
(>98%)

6 | Distearoyl Lipoid GmbH - Buc Nha san xuat
phosphatidylglycerol
(>98%)

7 | Natri deoxycholat Thermo Fisher Co., Ltd -USA |  Nha san xuat
(>98%)

8 | a-tocopherol CISME - ltaly BP 2015

9 | Ethanol tuyét doi Puc BP 2015

10 | Ethanol 96 % buc BP 2015

11 | Methanol Lach-ner - Cong hoa Séc BP 2015

12 | Methanol Merck - birc Dung cho HPLC

13 | Cloroform Lach-ner - Cong hoa Séc BP 2015

14 | Acid formic Fisher-Cong hoa Séc Dung cho LCMS

15 | Acetonitril Merck - birc Dung cho HPLC

16 | Manitol Damao Co., Ltd - Trung Qudc Nha san xuat

17 | Poloxamer 407 Sigma Aldrich-USA Nha san xuat

18 | Natri heparin 5000 buc BP 2015
Ul/ml

19 | Dinatri hydrophosphat Trung Quéc Tinh khiét phan

tich
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STT Tén nguyén liéu Nguén goc Tiéu chuan
20 | Kali dihydrophosphat Trung Quoc Tinh khiét phan
tich
21 | Acid hydrocloric dic Trung Qudc Tinh khiét phan
tich
22 | Nudc muodi sinh Iy 0,9 % Viét Nam Nha san xuat
23 | Nuéc tinh khiét Viét Nam Duoc dién VN V
24 | Nudc cat Viét Nam Duoc dién VN V

2.1.2. Thiét bi

Cac thiét bi sir dung trong nghién ciru duoc trinh bay ¢ bang 2.2

Bang 2.2 Cé&c thiét bi sir dung trong nghién cizu

Thiét bj Nugc san Pia diém nghién ciu
xuat
Thiét bj dung trong bao ché

May cat quay R-300, Biichi bc Vién nghién ctru Dugc — Dai hoc
Labortechnik Tartu- Estonia
May bao tang séi Mini-Glatt birc Trudng Pai hoc Dugc Ha Noi
May bao tang sbi Diosna-Minilab Puc Truong Pai hoc Dugc Ha Noi
Xilanh Hamilton My Truong Pai hoc Dugc Ha Noi
Thiét bi dun tay mini extruder \% Truong Pai hoc Dugc Ha Noi
Tu say chan khong Daihan labtech | Han Qudc | Truong Pai hoc Duoc Ha Noi
Bé diéu nhiét Wisd, WB-22 Han Quoc | Truong Pai hoc Dugc Ha Noi
May khuay tir LLG-uniSTIRRER Prc Vién nghién ciru Dugc — Dai hoc

Tartu- Estonia
Bé siéu &m SONOREX RK 1050 buc Vién nghién ciru Dugc — Pai hoc

CH

Tartu- Estonia

Thiét b ding d@é danh gid

May do kich thuéc tiéu phan va phan Anh Trudng Pai hoc Dugc Ha Noi
bd kich thudc tiéu phan Zetasizer

Nano ZS90

May do quang pho UV/Vis U- Nhat Trudng Pai hoc Dugc Ha Noi
5100

Thiét bi thir 46 hoa tan Erweka-DT Puc Truong Pai hoc Dugc Ha Noi
May do thé tich biéu kién cua hat | Erweka-Duc | Truong Pai hoc Duoc Ha Noi
va bot SVM10

Bé on nhiét lac ngang Memmert birc Trudng Pai hoc Dugc Ha Noi
WNB

May ly tam Nhat Truong Dai hoc Dugc Ha Noi
Tu vi khi hau Binder KBF P buc Truong Pai hoc Dugc Ha Noi

Can phan tich 4 s6

Satorius-Duc

Truong Pai hoc Dugc Ha Noi
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Thiét bi

Pia diém nghién ciru

xuat

Can xac dinh mat khéi lugng do [am Nhat Truong Pai hoc Dugc Ha Noi

kho Moisture analyzer MF50 A&D

May sac ky long hiéu niang cao My Truong Pai hoc Dugc Ha Noi

Agilent HPLC 1200

May sinh héa TC 3300 plus Teco M¥$ Truong Pai hoc Dugc Ha Noi

Diagnostic

May do kich thuéc ticu phan va phéan Anh Vién nghién ciru Dugc — Dai hoc

b kich thudc tiéu phan Zetasizer Tartu- Estonia

Nano ZSP model ZEN 5600

Méiy do quang phd UV/Vis UV- Nhat Vién nghién ctru Dugc — Dai hoc

1800 Tartu- Estonia

May phan tich hat ZetaView® buc Trung tdm sinh hoc — Pai hoc

NTA Helsinki, Phan Lan

Kinh hién vi dién tor dong lanh M3 Trung tdm sinh hoc — Pai hoc

Cryo-EM FEI Talos Arctica Helsinki, Phan Lan

Kinh hién vi huynh quang 2 photon buc Khoa Y sinh, Pai hoc Helsinki,

Leica TCS SP8 Phan Lan

May do pho huynh quang Cary | Australia | Vién Vat ly - Vién Han 1am Khoa

Eclipse hoc va Céng nghé Viét Nam

Kinh hién vi dién t dong tiéu Nhat Vién Vat ly - Vién Han 1am Khoa

Nikon Confocal C1 si hoc va Céng nghé Viét Nam

Kinh hién vi dién tor quét Regulus Nhat Vién Vat ly - Vién Han 1am Khoa

8100 hoc va Cong nghé Viét Nam

Kinh hién vi dién tr truyén qua Nhat Vién vé sinh dich té Trung wong

TEM, Jeol, Jem-1010

May quang pho hong ngoai FTIR Anh Vién Hoa hoc - Vién Han 1am Khoa

Spectrum Two™, PerkinElmer hoc va Cong nghé Viét Nam

May nhiéu xa tia X Equinox 5000 Phap Vién Khoa hoc vat liéu - Vién Han
lam Khoa hoc va Cbng nghé Viét
Nam

Hé thong sic ky long Acquity H My Trung tam danh gia tuong duong

class, két hgp khéi phd Xevo TQD, sinh hoc - Vién kiém nghiém thubc

Waters Trung Uong

Can phan tich 05 s6 Mettler Toledo |  Thuy Si | Trung tdm danh gid twong duong
sinh hoc - Vién kiém nghiém thubc
Trung Uong

May ly tam lanh Sigma 4-16KS btrc Trung tdm danh gia twong duong
sinh hoc - Vién kiém nghiém thubc
Trung Uong

Tu lanh sau -35°C Panasonic Nhat Trung tdm danh gia tuong duong

sinh hoc - Vién kiém nghiém thubc
Trung Uong
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2.1.3. Bong vat thi nghiém

Pong vat thi nghiém duoc lra chon cho nghién ciru danh gia SKD duong udng
la chudt cong trang Wistar, gidng duc trudng thanh, khoe manh, khéi luong tir 170-
240 gam, do Hoc vién Quan Y cung cap.

Pong vat cho thi nghiém danh gia tac dung ha lipid méau noi sinh 1a chugt nhat
trang trudng thanh chung Swiss, can nang tir 20-28 gam, khoe manh, do Vién Vé sinh
dich t& Trung wong cung cap.

Tat ca dong vat dugc nudi & trong 1ong nhya chuan polypropylen va duy tri diéu
kién nudi chuan vai nhiét d6 22 + 2 °C, 46 4m tuong ddi 30-70 % véi chu ky 12/12
gio sang téi. Chudt dugc nudi on dinh it nhat 5 ngay trudc khi thuc hién nghién ctu
tai phong nudi dong vat ctia Bo mon Duoc ly Truong Pai hoc Dugc Ha Noi. Trong
thoi gian nay, chudt dugc cho an ché do an chuan va udng nudéc tu do.

2.2. NOI DUNG NGHIEN CUU

Noi dung nghién ciru trong luan an duoc thiét ké theo cac muc tiéu nghién cau
nhu sau:

Muc tiéu 1: “Xay dung duoc cong thirc va quy trinh bao ché liposome berberin va
proliposome berberin & quy mé phong thi nghiém” gém cac noi dung:

- Tham dinh phuong phap dinh luong BBR bang quang phé UV-Vis va HPLC.

- Nghién ctu tién cong thuc.

- Nghién ctru bao ché va danh gia mot s6 dic tinh cua liposome berberin.

- Nghién ctru bao ché va danh gia mét sé dac tinh cua proliposome berberin va
liposome tao thanh tur proliposome berberin quy md phong thi nghiém.

- Nang cap quy md bao ché proliposome BBR 200 gam/mé.

- Xay dung mot s6 chi tiéu chat lugng cua proliposome BBR.

- Theo d&i d6 6n dinh cua proliposome BBR.

Muc tiéu 2: “Panh gia dugc sinh kha dung duong udng caa liposome berberin va tac
dung ha lipid méau noi sinh caa liposome BBR trén dong vat thuc nghiém” gom cac
noi dung:

- Tham dinh phuong phap dinh lwong BBR trong huyét trong chudt céng bang
LC-MS/MS.

- Banh gia sinh kha dung cua liposome BBR tao thanh tir proliposome BBR
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dung duong udng trén chuét thi nghiém

- Panh gia tac dung ha lipid mau noi sinh cua liposome BBR tao thanh tu

proliposome BBR trén chuot thi nghiém.

2.3. PHUONG PHAP NGHIEN CUU

2.3.1. ThAm dinh phwong phap dinh lweng

2.3.1.1. Thdm dinh khodng néng dé tuyén tinh ciia phwong phdp dinh Iwong
berberin bang quang phé hdp thu UV-Vis

- Dung méi pha loédng 1: ethanol 96 %.

- Dung méi pha loang 2: Nudc Ct.

- Dung dich chuan géc: Can chinh xac khoang 10,0 mg BBR chuan, cho vao
binh dinh mirc 10ml, hoa tan bang siéu 4m trong methanol. Thém methanol dén vach.
Pha loing dung dich trén bang ethanol 96 % dé thu dugc dung dich chuan géc OS1
c6 nong d6 0,02 mg/ml. Lam twong tu nhu vay dé dwoc dung dich chuan gbc OS2
véi ndng do 0,02 mg/ml véi dung méi pha lodng 2.

Ttr dung dich chuan goc OS1 va 0S2, pha lodng thanh 2 day cac dung dich BBR
chuan cé néng do 4; 5; 6,7; 8; 10; 12 pg/ml, dung moi pha loang 1 va 2 twong tng.
Quét phé dung dich BBR ¢6 ndng do 10 pg/ml trong khoang budc séng tir 400 nm
dén 200 nm. Lwa chon budc song tai d6 BBR c6 d6 hap thu cuc dai. Po do hap thu
tai budc s6ng cuc dai da lva chon caa cac dung dich chuan trén véi mau tring 1a dung
moi pha lodng. Tir két qua do hap thu thu dugc, xay dung cac duong chuan biéu dién
mbi twong quan giira do hap thu va ndng d6 BBR trong céc dung mdi pha lodng khac
nhau.
2.3.1.2. Thdm dinh phwong phdp dinh lwong berberin bang sac ky léng hiéu ning
cao

. Chuan bi cé4c dung dich:

- Dung mdi pha loéng: methanol, ethanol 96 %.

- Dung dich éém kali dihydrophosphat (KH2PO4) 0,033M (pH 4,5): Hoa tan
4,488¢ Kali dihydrophosphat (TT) trong nuéc cat 2 1an. Kiém tra pH va diéu chinh
vé 4,5 bing dung dich acid hydrocloric 1N hoic dung dich NaOH 10M (néu can).
Loc qua mang loc 0,45 pm. Siéu 4m 15 phut dé dudi bot khi.
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- Pha dong: hon hop acetonitril : dung dich dém KH:PO4 0,033M (pH 4,5) = 1:1

- Dung dich chuan: can chinh xac khoang 10,0 mg berberin chuan, hoa tan trong
methanol & binh dinh mtc 10ml bang siéu am, thém dung méi methanol téi vach va
lic k§ dugc dung dich gc c6 nong d6 1 mg/ml. Pha lodng dung dich géc vai ethanol
96 % dé dugc dung dich c6 nong do 5 pg/ml. Loc qua mang loc celulose acetat kich
thudc 16 loc 0,45um.

- Dung dich thtr: Can chinh x4c 1 lugng proliposome BBR hoic hon hop vat ly
(trong danh gia twong tac duoc chat véi ta duoc) chira tuong tng véi 10,0 mg BBR,
cho vao binh dinh mac 10ml. Thém methanol vao gan dén vach, hoa tan cac thanh
phan tao liposome hoic hdn hop vat ly trong 15 phat ¢ bé siéu am (manitol khéng tan
sé ling xudng day). B6 sung methanol dén vach. Dich trong dugc loc qua mang loc
0,45 um. Dich loc dugc pha lodng bang ethanol 96% dé tao dung dich thar c6 nong
do BBR 5 pg/ml.

- Dung dich mau tring: can mau placebo (thanh phan giéng véi proliposome
BBR hoac hdn hop vat ly nhung khong co6 dugc chat), hoa tan trong methanol
(manitol khéng tan s& lang xudng day). Phan dich trong dugc pha lodng bang ethanol
96 % tuwong ty nhu quy trinh xir ly mau thir &é duoc dung dich mau trang véi luong
nén tuong dwong voi luong trong mau thir nong do 5 pg/ml.

. Diéu kién sic ky:

- Qua tham khao nghién ciru trudc vé phuong phap dinh luong BBR [24] két
hop véi khao sat so bo, cac diéu kién chay sic ky duoc lwa chon trén hé thdng sic ky
Agilent Infinity 1200 nhu sau: cot sic ky Inertsil®-ODS3, 250 x 4,6 mm, kich thuéc
hat nhdi 5 pm. Pha dong 1a hdn hop acetonitril : dung dich dém KH,PO4 0,033M =
48:52, dugc loc qua mang loc kich thudc 16 loc 0,45 pm. Téc do dong: 1,0 ml/phdt. Thé
tich tiém mau: 10 pl. Detector UV-Vis phét hién & budc song 350 nm.

. Tham dinh phuong phap dinh lugng dua trén mot s tiéu chi:

- Tinh thich hop caa hé théng: tiém mau chuan cé ndng d6 5 pg/ml 13p lai 6 lan
qua hé théng sic ky theo chuwong trinh da chon. Yéu cau do lap lai vé dién tich pic, thoi
gian luu gitra mdi 1an tiém c6 gia tri RSD khong qué 2%. S dia 1y thuyét > 1000.

- Tinh chon loc - d6 dic hiéu: Tiém mau trang, mau chuan, mau thir vao hé

36



thdng sic ky theo chwong trinh dé lya chon va ghi lai cac sic ky d6. Yéu cau pic cua
berberin dugc nhan dién rd trén sic ky do cia mau chuan, mau thir va khdng xuat
hién pic la tai thoi diém tring véi thoi gian luu cua BBR trén sic ky ¢6 mau trang.

- Khoang tuyén tinh: chuan bi mot ddy gom 5 dung dich chuan BBR c6 c4c ndng
d6 tr 2,5, 5, 10, 20, 25 va 50 pg/ml. Tiém lan luot cac dung dich vao hé théng sac ky
theo chwong trinh d3 chon. Xac dinh méi trong quan gitta dién tich pic va nong do
berberin. Khoang tuyén tinh phai c¢6 hé s6 twong quan 0,99 <R?< 1.

- Bo chinh x&c: chuan bi dung dich mau trang nhu trén. Thém chuan vao nén
mau dé duogc cac dung dich véi 3 mic nong do 4, 5 va 6 pg/ml. Loc qua mang loc
kich thuéc 15 loc 0,45 pm. Tiém vao hé théng theo chuong trinh da chon. Yéu cau
phan tram tim lai caa cAc mau ¢ 3 mic ndng d6 nam trong khoang tir 98 -102 %.

- D6 chum: chuan bi 6 mau proliposome berberin chia chinh xac khoang 10 mg
BBR, hoa tan trong binh dinh mtc 10 ml bang methanol rdi pha lodng bang ethanol
96 % dé duoc cac dung dich c6 nong d6 BBR 5 pg/ml. Tién hanh chay sac ky theo
chuong trinh d3 lya chon. Xac dinh ndng d6 dung dich tir phuong trinh hdi quy tuyén
tinh va tinh ham luong BBR trong proliposome BBR. Yéu cau d¢ lap lai vé ham
lugng berberin giira cac mau cé gia tri RSD khong vuot qua 2%.
2.3.1.3. Thiam dinh phwong phap dinh lirong berberin trong huyét twong chuét cong

Chuén bi mau:

Chuadn b; c&c dung dich chudn trong dung moi:

- Dung dich chuan géc dé pha duong chuan va pha mau kiém tra: Can chinh xac
chat chuan berberin clorid hoa tan trong methanol thu duwoc dung dich chuan géc c6
nong d6 BBR khoang 500 pg/ml.

- Dung dich chuan 1am viéc: Pha lodng dich chuan géc trong methanol dé thu
duogc cac dung dich chuan 1am viéc c6 nong do 5000 ng/ml va 250 ng/ml.

- Dung dich chuan noi gdc: Can chinh xac chat chuan glibenclamid hoa tan trong
methanol thu duoc dung dich chuan noi gbc co nong do glibenclamid khoang 250
ug/ml.

- Dung dich chuan néi lam viéc: T dung dich chuan néi gdc, tién hanh pha

lo&ing trong hdn hop dung méi methanol: nude (1:1) dé thu duoc dung dich chuan noi
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lam viéc c6 nong do khoang 250 ng/ml.

Chudn bj dwong chudn va mau LLOQ trong huyét fiong:

- T cac dung dich chuan trong dung méi, pha cac dung dich chuan 1am viéc
trong huyét tuong tring chudt cd ndng d6 BBR twong ung khoang 25 ng/ml va 2
ng/ml.

- Tur cac dung dich chuan lam viéc trong huyét twong, pha cac dung dich chuén
trong huyét twong bang huyét twong trang chudt c6 nong d6 BBR 0,2; 0,5; 1; 2; 8;
12; 20; 25 ng/ml.

- Mbi duong chuan bao gom: 01 mau huyét trong trang (blank), 01 mau huyét
tuong trang ¢ pha IS (zero) va 08 mau huyét twong c6 pha chuan BBR va IS.

Chudn bi mau kiém tra trong huyét twong (QCs):

- T dung dich chuan lam viéc néng do 250 ng/ml, pha cac dung dich chuan
lam viéc trong huyét trong c6 ndong do 25 ng/ml va 2 ng/ml. Tir cac dung dich nay,
pha cac dung dich mau kiém tra trong huyét twong vai 3 néng do: 0,6 ng/ml (LQC);
10 ng/ml (MQC) va 18 ng/ml (HQC).

Chudn bi mau pha long:

- Tir dung dich chuan lam viéc nong ¢6 BBR 5000 ng/ml, pha lodng bang hén
hop dung mdi methanol: nudc (1:1) dé dugc dung dich c6 nong d6 2500 ng/ml. T
dung dich thu duoc c6 ndng d6 2500 ng/ml, pha lodng trong huyét twong trang chuot
dé duoc nong do BBR khoang 125 ng/ml. Lay 36 pl dung dich nay tiép tuc dugc pha
lodng véi 14 ul huyét trong tring chudt dé dugc mau pha lodng gap 5 1an nong do
HQC (90 ng/ml).

Chudn bi mau kiém tra tinh thich hep cia hé thong:

- L4y 30 ul dung dich mau kiém tra trong huyét twong c6 nong d6 BBR 25
ng/ml, pha lodng véi 20 pl huyét twong trang chudt dé duoc mau dung dich ding
kiém tra tinh thich hop cua hé théng ¢ ndng d6 15 ng/ml.

Xir ly mau:

Quy trinh xir Iy mau duoc tién hanh bang phuwong phap két taa protein véi dung
moi chiét Ia acetonitril [32]. Quy trinh gdm céc budc sau:

- Mau huyét twong chudt can dinh lugng nong d6 BBR dugc dé ra dong & nhiét
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d6 phong.

- Tién hanh hat 50 pl mau huyét twong sau khi rd dong cho vao 6ng Eppendorf,
thém 10 ul IS va 200 pl acetonitril. Lic nhe 5 gidy. Ly tam 9000 vong/phut trong 5
phat. Hat khoang 230 ul 16p dich trong, cho vao lo sic ky. Thém 100 pl nuéce, lic
nhe. Tiém sac ky.

- Véi mau c6 néng d6 BBR cao ngoai khoang tuyén tinh, tién hanh pha loang
mau 5 1an bang cach hat 10 pl mau huyét twong, thém 40 pul huyét twong trang. Lic
déu roi xu ly tiép nhu trén.

Phwong phap dinh lwgng:

Mau huyét twong sau khi xtr Iy dugc dinh luong bing phwong phap LC-MS/MS
Véi cac diéu kién sac ky duogc cai tién trén co sd tham khao cac tai liéu da cong bd
trude day vé dinh luong BBR trong huyét twong chudt [32], [88], [155], két hop V4i
thuc nghiém khao sat dé lya chon diéu kién sac ky cling nhu diéu kién khéi pho va
lwa chon chat chuan nai (1S). Diéu kién sic ky gdm cé cot C18 véi kich thude cot 50
X 2,1 mm, kich thudc hat nhdi 1,7 um, nhiét do cot 40°C. Pha dong 1a hdn hop
acetonitril : acid formic 0,1% (60:40). Téc d6 dong 0,2 ml/phat. Thé tich tiém mau 5
ul. Nhiét d6 budng tiém mau bang nhiét do phong. Biéu kién khdi phd duoc trinh bay

o bang 2.3.
Bang 2.3. Piéu kién khdi phé ciia phwong phap LC-MS/MS dinh hrong BBR
. £ Hoat chat Berberin Glibenclamid (1S)
Thoéng so
Ché d¢ ion hoa ESI (+) ESI (+)
bién thé dau phun (kV) 3,5 3,5
Pién thé bo phan thu mau (V) 40 40
Nhiét bay hoi (°C) 350 350
Toc do khi bay hoi (lit/gio) 650 650
Toc do khi bo phan thu mau (lit/gio) 20 20
Thé phan manh ion (V) 34 14
Ion ban dau (parent ion) m/z = 335,92 m/z = 494,2
lon tao thanh (product ion) m/z = 320,11 m/z = 369,1

Quy trinh tham dinh phuong phap dinh luong BBR trong huyét twong chudt

duogc thuc hién theo hudng dan caa Uy ban Y té chau Au [7] va Co quan quan Iy thuc
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pham va dugc pham Hoa Ky [8] bao gom cac tiéu chi sau: su pht hop caa hé thdng
sac ky, tinh chon loc, tinh tuyén tinh, d6 nhay, d6 dung, d6 chinh xac (trong ngay va
khac ngay), tinh nguyén ven khi pha lodng, kha ning phuc hdi, anh huéng cua nén
mau, d6 6n dinh cua BBR trong huyét twong & cac diéu kién phan tich va bao quan
mau. Cu thé nhu sau:

Sur phi hop cia hé thang:

Chuan bi mau BBR trong huyét twong chita BBR Vi ndng d6 15 ng/ml theo
quy trinh phan tich dé kiém tra su pht hop caa hé théng. Tiém Iap lai 6 1an mau nay
theo cac diéu kién sic ky da chon nhu ¢ “phwong phap dinh luong”. Xac dinh thoi
gian luu, dién tich pic va tinh ti 18 giira pic cia BBR so véi pic cia chuan noi. Yéu
cau pic cia BBR va IS phai can d6i, duoc nhan dién rd rang, tach khoi pic tap c6
trong mau, c6 sy lap lai vé thoi gian luu va dién tich pic caa BBR va IS. Céc hé sb
bién thién (CV) vé thoi gian luu cia BBR va IS < 1,0%. Hé s bién thién vé ti 1¢ dién
tich pic BBR/IS < 5,0%.

Tinh chon loc, dac hiéu cua phwong phap:

Tién hanh chuan bi 6 mau huyét twong trang, 6 mau chuan c6 chira IS va BBR
& ndéng d6 LLOQ (0,2 ng/ml) trong tirng ngudn mau huyét twong trang trén, 01 dudng
chuan va cac mau QC (LQC, MQC, HQC). Phan tich c4c mau trén theo quy trinh.
Ghi lai sic ky d0, théng sé pic va dap ang pic. Yéu cau pic cua BBR va IS phai can
d6i, nhan dién rd rang, tach khoi pic tap ¢ trong mau. Tai thoi diém tring voi thoi
gian Ivu cua BBR, dap tng pic cua ting mau tring phai khéng qué 20 % dap &ng pic
ciia mau LLOQ twong ¢tng. Tai thoi diém tring voi thoi gian luu cia IS, dap tng peak
cua ting mau trang phai khoéng qua 5% dap tng pic trung binh 1S cua miu duong
chuan (CC), QC.

Xay dung dwong chudn trong huyét tiong chudt va khodng tuyén tinh:

Tién hanh khao sat khoang ndng do BBR tir 0,2 ng/ml dén 25 ng/ml véi 08 mau
chuan trong huyét tuong nhu trinh bay & muc “chuan bi duong chuan va miu LLOQ
trong huyét twong”, mdi ndng do 2 mau doc 1ap. Xt Iy cac mau theo quy trinh. Phan
tich cac mau bang phuong phap LC-MS/MS. Cac dudng chuan dugc xay dung bang
sir dung hoi quy tuyén tinh giira ti 1¢ dién tich pic BBR/IS va nong d6 thuc cia BBR
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trong mau, str dung hé sb trong sé 1/x2 (x 1a nong dé chuan). Tinh lai ndng 46 BBR
cd trong mau chuan theo phwong trinh hdi quy da xay dung. Xac dinh do chinh xac
bang cach so sanh gia tri tinh dwoc véi ndng d6 thuc twong eng. Yéu cau trong khoang
ndng do khao sat, do chinh xac so véi gié tri thuc cua cac ndng do phai nam trong
khoang tir 85% - 115%. Tai diém c6 nong d6 nho nhéat cia duong chuan (diém
LLOQ), do chinh xac dugc phép tir 80% dén 120%. C4 it nhat 75% sb diém trong
day duong chuan dat duoc tiéu chan trén. Khoang tuyén tinh c6 hé sb twong quan r >
0,95.

Xac dinh gioi han dinh luong dudi (LLOQ):

Gidi han dinh luong dudi 12 nong do thap nhat trén duong chuan, phan anh do
nhay va do chum ctia phuong phap.

Tién hanh xir Iy 6 mau huyét twong trang c6 pha chuan BBR & nong do 0,2
ng/ml va 1S. Chuan bi dudng chuan trong cung diéu kién. Phan tich cac miu bang
phuong phap LC-MS/MS theo quy trinh. Ghi lai sic ky d6 va dap ang pic. Tién hanh
l3p lai trong 3 ngay lién tiép. Xac dinh lai nong d6 cua cac mau khao sat tir phuong
trinh hdi quy duong chuan. Tinh do chinh xac bang cach so sanh nong do tinh duoc
véi ndng @6 thuc. Tinh do chum caa mau LLOQ bang cach tinh do léch chuan tuong
d6i (RSD) hay hé sé twong quan (CV) giita cAc mau. Nong d6 khao sat dugc chap
nhan 14 LLOQ khi thoa man cac diéu kién sau: Tai thoi diém tring voi thoi gian luu
cua BBR, dap trng pic trung binh cia mau LLOQ (signal) phai gap it nhat 5 lan dap
g pic cua mau tring c6 thém IS (noise) (S/N > 5). B chinh x4c trung binh cua tirng
ngay va cta 3 ngay phai dat tir 80% - 120% so véi nong do ly thuyét. Do chum ting
ngay va cua 3 ngay phai < 20%.

Xac dinh d¢ chinh xac, dé lap lai trong ngay va khac ngay:

Danh gia do chinh xéc, do 1ap lai trong ngay va khac ngay ¢ 4 mac nong do:
LLOQ (0,2 ng/ml), LQC (0,6 ng/ml), MQC (10 ng/ml) va HQC (18 ng/ml). Chuan bi
duong chuan va 4 16 mau huyét twong, mdi 16 gom 6 mau doc lap chira cdc mau QCs
va LLOQ. Trong cling mét ngay, tién hanh xir Iy va phan tich sic ky cac mau QC va
LLOQ song song vai duong chuan bang phuong phap LC-MS/MS. Ghi lai sic ky db

va dap tng pic. Xac dinh ndéng do, do chinh xac va d6 chum cua cac mau QC va
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LLOQ. Tién hanh lip lai trong 3 ngay lién tiép. Y&u cau véi mdi mac nong d6 QC,
d6 chinh xac trung binh phai nim trong khoang tir 85% - 115% so vai nong do thuc,
d6 lap lai c6 do léch chuan twong ddi hay hé sé bién thien CV < 15%. Riéng mau
nong d6 LLOQ, do chinh xéc trong khoang 80%-120% va CV < 20%.

Do chum khi pha loang:

Chuéan bi 06 mau pha lodng dé khao sat d6 ding, d6 chinh xé4c cua phwong phap
khi pha lodng nhu trinh bay & phan “chuan bi mau pha loang”. Tién hanh pha loing
mau 5 1an trong huyét twong. Chuan bi 01 duong chuan trong cung diéu kién, xir ly
c4c mau gom mau pha lodng, cac miu QC trong huyét twong va phan tich bang
phuong phap LC-MS/MS. Tinh nong d6, do chinh xac va do chum caa cac mau pha
lodng theo dudng chuan phan tich trong cung diéu kién. Yéu cau do chinh xéc trung
binh cua mau pha lodng phai nam trong khoang tir 85% dén 115% so véi nong do
thuc da pha. P chum giita cac nong d6 ciia mau pha lodng co gia tri CV < 15%.

Ti 16 thu hai:

Tién hanh xu ly cac 16 mau huyét twong chira BBR ¢ 03 mirc nong do LQC,
MQC, va HQC bing phuong phap két tua protein véi dung mdi acetonitril, mdi 16
gom 06 mau doc lap. Phan tich theo quy trinh bang phuong phap LC-MS/MS, ghi lai
sac ky d6 va dap ung pic. Song song tién hanh xu Iy cac 16 mau pha trong nén mau
sau xur Iy va c6 néng do tuong tng véi ndng d6 cac mau QC, mdi 16 gdm 06 miu doc
lap. Phan tich dinh luong tryc tiép cac mau trén khong qua chiét tach trong ciing diéu
kién vai cac mau c6 qua chiét tach. Ghi lai sic ky do va dap ung pic. Xac dinh ti ¢
thu hoi cia BBR va IS bang céach so sanh két qua dap (ng pic caa BBR va chuan noi
trong cac mau QC pha trong huyét twong (c6 qua chiét tach) véi dap tng pic cua céc
mau tuong (ng pha trong nén mau (khdng qua chiét tach). Yéu cau ti 1é thu hoi giira
c4c nong do khdng khac nhau qua £15%. Gia tri CV% giita cac dap ung pic cua BBR
va IS trong cac mau khong qua chiét tach & mdi nong d6 phai khdng qué 10%. Gia
tri CV% giita cac dap tng pic cua BBR va IS trong cac mau QC cd qua chiét tach &
mdi ndng d6 phai khong qua 15%.

Anh hwéng cia nén mau:

Tién hanh xu Iy 06 mau huyét twong tring c6 nguon gbc khac nhau theo phuong
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phap két tua protein v6i dung moéi acetonitril dé thu duoc cac dung dich nén mau
tuong tng. Pha mau chuan cé chta 1S va BBR ¢ 2 nong d6 LQC va HQC trong ting
dung dich nén mau trén. Song song chuan bi 06 mau chuén trong pha déng c6 chira
IS va BBR ¢ 2 ndng d6 LQC va HQC. Tién hanh phan tich LC-MS/MS c&c mau trén,
x4c dinh dién tich pic BBR va IS cua c4c mau pha trong dung dich nén mau va pha
dong. Panh gia sy anh huéng cia nén mau dya trén ti s6 MFesr/MFis. Trong do,
MFgsgr va MFis lan luot 12 ti s6 giira dién tich pic caa BBR va IS trong dung dich nén
MAu Vai gid tri trung binh pic cia BBR va IS trong pha dong c6 nong d6 twong duong.
Yéu cau & mdi muc nong do, ti s6 MFeer/MFis 6 gid tri CV < 15%.

D¢ on dinh:

Mau duoc nghién ctiru 6 6n dinh bang cach so sanh nong d6 BBR va IS trong
mau sau bao quan véi ndng do tai thoi diém ban dau. Tién hanh danh gia d6 6n dinh
cua cac dung dich chuan géc BBR va IS trong thoi gian dai (27 ngay d6i véi BBR,
13 ngay dbi vai 1S) bao quan ¢ nhiét 46 2 — 8 °C, va trong thoi gian ngan (3,5 giod) ¢
nhiét do phong, dung dich chuan noi 1am viéc trong 48 gid ¢ nhiét 6 phong. Do 6n
dinh cta BBR trong huyét twong chudt cia BBR & 2 nong d6 LQC va HQC ciing
dugc danh gia trong cac diéu kién phan tich va bao quan khac nhau: sau 05 chu ky
dong ra, mau huyét tuong trong thoi gian ngan (6 gid) & nhiét ¢6 phong, mau huyét
trong bao quan & -35 °C trong 52 ngay, mau huyét twong sau xt Iy bao quan trong
buong tiém mau (auto-sampler) sau 25 gio & nhiét do phong (25 + 5 °C). Mau duoc
coi 1a 6n dinh khi phan trim d6 6n dinh nam trong khoang 85-115% va gia tri CV%
giira cac dap tng thu duoc cia mdi mau khong qua 15%.

% D6 6n dinh = (trung binh dap tng mau d6 6n dinh x ndong d6 Mau maéi pha x
100)/(Trung binh dap ang mau méi pha x nong do mau do o6n dinh) [8].

2.3.2. Phuwong phap nghién ciru tién cong thirc
2.3.2.1. Nghién cizu tinh chdt ciia dwoc chat va td dwoc
a. Pdnh gid hinh théi va kich thuéc tiéu phan bang kinh hién vi dién tir quét (Scanning
electron microscope-SEM)
Tién hanh: Bot nguyén liéu duoc trai trén tim carbon dinh sin trén dé kim

loai, tiép theo pha mot 16p platin 18n bot dé tang do dan dién. Lap dé kim loai vao
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thanh gan va dua vao budng soi mau. Mau dugc chiéu dong dién tir truong 3kV, va
quan sat hinh thai dudi kinh hién vi dién tir quét véi cac d6 phong dai khac nhau.
b. Phwong phdp nhiéu xa tia X (X-ray diffraction-XRD)

Tién hanh: C4c mau bdt nguyén liéu BBR, DSPG, HSPC, NaDC, manitol duoc
trai déu mot 16p mong 1&n mit kinh dién tich khoang 2cm x 2cm. Cho mau vao may
do nhidu xa va tién hanh chiéu tia X véi bude song tia X tai tir buc xa Ko ciia ddng
kim loai (Cu) 12 Acy = 1,5405 A°, g6c quét tir 0-120 do. Tdc do quét 0,15 do theta/bac
va 100 giay/bac.

C. Phirong phdp do phé hong ngogi (FTIR)

Tién hanh: Liy khoang 2 mg mau phan tich da nghién min, tron déu véi
khoang 300 mg kali bromid (KBr) da say kho, ép thanh vién méng (duong kinh
khoang 10 mm) véi ap suat khoang 800 mPa trong diéu kién chan khong roi do phd
IR.

d. Phwong phdp do phé huynh quang cia berberin

Tién hanh: Pha dung dich BBR tuong tng Vi ndng d6 khoang 0,2 mg/ml trong
cac dung moi khac nhau 1a nudc cat va ethanol 96 %. Tién hanh do pho huynh quang
cua BBR & budc song kich thich 343 nm d6i véi dung dich BBR trong nudc cat va ¢
buéc séng 350 nm ddi vai dung dich BBR trong ethanol 96 %. Ghi nhan céac dinh cuc
dai phat quang cua nguyén liéu berberin trong cadc dung mdi khac nhau.

e. Phuong phdp chup hinh anh phat huynh quang

Tién hanh: Bot nguyén liéu BBR va cac ta dugc NaDC, HSPC, DSPG duoc
trai mot 16p mong 1én lam kinh, day lamen va tién hanh chyp anh huynh quanh &
budéc séng 488 nm (kénh budc séng xanh) trén kinh hién vi dién tir dong tiéu hay kinh
hién vi dién tir quét lase.
2.3.2.2. Nghién citu twong tdc giia dwoc chit véi td diroc

Tuong tic duoc chat véi ta duge duoc danh gia bang cach phéi hop duoc chat
BBR voi ta duoc gém HSPC, DSPG, NaDC, vitamin E, manitol vai cac ti 1€ khac
nhau. Cac nguyén li¢u HSPC, DSPG, NaDC, manitol dugc ray qua ray 0,25 mm trudc
khi tron déu theo nguy@n tic dong lugng dé tao thanh hdn hop vat ly rdi cho vao dng

Eppendorf, day nip kin va bao quan & nhiét d6 40 + 2 °C va d6 am 75 + 5%, danh gia
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hinh thirc bén ngoai va ham lwong BBR trong miu trude va sau khi luu & diéu kién
trén bang phuong phap HPLC nhu trinh bay & muc 2.3.1.2.
2.3.3. Phwong phap bao ché liposome berberin
2.3.3.1. Phwong phdp tiém ethanol

Quy trinh bao ché liposome bang phwong phép tiém ethanol duoc tién hanh
theo phuong phap cua Batzi va Korn [25]. BBR va céc ta dugc HSPC, DSPG, NaDC,
a-tocopherol duoc hoa tan trong 40 ml ethanol tuyét dbi bang siéu &m, gia nhiét dén
45°C. Dung dich thu duoc tiép tuc dugc tiém vao 120 ml nudc cat di lam nong 1én tir
45-65 °C va khudy tir véi toc do khudy 500 vong/phit trén may khudy tir LLG-
uniSTIRRER. Téc d6 tiém 1 ml/phit, st dung kim tiém 27G x 0,5” (Neolet,
Neomedic limited, UK). Sau khi tiém hét dung dich tao liposome, tiép tuc khudy tur
va duy tri nhiét ¢ khao sat tir 45-65 °C trong khoang 30 phit. Hon hop thu dugc cho
vao binh cau dung tich 1 lit roi tién hanh loai bo dung méi ethanol va cé dic hdn dich
liposome trong may cat quay &p suat giam R-300 & diéu kién khao sat: nhiét do tir 60
— 65 °C, 4p suat tir 130-200 mbar, téc d6 vong quay 150 vong/phdt trong thoi gian tir
45-60 phat dé thu duoc 60 ml liposome. Hon dich liposome tao ra dugc bao quan ¢
nhiét d6 2-8 °C cho cac phan tich tiép theo.
2.3.3.2. Phwong phdp hydrat hoa film

Liposome duoc bao ché dwa theo phwong phap cua Bangham [22]. Duoc chit
va cac ta dugc HSPC, DSPG, NaDC, a-tocopherol dugc hoa tan trong 40 ml hon hop
dung méi methanol va cloroform véi ti 1€ 2,5:1 (tt/tt) vai qui mé mé nhu trinh bay &
phu luc 3.2. Dung dich thu dwgc cho vao binh cau dung tich 1 lit, thém 3g bi thay
tinh roi dem cat quay o diéu kién khao sat: nhiét do tir 41 - 55 °C; &p suat giam trong
khoang tir 280-330 mbar; toc d6 quay caa binh cau 150 vong/phit dé tao ra mang
film. Tiép tuc cat quay cho dén khi loai bo hét cac vét dung mai trén thanh binh. Lép
film tao thanh duogc hydrat hda bang 60 ml nuéc cat & nhiét do 65 °C, toc do quay
cua binh cau 200 vong/phut, thoi gian 60 phat. HAn dich liposome tao thanh tiép tuc

lam giam kich thuéc tiéu phan bang phwong phap dun tir 20-60 lan qua mang
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polycarbonat c6 kich thudc 16 loc 400 nm [92]. Liposome sau khi lam giam kich
thudc tiéu phan duoc bao quan ¢ nhiét d6 tir 2 — 8 °C cho céc phan tich tiép theo.
2.3.4. Phuwong phap bao ché proliposome berberin

Proliposome BBR duoc bao ché theo phuong phap cai tién tir phuong phap
bao hat [55]. Thanh phan tao liposome gém BBR, HSPC, DSPG, NaDC va a-
tocopherol nhu mé ta & bang 2.4 duoc hoa tan trong hon hop dung moi methanol va
cloroform véi ti 16 2,5:1 (tt/tt). Manitol (chit mang) dugc cho vao budng tao hat cua
may bao tang s6i. Khao sét ti I¢ khéi lwong giita thanh phan tao liposome va chit
mang, mot s6 thdng sé quy trinh gdm nhiét khi vao, téc do thoi khi. Sau khi nhiét do
budng say dat dén nhiét d6 yéu cau, tién hanh phun dung dich tao liposome Ién trén
chat mang theo théng sé khao sat. Sau khi phun hét dung dich, tiép tuc thoi khi nong
trong thoi gian 1 gio dé loai bo dung mai va say kho proliposome.
Bang 2.4. Thanh phan tgo film trén chat mang manitol dung trong khdo sét ban dau

Thanh phan tao film Tilé mol | S6 mmol |Khdilweng cho 1 mé (g)
Berberin 8 6 2,058
a-tocopherol 2 15 0,648
NaDC 2 15 0,624
HSPC 3,6 2,7 2,118
DSPG 54 4,05 3,156

2.3.5. Phuwong phap danh gia mét sé dic tinh caa liposome BBR
2.3.5.1. Pdnh gid hinh thdi va cdu tric

Hinh théi cua liposome BBR duoc quan st bang sir dung hai loai kinh hién vi:
kinh hién vi dién tir dong lanh (cryo-EM) va kinh hién vi huynh quang.

Véi ki thuat dung cryo-EM, hdn dich liposome BBR duoc thuay tinh héa bang
cach hat 3 pl hon dich, phun 1én dia lugi Quantifoil R1.2/1.3 (da duoc phi carbon)
va lam dong lanh dia chira mau bang ni-to long trong thiét bi thay tinh hda mau Leica
EMGP (Leica Microsystem GmbH, Dtic). Miu sau d6 dugc quan sat dudi kinh hién
vi dién tir FEI Talos Arctica vai dong dién tir truong 200 kV. Hinh anh dugc ghi lai
V6i 46 phong dai 150.000 lan, do phan giai 0,97 A%pixel véi 3 camera FEI Falcon.

Véi ky thuat dung kinh hién vi dién tir huynh quang 2 photon, tng dung tinh
chat vat ly cua BBR c6 thé phat quang ¢ khoang budc song tir 470 - 670 khi kich &
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budc song 350 nm [47], hén dich liposome BBR dugc nho vao dia thily tinh c6 day,
hinh anh va kich thudc liposome duoc ghi lai bing 2 phuwong phap nhu sau: (1) chiéu
chum tia lase argon kich & budc séng 488 nm, va thu tin hiéu ¢ budc song 500 — 570
nm; (2) nguon anh sang (picoEmerald, APE, Berlin, Germany) duoc chuyén sang dai
budc song tir 800 - 820 nm va huynh quang phat ra tir BBR trong liposome dugc ghi
lai & budc song tur 400 — 500 nm.

2.3.5.2. Pdnh gid kich thwéc va phan bé kich thwéc tiéu phan liposome

Phuwong phap tan xa anh sang dong:

Tién hanh: Pha lodng mau véi s 1an thich hop roi cho khoang 1 ml hdn dich
mau vao cdc do sach, kho va tién hanh do véi goc tan xa 90°, hé sb tan xa cua 1,58.

Phuwong phdp phdén tich vét hat:

Tién hanh: Pha lodng mau dén nong do thich hop roi tiém vao budng mau cua
thiét bi phan tich vét hat ZetaView® NTA. Do mau theo chuong trinh cai dat, dong
thoi ghi lai hinh anh cua chuyén dong cia céc tiéu phan riéng lé.
2.3.5.3. Pdnh gid hiéu sudt liposome hoa

Hut chinh xac 1,0 ml hdn dich liposome BBR, cho vao 6ng siéu ly tam (MW
30.000 dalton, Merck, Duc) roi cho vao may ly tam vai toe do 4.000 vong/phut trong
30 phat. Dich ly tdm dudi mang loc duoc cho vao binh dinh mirc 10 ml va bo sung
thé tich vira da 10ml bang ethanol 96 %. Lac déu va do phd hap thu UV-Vis & buéc
s6ng 350 nm. Nong do BBR tu do (Ciy do) trong dich ly tdm dwoc tinh theo phuong
trinh dudng chuan xay dung trong cling ngay phan tich theo phuong phap di & muc
2.3.1.1. Néu nong do duoc chit ty do thap dudi khoang tuyén tinh, ndng do dugc chét
nap trong liposome duoc xac dinh thay thé dugc chét tu do bing phuong phap sau.
Pha v liposome BBR trén mang siéu loc bang dung méi methanol va cho vao binh
dinh mtc 10ml. Ding methanol dé rira sach mang loc réi gop dich rira vao binh dinh
muc. Thém dung méi ethanol 96% vira du thé tich. Tién hanh do phd dé xac dinh
nong d6 dugc chat nap trong liposome (Ciiposome hea)-

Pé dinh luong ham luong dugc chat toan phan ¢ trong liposome (Croan phan), it
chinh xac 1,0 ml hon dich liposome khac cho vao binh dinh muac dung tich 10ml.

Thém ethanol 96 % cho dén vach, hoa tan bang siéu am dé pha v& liposome va hoa
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tan BBR hoan toan. Dung dich dugc pha lodng véi sb lan thich hop dé do phd hap
thu UV-Vis ¢ budc séng 350 nm. Tinh nong do BBR toan phan, sir dung phwong
trinh duong chuan. MAu tring dugc chuan bi 1a liposome trang (thanh phan giong nhu
liposome BBR nhung khong chira dugc chat) duoc hda tan trong ethanol 96 % va pha
lodng nhu & phan dinh lwong Croan phan. Hiéu suat nap BBR vao liposome dugc tinh
theo cdng thirc (Eg.1) néu mau c6 ndng d6 dugc chat tu do nam trong khoang tuyén
tinh. Néu ndng do dugc chat ty do nam dudi khoang tuyén tinh, hiéu suat nap duoc
chat duoc tinh theo cong thirc (Eq.2).
EE (%) = Commmn = Goa)x 100

Ctoan phian

(Eq. 1)

Hoac

Cliposome héa X 100

EE (%) = (Eq. 2)

toan phan

2.3.5.4. Pdnh gid kha nding gidi phéng dwoc chat in vitro

Kha ning giai phong duoc chat caa liposome BBR dugc tién hanh bang sir dung
thiét bi thir 4o hoa tan Erweka kiéu canh khuay, theo nguyén tic dong hoc tham tich,
sir dung tdi tham tich mang celulose (MW cut-off = 14.000 dalton). Tai da dugc ngam
12 gio trong moi trudng thir giai phong dé lam wot va thong cac 16 mang [110]. Mai
truong thir giai phong mé phong su thay doi méi trudng pH trong duong tiéu hoa,
bao gom dung dich HCI 0,1N, dung dich dém phosphat pH 4,5 va mdi trudng dém
phosphat pH 6,8. HGt 6,0 ml hon dich liposome BBR (twong dwong 3,0 mg BBR toan
phan) cho vao tdi tham tich, thém 4,0 ml mdi truong giai phong, budc chat tai. Treo
tdi tham tich chira mau vao canh khudy caa may thir ¢ hoa tan Erweka. Song song,
mau ddi chiéu 12 6,0 ml dung dich BBR néong d6 0,5 mg/ml duoc 1am tuong tu nhu
mau thi. Cho vao mdi céc ciia may thir hoa tan 300 ml méi trudng thir giai phong,
nhiét d6 37 °C, téc do canh khudy 50 vong/phat. LAy mau (5ml) tai cac thoi diém 15
phat, 30 phat, 1, 2, 3, 4, 6, 8, 10, 12 va 24 gio. Bu thé tich bang méi trudng méi tuong
tmg. Dinh lugng BBR giai phong bang phuong phap quang phd hap thu UV-Vis. Téc
d6 giai phong dugc chat dugc tinh bang cong thirc sau (Eq. 3)
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Trong d6: Vm 14 thé tich méi truong giai phong (300 ml), V 1a thé tich moi

RR (%) =

x100%  (Eq.3)

truong giai phong duoc rut ra tai mdi thoi diém (5ml), n 1a s6 mau dugc rat khoi moi
truong giai phong, Ci 1a ndng d6 duoc chat trong méi trudng giai phong tai thoi diém
rat mau thi i, Wit 1a tong lugng BBR ¢6 trong mau.

Két qua vé toc do giai phong duoc chét duoc tinh bang trung binh cua 3 lan thir.
2.3.5.5. Danh gid trang thai ly hoa cua liposome BBR

Trang théi ly hoa cia liposome BBR dugc danh gia bang phép do nhiéu xa tia
X va pho hong ngoai FITR [16]. Dé thuc hién cac phép do nay, hdn dich liposome
BBR dugc chuyén thanh dang bot khé.

Mau hdn dich liposome BBR duoc lam khd bang cach say trong tu siy ap suat
giam & nhiét &6 40 °C trong vong 48 gid, 4p suat — 0,09 mPa. Liposome BBR dang
bot kho duoc dong trong lo thay tinh day nap kin dé thuc hién cac phép do nhidu xa
tia X va FTIR. Quy trinh thuc hién nhu muc 2.3.2.1 bva 2.3.2.1 d.

2.3.6. Phwong phap danh gia mét sé dic tinh caa proliposome BBR
2.3.6.1. Danh gida hinh thdi va kich thwoc cua proliposome BBR

Hinh théi va kich thudc cta proliposome BBR dugc danh gia bang phuwong phap
chyp SEM [68]. K¥ thuat thuc hién nhu trinh bay 6 muc 2.3.2.1 a.
2.3.6.2. Danh gid trang thai ly hoa caia proliposome BBR

Trang thai ly hoa cua proliposome BBR dugc danh gia theo phuong phap tuong
tu nhu danh gia trang thai ly hda cua liposome BBR muc 2.3.5.5. Tuy nhién,
proliposome BBR & dang hat khd nén khong can thyuc hién buéc say kho gidng nhu
liposome.
2.3.6.3. Panh gia hinh thdi va kich thwoc cua liposome berberin dwot tao thanh tir
proliposome berberin

a. Hydrat héa proliposome berberin dé tao liposome bererin

Pé danh gia hinh thai cua liposome BBR tao thanh tir proliposome BBR,
proliposome BBR duoc hydrat hda trong nuéc cat ¢ 37 + 1 °C, siéu am trong thoi
gian 5 pht, tiép tuc & hdn dich thu dugc & nhiét d6 37 + 1°C trong bé gitr nhiét trong
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khoang thoi gian tir 5-20 phat (tiy c6ng thire) cho dén khi proliposome BBR duoc
hydrat hoa hoan toan tao thanh hén dich duc mo [69].

b. Ddnh gia hinh thdi, kich thudéc cua liposome berberin tgo thanh

Hon dich liposome BBR thu dwgc dem chyp hinh thai va kich thudc tiéu phan
bang sir dung kinh hién vi dién tu truyén qua (TEM). Han dich dugc nhé 1én ludi 300
6 da dugc phi mot 16p carbon mong. Sau d6, mau dugc nhuém bang dung dich uranyl
acetat 1% trong 5 phat. Dung gidy tham dat canh mép ludi dé tham chat nhuom thira.
Pé mau kho ty nhién ¢ nhiét 6 phong réi dem quan sat hinh thai va do kich thuéc
liposome duéi kinh hién vi dién ta truyén qua [122].

Kich thudc va phan bé kich thude caa liposome BBR tao thanh tir proliposome
cling dugce danh gia bang phuong phap DLS giong nhu trinh bay & muc 2.3.5.2.
2.3.6.4. Xdc dinh mdt khéi lwong do 1am kho cia proliposome BBR

Phép thtr duoc thuc hién theo Dugc dién Viét Nam V, phu luc 9.6, “xac dinh
mat khéi luong do 1am kho” [2], c6 thay ddi cho phi hop véi thiét bi sir dung 1a ta
say tinh. Luong mau proliposome BBR 1,0g, nhiét do siy 80 °C. Sau 30 phut say,
tién hanh ldy mau lam ngudi dén nhiét &6 phong trong binh hat am rdi can ngay. Tiép
tuc sdy thém 10 phat hodc dén khi chénh Iéch khéi lwong giira 1an can sau véi lan
trude do6 khong qua 0,5mg.

Mat khéi lwong do lam khé duogc tinh theo cong thic:

H (%) = = x 100
Trong d6: a la khoi lugng mau truge khi say
b 1a khéi lwong mau sau khi siy

Két qua dugc xac dinh 1a trung binh cua 3 lan do
2.3.6.5. Dinh lwong ham lwong berberin trong proliposome BBR

Ham luong BBR trong proliposome BBR duoc dinh lwgng bang phuong phap
quang phd hap thu UV-Vis hoic phuong phap HPLC [24], [69].

Phurong phdp quang phé hdp thy UV-Vis:

Can chinh xac moét lugng proliposome BBR tuong urng véi 10,0 mg BBR, cho

vao binh dinh mirc 10 ml. Cho methanol vao gan dén vach, siéu am trong bé siéu am
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15 phat, thém methanol dén vach. Céc thanh phan tao liposome s& hoa tan trong
methanol. Chat mang manitol khéng tan ling xubng day. Dich trong dugc loc qua
mang loc 0,45 pm. HUt chinh xac 2 ml dich loc, cho vao binh dinh mac 100 ml, thém
ethanol 96%. Cac budc tiép theo tién hanh nhu myc 2.3.1.1 caa dung dich chuan.
Ham luong BBR trong proliposome dugc tinh theo phwong trinh dudng chuan. Mai
mau tha thuc hién 3 1an va tinh két qua trung binh.

Phuong phap HPLC:

Chuan bi dung mdi, mau trang, diy dung dich xay dung duong chuan, dung
dich ther va tién hanh chay sic ky theo muc 2.3.1.2. Ham lugng BBR trong
proliposome BBR duoc tinh theo phuong trinh héi quy tuyén tinh mé ta mdi tuong
quan gitra dién tich pic va nong d6 BBR nhu di xdy dung & muc 2.3.1.2. Mau thu
duoc tiém 3 1an va lay két qua trung binh.
2.3.6.6. Pdnh gid hiéu sudt qua trinh bao ché

Hiéu suat qua trinh 1a phan tram vé ti Ié gitra khéi lwgng BBR chua trong
proliposome BBR thu dugc voi khdi luong BBR ban dau. Hiéu suat qua trinh duoc

tinh theo codng thuc:

H% = 22522 x 100%

MBBRbd
Trong d6: Meerisp 12 khdi lugng BBR chira trong khdi lwong san pham
thu duoc (g)
Mesrod 12 kh6i lugng BBR ban dau (g)
2.3.6.7. Pdnh gid higu sudt liposome hoa cia liposome BBR tgo thanh
Proliposome BBR dugc hydrat héa nhu ¢ muc 2.3.6.3a. Hiéu suat liposome
hoa cua liposome BBR tao thanh dugc danh gia theo phuong phap ¢ muc 2.3.5.3.
2.3.6.8. Xdc dinh khéi Iweng riéng biéu kién
Khéi lwong riéng biéu kién cua proliposome BBR dugc thir theo Duoc dién
Viét Nam V, phu luc 6.13 “Xac dinh khéi luong riéng thd va khéi lwong riéng go cua
bot” [2]. Thiét bi st dung may do thé tich biéu kién cua hat/bot Erweka SVM. Thyc
hién g6 Iap lai cho dén khi su thay doi thé tich giita hai lan do lién tiép khdng qua 2%.

Tinh khéi luong riéng g6 ra g/ml theo cong thirc d = m/Vs vai Vs la thé tich
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cua lan do cubi cung (ml), d 12 khdi lugng riéng gd (biéu kién), m 1a khéi luong
proliposome BBR dem do (g). Phép thir thuc hién 3 1an va lay két qua trung binh.
2.3.6.9. Phwong phdp dinh gia khd nang hydrat héa cua proliposome BBR
Phuong phap dua trén nghién ctru ciia Janga 2012 [68], nhung cai tién dé quan

st t6t hon qua trinh hydrat héa. Chuan bi khay c6 4 giéng c6 niap day, cho vao mdi
giéng 1ml moi trudng thir hydrat hdéa gém dung dich HCI 0,1N (pH 1,2), dung dich
dém phosphat pH 4,5 va dung dich dém phosphat pH 6,8. Cho khay vao dia petri da
chaa sidn nudc 1am am 18n 40 - 43°C bang dong dién véi hiéu dién thé 8,6 von, cuong
d6 dong dién 2,01 ampe. Dung thia inox nho rac it hon 10 tiéu phan proliposome
BBR vao mdi giéng va quan st hinh thai proliposome duéi kinh hién vi dién tir quét
lase.
2.3.6.10. Phwong phdp dinh gid khd néng gidi phéng dwec chdt in vitro

Can chinh xac moét lugng proliposome BBR chira khoang 3 mg BBR, cho vao
lo thuy tinh 10 ml, thém 5 ml maéi trudng giai phong, lic nhe dé proliposome phan
tan trong moi trudng roi ngay 1ap tae d6 hon dich vao tdi tham tich ¢a ngadm 12 gio
trong moi truong giai phong dé 1am théng céc 15 loc. Trang sach lo bang 5 ml moi
treong roi budc thi tham tich vao canh khuay cia may thi d6 hoa tan. Cho 300 m
moi trudng hda tan vao cbe thir tuong ing véi moi trudng da cho vao tai tham tich
va thyc hién cac budc tiép theo nhu phuong phap da trinh bay ¢ muc 2.3.5.4.

Phan tram giai phong duoc tinh theo cong thirc
C,x 300+ YiZn71¢;x5

Wtotal

Trong d6 Cn va Ci lan luot 1a ndng d6 ctia BBR trong méi trudng giai phong &

RR (%) = x 100

thoi diém 1y mau tha n va thtr i. Wt 12 luong BBR ¢6 trong mau proliposome dem
thir giai phong. Thi nghiém duoc lap lai 3 1an va tinh két qua trung binh.
2.3.6.11. Phwong phdp nghién ciru dp on dinh cia proliposome BBR

Do 6n dinh cua proliposome BBR duoc dénh gia dua theo quy dinh cia ASEAN
vé diéu kién bao quan chung [20].

- Pbi twong thu: 03 mé proliposome BBR, dong vao tdi nhém han kin.

- Piéu kién bao quan va thoi diém kiém tra: Cac mau proliposome BBR dugc

52



theo ddi trong cac diéu kién thuc (phong thi nghiém) va diéu kién ld0 hoa cép toc nhu
trinh bay ¢ bang 2.5.
Bang 2.5. Piéu kién bdo quan va thoi diém ldy mau trong nghién citu theo doi

dé én dinh
Piéu kién bao quan | Nhiét do (°C) | Pd Am twong doi (%) | Thoi diém kiém tra
Diéu kién thyc 25-30 60-90 0, 1, 3, 6 thang
L&o hoa cap toc 40 + 2 75+5 0,1, 3, 6 thang

Sau khoang thoi gian 0, 1, 3, 6 thang theo d&i, mau proliposome BBR dong
trong tli nhdm han kin duoc lay ra va danh gia mot s6 chi tiéu chinh: hinh thicc cam
quan, hinh thai tiéu phan, trang thai Iy héa (Xray, FTIR), d6 am, ham luong, giai
phéng duoc chat, kich thuéc va phan bé kich thudc tiéu phan caa liposome sau hoan
nguyeén, hiéu suat liposome hoa.

2.3.7. Panh gia sinh kha dung in-vivo cia liposome BBR trén chuét céng

Nghién ctru dugc thyc hién duya trén phuong phap gan day nhat caa Gong 2014
va Jia 2019 [54], [69], c6 thay ddi cho phd hop vaéi thiét ké nghién ciu. Chuot cng
giong duc truong thanh khoe manh, khéi lugng tir 170 g - 240 g, duoc chia ngau
nhién thanh 2 nhdm, méi nhdm 7 dong vat. Chudt duoc nhin dn qua dém trudc ngay
nghién ciru, nhung duoc udng nudc ty do. Chudt & nhdm thix nhat (nhém chimg) duoc
cho uéng hén dich BBR pha trong dung dich NaCMC 0,5% (nong do BBR 10 mg/ml)
véi lieu BBR 100 mg/kg can nang. Chudt & nhdm thir 2 duoc cho udng liposome
BBR tao thanh tir proliposome (theo phwong phap & muc 2.3.6.3a dé duoc liposome
c6 néng do BBR 10 mg/ml) twong duong véi liéu BBR 100 mg/kg. Sau khi duoc
uéng mau ther, chudt duge lay mau (0,25 ml) tir tinh mach dui tai cac thoi diém 5
phuat, 15 phat, 30 phat, 1; 1,5; 2; 3; 4; 6; 8; 10; 12; 24 va 36 gio. Ngay sau khi Iéy
méu, chudt duoc tiém mang bung nudc mudi sinh 1y véi thé tich bing thé tich mau
duogc rat ra dé bo sung thé tich tuan hoan. Mau mau duoc cho vao éng Eppendorf 2
ml da chira san heparin (20 1U/6ng), ly tam véi toc 6 3500 vong/phut trong 15 phut.
Phan dich néi (huyét trong) duoc chuyén sang dng Eppendorf khac va bao quan huyét
tuong & ta Am sau -35 °C cho dén ngay phan tich. Song song, cac mau huyét tuong
trang cua 16 chudt cbng trang (16 tring) duoc thu thap va bao quan theo quy trinh
trong tw mau thir. Nong d6 BBR trong huyét twong duoc dinh lugng bang phuong
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phap sic ky long két hop khdi phd (LC-MS/MS) da duoc tham dinh ¢ muc 2.3.1.3.

Cac thong sb danh gia bao gdm: Nong d6 dinh trong huyét trong (Cmax), thdi gian
dat ndng do dinh trong huyét twong (Tmax), dién tich dudi duong cong tir thoi diém 0 dén
thoi diém t (AUCo4), dién tich dudi duong cong tir thoi diém 0 dén thoi diém vo cing
(AUCo-»), thoi gian luu tra trung binh tir thoi diém 0 dén thoi diém t (MRTo.), thoi gian
luu tra trung binh tir thoi diém 0 dén thoi diém vé cing (MRTo-).

2.3.8. Panh gia tac dung ha lipid mau ndi sinh ciia liposome BBR trén chudt nhit

Phuong phap nghién ctu dira trén tham khao cac két qua nghién cau trude [5],
[87], [104]. Chudt nhét trang giong duc truang thanh khoe manh, khéi luong tir 20 -
28 g duoc chia ngau nhién thanh 6 nhdm, mdi nhdm tir 8-9 dong vat. Trong thoi gian
10 ngay, chudt mdi ngay dugc cho udng nhu sau:

Nhédm 1 (nhém ching sinh ly) va nhém 2 (nhém ching bénh ly), chuét duoc
cho udng nudc cat vai thé tich bang thé tich nném uéng thudc. Nhém 3 (nhém chiing
duong), chudt dugce cho udng atorvastatin véi lidu 20 mg/kg can ning (mau duoc
chuan bi nhu sau: nghién min 1 vién Lipitor 20mg, phan tan bt vao 10 ml dung dich
NaCMC 0,5% trong nudc. Lic siéu am dé dugc chat phan tan déu, thu duoc hdn dich
c6 nong do atorvastatin 2 mg/ml). Nhém 4 (nhom ddi chiéu), chudt dugc cho udng
hon dich BBR véi lidu 100 mg/kg can nang. Nhdm 5 (nhdm thir 1), chudt duoc cho
udng liposome BBR tao thanh tir proliposome BBR (theo phuong phap & muc
2.3.6.3a dé dugc liposome c6 nong dd BBR 10 mg/ml) véi licu BBR 50 mg/kg can
nang. Nhoém 6 (nhdm thir 2), chudt dugc cho udng liposome BBR véi liéu BBR 100
mg/kg can nang. Vao ngay tha 10, chudt & nhdm 1 duoc tiém phic mac bang nudc
mudbi sinh ly, chudt & 5 nhém con lai duoc tiém bang dung dich poloxamer 407 2%
trong nudc mudi sinh 1y vai liéu 200 mg/kg can nang dé lam tang lipid méau noi sinh.
Chuot sau khi tiém duoc nhin doi trong vong 24 gid rdi duoc ldy mau tinh mach
xoang mat (0,25 ml) cho vao éng Eppendorf 2ml. Mau duoc dé lang 30 phut rdi dem
ly tam ¢ 3500 vong/phut trong 15 phdt ¢ 4 °C, lay huyét thanh chuyén sang 6ng
Eppendorf khac va bao quan & 2 — 8 °C trong qué trinh phan tich cac thong sé lipid

mau.
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Nong do cholesterol toan phan (TC), cholesterol ti trong thap (LDL-C),
cholesterol ti trong cao (HDL-C) va triglycerid (TG) dugc dinh lwong bang sir dung bo
kit enzym (ERBA Diagnostics Inc., Miami, Florida, USA) trén thiét bi phan tich héa sinh
ban tu dong TC-3300 Plus.

2.3.9. Phwong phap xir ly s liéu

Cac s lieu duoc dong hoc dugc phan tich bang phan mém Phoenix WinNolin
(Version 8.3, Cerata® Inc., Clayton, Missouri, USA), sir dung mé hinh khong ngin
dé tinh toan cac thong sé duoc dong hoc nhu Cmax, Tmax, AUCo+t, AUCo-0, MRTo-,
MRTo-. CAC gia tri Cmax, Tmax, AUC, MRT duoc so sanh biang st dung 2 phép théng
ké t-test mot phia vai khoang tin cay 90%. CAc gia tri Tmaxgitta 2 nhoém dugc so sanh
bang sir dung phép kiém tra tong xép hang phi tham sé Wilcoxon rank sum test.

S6 liéu nong @6 TC, LDL-C, HDL-C va TG trong huyét thanh dugc phan tich
bang phan mém Microsoft excel, SPSS 20.0. So sanh sy khac biét giita cac 16 thir so
véi 16 chitng bang kiém dinh student t-test. Cac gia tri p < 0,05 dugc coi la khac nhau

¢ y nghia thong ké.
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Chuong 3. KET QUA NGHIEN CUU

3.1. KET QUA THAM PINH PHUONG PHAP PINH LUQNG

Pé ¢o co so cho viéce danh gia cac ndng do/ham luong berberin trong ting giai
doan cua qua trinh nghién ciru bao ché, dé tai tién hanh khao sat va tham dinh khoang
ndng do tuyén tinh ciia phuong phap dinh luong berberin bang UV-Vis, tham dinh
phuong phap HPLC va thdm dinh phuong phap dinh luong berberin trong huyét
tuong chudt bang phuong phap LC-MS/MS.
3.1.1. Tham dinh khoing nong d¢ tuyén tinh cia phwong phap dinh lwong
berberin bing quang phé hap thu UV-Vis
3.1.1.1. Phé hdp thu UV-Vis cia berberin

Quét phd dung dich BBR chuan c6 nong do 5 pg/ml trong ethanol 96 % tir
budc song 200 dén 400 nm cho 2 dinh hip thu cuc dai chinh tai budc séng 266 nm
va 350 nm (phu luc 1.1a). Vi vay, budc soéng 350 nm duoc chon dé xac dinh ham
luong BBR trong cac mau nghién ciu khi sir dung dung mdi ethanol 96 % bang
phuong phap quang phé hap thu UV-Vis. Tuy nhién, dinh hap thu cuc dai nay bi dich
chuyén sang 343 nm khi str dung dung mdi nuéc cat dé pha mau (phu lyc 1.1a). Do
d6, khi xac dinh ham luong BBR trong dung méi pha lodng 1a nuéc cat, do hap thu
cuc dai s€ duoc xac dinh tai budc séng 343 nm.
3.1.1.2. Tinh tuyén tinh

Chuan bi ddy dung dich BBR chuan theo phuong phap trinh bay & muc 2.3.1.1.
Do d6 hap thu caa cac dung dich trén tai budc séng 350 nm trong dung méi ethanol
96 % va 343nm trong dung méi nudc. Két qua dugc trinh bay ¢ phy luc 1.1b (dung
moi ethanol 96 %), phu luc 1.1c (dung méi nuéc). Két qua nay cho thiy cé su phu
thudc tuyén tinh gitta d6 hap thu va ndong 6 BBR trong khoang nong do da khao sat
V6i hé s6 twong quan r = 0,995 (>0,99) trong ca hai mdi truong ethanol 96 % va moi
truong nude. Nhu vay, ¢6 thé sir dung phuong phap quang phd UV-Vis dé dinh luong

BBR trong nghién ctru bao ché.
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3.1.2. Tham dinh phwong phap dinh hrong berberin bang HPLC
3.1.2.1. Tinh thich hep ciia hé thong

Chuan bi dung dich chuan c6 ndng d6 5 pug/ml, tiém I3p lai 6 1an nhu mé ta &
muc 2.3.1.2. Két qua xac dinh thoi gian luu, dién tich pic va sé dia 1y thuyét duoc
trinh bay ¢ phu luc 1.2a.

Két qua ¢ phu luc 1.2a cho thay phan tram d¢ léch chuan twong ddi (RSD) cua
C4c gié tri thoi gian luu nho hon 1% va dién tich pic nho hon 2%. Sé dia 1y thuyét
trung binh 13727 > 1000. Nhu vay, chuong trinh sic ky da chon phl hop dé dinh
lwgng BBR trong cac mau bao ché.
3.1.2.2. Tinh chen loc-dé dac hiéu

Chuan bi mau chuan (5 pg/ml), mau thir, mau trang nhu muc 2.3.1.2. Tién hanh
tiém mau vao hé thong sac ky theo diéu kién sic ky da chon. Két qua sac ky d6 (phu
lyc 1.2) cho thay trén sic ky do cia mau chuan va mau thir déu c6 1 pic c6 thoi gian
lwu ¢ thoi diém 3,6 phat. Trén sic ky d6 cia mau trang khéng xuat hién pic tai thoi
diém tring véi thoi gian luu cia BBR. Piéu d6 ching to pic trén sic ky do 1a cua
BBR, phuong phap dinh luong ¢6 d6 dac hiéu cao.
3.1.2.3. Khodng tuyén tinh

Xac dinh méi twong quan gitra dién tich pic va nong d6 BBR trong mau chuan,
két qua duoc trinh bay & phu luc 1.2¢ va phu luc 1.2d.

Két qua ¢ cho thiy cd su phu thudc tuyén tinh giira dién tich pic va néng do
BBR trong dung dich chuan trong khoang nong do d khao sat vai hé sb twong quan
r=0,9994
3.2.1.4. B¢ chinh xac

Chuan bi cac dung dich chuan chira BBR nhu & muc 2.3.1.2. Két qua danh gia
do6 chinh xac cta phuong phap HPLC dugc trinh bay phu luc 1.2e.

Két qua cho thay cac mau déu c6 phan trim tim lai trong khoang tir 99,47% dén
101,41%, chirng té phuong phap co do chinh xéac cao, c6 thé sir dung dé xac djinh ham
luong BBR trong ché pham.
3.1.2.5. by chum

Pha 6 mau dung dich thi chira proliposome BBR véi ndng do BBR 5 pg/ml va
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chay sic ky theo phwong phép trinh bay ¢ muc 2.3.1.2. Két qua danh gia d6 chum
trinh bay & phu luc 1.2f cho thay mau thir c6 ham lugng BBR trung binh 13 14,87%,
d6 lech chuan twong d6i RSD < 2%. Phuong phéap c6 d6 chum dat yéu cau.

Nhu vay, phuong phap HPLC dat yéu cau vé tham dinh va c6 thé sir dung dé
dinh luong BBR trong mau nghién ctiu, xay dung tiéu chuan va danh gia d6 6n dinh.
3.1.3. ThAm dinh phwong phap dinh lwong berberin trong huyét twong chugt
bang sic ky léng két hep khdi phd (LC-MS/MS)
3.1.3.1. Tinh thich hep cia hé théng

Tién hanh chay sac ky Iap lai 6 1an miu huyét twong chira BBR ¢6 nong do 15
ng/ml sau khi xt ly theo quy trinh & muc 2.3.1.3. Két qua danh gia sy phi hop cua
hé théng trinh bay & phu luc 1.3a va phu luc 1.3b cho thay thoi gian luu (tr) cta cac
pic BBR va gia tri ti & dién tich giira cac pic BBR v&i c4c pic caa chuan noi (IS) déu
c6 do lap lai tét (RSD < 5%), chung té hé thong LC-MS/MS 6n dinh va phi hop dé
dinh luong BBR trong huyét twong chudt theo huéng dan cua EMA va FDA.
3.1.3.2. Tinh chen loc - dé dac hiéu

Chuan bi 6 mau huyét trong trang chudt tir 6 ngudn va 6 mau chuan cé chia 1S
va BBR ¢ nong d6 0,2 ng/ml (LLOQ) trong tirng nguon mau huyét teong trang trén.
Tién hanh xt Iy mau theo quy trinh nhu & muc 2.3.1.3, phan tich mau bang phuong
phap LC-MS/MS. Két qua duoc trinh bay & phu luc 1.4a-c.

S6 lieu & phu luc 1.4a cho thay tai thoi diém tring véi thoi gian luu cua BBR,
dap (ing pic cua ting mau tring khong qua 20% dap @ng pic cia mau LLOQ tuong
ng. Tai thoi diém trng véi thoi gian luu caa IS, dap ang pic cua tirng mau trang
khong quéa 5% so véi dap ang pic trung binh IS ctia mau duong chuan va QC. Két
qua phan tich phi hop véi yéu cau cua tinh dic hiéu, chon loc ciia phuong phéap vé
dap @ng pic. Ngoai ra, phd ion chon loc tao thanh cua BBR (m/z 336,1 -+ 320,1) va
phd ion chon loc tao thanh cua IS (m/z 494,2 +369,1) duoc thé hién ¢ phu luc 1.4b.
Phu luc 1.4c cho thay, trén sic ky d6 ctia mau trang khong xuét hién pic chat la mot
cach c6 y nghia tai thoi gian luu cua ion chon loc BBR (0,79 phut) va tai thoi gian

luu cua ion chon loc IS (1,67 phat). Nhu vay, phuong phap dinh lugng c6 tinh dac
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hiéu, chon loc ddi véi BBR.
3.1.3.3. Pwong chudn va khodng tuyén tinh

Tién hanh xay dung dwong chuan biéu thi mbi quan hé gitra gia tri ti 1¢ dién tich
pic BBR/IS (y) véi ndng do ly thuyét cia BBR () trong huyét twong chudt bang
phuong trinh hoi quy truyén tinh, sir dung hé sé trong sé 1/x2 (x 12 ndng d6 chuan ly
thuyét). Két qua duoc trinh bay & phu luc 1.5 cho thay rang trong khoang nong do tir
0,2 ng/ml dén 25 ng/ml c6 su twong quan tuyén tinh chat gitra ti I& dién tich pic
BBR/IS véi ndng d6 BBR véi r > 0,998. Bong thoi, két qua cling dap ung duoc yéu
cau cta dudng chuan trong phuong phap phén tich ndng d6 thudc trong dich sinh hoc
theo huéng dan cua EMA va FDA vai 16n hon 75% diém caa duong chuan c6 do
dung nam trong khoang tir 85% - 115% va d6 ding cua nong d6 LLOQ nam trong
khoang 80%-120%.
3.1.3.4. Gig1 han dinh lwong duwoi

Tién hanh phan tich sic ky 6 mau huyét twong trang ¢ pha chuan BBR c6 nong
d6 0,2 ng/ml (LLOQ) va IS theo phuong phap LC-MS/MS, lap lai 3 ngay lién tiép.
Xac dinh nong do cua BBR trong cac mau bang cach st dung phuong trinh duong
chuan chay sic ky trong cung diéu kién. Két qua dugc trinh bay & phuy luc 1.6. Két
qua danh gia giéi han dinh luong dudi cho thay gié tri S/N cia BBR trong mau c6
nong do BBR 0,2 ng/ml déu Ién hon 5. Po chinh xé&c cia cAc mau ¢ nong d6 BBR
0,2 ng/ml tirng ngay va caa 3 ngay déu nam trong khoang 80%-120%. D6 lip lai tirng
ngay Va cia 3 ngay (CV%) déu < 20%. Theo huéng din ciia EMA va US-FDA, ndng
d6 BBR 0,2 ng/ml dap (g yéu cau cia gidi han dinh luong dudi trong phuong phép
phan tich ndng d6 thubc trong dich sinh hoc.
3.1.3.5. bé chinh xac, dé lap lai trong ngay va khac ngay

Xac dinh d6 chinh xac, do lap lai trong ngay va khac ngay theo phuong phap
nhu trinh bay & muyc 2.3.1.3. X4c dinh ham luong BBR trong mau dwa vao duong
chuan phén tich trong cung diéu kién. Do chinh xac dugc xac dinh bang tinh phan
tram bién thién vé ndng do gitra ndng do tinh duoc véi ndng d6 thuce va dugc biéu thi
bang sai s6 turong ddi (relative error-RE, %). 6 l3p lai duoc xac dinh bang cach tinh

phan trim hé s6 bién thién (CV%) giira cac gia tri nong do tinh duoc & mdi mac nong
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d6. Két qua dugc trinh bay ¢ bang 3.1 va phu luc 1.7.
Bang 3.1. B¢ chinh x&c va dé lap lai cua phuong phdp LC-MSIMS trong phén tich
nong dé BBR trong huyét twong chudt. Sé liéu duroc phan tich 3 ngay lién tiép (n= 6)

Nong do (ng/ml) Do chinh xac Pé lip lai (CV, %)

Thuyc Trung binh tinh (RE, %) Trong ngay Khac ngay
0,2 (LLOQ) 0,1963 -1,9 10,3 14,2
0,6 (LQC) 0,620 3,3 5,2 12,6
10,0 (MQC) 10,216 2,2 6,7 8,3
18,0 (HQC) 17,561 -2,4 1,9 4,2

Két qua cho thay, d6 chinh xac cua phuong phap nam trong khoang tir -2,4% dén
3,3% thudc giéi han £ 15%, d6 lap lai trong ngay va khac ngay déu nho hon 15%, ké ca
nong d6 LLOQ. Nhu vay, phuong phéap da xay dung dat tiéu chi vé vé do chinh xac, do
l3p lai trong ngay va khac ngay theo hudng dan cia EMA va FDA.,
3.1.3.6. Dg chum khi pha loang

Pha lo&ng 6 mau huyét twong chira BBR ¢ nong do 90 ng/ml (gap 5 1an nong
d6 HQC) theo phuong phap ¢ muc 2.3.1.3. Song song chuan bi 01 duong chuan va
phan tich trong cung diéu kién. Két qua d6 chum khi pha lodng trinh bay & phu luc
1.8 cho thay do chinh xéac trung binh cia cac mau 1a 101,1% (RE=1,1%), nam trong
khoang 85%-115% (RE trong khoang 15%) so véi nong do6 thuc da pha. 6 chum
CV=3,6% (nho hon 15%). Nhu vay, phép pha lodng mau 5 lan trong huyét twong dat
y&u cau Veé tiéu chi pha lodng theo huéng dan caa EMA va FDA.
3.1.3.7. Ty Ié thu hoi

Két qua vé ti 18 thu hdi BBR va chuan néi glibenclamid trinh bay ¢ phu luc
1.9 cho thay ti I thu hoi BBR va IS gitra cAc nong d6 rat cao va khong qua +15%,
gia tri CV gitra cac dap tng pic cia BBR va IS trong cac mau trong nén mau (khdng
qua chiét tach) tir 1,6 - 7,6% (nho hon 10%), trong cac mau trong huyét twong (c6
qua chiét tach) tir 3,2 — 9,9% (nho hon 15%). Nhu vay, quy trinh chiét dat do lap lai

cao va 6n dinh, dap ting duoc yéu cau cua phép phan tich thude trong dich sinh hoc.
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3.1.3.8. Anh hwéng ciia nén mdu
Phan tich cac mau chuan cé chira IS va BBR & 2 ndng d6 LQC va HQC trong
06 nén mau huyét twong chudt va 06 mau chuan trong pha dong theo phuong phap
ghi & muc 2.3.1.3 dé danh gia anh huéng cia nén mau I8n chat phan tich. Xac dinh
C4cC gia tri MFeer, MFis, ti s6 MFggr/ MFis ¢ 2 mtic nong d6 LQC va HQC. Két qua
duoc trinh bay ¢ bang 3.2.
Bang 3.2. Anh hwong cuia nén mau trén BBR va IS ¢ nong dé LQC va HQC trén 6

16 huyét twong chuét

. . Anh hwéng nén | . L s .
Nong do Lo huyetA miu (%) Anh h,u’O'ng nen mau chuan
(ng/mL) twong chudt BBR IS hoa (MFger/MF;s)

N°. 1 56,7 78,1 0,725
N°. 2 67,2 81,1 0,829
N°. 3 73,9 95,2 0,776
N°. 4 68,0 99,0 0,687
06 (LQC) N°. 5 64,5 93,9 0,687
N°. 6 59,4 83,6 0,711
Trung binh 65,0 88,5 0,736
CV (%) 9,6 9,7 7,7
N°. 1 69,2 83,2 0,831
N°. 2 67,8 83,2 0,815
N°. 3 66,8 89,4 0,747
18,0 (HOC) N°. 4 66,8 88,1 0,759
N°. 5 64,1 81,8 0,784
N°. 6 66,6 86,2 0,772
Trung binh 66,9 85,3 0,785
CV (%) 2,5 3,6 4,2

Két qua cho thdy anh huong nén mau di chuan héa ¢ néng do 0,6 ng/ml c6
CV = 7,7% va & nong d6 18 ng/ml c6 CV = 4,2% (déu nho hon 15%), chang to nén
mau khong 1am giam hiéu qua cia phuong phap phan tich va dap tng duoc tiéu chuan
ctia phuong phap phan tich thudc trong dich sinh hoc.
3.1.3.9. g én dinh

Do 6n dinh cia BBR trong huyét twong chudt trong qué trinh phan tich va bao
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quan dugc nghién ctu theo phuong phap nhu mé ta ¢ muc 2.3.1.3.

B¢ 6n dinh cua dung dich chudn gac:

P 6n dinh caa dung dich chuan goc BBR ¢6 ndng d6 khoang 500 pg/ml trong
thoi gian dai (27 ngay), dung dich glibenclamid géc (chuan néi) c6 ndng d6 khoang
250 pg/ml trong thoi gian dai (13 ngay) & diéu kién 2 - 8 °C, dung dich chuan géc IS
trong thoi gian ngén (3,5 gio) & diéu kién phong thi nghiém duoc trinh bay & phu luc 1.10.

Két qua d6 6n dinh cho thiy, dung dich géc BBR va IS ¢6 d6 6n dinh nim
trong khoang 85% - 115% va CV giira cac mau nhé hon 15%. Nhu vay, dung dich
g6c BBR va dung dich gdc IS dat do on dinh trong diéu kién bao quan trén.

D¢ on dinh trong thoi gian ngan cua dung dich chudn ngi 1am viéc:

Dung dich chuan noi 1am viéc duoc theo ddi d6 6n dinh trong 48 gio & nhiét &6 phong.
Két qua trinh bay ¢ phu luc 1.11 cho thiy, dung dich chuan noi 1am viéc c6 phan traim
d6 6n dinh nam trong khoang 85-115% va CV < 15%. Nhu vay, mau dung dich chuan
ndi 1am viéc 6n dinh trong diéu kién nhiét d6 phong trong thoi gian bao quan dén 48 gio.

Pé 6n dinh cia mau BBR trong huyét firong:

Tién hanh phan tich mau BBR trong huyét twong ¢ 2 nong do LQC va HQC
duoc bao quan & cac didu kién khac nhau theo quy trinh phan tich. Két qua duoc trinh
bay ¢ phu luc 1.12. Két qua ¢ phu luc 1.12 cho thay, ndng d6 mau sau khi bao quan
trong tat ca cac diéu kién khac nhau va trong qué trinh phan tich mau c6 phan trim
d6 6n dinh (d6 léch so véi ndng d6 ban dau) khdng qué 15% va gié tri CV% khong
qua 15%. Nhu vay, mau BBR trong huyét twong 6n dinh trong thoi gian dén 6 gio
bao quan & diéu kién nhiét d6 phong (25 °C), trong thoi gian dén 52 ngay bao quan &
diéu kién nhiét do -35°C, dén 12 gio sau 05 chu ky rd dong ¢ nhiét d6 phong va 25
gio sau khi xtr Iy mau dé tiém sic ky & nhiét ¢6 phong (budng auto-sampler 25 °C).

Cac két qua tham dinh vé d thich hop cua hé thng, tinh chon loc - d6 dic
hiéu, khoang tuyén tinh, gi¢i han dinh luong duéi, d6 dung, d6 lap lai, ti I& thu hoi,
anh huong cua nén mau, tinh toan ven khi pha lodng va do 6n dinh trong cac diéu
kién khac nhau cho thay: phuong phap da xay dung dat dugc céc tiéu chi quy dinh
trong hudng dan phan tich thudc trong dich sinh hoc cia EMA va FDA. Vi vay, ¢6
thé str dung phuong phap nay dé dinh luong BBR trong huyét twong chudt.
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3.2. NGHIEN CUU TIEN CONG THUC

Cac dic tinh chat vat ly, hda hoc cua dugc chat va ta dugc s& anh hudng dén
qué trinh bao ché va d6 6n dinh cua san pham. Vi vay, viéc danh gia cac dic tinh Iy
hoa cua duoc chat ciing nhu nghién ciru tuong tac gitra duoc chét va ta duoc 1a mot
hoat dong thiét yéu ban dau nham 1am co s dé xay dung cong thirc, lya chon phuong
phép bao ché va phuong phap danh gia san pham.
3.2.1. Két qua danh gia mét sé dic tinh ciia dwec chat
3.2.1.1. Hinh thdi va kich thwéc cia berberin

Tién hanh quan sét hinh thai cua BBR duéi kinh hién vi dién tar quét (SEM)

theo phwong phap da trinh bay & muc 2.3.2.1. Hinh thai va kich thudc tiéu phan BBR
trinh bay ¢ hinh 3.1 cho thiy, BBR la nhitng tiéu phan két tinh hinh gay, c6 kich
thudc kha déu dan, chiéu dai trung binh khoang 10 pum, tiét dién khoang 0,2 um.

Hinh 3.1. Hinh thdi va kich thiréc cua tiéu phan bét nguyén liéu BBR:
A. B phéng dai 3.000 ldan; B. 6 phéng dai 5.000 lan; C. Bé phéng dai 20.000
lan, tiét dién ngang; D. B phéng dai 30.000 lan.

3.2.1.2. Phé nhiéu xa tia X

Phé nhidu xa tia X caa BBR duoc trinh bay ¢ phu luc 2.1 va & céc hinh 3.12,
hinh 3.20. Phé d6 nhiéu xa tia X caa BBR cho thay c6 nhiéu dinh nhiéu xa dic trung
Véi céc vach nhidu xa sic nhon, cudng do tir trung binh dén rat manh & céc vi tri 9,1°;
9,79 13,4°, 16,7°; 25,8° 20. Nhu vay, BBR ton tai & dang tinh thé, c6 cau tric 6 mang
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gay ra cac nhiéu xa dic trung nhu trén.
3.2.1.3. Phé hong ngogi FTIR

Phé hong ngoai ciia BBR trinh bay & phu luc 2.2 va hinh 3.21 cho thiy, BBR
thé hién cac dao dong dic trung cua nhom chic oxyd thom (ArC-O-CHs) tao nén 4
tin hiéu, trong d6 ¢o 2 tin hiéu bat ddi xung véi cudng do manh ¢ sé séng 1271 cm?
va 1232 cm! va 2 tin hiéu d6i xang véi cuong do trung binh ¢ sb séng 1065 va 1034
cm. Khung di vong ni-to 6 canh tao ra cac tin hiéu manh, sic nhon & sé séng 1598,
1505, 1388, va 1363 cm™*. Nhém chuc cyclic ether tao ra 2 tin hiéu & 975 va 897 cmr
1 Nhu vay, phd hong ngoai cua BBR thé hién cac dao dong dic trung chu yéu cua 3
nhom chirc oxyd thom, vong ni-to 6 canh va ether oxyd.
3.2.1.4. Phé hupnh quang

Phé huynh quang caa BBR trinh bay & hinh 3.2 cho thay, dung dich BBR ¢
nong do 0,2 mg/ml trong méi truong nudc cho cudng d6 phat quang yéu hon trong
moi truong ethanol. Trong ca hai moéi treong, BBR phét quang ¢ khoang budc song
tr 470-670 nm.
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Hinh 3.2. Phé hupnh quang cua dung dich BBR 0,2 mg/ml trong méi trieong nieéc

va ethanol

3.2.1.5. Hinh danh phéat huynh quang
Hinh anh phat huynh quang cua bot nguyén liéu BBR duoc chup lai bang kinh
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hién vi dién tir quét lase & kénh séng xanh 488 nm (green chanel) va ¢ truong séang
(transmission field) duoc biéu thi ¢ hinh 3.3.

X [um)
-300 -200 -100 0 100 200 300

Yy (um)
y (um)

Hinh 3.3. Hinh dnh bgt nguyén liu BBR quan sdt dwéi Kinh hién vi dién tir quét: A.
Hinh dnh phat huynh quang ¢ buéc séng 488nm. B. Hinh anh bét BBR duwréi anh
sang truyén qua.

Hinh anh trén cho thay BBR phat huynh quang mau xanh khi quan sat BBR
dudi budc séng 488 nm. Dudi anh sang truyén qua, BBR 1a khéi bot mau den.

3.2.2. Két qua nghién ciru twong tac giira dwoc chat véi ta dwoc

BBR dugc phdi hop véi cac ta duoc khac theo ti 1é cua céc cong thire duoc thiét
ké theo phuong phap & muc 2.3.2.2. Két qua danh gia su thay doi vé hinh thic va
ham lugng BBR sau 1 thang bao quan dugc trinh bay ¢ bang 3.3. Ham lugng duoc
chat duoc tinh theo két qua trung binh cia 3 lan dinh luong.

Két qua & bang 3.3 cho thy, sau 1 thang bao quan ¢ diéu kién ld0 hoa cap téc,
hdn hop bot khong thay doi vé mau sac va thé chat. Ham luong c6 dao dong nhung
sur thay doi khong c6 ¥ nghia thdng ké (p > 0,05). C6 thé két luan rang, khdng c6
tuong ky nao giita duoc chat véi ta dugc anh hudng dén d6 on dinh cua dugc chat
duoc quan sat. Vi vay, nhitg ta dugc trén co thé duoc sir dung dé bao ché liposome

BBR va proliposome BBR.

65



Bang 3.3. Két qud ddnh gid twong tdc dwoc chat Véi td dwoc sau 1 thang bdo qudn

& diéu kién 130 hda cap toc

Tilg Hinh thirc Hamt#f;;re]% (s(;)\)/m Y Thay
dwoc chét-ta dugc A ] 3 Sau 1 doi
: : Ban dau | Sau 1thang | Ban dau théng (%)
BBR : Lipid*: Bot khd, | Bot kho,
NaDC : a-TP mau vang |mau vang|983+22|976+13 | -0,7
(9:9:2:0) tuoi déu | tuoi déu
BBR : Lipid*: Bot khd, | Bot kho,
NaDC : a-TP mau vang | mau vang 975+25|986+11 | 11
(9:9:0:3) twoi déu | tuoi déu
BBR : Lipid* : Bot kho, Bot kho,
NaDC : a-TP mau vang | mau vang 1006 1004+ -0,2
(8:9:2:2) twoi déu | twoi déu L7 21
BBR : Lipid* : Bot kho, Bot kho,
NaDC : o-TP mau vang | mau vang 96,4+08 | 978+31 | 14
(6:9:2:0) twoi déu | tuoi déu
Ti Ié khoi Bot kho, | Bot kh,
BBR : Lipid*: mau vang | mau van
( NaDC :poc- tuoi déug twoi déug 970+17) 965£13 | -0
TP):manitol (1:1)
Ti 18 khoi Bot khd, | Bot kho,
(BBR : Lipid*: | mau Vf‘mg mau Vf}lng 102,3 + 100,5 £ 18
NaDC : a- tuoi déu tuoi deu 2,6 1,2
TP):manitol (2:1)

Ghi chu: (*): T/ 1é¢ mol Lipid HSPC:DSPG = 1:1

3.3. NGHIEN CUU BAO CHE LIPOSOME BERBERIN
3.3.1. Thiét ké cong thic
Cong thtc bao ché liposome duoc thiét ké bang cach phéi hop dugc chat BBR

Véi cac ta dugc theo céc ti 16 mol khac nhau, duoc thé hién & bang 3.4 va phu luc 3.2.
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Bang 3.4. Thanh phan liposome berberin

Ti 1€ mol Ti Ié thanh phan lipid

STT | Ky hiéu cong thirc | (BBR : lipid : NaDC : a- (HSPC : DSPG)
tocopherol )

1 FO4 9:9:2:0 7:3

2 F21 9:9:0:3 7:3

3 F17 8:9:2:2 7:3

4 F13 8:9:2:2 6:4

5 F12 8:9:2:0 7:3

6 F14 6:9:2:0 6:4

7 F16 6:9:2:0 4.6

8 F18 6:9:2:0 7:3

9 F19 8:9:2:2 4.6

10 F20 9:9:0:3 6:4

11 F22 9:9:0:3 4:6

3.3.2. Bao ché liposome berberin bang phwong phap tiém ethanol

Tién hanh bao ché liposome BBR bang phuong phép tiém ethanol theo phuong
phap trinh bay & muc 2.3.3.1. Trén co s& nghién ciu tién cong thirc va théng tin tong
quan tai lidu, cdng thirc bao ché liposome BBR véi cac thanh phan chinh gém BBR,
HSPC, DSPG, a-tocopherol va NaDC nhu thiét ké & bang 3.4 va phu luc 3.2. Mot s6
thong sb cua quy trinh bao ché dugc chi dong lya chon cho nghién ctu dya trén két
qua cua nghién ciru trude, c6 thay doi cho phi hop véi muc dich ciia nghién ciu hién
tai. Cac thong sé chu dong lwa chon bao gom: Ti 18 pha ethanol: nuéc = 1:3, tée do
khuay tir 500 vong/phut, toe do tiém 1ml/phit véi kim tiém 27G x 0,5”. Thoi gian
sau khi phdi hop hai pha 30 phdt.
3.3.2.1. Khdo sat anh hweng ciia cac yéu té thugc vé quy trinh bao ché

Khdo séat anh hwéng cia nhiét dé phéi hop hai pha dén ddc tinh cua liposome BBR:

Tién hanh khao sat anh huong cua nhiét ¢ phdi hop 2 pha dén dac tinh cua
liposome BBR bang céach cb dinh cac diéu kién trong qué trinh bao ché nhu da cha
dong lya chon nhu trén. Cac mac nhiét dé phdi hop 2 pha dwoc khao sat gdm 45°C,
55°C va 65°C. Két qua khao sat dugc trinh bay ¢ bang 3.5.
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Bang 3.5. Hdc tinh cua liposome BBR theo nhiét d6 phai hep hai pha

~ Nhiét d¢ phdi KTTP TB Hiéu suat
Mau PDI _
hop 2 pha (°C) (d.nm) liposome hoa (%)
FJ21-45 45 141,8+30,1 | 0,489 0,03 497+25
FJ21-55 55 126,8+50,5 | 0,349 +0,02 56,5 + 1,4
FJ21-65 65 117,3+1,3 | 0,186 +0,004 57,8+2,1

S¢ liéu biéu dién duwéi dang trung binh + SD (n=5)

Két qua & bang 3.5 cho thay c6 su khac nhau giira cac mau liposome BBR khi
tang nhiét d6 phéi hop 2 pha tir 45°C dén 65°C. O muc nhiét do 45°C, liposome tao
ra c6 phan bé KTTP 16n (PDI > 0,4). O ca hai muc nhiét do 55 va 65°C, déu xuat
hién mot quan thé liposome vai KTTP trung binh xap xi nhau khoang 120 nm. Tuy
nhién, & mac nhiét do 55°C, phan b kich thuéc tiéu phan rong hon, thé hién & chi sé
PDI 16n hon, va c¢6 su dao dong vé kich thudc gitra cdc mé bao ché 16n hon so véi
muc nhiét dd 65°C. Vé hiéu suat nap duoc chat, mac nhiét 45 °C thap nhat, hai muc
nhiét con lai ¢6 hiéu suat nap khong khac nhau c6 y nghia théng ké. Vé hinh thuc, ca
3 muc nhiét 6 déu tao ra hdn dich liposome BBR hoi m& duc, mau tuoi, khong lang
can, khong taa BBR tu do, khdng ¢6 cac tiéu phan quan sat duoc bang mat thuong.
Tuy nhién, & mtc nhiét 65°C cho kich thuéc tiéu phan nho va dong déu nhat, hiéu
suat nap duoc chat khong kém hon marc nhiét khac. Vi vay, mac nhiét do 65°C

duogc lya chon dé phéi hop hai pha trong nghién ctu.

Khdo st anh hwong cua &p sudt va nhiét dg trong qua trinh logi dung méi:

Lya chon dugc thdng sé t6i uu trong loai bo dung méi nham xay dung quy trinh
bao ché tao ra dugc sy ddng nhat cho ting 16 mé va tiét kiém thoi gian bao ché. Tién
hanh khao sat diéu kién cat quay dé loai dung moi ethanol dong thoi c¢6 dic hdn dich
liposome tao thanh bang cach pha ché mau FJ21 theo théng sé quy trinh da chon gom
ti I¢ pha ethanol: nuéc = 1 : 3, téc do tiém 1 ml/pht, toc d6 khuay tir 500 vong/phdit,
nhiét d6 phéi hop 2 pha 65°C. Sau khi phdi hop 2 pha, tiép tuc duy tri nhiét do 65°C
dé on dinh hdn dich trong thoi gian 30 phat rdi dem cat quay theo cac diéu kién khac

nhau. Két qua duoc trinh bay & bang 3.6 va phu luc 3.1.
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Bang 3.6. Ddc tinh cua liposome BBR theo nhiér dg va ap sudt cdt quay

Nhiét do | . : 2
N , Apsuat | KTTPTB Pac diém
Mau cat quay PDI )
(mbar) (d.nm) liposome
(°C)
FJ21-60/200 60 200 112,8 £ 2,7 0,220 £ 0,04 | Da phan tan
FJ21-65/200 65 200 120,3+ 13,5 | 0,125+ 0,007 | Pon phan tan
FJ21-60/180 60 180 117,3+£1,3 | 0,186 £ 0,004 | Don phéan tan
FJ21-65/180 65 180 1256 +£1,7 | 0,144 £ 0,020 | Pon phan tan
FJ21-60/130 60 130 110,7 + 86,1 | 0,326 + 0,013 | Pa phan tan
FJ21-65/130 65 130 - - s

Ghi chu: Sé liéu biéu dién durdi dang trung binh + SD, n=3-5.

(-) : khéng do dwoc kich thuoc tiéu phan do hén dich khdng phi hop véi tidu chi ciia may

San pham thu dugc c6 dic diém nhu sau:

V& hinh thtc: san pham thu duoc ciia mau FJ21-65/130 ¢6 su ¢6 dic, tao thanh
hén dich khdng min va c6 chat két dinh xung quanh thanh binh. Cac mau con lai cho
hdn dich duc nhe, mau vang tuoi dong nhat, khong c6 tiéu phan quan sat duoc bang
mat thuong.

Vé KTTP va phan bé KTTP: két qua ¢ bang 3.6 va phu luc 3.1 cho thay, ngoai
trir mau FJ21-65/130 khong do duoc kich thudce tiéu phan, cac mau con lai ¢d hon
dich liposome thu duge déu c6 kich thudc tiéu phan nho. Tuy nhién, mau FJ21-60/200
va FJ21-60/130 c6 phan b kich thudc tiéu phan khong dong nhat, c6 su hinh thanh
cac quan thé liposome véi kich thudc khac nhau thé hién & sé luong pic tao thanh.
Ba mau con lai FJ21-65/200, FJ-60/180, FJ-65/180 cho kich thudc tiéu phan khoang
120 nm va phan bé kich thudce tiéu phan hep, thé hién & chi s6 PDI nho hon 0,3, tao
thanh 1 pic liposome duy nhat va c6 su lap lai giira cac mé.

Tir két qua thu duoc, khoang nhiét d6 cat quay tir 60-65°C, 4p suat cat quay 180
mbar dugc chon dé lam théng sé quy trinh giai doan loai bo dung méi va c¢o dac

liposome BBR.
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3.3.2.2. Khdo sét cac yéu té thugc vé cong thirc anh hwéng dén dic tinh liposome
berberin

Khdo sét anh hwong cua thanh phan dén ddac tinh liposome BBR:

Thanh phan cau tao nén liposome khong nhiing anh huéng dén dic tinh cua
liposome ma con anh hudng dén d6 6n dinh cua liposome trong qua trinh bao quan
va kha ning bao tdn nguyén ven ciu trac trong duong tiéu hda. Viéc lya chon thanh
phan ciu tao liposome 1a van dé quan trong trong qua trinh nghién ctu bao ché. Tién
hanh bao ché cac cong thic co thanh phan khac nhau nhu trinh bay ¢ phu luc 3.2
bang phuong phap & muc 2.3.3.1 Véi cac diéu kién quy trinh di dugc chon nhu: nhiét
d6 phdi hop 2 pha 65°C, nhiét d6 cat quay 60°C, &p suat ct quay 180 mbar, toc do
vong quay 150 vong/phut. Két qua duoc thé hién ¢ bang 3.7 va hinh 3.4.

Bang 3.7. Anh hwong cia thanh phan cong thire dén ddac tinh liposome BBR bao ché
bang phwong phdp tiém ethanol (n=3-5, TB * SD)

Thanh phan Hiéu suat

. . KTTPTB _ )
Mau BBR : Lipid : NaDC : PDI liposome hoa

(d.nm)
a-tocopherol (ti 1€ mol) (%)

FJO4 9:9:2:0 1336 £1,1 | 0,209 + 0,008 559+24

FJ21 9:9:0:3 117,3+1,3 | 0,186 = 0,004 57,8+2,1

FJ17 8:9:2:2 82,3+1,3 |0,113+0,004 60,3+ 1,6

: Fjo4 I

12

£
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Hinh 3.4. Phan bé kich thudc tiéu phan (theo curong do) cua liposome BBR mdu
FJO4, FJ21 va FJ17
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Sau khi bao ché, san pham thu duogc c6 dic diém sau:

Vé hinh thirc, cac hdn dich thu duoc déu hoi mo duc déu, mau vang twoi, khong
ling can, khong két taa, khdng co tiéu phan quan sat dugc bang mat thudng sau bao
quan 3 ngay & diéu kién 2 — 8 °C.

V& KTTP va phan bd KTTP: Két qua ¢ bang trén cho thay, kich thuéc tiéu phan
trung binh ciia mau FJ04 va FJ21 dao dong trong khoang 120-130 nm. Trong lic d6
mau FJ17 co kich thuéc liposome trung binh kha nho, khoang 80 nm. Hinh 3.4 cho
thay dac diém liposome tao thanh cua ca 3 mau déu chi ¢6 1 pic duy nhét trong mdi
mau, phan bd kich thudce tiéu phan 1a biéu do phan bé chuan vai su phan bé hep, chi
s6 PDI déu nho hon 0,3. Trong 3 mau trén thi KTTP va phan bé KTTP caa mau FJ17
la nho nhat, tiép theo 1a mau FJ21 va cudi cing 1a mau FJO4. Biéu nay cho thay, néu
thanh phan cau tao cua liposome bao gom ca NaDC va a-tocopherol thi KTTP nho
hon dang ké, phan b KTTP hep hon thé hién & biéu do phan bé tiéu phan can di va
c6 do rong chan pic hep hon (hinh 3.4)

Vé hiéu suat nap dugc chat vao liposome: hiéu suat nap dugc chat cua 3 mau
kha twong ddng. CO xap xi 55% lugng duoc chat duoc nap vao liposome. Sy ¢6 mat
cua ca hai thanh phan NaDC va o-tocopherol c6 xu hudng 1am ting hiéu suat nap
duogc chat (mau FJ17).

Khdo st anh hwong cua ti 1é mol diroc chat trong céng thezc:

Ti 16 mol duoc chat trong tong sé mol cac thanh phan khac trong céng thuc
quyét dinh ham lugng duoc chat toan phan. Tuy nhién, hiéu qua diéu tri lai do s6 mol
dugc chit duoc nap vao liposome. Vi vay, viéc chon duoc ti 18 mol dugc chat hop Iy
trong cong thirc 1a van dé quan trong nham vira nang cao hiéu suat quy trinh va hiéu
qua diéu tri, vira tiét kiém duoc chat. Tién hanh khao sat anh huong cua ti 1€ mol duoc
chat dén dic tinh cua liposome BBR bang cach thiét ké cong thire cho tat ca cac mau
nghién ciru déu c6 cling thanh phan cau tao, gidng nhau vé ti 1&é mol lipid (ké ca ti l¢
mol gitra 2 loai lipid 1a HSPC va DSPG) va NaDC, cac mau chi khac nhau vé ti l¢
mol dugc chat nhu theo mé ta & bang 3.8 va phu luc 3.2. Két qua duoc trinh bay &
bang 3.9.
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Bang 3.8. Thanh phan cdng thizc bao ché liposome BBR khi thay doi ti 1¢ mol BBR

Ti 1¢ mol Ti 1€ mol
x BBR : Lipid : g BBR HSPC DSPG | NaDC
Mau NaDC : a- HSPC:DSPG (mmol) | (mmol) | (mmol) | (mmol)
tocopherol
FJO4 9:9:2:0 7:3 0,1125 | 0,07875 | 0,03375 | 0,025
FJ12 8:9:2:0 7:3 0,1000 | 0,07875 | 0,03375 | 0,025
FJ18 6:9:2:0 7:3 0,0750 | 0,07875 | 0,03375 | 0,025

Bang 3.9. Anh huéng cua ti 16 mol BBR dén dec tinh cuia liposome BBR (n=3, TB + SD)

Mau | KTTP TB (d.nm) PDI Hiéu suat liposome hoa (%)
FJO4 1336+1,1 0,209 £ 0,008 55,9+24
FJ12 1204 +1,1 0,243 +£ 0,001 58,425
FJ18 50,9+1,2 0,259 £ 0,009 64,9 £ 3,5

V& hinh thirc: cac mau thu dugc sau bao ché déu cho hdn dich duc mo déu, mau
vang tuoi, khong co két taa hoac lang can, khong co tiéu phan két tinh quan sat duoc
bang mit thuong sau 3 ngay bao quan & diéu kién 2 — 8 °C.

Vé KTTP va phan bé KTTP: ca 3 miu déu cho liposome véi kich thuéc tiéu
phan nho, va ¢é xu huéng giam dan kich thudc khi giam ti 18 mol dugc chat. Mau
FJO04 vai ti 1é mol duoc chat cao nhét cho kich thugc 16n nhat (KTTP trung binh 133,6
nm), tiép theo 1a mau FJ12 (voi KTTP trung binh 120,4 nm) va ti Ié mol nho nhét 1a
mau FJ18 cho kich thudc tiéu phan nho nhat (KTTP trung binh 51 nm). Phan b
KTTP cua ca 3 mau déu hep, véi chi sé6 PDI nho hon 0,3.

V& hiéu suat nap dugc chat, mau c6 xu hudng ting dan hiéu suat liposome hoa
khi giam ti ¢ mol dugc chat. Mau FJ04 c6 ti 1é mol BBR 16n nhat nhung c6 hiéu suat
nap duoc chét trung binh 1a 55,9%, trong lic d6 mau FJ18 ¢ ti 16 mol BBR nho nhit
lai c6 hiéu suat nap trung binh 12 64,9%. Diéu nay chang to ti 16 mol dugc chat c6
anh hudng dén hiéu suit nap dugc chat vao liposome.

Khdao séat anh huong cua ti I1¢ mol lipid HSPC va DSPG:

Phospholipid la thanh phan cau tao nén 16p vo liposome. Hai loai phospholipid
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HSPC va DSPG duoc st dung phdi hop véi ti 16 khac nhau. Bé danh gia anh husng

cua 2 loai lipid nay dén dic tinh cua liposome, tién hanh khao sat 3 nhém cong thirc

(phu luc 3.2). Trong do, trong ciing mdt nhém céng thirc ¢é thanh phan gidng nhau

nhung khac nhau vé ti 1& mol giira 2 loai lipid, gitra cac nhém cdng thirc khac nhau

vé ti 16 mol dugc chat va khac ca thanh phan. Két qua duoc trinh bay ¢ bang 3.10,
hinh 3.5 va phu luc 3.3 (dién hinh vé phan bé KTTP).
Bdng 3.10. Ankh hurong cua ti 16 mol HSPC:DSPG dén dic tinh liposome BBR (n = 3-5)
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Hinh 3.5. Hiéu sudt liposome hoa ciia cac mau bao ché

, Ti Ié mol . .
Ti 1€ mol v Hiéu suat
Nhém | Mau | BBR : Lipid : I_IIDSSFI;CC:S K-(lijan-;B PDI liposome
NADC : o-TP ' hoa (%)
FJ14 6:9:2:0 6:4 2436+4,1|0,195+0,012 | 818+14
| FJ16 6:9:2:0 4:6 91,2+20 |0,232+0,015| 88,2+1,2
FJ18 6:9:2:0 7:3 509+1,2 |0,250+0,009 | 64,9+35
FJ20 9:9:0:3 6:4 86,2+86 |0,329+0,030 | 59,9+1,6
] FJ21 9:9:0:3 7:3 117,3+1,3 | 0,186 +0,004 | 578+2,1
FJ22 9:9:0:3 4:6 316,4+3,310,529+0,033 | 79,4+23
FJ13 8:9:2:2 6:4 149,1+0,8 | 0,220+ 0,008 | 66,6 +2,2
11 FJ17 8:9:2:2 7:3 82,3+1,3 |0,113+0,004 | 60,3+1,6
FJ19 8:9:2:2 4:6 1465+ 2,7 | 0,186 + 0,007 | 85,2+1,0
100
e 07 81,8 - 79,4 5
= 80 - “
2 704 ®° 66,6
[=]
2 50
% 40 -
§ 30
£ 20 -
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o _
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San pham thu duoc tir cAc mau bao ché trén déu co chung dic diém vé hinh
thizc: hdn dich mau vang tuoi, hoi mo duc dong nhat, khong lang taa, khdng co tiéu
phan két tinh sau 3 ngay bao quan & diéu kién nhiét d6 2 — 8 °C.

V& KTTP va phan b6 KTTP: liposome BBR cua c&c mau trong ciing mot nhém
c6 KTTP trung binh dao dong dang ké. Ti 16 mol HSPC : DSPG khac nhau tao ra
liposome c6 KTTP trung binh khac nhau. Liposome nhém I dao dong tir 51 nm dén
244 nm, nhém II dao dong tr 86 nm - 316 nm, nhom III dao dong tir 82 nm — 150
nm. Su dao dong vé KTTP trung binh trong 3 nhém khdng theo quy luat chung. Tuy
nhién, trong mdi nhom, sy thay doi ti 16 mol caa HSPC: DSPG dan dén thay doi
KTTP trung binh cua liposome. Liposome trong nhdom céng thac 111, KTTP trung
binh dao dong hep nhét trong 3 nhdm. Vé phan bé kich thuéc tiéu phan, phan 16n céc
mau déu c6 phan bé kich thudc kha hep, chi s6 PDI duéi 0,3. Riéng mau FJ20 c6 PDI
> 0,3 va FJ 22 ¢4 PDI > 0,5 1a biéu hién cua phan bé quan thé rong va c6 16n hon 1
quan thé liposome trong biéu d6 phan bé KTTP (phu luc 3.3).

V¢ hiéu suat liposome hoa, liposome nhém | ¢6 hiéu suat liposome hoda cao nhat
trong 3 nhom, tiép theo 1a nhdém 111 va hiéu suat thap nhat thuoc vé nhom 11. Trong
ciing mot nhém, hiéu suat nap duoc chat cang ting khi tang ti 16 mol DSPG. Bing
chang 1a cac mau FJ16, FJ19 va FJ22 c6 hiéu suat liposome hda cao nhat trong lan
luot cac nhom 1, 11, va 111 ma cac mau nay déu cd ti 16 DSPG cao nhat nhém viéi ti 16
HSPC: DSPG = 4: 6 trong cong thirc. Piéu dang luu y 13 mau FJ19 vira c6 ti 1é mol
dugc chat cao vira c6 hiéu suat liposome hda cao. Cac mau c6 hiéu suat nap thi nhi
trong cting mot nhém 1a cac mau cd ti 18 mol HSPC: DSPG = 6:4, va cudi cuing la céc
mau cé ti I¢ nay = 7: 3 (hinh 3.5). Nhu vay, ti I¢é mol HSPC: DSPG ¢6 anh huong
dang ké dén hiéu suat liposome hoa.

3.3.3. Bao ché liposome berberin bang phwong phap hydrat héa film

Dé lya chon dugc phuong phap bao ché tbi wu, phuong phap hydrat hoa film
duogc sir dung dé khao sat bao ché liposome BBR.

Dua vao thuc té khao sét trén thiét bi cit quay R-300 dé dung méi bdc hoi tir tir
nham tao mang film mong 1én thanh binh. Biéu kién cit quay loai bo dung méi duoc

lya chon vai nhiét d6 cat 41 °C, 4p suat 330 mbar trong 5 phat dau, nang nhiét do 1én
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50 °C v&i &p suit 300 mbar trong 10 pht tiép theo va sau d6 diéu chinh nhiét do 1én
55 °C va duy tri &p suat 280 mbar cho dén khi loai bé hét dung méi hitu co va tao 16p
film trén thanh binh.

Dé so sanh voi phuong phap tiém ethanol, nghién ciru tiép tuc thuc hién khao
sat anh huong cia mot s6 yéu té thudc vé cong thic anh hudng dén dic tinh cua
liposome BBR

Anh hirong cua thanh phan cdu tgo liposome:

Tién hanh bao ché liposome bang phuong phap hydrat hoa film theo phuong
phap & muc 2.3.3.2 véi diéu kién da lua chon trén. Két qua duoc trinh bay & bang
3.11 va hinh 3.6.

Bang 3.11. Anh hwong cua thanh phdn cdu tao Ién ddc tinh liposome BBR bao ché

bang phirong phdp hydrat héa film (n=3, TB + SD).

o Dic diém
Miu BBRT:hI?iI;?dp:hNaQDC : K&Tnpm;B PDI prl]i?)r(])st?mlz-r
o-TP (ti I¢ mol) '
FHO4 9:9:2:0 830,159 | 0539+006 | Daphantan
FH21 9:9:0:3 3151+75 | 0429+0012 | Daphan tan
FH17 8:9:2:2 2516461 | 0486+ 0011 | Daphan tan

Hinh 3.6. Phan bé kich thuéc tiéu phan (theo t7 trong) cuia cac mau FHO4, FH21,
FH17 sau khi bao ché
V& hinh thtre: Cac mau sau bao ché c6 1a nhirng hdn dich hoi mé duc, mau vang

tuoi, khong c6 két tiia quan sat duoc bang mat thuong sau 3 ngay bao quan & diéu
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kién nhiét do 2 — 8 °C.

V& KTTP va phan bé KTTP: KTTP cua liposome ca 3 mau déu 16n va phan bd
kich thudc rong. Mdi mau déu cé tir 2-3 quan thé liposome (da phan tan) trong hon
dich. Mau FHO4 véi thanh phan cong thac chira NaDC ¢6 KTTP trung binh 16n nhat
(830 nm), phan b kich thudc rong nhat, khoang kich thudc dai dién tir 30 nm dén
2000 nm (hinh 3.6), chi s6 PDI > 0,5. Mau FH21 v¢i thanh phan cong thirc chira a-
tocopherol ¢c6 KTTP trung binh nhé hon mau FHO4 nhiéu (315 nm), phan bé kich
thudc hep hon véi chi s6 PDI < 0,5. Mau FH17 vai thanh phan cong thic chira ca
NaDC va a-tocopherol c6 KTTP trung binh nhé nhat (252 nm) vai chi sé PDI < 0,5.
Nhu vay, thanh phan cdng thirc chira ca NaDC va a-tocopherol ¢ xu huéng lam giam
KTTP trung binh cua liposome mot cach rd rét. Tuy nhién, két qua trén cho thay
KTTP van 16n va phan bd rong nén can thiét phai c6 phuong phap 1am giam KTTP
phu hgp (hinh 3.6).

Anh hwong cua phwong phdp dinm qua mang polycarbonat dén KTTP cua
liposome:

Pun qua mang loc polycarbonat 1a phuong phap 1am giam kich thudce tiéu phan
it anh huong dén ro ri duoc chat va cho kich thudc tiéu phan kha dong nhat. Tién
hanh 1am giam KTTP bang phuong phap dun qua mang loc polycarbonat cé kich
thuéc 16 loc 400 nm nhu mé ta & muc 2.3.3.2, khao sét sb lan lam din 12 0 lan, 20
lan, 40 lan va 60 lan. Két qua duoc thé hién & bang 3.12 va hinh 3.7.

Bang 3.12. Anh huéng cua sé lan din qua mang 400 nm dén KTTP cua mau FHO4

Sélandun | KTTP TB (d.nm) PDI Pic diém phan bé KT
0 830,1+5,9 0,539 + 0,06 Pa phén tan
20 673,1 + 160,9 0,612 +0,108 | Khong dat tiéu chi do
cua thiét bi
40 295,8 + 34,5 0,807 + 0,063 Pa phén tan
60 2487 +3,4 0,272 + 0,053 Pon phan tan
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Hinh 3.7. Phan bé KTTP liposome mdu FH04 sau khi diin qua mang polycarbonat
kich thueéc 16 loc 400 nm
Két qua & bang 3.12 va hinh 3.7 cho thay, KTTP trung binh cua liposome qua

20 lan dun qua mang polycarbonat (kich thuéc 15 loc 400 nm) chua duoc cai thién
nhiéu, tham chi ting, d6 thi phan bé KTTP khéng phai la phan bé chuan, quan thé
liposome khong xac dinh dugc do khéng phi hop véi tidu chi do cua thiét bi. Dao
dong kich thudce trung binh 16n, sai s6 chuan vé kich thudce 1én d¢én 161 nm. Sau 40
lan dun, KTTP trung binh c6 giam, sai s6 chuan ciing giam dang ké. Tuy nhién chi
s6 da phén tan van 16n, hinh thanh 3 quan thé liposome. Sau 60 lan dun, KTTP trung
binh giam dang ké, d6 thi phan bd KTTP 1a d6 thi phan bé chuan, sai s6 chuan vé
KTTP nho (3,4 nm), chi sé da phan tan hep (PDI < 0,3) ching to liposome di duoc
d6ng nhat vé KTTP. Tur két qua trén, s lan dun qua mang polycarbonat 400 nm 1a
60 lan dugc chon dé dong nhat hda KTTP cua cac mau tiép theo.

Anh hwong cua ti 1é mol dwoc chat:

Tién hanh bao ché bang phuong phap hydrat héa film cic mau FH04, FH12,
FH18, sau d6 dun qua mang polycarbonat kich thuéc 16 loc 400 nm, két qua duoc
trinh bay ¢ bang 3.13.
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Bang 3.13. Anh huéng cua ti 1é mol BBR dén ddc tinh cua liposome (n=3, TB + SD)

Trwdc khi dun qua mang | Sau khi dun qua mang

Ti 1€ mol | o | o e
olycarbonat olycarbonat
M4au |BBR : Lipid : POy POy
KTTP TB KTTPTB (%)
NaDC : o-TP PDI PDI
(d.nm) (d.nm)

FHO4 | 9:9:2:0 | 830,1+5,9 |0,539+0,06 | 248,7 +3,3 |0,272 £ 0,053| 60,5+ 4,5

FH12 | 8:9:2:0 | 808,5+40,0 | 0,429 +0,04 | 292,0+3,9 0,181+0,033| 67,6 £3,1

FH18 | 6:9:2:0 | 355,0+ 13,1 | 0,395+ 0,057 239,2+2,4 |0,243+0,009| 78,0+1,7

Két qua trén cho thdy KTTP trung binh cua liposome BBR trudc dun qua mang
polycarbonat c6 xu hudng giam nhung sy khac nhau khéng ro rét khi giam ti [¢ mol
dugc chat tir 9 (FHO4) xuéng 8 (FH12). Tuy nhién, khi ti 1& mol dugc chat giam
xudng con 6 (FH18) thi KTTP trung binh cua liposome giam xubng dang ké, ¢
khoang 355,0 + 13 nm, chi s6 da phan tan nho hon 0,4. Biéu nay chang to ti 1é mol
BBR c6 anh huong dén KTTP trung binh trong bao ché liposome bang phuong phap
hydrat hoa film. Sau khi dun 60 1an qua mang polycarbonat 400 nm, KTTP trung binh
cua tat ca cac mau déu dudi 300 nm, phan bdé KTTP hep, chi s PDI nho hon 0,3.
Nhu vay, ti 18 mol dugc chat chi anh huong dén KTTP, phan b KTTP trude khi dun
qua mang polycarbonat.

V& hiéu suit liposome hoa, két qua & bang 3.13 cho thay hiéu suat nap duoc
chat c6 xu hudng ting dan tir 60,5% lén 78% khi giam dan ti 16 mol dugc chat tir 9
xudng 6 trong cong thic. Két qua nay ciing giéng nhu két qua thu duoc & phuong
phap bao ché liposome bang tiém ethanol.

Anh huwong cua ti 1¢ mol HSPC:DSPG dén dac tinh cua liposome BBR:

Tir két qua & phuong phép tiém ethanol, cac cong thic ¢6 hiéu suat liposome
hoa cao trén 60% duoc chon dé tiép tuc danh gia anh huang caa ti 16 mol HSPC:DSPG
trén phuong phap bao ché hydrat hoa film. Két qua duoc trinh bay & bang 3.14.
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Bang 3.14. Anh huéng cua ti 1é mol HSPC:DSPG Ién ddc tinh cua liposome BBR

(n=3, TB £ SD)

Nhom | Miu BBR |eLrlm : THléePQOI KZanPmyB PDI T:Leoléggnilet
NaDC: a-TP | DSPG ' héa (%)

FH14 6:9:2:0 6:4 233,858 0,496 + 0,02 | 87,3 0,8

A FH16 6:9:2:0 4:6 563,4+34,2 | 0577+£0,12 | 91,9+£4,.2
FH18 6:9:2:0 7:3 355,0+13,1 |0,395+£0,057| 78,0+1,7

FH13 8:9:2:2 6:4 2789256 | 0,652+0,09 | 72,0+ 3,0

B FH17 8:9:2:2 7:3 2516 £6,1 0,486 +0,01 | 66,6 £0,4
FH19 8:9:2:2 4:6 234,3+£6,6 0,522 +0,07 | 87,0+£0,6

Két qua & bang trén cho thay:

Vé KTTP va phan b KTTP, trong nhém A, mau FH14 c6 KTTP trung binh
thap nhit, mau FH18 c6 phan bd KTTP nho nhét (PDI = 0,395). G nhém B, KTTP
trung binh cua liposome kh4 déu gitra cac mau. Trong d6, mau FH19 cho KTTP trung
binh nho nhat (230 nm), nhung phan bé KTTP rong (PDI = 0,522). Nhin chung,
KTTP caa cdc mau nhém A va nhém B déu bi anh huang bai ti 16 mol HSPC:DSPG.
Cac mau déu cd phan bs KTTP 16n hon 0,3, ton tai it nhat 2 quan thé liposome trong
mdi mau hon dich (phu luc 3.4).

V& higu suat nap, trong nhdm A, mau FH16 c6 hiéu suat nap cao nhat (91,9%),
mau FH18 c6 hiéu suat nap thip nhat (78,0%). Tuong tu nhu thé, & nhdm B, mau
FH19 c6 hiéu suat nap cao nhat (87,5%), va mau FH17 cd hiéu suat nap thip nhat
(66,6%). Nhu vay, ti 1é mol HSPC:DSPG c6 anh hudng dén hiéu suat liposome hoa,
ti 16 HSPC : DSPG = 4 : 6 cho hiéu suat liposome hda cao nhit.

3.3.4.So sanh dnh hwéng ciia phwong phap bao ché 1én dic tinh ciia liposome berberin
Anh hwéng ciia phwong phdp bao ché 18n KTTP va phan bé KTTP

KTTP va phan bé KTTP cua liposome BBR tao thanh tir hai phuwong phap bao

ché tiem ethanol va hydrat héa film duoc trinh bay ¢ bang 3.15, hinh 3.8 va phu luc

3.3, phu luc 3.4, phu luc 3.5.
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Bang 3.15. Anh huéng ciia phwong phdp bao ché 1én KTTP va phan bé KTTP (n=3-
5, TB + SD)

Ky
higu
mau

Phwong phap
tiém ethanol

Phwong phap hydrat hoéa film

Trwée khi dun qua mang
polycarbonat

Sau khi dun qua mang
polycarbonat

KTTP TB
(d.nm)

PDI

KTTP TB
(d.nm)

PDI

KTTP TB
(d.nm)

PDI

FO4

1336+1,1

0,209 + 0,008

830,1+5,9

0,539 + 0,06

248,7+ 3,3

0,272 £ 0,053

F12

1204+ 1,1

0,243 + 0,001

808,5 + 40,0

0429+0,04

292,0+ 3,9

0,181 + 0,033

F18

50,9+1,2

0,259 + 0,009

355,0+ 13,1

0,395+ 0,057

2392+24

0,243 + 0,009

F21

117,3+1,3

0,209 + 0,008

3151+7,5

0,429 +0,012

236,0+2,0

0,248 + 0,009

F14

2436 £4,1

0,195+ 0,012

233,858

0,496 +0,02

208,2 + 3,2

0,312 + 0,031

F16

91,2+20

0,232 + 0,015

563,4 + 34,2

0,577 +0,12

448,5 + 6,6

0,276 + 0,016

F17

82,3+13

0,113 + 0,004

2516 £6,1

0,486 +0,01

2205+ 14

0,237 + 0,009

F13

149,1+0,8

0,220 + 0,008

278,9 £ 25,6

0,652 +0,09

182,8+2,6

0,297 + 0,022

F19

146,5+ 2,7

0,186 + 0,007

234,3+6,6

0,522 +0,07

111,5+3,7

0,285+ 0,011

Intensity (Percent
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Hinh 3.8. Phan bé KTTP cua liposome BBR mau F12 bao ché theo phirong phap
tiém ethanol (A, B) va hydrat hoa film (C,D): A. phan bé kich thuéc theo sé tiéu
phan do bang ki thudt NTA; B. phan bé KTTP theo cuong dé do bang ki thugt

DLS; C. Phan bé KTTP truée khi dim qua mang; D. Phdan bo KTTP sau khi diin

qua mang 60 lan.
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Tir két qua & bang 3.15 va hinh 3.8 cho thay, liposome bao ché bang phuong
phap tiém ethanol cho KTTP trung binh nhé (duéi 300 nm), phan bé KTTP hep, véi
chi s6 PDI nho hon 0,3 ¢ tat ca cac mau. Liposome bao ché bang phuong phap hydrat
hoa cho kich thudc tiéu phan to, KTTP trung binh 1én dén hon 800 nm, phan bé KTTP
khong déu, thé hién & chi s6 PDI déu Ién trén 0,3, nhiéu mau chi s6 PDI 16n hon 0,5.
Sau khi dun qua mang, liposome c¢6 KTTP nhé hon va phan b KTTP hep lai, chi s6
da phan tan PDI hau hét d¢éu nho hon 0,3.

Anh hwong ciia phwong phdp bao ché 18n cau tric cua liposome:

Tién hanh quan sat hinh thai va cau tric cua liposome BBR bao ché bang
phuong phép tiém ethanol bang str dung kinh hién vi dong lanh (Cryo-EM), kich
thudc tiéu phan cua liposome duoc so sanh véi kich thude do bang phwong phap
DLS. Liposome BBR bao ché bang phuong phap hydrat hoa film duoc quan sat hinh
thai va cau tric bang kinh hién vi huynh quang 2 photon. Két qua dugc trinh bay &
hinh 3.9a, hinh 3.9b va hinh 3.10.

A
Size Distribution by Intensity
B
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Size (d.nm)
Hinh 3.9a. Hinh dnh chup bang kinh hién vi déng lanh (cryo-EM) vé hinh thai va
cau tric cia liposome BBR (mdu FJ21) bao ché bang phirong phdp tiém ethanol
(A) va phan bé KTTP cua liposome BBR (mdu FJ21) do bang DLS
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B Size Distribution by Intensity

Intensity (Percent)

Size (d.nm)

Hinh 3.9b. A. Hinh anh chup bang kinh hién vi déng lanh (cryo-EM) vé hinh thai va
cau truc cua liposome BBR (mdu FJ17) bao ché bang phwong phdp tiém ethanol va
B. phan bé KTTP cua liposome BBR (mau FJ17) do bang DLS

Hinh 3.10. Hinh dnh cdu tric cua liposome BBR (mdu FH12) bao ché bang phwong
phap hydrat héa film chup bang kinh hién vi hupnh quang 2 photon: A. Cau tric
nhiéu ngan (MVV); B. Cdu tric nhiéu I6p (MLV); C &D. Cau tric mét Iép (UV).

(Thang do 10 um).
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Tir két qua & hinh 3.9a, 3.9b va 3.10 cho thiy, liposome BBR bao ché bing
phuong phap tiém ethanol cau tric 1 16p nho, kich thude dudi 300 nm. Trong lic do,
liposome BBR bao ché bang phuong phép hydrat hoa film c6 hinh cau, ciu trac da
dang, gdbm liposome nhiéu ngin, liposome nhiéu 16p va c6 ca liposome 1 16p.

BBR ¢4 tinh phéat huynh quang tyu nhién, khi quan sat dudi kinh hién vi huynh
quang, BBR phat huynh quang cho anh séang xanh. Trong khi d6, cac thanh phan khac
trong cong thirc khdng cho anh huynh quang (phu luc 3.6). Két qua & c4c hinh 3.10A,
B, C va D cho thiy, trong cau triic caa liposome BBR, dugc chat BBR tich lily ¢ gitra
mang phospholipid kép, tao ra cac vong hinh tron phat huynh quang. Trong ngan
nudc khéng chia dugc chat BBR.

Anh hirong ciia phwong phdp bao ché |én hiéu sudt liposome hoa:

Hiéu suat liposome hoa cua cac mau liposome BBR bao ché bang hai phuong
phap tiém ethanol va hydrat héa film duoc trinh bay & bang 3.16 va hinh 3.11. Bang
st dung phép so sanh cap (pair t-test) cia phan mém SPSS 20.0 dé so séanh hiéu suat
nap cua 2 phuong phap, két qua cho thdy phuong phap hydrat hoa film cho hiéu suat

nap cao hon so va&i phuong phap tiém ethanol véi mic v nghia p < 0,05.

Bang 3.16. Hidu sudt liposome hoa cua cac mau liposome BBR bao ché bang

phuwong phap tiém ethanol va hydrat hoa film (n=3-5, TB + SD)

MAU
FO4 | F12 | F21 | F14 | F16 | F18 | F13 | F17 | F19
Phwon
phap
Tiém ethanol |559 [584 |57,8 [81,8 |882 649 |666 |60,3 |852
+24 |+25 |+21 |+14 |+12|+35 |+22 |+16 |+1,0
Hydrat 60,5 | 67,6 |640 [873 |91,9 780 |72,0 |66,6 |87,0

hoa film +46 [+31 |14 [+08 |+4,2 | +17 |£30 [ +04 | 0,6
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Hinh 3.11. Hiéu sudt liposome hoa cia cac mau liposome BBR bao ché theo hai

phuong phap tiém ethanol va hydrat hoa film

Anh hwéng ciia phiong phdp bao ché 18n trang thi ran cia BBR trong liposome

Tién hanh danh gia trang thai ran cua BBR khi nap vao liposome bing phuong
phép nhiu xa tia X ghi & myc 2.3.4.5. Mau duoc chyup gém liposome BBR bao ché
bang hai phuong phép tiém ethanol (FJ16, FJ19) va hydrat héa film (FH16, FH19).
Song song, phd nhiéu xa tia X cua cac nguyén liéu cau tao nén liposome dugc do dé
so sanh. Pho nhiéu xa tia X caa nguyén liéu va cac mau liposome BBR duoc biéu
dién ¢ hinh 3.12 va phu luc 3.7.

Két qua ¢ hinh 3.12, phu luc 3.7 cho thiy, bot nguyén liéu BBR ton tai ¢ dang
két tinh nén c6 cac pic nhidu xa dic trung tai cac vi tri 9,1°, 9,7°, 13,4°, 16,7°, va 25,8°
2 theta. DSPG ¢6 1 pic rong kéo dai tir 19,6° dén 24,2° 2 theta. HSPC cho cac pic
nhidu xa & vi tri 20,3°, 22,7° va 23,3° 2 theta. NaDC ton tai ¢ dang két tinh va cho cac
pic nhidu xa & céc vj tri 13,1°, 14°, 15,9° va 18,8° 2 theta. Pho nhiéu xa caa hdn hop
vat ly (PM) thé hién day du cac pic dic trung ctia cac nguyén lidu & céc vi tri tuong
tmg. Nguoc lai, cac pic dic trung & phd nhidu xa cua cac mau liposome BBR FJ186,
FJ19, FH16, FH19 bi dich chuyén vi tri so véi vi tri ban dau cua cac nguyén liéu cau
tao nén liposome trén thang d6 2 theta. Cu thé, pic nhiu xa cua BBR di dich chuyén
sang cac vi tri 11,0°, 17,2°, 19,5°, 24,3°, 26,9° va 27,7° 2 theta. Két qua nay cho thay,
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BBR trong liposome di giam bét dang két tinh hozc da lién két chat ch& vai cac thanh
phan khac trong cong thirc. Hon nita, cac pic nhiéu xa cia cac mau bao ché theo
phuong phép tiém ethanol (FJ16, FJ19) c6 cuong do cao hon so véi cudng do nhiéu
Xa cua C4C mau bao ché theo phuwong phap hydrat hoa film (FH16, FH19). Diéu nay
chang to sy lién két gitra BBR véi cac thanh phan khéc trong liposome bao ché bang

phuong phap hydrat hoa film chit ché hon phuong phép tiém ethanol.
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Hinh 3.12. Phé nhiéu x¢ tia X cia liposome BBR va nguyén liéu cdu tgo nén
liposome

Anh hwong ciia phwong phdp bao ché 1én gidi phéng dwoc chat in vitro:

Tién hanh danh gia téc d6 giai phong dugc chit tir liposome BBR ¢ trong 3 moi
tredng giai phong theo phuong phap trinh bay & muc 2.3.4.4. Cac mau thir giai phong
gom FJ16, FH16, FJ19, FH19 va mau nguyén liéu BBR dé 1am d6i chiing. Thoi gian
thir giai phong kéo dai 24 gio. Thi nghiém lap lai 3 1an va tinh két qua trung binh. Két
qua dugc trinh bay ¢ hinh 3.13 va phu luc 3.8.
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Hinh 3.13. Phan tram gidi phong qua mang tham tich cia duroc chdt tir liposome
BBR bao ché bang phirong phdp tiém ethanol va hydrat héa film ¢ 3 méi trwong
giai phong ¢ 37 °C. A. Trong méi truong dung dich acid hydrocloric 0,AN (pH =
1,2); B. Trong maéi trueong dém phosphat pH4,5; C. Trong moi truong dém phosphat
pH 6,8.

O mai truong acid hydrocloric pH1,2 (hinh 3.13A), trong vong 4 gio dau, phan
tram BBR ¢ liposome FJ16 va FJ19 va ca FH16, FH19 giai phdong trén 80%, ti I€ nay
& dung dich BBR trén 95%. O méi trudng md phong dich té trang (hinh 3.13B), dugc
chat giai phong tir liposome BBR FJ19 va FJ16 trong 2 gid dau xap xi 65%. Trong
lac do, ti 1& nay ¢ liposome FH16 va FH19 xap xi 40%, ¢ dung dich BBR trén 80%.
Trong 2 gio tiép theo, lugng BBR giai phong dén 85% tir FJ16 va FJ19, 75% tir FH16
va FH19 va trén 95% tir dung dich BBR. Trong vong 8 gio, tong lugng BBR giai
phong dén 95% tir FJ16 va FJ19, hon 80% tir FH16, FH19. Ti 1é ndy & mau bao ché
bang phuong phap hydrat héa film dat dén 90% trong 24 gio. Trong khi d6, & mau
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bao ché bang phwong phap tiém ethanol, kha ning giai phong duoc chat chi kéo dai
dén 12 gio.

Trong méi truong md phong dich rudt non (hinh 3.13C), toc d6 giai phong BBR
tr dung dich BBR ting 1én va tir cac mau FJ va FH cham lai so v&i ¢ moi trudng acid
hydrocloric 0,1N va dém phosphat pH 4,5. Tdc d6 giai phong ctia cac mau F16 cham
hon so vé&i cac mau F19. Trong 2 gio dau, c6 70% duoc chat duoc giai phong tir FJ19
va 65% giai phong & FJ16. Ti Ié nay & mau FH thap hon dang ké, c6 40% duoc chat
dugc giai phong tir FH19 va c6 35% giai phong tir FH16. Phan tram giai phong BBR
& cac mau FJ trong 2 gio tiép theo dat trén 80%, trong luc d6 & cac mau FH chi dudi
65%. Cac mau FJ kéo dai giai phong trong vong 12 gio va dat dén hon 95% duoc
chat duoc giai phong, & mau FH kha ning giai phong kéo dai trén 24 gio va co xap
xi 80% duoc chat dugc giai phong o thoi diém két thic.

Nhu vay mau F19 c6 hiéu sut nap cao, kéo dai thoi gian giai phong dugc chat
tuong duong véi mau F16. Hon nira, mau F19 lai c6 ti 1é mol dugc chat cao nén cong
thire cua mau F19 duoc chon dé thuc hién cac nghién ctu tiép theo.
3.4.NGHIEN CUU BAO CHE PROLIPOSOME BERBERIN

Liposome mic du ¢6 nhiéu wu diém, nhung ¢6 nhugc diém chinh 1a khé nang
cap quy mo, kém on dinh va ndng d6 dugc chat thap do ton tai & dang hdn dich. Két
qua & muc 3.3.4 cho thiy, mau liposome BBR bao ché bang phuong phap hydrat hoa
film c6 hiéu suat nap cao, ¢d kha ning kéo dai thoi gian giai phong duoc chat in vitro
trong cac moi truong moé phong dich da day, dich rudt hon so voi mau bao ché bang
phuong phap tiém ethanol. Ngoai ra, lién két gitra BBR voi thanh phan tao vo trong
liposome bao ché bang hydrat héa film chit ch& hon trong liposome bao ché bing
phuong phép tiém ethanol. Vi vay, nguyén 1y hydrat héa mang film dé tao thanh
liposome BBR duoc 4p dung trong bao ché proliposome BBR bing céch tao 16p film
trén bé mat chit mang twong tu nhu 16p film trén thanh binh cau trong bao ché
liposome bang phuong phéap hydrat hoa film nham muyc dich ting hiéu suat nap, kéo
dai giai phong duoc chat, ting lién két giira duoc chét véi ta dugc tao liposome dé
tang hap thu dugc chat ¢ dang liposome, tranh hién tugng bom nguoc BBR. Trong

nghién cau cua luan an, phuong phap bao hat dugc chon dé tao mang film trén bé
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mit chit mang. Do d6, dé tai tiép tuc nghién ctu bao ché proliposome BBR & dang
ran dé khac phuc nhuoc diém cua liposome dong thoi ting hiéu suat nap, kéo dai kha
nang giai phong dugc chat cua liposome pha lai tir proliposome trong duong tiéu hoa.
3.4.1. Xac dinh mdt sé thong sb6 quy trinh va Iwa chon cong thiec bao ché
proliposome berberin

Tién hanh bao ché proliposome BBR bing phuong phéap bao hat trén thiét bj
bao ting sbi. Chat mang dugc lya chon 1a manitol. Qua danh gia phan bd KTTP
manitol bang chup SEM (hinh 3.14) cho thdy manitol ¢6 kich thuéc tir 50-400 pm.
Vi vay, manitol duogc tiép tuc danh gia ti 16 phan bé KTTP bing phuong phap ray, sir
dung cac loai ray co kich ¢& mat ray khac nhau: 125, 250, 500 um. Két qua cho thay,
manitol dudi ray 125 pm chiém ti & 10,35%, manitol trong khoang ray 250 va 500
um chiém ti 1¢ 26,39%, chiém ti I¢ 16n nhat 1a manitol c6 kich thugc nam trong
khoang tir 125-250 pm véi 63,26%. Loai phan bot manitol dudi rdy 125 pum, phan
doan con lai duoc dua vao bao ché proliposome. Vai thiét bi ting sdi, qua khao sat
so bo bang quan sét thuc té, toc do phun dich duoc chon 12 0,7 vong/phut (twong tng
vé6i 1,5 ml/phat) va p suat dau sting phun 0,7 bar véi kiéu phun tir trén xuéng.

Luwa chen téc dé thai khi:

Téc d6 thoi khi 1a thong sé anh huong dén kha nang treo va dao hat trong budng
say. Vai thiét bi Mini-Glatt, tc @6 théi khi téi thiéu 12 8 m3/h va téi da 1a 20 m3/h.
Trong nghién ctu, toc do thoi khi duoc khao sat ¢ 2 mac 12 10 m3/h va 15 m3/h. Ti lé
vé khdi luong giira thanh phan tao liposome vai chat mang (manitol) dugc chon cho
khao sat ban dau 13 1:1.

Lwa chen nhiér dé khi vao:

Hon hop dung mdi gom methanol va cloroform 14 nhitng dung méi dé bay hoi.
Khi duogc théi gio trong budng say, toe do bay hoi cang ting. Vi vay, nhiét d6 khi vao
dugc khao sat & 2 muc nhiét d6 thip 45 °C va 50 °C. Néu nhiét do thap dudai 45 °C,
qua trinh bdc hoi cham, tiéu phan c6 ham am 16n s& két dinh lai v&i nhau 1am qué
trinh bao hat khong déu. Nguoc lai, nhiét do cao qua (trén 50 °C) s& gan dén diém soi

cua dung moi, lam dung mdi bay hoi qua nhanh.
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Lura chen ti 1¢ khéi Iweng gida thanh phan tgo liposome va chdt mang:

Ti 1é khéi luong gitta thanh phan tao liposome va chat mang duoc khao sat dé
chon dugc ti 1 phu hop, sao cho chit mang mang dwgc nhiéu dugc chat nham ting
ham lwong BBR trong proliposome nhung khong anh huong dén chat lugng hay dic
tinh cua liposome hoan nguyén. Trong nghién ctiu nay, 2 muc ti 1é khoi luong gitra

thanh phan tao liposome: manitol duoc lyachonlal:1vaz2: 1.

3.4.2. Panh gia anh huwéng mét sé yéu té vé cong thic va thong sé trong quy
trinh dén dic tinh proliposome berberin
Tién hanh dénh gia anh huong cia mot sé thong sb quy trinh va ti 18 khdi luong
gitra thanh phan tao liposome véi manitol nhu da dwgc lwa chon ¢ muc 3.4.1 véi toc
d6 phun dich 1,5ml/phut, &p suat phun 0,7 bar. Két qua duoc trinh bay & bang 3.17.
Bang 3.17. Ti 1é khéi lurong va thdng sé quy trinh bao ché proliposome BBR bang
phirong phdp bao hat trén thiét b; bao tang soi

Ky hiéu cong Ti ¢ khoi Toc dé thoi khi Nhiét khi vao
thirc lrong lwong* (m3/h) (°C)
FF19-1.1 1:1 15 50
FF19-1.2 1:1 10 50
FF19-1.3 1:1 10 45
FF19-2.1 2:1 10 45

Ghi chi: * 1a t7 1é khéi liong gizza thanh phan teo liposome BBR (BBR, HSPC, DSPG, NaDC va a-
TP) va manitol.

Anh hwong ciia thong sé quy trinh dén hinh thai va bé mat proliposome BBR:

Tién hanh phun dich phun chta cac thanh phan tao liposome 1&n chit mang
manitol theo phuong phap nhu & muc 2.3.4 véi cac thdng sé quy trinh da lua chon
nhu ¢ bang 3.17. Hinh thai caa proliposome BBR duoc biéu thi & hinh 3.15, 3.16,
3.17, 3.18. Hinh 3.14 cho thay manitol Ia nhitng tiéu phan két tinh hinh gay, c6 kich
thudc dudi 400 um, co bé mat phang hoac go ghé.
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Hinh 3.14. Hinh thai cua chdt mang manitol quan sat dwdi Kinh hién vi dién tir quét
SEM: A. d¢ phong dai 100 lan va B. dg phong dai 1000 lan.

Proliposome BBR mau FF19-1.1 (hinh 3.15) c6 hinh dang va kich thuéc khong
déu, c¢6 nhirng hat min do dich phun khong bam duoc 18n chat mang va kho lai. Mot
s6 tiéu phan chat mang duoc bdm qué nhiéu dich phun va nguoc lai, mot s6 tiéu phan
manitol khong dugc bam hoic dugc bam rét it thanh phan tao liposome. Dich phun
bam trén bé mat chat mang khi kho lai khong tao thanh film ma tao thanh cac cum
tiéu phan két dinh khong déu (hinh 3.15B).

e

|||||||||||||

Regulus 5.0kV x1.00k SE( 50.0pm

Hinh 3.15. Hinh thai cua proliposome BBR madu FF19-1.1 quan sdt dwéi kinh hién
vi dién tir quét SEM: A. 6 phéng dai 100 lan; B. dé phéng dai 1000 lan
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Hinh 3.16. Hinh thai va bé mat cia proliposome BBR mau FF19-7.2 duéi kinh hién
vi dién tir quét SEM: A. Hinh thai proliposome BBR (d¢ phéng dai 100 lan); B. Bé
mat proliposome BBR (dé phéng dai 500 lan); C. Bé mat ciia proliposome BBR (d6
phéng dai 3.000 lan); D. Bé mdt proliposome BBR (6 phong dai 1000 lan)

Proliposome BBR mau FF19-1.2 (hinh 3.16) c6 hinh gay gidng chat mang
manitol, KTTP kha déu din, chiing t6 dich phun di bam déu lén chat mang. Tuy
nhién, trén bé mit chat mang vira c6 mang film tao thanh ¢ bé mit nhén vira c6 cac
Vi cau tao thanh & nhirng vi tri bé mat go ghé (hinh 3.16B, C). Véi nhitng tiéu phan
chat mang c6 bé mat gd ghé xu xi, trén bé mat hoan toan khong c6 16p film ma chi
c6 vi cau tao thanh (hinh 3.16D).
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Hinh 3.17. Hinh thai va bé mat cia proliposome BBR mau FF19-1.3 duwéi kinh hién
vi dién tir quét SEM: A. Hinh thdi proliposome BBR (d¢ phdng dai 100 lan); B. Bé
mat proliposome (d6 phéng dai 500 lan)

7.8 o 4

U b e o " e o yen ram

IOP SEM 3.0k\

Hinh 3.18. Hinh thai va bé mat cia proliposome BBR mau FF19-2.7 duéi kinh hién

vi dién tir quét SEM: A. Hinh thdi proliposome BBR (d¢ phéng dai 200 lan); B. Bé
mat proliposome ¢ vi tri go ghé (@6 phéng dai 3000 lan); C. Bé mat proliposome ¢
Vi tri go ghé (@ phong dai 5000 lan)

Hinh thai cia proliposome BBR mau FF19-1.3 (hinh 3.17) va proliposome BBR
mau FF19-2.1 (hinh 3.18) c6 hinh gay gidng hinh thai cia manitol, KTTP déu dan.
Bé mit chat mang manitol dugc trang déu I6p film cua cac thanh phan tao liposome,
ké ca & nhitng vi tri bé mit go ghé (hinh 3.17B, hinh 3.18B, C). Vi vay, thdng sé quy
trinh véi toe do thoi khi 10 m3/h va nhiét khi vao 45 °C, ap suat phun 0,7 bar, téc do
phun dich 1,5 ml/pht 1a pht hop dé bao ché proliposome BBR theo phuong phap
bao hat trén thiét bj tang soi.

Anh hwéng ciia thong sé quy trinh va cdng thic dén mat khéi Iweng do 1am
kho, ham lwong cua proliposome BBR:

Xac dinh mét khéi lugng do 1am khd theo myc 2.3.6.4 va dinh lugng ham lugng
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BBR theo phuong phap mo ta & muc 2.3.6.5 cho cac mau proliposome BBR FF19-
1.1, FF19-1.2, FF19-1.3 va FF19-2.1. Két qua duoc trinh bay & bang 3.18.
Bang 3.18. Mdt khoi lwong do 1am khd va ham heong BBR cua proliposome BBR

(n=3, TB + SD)
Mau MAat khéi lwong do lam | Ham lwgng BBR (%)
kho (%)
FF19-1.1 3,37 +0,31 11,6 £6,3
FF19-1.2 3,63 0,40 97+13
FF19-1.3 3,53 +0,35 11,1+0,6
FF19-2.1 3,42 £ 0,27 14,7+1,0

Nhan xét: Tur két qua cua bang trén, cho thay mat khdi luong do 1am khé cua
cac mau déu dudi 4%. Ham luong duoc chat cua cac mau co ti 1é khéi lwong 1: 1 nam
trong khoang tir 9,7 — 11,6%. Riéng véi mau FF19-2.1 ¢6 ti 1é khi lwong 2:1 nén
ham lugng dugc chat dat dén khoang 15%. Bién thién vé ham lugng cia mau FF19-
1.1 giira c4c lan dinh luong 16n nhat, dén 6,3%. Két qua nay cho thay ham luong giita
c4c trong mau khong déu. Cac mau con lai ¢6 bién thién ham lwong hep, dudi 1,5%.

KTTP, phan bé KTTP va higu sudt nap cia liposome tgo thanh ti
proliposome BBR:

Tién hanh hydrat hoa cac mau proliposome BBR FF19-1.1, FF19-1.2, FF19-1.3
va FF19-2.1 theo phuong phap mé td & muc 2.3.6.3. Mau liposome tao thanh tuong
tmg duoc do KTTP va phan bd KTTP theo phuong phap ghi & muc 2.3.4.2, danh gia
hiéu suat liposome hoa theo muc 2.3.4.3. Két qua dugc trinh bay o bang 3.19, hinh
3.19.

Bang 3.19. KTTP, phan bé KTTP va hiéu sudt nap diroc chdt cua liposome tqo
thanh tz proliposome BBR (n=3, TB = SD)

Mau KTTP TB (d.nm) PDI Hiéu suat liposome hoa (%)
FF19-1.2 682,9 + 288,6 0,915+ 0,075 -
FF19-1.3 1235+ 10,8 0,293 + 0,028 87,3+15
FF19-2.1 116,6 £5,8 0,269 + 0,038 87,8+1,0
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Két qua cho thay liposome tao thanh tir proliposome berberin caa mau FF19-
1.2 ¢6 KTTP va phan bs KTTP 16n. Mau FF19-1.3, FF19-2.1 ¢c6 KTTP va phan b
KTTP nho. Nhu vay, yéu t thong s6 quy trinh di anh hudng dang ké dén kich thuéc
va phan b kich thudc caa liposome tao thanh. Hiéu suat liposome hoa caa hai mau
FF19-1.3, FF19-2.1 tuong duong nhau, dat 87%. Trong s c4c mau proliposome BBR
trén thi mau FF19-2.1 1a mau c6 nhiéu wu diém nhat, vira c6 KTTP nho, phan b
KTTP hep, vira c6 hiéu suat nap cao va ham lugng dugc chét 16n. Vi vay, mau FF19-

2.1 dugc chon dé thuc hién cac nghién ctu tiép theo.

Intensity (%)

Volume (%)

Size (d.nm)

Hinh 3.19. Liposome BBR tgo thanh tix proliposome BBR mau FF19-2.1. A. Phan
bo KTTP theo cuong dg; B. Phan bé KTTP theo thé tich; C. hinh thai liposome BBR
chup qua TEM

3.4.3. Panh gia mot s6 dic tinh caa proliposome berberin

Trén co sé lya chon & trén, mau proliposome FF19-2.1 tiép tuc dwgc danh gia
mot s6 dic tinh khac nhu sau:
3.4.3.1. Dgc tinh ly hda

Pic tinh Iy hoa cua proliposome BBR duoc danh gia bang do phd nhidu xa tia
X va phd hdng ngoai theo phuong phap nhu ¢ cac muc 2.3.2.1b, c.

Phé nhiéu xg tia X:

Phé nhidu xa tia X cuaa proliposome BBR mau FF19-2.1 dugc thé hién & hinh
3.20, phu luc 3.7 va phu luc 3.9.
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Hinh 3.20. Phé nhiéu xq tia X cia BBR, HSPC, DSPG, NaDC (SDC), MNT, hdn
hop vat ly (PM) va proliposome BBR FF19-2.1

Hinh 3.20 cho thay, manitol ton tai ¢ dang két tinh, thé hién nhiéu dinh nhiéu
Xa cuong d6 manh tai cac vi tri 10,8°, 14,8°, 19,0°, 20,7°, 21,4°, 23,7° 26. Pho nhiéu
xa cia hdn hop vay ly (PM) ¢ day du cac dinh nhiéu xa cia BBR, HSPC, DSPG,
NaDC (SDC), MNT chung to sy c6 mit day di cac thanh phan trén nhung khong xay
ra tuong tac nao trong hdn hop vat ly. Mau proliposome BBR c¢6 mét sb dinh nhiéu
Xa tai vi tri triing véi dinh nhidu dic trung cua manitol. Trén pho do nhidu xa cua
proliposome, khong xuat hién cac dinh nhiéu xa dic trung ctia BBR, va mot sé thanh
phan khac nhu NaDC, HSPC va DSPG. Két qua nay chang to BBR khi duoc bao ché
thanh proliposome di chuyén tir dang két tinh sang dang vé dinh hinh.

Phé hong ngoai FTIR:

Phd héng ngoai dugc thé hién ¢ hinh 3.21 va phu luc 3.10. BBR ¢6 cac tin hiéu
cua dao dong dac trung ctia nhom aryl ether oxyd (ArC-O-CHa), di vong N 6 canh,
nhom ether vong va nhoém ether vong thom (nhu da trinh bay ¢ muc 3.2.1.3). HSPC
va DSPG déu c6 nhdm P=0 tao nén dao dong 1235 cm® va nhém P-O" gay ra dao
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dong tai sb s6ng 1096 cm™ va 1066 cm. Nhom churc ester (COO") tao nén dao dong
manh tai vi tri 1737 cm'. Dao dong cua H & lién két C-H trong mach carbon cua 2
lipid nay tao ra 2 tin hiéu manh & 2918 cm va 2847 cm™. Dao dong cua H trong lién
két O-H cua NaDC tao ra tin hiéu véi cudng d6 manh va phd rong cé dinh tai 3430
cm™. Nhém géc acid (COO) cia NaDC tao ra dao dong rat manh tai 1557 cm™ and
1636 cm't. Manitol ¢c6 nhdm nhém O-H enol tao ra dao dong manh va phé rong tai
dinh 3400 cm™ va nhém chirc (-CH2-OH) tao ra 2 tin hiéu ¢ 1078 cm™ va 1018 cm™.
Hon hop vat Iy ¢6 1 pho rat rong véi cudng dd manh kéo dai tir 3400 cm™ to 2847
cm, 13 két qua cua sy chong phd cua cac cac nhém chuc O-H cua NaDC, O-H cua
manitol va C-H cua mach carbon cua 2 lipid HSPC, DSPG. Phé hong ngoai cua hdn
hop vt Iy con thé hién pic dao dong manh ciia nhoém chirc ester cua 2 lipid tai s6 song
1737 cm va 1 tin hiéu manh ctia nhdm chuc di vong ni-to 6 canh cua BBR tai s6
s6ng 1598 cm™. Cac dai hap thu con lai caa BBR trong hdn hop vat ly bi cac dai thap
thu caa cac nhom chire cia HSPC, DSPG, MNT va NaDC phu 1én, tao ra mot dai hap
thu véi cuong do manh va bién do 16n véi cac dinh pic ¢ 1505 cm™, 1272 cm?, 1034
cmt. Bidu nay ching té su c6 mat cua tat ca cac thanh phan trong hdn hop vat ly

nhung khong cé sy twong tac giira cac thanh phan véi nhau.

Ph6 hong ngoai cia proliposome BBR FF19-2.1 ¢6 c4c tin hiéu dic trung cia
BBR ¢ 1505 cm™, mannitol ¢ 3400 cm™, HSPC va DSPG & 2918 cm?, ching t6 ¢6 sy
cé mat BBR, HSPC, DSPG trong proliposome BBR FF19-2.1. M¢t vai tin hiéu dac
trung ctia BBR va c4c thanh phan khéc trong pho hap thu hong ngoai cia proliposome
bi bién mat (dao dong ¢ s6 song 1598 cm™, 1388 cm™ va 1363 cm®) hoic xuat hién
V6i cudng do thap. Didu ndy chung t6 BBR da tuong tac vai cac nhdm chic cua cac

phan khac trong cong thirc 1am giam sy giao dong ciia cac nhém chic dic trung.
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Hinh 3.21. Phé hong ngogi FTIR cia BBR, HSPC, DSPG, NaDC (SDC), MNT, hén

hop vdt ly (PM) va proliposome BBR FF19-2.1

3.4.3.2. Higu sudt qua trinh, khéi lweng riéng biéu kién

Hiéu suat qué trinh bao tang sbi va khdi luong riéng biéu Kién duoc danh gia

theo phuong phap moé ta & muc 2.3.6.6 va 2.3.6.8. Két qua duoc trinh bay & bang 3.20.

Bang 3.20. Hiéu sudt, khéi lirong riéng biéu kién cua proliposome BBR bao ché
trén may Mini-Glatt (n=3, TB + SD)

Mé Hiéu suit qua trinh (%) Khoi lweng riéng biéu kién (g/ml)
) 80.7 0,453 % 0,02
) 56.2 0,458 + 0,05
3 83.9 0,465 * 0,08
Trung binh 83,6 +2,7 0,459 + 0,01
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3.4.3.3. Khd nang hydrat hda

Tién hanh dénh gia kha ning hydrat héa cta proliposome BBR trong 3 moi
truong: dung dich acid hydrocloric 0,1N (pH 1,2), é&m phosphat pH 4,5, dém
phosphat pH 6,8 nhu mé ta & muc 2.3.6.9. Két qua dugc thé hién ¢ hinh 3.22, hinh
3.23 va hinh 3.24.
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Hinh 3.22. Hinh dnh hydrat hoa trong méi trueng pH 1,2 mang film trén tiéu phan

proliposome BBR chyup bang kinh hién vi dién tir quét lase (CLSM): A. Ngay khi cho vao
moi truong; B, C, D, E. sau vai gidy; F. sau 2 phit; G. Sau 10 phut; H. Sau 30 phat

Két qua & hinh 3.22 cho thiy trong méi truong acid pH 1,2, I6p mang film
ngay 1ap tic duoc thAm nhanh méi trudng va truong phong 18n thanh 1ép béng bao
boc tiéu phan (hinh 3.22 B, C, D, E). Lép nay sau d6 nay bi thu dong hoa, bé mit tro
nén chic chin va tro voi méi trudng, khdng tiép tuc qua trinh hydrat hoa hoic bi
hydrat hoa rat cham (hinh 3.22 F, G, H).
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Hinh 3.23. Hinh dnh hydrat héa mang film trén tiéu phan proliposome BBR trong

méi truong pH 4,5 chup bang kinh hién vi dién tir quét lase (CLSM): A. ngay khi tiép
xiic méi triong hydrat héa (vat kinh 10x); B va C. sau khi b hydrat hda phong Ién
nhaeng tdi nho (vat kinh 4x); D. cac tdi nho bi bong ra thanh nhizng tli nho hon (vdt
kinh 4x)

Trong moi truong dém phosphat pH 4,5, 16p mang film dugc hydrat hoa
nhanh, tao trén bé mat proliposome nhiéu bong xép nhé déu dan (hinh 3.23 B, C).
Sau d6, cac bong x6p nay tiép tuc dugc hydrat hoa dé tao ra nhitng bong nho hon
va bong ra khoi bé mit tiéu phan proliposome rdi phan tan ra méi truong (hinh 3.23
B, D).
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Hinh 3.24. Hinh dnh hydrat héa mang film trén tiéu phan proliposome BBR trong
méi trong pH 6,8 chup bang kinh hién vi dién tir quét lase (CLSM): A. Ngay khi tiép
xiic méi trwong hydrat héa; B va C Mgt tiéu phan bar dau hydrat hda mang film dé
tzo thanh nhizng nhung mao xung quanh tiéu phan; D, E, F. Nhing nhung mao tiép
tuc dwoe hydrat héa dé tao thanh nhiing thi nhé xung quanh tiéu phan tao bé mdit xap
va bong ra khdi tiéu phan va phan tan ra méi truong
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Trong moéi truong dém phosphat pH 6,8, 16p mang film duoc hydrat hda
nhanh, tao trén bé mit proliposome cac vi nhung mao. Sau do6, vi nhung mao nay
tiép tuc duoc hydrat héa dé tao ra nhitng tli nho hon va phan tin ra moi trudng

(hinh 3.24 D, E, F).

3.4.3.4. Khd nang gidi phéng dwoc chit

Tién hanh danh gia kha ning giai phong duoc chat tir proliposome BBR FF19-
2.1 va proliposome BBR mau FF19-1.3 trong 3 méi truong khac nhau theo phuong
phap da trinh bay & muyc 2.3.5.10. Két qua dugc thé hién & hinh 3.25.
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Hinh 3.25. Phan trdam gidi phong qua mang tham tich cia diroc chdt tir proliposome
BBR mau FF19-1.3 va FF19-2.1 bao ché bang phirong phdp bao hat trong 3 moi
trieong giai phong ¢ 37 °C (n=3, TB + SD). 4. Trong méi trurong dung d;ch acid
HCI 0,IN (pH = 1,2); B. Trong maéi truong dém phosphat pH4,5; C. Trong moi

truong dém phosphat pH 6,8
Hinh 3.25A biéu dién toc d6 giai phong BBR trong mdi truong acid HCI 0,1N

(pH 1,2). C6 su khac biét vé téc do giai phong gitra hai mau FF19-1.3 va FF19-2.1.

Trong vong 4 gid dau, phan trim giai phong duoc chat tir proliposome BBR mau

FF19-2.1 dat khoang 25%, trong lGc mau FF19-1.3 dat khoang 40%. Trong khoang
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thoi gian nay, dung dich BBR giai phong dén 95% dugc chat,

Két qua & hinh 3.25B va C cho thdy tc do giai phong BBR trong méi truong
dém phosphat pH 4,5 va pH 6,8 cua 2 mau FF19-1.3 va FF19-2.1 1a twong tu nhau.
Trong vong 4 gio dau, ¢ trong moi truong dém phosphat pH 4,5, phan tram giai phong
dugc chét tir proliposome BBR dat 70,3%, tir dung dich BBR dat trén 95%. Trong
lac d6 ciing trong vong 4 gid dau, phan trim giai phong duoc chat tir proliposome &
moi trudong dém phosphat pH 6,8 13 60,8%. Trong vong 12 gid, tong lwong BBR giai
phong trong mdi trudng dém phosphat pH 4,5 va pH 6,8 lan luot 12 87,6% va 81,5%.
Trong 24 gio, ti 1é giai phong dugc chét trong méi truong dém phosphat pH 6,8 Xap xi 85%.
3.4.4. Xay dwng cbng thic va quy trinh bao ché proliposome berberin quy mé
phong thi nghiém
3.4.4.1. Bao ché proliposome berberin quy mé 25 g/mé

Proliposome BBR bao ché theo cong thirc FF19-2.1 vira c6 ham lwgng BBR
cao, hiéu suat nap 16n (87%), c6 kha ning kéo dai thoi gian giai phong dugc chat in
vitro trong cac moi truong acid dich vi pH 1,2, moi treong dém phosphat pH 4,5, moi
truong dém phosphat pH 6,8 lan luot 1a hon 24 gio, dén 12 gio va dén 24 gio. Ngoai
ra, KTTP cua liposome BBR tao thanh tir proliposome BBR nho, phan bé KTTP hep.
Vi vay, cdng thic bao ché proliposome BBR mau FF19-2.1 duoc lya chon dé thuc
hién cac nghién ctu tiép theo nhu trinh bay & bang 3.21.

Bang 3.21. Cong thic bao ché proliposome BBR qui mé 25 g/mé bang phwong phdp
bao hat trén thiét bj tang sbi Mini-Glatt

Thanh phan céng thicc| Tilé mol | S6 mmol/mé | Khéi lwgng cho 1 mé (g)
Berberin 8 12 4,04
a-tocopherol 2 3 1,29
NaDC 2 3 1,24
HSPC 3,6 54 4,25
DSPG 5,4 8,1 6,31
Manitol 8,6
Dung méi (bay hoi trong qud trinh bao ché)

Methanol 225 ml

Cloroform 90ml

3.4.4.2. Quy trinh bao ché proliposome berberin bang phwong phdp bao hat

Chudn b dung cu, thiét bi truéc pha ché:

- Céc dung cu pha ché, thiét bi may méc duoc vé sinh sach s&, dam bao kho
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va sach trudc khi sir dung.
Chudn bj nguyén li¢u truéc pha ché:
- Say manitol & nhiét do 70°C trong tu say tinh trong thoi gian 1 gio.
- C4c nguyén liéu ding pha ché duoc can, dong theo diing cong thirc, du s6 lugng.

T° khi vao: 45°C

Manitol Saytrong || Tbc do théi khi: 10 m¥h
anito >

budng tao hat Thai gian: 10 phut
Dich phun: (BBR, o-TP, Ap suat phun: 0,7 bar
NaDC, HSPC, Phun dich Ién Tbc do phun: 1,5ml/phat
—> -‘—
DSPG)/(MeOH:CHClIs) ti manitol T° khi vao: 45°C
16 (2,5:1) & 45 °C Téc do théi khi: 10 m¥/h

A\ 4

T° khi vao: 45°C

Sdyhat || Tbc do thdi khi: 10 m¥h

}

Thu san pham

Thoi gian: 1 gio

Hinh 3.26. So' do cdc buge bao ché proliposome BBR bang may bao tang séi Mini-Glatt

M0 ta quy trinh:

- Can céac nguyén liéu BBR, a-TP, NaDC, HSPC, DSPG theo cbng thic roi
hoa tan bang siéu am hdn hop trén trong dung cu kin véi hdn hop dung méi (MeOH:
CHCIy) ti 18 (2,5:1), gia nhiét 1&n 45 °C dé tang do tan va toc do tan caa nguyén ligu.

- Cho manitol vao budng tao hat cia may bao tang sdi Mini-Glatt. Lap thiét bj
vé6i stng phun & vi tri phun tir trén xudng, dam bao hé théng thiét bi dwoc lap kin
nham tranh hao hut nguyén liéu trong qua trinh bao ché.

- Cai dit thong sb quy trinh: nhiét do khi vao: 45 °C; toc do thdi khi: 10 mé/h

- Tién hanh théi khi ndng véi thong sé nhu trén vao budng tao hat dé tiép tuc
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say néng manitol trong 10 pht.

- Sau khoang thoi gian trén, tién hanh phun dung dich gom cac thanh phan tao
liposome hoa tan trong hdn hop dung mai 1én manitol véi toc d6 phun 1,5ml/phat, 4p
suat phun 0,7 bar. Nhiét khi vao va téc do thdi gié duy tri nhu ban dau.

- Sau khi phun hét dich phun, tiép tuc thoi khi néng 10 m3/h véi nhiét khi vao
trong khoang 1 gio dé say kho proliposome BBR. Tiép tuc sdy trong ta siy chan
khdng & 40°C, 4p suat -0,06 mPa trong 8 gior dé loai dung mai.

- Qua trinh sdy két thc, tat thiét bi va tién hanh thu san pham. Ray lai qua ray
0,8 mm can va ghi nhan khéi luong thu duoc. Kiém tra ham am.

- V& sinh thiét bi theo quy trinh.

3.4.5. Nghién cu nang cap quy md bao ché proliposome berberin 200 g/mé

Sau khi da lya chon cbng thirc proliposome BBR FF19-2.1 va quy trinh bao
ché quy mé 25 g/mé, tién hanh nang cap quy md bao ché 18n 200 g/mé trén thiét bi
bao tang sdi Diosna-Minilab. Céng thizc cho quy mé 200 g/mé nhu trinh bay & bang
3.22.

Cac thong so thay doi tir thiét bi bao Mini-Glatt sang thiét bi bao Diosna-
Minilab duoc khao st vé ap suat dau stng phun, téc do phun dich, toc do théi khi,
nhiét khi vao. Sau khi khao sat, cac théng sb trén duoc lua chon téi uu cho qua trinh
bao va lam kho proliposome nhu trinh bay ¢ bang 3.23.

Bang 3.22. Cong thizc bao ché proliposome BBR quy mé 200 g/mé trén thiét b;

Diosna-minilab

Thanh phan céng thic | Tilé mol | S6 mmol/mé |Khdi lwgng cho 1 mé (g)
Berberin 8 96 32,29
a-tocopherol 2 24 10,33
NaDC 2 24 9,95
HSPC 3,6 43,2 33,86
DSPG 5,4 64,8 50,49
Manitol 68,46
Dung mdi (bay hoi trong qua trinh bao tang soi)
Methanol 1800 ml
Cloroform 720 ml
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Bang 3.23. Cac thong sé quy trinh khi nang cap quy md bao ché

N . ixe | Quy MO 200 g/mé (Thiét
N £ Quy mo 25 g/mé (thiet CA A
Thong so bi tAng s6i Mini-Glatt) bi ta”,?,l o a[;')osna'

Nhiét gio vao (°C) 45 45

Ap suat phun (bar) 0,7 1,2

Téc do phun dich 1,5 45

(ml/phut)

Toc do thoi khi (m3/h) 10

Tbc do thoi khi (%) 45

Sau khi lya chon cac thdng sé quy trinh bao ché proliposome BBR & quy mé
200 g/mé, tién hanh bao ché 3 mé proliposome BBR va danh gia cac dic tinh cua
proliposome BBR sau khi nang cip quy mé.
3.4.5.1. Qui trinh bao ché

Chudn bi dung cu, thiét bi truéc pha ché:

- Céc dung cu pha ché, thiét bi may moc duoc vé sinh sach s&, dam bao kho
va sach trudc khi sir dung.

Chudn bj nguyén li¢u truéc pha ché:

- Say manitol & 70 °C trong 1 gio & ta sy tinh.

- Céc nguyén liéu dung pha ché dugc can, dong theo dung cong thic, du s6
lugng.

M0 ta quy trinh:

- Can cé4c nguyén liéu BBR, a-TP, NaDC, HSPC, DSPG theo cdng thuc rdi hoa
tan trong hon hop trén trong hon hop dung méi (MeOH: CHCls) ti 1§ (2,5:1).

- Manitol sau khi dwoc xir ly (siy va ray chon kich thuéc) va can dung khoi
lugng duoc cho vao budng tao hat cia may bao tang s6i Diosna. Lap thiét bi véi stng
phun & vi tri phun tir trén xubng, dam bao hé thdng thiét bi duoc ldp kin nham tranh
hao hut nguyén liéu trong qué trinh bao ché.

- Cai dat thdng s quy trinh bao gém: nhiét 6 khi vao 45 °C, téc do thoi khi
45%, ap suat dau sing phuni,2 bar, tc do phun dich 4,5 ml/phit.

- Tién hanh théi khi ndng véi thong sé nhu trén vao budng tao hat dé tiép tuc

say néng manitol trong 15 phut.
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- Sau khoang thoi gian trén, tién hanh phun dung dich gdm céc thanh phan tao
liposome hoa tan trong hdn hop dung madi Ién manitol véi théng sb qui trinh da cai
dat. Trong thoi gian phun, van duy tri théng sé nhiét khi vao va téc d6 thoi gié nhu
ban dau.

- Sau khi phun hét dich phun, tiép tuc théi khi ndng véi toc 6 45%, nhiét khi
vao 45°C trong khoang 1 gid dé siy kho proliposome BBR.

- Qué trinh sy két thac, tat thiét bi va tién hanh thu san pham. Ray lai qua ray
1000 mm. Sy trong tu siy tinh qua dém & nhiét d6 40°C dé dudi hét dung méi ton
du. Can ghi nhan khéi luong thu duoc. Kiém tra ham am. Proliposome BBR thu dugc
dong vao 1 16p thi PE va 1 16p tdi nhdm han kin, bao quan ¢ nhiét d6 phong thi
nghiém cho cac phan tich tiép theo.

- V& sinh thiét bi theo quy trinh.
3.4.5.2. Pdnh gid mét s6 ddc tinh cia proliposome berberin bao ché ¢ qui mé 200
g/mé
a. Hinh thai va bé mat cua proliposome BBR bao ché ¢ quy md 200 g/mé

Hinh thai bé mat cua proliposome BBR bao ché ¢ quy mé 200 g/mé duoc trinh
bay ¢ hinh 3.27.

Hinh 3.27. Hinh anh proliposome BBR bao ché ¢ quy md 200 g/mé quan sdt duwedi
kinh hién vi dién tir quét SEM: dg phéng dai 100 lan; B. dg phéng dai 1000 lan; C.
DG phong dai 3000 lan

Hinh 3.27 cho thay, proliposome BBR tao ra c6 kich thuéc va hinh dang dong

nhat. B& mit tiéu phan da duoc trang 16p film tao boi thanh phan dich phun di bam
va lan déu I&n chat mang manitol.

b. Hiéu sudt qua trinh, mdt khoi lwong do lam khé, ham lwong va khoi lwong riéng
biéu kien

Hiéu suat qua trinh, mat khéi luong do 1am khé, khéi lwong riéng biéu kién duoc
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danh gia theo cac phwong phap di trinh bay lan luot & muc 2.3.6.6, 2.3.6.4, 2.3.6.8.

Pinh lwong ham luong BBR trong proliposome bang phuong phap HPLC theo

phuong phap da trinh bay & muc 2.3.6.5. Két qua duogc trinh bay & bang 3.24.

Bang 3.24. Két qud ddnh gid hiéu sudt quy trinh, khéi lirong riéng biéu kién, mat

khoi lwong do lam khé, ham lwong BBR cua proliposome BBR (TB + SD, n=3)

M Hiéu suat riglhotl)ilyfﬂ?‘n MAat khéi lwong | Ham lwong
€ |quatrinh (%) g(g me“) N dolamkho (%) | BBR (%)
1 80,3 0,464 = 0,027 352+0,14 | 14,88+0,03
2 82,3 0,459 % 0,032 3,35 % 0,33 14,93 £ 0,13
3 83,7 0,467 % 0,015 3,61 0,27 14,07 £ 0,07
Chitieu >75,0 > 0,350 <50 12,00 - 18,00
chap nhan

c. Gidi phéng dwoc chat

Két qua danh gia giai phong dugc chat dugc trinh bay ¢ bang 3.25 va hinh 3.28.

BBR bao ché ¢ 2 qui md trong cdc méi trong khac nhau

Bang 3.25. Phan tram gidi phong qua mang tham tich cia BBR tir proliposome

% giai phong trong

% giai phong trong

% giai phong trong méi

;?a‘;' méi trurdmg pH 1.2 méi trurimg pH 4.5 " truimg pH 6.8
(gid) Qui mq 25 | Qui m07200 Qui mq 25 | Qui m09200 Qui mq 25 Qui m05200

g/mé g/meé g/meé g/mé g/mé g/mé
0,25 | 648068 | 642+ 0,41 | 17,33+ 0,39 | 16,83+ 0,63 1447 £ 0,25 14,02+ 1,21
0,5 858+ 0,37 | 809+ 0,28 | 2511+ 0,73 | 2421+ 0,54 20,82+ 1,02 21,04+ 191
1 1266+ 0,39 | 11,55+ 0,16 | 36,49+ 1,03 | 36,82+ 0,57 30,69+ 1,00 30,34+ 1,70
2 1857+ 041 | 17,16+ 051 | 51,05+ 1,35 | 50,23+ 1,07 4490+ 0,85 4550+ 1,25
3 22,15+ 0,63 | 2047+ 0,34 | 59,65% 0,78 | 59,99+ 2,00 52,39+ 0,80 54,15+ 2,66
4 2498+ 0,85 | 2339+ 047 | 70,28+1,85 | 69,60+ 2,14 60,81+ 1,92 61,32+ 1,15
6 30,22+ 0,96 | 28,08+ 0,63 | 78,16+ 1,32 | 78,84+ 251 69,62 £ 3,90 68,94+ 1,39
8 3351+ 1,32 | 3450+ 1,38 | 81,66+ 1,20 | 82,72+ 3,09 72,08 + 3,82 72,79+ 0,48
10 37,36 1,56 | 3450+ 1,38 | 8598+ 262 | 8621+ 1,34 7793+ 2,65 78,32+ 1,37
12 4290+ 150 | 40,24+ 1,19 | 87,62+ 2,30 | 88,13« 0,96 8151+ 1,18 8290+ 1,74
24 |50,90% 1,34 | 4852+ 0,93 | 96,29+ 0,29 | 97,11+ 1,83 8368+ 141 86,06 = 2,35
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Hinh 3.28. Phdn trdm giai phong qua mang tham tich cia BBR tir proliposome BBR
bao ché ¢ 2 qui mé trong cdc méi trwong khdc nhau: A. méi trwong dung dich acid
HCI 0,1N pH 1,2; B. méi truong dém phosphat pH 4,5; C. méi truong dém
phosphat pH 6,8.

Két qua ¢ bang 3.25 va hinh 3.28 cho thay toc do giai phong BBR tir

proliposome & ca hai qui md hau nhu khong co su khéc biét trong ca 3 méi truong
giai phong. Trong méi trudng acid, téc do giai phong BBR tir proliposome cham, chi
dudi 20% trong 2 gior dau. Trong mdi truong dém phosphat pH 4,5 va dém phosphat
pH 6,8, tc d6 giai phong trong 2 gio dau caa proliposome bao ché & ca hai quy mo
lan Iuot 12 & mirc 50% va 45%. Trong vong 8 gio, lugng BBR giai phong trong moi
truong acid HCI 0,1N pH 1,2, dém phosphat pH 4,5, d&ém phosphat pH 6,8 lan luot &
muc 35%, 80% va 72%. Trong 24 gio, lugng BBR giai phong trong cac moi truong
trén 1an lugt & cc miac 50%, 97% va 86%.

d. KTTP, phan bé KTTP, hiéu sudt liposome héa, hinh thai cia liposome BBR tqo
thanh te proliposome berberin
KTTP, phan bé KTTP va hiéu suét liposome héa cua liposome tao thanh tir

proliposome BBR bao ché ¢ quy md 200 g/mé dugc danh gia theo phuong phap ¢
muc 2.3.5.2 va 2.3.5.3. Hinh thai cta liposome BBR tao thanh duoc danh gia theo
phuong phap & muc 2.3.6.3. Két qua dugc trinh bay & bang 3.26 va hinh 3.29.
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Bang 3.26. Mét sé ddc tinh cua liposome BBR tgo thanh (n=3, TB + SD)

] Liposome BBR tao thanh
Me KTTP TB (d.nm) PDI EE (%)
1 123,5 + 10,8 0,259 + 0,009 88,1+ 1,5
2 133,3+7,2 0,278 + 0,005 86,9+ 0,8
3 109,9 £5,5 0,312 + 0,008 88,5+0,5
Chi tiéu chap nhan <500 <0,5 >170,0

3 £ & e W ]
S A e i

Hinh 3.29. Hinh thai cua liposome BBR tqo thanh tr proliposome BBR qui mé 200

g/mé quan sat dwdi Kinh hién vi dién tir truyén qua (TEM)

3.4.5.3. Pé xudt mét sé chi tieu chdt lreng
Mot sb tiéu chuan chat lwong cia proliposome BBR duogc dé xuat duya trén

nhitng két qua danh gia dic tinh cua proliposome BBR tir 3 mé bao ché duoc trinh

bay ¢ bang 3.27.
Bang 3.27. Du kién tiéu chudn chdt lirong cua proliposome BBR dira trén két qud 3
mé lién tiép
Chi tiéu Duw kién tiéu chuan Phwong phap thir

Hinh thuc Hat mau vang. Cam quan
Mat khoi lugng do lam | <5,0 Theo Duoc dién Viét nam
kho (%) V, phu luc 9.6
Khdéi luong riéng biéu | > 0,350 Theo Duogc dién Viét nam
kién (g/ml) V, phu lyc 9.13
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Chi tiéu

Duw kién tiéu chuan

Phwong phap thw

binh tinh

Sic ky d6 cua mau thu
phai ¢6 1 pic c0 thoi gian
luu trang vai thoi gian luu
cua pic BBR chuan

Sic ky long hiéu nang cao

Ham Ilugng BBR trong
proliposome (%)

13,5-16,5

Sic ky long hiéu ning cao

Phan trim duoc chat giai

Trong 1 gid dau: < 40%

Phép thtr giai phong duoc

nguyén tua proliposome
BBR:

+ KTTP trung binh

+ PDI

+ Hiéu suat liposome
hoa (%)

<500 (d.nm)
<0,5
> 70

phong trong méi trudng | Trong 4 gior ddu: 50-65% | chat qua mang tham tich
pH 6,8 Sau 10 gio: >70%
Liposome BBR hoan

Tén xa anh sang dong

Phuong phap siéu loc két
hop vai ly tam

3.4.6. Nghién ctru @9 on dinh caa proliposome berberin

Do 6n dinh cuaa proliposome BBR bao ché ¢ quy mo 200 g/mé dugc nghién

ctru & 2 diéu kién thuc va LHCT nhu md ta & muc 2.3.6.11

3.4.6.1. B én dinh vé hinh thai tiéu phan proliposome berberin

Sau 6 thang bao quan & diéu kién thuc va 6 thang bao quan ¢ diéu kién LHCT,

proliposome BBR duoc quan sat hinh thai tiéu phan bang sir dung kinh hién vi dién
tr quét SEM. Két qua duoc trinh bay ¢ hinh 3.30 va hinh 3.31.

Hinh 3.30. Hinh thai cua proliposome BBR bao ché qui md 200 g/mé sau 6 thang

bao quan diéu kién thyc quan séat duwdi kinh hién vi dién tir quét. A. dg phong dai
100 ldan; B. dg phéng dai 1000 lan; C. dé phéng dai 3000 lan.
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Hinh 3.31. Hinh thai cua proliposome BBR FF19 bao ché qui mé 200 g/mé sau 6
thang bdo qudn diéu kién 130 hda cap toc quan sdt duwdi Kinh hién vi dién tir quét. A.
dé phéng dai 100 lan; B. dé phéng dai 1000 lan; C. @6 phong dai 3000 lan.

Két qua cho thay sau 6 thang theo ddi & diéu kién thuc va diéu kién LHCT,
proliposome BBR van gitr hinh thai nhu ban dau, I6p film bao boc xung quanh tiéu
phan chat mang khong bi bong hoic nirt mat.
3.4.6.2. Mt khéi Iwong do lam kho

Sau thoi gian bao quan 6 thang & diéu kién thuc, 6 thang & diéu kién LHCT,
mau dugc xac dinh mat khdi lugng do 1am khé. Két qua dugc trinh bay & bang 3.28.
Bang 3.28. Két qua xdc dinh mdt khéi lirong do 1am khd sau bao quan 6 thang ¢
diéu Kién thirong va diéu kién 130 hoa cdp toc (TB + SD, n=3)

Mat khéi lwong do 1am kho (%)
Mé
Piéu kién thuc Piéu kién 130 hoa cap téc
1 3,71 £ 0,09 3,83+0,11
2 3,54 £ 0,06 3,51+£0,19
3 3,63+0,12 3,71 £ 0,07

Két qua cho thay, phan tram mat khéi lwong do 1am kho ¢ ca hai diéu kién déu
nam trong gidi han cho phép. Biéu nay ching to diéu kién bao quan dong proliposome

vao tdi nhdm han kin han ché dugc hoi 4am tham vao bén trong ché pham.

3.4.6.3. P§ 6n dinh vé ham lwong

Két qua theo ddi d6 6n dinh vé ham luong cua BBR trong proliposome BBR
cia 3 mé dugc trinh bay & bang 3.29. Ham luong BBR ban dau cia mé 1, mé 2 va
mé 3 lan luot 14 14,88%, 14,93% va 14,07%. Céc sic ky d6 duoc trinh bay ¢ phu luc
3.11. Két qua ¢ bang 3.29 cho thay, ham lugng BBR trong proliposome sau 6 thang

theo ddi & diéu kién thyuc va diéu kién LHCT so véi ban dau van dat yéu cau.
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Bang 3.29. Phan trdm BBR trong proliposome BBR bdo qudn ¢ diéu kién thuc va

130 hda cdp toc so véi ban dau (n=3, TB + SD)

Thai gian % ham lweng so véi ban dau
Piéu kién | (thang) Mé 1 Mé 2 Mé 3
0 100 100 100
1 101,05 + 0,72 99,12 + 1,03 99,89 + 0,57
Thuc 3 99,85 + 1,20 100,37 + 0,92 100,75 + 0,43
6 98,99 + 0,45 100,64 + 0,95 101,18 + 0,27
1 100,23 + 1,04 101,06 + 0,35 100,95 + 0,71
LHCT 3 98,80 + 0,69 98,68 + 0,31 99,34 + 0,85
6 98,84 + 0,55 99,73 + 0,81 99,62 + 0,91

3.4.6.4. P§ 6n dinh vé trang thai Iy hoa
Pic tinh Iy hda cua proliposome BBR dugc danh gia bang phuong phap nhiéu

xa tia X va pho hong ngoai FTIR nhu trinh bay & muc 2.3.6.2. Két qua duoc thé hién

¢ hinh 3.32 va hinh 3.33.

Normalized intensity (a.u)
— (15.0)

(15.0)

Ban dau

(10.8)

(19.1)

(23.7)

1 " 1
5 10 15

1
20

2 theta (°)

25 30

Hinh 3.32. Phé nhiéu xq tia X cia proliposome BBR bao ché qui mé 200 g/mé &

thoi diém ban dau va sau 6 thang bao quan ¢ PKT va LHCT

Két qua o hinh 3.32 cho thdy, cac dinh nhidu xa dic trung cta proliposome BBR
khong thay doi so véi ban dau sau thoi gian 6 thang theo ddi ¢ 2 diéu kién trén.

113




95 e 1
\ 6T-LHCT -~~~

90

\ . ( “j\"l . f,v-,‘_,-.w/—
| | o\
sl \ //MV N x.\

1505

ol 3400 2918

96 |-
80 |-

64

Transmittance (%)

48

96 |
Ban dau
80

64 - /
2018 /
3400 L~ 1900

48

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Hinh 3.33. Phé hang ngogi cua proliposome BBR bao ché qui mé 200 g/mé ¢ thoi
diém ban dau va sau 6 thang bdo quan ¢ PKT va LHCT

Phé hap thu hong ngoai cia proliposome BBR bao ché ¢ qui md 200 g/mé &
hinh 3.33 thé hién cac dao dong cua céac thanh phan trong proliposome BBR vdi céc
tin hiéu dic trung cia BBR & 1505 cm™t, manitol & 3400 cm™, HSPC va DSPG &
2918 cm™. Khi tinh tién cac pho dd vé ciing mét vi tri trén truc sb séng thi cd su
chdng khit phd twong dbi tét. Biéu nay ching to lién két gitra cac thanh phan trong
proliposome BBR hau nhu khong thay ddi sau thoi gian theo dai ¢ 2 diéu kién thuc
va LHCT.
3.4.6.5. P§ 6n dinh vé gidgi phong dwec chat

Két qua theo ddi do on dinh vé giai phong duoc chat tir proliposome BBR bao
ché & qui md 200 g/mé trong 3 mdi truong giai phong gom dung dich acid HCI 0,1N
(pH 1,2), dung dich déém phosphat pH 4,5 va méi truong dém phosphat pH 6,8 duoc
thé hién & phu luc 3.12. Két qua cho thdy, phan trim giai phong dugc chat tur
proliposome BBR trong cung mot moéi treong giai phong co su dao dong giira cac
mau sau 6 thang bao quan & hai diéu kién thuc va LHCT. Tuy nhién, phan trim giai
phong duoc chat van nam trong gisi han chap nhan duoc.
3.4.6.6. Pg on dinh vé kich thwéc tiéu phan va phan bé kich thwéc tiéu phan, hiéu
sudt liposome hoa cia liposome tgo thanh tir proliposome berberin

Tién hanh danh gia KTTP, phan bé KTTP va hiéu suat liposome hda cua

liposome tao thanh tir proliposome BBR sau khi bao quan diéu kién thuc va diéu kién
LHCT 6 thang. Két qua duoc trinh bay & bang 3.30, bang 3.31 va hinh 3.34.
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Bang 3.30. Kich thuéc tiéu phan, phan bé KTTP va hiéu sudt liposome héa cia
liposome tqo thanh tir proliposome bdo qudn ¢ diéu kién thuc sau 6 thang

Thai gian (than
Mé | Chitieu gian (thang)
0 1 3 6
KTTPTB (d.nm) | 1235+10,8 | 106,5+8,8 116,6 £ 6,3 135,9+5,8
L PDI 0,259 + 0,009 | 0,267 + 0,002 | 0,279 + 0,007 | 0,266 + 0,006
Hiéu suat
_ ) 88,1+15 86,7 +0,9 854+3,11 86,9+ 2,3
liposome hoa (%)
KTTPTB (d.nm) | 133,3%+7,2 1215+ 6,7 127,6 + 4,3 1159+ 25
) PDI 0,278 £ 0,005 | 0,254 + 0,007 | 0,234 + 0,009 | 0,246 + 0,005
Hiéu suat
i ) 86,9+0,8 88,1+1,3 875+21 854+15
liposome hoa (%)
KTTPTB (d.nm) | 109,5%5,5 117,6 + 8,2 120,9 + 4,3 1154+ 4.8
3 PDI 0,312 £ 0,008 | 0,271 + 0,005 | 0,237 + 0,004 | 0,265 + 0,006
Hiéu suat
_ ) 88,5+0,5 86,8 £2,3 875+12 86,9+ 1,7
liposome hoéa (%)

Bang 3.31. Kich thuéc tiéu phan, phan be KTTP va hiéu sudt liposome héa cia

liposome tgo thanh tir proliposome bado qudn ¢ diéu kién LHCT sau 6 thang

Thei gian (than
Mé Chi tiéu glan (thang)
0 1 3 6
KTTPTB (d.nm) 123,5+10,8 | 118,2+7,2 | 130,1+54 120,5+6,2
! PDI 0,259 + 0,009 | 0,277 + 0,006 0,286 + 0,003 0,295 + 0,005
Hiéu suat
. i 88,1+1,5 85,8 +0,7 865+24 85,3+1,8
liposome hda (%)
KTTPTB (d.nm) 133,3+7,2 1225+59 | 1176+4,1 120,7+25
5 PDI 0,278 +£ 0,005 | 0,225 + 0,007/0,297 + 0,002 0,236 + 0,008
Hiéu suat liposome
i 86,9 +0,8 874+1,3 85,1+0,8 849+26
hoa (%)
KTTPTB (d.nm) 1095+55 1146+94 | 113,1+2.3 1079+6,4
3 PDI 0,312 +£ 0,008 0,276 + 0,004 {0,217 + 0,007 0,245 + 0,006
Hiéu suat liposome
i 88,5+0,5 86,3+ 1,2 85,6 +2,9 855+14
hoa (%)

115




Huong M9.007 Huong M11006
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A B

Hinh 3.34. Hinh théi cua liposome tqo thanh tzr proliposome BBR sau 6 thang bao
quan ¢ diéu kién thuc (4) va diéu kién LHCT (B) quan sdt dwdi kinh hién vi dién tir
truyén qua (TEM), d¢ phéng dai 20.000 lan

Két qua & bang 3.30, bang 3.31 va hinh 3.34 cho thay proliposome BBR sau 6
thang bao quan & diéu kién thyc va 3o hda cap téc déu c6 kha ning tao thanh
liposome c6 KTTP va phan bé KTTP c6 sy dao dong, tuy nhién mic thay doi hau

nhu khdng dang ké so véi ban dau.

3.5. PANH GIA SINH KHA DUNG IN VIVO CUA LIPOSOME BERBERIN

Tién hanh danh gia SKD in vivo cua hdn dich quy wéc BBR va hdn dich
liposome BBR tao thanh tir proliposome BBR trén hai nhém chuét cng. Thoi diém
ldy mau va xir Iy mau mau nhu thiét ké thi nghiém ¢ muc 2.3.7. Cac mau huyét tuong
chudt dugc dinh luong bang phuong phap LC-MS/MS nhu mé ta ¢ muyc 2.3.1.3. Két
qua ndng do BBR trong huyét trong chudt cng sau khi udng hdn dich quy wéc va
sau khi uéng hdn dich liposome BBR dugc trinh bay lan luot ¢ bang 3.32 va bang
3.33.
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Bang 3.32. Nong do BBR trong huyét twong chudt cong sau khi usng hén dich quy

wéc BBR (n=7)
T_h(‘)’i Nong dé BBR trong huyét twong (ng/ml) TB +SD
(gkaa”t) bVl | pv2 | pv3 | BV4 | BV5 | BV6 | BV7 (ng/ml)

5 1265| 3,647 | 2,158 2,320 6,687 | 5158 6,317 |3,936 2,150
15 | 4,245 192,954 | 27,060 | 37,201 | 53,819 | 26,432 | 30,487 |29,874 + 16,150
30 | 6,044| 13,828| 9,519 | 57,633 | 25,225 | 55,182 | 40,770 29,743 + 21,568
60 | 7,909| 15083 20,255 | 10,263 | 14,697 | 25,302 | 17,585 |15,870+ 5,887
90 | 10,594 | 17,254 | 13,630 | 7,579 | 8,393 | 20,788 | 12,207 |12,921+ 4,763
120 | 10,901 | 14,482 | 17,181 | 9,001| 5663 | 7,014 | 6,891 |10,162+ 4,295
180 | 8014 | 12,726 | 10,914 | 5405| 6,916 | 7,507 | 7,915 | 8,485+ 2,495
240 | 12,855| 9,397 | 15567 | 7,069 | 6,776 | 15103 | 8,386 |10,736x 3,727
360 | 3,866| 3,722| 4233| 6,133| 5042| 8205| 5288]5213+1,572
480 | 3,956| 2,707| 3,969| 2,530 2,864| 8,729| 3,812 4,081t 2,140
600 | 3,009 2,047 | 1,968 | 1,904| 2765| 5331| 20900 2,846+ 1,190
720 | 2,607 1,668 | 2,800 | 1,694 | 8385| 4,321| 1,538 | 3,300+ 2,446

1440 | 0948 0566 | 4,118 | 2,736| 4,862| 2,796 0,038! | 2,671+ 1,602
2160 | 0580| 0,213| 2250 0,093' | 0,213 | 0,198 | 0,101% | 0,814 0,973

Chu thich: (1): nong do dudi LLOQ duroc tinh tir phép ngogi suy; (2): nong dé cao bat thuwong

Véi nhém chudt udng hon dich quy uwéc BBR, két qua ¢ bang 3.32 cho thay tai

c4c thoi diém khao sat, nong do BBR trong huyét twong chudt dao dong tir 0,5 dén

57 ng/ml. Nong d6 nay c6 gié trj trung binh thap nhat Ia 0,814 ng/ml tai thoi diém
2160 phut va cao nhat 12 29,874 ng/ml tai thoi diém 15 phat. Mot s6 thoi diém, nong

d6 BBR & mot s6 dong vat thap hon gisi han dinh luong dudi (0,2 ng/ml). Ngoai ra,

tai thoi diém 15 phat, nong do BBR trong huyét twong trong 1 dong vat cao hon bat

thudng so véi dong vat cing nhém va ciing thoi diém (vuot qué gia tri TB + 3SD).

Diém nay bi loai bo khi xt Iy théng ké va tinh toan céc thdng sé duoc dong hoc trén

nhém chudt udng hén dich quy uéc BBR.
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Bang 3.33. Nong do BBR trong huyét riong chudt cong sau khi usng liposome BBR

(n=7)
Thoi Nong dd BBR trong huyét twong chudt (ng/ml) TB + SD
gian | py g bv | bV | BV "
(phit) bv o9 10 1 1o |PV13| BVi4 (ng/ml)

5 5,100 | 20,341 | 9,040 |9,279 |12,243 | 8,873 | 9,009 10,555+ 4,787

15 46,458 | 29,688 72,624 42,905 84,924 34,445 | 34,029 | 49,296+ 21,215

30 55,299 | 9,527 |55,342 |42,676 (74,960 |43,458 | 50,666 | 47,418+ 19,868

60 53,400 | 70,433 |54,240 40,478 (89,445 (38,082 | 67,697 | 59,111+ 18,110

90 58,739 | 74,272 (23,219 (54,252 |100,612|43,384 | 72,971 | 61,064+ 24,755

120 | 82,404 | 62,569 (34,374 |22,288 84,881 (66,002 | 74,654 | 61,025+ 23,978

180 | 88,558 | 78,177 (23,053 |33,379 94,546 (63,193 | 95,743 | 68,093+ 29,559

240 | 74,028 |101,984 38,139 [24,886 (68,656 (56,779 | 82,326 | 63,828+ 26,304

360 | 77,624 | 52,263 73,664 (40,458 42,853 |49,325 | 41,766 | 53,993+ 15,422

480 | 76,508 | 42,955 |36,608 40,341 (51,750 |41,540 | 32,720 | 46,060+ 14,660

600 [268,309° | 49,948 (18,171 (19,859 (25,984 |23,787 |125,507% | 27,550+ 12,897

720 | 60,117 | 23,627 12,586 |15,313 |19,831 |29,975 | 21,864 | 26,188+ 15,992

1440 | 12,141 | 4,742 | 2,818 | 2,751 (17,778 | 7,704 | 5,217 7,593+ 5,545

2160 | 1,196 5,361 | 0,292 | 0,976 | 3,381 | 1,680 | 0,961 1,978+ 1,779

Chu thich: (2): nong dg cao bdt thirong

Véi nhém chudt udng liposome BBR, két qua dinh lugng néng d6 BBR trong
huyét trong chudt tir thoi diém sau khi udng 5 phat dén sau khi uéng 2160 phdt trinh
bay & bang 3.33 cho thay gia tri trung binh cua ndng d6 nay thap nhat 1a 1,978 ng/ml
(tai thoi diém 2160 phut) va cao nhat 1a 68 ng/ml (tai thoi diém 180 phut). Hau hét
tai cac diém khao sat déu cho thiy nong do BBR trong huyét twong cao hon so Vi
nhom chudt udng hén dich quy wéc BBR. Ca biét tai 1 thoi diém 30 phdt cua 1 dong
vat ¢ nong do BBR trong huyét twong (9,527 ng/ml) thap hon so véi néng do thoi
diém nay ciia mot sé chudt & nhém ubng hdn dich quy udce. Tai thoi diém 600 pht,
nong do BBR huyét tuong cua 2 dong vat co gia tri cao bat thuong (ngoai khoang gia
tri TB + 3SD) nén ciing duoc loai bo khi phan tich thdng ké va tinh toan cac thdng sé

dugc dong hoc.
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Su khéac nhau vé nong d6 BBR trong huyét twong chuét giita nhém udng hdn
dich quy uéc BBR va nhdm udng liposome BBR dugc minh hoa dudi dang db thi
biéu didn mdi quan hé gitra ndng do BBR trung binh trong huyét twong cta 2 nhém
theo thoi gian & hinh 3.35. Cac d6 thi biéu dién ndng d6 BBR cua tirng chudt riéng

biét trong moi nhom duoc trinh bay ¢ phu luc 4.1.
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Hinh 3.35. Puwong biéu dién néng dé trung binh BBR trong huyét tiwong chugt cong
theo thoi gian cia nhém uong han dich quy wéc BBR va nhdm uéng liposome BBR

sau khi uéng lieu don twong dwong véi lieu BBR 100 mg/kg can ngng (n=7)

Mot s6 thdng sé duoc dong hoc & giai doan hap thu thube qua dudng udng trén
nhom chudt udng hén dich BBR quy wdc va nhém chudt udng liposome BBR véi liéu
tuong tng véi BBR 100 mg/kg can nang dugc tinh toan theo mo hinh khong ngéan.

S liéu duoc trinh bay ¢ bang 3.34.
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Bang 3.34. Mét sé thong sé duoc déng hoc cuia BBR trén chugt usng hon dich quy

wéc BBR va liposome BBR véi liéu fiong 1ing 100 mg/kg can ngng chugt (n=7)

Thong sé Ponvi | Nhém udng hén dich | Nhom udng liposome
tinh quy wéc BBR BBR

Crmax ng/mL 37,80 £ 18,80 83,00 £ 18,60 @
Tmax h 1,07 £ 1,36 3,00+1,61°
AUCo-36 ng.h/mL 135,40 +45,00 852,10 + 289,50 @
AUCo ng.h/mL 164,70 + 67,40 872,00 £ 295,50 @
MRTo-36 h 8,30 = 3,30 8,73+ 1,04
MRTo- h 14,42 + 8,53 9,563+1,51

Ghi chii: (a): p < 0,001 khi 50 v6i nhom udng hén dich quy wéc BBR; (b): p < 0,05 khi s0 véi nhém ugng hén
dich quy wéc BBR.

Két qua & bang 3.34 cho thay, & nhém chuét udng liposome BBR c6 su gia
tang dang ké CAC gia tri Cmax, Tmax, AUCo.35, AUCo-» SO Vi nhém chugt uong hdn dich
quy uéc BBR mét cach c6 ¥ nghia thong ké véi mirc ¥ nghia 1an luot 12 p < 0,001, p
< 0,05, p< 0,001, p <0,001.

Dé so sanh SKD giira hdn dich quy uéc BBR va liposome BBR, hai phép thong
ké t-test mot phia voi 90% khoang tin cay duoc st dung dé so sanh céac gia tri Cmax,
Tmax, AUC, MRT. Két qua duoc trinh bay & bang 3.35. Ngoai ra cac gia tri Tmaxgitra
2 nhém duoc so sanh bang sir dung phép non parametric Wilcoxon rank sum test. Két
qua dugc trinh bay ¢ phu luc 4.2.

Bang 3.35. Két qua so sanh trung binh SKD giiza hon dich quy wéc BBR véi hén dich
liposome BBR & chugt cong sau khi uong 1 lieu don BBR 100 mg/kg can ngng (n=7).

Thong sé Til¢ (%) ClI Lower 90 (%) | CI Upper 90 (%)
AUCo-36 628,3 456,5 864,8
AUCo-» 552,8 384,7 794,4
Cmax 246,2 158,6 382,1
MRTo-36 112,8 83,0 153,2
MRTo- 78,6 52,0 118,7

Ghi cha: S6 liéu dwoc biéu dién bang ti s6 liposome BBR/BBR quy wéc chuyén dang logarit.
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Két qua ¢ bang 3.35 cho thay sy khac nhau vé sinh kha dung gitta nhém chudt
udng hdn dich quy uéc BBR véi nhém udng hdn dich liposome BBR. Ti sb cac gia
tri AUCo.36, AUCo-, and Crmax gitra nhom uéng liposome BBR/nhém ubng hén dich
quy u6c BBR lan luot 12 628,3%, 552,8% va 246,2% véi khoang tin cay 90% (dudi
va trén) lan luot 12 456,5 - 864,8%, 384,7 - 794,4%, 158,6 - 382,1%. Két qua nay cho
thiy sinh kha dung ciia nhém uéng hdn dich liposome BBR cao hon nhém udng hén
dich quy uéc BBR.

Ngoai ra, két qua ciia phép kiém tra tong xép hang phi tham sé non parametric
Wilcoxon run sum test (phu luc 4.2) ching minh rang céc gia tri Tmax ctia nhdm uéng
liposome BBR cao hon céc gi tri ndy & nhdm udng hén dich quy udc BBR mét céch
¢ ¥ nghia théng ké véi p < 0,05 (p=0,0199). Tuy nhién, sy khac nhau vé thoi gian
lwu tra trung binh (MRT) trong huyét twong cua BBR tir thoi diém 0 dén 36 gio va
va tir 0 dén vo cuc giira 2 nhém khong cé y nghia théng ké.

3.6. PANH GIA TAC DUNG HA LIPID MAU NOQI SINH CUA LIPOSOME
BERBERIN

Tién hanh danh gia tac dung ha lipid méau noi sinh trén chuot nhit theo phuong
phap & muc 2.3.8. Céc thong sé danh gia gdm nong d6 cholesterol toan phan (TC),
cholesterol ti trong thap (LDL-C), cholesterol ti trong cao (HDL-C) va triglycerid (TG).
3.6.1. So sanh anh hwéng trén ndng dd cholesterol toan phan huyét thanh cia
liposome BBR va hon dich quy wéc BBR trén chudt duge giy ting lipid mau noi sinh.

Két qua anh huong trén nong do TC cua liposome BBR va hdn dich quy wdc
BBR ¢ chudt dugc giy ting lipid mau ndi sinh bang P-407 duoc trinh bay ¢ bang 3.36.

Két qua ¢ bang 3.36 cho thdy nong d6 TC trung binh trong méau & nhém chiing
bénh (chudt dugc gy ting lipid mau ndi sinh bang P-407 va khong duoc diéu tri)
tang so véi nhdm chang sinh 1y mot cach cé v nghia thong ké véi ti 18 ting 103,3%
(p < 0,001). Biéu nay chiing to P-407 véi liéu 200 mg/kg can ning da 1am ting nong
d6 TC trén chuot thuc nghiém. G nhdm chudt duoc diéu tri bang atorvastatin liéu 20
mg/kg can niang (nhém chimg dwong), ndng d6 TC giam mot cach co ¥ nghia thong

ké so vai nhom chung bénh vai ti 1€ giam 20,24% (p < 0,05).
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Bang 3.36. Nong dg TC trong huyét thanh & cac nhém chugt nhdt trang duoc gay
tiing lipid mdu ndi sinh sau 10 ngay diéu trj (TB = SD, n= 8-9)

R Liéu diing % giam so voi
-0 (mgrkg) | TCMMOVL) 1~ himg benh
Chirng sinh ly 3,62 + 0,87
Chirng bénh 7,36 +1,10*
Chung duong 20 5,87 + 1,34* 20,24
(atorvastatin)
Poi chiéu
(hén dich quy uéc BBR) 100 6,17 £ 1,62 16,17
_ Thel 50 6,26 + 1,63 15,08
(liposome berberin)
_ The2 100 6,20 + 0,90* 15,76
(liposome berberin)

Ghi cha:ky hiéu (*): p < 0,05 khi so sanh véi 16 ching bénh; ky hiéu (#): p < 0,001 khi so sanh véi
16 chaing sinh ly

O nhom chudt duge diéu tri bang atorvastatin liéu 20 mg/kg can nang (nhom
chiang duong), ndng d6 TC giam mot cach co ¥ nghia thdng ké so véi nhdm ching
bénh véi ti 16 giam 20,24% (p < 0,05). G nhém chudt duoc diéu tri bang hdn dich quy
udc BBR véi lidu 100 mg/kg can nang, nong do TC trung binh trong mau c6 xu huéng
giam 16,17% so véi nhém ching. Tuy nhién, su khéc biét khong ¢ ¥ nghia thong ké
(p > 0,05). O nhém chudt duoc diéu tri bang hdn dich liposome BBR twong tng véi
licu BBR 50 mg/kg can nang, nong do TC trung binh ¢6 xu huéng giam 15,08% so
v6i nhém chang. Tuy nhién, su khéc biét khong c¢6 ¥ nghia théng ké (p> 0,05). O
nhém chudt duoc diéu tri bang hdn dich liposome BBR twong ¢ng véi liéu BBR 100
mg/kg can nang, ndng do TC giam mot cach c6 y nghia thong ké vai ti 1¢ giam 15,76%
so véi nhom chang (p < 0,05).

Nhu vay, liposome BBR twong (ng véi liéu BBR 100 mg/kg can nang chudt c6
tac dung lam giam ndéng do TC trong mau chudt nhat trang bi gay tang lipid mau ndi
sinh bang P-407. Trong lic d6, hdn dich BBR quy udc ciing voi muic liéu BBR 100

mg/kg khéng cd tac dung giam chi s6 nay.
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3.6.2. So sanh anh hwéng ciia liposome berberin va hdn dich quy wéc berberin
trén nong dé cholesterol ti trong thip & chudt dwoge gay ting lipid mau ndi sinh
Két qua anh huong cua liposome BBR va hdn dich quy uéc BBR trén nong do
LDL-C huyét thanh & chuét duoc gay ting lipid mau noi sinh bang P-407 dugc trinh
bay ¢ bang 3.37.
Bang 3.37. Nong dg LDL-C huyét thanh ¢ cac nhoém chugt nhdt tring duoc gay
tiing lipid mdu ndi sinh sau 10 ngay diéu trj (TB = SD, n= 8-9)

L5 Liéu dung LDL-C % gidm s0 Voi
(mg/kg) (mmol/L) chirng bénh
Chirng sinh ly 017£014
Chirng bénh 3,77+0,85"
Chimng duong 2,46 % 1,45* 34,75
(atorvastatin) 20 I ’
_ Doi chiéu 100 2,62 +1,59 30,50
(hon dich quy uéc BBR)
- Thel 50 1,73 + 1,38** 54,11
(liposome berberin)
. The2 100 1,62 + 1,47** 57,03
(liposome berberin)

Ghi cha: (*): p < 0,05 khi so sanh vai 16 ching bénh; (**): p < 0,01 khi so sénh vgi 16 chiing
bénh; (#): p < 0,001 khi so sanh vgi 16 chieng sinh ly.

Két qua ¢ bang 3.37 cho thiy, & nhém chang bénh ¢6 nong d6 LDL-C trung
binh ting mot cach cé y nghia thong ké véi ti Ié ting so voi nhom sinh 1y 12 2117,6%
(p <0,001). Biéu nay chung to P-407 véi liéu 200 mg/kg da lam ting nong d6 LDL-
C trén chuét thuc nghiém. G nhém chuét duoc diéu tri bang cho udng atorvastatin
20mg/kg (nhém chimg duong), ndng dd6 LDL-C trung binh trong huyét thanh giam
34,75% so véi nhdm chiing bénh (p < 0,05). Nong d6 nay & nhém chudt duoc diéu
tri bang cho uéng hén dich BBR quy wéc véi lidu 100 mg/kg c¢6 xu hudng giam
30,50% so véi nhém chang bénh. Tuy nhién, sy khac biét khong co v nghia théng ké
(p > 0,05). O nhém chudt duge diéu tri bang cho udng hdn dich liposome BBR tuong
g véi liéu BBR 50 mg/kg, ndng do trung binh LDL-C trong huyét thanh giam mot
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cach c6 y nghia thdng ké vai ti 18 giam 54,11% so véi nhdm chang bénh (p < 0,01).
Tuong tu nhu vay, ndng d6 nay ¢ nhdm chudt duoc diéu tri bang cho udng hdn dich
liposome BBR tuong ng véi liéu BBR 100 mg/kg giam véi ti 1é 57,03% so véi nhém
chung bénh (p <0,01).

Nhu vay, hdn dich BBR quy uéc véi lidu 100 mg/kg khong c6 tac dung 1am ha
LDL-C huyét thanh. Trong lic d6, hdn dich liposome BBR véi ca 2 lidu 50 mg/kg va
100 mg/kg déu cd tac dung lam giam LDL-C huyét thanh trong mé hinh nghién cuu.
Téc dung lam giam LDL-C gitta 2 liéu liposome BBR khéng c6 sy khac biét co y
nghia thong ké (p >0,05).

3.6.3. So sanh &nh hwéng cia liposome berberin va hdn dich quy wéc berberin
trén ndng do cholesterol ti trong cao ¢ chudt dwge gy ting lipid mau ndi sinh

Két qua anh huong trén nong dd6 HDL-C cua liposome BBR va hdn dich BBR
& chudt duge gay tang lipid méau ndi sinh bang P-407 dugc trinh bay ¢ bang 3.38.
Bang 3.38. Nong dé HDL-C huyét thanh ¢ cac nhém chuét nhdt dueoce gay tang lipid

M&u ngi sinh sau 10 ngay diéu tri (TB + SD, n= 8-9)

Liéu dung

L6 (mg/kg) HDL-C (mmol/L)
Chirng sinh ly 2,66 +0,47
Chirng bénh 2,66 + 0,37
Ching duong 20 2,44 +0,37

(atorvastatin)
Poi chiéu

(hdn dich quy uéc BBR) 100 2,47 + 0,29

Thir 1
(liposome berberin) 50 2,71+ 0,59
T 2 100 2,86 £ 0,43

(liposome berberin)

Két qua ¢ bang 3.38 cho thay chudt nhit trang sau khi gay ting lipid mau bang
P-407 c6 nong d6 HDL-C khéng khac biét so véi 16 chang sinh ly (p > 0,05). Piéu
nay ching t6 rang P-407 khong lam ting hay giam ndng d6 HDL-C trong huyét thanh
chudt mot cach co ¥ nghia thong ké. O cac nhoém chudt duogce diéu tri bang atorvastatin
20 mg/kg hoic hdn dich BBR quy wdc hoic liposome BBR vai cac lidu trong (ng
v6i BBR 50mg/kg va 100 mg/kg, ndng d6 HDL-C khong c6 su khéc biét so vai nhom

chang bénh véi tat ca céc gid tri p déu 16n hon 0,05.
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3.6.4. So sanh anh hwéng ciia liposome berberin va hdn dich quy wéc berberin
trén nong dd triglycerid & chudt dwge gay ting lipid mau ndi sinh
Két qua anh huong trén ndng do TG caa liposome BBR va hdn dich quy wéc BBR
& chudt duoc gay tang lipid mau ndi sinh bang P-407 duoc trinh bay ¢ bang 3.39.
Bang 3.39. Nong dg TG huyét thanh ¢ cac nhoém chugt nhdt dwoc gdy tang lipid
MAu néi sinh sau 10 ngay dieu tri (TB + SD, n= 8-9)

R Liéu dung % giam so voi
-0 (mgrkg) | TG MMOVL) | himg benh
Chirng sinh ly 1,74£0.93
Chirng bénh 11,90 + 2,84%
Chung dwong 20 10,34 + 4,98 13,11
(atorvastatin)
Db chiéu 100 10,53 + 5,64 11,51
hon dich quy véc BBR
quy
- Thil 50 7,42 £ 3,47* 37,65
(liposome berberin)
. Thir 2 _ 100 7,36 + 3,78* 38,15
(liposome berberin)

Ghi cha: (*): p < 0,05 khi so sanh vai 16 ching bénh; (**): p < 0,01 khi so sénh vgi 16 ching
bénh; (#): p < 0,001 khi so sanh vgi 16 chieng sinh ly.

Két qua ¢ bang 3.39 cho thay, P-407 véi liéu 200 mg/kg da lam ting ndng do
TG trung binh trong huyét thanh chudt nhat trang mot cach rd rét véi ti ¢ ting
583,91% so vé&i nhom sinh Iy (p < 0,001). O nhém chudt duge didu tri bang
atorvastatin liéu 20 mg/kg, nong d¢6 TG trung binh ¢6 xu hudng giam véi ti 18 giam
13,11% so véi nhém chang bénh, tuy nhién su khac biét nay khéng c6 y nghia thong
ké (p > 0,05). Tuong tu, nhém chudt duoc diéu tri bang hdn dich BBR quy uéc ciing
¢ xu huéng lam giam TG trong huyét thanh 11,5% so véi nhdm chitng bénh, nhung

muc giam nay chua cé ¥ nghia thong ké (p > 0,05). G nhém chudt duoc diéu tri bang
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hon dich liposome BBR véi ca 2 muc lidu twong ¢ng véi BBR 50 mg/kg va 100
mg/kg, ndng d6 TG trung binh trong huyét thanh giam mét cach c6 ¥ nghia thong ké
Véi ti 18 giam lan luot 12 37,6% va 38,2% so véi nhom chiing bénh véi cac gia tri p <
0,05.

Nhu vay, hon dich BBR quy uéc & liéu 100 mg/kg khdng cé tac dung lam giam
nong d6 TG trong huyét thanh trén chudt nhit tring duoc 1am ting TG ndi sinh bang
P-407 & muc lidu 200 mg/kg. Nhung hon dich liposome BBR lai ¢6 tac dung lam
giam nong do TG trong huyét thanh & ca hai muc lidu twong ung véi BBR 50mg/kg
va 100 mg/kg. Tac dung lam giam TG gitta 2 liéu liposome BBR khéng c6 su khéc
biét co y nghia théng ké (p > 0,05).
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Chuong 4. BAN LUAN

4.1. VE NGHIEN CUU TIEN CONG THUC

Nghién ctu cac tinh chat ly hda caa dugc chat 1a mot budc quan trong trude khi
xay dung cdng thirc bao ché. Trong nghién ciru cua luan &n, BBR duoc quan sat cac
dic diém vé hinh thai, kich thudc bang chup SEM, xéc dinh trang thai cia dugc chat
t6n tai & dang két tinh bang do phd nhidu xa tia X. O trang thai két tinh, BBR c6 céc
dinh nhidu xa dic trung ¢ cac vi tri 9,1°, 9,7°, 13,4°, 16,7°va 25,8° 2 theta. Két qua
nay tuong ty véi nghién ciu trude day cua Sahibzada, tac gia da cong bd BBR ton
tai & dang két tinh va c6 cac dinh nhidu xa & céc vi tri 8,6°, 9,1°, 12,9°, 16,2°, 20,9°
va 25,4° 2 theta [123].

Phé6 hdng ngoai ciia BBR thé hién cac dao dong dic trung cua di vong ni-to 6
canh (cac tin hiéu manh, sic nhon & s6 séng 1598, 1505, 1388, va 1363 cm™), nhém
ether oxyd (2 tin hiéu & 975 va 897 cm%), nhém oxyd thom (2 tin hiéu bat d6i xiing
V6i cuong dd manh & s6 song 1271 cm™ va 1232 cm™ va 2 tin hiéu ddi xung Véi
cudng do trung binh & s6 song 1065 va 1034 cm™®) phi hop véi cong bd caa Pretsch
Erné [118]. Trong cdng bd cua Pretch, khung di vong ni-to 6 canh c6 khoang sé song
dao d6ng 1610-1361 cm™, nhoém chac oxyd thom (ArC-O-CHs) c6 cac khoang sé
song dao dong 1275 — 1200 cm* va khoang sé séng 1075-1020 cm™, vong cyclic
ether c6 dao dong tai s6 song khoang 950cm™ va khung cyclic ether thom dao dong
& s6 song khoang 925 cm™t. Két qua cua luan an ciing phu hop véi két qua nghién ctu
cua Sahibzada [123], tac gia d bao cao dao dong cua lién két C=C vong thom tao ra
cac dao dong o s6 song 1504,48 cm™ va 1597,06 cm™, dao dong cua khung C-C ¢
buéc séng 700-1300 cmL,

BBR ¢4 tinh chét phat huynh quang tu nhién véi cuong do phét quang trong
moi truong ethanol manh hon moi truong nudc. Dai budc séng phat quang cua dung
dich BBR 0,2 mg/ml trong nuéc khi kich thich & budc s6ng Amax= 343 nm nam trong
khoang 460 nm — 670 nm. Két qua nay ciing 1ap lai khi kich thich dung dich BBR 0,2

mg/ml trong ethanol & budc s6ng & Amax= 350 nm. Két qua caa luan an ciing phu hop
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vé6i két qua nghién ciu cua Domingo va cong su [47], tac gia dd cong b khi kich
dung dich BBR trong nuéc ndng d6 8 mg/100ml ¢ Amax= 350 nm thi phé phét quang
nam trong khoang 470 nm — 670 nm. Tuy nhién, trong nghién ctu cua dé tai, qua
khao sat dinh hap thu cuc dai cua BBR trong dung mdi khéc nhau cho két qua khac
nhau (do anh huéng cua dung méi gay nén su dich chuyén buéc séng hap thuc cuc
dai) nén budc séng kich khac nhau duoc lra chon khi do phé phat huynh quang theo
nguyén tic & budc song hap thu cuc dai s& cho cudng do phéat huynh quang manh nht.

Két qua vé sy thay d6i ham luong BBR dudi 2% sau 1 thang theo ddi trong diéu
kién 130 hoa cap toc khi phdi hop véi cac ta duogc khéac cho thay rang BBR khé on
dinh trong diéu kién bao quan nhiét do 40 °C va khdng c6 su twong tac nao dang luu
Y Vi cac ta duoc trong danh muc nghién cau. Két qua nay ciing phut hop voi két qua
nghién ctu cua Battu va cong su khi nhdm nghién cau bao cdo rang BBR trong céac
moi truong dém khac nhau sau bao quan 6 thang & 2 diéu kién nhiét do 25 °C va 40
°C ¢6 phan tram d6 6n dinh hon 95% [24].

4.2. VE BAO CHE VA DANH GIA LIPOSOME BERBERIN
4.2.1. Yéu td cong thirc

Khi thiét ké cong thirc bao ché, 2 lipid HSPC va DSPG duoc st dung boi day
la hai trong s6 nhiing phospholipid thudng sir dung dé bao ché liposome va cé nhiét
d6 chuyén pha cao & 54,5 °C véi DSPG va 55 °C dbi voi HSPC [4], [126]. Theo
nghién ctru cua Richard, néu thanh phan phospholipid cua liposome c6 nhiét chuyén
pha dudi 37 °C thi liposome s& bi pha huy bai mudi mat, nhung véi phospholipid c6
nhiét chuyén pha cao trén 37 °C thi tac dong caa mudi mat s& khong anh hudng dén
su nguyén ven cua liposome [121]. HSPC va DSPG sur dung trong céng thirc cé nhiét
chuyén pha cao trén 37 °C nén hai phospholipid nay sé& gidp liposome 6n dinh trong
duong tiéu hoa khi stir dung duong udng [63], [121], [139].

Mot thanh phan khéac khong phai 1a thanh phan chinh trong ciu tao liposome
nhung c6 vai trd quan trong khong kém dén su 6n dinh cua liposome 1a a-tocopherol.
Alpha-tocopherol dugc dua vao cong thirc nhur 1 mot chat chdng oxy hoa dé on dinh
mang phospholipid kép va lam giam ro ri dugc chat [19], [119].

Thanh phan ¢ vai trd 1am 6n dinh liposome duoc si dung trong cong thirc bao
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ché liposome BBR Ia NaDC. Theo Birru, cac mudi mat tiét tir gan rdi d6 vao duong
rudt s& 1a mot trong nhirng yéu té 1am pha v ciu tric liposome trong dudng tiéu hoa
[28]. Theo bao céo cua Shukla va cong su, khi I6p phospholipid kép cua liposome
duoc lién két sdn véi mudi mat thi 16p vo liposome s& khong twong tac v6i mudi mat
& ngoai mdi [131]. NaDC la mot mudi mat, dugc chi dong dua vao cong thirc dé bao
ché liposome nham tranh tac dong bat loi cia mudi mat & ngoai méi dén su 6n dinh
va tinh nguyén ven cua liposome khi vuot qua cac hang rao bt loi trong dudng tiéu
hoa. Ngoai ra, ca&c mudi mat con cé vai tro lam tang sinh kha dung dudng udng cua
liposome va han ché su giai phong duoc chat tir liposome trong duong tiéu hoa [56].

Trong bao ché liposome tryuc tiép bang phuong phap tiém ethanol, thanh phan
cong thirc anh huong mot cach dang ké dén KTTP va phan bé KTTP. Véi cong thirc
FJ17, thanh phan géom c6 BBR : lipid : NaDC : a-tocopherol véi ti Ié mol 8:9: 2 :
2, két qua do bang ki thuat DLS cho thdy mau FJ17 cé kich thudc liposome nho,
phan bd KTTP hep (PDI 0,113) hon nhiéu so véi cdng thic khéng c6 mot trong hai
thanh phan NaDC (FJ04) va a-tocopherol (FJ21). Hinh anh chup bang cryo-EM vé
hinh thai va KTTP cua liposome FJ17 (c6 NaDC) vai FJ21 (khdng c6 NaDC) ciing
cho thay liposome FJ17 nhé hon nhiéu so véi liposome FJ21 (hinh 3.9a,b). Két qua
nay ciing 1ap lai véi mau bao ché bang phuong phap hydrat héa film, thé hién & mau
FH17 c6 KTTP trung binh nho hon cac mau FHO4 va FH21. Nhu vay, su két hop
gitta NaDC va a-tocopherol ¢6 vai trd 1am giam kich thudc tiéu phan liposome nhé
hon so véi chi ¢ a-tocopherol. Két qua nay khing dinh thém vai trd caa NaDC Vi
KTTP cua liposome nhu béo céo trude day cua Zheng va cong su vé sy anh huong
cua NaDC Ién su hinh thanh transferosome (la mét loai liposome ¢c6 KTTP nho lam
tang tinh thim qua da) [163]. Bén canh lam giam KTTP liposome, NaDC ciing ¢ vai
trd nhat dinh trong viéc lam tang hiéu suat nap cua liposome khi két hop véi a-
tocopherol. Piéu nay c6 thé giai thich rang ca hai thanh phan trén déu 1a thanh phan
than dau, dic biét NaDC va ca a-tocopherol ¢6 cau tric gan gidng véi cholesterol
nén khi hinh thanh liposome, NaDC va a-tocopherol s& xen vao cau tric cua mang

phospholipid kép va lam chit ché cdu trac mang, do dé gitt dugc duoc chat & trong
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liposome va giam ro ri duoc chat. Két qua nay ciing phi hop véi nghién cau cua Song
nam 2005, tac gia di cong b liposome c6 chira NaTDC ¢6 hiéu suat nap ting 1én 2,8
lan so vai liposome khong chira NaTDC [135].

Ti 1& mol duoc chat BBR c6 anh hudng dén kich thuéc tiéu phan trong bao ché
liposome bang ca 2 phuong phap. Khi tang dan ti I¢ mol BBR tir 6 1én 8 va Ién 9 trong
cong thirc thi kich thudc ting dan nhung hiéu suat nap lai giam dan. O phuong phap
tiém ethanol, mau FJ18 co ti I¢ mol (BBR : Lipid : NaDC : a-tocopherol) = (6: 9 : 2
: 0) ¢6 KTTP trung binh nho nhat (51 nm) trong khi mau FJ12 véi ti 16 mol BBR ting
lén 8 thi KTTP trung binh ting 1én dén 120 nm va khi ti 1¢ nay ting 1én 9 thi KTTP
trung binh ting 1én 134 nm. Nguoc lai véi KTTP, hiéu suat nap BBR lai giam dan
khi tang ti 16 mol. FJ18 ¢ ti 18 mol dugc chat thap nhat thi c6 hiéu suat nap cao nhat
(65%) trong khi mau FJ04 c6 ti 1é mol dugc chét cao nhat lai co hiéu suat nap thap
nhét (56%). Quy luat nay ciing 1ap lai trong cac mau liposome bao ché bang phuong
phap hydrat héa film. Mau FH18 c6 hiéu suat nap cao nhat (78%) va mau FH04 c6
hiéu suat nap thap nhat (60,5%). Két qua nay c6 thé giai thich 1a do kha nang lién két
gitta duoc chat véi mang phospholipid kép c6 gigi han. Khi luong dugc chit vuot
qua gisi han lién két cia mang thi bi loai bo va trg thanh dugc chat tu do.

Ti 16 mol HSPC: DSPG anh huéng dén KTTP liposome dugc bao ché bing 2
phuong phap c6 thé giai thich rang sy hinh thanh hay sy hoa mang liposome chiu tac
dong cua ti 18 2 loai lipid nay. Do d6 khi ti 1& mol thay doi, sy dan xen giita HSPC va
DSPG dé tao mang phospholipid kép c6 sy x40 tron va dan dén su khac nhau vé
KTTP cua liposome.

Két qua vé anh huang cua ti 16 mol HSPC: DSPG dén hiéu suat liposome hoa
trong ca hai phuong phéap bao ché liposome dugc trinh bay & bang 3.10 (phuong phap
tiém ethanol) va bang 3.14 (phwong phap hydrat hoa film) cho thay rang ti 16 mol
gitta 2 loai lipid anh huéng rd rét 18n hiéu suét nap duoc chat. Trong 3 ti 16 khao séat
thi ti 16 HSPC: DSPG = 4:6 cho hiéu suat nap cao nhat, tiép theo la ti 16 HSPC: DSPG
= 6:4 va cudi cing la ti 16 HSPC:DSPG = 7:3. Nhu vy, hiéu suat nap tang dan khi ti
16 DSPG tang. Két qua nay cd thé dugc giai thich 1a do anh huong cua sy tich dién
cua lipid DSPG va HSPC khac nhau. Lipid DSPG tich dién am (-1) trong khi HSPC
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khong tich dién [109]. Mat khéac, phan tir BBR tich dién duong (do c¢6 nguyén tir N¥)
do d6 khi BBR dugc nap vao liposome, su tuong tac tinh dién gitra phan tae DSPG va
HSPC tao cip ion din dén BBR dugc gitt trong mang nhiéu hon khi tang ti 16 DSPG.
Vi vay, hiéu suét liposome hoa ting.

4.2.2. Yéu td quy trinh bao ché

Trong bao ché liposome bang phuong phéap tiém ethanol, mot sb théng sé quy
trinh duoc lya chon chit ddng nham phd hop véi muc dich nghién ciru cua dé tai. Ti
I¢ pha ethanol: nudc trong nghién ciru caa luan an duoc lua chon chu dong la 1:3 voi
muc dich 1am ting c& mau cua liposome va giam thoi gian c¢o dic, tranh tdi thiéu tac
dong cua nhiét va ap suat Ién liposome trong qua trinh bao ché. Téc d6 khudy 500
vong/phut dugc lya chon dua trén thuc té quan sat kha niang xdo tron caa hdn hop
trong qué trinh tiém pha ethanol vao pha nudc, dam bao cho giot pha ethanol duoc
phan tan nhanh va déu vao pha nudc. Kich thudc dau kim tiém duoc lya chon loai
27G (dwong kinh trong 0,21 mm) 14 loai c6 duong kinh nhoé nhat nham tao ra giot
tiém nho va tia phun manh, tao kha ning phan tan pha ethanol vao pha nudc dong
déu va nhanh chéng. Do d6 cac phén tir phospholipid ciing s& phan tan déu va nhanh
trong pha nudc.

Nhiét d6 phéi hop 2 pha trong bao ché liposome BBR bang phuong phép tiém
ethanol duoc khao sat & 3 muc la 45, 55 va 65 °C. Co sd lya chon muc nhiét do nay
la dua vao nhiét chuyén pha cua 2 lipid dang sir dung: HSPC va DSPG vai nhiét
chuyén pha lan luot 1a 55 va 54,5 °C [4], [117]. Vay nén nghién ctu lya chon cac
muc trén, bang va dudi nhiét chuyén pha dé danh gia sy anh huang cua nhiét do dén
dic tinh liposome. Tur d6, chon dugc nhiét d6 thich hop nhit cho qua trinh bao ché.
Két qua cho thay rang & muac nhiét do dudi nhiét chuyén pha, liposome tao thanh c6
hai quan thé khac nhau ching to da xay ra su khong ddng nhat vé qua trinh hinh thanh
liposome. KTTP trung binh 16n nhét trong 3 mac nhiét. O mac nhiét 55 va 65 °C
(mtic bang va trén nhiét chuyén pha), liposome hinh thanh ddng nhat hon va chi c6 1
quan thé trong mdi mau. KTTP caa mau phdi hop pha ethanol va nudc & nhiét trén
nhiét chuyén pha nho nhét. Ngoai su khac nhau vé KTTP, hiéu suit nap caa mau bao
ché dudi nhiét chuyén pha thip hon hai mau ¢ mic nhiét chuyén pha va trén nhiét
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chuyén pha. Mau liposome bao ché & muc nhiét phéi hop 2 pha ethanol va nudc trén
muc nhiét chuyén pha vira cho KTTP ddng nhat nhat, hiéu suat nap cao nhat. biéu
nay c6 thé giai thich Ia do khi lipid & trén nhiét chuyén pha, trang thai vat 1y cua lipid
chuyén tir pha gel qua pha tinh thé léng hoan toan, cau tric mang phospholipid kép
linh dong hon, bé day mang lipid kép nho lai. Vi vdy, cac phan tir phospholipid dé
dang sap xép thanh mang kép va liposome hinh thanh véi kich thuéc nho dong nhat.
Ngoai ra, sy linh dong cua phan t phospholipid lam cho duoc chit d& nap vao
liposome. Trong khi d6, & mau phéi hop 2 pha dudéi mac nhiét chuyén pha, phan tir
phospholipid ¢ trang thai gel cang nhac va su hinh thanh mang kép va tiép chuyén
thanh liposome kho khan hon, dugc chat duoc bao g61 vao liposome ciing han ché
hon (hinh 4.1)

Chidu day 16p Chidu day 16p
phospholipid kép = phospholipid kép
fir 5,0 - 5.5 nm fr 4.0 - 4.5 nm
T<T, T>Ty
Trang thai gel Trang thai tinh thé 16ng

trang thai cimg tan & pha gel
Phan tit phospholipid )
trang thai linh dong ¢ pha tinh the long

Hinh 4.1. So' @6 qué trinh chuyén pha gel sang pha tinh thé léng ciia mang
phospholipid kép [50]

Ap suat va nhiét do trong qua trinh loai bo dung méi & phuong phap tiém
ethanol dé bao ché liposome ¢6 anh huong 16n dén tinh déng nhat caa su hinh thanh
quan thé liposome. Khoang nhiét d6 60 - 65 °C va ap suat 180 mbar 1a diéu kién phu
hop dé cat quay loai bo dung méi. Vi nhiét do 60 °C va &p suat 200 mbar, hdn dich
thu dugc mic du c6 kich thuéc nho nhung ¢ 2-3 quan thé liposome véi kich thuéc
trung binh cua c&c quan thé chénh nhau dén gan 100 nm. Diéu nay c6 thé giai thich
la khi 4p suat giam va nhiét do chua phu hop nén dung mdi dugc loai bo quéa cham
hoic tbc d6 bay hoi khong déu, din dén sy hinh thanh nhitng quan thé liposome c6
kich thudc nho va to khac nhau. Véi nhiét do 60 °C va &p suat 130 mbar thi dung moi
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lai bay hoi qué nhanh, lam céc phén tt lipid sip xép thanh 16p lipid kép nhanh chéng,
tao thanh liposome khong dong déu. Vi nhiét 6 65 °C va ap suat 130 mbar, tac dong
ctia nhiét do cao va ap suat giam manh cé thé 1am bién d6i mot sé trang thai vat ly
cua lipid, tao ra hdn dich c6 céc tiéu phan bi keo héa dinh trén thanh binh.

Phuong phap 1am nhé KTTP liposome bing dun qua mang polycarbonat 1a
phuong phap duoc lya chon nhiéu nhat trong cac nghién ciru bao ché liposome BBR
[15], [92], [100]. Khac véi cac loai mang khac cé ciu tric 16 loc xoin, mang
polycarbonat c6 cau tric 15 loc hinh try thang, c6 thé gilp cé4c tiéu phan duoc chui
qua duéi tac dong caa luc nén dé 1am nho tiéu phan ma khdng bi giit lai trong mang.
So vé6i phuong phap 1am nho KTTP bang dong nhat hda &p suit cao thi phuong phap
dun qua mang giam duoc su ro ri dugc chat tét hon [92]. Trong nghién ciru cia luan
an, mang polycarbonat c6 kich thuéc 16 loc 400 nm duoc lya chon dé sir dung phu
hop véi dic diém liposome tao thanh. Sé 1an dun qua mang duoc khao sat 1a 20, 40
va 60 lan bang thiét bi dun mini extruder. Sau 20 1an dun, liposome bi boc tach va tao
thanh quan thé khong dong nhat nén khéng thé do dugc KTTP do khéng pht hop Véi
tiéu chi do cua thiét bi. Sau 60 lan dun, KTTP mai dong nhat va cho phan bs KTTP
hep. So véi phuong phap siéu 4m va ddng nhat héa thi phuong phap dun qua mang
t6n nhiéu thoi gian hon. Tuy nhién, phuong phép siéu 4m c6 nguy co lam o ri dugc
chat va dua tap kim loai vao hdn dich. Phuong phap dong nhat hoa ap suat cao tuy
nhanh nhung hon doi héi lwgng mau 16n, khong phli hop véi nghién ciru tham do ban
dau. Phuong phap dun qua mang véi thiét bi don gian va giam duoc ro ri duoc chat,
phl hop vé&i ¢& mau nho cho nghién ciru quy md phong thi nghigm.

4.2.3. Phwong phap bao ché

Phuong phap tiém ethanol va phuong phap hydrat hoa film la cdc phuong phap
bao ché liposome duoc sir dung phé bién & quy mé phong thi nghiém. Phuong phap
tiém ethanol tham chi con 1a phuwong phap phu hop dé nang cap quy mé do don gian,
an toan, co thé kiém soat kich thudc tiéu phan bang diéu chinh nhiét do pha nudc khi
phdi hop hai pha [73]. Trong két qua nghién ctu caa luan an, liposome bao ché bang
phuong phap tiém ethanol ¢c6 KTTP nhé hon va phan bé KTTP hep hon liposome
bao ché bang phuong phap hydrat hoa film. Bang ky thuat DLS, KTTP trung binh
cua liposome BBR bao ché bang phwong phap tiém ethanol chi dudi 250 nm. Trong
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khi d6, KTTP trung binh cua liposome bao ché bang phuong phap hydrat héa film c6
KTTP trung binh dén 800 nm. Két qua nay la do su khac nhau trong co ché hinh thanh
liposome & mdi phuong phap. O phuong phap tiém ethanol, liposome hinh thanh tir
BBR, HSPC, DSPG, NaDC va a-tocopherol trong qua trinh dung mdi ethanol bi loai
bo khoi pha nuéc dudi thc dung caa nhiét do va ap suat giam. Trong qué trinh nay,
cac phan tir duoc chat va ta duoc ty sap xép theo dic tinh Iy hoa vén c6 dé tao thanh
liposome. Tuy nhién hén dich liposome tao ra tir phuong phép tiém ethanol thuong
rat lodng, kho phu hop dé dua vao dang thubc néu khéng co bién phap co dic. O
phuong phép hydrat hoa mang méng lipid, dugc chat BBR va cac thanh phan khéac
duoc hoa tan trong dung madi hiru co, sau d6 dung méi duoc loai bo bang ap suat giam
va nhiét do thich hop dé trang thanh I6p mong gém BBR va cac thanh phan tao
liposome trén thanh binh cau. Tiép theo 16p mang mong dugc hydrat hoa dé tao thanh
liposome. Liposome bao ché bang phuong phéap nay c6 kich thudc khong dong nhat,
phai 1am giam KTTP bing cic phuong phap nhu dun, siéu am, .vv. [18].

Phuong phap bao ché khac nhau tao ra liposome cé cau tric khac nhau.
Liposome BBR bao ché bang phuong phap tiém ethanol ¢é cau tric 1 16p nho (SUV)
hodc 16n (LUV) gdm 1 16p phospholipid kép bao boc quanh 1 nhan nudéc trung tam
(hinh 3.9a va 3.9b). Liposome BBR bao ché bang phuong phap hydrat hoa film co
nhiéu loai cau tric khac nhau gom liposome 1 16p (UV), liposome nhiéu 16p (MLV)
va liposome nhiéu ngan (MVV) (hinh 3.10). Két qua nay ciing phu hop vai cong b
cua Kim [80] va Uhl [143].

4.2.4. Phuwong phap danh gia

Vé phwong phdp danh gia KTTP va phan bé KTTP:

Trong nghién ctru ndy, phuong phap DLS duoc sir dung dé do kich thuéc tiéu
phan liposome bai day 1a phuong phap dé str dung do thoi gian do mau ngan (1-10
phat), chuan bj mau don gian, d& thuc hién, chi phi thap [43], [49]. Bén canh nhiing
wu diém trén, DLS c6 mot s6 han ché nhu rat nhay cam véi nhiét @6 va do nhot cua
dung mdi, kho do véi mau khong trong sudt, cbe do phai ludn chuan bi sach sg, tin
hiéu mau dén detector phu thudc vao néng do cua cac dai phan tir [137]. Ngoai ra,

mot sé phuong phap khac dé do kiém tra KTTP lai nham xem xét, phan tich k¥ ludng
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hon dic tinh caa liposome ciing duoc st dung nhu phan tich vét hat nano (NTA) (hinh
3.8) va cryo-EM (hinh 3.9). Ngoai chic nang do KTTP vai do phén giai cao hon so
v6i DLS, phuong phap NTA con ¢ kha niang ghi lai dau vét ting chuyén dong don
I& va cho phép nghién ctu vé do phat quang cua hat nano [154]. K§ thuat DLS ghi lai
su phan b6 kich thuéc dia trén cuong do phan tan c6 do phan giai thap va khdng dé
dé do sy phan b thé tich chinh xac cho cac mau da phan tan. Su phan bé kich thuée
hat dwa vao s luong tiéu phan d& dang chuyén thanh phan bé theo thé tich ma khong
bi sai léch nhiéu khi st dung ki thuat NTA. Ngoai ra NTA con do cho phép nghién
ctru vé& d6 phat quang cua cac hat nano do dic tinh khong két hop va khong dinh
huéng caa anh sang huynh quang. Nho d6 c6 thé xac dinh dwoc hinh dang cua
liposome va xem xét c6 xay ra su két tu tiéu phan trong han dich hay khéng qua quan
sat hinh anh chuyén dong cua céc tiéu phan. Nhuoc diém caa NTA [a pham vi nong
d6 han ché [154]. Phuong phap cryo-EM duoc xem nhu 14 tiéu chuan vang dé phan
tich hinh anh liposome bai vira ghi dwoc hinh anh, vira do dugec KTTP va xac dinh
duogc cau trdc con cua liposome. Tuy nhién, cryo-EM c6 nhuge diém 1a chi phi dat
va thong luong it [43]. Vai két qua do KTTP & hinh 3.9b, c6 thé thiy su khac nhau
vé kha niang phét hién caa 2 phuong phap do KTTP. O DLS chi phét hién duoc cac
liposome KTTP trén 20 nm, nhung véi K§ thuat cryo-EM, mot sé liposome vai kich
thudc bé khoang 5-6 nm ciing duoc phat hién. Két qua nay ciing phu hop voi két qua
nghién ctiu cua Crawford, tac gia da bao cio vé su khac nhau giita DLS va cryo-EM
trong xac dinh KTTP liposome. Két qua giita 2 phuong phap nay chi gidng nhau khi
liposome 13 mot hé don phan tan va quan thé gdm céc tiéu phéan c6 cung kich thudc.
Sy sai khac gitra 2 phuong phap do 1a do han ché hoic sai sé cia DLS khi phéat hién
nhitng tiéu phan nanolipid nho trong hén dich da phan tan [27].

Vé danh gia hinh théi va cau tric:

Hinh théi va ciu trdc cua liposome c6 thé dugc xac dinh bang nhiéu ky thuat
khac nhau nhu: AFM, TEM, cryo-EM, TPFM, CLSM [39]. Trong nghién cuu nay,
k¥ thuat cryo-EM dugc sir dung dé xac dinh hinh théi cau tric caa liposome bao ché
bang phuong phap tiém ethanol do liposome tao thanh tir phuong phap nay cé kich

thudc nho, doi hoi phai 6 thiét bi phan tich c6 d6 phan giai cao. Liposome bao ché

135



bang phwong phap hydrat hoa film c6 kich thudc to hon, c¢é thé 1én dén kich thudc
micro nén kinh hién vi dién tir huynh quang 2 photon (TPFM) duoc sir dung dé dong
thoi xac dinh vi tri cia BBR duoc nap vao liposome do BBR cé kha nang phat huynh
quang ty nhién. Théng qua xac dinh cdu tric, c6 thé xac dinh duoc BBR nap vao
khoang nudc hay vao 16p phospholipid kép.

Trong céu trc cua liposome BBR bao ché bing phuong phap hydrat héa film,
nho vi tri phat huynh quang cua BBR 1a ¢ 16p mang lipid kép (hinh 3.10), c6 thé
khang dinh rang BBR duoc nap vao mang phospholipid kép cua liposome va khdng
c6 BBR & khoang nudéc. Theo cac tai liéu da cong bd trude day, khi bao ché liposome,
dugc chat than nudc thi s& nam trong khoang nudc, duoc chat than dau s& nam ¢
mang phospholipid kép [10]. Mac du tinh chat vat ly ciia BBR c6 tinh than nuéc [24],
nhung két qua nghién ciru caa luan an nguoc lai nguyén ly phan bé duoc chat trong
liposome nhu trén: BBR van nam trong mang phospholipid kép. Két qua nay ciing
khac véi cac cong bd trude day cua Allijn va Ma vé gia thuyét phan bb cua BBR
trong liposome. Theo nhitng nghién citu ndy, BBR dugc cho 1a phan b trong khoang
nuéc cua liposome khi bao ché bang phuong phap tiém ethanol [15] va hydrat hoa
film [100]. Tuy nhién, BBR duoc tai vao liposome theo phuong phap trong luan an
la phuong phap thu dong. Cac nghién ctru cua Allijin va Ma l1a phuong phap nap dugc
chat chu dong.

Vé danh gia hiéu sudt liposome hoa:

C6 nhiéu phuong phap danh gia hiéu suat liposome hoa: tham tich, tach sic ky
cot (loc gel), li tdm, siéu loc [31], [78], [120], [146]. Trong nhitng phuong phap nay
thi phwong phép siéu loc nhanh va c6 d lap lai cao, giam bét sy ro ri dugc chat. Vi
vay, trong nghién ciru cua luan an, phuong phap siéu loc dugc chon dé danh gia hiéu
suat liposome héa. Hiéu suat liposome hoa cia liposome bao ché bang phuong phap
hydrat hoa film dao dong tir 61 - 92%, trong luc d6 hiéu suat nay & phuong phap tiém
ethanol tir 56 - 88%. Sy khac nhau vé hiéu suat nap duoc chat giira 2 phuong phap
bao ché 1a do su khéc nhau vé cau trdc caa liposome: liposome bao ché bang phuong
phép hydrat hoa film c6 cau trac da dang, tir don 16p, da 16p dén nhiéu ngan trong khi

cau tric liposome bao ché bing phuong phap tiém ethanol chi ¢6 1 ngan. Mit khéc,
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vi tri caa BBR trong liposome duoc chirng minh qua hinh anh chup bang kinh hién
vi dién tar huynh quang 2 photon 1a nam trong 16p phospholipid kép. Do d6, liposome
c6 cang nhiéu 16p hay nhiéu ngan thi cang nap dugc nhiéu dugc chat. Két qua vé hiéu
suit liposome héa cua liposome BBR bao ché bang phuong phap hydrat hoa film
trong luan an ciing phu hop véi két qua nghién ctru cia Nguyen va cong su, tac gia
d3 bao cdo rang hiéu suit nap cua BBR vao liposome bao ché bing phwong phap
hydrat hoa film 1a 83,2% [110]. Két qua nay cua luan an dong thoi ciing phu hop véi
cac két qua nghién ciu khéc ciaa Sailor (hiéu suat nap duoc chat tir 56-82%) [124],
ciia Ma (93,5%) [100] va cao hon hiéu suat nap mot sé nghién ciru bao ché liposome
BBR bang phuong phap hydrat hoa film khac nhu Calvo (2,1-28%) [32], Lin (14%)
[92]. Hiéu suat nap cua liposome BBR bao ché bang phuong phap tiém ethanol dao
dong tir 56-88%, thap hon két qua cua Luo (94%) [99]. Tuy nhién, ti 1& dugc chat/lipid
(w/w) trong nghién cttu cta Luo chi cé 1:20, trong khi d6 trong nghién ctru cua luan
an, ti 16 mol thap nhat gitra BBR: lipid 12 6 : 9 (twong Gng Véi ti 1& thap nhat vé khdi
luong la 6:18).

Vé phwong phdp danh gid trang thai ran cia BBR ngp vao liposome:

Phuong phap chup nhiéu xa tia X va phuong phap phan tich nhiét vi sai (DSC)
1a 2 phuong phap pho bién dé danh gia trang thai ran cia duoc chat trong hé tiéu
phan. Trong nghién ciru nay, phuong phap nhidu xa tia X duoc thyc hién dé danh gia
trang thai ran ciia BBR nap vao liposome bao ché bang 2 phuong phép tiém ethanol
va hydrat hoa film. Khi duoc nap vao liposome, cac dinh nhiéu xa dic trung cua BBR
d3 bién mat tai cac vi tri 9,1°,9,7°, 13,4°, 16,7°, va 25,8° 2 theta ma thay vao do 1a sy
xuat hién cac dinh nhidu xa & cac vi tri méi tai 11,00, 17,2°, 19,5°, 24,3°, 26,9° va
27,7° 2 theta. Su dich chuyén géc nhidu xa nay c6 nghia 1a khoang cach mat mang
tinh thé (d) ctia cac nguyén tir BBR bj thay d6i boi sy thay doi goc 2 theta theo cong
thac cua dinh luat Brag:

B nA
"~ 2sinf

Trong d6: n 1a bac cua nhiéu Xa, A 1a buéc séng cua tia X, 6 1a goc tia téi = 2 6/2.

Khi khoang cach mit tinh thé giira cac nguyén tir bi thay doi c6 nghia 1a tinh
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chat két tinh cia BBR bi giam bt hodc BBR di lién két chit ché vai cac thanh phan
khac 1am bién dang mat tinh thé. Két qua nay ciing phu hop véi nghién cau caa Xue
va cong su, tac gia da ching minh rang khi BBR nap vao hé tiéu phan nanolipid s&
chuyén tir trang thai két tinh sang dang v6 dinh hinh [155]. Nhu két qua ¢ hinh 3.12,
cuong d6 nhidu xa ctia cac pic trong mau bao ché bang phuong phéap hydrat héoa film
yéu hon nhiéu so véi cuong do cac pic trong mau bao ché bang phuong phap tiém
ethanol. Diéu nay chang té rang, su chuyén trang thai rin cua BBR & liposome bao
ché bang phuong phap hydrat hda film manh hon so v6i phuong phap tiém ethanol.

Vé phwong phdp danh gid khd nang gidi phéng dwoc chat:

Phuong phap dong hoc tham tich dwoc ap dung dé danh gia kha ning giai phong
dugc chat. Nhu két qua trinh bay & hinh 3.13, cdc mau liposome BBR déu c6 kha
nang kéo dai giai phong duoc chét in vitro. Cac mau bao ché bang phuong phap tiém
ethanol c0 ti ¢ giai phong duoc chat cao hon so voi cAc mau bao ché biang phuong
phap hydrat hda film & trong ca 3 méi truong. Trong vong 8 gio dau, ti 1é giai phong
& trong 3 mdi trudng cua cac mau déu trén 75%, ngoai trir mau bao ché bang phuong
phap hydrat hoa film (FH19 va FH16). Ti I¢ giai phong duoc chat trong méi truong
mo phong acid dich vi cao hon trong cac mdi truong pH4,5 va 6,8. Két qua nay ciing
phU hop véi cac nghién ciru gan ddy di bao cao rang liposome khéng bén trong méi
truong acid din dén tdc d6 giai phong duoc chat khac nhau trong cac méi trudng pH
khac nhau [59]. Trong méi trudng dém phosphat pH 4,5 va pH 6,8, liposome bao ché
bang phuong phép tiém ethanol trong 8 gio dau giai phong trén 90% trong luc do,
liposome bao ché bang phuong phap hydrat hoa film chi giai phong xap xi tir 75-
85%. Su khac nhau vé ti 18 giai phong duoc chét tir liposome bao ché bang hai phuong
phép khac nhau nay c6 thé giai thich 1a do sy khac nhau vé cau trlic cua liposome.
Liposome BBR bao ché bang phwong phap tiém ethanol ¢6 cau tric 1 16p (hinh 3.9),
trong lac dé, liposome bao ché bang bang phuong phap hydrat héa film lai c6 cau
trdc hdn hop: 1 16p, nhiéu 16p va nhiéu ngan (hinh 3.10). Py ciing 1a bang ching
cho thay rang, liposome 1 16p bi pha v& ciu triic trong méi truong acid dich vi nhanh
hon so véi liposome nhiéu ngin hodc nhiéu 16p. Ti I giai phong BBR tir liposome
bao ché bang phuong phéap hydrat hoa film cta luan an ciing phu hop véi két qua cua
nghién ctru trude day cua Sailor [124]. Toc do giai phong cia BBR tir liposome cong
thizc F19 cao hon tir liposome BBR F16. Piéu nay c6 thé giai thich Ia do ti 1& mol
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dugc chat trong cong thize F19 cao hon so véi cdng thic F16. BBR khi nap vao
liposome d3 duoc ching minh 1a nam & trong mang phospholipid kép (hinh 3.10), do
d6 ti 16 mol BBR ting lam cho mirc d6 chen vao mang phospholipid kép nhiéu hon
lam cho mang lipid kép trg 1én long 1o hon nén giit duoc dugc chat kém hon.

4.3. VE BAO CHE VA PANH GIA PROLIPOSOME BERBERIN

4.3.1. Yéu t6 cong thirc

Cong thirc bao ché proliposome BBR duoc lya chon tir cong thirc toi wu trong
bao ché liposome BBR (F19). Thanh phan cong thtrc va ti 16 mol c4c thanh phan duoc
giit nguyén gom BBR:Lipid:NaDC:o-tocopherol = 8:9:2:2. Trong d6 lipid gom 2 loai
HSPC va DSPG véi ti 1é mol 4:6. Cong thirc nay da dugc khao sat & phan bao ché
liposome BBR cho hiéu suit nap cao, ti 1& dugc chat Ion, giai phong dugc chét kéo
dai dén hon 8h trong mdi trudng dém phosphat pH 6,8. Hai loai lipid sir dung trong
cong thirc thudc nhém PCs va PGs I nhirg nhom duoc sir dung pho bién trong bao
ché proliposome BBR do tinh on dinh tot, do tinh khiét cao va khong doc [109]. Cac
chat 6n dinh proliposome thuong dugc sir dung trong bao ché proliposome gom chét
6n dinh mang, chat tang hiéu suat nap 1a nhirng chat tich dién duong hoic am va chat
chéng oxy héa [109], [130]. Cong thuc bao ché proliposome BBR c6 chat ting on
dinh 1a NaDC va chat chong oxy héa I a-tocopherol.

Manitol 1a chat mang duoc lua chon trong nghién ctu nay. D6 1a mét trong
nhitng chat mang théng dung trong bao ché proliposome do ¢ kha ning tan nhanh
trong nudc trong qua trinh hydrat hoa dé tao thanh hdn dich liposome [68]. Kich
thudc tieu phan manitol khac nhau cé thé s& anh huong dén kha niang chuyén dong
trong budng bao va anh hudng dén qué trinh tao mang. Tuy nhién, viéc kiém soat céc
khoang kich thudc khac nhau duéi 125 pm khong thé danh gia bang cac bién phap
rdy thong thudong nhu trong bao ché va san xuat nén luan an khong khao sat yéu t6
nay. Kich thudc hat manitol duoc dua vao nghién ctru la tir 125-500 um.

Luong dung mdi hitu co trong cong thirc duoc st dung dé tao dich phun kha Ion
v6i nham tao ra dich bao lo&ng, gidp giot phun dé& lan va bao phu nhanh trén bé mat
chat mang dé tao thanh 16p film. Tuy nhién, han ché caa viéc sir dung ti 1é dung moi
kha 16n nay 1a c6 thé anh huong dén 6 nhidm mai trudng va ton du dung moi trong
san pham. Viéc danh gia dung méi ton du trong ché pham Ia can thiét khi trién khai
g dung VAo san Xuat.
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4.3.2. V& phuong phap bao ché

Proliposome c6 thé bao ché bing nhiéu phuong phap khac nhau nhu trang phim
trén bé mat chat mang, phun siy, bao hat, khang dung méi siéu téi han, phuong phap
dong kho, va tao cbt lipid-dugc chét [52], [61], [106], [130]. Trong nghién ctu cia
luan an, phurong phap bao hat dugc lya chon bai phwong phap nay c¢6 nhiéu vu diém
nhu quy trinh don gian, d& thuc hién va cé thé nang cap qui mé [133].

Nguyén tic bao ché proliposome theo phuong phap bao hat duoc thuc hién dua
trén nguyén tic caa Grave [55]. Quy trinh gom 4 giai doan gom: phun dich bao 1én
hat, dé dich bao thAm am hat, say kho va tiép tuc phun pha déu hat va say khé hat
(hinh 4.2). Cubi cung thu duoc cac hat gdm nhan manitol dwgc pha 16p film chira cac
thanh phan tao liposome bén ngoai. Dung dich bao hat 14 thanh phan tao liposome
duogc hoa tan trong dung méi hitu co phit hop. Co ché tao hat trong phuong phéap nay

la bdi dan ting 16p dé tao thanh mang film ddng nhét trén bé mat chat mang manitol.
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Hinh 4.2. So' d6 nguyén tdc bao hat [55]

4.3.3. Vé théng sb quy trinh bao ché va @6 on dinh cia proliposome berberin
a. Vé théng sé quy trinh

O ca hai quy md, 4p suat dau sung phun duogc lya chon chu dong qua quan sat
nham tranh hién tuong ling dong chat mang Ién thanh budng tao hat boi ap suat dau
stng phun khdng nhitng tao ra ap suat dé thoi giot phun di ma con tao ra 1 ap khi lén
thanh budng tao hat, thdi chat mang, gitip chong bam chat mang dinh 1én thanh budng.

Trong qui md phong thi nghiém, tbc d6 phun ciing duoc cha dong lva chon phu
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hop véi lwgng chat mang cd sin trong budng tao hat. Cac thdng sé quy trinh khac bao
gom nhiét khi vao, toc do thoi khi dugc khao sat dé danh gia anh huong cia cac thong
s6 nay 1én dic tinh san pham. Két qua cho thay rang, hai théng sé nay anh huong rat
nhiéu dén hinh théi proliposome BBR. Véi thiét bi bao Mini-Glatt c6 dung tich budng
bao 5 lit, néu nhiét d6 khi vao va ap suat théi khi cao qua (téc do théi khi 15 mé/h,
nhiét khi vao 50°C), giot phun khé nhanh truéc khi bdm vao chat mang va/hoic giot
phun khong bam vao dugc trén chat mang do chat mang di chuyén rat nhanh qua khoi
ving bao. Pay 1 nguyén nhan giy nén su khong dong nhat vé hinh thai tiéu phan
proliposome BBR thu duoc (hinh 3.15). Vi nhiét khi vao 50°C va téc do thoi khi 10
m?3/h, mic di giot phun bam duoc trén chat mang do tdc do thoi khi thap, chat mang
dugc treo lo ltrng trong vung bao nhung nhiét d6 khi vao cao nén giot phun kho nhanh
khi tiép xdc véi chat mang, dan dén su hinh thanh mot s vi cau ¢ cac mat chat mang
thd rap xu xi (hinh 3.16). V&i nhiét khi vao 45°C va toc do thoi khi 10 m3/h, giot phun
bam duoc 1&n chat mang va dich phun c6 kha ning lan déu trén bé mat chat mang
truéc khi khd. Vi vay, chat mang dugc bao déu tao thanh mang film, ké ca nhiing vi
tri thd rap, go ghé (hinh 3.17 va hinh 3.18). Nhu vay, théng sb nhiét khi vao 45°C va
téc do thoi khi 10 m3/h 1a phd hop nhat dé bao ché proliposome BBR bang phuong
phap bao tang sdi vai chat mang 1a manitol, dich phun Ia dung dich céc thanh phan
tao liposome BBR dugc hoa tan trong hon hop methanol va cloroform véi ti 1é 2,5:1
(viv). Két qua thu duoc cho thay rang, thdng sé nhiét do, nhiét khi vao anh huéng
dén sy ddng nhat va bé mat tiéu phan proliposome BBR. Két qua nay ciing phu hop
v6i nghién cau cua Jones [72], tac gia da cong bo rang, cac yéu té anh huong truc
tiép dén su hinh thanh mang film trén tiéu phan bao gom su bdc hoi dung méi, tée do
cap dich, kich thuéc giot phun. Trong nghién ctu cua luan an, toe do cap dich duoc
cb dinh va ap suét sung phun khong doi, nén kich thudc giot phun s& khong thay doi
trong qua trinh bao. Do d6, sy bc hoi dung méi 13 yéu té quyét dinh hinh thai va sy
hinh thanh mang film quanh chat mang cua proliposome BBR. Téc d6 nay lai chiu
anh huang 2 thong sb nhiét khi vao va tée do thoi khi.

Trong nang cap quy mo, &p suat phun ciing duoc khao sat dya trén quan sat
murc 6 bam dinh 1&n thanh budng tao hat ciia chat mang. Vi thiét bi Diosna-Minilab,
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&p suat sung phun 1,2 bar, chat mang duoc thoi khoi thanh budng tao hat dé di vao
viing bao. Tc d6 phun dich duoc nang tir mac 1,5 ml/phit & qui md phong thi nghiém
1én 4,5 ml/pht trong nang cap qui md. Toc d6 phun dich dugc khao sat theo téc do
thoi khi bai tde d6 thoi khi quyét dinh ning suat say. Hon nita, nghién ctiu caa Jones
chi ra rang téc do phun dich khong phu thudc vao ¢& 16 [72]. Sau khi khao sat, téc do
th6i khi duoc lua chon trong nghién ctu nay 1a 45%. Vi tée d6 théi khi nay, chat
mang dugc thoi vai van tde phi hop, tao diéu kién thuan lgi cho giot phun bam 1én
bé mat trong qué trinh bao, dong thoi tao niang suét sdy phu hop cho qué trinh bao.
b. Vé dé on dinh cua proliposome berberin

C4c chi tiéu do 6n dinh vé ham luong, d6 4m, kha ning giai phong duoc chat,
d6 6n dinh vé hinh thai, trang thai ly hoa caa proliposome BBR sau thoi gian bao
quan 6 thang & hai diéu kién thuc va LHCT di duoc danh gia. Két qua cho thay, cac
tiéu chi trén mac du 6 sy thay doi tai cac thoi diém danh gia, tuy nhién cac gia tri do
dugc van nam trong pham vi cho phép vé d6 sai léch gitra cac lan do. Ngoai ra, mot
s6 tiéu chi vé liposome hoan nguyén ciing dugce dénh gia d6 6n dinh nhu KTTP, phan
bd KTTP, hiéu suét lipsome hoa, ¢ hai diéu kién bao quan trén. Nhu vay, proliposome
da dugc danh gia cac tiéu chi khong nhirng phu hgp vaéi nhitng nghién ciru trudce day
vé proliposome [11], [83], [114] ma con phi hop véi hudng din chung caa ASEAN
vé nghién ctru do 6n dinh cac ché pham thudc [20].

Vé bao bi déng goi, proliposome BBR van dam bao duoc sy 6n dinh vé tiéu
chi mat khéi lwong do 1am khd qua thoi gian theo ddi o 2 diéu kién thuc va LHCT,
chirng to proliposome BBR dugc dong trong bao bi tli nhém han kin dam bao khong
tham am sau 6 thang bao quan.

4.3.4. V& phwong phap danh gia
a. Danh gia hinh thai

Proliposome BBR duoc danh gia hinh thai bang phuong phap chup SEM la
phuong phap pho bién dé quan sat bé mit. Mau duoc quan sat dudi cac do phong dai
khac nhau, dé vira quan sat hinh thai tiéu phan, vira quan sat bé mat. Hinh thai cia
tiéu phan proliposome BBR cd hinh thai giéng véi chit mang manitol nhung duoc

phu 18n bé mat mot bai thanh phan tao liposome. Tuy thudc vao nhiét do va tée do
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thdi khi ma ma 1op pha 1a mang film hozc 1a cac vi cau hodc vira mang film vira vi cau.

Cudng do dién truong duoc lya chon véi mac tir 2-5kV dé vira quan sat duoc
hinh thai bé mat mau nhung vira dam bao khdng anh hudéng dén chat lwong mau va
khong lam hong mau.

b. Banh gia mét sé ddc tinh ly hoa cua proliposome BBR

Céc dic tinh ly hoa cua proliposome BBR duoc danh gia bang phuong phap
do nhidu xa tia X (XRD) va phd hap thy hong ngoai (FTIR).

Phé nhiéu xa tia X cho thay dac tinh két tinh dang tinh thé cua BBR nguyén
liéu tao ra nhiéu dinh nhiéu xa tai cac vi tri 9,1°, 9,7°, 13,4°, 16,7° va 25,8° 26. Nhung
cac dinh nhiéu xa dic trung nay bi mat di khi BBR dugc nap vao proliposome, chitng
t6 BBR di bi chuyén dang tir két tinh sang v dinh hinh. Két qua nay ciing twong tu
nhu két qua cua Jia va cong su khi danh gia proliposome BBR duoc bao ché bang
phuong phép st dung carbondioxid siéu toi han [69]. Mot sb thanh phan khac nhu
NaDC tbn tai ¢ dang két tinh, trong lac d6 HSPC, DSPG ton tai & dang ban két tinh.
Tuy nhién, cac thanh phan nay déu chuyén thanh dang vo dinh hinh khi tao thanh
proliposome. Riéng manitol khéng bi anh huong boi qua trinh tao thanh proliposome,
Vvan ton tai & dang két tinh va thé hién day du cac dinh nhiéu xa dic trung nhu dang
nguyeén liéu trong phd nhiéu xa.

Phé hap thu hong ngoai ciia BBR (hinh 3.21) thé hién céc tin hiéu dao dong
bat di v&i cuong d6 manh tai s6 song 127 cm™, 1232 cm® va 2 dao dong can d6i véi
cudng do trung binh tai s6 séng 1065 cm™, 1034 cmL. Pay 1a cac dao dong ciia nhém
aryl ether oxyd (ArC-O-CHs). Céc dao dong manh véi cudng do 16n tai s6 song 1598
cm?, 1505 cm, 1388 cm™ va 1363 cm? la céc tin hiéu dao dong cua di vong N 6
canh. Tuong ty nhu vay, nhom ether vong va nhom ether vong thom cho cac dao
dong lan luot tai s6 song 975 cm™ va 987 cm™. Cac dao dong dic trung ctia cac nhém
chuc trong cau tric phan tir BBR & cac s6 song nay ciing phi hop vai tai liéu da cong
bd trude day cua Ernd vé phd hdng ngoai caa cac nhém chuac caa hop chat hitu co
[118]. Phé hap thu hdng ngoai cua proliposome BBR cho thay khi dugc nap vao mang
film cua proliposome, BBR da lién két chat ché vai cac thanh phan tao mang film

khac. Diéu nay 1am han ché cac dao dong cua cac nhém chirc dic trung cua phan ti
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BBR nhu nhom aryl ether oxyd (ArC-O-CHs), di vong N 6 canh, nhom ether vong
va nhém ether vong thom. Do d6, nhiéu pho dao dong dic trung cua cac nhoém chic
trong cau trdc phan tir BBR bi mat di so v&i phd hap thu hdng ngoai cia nguyén liéu
BBR. Tuy nhién, van ton tai mot pho dic trung caa BBR ¢ s6 séng 1505 cmL, nhung
cudng d tin hiéu bi giam di nhiéu boi sy twong tac véi thanh phan khéc 1am gidi han
dao dong cua cac nhém chuc nay. Két cua nghién ctru cua dé tai ciing phu hop voi
két qua nghién ciru cua Jia va cong su khi danh gia phd hong ngoai caa proliposome
bao ché bang phuong phap dbi dung moi siéu ti han [69].

c. Panh gia kha nang hydrat hoa

Kha nang hydrat hoa trong cac moi truong mo phong dich duong ti€u hoa nhu
moi treong acid dich vi (dung dich HCI 0,1N, pH = 1,2), moi truong dich ta trang
(d¢ém phosphat pH = 4,5) va méi trudng phan dau rudt non (dém phosphat pH = 6,8)
dugc danh gia bang st dung kinh hién vi dién tir quét lase. Pay 1a kinh hién vi co thé
sir dung dé soi twoi mau trong moi trudng md phong nham ghi lai hinh anh caa qué
trinh hydrat hoa 16p mang film. Két qua & hinh 3.22 cho thay trong méi truong acid
pH 1,2, 16p mang film duoc thim nhanh méi truong ngay lap tic, tao nén 1 16p bao
boc tiéu phan. Lép nay sau d6 tré nén chac chan va tro véi méi truong, khong tiép
tuc qua trinh hydrat hoa hoic bi hydrat hda rat cham. Vi vay, 16p mang film kho
hydrat héa hoan toan dé tao thanh liposome.

Trong moi treong dém phosphat pH 4,5, 16p mang film dugc hydrat hoa
nhanh, tao trén bé mat proliposome nhiéu bong x6p nho déu dan (hinh 3.23 B, C).
Sau do, cac bong xop nay tiép tuc duoc hydrat hoa dé tao ra nhitng bong nho hon va
bong ra khoi bé mit tiéu phan proliposome rdi phan tan ra méi trudng (hinh 3.23 B,
D) va c6 thé quéa trinh hydrat héa cac bong nho lai dugc tiép tuc dé tao ra liposome
¢6 kich thudc nho khong quan sat dugc bang kinh hién vi dién tir quét lase do gidi
han vé d6 phan giai.

Trong moi truong dém phosphat pH 6,8, 16p mang film dugc hydrat hda nhanh
dé tao nhitng vi nhung mao xung quanh mang film (hinh 3.24 B). Nhitng vi nhung
mao nay tiép tuc dugc hydrat hoa dé tao thanh nhiing tdi nho rdi bong ra khoi bé mit
tiéu phan (hinh 3.24 C, D, E, F).
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Nhu vay, qué trinh hydrat hoa cta proliposome BBR trong dung dich acid HCI
0,IN pH 1,2 khac véi qua trinh hydrat hoa trong 2 méi truong dung dich dém
phosphat pH 4,5 va pH 6,8. Trong dung dich acid pH 1,2, tiéu phan proliposome BBR
duoc hydrat héa mot phan ngay khi tiép xdc véi méi trudng. Tuy nhién, qué trinh
hydrat héa sau d6 bi ngung lai do sy tao thanh cac 16p hang rao chic chan xung quanh
tiéu phan, ngin can qua trinh hydrat hoa tiép theo. Nguoc lai, trong méi truong dung
dich dém phosphat pH 4,5, qué trinh hydrat hdéa mang film dién ra nhanh ngay khi
tiéu phan proliposome BBR tiép xtc méi truong dé hinh thanh nhitng tdi xung quanh
bé mit tiéu phan, tao bé mat xép giup méi treong dé dang len 16i vao trong dé hoa
tan nhan manitol va qué trinh hydrat hoa dién ra nhanh chéng. Trong méi trudng pH
6,8, 16p mang film thAm nuéc va nhanh chéng tao thanh sgi nhung mao xung quanh
tiéu phan, sgi nay lai dugc thim moi truong va hydrat hda tiép tuc dé tao thanh nhitng
tdi nho, hinh thanh 16p tai x6p bao boc tiéu phan. Piéu nay tao ra cac kénh thim nuéc
vao trong nhan manitol va hoa tan nhan dan dan. Cac bong x6p mat vi tri bam va
phan tan ra méi truong dé tiép tuc hydrat hoa tao liposome.

d. Pdanh gid kha nang gidi phéng dwoc chat

Kha ning giai phong duoc chat BBR tir proliposome duoc danh gia bang
phuong phap thir 4o hoa tan trén thiét bi thir hoa tan Erweka kiéu canh khuay theo
hudng din cia Duoc dién Viét Nam V, phu luc 11.4 [2], ¢6 thay dbi cho phi hop véi
nghién ctru. Cac méi truong thir mé phong bac thang pH trong duong ti€u héa nhu
pH1,2 cua dich vi (dung dich acid HCI 0,1N), pH 4,5 ¢ t& trang pH 6,8 & dau ruot
non. Kha ning giai phong duoc chat & méi trudng acid rat thap, ¢ khoang 25% duoc
chat duoc giai phong trong 4 gio dau va chi c6 khoang 50 % BBR duoc giai phong
trong vong 24 gid. Phan tram giai phong duoc chat thap ¢ méi trudng pH 1,2 trong
nghién ctru nay ciing phi hop véi cac nghién ciru khac vé danh gia giai phong dugc
chat tir proliposome nhu nghién ctru cua Janga va cong su [68], Jia va cong su [69].
Tuy nhién, trong mdi truong dém phosphat pH 4,5, ti 18 giai phong duoc chat trong 4
gio dau dat dén 70%, trong lac d6 ti 16 ndy & trong mdi truong dém phosphat pH 6,8
la 60%. Trong vong 12 gio, BBR giai phong dén 90% trong méi truong pH 4,5. Ti lé
nay trong moi trudng dém phosphat pH 6,8 12 80% va kéo dai giai phong dén 24 gio
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thi dat khoang 85%. Su khac nhau vé ti 1¢ giai phong dugc chat BBR tir proliposome
BBR trong méi truong dém phosphat pH 4,5 va pH 6,8 ciing phu hop vai ti 1€ giai
phéng dugc chét tir liposome BBR. Diéu nay ciing duoc giai thich 1a do trong moi
treong acid, liposome bi pha huy c4u triic nhanh hon so v6i méi trudng c6 pH cao.
Tuy nhién, c6 sy khac nhau vé giai phong duogc chat trong méi trudng acid rat thap
(pH1,2) tir proliposome BBR va liposome BBR. Proliposome BBR giai phong dugc
chat rat cham trong mai trueong acid boi vi mang film kho hydrat hda va tro thanh
mot mang bao vé chic chan nhu két qua thir nghiém hydrat héa trén (hinh 3.25).
Nguoc lai, BBR lai giai phong dugc chat rat nhanh tir liposome do ciu trdc liposome
bi ph& huy nhanh ¢ pH acid thap. Nhu vay, proliposome c6 thé duoc coi 1a mot hé
mang duoc chat c6 thé hoan nguyén thanh liposome sau khi qua khoi da day. Vi vay,
proliposome ¢6 wu diém hon liposome 13 khong nhitng bao vé duge dugc chat khoi
su phan huy boi acid dich vi ma con la tién liposome, gilp khic phuc dugce nhugc
diém bi pha huy cau trdc boi acid dich vi caa liposome.

e. Danh gia liposome tao thanh tur proliposome BBR

Kha ning tao thanh liposome cua proliposome dugc danh gia bang phuong
phép thtr hydrat hoa proliposome trong 3 moéi treong moé phong bac thang pH duong
tiéu hoa. Trong hai méi truong dung dich dém phosphat pH 4,5 va dung dich dém
phosphat pH 6,8, proliposome BBR dé dang hydrat h6a mang film dé tao thanh
liposome (hinh 3.23, 3.24). Tuy nhién, kha nang hydrat hoa thanh liposome cua
proliposome BBR trong méi trudng acid dich vi gap nhiéu khé khan do 16p film ban
dau treong phdng 18n rdi ngay 1ap tac co lai va tro thanh mang bao vé prolipsome
(hinh 3.22).

Trong méi truong nudc, proliposome BBR sau khi dugc lic véi nudc cat ¢ 37°
duoc tiép tuc u ¢ 37 °C trong vong 5-20 phit dé dam bao qué trinh hydrat héa dugc
xay ra hoan toan. Ky thuat nay duoc ap dung dua trén phuwong phap cua Jia va cong
su sir dung dé hydrat hoa proliposome BBR bao ché bang phuong phap ddi dung moi
siéu tai han [69].

Liposome tao thanh tir proliposome dugc soi tuoi dudi kinh hién vi dién tir
truyén qua (TEM), sir dung k§ thuat nhuom bang uranyl acetat dé c6 thé quan sét rd

nét hinh théi cua liposome. Hinh thai caa liposome quan sat duoc ¢6 hinh cau déu
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din, c6 kich thuée do duge trong vi treong Xap xi 50 nm. Kich thudce nay ciing nam
trong khoang phan bé kich thuéc cua liposome BBR do duoc bang ki thuat nhiéu xa
anh sang dong (hinh 3.19).

Hiéu suat nap cua liposome tao thanh tir proliposme BBR 1a 87,8 + 1,0%, xap
Xi vai hiéu suat nap cua liposome bao ché bang phuong phap hydrat héa film (87,5 +
0,6%). Nhu vdy, mic du liposome BBR duoc bao ché bang hai phwong phap khac
nhau, nhung ciing mot cong thic bao ché va cung co ché trang film nén hi¢u suat nap
1a twong dwong nhau. Tuy nhién, phuong phap bao ché prolipome khic phuc dugc
nhugce diém cua liposome khi di chuyén qua ving pH acid trong duong tiéu hoa,
nhuoc diém nay di duoc béo céo bai He va cong su [59]. Ngoai ra, phan bé KTTP
cua liposome tao thanh tir proliposome da dwoc béo cdo dong nhat hon so voi
liposome bao ché bang phwong phéap hydrat héa film thong thuong [61], [133].
4.4.VE PANH GIA SINH KHA DUNG IN VIVO CUA LIPOSOME BERBERIN
4.4.1. Phwong phap danh gia
4.4.1.1. Péi twong thik, mé hinh dwoc déng hec va liéu ding

Vé d6i tugng thir, 6 nhiéu nghién ctu vé dugce dong hoc duong ubng cua
BBR va hau hét cac thi nghiém déu tién hanh trén chuot cong [51], [54], [88], [94],
[164]. Tuy nhién, rat it nghién ctru duoc dong hoc dudng udng cua liposome BBR
hozc proliposome BBR. Gan day, co hai nghién cttu vé linh vuc nay gdm nghién cau
vé dugce dong hoc dudng ubng cua liposome BBR trén tho cia Nguyen [110] va
proliposome BBR trén chudt cong cua Jia [69]. Trong nghién ciru caa luan an, chudt
cong duoc lva chon lam ddi twong thir do ¢6 nhiéu vu diém nhu ¢6 thé lay mau duoc
nhiéu thoi diém va enzym chuyén hoa caa chudt cong gidng véi ngudi.

Vé mé hinh dugc dong hoc, nghién ciru chon mé hinh khong ngin dé tinh toan
c4c thong s6 dugc dong hoc. M6 hinh nay ciing duoc ap dung trong cac nghién cuu
trudc cua Zuo 2006 [164], Fan 2013 [51], Gong 2014 [54].

Vé liéu dung, sinh kha dung cia BBR duoc nghién cau vai nhiéu liéu ding
khac nhau trén chudt cong: 25 mg/kg [54], 40 mg/kg [164], 90 mg/kg [88], [95], va
100 mg/kg [51]. Sinh kha dung cua liposome BBR hodc proliposome BBR dugc
nghién ciru vai lidu tuong twong BBR 5 mg/kg trén tho [110] va 150 mg/kg trén chuot
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cdng [69], song song nghién citu SKD cua hdn dich BBR véi lidu nhu 16 thir. Trong
nghién ctru cua luan an, liposome BBR duoc sir dung voi liéu trong dwong voi BBR
100 mg/kg trén chudt cdng, co so sanh ddi ching véi hdn dich quy wéc BBR vai cling
muc lidu.

4.4.1.2. Thoi diém va vj tri ldy mdu mau

Trong cac nghién ctru trudce, thoi diém 1y mau mau dé xac dinh théng sé duoc
dong hoc trén chudt cong duoc thuc hién & 7 thoi diém [164], 12 thoi diém [51], [69],
14 thoi diém [54], [88]. Thoi gian ldy mau mau dugc thyc hién sau thoi gian uong thube
24 gio [69], 36 gid [51], [54], [164], tham chi kéo dai dén 60 gio [88]. Trong nghién ctu
caa luan an, sé thoi diém Iy mau méu 1a 14 va thoi gian lay mau kéo dai sau thoi gian
udng thuéc 36 gio.

C6 nhiéu vi tri lay mau méau chudt cong nhu tinh mach cha bung dudi [164], tinh
mach xoang mat [51], [69], [95], tinh mach ¢6 [54]. Ly mau tinh mach mat thi phai thuc
hién budc gdy mé theo yéu cau vé dao duc nghién ctu trén dong vat cua Uy ban Y té
Chau Au. Tinh mach dui duogc lya chon 13 vi tri 1y mau mau trong nghién ctu bai thao
tac thuan tién, khdng can phau thuat nhung van liy duoc mau chinh xéc.
4.4.1.3. Phwong phap xi ly mau

Pé chiét BBR tir mau chudt, c6 thé thuc hién cac phwong phap chiét long-long
hoic tua protein [32], [88]. Phuong phap két taa protein duoc lya chon cho nghién
ctru cia luan an béi so voi phuong phéap chiét 16ng-long, phuong phap két taa protein
vé6i dung madi acetonitril c6 wu diém 1a don gian, d& thuc hién va hiéu suat chiét cao
[32].
4.4.1.4. Phan tich berberin trong huyét tuwong chugt bang phwong phdap LC-MS/MS

BBR c6 sinh kha dung duong udng thap (duéi 10%) do bi chuyén hoa ngay
tai rugt, chiu tac dong cua bom tong thude, bi dao thai theo chu trinh gan-rudt [161].
Mt khac, mau huyét twong c6 nhiéu thanh phan phuc tap nén viéc dinh luong nong
d6 BBR trong huyét trong gip nhiéu khé khan néu khong sir dung phuong phap phu
hop. Phuong phap HPLC duogc st dung khi dinh lugng BBR trong mau tho [110].
Tuy nhién trong méau chudt chu yéu duoc dinh lugng bang phuong phap LC-MS/MS
[32], [51], [54], [88], [95]. Phuong phap LC-MS/MS ciing duoc luya chon cho nghién
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ctu sinh kha dung BBR trong luan an baoi phuong phap nay c¢6 do nhay, tinh chon
loc, d6 dang, do chinh x&c cao.

Ngoai ra, viéc st dung chuan noi gilp giam sai s trong qué trinh phan tich,
tang d6 tin cay. Chuan noi duoc st dung trong nghién ctu 1a glibenclamid bai thuc
té khao sat cho do nhay cao hon so vé&i chat chuan noi khac (palmatin).

Két qua tham dinh cho thy, phuong phap phan tich BBR trong huyét trong
chudt bang phwong phap LC-MS/MS dat yéu cau vé cac tiéu chi danh gia dugc chat
trong dich sinh hoc theo huéng dan chung caa EMA [7] va FDA [8].
4.4.1.5. Mdu déi chiéu

Cac nghién ctu vé sinh kha dung cia liposome BBR va proliposome BBR déu
st dung mau di chiéu 1a BBR nguyén liéu [69], [110]. Vi vay, trong nghién ciru cua
luan &n, hén dich quy udc BBR dugc pha ché tir nguyén liéu BBR trong dung dich
NaCMC 0,5% dugc lua chon 1am mau ddi chiéu.
4.4.1.6. Phwong phdp xir ly sé ligu

Mot s6 phan mém cho phép tinh toan cac thong sb dugc dong hoc duong uéng
cua BBR trong mau chuot nhu DAS version 2.1 [88], DAS version 3.0 [70], Excel
Solver [32]. Phan mém Phoenix® dugc st dung dé xt ly sb liéu dugc dong hoc trong
nghién ctru cua luan &n boi phan mém nay cho phép vira tinh toan cac théng sé sinh
kha dung vai nhiéu md hinh khac nhau vira cho phép so sanh tuong duong sinh hoc
gitra hai ché pham.

4.4.2. Két qua danh gia

Khi so sanh sinh kha dung duong udng cua BBR & dang nap vao proliposome
v6i BBR nguyén liéu, Jia va cong su da chirng minh rang dang proliposome BBR cho
sinh kha dung AUCo.24 trén chudt cong cao hon dang BBR nguyén liéu 22,47 lan ¢
muc lidu 150 mg/kg can nang chudt (n=7) trong thoi gian [69]. Trong nghién ciu caa
luan an, thi nghiém ciing duoc tién hanh trén chudt cong véi mac lidu dugc thiét ké
100 mg/kg can nang chudt. Sinh kha dung AUCo-36 cia BBR nap vao liposome cao
gap 6,28 1an so véi BBR tu do véi khoang tin cay 90%. Nong do dinh trong huyét
tuong (Cmax) Cao gap 2,46 lan so voi dang BBR tu do (khoang tin cay 90%). Két qua
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nay cho thiy, BBR khi nap vao liposome duoc hip thu tét hon so véi dang tu do do
tang tinh thAm qua niém mac rudt, giam anh huong caa bom téng thude.

Thoi gian luu tri trung binh trong mau cua BBR cua nhém udng liposome
BBR khéc khéng c6 ¥ nghia théng ké so véi nhém ching uéng BBR tu do. Két qua
cua dé tai cling phu hop vai Nguyen va cong su khi nghién ciu liposome BBR ding
duong ubng trén tho [110]. Ngoai ra, sy khdng cai thién vé thoi gian luu tri cua
liposome BBR so véi BBR tu do ciing twong tu véi két qua caa Ahammed va cong
su khi nghién ctru sinh kha dung cua liposome rotinavir ding duong udng [11]. Trong
nghién cttu cuia Ahammed, mac du thoi gian luu tri cua ritonavir trong mau caa
liposome khong khac so véi dang ty do, nhung thoi gian luu tra cta ritonavir ¢ gan
ctia nhém udng liposome dai hon so vi nhdm udng dang tu do. Trong nghién cau
cua luan an, thoi gian luu tri thudc ¢ gan chua dugce danh gia va do ciing 1a han ché
cua dé tai.
4.5.VE TAC DUNG HA LIPID MAU NOI SINH CUA LIPOSOME BERBERIN
4.5.1. Md hinh dworc ly, d6i twong thir va liéu thir

O ngudi, 70% cholesterol duoc tong hop ¢ gan va con lai 30% ¢ ngudn gdc
ngoai sinh (do thyc pham cung cip). Vi vay mé hinh dénh gia tac dung ha lipid mau
noi sinh duoc lya chon trong nghién ciru cua luan an. Pay ciing 13 md hinh cho két
qua nhanh, pht hop véi nghién ciu sang loc ban dau [6]. Budc dau tién dé danh gia
mo hinh 1a gay tang lipid mau ndi sinh.

Trong cac chit dung dé gay ting lipid mau ndi sinh thi Poloxamer 407 V&i
duong tiém mang bung duoc cho 1a nhanh, kéo dai thoi gian tac dung va nong do
trong huyét twong 6n dinh hon [104]. M6 hinh nghién cru caa Leon va cong su cho
thiy P-407 sir dung véi lidu 0,5 g/kg trén chudt nhit 1am ting ca TG va TC huyét
tuong va TG & gan [87]. Liéu 300 mg/kg chudt cong 1am ting cholesterol mau trong
thoi gian tdi thiéu 96 gio [71]. Trong mé hinh nghién ctu cua Ta Thu Thay, P-407
dugc tiém phic mac vai lidu don 200 mg/kg trén chudt nhat 1am ting ro rét nong do
TC (203%), non-HDL-C (247%) va TG (913%) trong huyét twong so v6i nhém
chirng vai p < 0,001, tang HDL-C (13,4%) so véi nhom chang (p < 0,05) [5]. Nhu
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vay, vai lidu tir 200 mg/kg dén lidu 0,5 g/kg chudt nhét déu cho két qua lam ting t6t
ndng d6 lipid mau noi sinh. Vi vay, mé hinh nghién ctu trén chudt nhat vai liéu thap
200mg/kg tiém phic mac dugc chon cho nghién ciru trong luan an, vira tiét kiém vira
an toan va hiéu qua. Thoi diém lay mau dé diém tra ndng d6 lipid mau 1a 24 gio sau
khi tiém P-407 bai theo nghién ciru ctiia Leon va cong sy, tai thoi diém nay, nong do
lipid mé&u noi sinh dat cuc dai, sau d6 giam dan vé gié tri binh thuong [87]. Két qua
nghién ctru cho thay, & cac 16 chudt dugc tiém mang bung P-407, cac chi sé TC, LDL-
C va TG déu tang lén rd rét véi ti Ié tang 1an luot 1a 103,3% (p <0,001), 2117,6%
(p<0,001), 583,9% (p< 0,001) so vai 16 ching sinh ly.

V& d6i tugng thir, chudt nhit dugce lua chon cho nghién ctu cua luan an vi chudt
nhét ré tién nhung van dam bao dugc hiéu qua cua thi nghiém [5].

V& liéu thi, ¢6 2 liéu dugc nghién ctu 1a 50 mg/kg va 100 mg/kg can ning
chuot. Liéu nay duoc xac dinh can ctr vao gia tri liéu trong cac nghién ctu vé sinh
kha dung trudc day: liéu proliposome BBR tuong ting véi BBR 150 mg/kg trén chuot
cong [69], liéu 100 mg/kg [51], 90 mg/kg [88], [95], 40 mg/kg [164], 25 mg/kg[54].
4.5.2. Chirng dwong

Chutng duong st dung trong nghién ciru 13 atorvastatin. Muc lidu atorvastatin
duogc lya chon trong mé hinh gay tang lipid mau ndi sinh trén chuot nhat 1a 20 mg/kg.
Liéu nay duoc nghién ciu 14 cho tac dung hiéu qua trén mé hinh gay ting lipid mau
noi sinh [71].

Két qua trong nghién ctru cho thdy, atorvastatin c¢6 tac dung 1am giam rd rét
TC va LDL-C véi ti 1& giam lan luot 12 20,2% va 34,7% so véi 16 chiing bénh
(p<0,05). Trén TG, atorvastatin khdng c6 tac dung lam giam nong do nay. Két qua
cua luan an cling phu hop véi két qua cua céc nghién ciru truéc vé tac dung cua
atorvastatin trong diéu tri rdi loan lipid mau trén chudt thuc nghiém [5].

4.5.3. Mau dbi chiéu va két qua danh gia

Mau ddi chiéu dugc chon 1a hdn dich quy uéc cia BBR pha trong dung dich

NaCMC 0,5% vai liéu 100 mg/kg can nang chudt nhat. Vi liéu nay, BBR khéng c6

tac dung lam giam céc chi s6 TC, LDL va TG va ciing khong 1am thay ddi ndng do
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HDL (p > 0,05). Két qua nay khac véi két qua nghién ciu cua Kim va cong su [79],
tac gia da bao cao BBR vdi liéu BBR 50 mg/kg va 100 mg/kg d3 lam giam ndng do
TC, LDL-C, TG va lam ting HDL-C trén chudt céng so véi nhém chirng mot céch
c¢6 ¥ nghia thong ké (p < 0,05) trén mé hinh gay ting lipid mau chudt cbng boi P-407
véi liéu 500 mg/kg tiém phdc mac. Su khac nhau vé kha ning anh hudng dén thong
s6 lipid mau trong két qua cua luan an va két qua nghién ctru caa Kim [79] 1a do su
khac nhau trong thiét ké nghién ciru vé lidu va déi twong thir: nghién ciru caa luan an
thuc hién véi lieu P-407 12 200 mg/kg trén chudt nhat. Trong khi d6 nghién ctu cua
Kim, P-407 duoc si dung véi liéu 500 mg/kg trén chudt cong.

Trong lGc mau ddi chiéu khong co6 tac dung lam giam cac chi sé lipid trén
chudt nhat mot cach c6 y nghia théng ké thi mau thir liposome BBR véi liéu tuong
duong BBR 50 mg/kg chudt 1am giam chi s LDL-C 54,1% (p <0,01) va TG 37,6%
(p <0,05) so vai 16 ching bénh trén cing dbi twong thir. Liposome BBR véi liéu
tuong duong 100 mg/kg chudt 1am giam ca 3 chi s6 TC, LDL-C va TG véi mac giam
lan Tuot 14 15,8 % (p < 0,05), 57,0% (p < 0,01), 38,2% (p < 0,05).

Sy khac biét vé tac dung lam giam lipid mau noi sinh cua liposome BBR so
véi hon dich BBR quy uéc bai do sinh kha dung cia liposome BBR cao hon hon dich
quy uéc 6,28 lan (hinh 3.35, bang 3.34 va bang 3.35). Véi sinh kha dung cao, nong
d6 BBR trong mau ciia nhom chudt udng liposome BBR du dé e ché qua trinh ting
sinh tong hop cholesterol ndi sinh va lam dao ngwoc qua trinh e ché sy biéu hién
ciia LDL-receptor gay ra boi P-407 [87]. Nguoc lai, hdn dich quy wéc cd sinh kha
dung thip nén khong gay ra duoc tac dung nay.

Trong mo6 hinh gay tang lipid mau ndi sinh cua luan an, P-407 khong gay tang
nong d6 HDL-C méu. Céc chitng duong, hon dich quy wéc va liposome BBR ca 2
licu déu khdng anh hudong dén nong do HDL-C. Két qua nay ciing twong dong voi

két qua cua cac nghién ciru trude [30], [160].
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4.6. PONG GOP MO| CUA PE TAl
Pé tai di c6 nhitng dong gdp mai sau:

1. Xay dung dugc cong thirc va quy trinh bao ché liposome BBR bang 2 phuong
phap tiém ethanol va hydrat hoa film, xac dinh duoc cu trac va dic tinh cua liposome
BBR bao ché. Liposome BBR bao ché duoc c6 KTTP nho (KTTP trung binh < 200
nm) va phan b KTTP hep (chi sé da phan tan PDI < 0,3), hiéu suit liposome hoa cao
(>85%), giai phong duoc chit kéo dai trong moi truong dém phosphat pH 6,8 trén 12
gio.

2. Xay dung duoc cong thicc va quy trinh bao ché proliposome BBR bang
phuong phap bao hat nham ting @6 6n dinh, thuan loi trong mé rong quy mé va hudng
t6i tng dung vao dang thudc dung qua duong ubng. Proliposome BBR sau khi phan
tan vao nudc tao thanh liposome c6 dic tinh twong tu nhu liposome BBR bao ché
bang phuong phap hydrat hoa film, nhung c6 ham lugng dugc chéat cao hon, khac
phuc dugc nhuge diém kém 6n dinh caa liposome.

3. Xay dyng va tham dinh duoc phuong phap dinh luong BBR trong huyét
tuong chudt céng. Phuong phap cé tinh kha thi, ¢ thé 4p dung cho nghién cau SKD
ctia BBR va di chirg minh duoc liposome BBR véi liéu twong tng BBR 100 mg/kg
c6 kha nang cai thién SKD cia BBR ding duong udng trén chudt cong (Cac gia tri
Cmax V& AUCo.36 n cia nhdm udng liposome BBR lan luot cao gap 2,46 lan va 6,28
lan so véi cac gia tri nay & nhom ubng hdn dich quy uéc BBR).

4. ba ching minh dugc liposome BBR c6 kha nang lam ha lipid mau ngi sinh
trén chuot nhat t6t hon so véi BBR tu do. Liposome BBR liéu twong tng véi BBR
50 mg/kg va 100 mg/kg 1am giam LDL-C lan luot & mtc 54,11% va 57,0% so vai 16
chang bénh (p<0,001), giam TG lan luot & mic 37,7% va 38,2% (p<0,05).
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KET LUAN VA PE XUAT
KET LUAN
1. Pa xay dwng cong thirc va quy trinh bao ché liposome BBR va proliposome
berberin & quy mé phong thi nghiém
Trong ndi dung thuc nghiém cua luan an, liposome BBR di dugc bao ché bing
phuong phap tiém ethanol va hydrat hda film. Thanh phan céng thirc cau tao nén
liposome gém BBR, a-TP, NaDC va lipid véi ti 16 mol BBR : a-TP : NaDC : lipid =
8:2:2:9. Trong d6 lipid gdm HSPC va DSPG véi ti I¢ mol HSPC : DSPG =4 : 6.
Céu trac va dac tinh cua liposome BBR dd duoc dénh gia. Liposome BBR bao ché
duoc ¢ KTTP nho (KTTP trung binh < 200 nm), phan bé KTTP hep (PDI < 0,3),
hiéu suat liposome hoa cao (>85%), kéo dai giai phong dugc chét trong moi truong
pH 6,8 trén 24 gid (dbi voi liposome bao ché bang phuong phéap hydrat hoa film).
Cong thirc va quy trinh bao ché proliposome BBR bang phwong phéap bao hat

trén thiét bi bao tang sbi da duoc xay dung nham tang do 6n dinh, thuan lgi trong mo
rong quy mo va hudng téi ung dung vao dang thude dung qua dudng udng. Théng sb
quy trinh bao ché proliposome BBR quy md 200 g/mé trén thiét bi bao tang sbi dugc
lya chon gom nhiét gi6 vao 45 °C, ap suat dau sting phun 1,2 bar, téc 6 phun 4,5 ml,
téc do thoi khi 45%. San pham bao ché dat yéu cau vé do on dinh cac dic tinh nhu
hinh thtre, ham luong, giai phong duoc chat, kha ning tao thanh liposome sau thoi
gian bao quan 6 thang ¢ diéu kién thuc va l40 hoa cap tc. Proliposome BBR sau khi
phan tan vao nudc tao ra liposome BBR c¢6 dic tinh twong tu nhu liposome bao ché
bang phuwong phap hydrat hoa film nhung c6 ham lwgng duoc cht cao hon va khic
phuc dugc nhuge diém kém 6n dinh caa liposome.
2. DPi danh gia dwoc sinh khi dung dwong udng ciia liposome berberin va tic dung
ha lipid mau ngi sinh cua liposome berberin trén dong vat thuc nghiém

Két qua danh gia SKD cua liposome BBR trén chudt céng cho thay rang hé
mang dugc chat liposome c6 kha ning cai thién SKD cua BBR dung duong udng
(Cmax tang 2,46 1an, AUCO0-36 h tang 6,28 1an, AUCO-co ting 5,53 1an).

Liposome BBR tao thanh tir proliposome BBR vai liéu twong tng BBR 50

mg/kg can nang c6 tac dung lam giam 2 chi sb lipid mau trén chudt nhat duoc gay
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tang cholesterol mau noi sinh véi LDL-C giam 54,1% (p <0,01) va TG giam 37,6%
(p <0,05) so vai 16 chizng bénh. Liposome BBR Vi liéu twong duwong BBR 100 mg/kg
chuot 1am giam ca 3 chi s6 TC, LDL-C va TG véi mic giam lan luot 12 15,8 % (p <
0,05), 57,0% (p < 0,01), 38,2% (p < 0,05). Trong khi d6, BBR tu do véi lidu 100
mg/kg khdng lam giam cac chi sb cholesterol va triglycerid mét cach co ¥ nghia thong
ké.

PE XUAT

- Tiép tuc nang cap quy md bao ché proliposome BBR

- Nghién ctru dua proliposome BBR vao dang bao ché.
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NOI DUNG CAC PHU LUC

PHU LUC 1. KET QUA THAM PINH PHUONG PHAP PINH LUQNG
PHU LUC 2. KET QUA NGHIEN CUU TIEN CONG THUC

PHU LUC 3. KET QUA BAO CHE, PANH GIA LIPOSOME BERBERIN VA
PROLIPOSOME BERBERIN

PHU LUC 4. KET QUA PANH GIA SINH KHA DUNG CUA LIPOSOME
BERBERIN



PHU LUC 1. THAM PINH PHUONG PHAP PINH LUQNG

Phu luc 1.1a. Phé hip thu ciia BBR trong 2 méi trreong nwéc va ethanol 96%

Absorbance(a.u)

'BBR/Ethanol 96%

P IS I I T T ST ST S —

200 220 240 260 280 300 320 340 360 380 400
Wave length (nm)

Hinh PL1.1a- Phé hdp thu ciia BBR trong 2 méi truong nuéc va ethanol 96%



Phu luc 1.1b. Pd thi biéu dién méi twong quan tuyén tinh giita mat dé quang
véi nong d@d BBR trong dung moi ethanol 96%

0.7
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06 R2=0.9899 .- ’
oo 0.5 e "'.
5 o
204 [
© | e
S 0.3 et °
<0 .'._."
0.1
0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

Nong dé (mg/ml)

Hinh PLI.1b. P6 thj biéu dién méi twong quan tuyén tinh giiza mdt dé quang Véi
nong dé BBR trong ethanol 96 %

Phu luc 1.1c. Do thi biéu dién méi twong quan tuyén tinh giita mat dé quang
véi nong do BBR trong dung méi nwéc cit
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Hinh PLI.1c. Pé thi biéu dién méi tiong quan tuyén tinh giia mdt dé quang véi

nong dg BBR trong nurdc cat



Phu luc 1.2a. Tinh thich hop ciia hé théng
Bang 1.2a. Két qua danh gid tinh thich hop cua hé thong HPLC

STT Thoi gian lru Dién tich pic S6 dia Iy
tr (phit) (mAU.giay) thuyét
1 3,60 154,95 13596
2 3,60 153,86 13932
3 3,62 154,03 13686
4 3,62 153,78 13636
5 3,63 154,49 13799
6 3,63 154,32 13712
B 3,62 154,24 13727
RSD (%) 0,33 0,29 0,89

Phu luc 1.2b. Tinh chen loc- @9 d@ic hiéu ciia phwong phap HPLC (miu trang,
mau chuan 5 pg/ml, miu thir 5 pg/ml)

DAD1 B, Sig=350,16 Ref=500,100 (THUAN_BC\THUAN BC 2021-03-26 18-06-011045-4001.D)

T T T T T T T T T
05 1 15 2 25 3 35 4 45 mir|

Hinh PL-1.2b.1. Sdc ky d6 mau trang



DAD1 B, Sig=350,16 Ref=500,100 (THUAN_BC\THUAN BC 2021-03-26 18-06-01\004-0401.D)
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Hinh PL-1.2b.2. Sdc ky d6 mau chudn

DADT B, Sig=350, 16 Ref=500,100 (THUAN_BC\THUAN BC 2021-03-26 18-06-011002-0201 D)
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Hinh PL-1.2b.3. Sdc ky dé mau thir




Phu luc 1.2c.

Sw phu thugc tuyén tinh giira dién tich pic véi ndng dé BBR (miu
chuan 5 pg/ml)

Lan Dién tich pic (mAU*giay)
Nong d6 | Nong do | Nong dd | Nong do | Nong dd | Nong dd
2,5 ug/ml | 5ug/ml | 10 ug/ml | 20 ug/ml | 25 ug/ml | 50 pg/ml
1 34,97 156,50 325,82 653,24 862,07 1664,80
2 34,86 155,99 325,12 651,80 859,84 1661,66
3 34,68 154,49 325,16 653,07 860,76 1694,10
Dién tich 34,84 155,66 325,37 652,70 860,89 1673,52
pic TB
SD 0,15 1,04 0,39 0,79 1,12 17,89
RSD (%) 0,42 0,67 0,12 0,12 0,13 1,07

Phu luc 1.2d. Méi twong quan tuyén tinh giira dién tich pic va nong dé BBR
trong phwong phap dinh lrong berberin bang HPLC

Dién tich pic (mAU*giay)
=
8

10

y = 34.224x - 24.541
R?=0.9989

20 30

40

Nong d6 BBR (ug/ml )

50 60

Hinh PLI1.2d. Pwong biéu dién méi tuwong quan giira dién tich pic va néng dé BBR

trong phwong phdp dinh lirong BBR bang HPLC

Phu luc 1.2e. Pd chinh xac ciia phwong phap dinh lwong berberin bang HPLC

Bang PL-1.2e. Két qud ddnh gid dé chinh xac ciia phwong phdp HPLC khi dinh lirong

BBR
Phép i\’[l’l’c A N(:)ng do Dien_ tich Nf‘mg q@ Ti 1@}. Tr‘ung RSD
thi nong do | mau pha pic timlai | thuhoi | binh (%)
(ug/ml) | (ng/ml) | (mAU.giay) | (ug/ml) | (%) (%)
1 A 3,89 108,64 3,93 101,14 10051 | 0.91
2 4,09 114,68 4,07 99,47 ’ ’




3 4,29 124,79 4,33 100,93
4 4,91 143,67 4,92 100,15
5 5 5,21 156,43 5,29 101,41 | 100,63 | 0,68
6 5,32 158,03 5,33 100,34
7 5,64 170,54 5,70 101,09
8 6 6,27 190,17 6,27 100,01 | 100,34 | 0,66
9 6,92 212,22 6,91 99,92
Trung binh 100,49 (0,74

Phu luc 1.2f. P9 chum ciia phwong phap dinh lwgng berberin bang HPLC

Bang PL-1.2f. Két qud khdo sdt do chum ciia phwong phdp

Khéi lwong miu Dién tich pic Ham lwong
STT R .
thir (g) (mAU.giay) BBR (%)

1 0,0684 151,42 15,02
2 0,0705 155,79 14,94
3 0,0721 157,30 14,75
4 0,0720 157,12 14,75
5 0,0694 150,79 14,77
6 0,0712 158,03 14,97
B 14,87
RSD (%) 0,84

Phu luc 1.3a. Két qua danh gia tinh thich hop cia hé théng LC-MS/MS
Bang PL1.3a. Két qud ddnh gid tinh thich hop cua hé thong LC-MS/MS (n=6)

BBR IS Ty 1¢ dién tich
STT | e (ohat) le;J;Ch t (phit) D‘f;:;"h BBR/IS
1 0.80 4215 167 2316 182
2 0,80 4319 167 2263 191
3 0.79 4552 168 2409 189
4 0.79 4527 168 2397 189
5 0.79 2514 167 2410 187
6 0.79 2215 167 2328 181
B 0.79 23903 167 | 23538 187
RSD (%) | 0.7 3.6 03 22




Phu luc 1.3b. Phé dai dién ciia mau SST (system stability test) ghi lai thoi gian
lwu cia BBR va IS

Berberine Glibenclamid
SS5T2 Smooth(Mn,2x9) MRM of 2 channels ES+  SST2 Smooth(Mn,2x3) MRM of 2 channels,ES+
Berberine 33592>320.11 Glibenclamid 4942 > 3691
100+ 0.80 3.008e+004 o 167 1.929e+004
%o %
00— IREEREES T T min e e T T T T T T T min
1.00 200 3.00 4.00 1.00 200 3.00 4.00
Name RT Area IS Area Response Conc.
1 Berberine 0.80 4215 2316 1.820
2 Glibenclamid 167 2316 2316.447

Hinh PL-1.3b. Phé dai dién ciia mau SST ghi lai thoi gian lieu ciia BBR va IS

Phu luc 1.4a
Bang 3.5. Két qud ddanh gid tinh chon loc - dé dac hiéu cua hé thong LC-MS/MS

Tai thoi gian luvu cua BBR Tai thoi gian luu cua IS

Dap ung | Daping | 1o qo ing | Pap Ung) Dapimg | Til¢ dap

sTT| Pregua pre Fua pic ciia miu pe Fua pl‘c tru[l g mepe

mau mau tring/LLOQ mau blph cua cua mau

trang LLOQ %o/ ) trang mau CC- | trang/CC-

(a.u) (a.u) 0 (a.u) QC (a.u) QC (%)
1 7 95 7,4 1 0,0
2 5 64 7,8 0 0,0
3 3 59 5,1 3 0,1

3361

4 5 67 7,5 2 0,1
5 3 78 3,8 1 0,0
6 6 68 8,8 1 0,0




Phu luc 1.4b. Ph ion tao thanh cia BBR va glibenclamid (1S)
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320,1
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m/z =320,1 ' oy
. J
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Hinh PL-1.4b.1. Phé ion tgo thanh cia BBR
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Hinh PL-1.4b..2. Phé ion tgo thanh cua glibenclamid (1)



Phu luc 1.4c.
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Hinh PL-1.4.c. Sdc ky do LC-MS/MS dai dién cia BBR va IS trong mau huyét twong
chugt: (A) mdu huyét twong trang; (B) mau huyét firong trang cé chiza 1S va BBR ¢
nong do LLOQ.

Phu luc 1.5. Két qua khao sat dwong chuan theo md hinh tuyén tinh treng s6

1/x?

Bang PL1.5. Két qua khdo sdt dwrong chudn theo mé hinh tuyén tinh trong sé 1/x2

Nong Puong chuin 1 Puwong chuin 2 Puwong chuin 3
MAiu |d$ thue Tyle |DPodang| Tylé¢ |DPodiang | Tylé | Do dung
(ng/ml) | BBR/IS (%) BBR/IS (%) BBR/IS (%)
S1 0,2 0,017 99,7 0,021 102,0 0,023 98,5
S2 0,5 0,044 94,8 0,046 94,9 0,053 103,6
S3 1,0 0,105 109,5 0,094 101,1 0,099 99,7
S4 2,0 0,206 105,6 0,183 99,5 0,198 101,5
S5 8,0 0,779 98,8 0,677 93,2 0,755 98,1
S6 12,0 1,178 99,5 1,098 101,0 1,163 101,0
S7 20,0 1,926 97,5 1,873 103,4 1,916 99,9
S8 25,0 2,337 94,6 2,375 105,0 2,340 97,7
Phwong trinh a=0,0924 a=0,0904 a =0,0957
hdi quy b =0,00174 b =0,00289 b =0,00387
(y=ax+Db) r=0,9998 r=0,9989 r=0,9997




Phu luc 1.6. Két qua xac dinh giéi han dinh lwong duéi

Bang PL 1.6.1. Pdp ing pic ciza mdu LLOQ va mau zero tai thoi diém tring véi

thoi gian luu cua BBR

Ngay thir nhét Ngay thir 2 Ngay thi 3
Pip ing [ pyip g | 4P i [ Dip ing | Dip ing [ Dip img
STT pic fua pic ciia pic fua pic fua pic Sua pic fua
mau X mau mau mau mau
Zero ma‘z aLuISOQ Zero LOQ Zero LLOQ
(a.u) ' (a.u) (a.u) (a.u) (a.u)
1 83 74 41
2 72 81 58
3 68 70 47
4 2 80 5 53 2 41
5 63 54 55
6 68 66 57
B 72 66 50
Ti s6
dap
uwn
LLde 36,2 13,3 24,9
[Zero
(SIN)
Bang PL 1.6.2. B¢ chinh xac, dg lap lai ciia mdu LLOQ (Cinee=0,2 ng/mL)
Ngay thir nhat Ngay thir 2 Ngay thir 3
STT | Nong d$ | Po ding | Nong dd | Py ding | Nong do | Do ding
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%0)
1 0,228 114,0 0,239 116,3 0,175 85,7
2 0,223 111,5 0,227 111,9 0,208 103,8
3 0,198 99,0 0,210 104,8 0,189 94,2
4 0,206 103,0 0,173 84,4 0,171 83,0
5 0,175 87,5 0,178 87,6 0,214 106,5
6 0,185 92,5 0,192 95,8 0,225 1111
B 0,203 101,3 0,203 100,1 0,199 97,4
CV (%) 10,3 10,3 13,1 13,0 11,2 11,9
TB (n =18) 0,201 99,6
CV% (n = 18) 11,0 11,2




Phu luc 1.7. Bang két qua tham dinh @9 dving, d§ chinh xac trong ngay va khac
ngay vé nong do BBR trong huyét twong bang pp LC-MS/MS

Bang PL-1.7.1 Két qua khdo sdt dé chinh xac - dg lép lai trong ngay — ngay 1

Mé& CC: CC06032021
LLOQ: 0,200 LQC: 0,600 MQC: 10,000 HQC: 18,000
STT (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Nong do | P ding | Nong do | Do diing | Nong do | Do diing | Nong do | Do ding
(hgmL) | (%) | (ng/mL) | (%) | (ngimL) | (%) | (ng/mL) | (%)
1 0,228 113,9 0,580 96,6 10,236 102,4 17,452 97,0
2 0,223 111,7 0,545 90,8 9,661 96,6 17,868 99,3
3 0,198 98,8 0,534 89,0 8,648 86,5 18,531 102,9
4 0,206 102,8 0,568 94,6 9,570 95,7 18,012 100,1
5 0,175 87,5 0,534 89,0 9,228 92,3 18,081 100,4
6 0,185 92,3 0,608 101,3 10,396 104,0 18,054 100,3
TB 0,203 101,2 0,562 93,6 9,623 96,3 18,000 100,0
CV (%) 10,3 10,3 52 5,2 6,7 6,7 1,9 1,9

Bang PL-1.7.2. Két qua khdo sdt dé chinh xac - d@é lgp lai trong ngay — ngay 2

M& CC: CC08032021
LLOQ: 0,200 LQC: 0,600 MQC: 10,000 HQC: 18,000
STT (ng/mL) (ng/mL) (ng/mL) (ng/mL)

Nong do | P ding | Nong do | Do ding | Nong do | Do ding | Nong do | Do ding

(ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%)

1 0,239 119,7 0,636 106,0 10,227 102,3 17,768 98,7

2 0,227 113,5 0,653 108,8 9,437 94,4 17,387 96,6

3 0,210 105,2 0,629 104,8 9,405 94,0 16,499 91,7

4 0,148 73,8 0,609 101,5 9,653 96,5 17,328 96,3

5 0,154 77,2 0,700 116,7 10,262 102,6 17,355 96,4

6 0,192 96,2 0,503 83,8 10,047 100,5 17,080 94,9

TB 0,195 97,6 0,622 103,6 9,839 98,4 17,236 95,8

CV (%) 19,3 19,4 10,6 10,6 4,0 4,0 2,5 2,4




Bdng PL-1.7.3. Két qua khdo sdt do chinh xac - d@é 1gp lai trong ngay — ngay 3

Ma CC: CC09032021
LLOQ: 0,200 LQC: 0,600 MQC: 10,000 HQC: 18,000
STT (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Nong do | P ding | Nong do | Do diing | Nong do | Do ding | Nong dp | Do ding
(ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%)
1 0,161 80,3 0,570 95,0 11,288 112,9 16,530 91,8
2 0,208 104,1 0,794 132,4 10,902 109,0 16,335 90,7
3 0,189 94,7 0,750 125,0 10,765 107,6 16,557 92,0
4 0,157 78,3 0,629 104,9 11,287 112,9 17,988 99,9
5 0,214 107,0 0,608 101,3 11,889 118,9 18,428 102,4
6 0,218 109,1 0,700 116,6 10,983 109,8 18,852 104,7
B 0,191 95,6 0,675 112,5 11,186 111,9 17,448 96,9
CV (%) 14,0 14,2 12,9 12,9 3,6 3,6 6,3 6,3
Bdang PL-1.7.4. Két qud khdo sdt dg 1ap lai khac ngay
LLOQ LQC MQC HQC
. Nong Po Nong Do Nong Do Nong PO
STT | Ngay
do ding do ding do ding do ding
(ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%) | (ng/mL) | (%)
1 0,228 1139 0,580 96,6 10,236 | 102,4 | 17,452 97,0
2 Ngay 0,223 1117 0,545 90,8 9,661 96,6 17,868 99,3
3 1 0,198 98,8 0,534 89,0 8,648 86,5 18,531 | 102,9
4 0,206 102,8 0,568 94,6 9,570 95,7 18,012 | 100,1
5 0,175 87,5 0,534 89,0 9,228 92,3 18,081 | 100,44
6 0,185 92,3 0,608 101,3 | 10,396 | 104,0 | 18,054 | 100,3
7 0,239 119,7 0,636 106,0 | 10,227 | 102,3 | 17,768 98,7
8 Ngay 0,227 113,5 0,653 108,8 9,437 94,4 17,387 96,6
9 5 0,210 105,2 0,629 104,8 9,405 94,0 16,499 91,7
10 0,148 73,8 0,609 101,5 9,653 96,5 17,328 96,3
11 0,154 77,2 0,700 116,7 | 10,262 | 102,6 | 17,355 96,4
12 0,192 96,2 0,503 83,8 10,047 | 100,5 | 17,080 94,9
13 0,161 80,3 0,570 95,0 11,288 | 1129 | 16,530 91,8
14 Ngay 0,208 104,1 0,794 132,4 | 10,902 | 109,0 | 16,335 90,7
15 3 0,189 94,7 0,750 125,0 | 10,765 | 107,6 | 16,557 92,0
16 0,157 78,3 0,629 104,9 | 11,287 | 112,9 | 17,988 99,9
17 0,214 107,0 0,608 101,3 | 11,889 | 118,9 | 18,428 | 1024
18 0,218 109,1 0,700 116,6 | 10,983 | 109,8 | 18,852 | 104,7
B 0,2 98,1 0,6 103,2 10,2 102,2 17,6 97,6
CV (%) 14,2 14,3 12,6 12,6 8,3 8,3 4,2 4,2




Phu luc 1.8. P chinh xac va dd chum khi pha lodng mau berberin trong
huyét twong

Bang PL1.8. B chinh xac va dg chum khi pha lodng 5 lan mdu BBR trong huyét

twong nong dé 90 ng/ml

Pap wng pic | Pap &n Ti lé Nong dd .

STT BBpR (g. 5) pic |I; (a.%) BBR/IS (ng/rgn L) | Doding (%)
1 4372 1759 2,486 85,864 95,4
2 4516 1778 2,540 87,743 97,5
3 4455 1668 2,670 92,260 102,5
4 4553 1657 2,747 94,945 105,5
5 4612 1760 2,621 90,553 100,6
6 4649 1702 2,731 94,370 104,9
TB 90,956 101,1
CV (%) 3,6 4,0

Phu luc 1.9. Ti 1 thu hdi trong dinh lwgng BBR bing phwong phap LC-

MS/MS
Bdng PL-1.9.1. Ti 1¢ thu héi ciia BBR ¢ 3 mic nong dp
STT Mau LQC Mau MQC Mau HQC
Huyét | Nén Tiléthu | Huyét | Nén | Ti & thu | Huyét | Nén | Ti Ié thu
tuong | mau hoi (%) | tuong | mau hoi (%) | twong | miu hoi (%)
(a.u) (a.u) (a.u) (a.u) (a.u) (a.u)
1 160 158 101,3 | 2737 | 2700 | 101,3 | 4857 | 5176 93,8
2 143 171 83,6 2777 | 2767 | 100,4 | 5253 | 4958 | 105,9
3 168 184 91,3 2824 | 2949 95,8 4865 | 5185 93,8
4 179 173 1035 | 2652 | 2791 95,0 5093 | 5128 99,3
5 153 164 93,3 3021 | 2699 | 111,9 | 5087 | 5093 99,9
6 187 170 110,3 | 2769 | 2844 97,4 5170 | 5109 | 101,2
TB 165 170 97,1 2797 | 2792 | 100,2 | 5054 | 5018 98,9
Y 9,9 5,2 9,8 4,4 3,4 6,2 3,2 1,6 47
(%)




Bdng PL-1.9.2. T7 1¢ thu héi ciia glibenclamid (1S)

Pép ng pic IS (a.u)

M4u trong huyét

ot twong MAu pha trong nén mau
(c6 chiét tach) (khong chiét tach)

1 3222 ST
2 3311 3136
3 2885 2935
4 3416 770
S 3180 2475
6 2055 2006
7 3151 3
8 3181 7558
9 3306 2464
10 3434 2656
11 3116 3390
12 3282 3400
w 3032 3746
H 3334 3385
15 3256 3746
a 3557 3938
17 3392 2973
18 3318 3432
Trung binh 3240 3497
CV (%) 53 e

Ty 18 thu hdi (%)

92,7




Phu luc 1.10. P$ 6n dinh cia dung dich chuan géc

Bang PL1.10a. Két qua danh gid dé on dinh cua dung dich chudn géc BBR

Thoi gian 6n dinh 27 ngay

P 6n dinh dung dich gbc Dung dich gbc méi pha
STT Pap ung Nong dé Pap tng Nong dd
pic (a.u) (ug/mL) pic (a.u) (ug/mL)

1 5182 5055

2 4919 499,9 5128 500,4
3 4800 4985
Trung binh 4967 5056
CV (%) 3,9 1,4
% Do 6n dinh 98,3

Bang PL 1.10b. Két qud ddnh gid dé 6n dinh cua dung dich chudn ngi (1)

Thoi gian on dinh 13 ngay
P on dinh dung dich goc Dung dich goc méi pha
STT Pap ung Nong do Dap ung Nong do
pic (a.u) (ug/ml) pic (a.u) (ug/ml)
! 2513351 2461142
2 2518354 269,0 2464122 258,0
3 2556001 2458163
Trung binh 2529235 2461142
CV (%) 0.9 0,1
% Do on dinh 98,9

Bdng PLI1.10c. P én dinh trong thei gian ngan cia dung dich gac IS & nhiéz dé phong

Thoi gian on dinh 3,5 gio

P on dinh dung dich gbc |  Dung dich goc méi pha
STT Pap ung pic | Nong dd | Pap tng pic Nong do
(a.u) (Hg/ml) (a.u) (Hg/ml)

1 43645 40132

2 43195 254,3 40800 2493
3 43322 40435
Trung binh 43387 40456
CV (%) 0,5 0,8




% Do on dinh

105,1

Phu luc 1.11. P$ 6n dinh trong thoi gian ngan caa chuin ndi 1am viéc

Bang PL-1.11. P4 én dinh cua dung dich chudn ngi 1am viéc trong 48 gio

MAu d6 on dinh Dung dich IS méi pha
STT Pap wng pic Nong dé Dap wng pic Nong dd
(a.u) (ng/ml) (a.u) (ng/ml)

1 4977 4890
2 4998 251,000 4876 251,400

3 4970 5032

B 4982 4933

CV,(%) 0,3 1,7
% Do on dinh 98,9

Phu luc 1.12. P$ 6n dinh ciia BBR trong huyét twong

Bdang PL-1.12.1. Bé én dinh huyét tiwong thoi gian ngan ¢ nhiét dé phong (6 gio)

LQCS: 0,600 ng/mL

STT c};:l;g;g(z.iﬁ) }zéz I‘;n?aﬂf BBR/IS | Néng dé (ng/mL)
1 108 1136 0,095 0,509
2 141 1415 0,100 0,528
3 115 1385 0,083 0,463
4 128 1047 0,122 0,677
5 144 1304 0,111 0,604
6 144 1301 0,111 0,606
Trung binh 0,564
CV (%) 13,9
% Do 6n dinh 94,1




HQCS: 18,000 ng/mL

sTT | Ddpungpic | Dpungpic | Lop o | \ang do (ng/mL)
cua BBR (a.u) | cualS (a.u)
1 4475 1429 3,132 18,651
2 4744 1458 3,254 19,381
3 4900 1316 3,724 21,818
4 4476 1554 2,880 17,143
5 4595 1507 3,048 18,151
6 4597 1434 3,206 19,093
Trung binh 19,039
CV (%) 8,2
% Do on dinh 105,8
Bang PL-1.12.2. B 6n dinh huyét tirong thoi gian dai (52 ngay)
LQCS: 0,600ng/mL
STT Pap wng pic | Pap wng pic BBRIIS Nong do
cua BBR (a.u) | cuaalS (a.u) (ng/mL)
1 193 3046 0,063 0,595
2 195 3099 0,063 0,591
3 192 2736 0,070 0,667
4 196 3387 0,058 0,539
S 160 3083 0,052 0,478
6 160 3070 0,052 0,481
Trung binh 0,559
CV (%) 13,2
% Do on dinh 93,1




HQCS: 18,000 ng/mL
STT Pap ung pic | Pap @ng pic BBRIIS Nong do
cua BBR (a.u) | cuaalS (a.u) (ng/mL)
1 5340 3442 1,551 15,965
2 5689 3129 1,818 18,721
3 5374 3235 1,661 17,101
4 5375 3352 1,604 16,504
5 5392 3210 1,680 17,290
6 5296 2916 1,817 18,704
Trung binh 17,400
CV (%) 6,5
% P9 on dinh 96,6
Bdang PL-1.12.3. Két qua dg 6n dinh sau 5 chu ky déng ra
LQCS: 0,600 ng/mL
Pap &ng pic | Pap @ng pic Nong do
sTT | LPUngp ap ung p BBRI/IS ons €o
cua BBR (a.u) | cua IS (a.u) (ng/mL)
1 157 1543 0,101 0,532
2 151 1526 0,099 0,518
3 167 1534 0,109 0,575
4 170 1603 0,106 0,560
5 156 1454 0,108 0,568
6 203 1529 0,133 0,719
Trung binh 0,579
CV (%) 12,5
% Do 6n dinh 96,5

HQCS: 18,000 ng/mL




STT Pap ung pic | Pap wng pic BBRIIS Nong do
cia BBR (a.u) | cualS (a.u) (ng/mL)
1 4306 1548 2,782 16,561
2 4545 1598 2,844 16,928
3 4892 1543 3,171 18,882
4 4678 1541 3,036 18,074
5 5044 1670 3,021 17,986
6 5107 1699 3,006 17,896
Trung binh 17,721
CV (%) 4,8
% P9 on dinh 98,5

Bdang PL-1.12.4. Két qua dé 6n dinh cia BBR sau 25 gio bdo qudn ¢ autosampler

STT

LQCS: 0,600 ng/mL

ciaBoR ()| caals oy | CERIS | Noredd ourm)

1 129 1407 0,092 0,473
2 134 1354 0,099 0,519
3 133 1318 0,101 0,529
4 177 1359 0,130 0,649
5 164 1279 0,128 0,693
6 144 1360 0,106 0,557
Trung binh 0,570

CV (%) 14,7

% Do on dinh

95,0




HQCS: 18,000 ng/mL

1 4566 1414 3,230 19,236
2 4405 1439 3,060 18,221
3 4306 1542 2,793 16,621
4 4446 1570 2,832 16,857
5 4324 1424 3,036 18,079
6 4464 1425 3,132 18,653
Trung binh 17,945

CV (%) 5,7

% P9 on dinh 99,7




PHU LUC 2. KET QUA NGHIEN CUU TIEN CONG THUC
Phu luc 2.1. Phé nhiéu xa tia X cia BBR
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PHU LUC 3. KET QUA BAO CHE VA PANH GIA LIPOSOME BERBERIN

Phu luc 3.1. Biéu dd phan bé KTTP dai dién caa cac mau FJ21-60/200, FJ21-
65/200, FJ21-60/180, FJ21-65/180, FJ21-60/130

Size Distribution by Intensity
Size Distribution by Intensity
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Hinh PL — 3.1a. Biéu do6 phan bé KTTP theo curong dé cua cadc mdu FJ21-65/200
(A) va mdu FJ21-65/180 (B), mau FJ21-60/200 (C), va mau FJ21-60/180 (D)



Intensity (Percent)

Size Distribution by Intensity
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Size (d.nm)

o |
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Hinh PL — 3.1b. Biéu dé phan bé KTTP theo curong dé ciia cac mau FJ21-

60/130

Phu luc 3.2. Bang thanh phan chi tiét cac cong thirc trong bao ché liposome

berberin
Ti 16 mol Tl_iI é?:) 1(1:101 Cong tlll-l'l’c cho 1 |_;,n|3é Fg)ha ché
yen Sy ; iposome
Ky higu | BBR: Lipid: SDC | “pop " e i i S& mmol | Khéi luong
. a-tocopherol @)

BBR 0,1125 0,0378
HSPC 0,07875 0,0617

FO4 9:9:2:0 7:3 DSPG 0,03375 0,0263
SDC 0,025 0,0104
a-TP 0 0
BBR 0,1125 0,0378
HSPC 0,07875 0,0617

F21 9:9:0:3 7:3 DSPG 0,03375 0,0263
SDC 0
a-TP 0,0375 0,0162
BBR 0,1 0,0336
HSPC 0,07875 0,0617

F17 8:9:2:2 7:3 DSPG 0,03375 0,0263
SDC 0,025 0,0104
a-TP 0,025 0,0108

F12 8:9:2:0 7:3 BBR 0,1000 0,0336




HSPC 0,07875 0,0617
DSPG 0,03375 0,0263
SDC 0,025 0,0104
a-TP 0
BBR 0,0750 0,0252
HSPC 0,07875 0,0617
F18 DSPG 0,03375 0,0263
SDC 0,025 0,0104
a-TP 0
BBR 0,0750 0,0252
HSPC 0,0675 0,0529
F14 DSPG 0,0450 0,0351
SDC 0,025 0,0104
a-TP 0
BBR 0,0750 0,0252
HSPC 0,0450 0,0353
F16 DSPG 0,0675 0,0526
SDC 0,025 0,0104
a-TP 0
BBR 0,1125 0,0378
HSPC 0,0675 0,0529
F20 DSPG 0,0450 0,0351
SDC 0 0,0000
o-TP 0,0375 0,0162
BBR 0,1125 0,0378
HSPC 0,0450 0,0353
F22 DSPG 0,0675 0,0526
SDC 0 0,0000
o-TP 0,0375 0,0162
BBR 0,1 0,0336
HSPC 0,0675 0,0529
F13 DSPG 0,0450 0,0351
SDC 0,025 0,0104
o-TP 0,025 0,0108
BBR 0,1 0,0336
HSPC 0,0450 0,0353
F19 DSPG 0,0675 0,0526
SDC 0,025 0,0104
o-TP 0,025 0,0108




Phu luc 3.3. Anh dién hinh vé phan bé kich thwéc tiéu phan theo cwong dé cia
cac mau liposome berberin trong nhoém 1, 11, 111

Size Distribution by Intensity
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Phu luc 3.4. Anh dién hinh vé phan bé kich thwéc tiéu phan theo cwong dé cia
cac mau liposome berberin bao ché bang hydrat hoéa film trong nhém A, B

Size Distribution by Intensity Size Distribution by Intensity

Intensity (Percent)
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Size (d.nm) ! 1 b Size (d.nm) o . o
Phdn b6 KTTP theo cwong dé mau Phdn bo KTTP theo cwong dé mau
FH13 truoc khi dun qua mang FHI14 truoc khi dun qua mang
polycarbonat polycarbonat

Phu luc 3.5. Anh dién hinh phan bé KTTP theo cwong d cia liposome bao ché
bang hydrat hoa film sau khi din qua mang polycarbonat 0,4 pm
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Phu luc 3.6. Hinh anh céc nguyén liéu dung bao ché liposome BBR quan sat
dwdéi kinh hién vi dién tir quét (CLSM), truedng séng xanh va truong sang (anh
sang truyén qua)
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¥ (um)
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300

BBR phat huynh quang khi quan séat
duwoi truong song xanh
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-300 -200 -100 1] 100 200 300
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100
200

300

DSPG khong phat huynh quang khi
quan sat duoi truong song xanh
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-300 -200 -100 0 100 200 300
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100

200

BBR quan sat dudi truong anh sang
truyén qua
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DSPG quan sat dudi truong anh sang
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HSPC khong phat huynh quang khi
quan sat duoi truong song xanh
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300

SDC khong phat huynh quang khi quan
sat duoi truong song xanh

y (um)

HSPC quan sat dudi truong anh sang
truyén qua
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SDC quan sat dwoi truong anh sang
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Phu luc 3.7. Pho nhiéu xa tia X ctia cac nguyén liéu cau tao nén liposome BBR,
ciia mau liposome FJ16, FJ19, FH16, FH19
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Hinh PL-3.7.1. Phé nhiéu xq tia X ciia mdu DSPG
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Hinh PL-3.7.2. Phé nhiéu xq tia X czza mdu HSPC
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Hinh PL-3.7.4. Phé nhiéu xa tia X ciia mau hon hop vdt Iy BBR, HSPC, DSPG,
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Hinh PL-3.7.5. Phé nhiéu xq tia X czza mau FH16
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Experimental pattern: Fj19
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Hinh PL-3.7.7. Phé nhiéu xq tia X ciza mdu FJ19
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Hinh PL-3.7.8. Phé nhiéu xq tia X czia mau FH19



Phu luc 3.8. S6 ligu giai phong dwgc chit tir liposome BBR mau FJ16, FJ19,
FH16, FH19

Bang PL-3.8.1. Phdn trdm gidi phong BBR tir liposome BBR FJ16, FH16

Thoi | % giai phdong trong % giai phdng trong % giai phdng trong moi
gian moi troeong pH 1,2 moi treong pH 4,5 truong pH 6,8
(gio) FJ16 FH16 FJ16 FH16 FJ16 FH16
0,25 | 18,12+2,33 | 20,84 +5,83 | 19,01+ 0,64 | 1650+0,93 | 19,01+ 1,14 | 1395+3,27
0,5 |3308+ 3,85| 2462+126 | 31,30+ 1,89 | 2280+219 | 3225+ 4,30 18,36+ 1,35
1 |4858+ 352 | 3485+124 | 4720+231 | 30,73+1,05 49,77 +4,51 24,61+ 2,26
2 | 6899+ 445 | 4355+ 1,18 | 6646+375 | 41,91+181 | 6634+ 4,67 34,22 + 2,37
3 | 7731+ 181 | 6638+4,64 | 7726+ 3,63 | 54,87+ 445 | 7828+ 351 47,70 + 4,50
4 | 8404+ 1,35 8653+3,37 | 86,23+3,67 | 7232+564 | 8632+ 3,85 66,29 + 3,62
6 [8807+231| 91,57+4,86 | 90,37+290 | 80,15+ 3,71 | 8822+ 261 70,80 4,23
8 190,31+ 294 | 9323+517 | 9247+2,08 | 8331+597 | 90,69+ 324 72,60 + 5,06
10 | 93,68+3,48 | 9403+4,65 | 9435+207 | 8520+505 | 93,14+ 2,08 7432+ 491
12 | 96,26+ 4,08 | 9556+ 512 | 97,07+ 2,34 | 8662+572 | 97,07+ 2,21 7497 + 4,47
24 91,67 + 0,63 79,72+ 3,35




Bang PL-3.8.2. Phdn trdm gidi phong BBR tir liposome BBR FJ19, FH19

Thoi | % giai phdong trong % giai phdng trong % giai phdng trong moi
gian moi treong pH 1,2 moi treong pH 4,5 treong pH 6,8
(gio) FJ19 FH19 FJ19 FH19 FJ19 FH19
0,25 | 22,81+2,79 | 24,47+0,08 | 19,77 1,02 | 19,29+0,71 | 21,38+ 0,06 | 17,95+2,72
0,5 |3529+353 | 2851+023 | 31,73+ 156 | 2617+ 1,17 | 33,62+0,72 24,68 + 2,60
1 |5183+269 | 3735+124 | 4835+ 316 | 34,02+ 1,31 | 5047+141 30,79+ 1,28
2 |6955+185 | 47,81+0,63 | 69,88+518 | 41,37+ 228 | 7155+ 1,68 39,87+ 3,20
3 | 7904+102 | 67,71+1,21 | 80514549 | 5479+ 251 | 81,81+188 48,89 +1,84
4 | 8597+143 | 8829+047 | 8796+4,46 | 7318+240 | 88,09+ 0,89 67,80 + 4,24
6 |91,22+117 | 9383+ 0,96 | 9201+ 245 | 7955+1,12 | 9138+ 0,11 71,69 +1,00
8 |9416+111 | 97,16+2,04 | 9569+0,13 | 83,82+0,01 94,00+ 2,3 74,72+ 1,70
10 | 97,80+ 0,91 | 9793+1,07 | 9826+ 1,04 | 8565+0,36 | 96,00+ 2,64 77,95+ 2,02
12 | 9834+ 1,61 | 9858+144 | 98,72+059 | 87,68+ 0,40 | 98,16+151 80,71+ 1,40
24 92,41+ 0,83 8253+ 1,15




Phu luc 3.9. Pho nhiéu xa tia X ciia miu proliposome FF19 va nguyén ligu
manitol
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Hinh PL-3.9.1. Phé nhiéu xg tia X ciia mau proliposome FF19
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Hinh PL-3.9.2. Phé nhiéu xg tia X cia mau hén hop vt Iy ciia BBR, HSPC, DSPG,
SDC, manitol



1500 Experimental pattern: 3
14004
13004
1200 -
1100 A
1000
900
800
700
600
500
400

3004

1 illlga .

T T T T T f T f f f T
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00 110.00
Cu-Ka1 (1.540560 A) 2theta

Hinh PL-3.9.3. Phé nhiéu xq tia X ciza mau manitol

Phu luc 3.10. Phé hap thu hdng ngoai cia HSPC, DSPG, SDC, MNT va
proliposome BBR FF19-2.1
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Hinh PL-3.10.1. Phé hdp thu hong ngogi ciia HSPC
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Phu luc 3.11. Sic ky @6 cia BBR trong dinh lwgng proliposome BBR bing

phwong phap HPLC sau 6 thang bao quan

DAD1 B, Sig=350,16 Ref=500,100 (THUAN_BC\THUAN BC 2021-09-21 11-11-44\006-0602.D)
mAU
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A. Sic ky do mau chuan

DAD1 B, Sig=350,16 Ref=500,100 (THUAN_BC\THUAN BC 2021-0;21 11-11-44\021-2001.D)
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B. Sic ky d6 mau tha bao quan DKT




DAD1 B, Sig=350,16 Ref=500,100 (THUAN_BC\THUAN BC 2021-09-21 11-11-44\011-1102.D)
mAU J
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C. Sic ky dd mau thir bao quan diéu kien LHCT

Hinh PL-3.11. Sdc ky dé cua berberin ¢ mau chuan (A), mau thi proliposome

berberin sau 6 thang bdo qudn ¢ diéu kién thuc (B) va diéu kién LHCT (C).



Phu luc 3.12. Giai phéng dwoc chit caa proliposome BBR sau thai gian 6 thang
bao quan & diéu kién thwc va LHCT

Bang PL-3.12.1 Phan tram gidi phéng dwoc chat tir proliposome berberin trong

méi truong acid HCI 0,1N sau 6 thang bdo quan ¢ dieu kién thyc va LHCT.

Thoi Mé 1 (%) Mé 2 (%) Mé 3 (%)
glﬁn Bim Thue LHC Bfm Thue LHC B?n Thue LHC
(gio) | dau : T dau ’ T dau : T
0,25 | 648+ | 58+ | 727+ | 679+ | 681+ | 7,16+ | 598+ | 6,07+ | 652
0,47 0,73 0,32 0,89 0,31 0,27 0,19 0,56 0,23
05 |817+| 837+ | 903+ | 832+ | 852+ 8,57 9,77+ | 758+ | 7,86+
0,57 0,55 0,46 0,22 0,32 +0,75 0,23 0,78 0,45
1 11,52 | 12,68+ | 12,56+ | 11,72+ | 12,83+ | 13,72+ | 11,40+ | 12,89+ | 14,24 +
+0,96 | 0,52 0,71 0,56 0,67 0,56 1,36 0,52 0,76
2 17,45 | 17,87+ | 1833 | 16,57+ | 1759+ | 19,54+ | 17,46+ | 19,91+ | 1955+
+1,05 | 0,75 +0,67 0,89 0,74 0,85 0,33 0,67 0,53
3 20,85 | 21,31% | 21,09+ | 20,35+ | 21,13+ | 22,74 | 2220+ | 22,30+ | 23,42 +
+0,74 | 1,23 0,89 1,21 | 1,05 +1,17 1,55 1,73 0,47
4 23,61 | 24,63+ | 2552 | 23,71+ | 2407+ | 2545+ | 24,86+ | 24,15+ | 2520 +
+1,22 | 1,02 +0,92 0,85 0,72 0,53 1,42 1,03 1,73
6 28,65 | 28,23+ | 30,12+ | 28,18+ | 2942+ | 29,52 | 27,41+ | 29,94+ | 30,03 +
+203| 1,28 1,04 0,46 1,06 + 0,46 0,97 2,01 0,65
8 29,33 | 31,36+ | 31,82 | 30,86+ | 31,94+ | 32,10+ | 29,23+ | 30,67+ | 32,81
+156 | 1,42 +1,13 2,12 1,36 1,26 1,94 1,58 0,92
10 35,77 | 36,27+ | 36,02 | 34,61+ | 3549+ | 3574+ | 33,04+ | 3451+ | 35,76+
+237| 1,63 +1,73 2,46 1,67 1,24 2,02 1,73 2,00
12 41,49 | 4345+ | 43,06 | 40,02+ | 41,98+ | 43,93+ | 39,14+ | 41,48+ | 43,96 +
+1,65 | 2,03 +1,32 1,37 2,03 1,32 0,86 1,16 1,24
24 | 47,32 | 48,71+ | 4996 | 47,68+ | 48,27+ | 49,23+ | 47,50+ | 48,11+ | 48,36
+0,78 | 0,35 +0,93 0,75 0,22 1,02 0,47 0,63 +0,62




Bang PL-3.12.2. Phan tram gidi phéng diroc chdt tir proliposome berberin trong

méi truong dém phosphat pH 4,5 sau 6 thang bdo qudn diéu kién thuc va LHCT.

Thoi Mé 1 (%) Mé 2 (%) Mé 3 (%)

gian | Ban | el eheT | B | Thee |LHeT | B2 | The | LHCT
(gio) dau dau dau

025 | 1744+ | 17,85 | 19,35 | 1617 | 16,81 | 17,33 | 16,80 % | 15,02 | 1582
022 |+034|+047 | +082| +051 |+075| 069 |+044| +076
05 | 2363 | 2440 | 2457 | 2427 | 23,80 | 2442 | 24,71+ | 2593 | 2541
+052 |+038| 061 | +042 | +057 | +077 | 068 |+037 | +048
1 | 3724+ 39.85 | 40,45 | 37.05 | 36,44 | 36,81 | 36,17 + | 37,93 | 3850
033 |+041| +055 | +058 | +076 | +085 | 027 |+066 | +092
2 | 49.05% | 48.75 | 50,84 | 51,11 | 5231 | 5241 | 5054 % | 52,21 | 53.17
109 |+071| 077 | +063 | +055 | +048 | 136 |+1,04| +0,85
3 | 6229+ | 61,06 | 6389 | 5864 | 60,05 | 60,00 | 59,02 % | 59,16 | 62,20
075 |+107| £134 | +112 | 2,05 | +221 | 143 |+178| +134
4 6973+ | 71,35 | 7159 | 7153 | 71,68 | 72,56 | 67,30 % | 68.40 | 68.47
094 |+125| +063 |+085| 1,02 |+134| 211 |+085| +088
6 | 7108+ | 74.05 | 7445 | 7612 | 77.86 | 79.38 | 79,31 % | 79,46 | 8021
233 |+057| +082 | +073 | 059 | +1,98 | 126 |+044| +074
8 | 8371+ | 8360 | 84,72 | 79.26 | 8236 | 8508 | 8519+ | 87,36 | 89.41
154 | 4089 1,08 | +044 | +066 | 241 | 179 |+095| +0,63
10 | 8584+ | 8562 | 8686 | 8500 | 8594 | 90,04 | 87,60« | 89.22 | 92,57
143 | +0,76| +2,33 | +093 | +046 | 343 | 255 |+1,29| +1,02
12 87,83+ | 87,23 | 88,20+ | 88,20 | 8821 | 94,02 | 8935+ | 92,12 | 94,54
045 |+088| 054 |+147 | +055|+278| 123 |+088| +113
24 | 9825+ | 97,63 | 98,09 | 9500 | 95,66% | 97,45 | 98,73« | 98,59 | 98,88
115 |+122| 136 | +088 | 079 | +174 | 077 |+056/| +0,28




Bdng PL-3.12.3. Phan tram gidi phéng dwoc chat tir proliposome berberin trong

méi trwong dém phosphat pH 6,8 sau 6 thang bao quan diéu kién thuec va LHCT.

Thoi Mé 1 (%) Mé 2 (%) Mé 3 (%)

gian | Ban | ket | B2 | Thee | LHeT | B2 | Thee | LHCT
(gio) | dau dau dau

0,25 | 14,07 | 1467 | 1436 | 1521 |1540%| 1509 | 12,79 | 12,70 | 1511
£051| £0,33 | +0,65 | 038 | 013 | +042 | +044 | 055 | +0,71
05 | 2263 | 2162 | 22,33 | 21,56 | 1951 | 20,64 | 18,93 | 17,40 | 18,61
£0,67 | 0,34 | +049 | +035 | 071 | £0,71 | +0,62 | 0,21 | +054
1 | 3230 | 3228 | 3300 | 2949 | 2804+ | 30,70 | 29,22 | 29,90 | 29,57
£073| £0,12 | +048 | +042 | 037 | +029 | +051 | 0,79 | +074
2 | 46,40 | 46,66 | 4846 | 44,21 |4307+ | 4482 | 4589 | 49.19 | 48,85
£123| £0,77 | +1,65 | 078 | 053 | 2,73 | +069 | £243 | +0,73
3 | 5712 | 58.22 | 59,18 | 51,07 | 50,00 | 52,75 | 53,35 | 53.24 | 52,85
£145| 1,23 | +336 | 041 | +1,47 | 1,09 | +092 | 0,61 | +0,09
4 | 6260 | 6380 | 6326 | 5950 | 60,16+ | 62,80 | 6358 | 64,14 | 63,02
£363| £045 | +052 | 1,28 | 276 | +1,58 | +1,49 | +1,73 | +0,79
6 | 67,43 | 67,05 | 68,00 | 70,16 | 69,95+ | 69.25 | 69,25 | 70.23 | 73,71
£157 | 143 | +133 | 2,83 | 033 | +1,85 | +1,35 | 0,67 | +1,29
8 | 7334 | 7617 | 76,73 | 7258 | 7311+ | 73.30 | 72,46 | 76,87 | 75,09
£248| +055 | +1,05 | +1,49 | 078 | +0,89 | +083 | 3,56 | +2,11
10 | 77,76 | 78,18 | 7862 | 79,88 | 80,33« | 78,03 | 77.33 | 7842 | 79.12
£135| £0,79 | +158 | 073 | 048 | +145 | +093 | 2,35 | +1,23
12 | 81,18 | 8209 | 8211 | 80,91 | 83,99+ | 8452 | 8360 | 8522 | 84,63
£113| £0,74 | +096 | 2,33 | 237 | +1,03 | +2.93 | +1,12 | +2.23
24 | 86,13 | 87,45 | 87,85 | 8537 | 87,78+ | 86,11 | 85068 | 88,95 | 88,83
£211| +2,35 | +098 | 1,83 | 1,77 | 0,79 | +047 | £1,07 | +2.35




PHU LUC 4. KET QUA PANH GIA SINH KHA DUNG CUA LIPOSOME
BERBERIN

Phu luc 4.1. P6 thi biéu dién nong d BBR theo thai gian cia tirng chudt trong
mdi nhdm nghién ciu.
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Formulation=H6n dich BBR, Subject=19
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Hinh PL-4.1.1. Pé th; biéu dién néng dg BBR trong huyét rirong theo thoi gian cua
nhém chugt uéng hon dich quy wéc BBR
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Formulation=Liposome BBR, Subject=10
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Hinh PL-4.1.2. Bé th; biéu dién néng dg BBR trong huyét firong theo thoi gian cua
nhom chugt uong liposome BBR



Phu luc 4.2. Két qua phép phan tich one-way theo cng thitc cho gia tri Tmax.

Tmax - Oneway of Tmax (min) by Formulation

Oneway Analysis of Tmax (min) By Formulation

400

300
=
E
%= 200
m
£ L]
(=

100

0 p
Hon dich BBR Liposome BBR

Formulation

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/5td0
Hén dich BBR 7 34.500 52.500 49286 -2.264
Liposome BBR 7 70.500 52.500 10.0714 2.264
2-Sample Test, Normal Approximation

S Z Prob>|Z|
705 2.26360 0.0236*

1-Way Test, ChiSquare Approximation

ChiSquare DF Prob=>ChiSq
5.4208 1 0.0199*



	20.09.22-Luận án LIPOSOME BBR sau BV CẤP TRƯỜNG
	16.09.22-PHỤ LỤC-LA SAU BV CẤP TRƯỜNG- LIPOSOME BBR

