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Hinh 3.8. D6 thi phan tan cua cac tap dir liéu lién quan cho muc dich sang loc in

silico chat rc ché va chat khong wc ché P-gp, dya trén 02 thanh phan chinh dau tién.
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Trong qua trinh sang loc hoc may, 10/95 chalcon noi bo: F7, F33, F36, F37,
F59, F60, F89, F90, F91, F95 (Bang 3.14, tham khao c4u triic twong ng trong Phu
luc 1) va 738/6676 hop chat Ngan hang Thudc dugc xac dinh 1a cac chat tc ché P-gp
tir két qua du doan cia ca tim mo hinh don 1é 12 C5.0, mang noron, SVM, héi quy
logistic, CHAID, C&R Tree, mang Bayesian, QUEST va md hinh két hop. Chi c6
mot chalcon ndi bo duy nhat 1a F62 (tham khao ciu triic twong tng trong Phu luc 1)
thu duoc tir két qua du doan caa mé hinh mat nghiéng quyét dinh, cing véi bén mé
hinh khac 12 C5.0, SVM, hdi quy logistic va mang Bayesian (Bang 3.14). Tat ca mudi
mé hinh duoc tao ra, bao gdbm mit nghiéng quyét dinh cung thong nhat du doan
211/738 hop chat Ngan hang Thudc 1a cac chit dwong tinh vé kha ning trc ché P-gp.
Két qua sang loc dugc trinh bay chi tiét trong tap tin TLBS.xIsx, Sheet10.

Bang 3.14. Tom tit két qua sang loc in silico cta 95 chalcon ndi bo.

S6 mé hinh dong thuin Du don bang

Ia chit ire ché P-gp m hinh két hop Sang lgc Ph4 Ditm 56
Chit  Trongsé  Trong s pICs 1Cso docking
9 md 10 md dwdoan HHHaV® RRHdV® (kJ/mol)
hinh hinho  dwdoan iy
F1 0 0 295 111719 15,30
F2 0 0 341 38529 116,00
F3 0 0 351 307,15 15,29
F4 1 1 4,87 13,55 113,81
F5 5 5 5,01 9,83 12,75
F6 4 4 4,84 14,35 114,48
F7 9 9 5,27 5,33 12,74
F8 0 0 4,69 20,38 114,00
F9 0 0 4,64 22,91 114,50
F10 0 0 4,81 15,48 12,67
F11 1 1 4,98 10,39 113,48
F12 0 0 4,81 15,55 111,48
F13 0 0 4,74 18,13 112,04
Fl14 2 2 5,21 6,21 112,39
F15 0 0 347 337,00 14,09
F16 7 7 5,15 7,09 12,71
F17 2 2 5,52 3,00 12,61
F18 2 2 5,11 7,82 116,00
F19 0 0 360 251,79 16,20
F20 0 0 365 22523 119,15
F21 0 0 331 49347 118,57
F22 0 0 203 116620 17,32
F23 0 0 345 35877 119,42
F24 1 1 385 140,02 118,93
F25 2 2 4,48 33,33 116,43
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S6 méd hinh déqg thuin Du doan E)‘;'mg sang loc Ph4

1a chat wrc ché P-gp mo hinh két hgp : Piém sé
Chit  Trongsé  Trongsb 0ICso ICso docking

9 mob 10 mo . dwdoan HHHaVv® RRHdV? (kJ/mol)

hinh? hinho  dwdoan i,
F26 5 5 4,16 69,12 -18,23
F27 5 5 4,56 27,75 -16,94
F28 3 3 4,21 61,37 -18,18
F29 8 8 4,83 14,94 -15,38
F30 7 7 4,95 11,17 -14,19
F31 6 6 4,74 18,20 -14,72
F32 8 8 4,92 12,13 -15,73
F33 9 9 5,14 7,25 -14,59
F34 8 8 5,00 9,97 -15,75
F35 8 8 5,22 6,07 -14,18
F36 9 9 5,32 4,76 -15,13
F37 9 9 5,42 3,80 -11,86
F38 0 0 3,76 175,34 -18,50
F39 0 0 3,79 162,43 -18,80
F40 0 0 4,33 47,03 -18,93
F41 0 0 4,31 48,72 -18,24
F42 0 0 4,34 45,72 -18,86
F43 0 0 3,48 333,83 -16,52
F44 0 0 5,43 3,76 -16,91
F45 0 0 5,53 2,92 -17,12
F46 0 0 2,99 1026,83 -19,72
Fa47 1 1 4,43 36,76 -15,24
F48 7 7 4,59 25,69 -15,38
F49 1 1 4,81 15,35 -12,37
F50 0 0 4,76 17,56 -11,44
F51 0 0 4,57 26,86 -14,71
F52 0 0 3,68 209,82 -20,75
F53 0 0 3,75 176,37 -21,75
F54 0 0 4,00 99,57 -21,08
F55 0 0 3,92 119,88 -21,48
F56 0 0 3,83 148,37 -20,49
F57 0 0 3,04 920,89 -23,85
F58 8 8 4,56 27,28 X -16,08
F59 9 9 4,22 59,86 X -16,20
F60 9 9 4,15 71,39 -15,94
F61 1 1 5,00 9,95 -13,63
F62 4 5 3,97 106,93 -12,15
F63 7 7 5,16 6,97 -15,87
F64 1 1 4,20 63,02 -12,84
F65 1 1 4,99 10,33 -14,93
F66 0 0 3,25 567,41 -14,81
F67 0 0 3,86 139,45 -13,78
F68 0 0 3,86 138,81 -15,83
F69 0 0 4,31 48,67 -12,14
F70 0 0 3,82 150,09 -12,98
F71 0 0 4,73 18,49 -13,36
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S6 mo hinh dong thuin Du doan bang .

14 chit e ché P-gp md hinh két hop Sang loc Phd Piém s6
Chit  Trongsé  Trongsb 0ICso ICso docking

9 mob 10 mo . dwdoan HHHav® RRHdV? (kJ/mol)

hinh? hinho  dwdoan i,
F72 0 0 3,53 293,83 -14,13
F73 0 0 4,55 28,43 -11,57
F74 0 0 4,09 80,81 -11,30
F75 0 0 4,53 29,54 -12,48
F76 0 0 3,09 820,90 -13,87
Fr7 0 0 3,42 380,30 -12,26
F78 0 0 3,70 198,46 -10,83
F79 0 0 3,82 151,21 -11,38
F80 0 0 3,40 400,33 -16,22
F81 0 0 3,70 200,07 -11,17
F82 0 0 3,21 616,48 -16,92
F83 0 0 3,61 247,44 -18,70
F84 0 0 3,20 627,32 -17,13
F85 0 0 3,56 278,04 -18,40
F86 0 0 3,57 268,00 -18,68
F87 0 0 3,61 247,44 -18,70
F88 8 8 5,57 2,67 X -19,66
F89 9 9 6,19 0,64 X X -20,66
F90 9 9 6,10 0,80 X X -20,41
FI91 9 9 6,06 0,87 X X -21,52
F92 1 1 3,25 564,75 -16,56
F93 0 0 3,78 167,21 -14,40
F94 0 0 3,69 204,79 -16,02
F95 9 9 5,16 6,98 -17,05

®Khong ké mo hinh mat nghiéng quyét dinh; "Bao gom mé hinh mat nghiéng quyét
dinh; “Pharmacophore chat irc ché P-gp manh; dPharmacophore chat ¢ ché NorA
nhung khdng tc ché P-gp.

3.3.2. Dy doan hoat tinh tc ché P-gp

Viéc du doan hoat tinh sinh hoc trén P-gp (gia tri 1Cso hoac plCso) cua cac tap
dir liéu nghién cau nham muc dich xac dinh cac chat e ché tiém ning voi ICso <
15uM (gia tri ngudng dé dugc xem 14 chat tc ché P-gp) [147] cia bom nguoc dé
khang da thudc nay. Dua trén 34 thdng sé md ta duoc trinh bay trong Phu luc 4, c4c
chat c6 day du gia tri thudc tinh cling véi 499 chat cua toan bo tap dit liéu dung trong
viéc huan luyén va danh gia cac mé hinh du doan duoc kiém tra nhanh bang hach
“Anomaly Detection” trong Clementine dé phat hién cac chét bat thuong. Ty Ié cia

c4c chat bat thuong van duoc thiét 1ap & mac 1 %. Ngoai ra, phan tich thanh phan
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chinh (PCA) cua tat ca cac chat nay ciing duoc thuc hién voi sé luong téi da 13 nim
thanh phan.

Sau qué trinh sang loc so bo, 73 chat bat thuong duoc phét hién tir 6763 hop
chat Ngan hang Thuéc khdng bi thiéu théng s md ta nao (tap tin TLBS.xlsx,
Sheet9). Sy phan b cua cac chat thude cac co sd dir liéu khac nhau theo hai thanh
phan chinh dau tién dugc thé hién trong Hinh 3.9. 6 thi phan tan dau tién (Hinh
3.9A) cho thay tinh hop ly cua viéc loai bo céc chat bat thuong 1a nhitng chat c6 phan
tach biét khoi cac chat khac trong khong gian hai chiéu duoc chon. Trong khi db thi
thi hai (Hinh 3.9B) cho thay sy phan tan cua 95 chalcon ngi bo nam trong khong
gian hoa hoc caa co sé dit liéu 499 chat ding cho viéc phét trién cac md hinh dy doén,
thi trong d6 thi thir ba (Hinh 3.9C) nhiéu chat thudc tap Ngan hang Thudc lai phan
tan nam ngoai khu vuc nay. Ni cach khéc, cac md hinh QSAR c¢6 nhiéu kha niang dy
doan dtng hoat tinh sinh hoc cua céac chalcon trong tap dir liéu noi bo hon so véi cac
chat trong tap Ngan hang Thubc.

Két qua du doan hoat tinh sinh hoc bing cac mé hinh QSAR trén hai tap di liéu
dé cap (95 chalcon noi bo va 6690 hop chat Ngan hang Thudc) dugc trinh bay chi tiét
trong tap tin TLBS.xIsx, Sheet11. Trong d6, md hinh t5t nhat 12 mé hinh két hop da
du doan 27 chalcon noi bo (Bang 3.14, tham khao cau trac tuong Gng trong Phu luc
1) va 2373 hop chat Ngan hang Thudc c6 gia tri ICso thap hon gid tri ngudng 1a 15
UM. Dya trén cac nhdm thé, cac chalcon nay c6 thé dugc phan loai thanh nim nhém
1a: 2°-hydroxy (F29, F30, F32, F33, F34, F35, F36, F37, F44, F45); 4’-bromo (F11,
F14, F16, F17); methoxy (F4, F5, F6, F7, F61, F63); amino (F18, F95) va di vong A
(F65, F88, F89, F90, F91). Trong sé 47 hop chat Ngan hang Thudc c6 gia tri plCso
du doan > 7 (Bang 3.15), amiodaron, tacrolimus, indinavir, ritonavir, cyclosporin va
saquinavir 1a cac chat irc ché P-gp da biét, theo Co quan Quan Iy Thuc pham va Dugc
pham Hoa Ky (U.S. FDA) [187].
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Hinh 3.9. B thi phan tan cua céc tap dix liéu lién quan cho muc dich du doan in silico

hoat tinh wrc ché P-gp, dua trén 02 thanh phan chinh dau tién.
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Bang 3.15. Téom tat két qua sang loc in silico cta 47 chat tir Ngan hang Thudc véi cac gié tri pICso trén P-gp duoc dyu doan boi mé hinh két

hop>7.
S0 mé hinh dong thuin Du do4n bing X
, 14 chét trc ché P-gp md hinh két hop Sang lgc Ph4 Piém sb
£ Nhom o . Z 9 ;
Chat thube Tén generic Trongso  Trong so Ic 1Cso docking
9 mo 10 md dﬂ d(f;n dudoan HHHaVv® RRHdVY  (kJ/mol)
hinh? hinh® - (M)
DB01249 A lodixanol 2 2 9,2657 0,0005 -17,78
DB01118 Al Amiodaron 9 9 8,5249 0,0030 -7,50
DB04869 | Olcegepant 9 9 8,3513 0,0045 -20,06
DB01578 A Metrizamid 1 1 7,9275 0,0118 -17,95
DB01362 A lohexol 0 0 7,6472 0,0225 -13,48
DB04775 E Reidispongiolid C 9 9 7,5282 0,0296 2,17
DB02872 E - 9 10 7,5173 0,0304 -14,82
DB02860 E Calyculin A 6 6 7,4863 0,0326 -6,19
DB04774 E Reidispongiolid A 9 9 7,4600  0,0347 Khong
" LA s \ dock duoc
Khdng cé chat nao thoa Khon
DB06748 N Ginsenosid C 2 2 7,4478 0,0357 man cac moé hinh Ph4 g
dock duoc
DB06749 N Ginsenosid Rb1 2 2 7,4242 0,0377 1,30
DB04783 E Sphinxolid B 9 9 7,4125 0,0387 2,19
DB04933 | Eritoran 6 6 7,4077  0,0391 Khong
dock duoc
DB03621 E L-709,587 9 9 7,3917 0,0406 Khong
dock duoc
DB04711 A lodipamid 0 0 7,3042 0,0496 -12,19
DB06439 Al Tyloxapol 8 9 7,2874 0,0516 -0,01
DB00864 Al Tacrolimus 9 9 7,2809 0,0524 0,49
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S6 mé hinh dong thuin

Du do4n bing

) 14 chét e ché P-gp md hinh két hep Sang lgc Phd Piém sb
£ Nhém o . ; Z ;
Chat thube Tén generic Trongso  Trong so Ic I1Cso docking
9 mo 10 mo dE’ d(f;n dwdoan HHHave RRHdVY  (kJ/mol)
hinha hinh® - (UM)
DB01590 A Everolimus 9 9 7,2567 0,0554 Khong
dock duoc
9,10-Deepithio-9,10-
DB02169 E Didehydroacanthifolicin 1 1 7,2470 0,0566 -7,99
DB00877 Al Sirolimus 9 9 7,2203 0,0602 -0,27
DB03933 E - oaomophorthom héa 6 7 72201 0,0602 111,04
DB00224 A Indinavir 9 9 72121 0,0614 -11,67
DB01721 E Péng déng cua Indinavir 9 10 7,1863 0,0651 -12,64
DB01321 A Josamycin 7 7 71804  0,0660 Khong
dock duoc
DB00050 Al Cetrorelix 9 10 7,1644 0,0685 Khong c6 chat nao thoa dofg%??m
DB08947 lopamidol 0 0 71543 00701 MmancacmohinhPh4 g, g
DB00503 Al Ritonavir 9 10 7,1521 0,0705 7,43
DB04748 E Oximinoarylsulfonamid 9 9 7,1511 0,0706 -10,54
DB02253 E - 9 10 7,1479 0,0711 -10,09
DB04934 I Benzoxazinorifamycin Chat bat thuong bi loai 7,1385 0,0727 -5,44
DB08889 A Carfilzomib 9 9 71330 0,0736 -9,50
DB02785 E - 9 9 7,1320 0,0738 -18,06
DB01723 E - 1 2 7,1055 0,0784 -9,95
DB02888 E FKB-001 9 10 7,0042 0,0805 -3,91
DB02009 E L-756,423 9 10 7,0694 0,0852 -17,07
DB00403 A Ceruletid 0 1 7,0560  0,0879 Khong

dock duogc
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S6 mé l}inh dﬁqg thuan Du doan pﬁng Sane loc Phd ) ]
, 1 chét tre ché P-gp md hinh két hep g4 Diém sb
P Nhom R . ; z :
Chat thube Tén generic Trongso  Trong so pICso I1Cso docking
9 mo 10 md dur dod dwdoin HHHaVv¢ RRHdVY  (kJ/mol)
hinh? hinhb v doan (LM)
DB01226 A Mivacurium Chat bat thuong bi loai 7,0407 0,0911 5,69
DB01152 W Candicidin 3 3 7,0395 0,0913 Khong
dock duoc
DB08874 A Fidaxomicin 6 6 70379  0,0916 Khong
dock duoc
DB01180 A Rescinnamin 9 10 7,0376 0,0917 -13,65
DB04378 E - 9 10 7,0273 0,0939 Khong c6 chat nao thoa -16,80
DB00954 A Dirithromycin 8 8 7,0172 0,0961 man cac mo hinh Ph4 1,65
DB04318 E - 9 10 7,0135 0,0969 -14,07
] . Khoéng
DB00091 A;l Cyclosporin 9 9 7,0119 0,0973 dock duoc
DB01232 Al Saquinavir 9 10 7,0079 0,0982 -19,31
DB01135 A Doxacurium Chét bét thuong bi loai 7,0054 0,0988 6,88
DB00778 A; W Roxithromycin 6 6 7,0026 0,0994 -4,83

®Khong ké mo hinh mat nghiéng quyét dinh; PBao gom md hinh mit nghiéng quyét dinh; °Pharmacophore chat trc ché P-gp manh;
dPharmacophore chat rc ché NorA nhung khong uc che P-gp; A: Ba duoc phé duyét; E: bang thu nghiém; I: Bang nghién cau; N: Dinh
dudng; W: Da bi thu hoi.
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3.3.3. Sang loc biang pharmacophore

Céc hinh thé ba chiéu (3D) duoc tao ra cho 95 chalcon noi bd va 4456 chat tir
co so dir liéu Ngan hang Thubc gébm 6874 chat. Trong qua trinh sang loc bang
pharmacophore, c6 5/95 chalcon n6i bo la F58, F59, F89, F90, F91 (Bang 3.14, Hinh
3.10, tham khao céu tric twong tng trong Phu luc 1) va 69/4456 hop chat Ngan hang
Thudc théa mén mé hinh pharmacophore cta cac chat trc ché P-gp manh (HHHaV);
dong thoi c6 4/95 chalcon ndi bo 1a F88, F89, F90, F91 (Bang 3.14, Hinh 3.11, tham
khao ciu trac twong (ng trong Phu luc 1) va 611/4456 hop chat Ngan hang Thudc
thoa man mo hinh pharmacophore cua cac chat (rc ché NorA ma khong trc ché P-gp

(RRHAV). Két qua sang loc duoc trinh bay chi tiét trong tap tin TLBS.xIsx, Sheet12.

Hinh 3.10. Nam chalcon thoa pharmacophore chét trc ché P-gp manh (F1, F2, F3:
Nhom Ky nudc; F4: Nhém nhan lién két hydro; V: Gigi han thé tich): F58 (tim); F59
(cam); F89 (vang); F90 (do); F91 (xanh duong).
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Hinh 3.11. Bén chalcon thoa pharmacophore chat e ché NorA ma khong e ché P-
gp (F1, F2: Yéu t6 vong thom/vong Pi; F3: Nhom ky nudc; F4: Nhom cho lién két
hydro; V: Giéi han thé tich): F88 (xanh 14); F89 (vang); F90 (d0); F91 (xanh duong).

3.3.4. Docking phan ti

Nghién ctru docking dugc thuc hién véi 95 chalcon noi bo (Bang 3.14) va 47
hop chat Ngan hang Thubc co gié tri ICso du doan thap nhat (Bang 3.15) dé xéac dinh
cac md hinh gan két cd thé va &i luc gan két cua cac chat nay véi mé hinh trong dong
t6t nhat ciia P-gp bang goi FlexX trong LeadIT. Ngoai ra, ba chat ¢ ché phan tir nho
cua P-gp 1a reserpin, tariquidar va elacridar [173] ciing duoc tién hanh docking dé so
sanh. Tong cong 134 phan tir bao gdm 95 chalcon noi bo, 36 hop chat Ngan hang
Thudc va 3 chét so sanh da dugc dock thanh cong vao tli gan két cua protein muc
tiéu, duoc xac dinh bao gém cac acid amin trong ban kinh 6,5 A tinh tir phdi tir tham
khao QZ59-RRR. Tuy nhién, thuat toan docking da that bai voi 11 hop chat Ngan
hang Thudc con lai do ciu truc phirc tap va cong kénh cua chung. Két qua docking
dugc trinh bay chi tiét trong tap tin TLBS.xlsx, Sheet13, Bang 3.14 va Bang 3.15.

Véi diém sé docking ndm trong khoang -23.85 dén -10,83 kJ/mol, c4c chalcon

nodi bd cho thay kha ning gan két tét vao khoang bén trong ctia mé hinh twong dong



85

P-gp. Trong d6, ba chalcon F57, F53 va F91 c6 diém sb docking thap nhat, 1an luot
la -23,85; -21,75 va -21,52 kd/mol (Hinh 3.12). Mic du 1a nhitng dan xuat duoc du
doan c6 4i luc gin két manh nhét véi P-gp trong s6 95 chalcon, F57 va F53 lai ¢6 cac
gia tri ICso du doan > 15 pM (x4p xi 921 va 176 uM), khong duogc bat ctr mé hinh
phan loai nao xac dinh 1a chit rc ché P-gp va khong thoa bét ky pharmacophore nao
dugc xay dung.

Diém sb docking cao hon vé téng thé (trong khoang -20,06 dén 6,88 k/mol)
cho thay cac hop chat Ngan hang Thudc c6 kha nang gan két vao muc tiéu tic dong
kém hon so véi cac dan xuét chalcon, mic du ching c6 cac gia trj ICso du doan thap
hon déng ké. Khong ké cac chat khong dock duoc, 7/36 hop chit Ngan hang Thudce
c¢6 diém s6 docking duong. Trong s6 29 chét con lai, 3 chét co diém sé docking thap
nhat 1a DB04869 (olcegepant; -20,06 kJ/mol); DB01232 (saquinavir; -19,31 kJ/mol)
va DB02785 (-18,06 kJ/mol) (Hinh 3.12). Ngoai ra, ca ba chit ndy ciing c6 cac gia
tri ICso du doan < 0,1 pM, duot it nhat 9 mo hinh phan loai xac dinh 14 chét wc ché
P-gp, du khong thoa bat ky pharmacophore nao duoc xay dung.

Tat ca cac chat thir nghiém trong Hinh 3.12 déu c6 diém sé docking twong
duong elacridar (-22,86 kJ/mol) va tot hon so véi reserpin va tariquidar (-3,47 kd/mol
va -13,26 kJ/mol). Qua cach thirc gan két ciia cac chat nay, cé4c acid amin chiu trach
nhiém chinh cho céac twong tac gan két phdi tir - protein (lién két hydro, aren-cation
va ky nude) duge xac dinh la His6l, GIn946, Tyr950, Leu65, Met949, Phel94,
GIn195 trong truong hop cac chalcon va GIn347, Phe942, Phe343, Phel194, GIn195,
Ser344, GIn946 trong trudng hop cac hop chat Ngan hang Thude. Trong d6, céac acid
amin Phe194, GIn195 ¢ vung xuyén man TM3 va GIn946, Tyr950 ¢ vung xuyén man
TM11 gilp tai khang dinh tdi gan két thudc dat tai mat phan gigi TM3/TM11 da duoc
Chiba va cong su [25] chi ra trudc d6. Cac phuong phap khac nhu danh dau &i luc
quang hoc (photoaffinity labeling), dot bién diém dinh hudng (site-directed
mutagenesis), dau do thiol va nghién ciru cau trac dong két tinh caa P-gp véi cac phdi
tir nGi trén c6 thé duoc str dung dé danh gia vai tro ctia cac acid amin duoc chi ra

trong nghién ctru nay.
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Phe ((M:
154 942

Reserpin (-3,47 kJ/mol) Tariquidar (-13,26 kJ/mol) Elacridar (-22,86 kJ/mol)
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" lan can phoi tir thu the

Hinh 3.12. Hinh anh docking vao mé hinh twong dong ctia P-gp ctia ba chalcon va ba hop chat Ngan hang Thudc ¢ diém s docking tot nhat, cing

v6i ba chat trc ché P-gp da biét 1a reserpin, tariquidar va elacridar.
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3.4. Sang loc in silico va thir nghiém in vitro danh gia tac dung @c ché bom ngwoc
NorA trén S. aureus ciia mdt sé chalcon ngi bd

Duwa vao két qua sang loc in silico trén P-gp (Bang 3.14) va tinh sin c6 cua cac
chalcon tong hop, bén dan xuit F29, F88, F90 va F91 dugc chon dé kiém tra hoat
tinh &c ché bom NorA cua S. aureus trén in silico va in vitro, do giita hai bom nguoc
nay c6 su chia sé¢ hay chong pha phéi tir nhat dinh [17]. Ngoai pharmacophore chat
rc ché NorA nhung khong wc ché P-gp duoc xay dung trong nghién ctiu nay, céc
cdng cu may tinh khac bao gdom mé hinh tét nhat dy doan 1Cso trén NorA (mé hinh
D) va mo hinh tuong dong ciia bom ngugc nay duoc tao ra trong mot nghién ctru
khac cta nhom ching t6i [181] ciing dugc sir dung dé du doan may tinh cho céc
chalcon duoc chon trudce khi tién hanh thir nghiém thuc nghiém tac dung tc ché bom
nguoc trén vi khuan.
3.4.1. Panh gia in silico trén NorA

M6 hinh héi quy tuyén tinh D (12) duoc thiét 1ap bang k¥ thuat binh phuong toi
thiéu tirng phan (Partial Least Square) sir dung ba théng sé6 mé ta 1a rings, balabanJ
va logS, tir mot tap dir liéu 45 chat (R? = 0,80) va duoc danh gia bang mot tap ngoai
15 chat (R? = 0,60) [181]. Trong khi d6, mé hinh tuwong ddng tét nhat cua NorA (C-
score = 1,35; TM-score = 0,9 = 0,06; RMSD =4,0 =+ 2,7, mat d6 dam = 0,91) ciing
dugc mo hinh hoa bang server ty dong I-TASSER, sir dung dia 14 chudi A cua protein
chuyén ché da thuéc EmrD cua E. coli (ma dinh danh: 2gfp), thugc ciing Lién ho tro
gitip chinh (Major Facilitator Superfamily) vai NorA. Hai vi tri gan két c6 xép hang
cao nhit cia mo hinh nay Ia khoang trung tam va Walker B (Hinh 3.13), duoc xac
dinh bang Site Finder trong MOE dé phuc vu docking [181].

pICso = 5,91838 - 0,11195*rings - 1,38078*balaband - 0,24425*10gS (12)
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Hinh 3.13. Mo hinh twong dong tt nhat caa NorA véi 02 vi tri gan két phdi ta duoc
du doan: (A) Khoang trung tam; (B) Walker B.

Két qua danh gia hoat tinh in silico trén NorA cua céc chalcon noi bo duoc trinh
bay trong Bang 3.16 va Hinh 3.14. Theo mé hinh D, chalcon F88 1a dan xuit tiém
ning nhat do s& hitu gié tri ICso du doan thap nhat (3,84 uM), tiép theo 13 F90 va F91
(xap xi 5 UM), sau ciing 1a F29 (88,27 uM). Tét ca chalcon déu dugc dock thanh cong
vao khoang trung tam va Walker B cia mo hinh twong dong NorA véi diém sb
docking tét (tir -30,33 dén -22,65 kJ/mol), dong nghia vai Viéc cac chat nay co ai luc
gan két manh véi protein. Céc acid amin déng vai tro quan trong cho su gan két phdi
tr & khoang trung tam la Lys127, Tyr131, Pro110, Trp293, Met296, Phe300, Val297,
Ser55, GIn51 va & Walker B la Glu376, His379, Lys377, Leu374, Arg380, GIn378,
Phe306, Phe259, Asn200. Hiéu luc &c ché bom ngugc NorA cia ching tiép tuc duoc

kiém chting bang thir nghiém khéang khuan.
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Bang 3.16. Két qua dy doan hoat tinh &c ché NorA bang mé hinh D va docking vao
mo hinh trong dong cua protein nay cua cac chalcon “hit”.

0ICso 1Cso0 Piém s6 docking
Chat rings balabanJ  logS du d (kJ/mol)
doan doan Khoang Walker B
(UM) trung tam
F29 2 1,85 -3,75 4,05 88,27 -23,67 -26,69
F88 4 1,26 -6,92 5,42 3,84 -22,65 -29,06
Fo0 4 1,25 -6,29 5,28 5,24 -23,76 -30,33
Fo1 4 1,21 -6,12 5,30 5,07 -24,96 -27,718
q . ,0 ’
‘ S
|
F29 (-23,67 kJ/mol) F88 (-22,65 kJ/mol)

O Phe
300
7
f

e =Y

\2<

&
F90 (-23,76 kJ/mol) F91 (-24,96 kJ/mol)
A. Khoang trung tam
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F91 (-27,78 kd/mol)

F90 (-30,33 kJ/mol)
B. Walker B
O cé6cwec  ~~» nhém nhan chudi phu O phén ti dung mdi vong thom-vong thom

O tinh axit < nhém cho chudi phu O phiec hop kim loai @+ vong thom-ion dwong

O tinh bazo =+ nhém nhén chubi chinh tiep xiic dung moi
=t nhom cho chudi chinh - tiép xiic kim loai

O béo
o, dwong bao phoi nhiém phoi nhiém
lan can phoi tw thu the

Hinh 3.14. Hinh anh docking vao mé hinh tuong dong ctia NorA cta bon chalcon

“hit”: (A) Vao khoang trung tdm; (B) Vao Walker B.
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3.4.2. Cac thir nghiém in vitro
3.4.2.1. Thir nghiém tac dung wc ché bom ngwoc NorA trén cac chiing vi khuan
S. aureus SA-1199 va SA-1199B
Két qua thir nghiém (Bang 3.17) cho thay:
- Trén chung ty nhién SA-1199: Khang sinh ciprofloxacin van nhay cam (MIC <
0,125 pg/mL) khi khéng c6 mat hay c6 mat cac chalcon.
- Trén chung dot bién SA-1199B (san xuat qua muc NorA):
e Higu qua cua ciprofloxacin giam khi dugc str dung riéng 1¢ (MIC = 4 pg/mL).
e So voi khi str dung riéng 1é, mirc 0 nhay cam cua ciprofloxacin dugc cai thién
16 rét (MIC = 2 pg/mL) khi ¢6 su hién dién cta chalcon F29 & nong do 100
ng/mL va céc chalcon F88, F90 ¢ nong d6 50 pg/mL va 100 pg/mL; nhung
lai khong thay doi (MIC = 4 pug/mL) khi c6 mit chalcon F91 & ca hai nong do
thir nghiém.
Bang 3.17. Gia tri MIC (ug/mL) cua ciprofloxacin trén cac chung S. aureus SA-1199

va SA-1199B khi vang mat va khi c6 mat cac chalcon nghién cuu.

MIC SA-1199 SA-1199B
Ciprofloxacin < 0,125 pg/mL 4 pg/mL
Ciprofloxacin + F29? < 0,125 pg/mL 4 ng/mL
Ciprofloxacin + F29° < 0,125 pg/mL 2 ug/mL
Ciprofloxacin + F88?2 < 0,125 pg/mL 2 ug/mL
Ciprofloxacin + F88° < 0,125 pg/mL 2 ug/mL
Ciprofloxacin + F90? < 0,125 pg/mL 2 pg/mL
Ciprofloxacin + F9QP < 0,125 pg/mL 2 ug/mL
Ciprofloxacin + F912 < 0,125 pg/mL 4 pg/mL
Ciprofloxacin + F91° < 0,125 pg/mL 4 pug/mL

350 pg/mL; 100 pg/mL.
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3.4.2.2. Thir nghiém sang lec cac chiing vi khuin S. aureus phan Iap tir Iam sang
dé khang ciprofloxacin qua trung gian bom nguoc
Két qua thir nghiém (Bang 3.18) cho thay:

- Trén tat ca 156 chung SA 1am sang, MIC cua ciprofloxacin dugc xac dinh thap nhat
1a 0,06 pg/mL va cao nhat 1a 256 pg/mL.
- Lan luot ¢6 36 chung va 96 ching véi gia tri MIC cia ciprofloxacin giam 4 lan va
2 1an khi c6 sy hién dién cua chit Gc ché bom nguoc di biét 1a PapN ¢ nong d6 20
Hg/mL. Trong khi dé, gia tri MIC cua khang sinh ndy van giit nguyén trén 24 chung
con lai khi duoc sur dung két hop voi chét trc ché bom chuan & néng do da cho.
- Trong s 36 chung ting nhay cam vdi ciprofloxacin tot nhat (MIC giam 4 1an) khi
két hop voi PapN, 10 chung (116.1412, 116.1421, 116.1461, 116.1505, 116.1562,
116.1604, 116.1617, 116.1635, 116.1672 va 116.1773) duoc chon ngau nhién dé tiép
tuc l1am thir nghiém tc ché bom nguoc véi cac dan xuat chalcon.
Bang 3.18. Gia tri MIC (ug/mL) cua ciprofloxacin trén c&c chung S. aureus Iam sang
khi vang mit va khi c6 mit chét tc ché bom PapN.

MIC MIC

STT Ching SA MRSA ciprofloxacin ciprofloxacin Fl;g’/\s(o
(ug/mL) (X)  (ug/mL) + PapN (Y)
1 116.1412 + 32 8 4
2 116.1421 - 1 0,25 4
3 116.1430 - 0,25 0,06 4
4 116.1446 - 0,25 0,06 4
5 116.1447 - 0,25 0,06 4
6 116.1461 + 64 16 4
7 116.1474 - 0,25 0,06 4
8 116.1477 - 0,25 0,06 4
9 116.1478 - 0,25 0,06 4
10 116.1479 - 0,25 0,06 4
11 116.1480 - 0,25 0,06 4
12 116.1481 - 0,25 0,06 4
13 116.1493 + 0,25 0,06 4
14 116.1496 - 0,25 0,06 4
15 116.1505 + 64 16 4
16 116.1510 - 0,25 0,06 4
17 116.1528 - 0,25 0,06 4
18 116.1531 - 0,25 0,06 4
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STT Chung SA MRSA

MIC
ciprofloxacin

(ug/mL) (X)

MIC
ciprofloxacin
(ug/mL) + PapN ()

Ty s6
XY

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

116.1537
116.1538
116.1540
116.1562
116.1563
116.1567
116.1604
116.1615
116.1617
116.1635
116.1672
116.1690
116.1701
116.1702
116.1773
116.1778
116.1801
116.1806
116.1407
116.1411
116.1413
116.1416
116.1420
116.1425
116.1432
116.1436
116.1437
116.1454
116.1456
116.1460
116.1464
116.1465
116.1466
116.1469
116.1471
116.1485
116.1491
116.1499
116.1503
116.1517

+ 4+ 4+ 0+ o+ +

4+

+ 4+ + + ++FF A+ A+ o+ + A+

+

0,25
0,25
0,25
64
0,25
0,25
16
0,25
32
32
32
0,25
0,25
0,25
32
0,25
0,25
0,25
16
0,5
0,5
64
32
0,5
32
32
32
16
16
0,5
16
16
0,5
256
32
32
32
64
32
32

0,06
0,06
0,06
16
0,06
0,06
4
0,06
8
8
8
0,06
0,06
0,06

0,06
0,06
0,06

0,25
0,25
32
16
0,25

NNPNPNPNNDNPDPNDPNDNDNDPNDNDNDNDNDNDNDDNDdDNDdDNDdDDNdDNDdDDNDdDNDNNPEAEEAEDEESREREDEEEEDREERERREREEERAEEREDEESEDS
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MIC MIC T sb
STT Chung SA MRSA ciprofloxacin ciprofloxacin QI/Y
(Mg/mL) (X)  (ug/mL) + PapN (Y)
59 116.1520 + 32 16 2
60 116.1527 + 16 8 2
61 116.1546 + 32 16 2
62 116.1547 + 32 16 2
63 116.1549 + 32 16 2
64 116.1550 + 32 16 2
65 116.1559 + 32 16 2
66 116.1564 + 32 16 2
67 116.1569 + 16 8 2
68 116.1570 + 16 8 2
69 116.1571 + 32 16 2
70 116.1576 + 32 16 2
71 116.1581 + 16 8 2
72 116.1582 + 32 16 2
73 116.1585 + 16 8 2
74 116.1591 + 16 8 2
75 116.1592 - 8 4 2
76 116.1603 + 32 16 2
77 116.1606 + 16 8 2
78 116.1610 + 32 16 2
79 116.1611 + 16 8 2
80 116.1613 + 32 16 2
81 116.1614 + 32 16 2
82 116.1616 - 32 16 2
83 116.1618 + 0,5 0,25 2
84 116.1619 + 256 128 2
85 116.1620 - 256 128 2
86 116.1621 + 32 16 2
87 116.1622 + 0,5 0,25 2
88 116.1623 + 0,5 0,25 2
89 116.1629 - 32 16 2
90 116.1630 - 32 16 2
91 116.1632 + 32 16 2
92 116.1633 - 64 32 2
93 116.1634 + 32 16 2
94 116.1638 + 16 8 2
95 116.1639 + 32 16 2
96 116.1641 + 16 8 2
97 116.1645 + 32 16 2
98 116.1648 + 0,5 0,25 2
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MIC MIC T sb
STT Chung SA MRSA ciprofloxacin ciprofloxacin )Z/Y
(Mg/mL) (X)  (ug/mL) + PapN (Y)

99 116.1650 + 32 16 2
100 116.1651 + 0,5 0,25 2
101 116.1655 + 32 16 2
102 116.1656 + 0,5 0,25 2
103 116.1657 + 32 16 2
104 116.1658 + 32 16 2
105 116.1659 + 32 16 2
106 116.1660 + 256 128 2
107 116.1661 + 32 16 2
108 116.1666 + 256 128 2
109 116.1667 - 0,5 0,25 2
110 116.1671 + 16 8 2
111 116.1673 + 32 16 2
112 116.1675 + 32 16 2
113 116.1680 + 0,5 0,25 2
114 116.1681 + 0,5 0,25 2
115 116.1685 + 32 16 2
116 116.1688 + 16 8 2
117 116.1704 + 32 16 2
118 116.1708 + 0,5 0,25 2
119 116.1713 + 64 32 2
120 116.1716 + 0,5 0,25 2
121 116.1721 + 32 16 2
122 116.1727 + 32 16 2
123 116.1728 + 32 16 2
124 116.1756 + 0,5 0,25 2
125 116.1775 + 0,5 0,25 2
126 116.1776 + 0,5 0,25 2
127 116.1782 + 0,5 0,25 2
128 116.1783 + 32 16 2
129 116.1784 + 16 8 2
130 116.1791 + 256 128 2
131 116.1796 + 32 16 2
132 116.1809 + 32 16 2
133 116.1404 - 0,5 0,5 1
134 116.1414 - 32 32 1
135 116.1422 + 32 32 1
136 116.1433 + 32 32 1
137 116.1449 + 32 32 1
138 116.1467 + 0,25 0,25 1
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MIC MIC T sb
STT Chung SA MRSA ciprofloxacin ciprofloxacin )Z/Y
(Mg/mL) (X)  (ug/mL) + PapN (Y)
139 116.1489 + 32 32 1
140 116.1490 + 32 32 1
141 116.1494 + 16 16 1
142 116.1501 + 16 16 1
143 116.1522 + 16 16 1
144 116.1525 + 16 16 1
145 116.1530 + 32 32 1
146 116.1534 + 32 32 1
147 116.1536 - 0,06 0,06 1
148 116.1572 + 16 16 1
149 116.1578 + 16 16 1
150 116.1580 + 16 16 1
151 116.1605 + 8 8 1
152 116.1679 - 0,06 0,06 1
153 116.1772 + 0,06 0,06 1
154 116.1797 + 32 32 1
155 116.1798 + 32 32 1
156 116.1808 + 0,25 0,25 1
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3.4.2.3. Thir nghiém tac dung &c ché bom ngwoc trén cac ching vi khuén S.
aureus l1am sang dé khang ciprofloxacin bang bom ngwoc

Két qua thir nghiém (Bang 3.19) cho thay:
- Khang sinh ciprofloxacin c6 gia tri MIC duoc xac dinh thip nhat 1 0,5 pg/mL va
cao nhit 13 32 pg/mL khi dugc str dung riéng 1¢é trén cac chiung SA 1am sang.
- C4c chalcon thir nghiém & ndng d6 20 pg/mL gidp lam giam MIC cua ciprofloxacin
trong mot sb trudng hop. Trong dé, chalcon F88 cho thiy kha ning lam giam hién
tugng dé khang voi ciprofloxacin trén nhiéu chang vi khuan 1am sang nhat (5/10
chang); tiép dén 1a F90 (3/10 ching) va F29, F91 (2/10 chung).
Bang 3.19. Gia tri MIC (ug/mL) cua ciprofloxacin (Ci) trén c&c chung S. aureus [am
sang khi ving mat va khi c6 mat cac chalcon nghién ciu.

MIC Ci MIC Ci MIC Ci MIC Ci

Chiing SA ('\Jg:lcr:nfl) (Mg/mL) (Mg/mL) (ug/mL) (ug/mL)
+ F29 + F88 + F90 + F91
116.1412 16 16 16 16 16
116.1421 0,5 0,125 0,125 0,125 0,5
116.1461 32 32 32 32 32
116.1505 32 32 16 32 32
116.1562 32 32 16 32 32
116.1604 16 16 16 16 16
116.1617 16 16 16 16 16
116.1635 32 32 16 16 16
116.1672 32 16 16 16 16

116.1773 16 16 16 16 16
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CHUONG 4. BAN LUAN

4.1. Cac md hinh may tinh dua trén phoi tir
4.1.1. Cac méd hinh phén loai chit wc ché va chit khong ke ché P-gp

Cho dén nay, nhiéu chién lugc nghién ciru khac nhau bao gdm cac phuong phap
dua trén phdi tir (SAR, QSAR, pharmacophore) va cic phuong phap dua trén cdu tric
(pharmacophore, mé hinh hoéa twong dong, docking) dugc st dung rong rii dé du
doan sy trc ché P-gp [137]. Do thiéu cac ciu tric tinh thé ba chiéu (3D) ¢ d6 phan
gidi cao cua protein ndy nén chi mot sd luong nhé cac nghién ciru dwa véo cau tric
dugc thyc hién trong qua khu [22], [45], [83], [170]. Nguoc lai, nhiéu cong trinh mo
hinh hoa dva vao phéi tur lai dugc cong bd cho muc dich xac dinh cac chét tc ché P-
gp [23], [34], [50], [83], [142], [143], [144], [146], [164], [174], [180], [193], [195]
st dung ca cac phuong phap hoc may c6 giam sat nhu SVM, mang noron, ciy quyét
dinh, rimg ngau nhién, Kappa/bién-lang giéng gan nhat, Naive Bayesian, QSAR nhi
phan, ... va khong giam sat nhu so d6 ty to chirc. Cac md hinh may tinh thu duoc
trude d6 tir nhidu loai thong sd mé ta va dau vén tay véi cac phuong phap hoc may
khac nhau dugc mé ta tom tit trong Bang 4.1.
Bang 4.1. Tom tit cac mo hinh phan loai chat trc ché va chat khong tc ché P-gp duogc

cong bo trong cac nghién clru trude va trong nghién clru nay.

Co sé dir liu
Nghién Nim Phwong Thong so Tap Tap
ciru phap mo ta huan danh
luyén gia

Két qua

Naive Thbng s6 Mo ta

Sun[174] 2005 loai nguyéntir 424 chit 185 chit | ap danh gid: Do ding =

Bayesian NPT 82,2 %
va dau van tay
So do6 tu to A s X
chic 206 chat Do dlng trung binh
82,3 %
Yang va Kohonen  r6ng s mo ta
ang ong 174 chat (tap hudn _ Tap dénh gia:
cong su 2005 Mang phan tir R 0/ A 47 NP LA\
luyén 50 %, tdp danh D6 dtng (chat nén) =
[195] noron lan Molconn-Z SEPe oA .
X , giangi 25 % vatap 46,6 %;
truyén phia

danh gid ngoai 25 Do diing (chat uc ché) =

sau %) 29,0 %
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Co so dir ligu

Nghien .~ Phuong Thong sb Tap Tap Két qua
ciru phap mo ta huan danh
luyén gia
Phan tich
Crivori phan biét  Thong sé md ta
o binh dua vao £ z, Tap danh gid: Do ding =
va cong 2006 £ i 23 chat 125 chat o
su [34] phlfong toi  GRIND 82 %
thiéu ttng  pharmacophore
phan
Cruciani Linh vue o1 va : sgl chit  Tap dénh gié ngogi: DG
va cong 2011 wongtic £ aD T72¢hit () ap danh gla ngoat- o
sur [18] phan ti goal:  dung =86 %
418 chat
Cay quyét Bo6 phan loai Bayesian:
Hou va dinh; phan  DA4u van tay va Tap huan luyén: Do ding =
cong su 2011 chia dé tinh chét phan 973 chat 300 chat 81,7 %;
[23] quy; Naive t Tap danh gia: D6 dung =
Bayesian 81,2 %
Panh gia chéo bo mét: Bo
ding 1 = 84,6 %; Do ding
2=176,9 %; Bo dung 3 =
. . Cayngiu  Thong s mo ta 769%
Bianucci nhién: phan tir va déu ) ) Tap danh gia ndi: Po ding
va cong 2012 c4 5,’ van tay 39 chat 20 chat 1=80%; Do ding 2 =
sy [146] consensus  (PaDEL) » “%; Do .dunAg 3, N 75_%
Tap ngoai: Do dung 1=
77,8 %; Do dung 2 =
72,3 %; Do dung 3 =
76,6 %
RUNg ngau
nhién; . .
R . Toan tap dir liéu: DY ding
Ecker va Kappalang g\ an tay £ (Rung ngau nhién) = 81 %
cong su 2012 gieng gan heckmol 1935 chat Tap danh eid: Db du
[142] nhét; may Checkmo ap danh gia: DY Ling
2 (Rtng ngau nhién) = 75 %
vector ho
tro
Kappa lang
giéng gan
nhét; may
Ecker vectorhd  Thdng s6 mo ta Noi:  Tap danh gid ngoai:
VA Cong 2014 tro; rung MOE, dau van 1201 407 Ch_ét Do dung (may vector ho
su [83] ngau tay MACCS va chat Ngoai:  tro) =75 %; D6 dung (rung
; nhién; cdy  dudi cau tric 346 chat  ngau nhién) =73 %
quyét dinh;
QSAR nhi
phén
’ Mang , M6 hinh 6t nhat:
Eric va ta0; My Thodng so6 md ta ) ) Tap huan luyén: b6 ding
cong su 2014 \/ec,tor he ADMET 101 chat 34 chat  trung binh = 96 %;
[50] tro- Két Modeler Tap danh gia: D6 dung

hop

trung binh =89 %
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Co so dir lieu

Nghién Nim  Phuong Thongso — Tap  Tap Két qua
curu phap mo ta huan danh
luyén gia
) Tép danh gia:
g Mang noron  Théng s6 md b¢ ding tong thé
I:i'o*:ngr 'E’l'g‘(;‘] 2015 lantruyén  ta MOE va ;?ai 27chit (SIN)=82%;
; ; nguoc PaDEL Do ding chat tc ché
(SIN) = 100 %
Tap huan luyén: Do
ding 1 =92 %; Do
) ding 2 =91 %; Do
Cay quyét A diung 3 =89 %
dinh: mang ;hﬁof‘fli’onmgo Péanh gia chéo 10 14n:
Nantasenamat va noron nhan N hA' £ 1301 215 b6 dung 1 =87 %;
cong su [143] 2015 tao; may Wwvatnongso oz chit Do dang 2 = 88 %;
x mo ta phéan tir o _
vector ho Dragon Do ding 3 =88 %
tro DPéanh gia ngoai: Do
dang 1 =87 %; Do
ding 2 =86 %; Do
ding 3 =84 %
M0 hinh d¢ ding cao:
Do dung (tap huin
luyén) = 87 %;
. Bién-lang C o diing (tap dénh
Schyman va cong 2016 giéng gin Dau van tay 2076 200 0id) =81%
su [164] i ECFP4 chat chat MO hinh d6 phu cao:
nhat (v-NN) NP " £
Do dung (tap huan
luyén) = 83 %;
D¢ ding (tap danh
gid) = 77 %
Worachartcheewan 2 CORreIa'Flon Dua trén £ Céc gia tri do dung >
s A 017 And Logic 2254 chat
va cong su [144] (CORAL) SMILES 80 %
DAu van tay
PubChem 2D M6 hinh tdt nht:
« A 881 bit Do dung = 83 %;
[Tlsgeg‘]g vacongsu 5419 E:C&AFEJ;% (PaDEL) va 2056 chit Do nhay = 93 %;
196 thdng s6 Do dic hiéu =69 %
mo ta (RDKit F-score = 0,87
Release)
Mang
noron; C5.0;
C&R Tree;
QUEST; Mb hinh két hop
CHAID; hdi  Théng s6 md (Ensemble):
quy logistic;  ta MOE va Noi: D¢ dung (tap huan
mat nghiéng ~ PaDEL; du 1690 419 luyén da dang) =
Nghién cuu nay 2016 quyétdinh;  vantay chit chat 84 %);
mang MACCS, Ngoai: D6 dung (tap danh gia
Bayesian; Pubchem va 22 chit  noi) = 92 %;
phén tich dudi cau tric Do dung (tap danh gia
phén biét; ngoai) = 100 %
may vector
ho tro; két

hop
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Trong mdt nghién ctru trudc d6 [180], cac mo hinh ba 16p va bén 16p giup phan
loai cac chit trc ché va chit nén cua P-gp dugc tao ra st dung mang noron lan truyén
nguoc; va trong s6 d6, md hinh SIN 1a mé hinh t6t nhét khi du doan ding 82 % sO
chat trong tap kiém tra va 100 % chét wrc ché ma khong phai 13 chit nén cua protein
chuyén chd nay. Mic du ¢6 cac gia trj thong ké kha t6t, nhung cong trinh nghién ctru
nay [180] ciing nhur cac cong trinh khac ciia Sun [174], Yang va cong su [195], Crivori
va cong su [34], Bianucci va cong su [146], Eric va cong su [50] lai chi duoc phat
trién tir cac tap dit liéu twong ddi nho va vi vay kho xac dinh diing mot chét bat ky co
kha ning trc ché P-gp hay khong bai vi tinh hdn tap cua protein. Pugc xay dung tir
cac tap dir liéu 16n voi hon 1000 - 2000 phan tir dai dién cho mot khong gian hda hoc
16m hon, nghién ctru nay cung voi cac cong trinh cia Cruciani va cong su [18], Hou
va cong su [23], Ecker va cong su [83], [142], Nantasenamat va cong su [143],
Schyman va cong su [164], Worachartcheewan va cong su [144], Tseng va cong su
[193] c6 thé phu hop hon trong viée giai quyét cac van dé lién quan dén tinh dic hiéu
chat nén rong cta cac loai bom nguoc, bao gdm P-gp.

Cac nghién ctru cua Cruciani va cong su [18] va Hou va cong su [23] da cong
bd hai bd co so dit lidu géc bao gSm lan lugt 1275 chét va 1273 chat; va déu duogc sur
dung trong cac nghién ctru sau d6 cua Ecker va cong su [83], [142], Schyman va cong
su [164], Tseng va cong su [193], cling nhu trong nghién ctru nay. Trong khi do, hai
nghién ctru cua Nantasenamat va cong su [143] va Worachartcheewan va cong su
[144] lai sir dung tap dit liéu cac chat twong tac véi P-gp tir co sé dit liéu admetSAR
do Tang va cong su [24] tao ra. Mac du da duoc béo céo trude d6 vao nam 2016, cac
gia tri 6 ding du doan cua mo hinh két hop thu dugc tir nghién ctiru nay 1a c6 thé so
sanh véi cac md hinh tot nhat hién tai (Bang 4.1).

Trong cac cong trinh dugc dé cip, cac md hinh may tinh dugc tao ra st dung
cac k¥ thuat tinh toan thong s6 mo ta, phan chia dir liéu va mo6 hinh héa khac nhau,
nhung hau hét déu 1a cac mo hinh hoc may dya trén cac thuat toan don 1¢ voi nhitng
han ché nhat dinh nhu d3 duoc ching minh ¢ trén. Hién c6 rat it mé hinh két hop

duogc xay dung, ch'fmg han nhu cac mé hinh dya trén sy két hop gitra mang noron
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nhan tao va SVM ma Eric va cong su da cong bd gén day cho muyc dich dy doan sy
trc ché P-gp, voi trong sd bang nhau cho cac du doan cia mdi mé hinh don 1¢ [50].
So v6i phuong phap bau chon don gian (simple voting) ap dung nguyén tic sé dong
dugce nhoém nghién ciru cia Eric sir dung [50], phuong phap bau chon dra trén trong
sO do tin cay (confidence-weighted voting) duoc sir dung trong nghién ciru nay 1a hop
1y hon va dugc wa chudng boi vi du doan véi do tin cay cao hon s€ dugce lua chon
trong mdi trudng hop. Céac két qua kha quan thu dugc tir ca hai nhém nghién ctru gop
phan ctng cb quan diém da dugc dit ra trude d6 vé viee két hop nhidu mo hinh nham
tang cuong kha nang phan loai [180].

Phan 16n cac chét (e ché P-gp ¢ nhitng tinh chat Iy hoa va cau tric chung, bao
g6m tinh than dau, kich thuéc hay trong lugng phan tir, tinh cong kénh, tinh thom va
nhom nhén lién két hydro [144]. Trong khi tinh than dau 14 yéu té gitp cho kha ning
tham qua mang, su hi¢n di¢n ciia nhom nhan lién két hydro, nguyén tor N (bac ba),
vong thom va cac ving ky nude 1an luot can thiét cho cac twong tac gin két hydro,
tinh dién, n-stacking va ky nude [102]. Tir tap hop 24 thudc tinh dugc chon 1am bién
doc 1ap trong cac mo hinh phan loai (Phu luc 2), nghién ctru nay ciing da khang dinh
vai tro cta tinh cong kénh vé mat cu tric (sd vong 8), kha ning tich dién (cac thong
s6 mo ta dién tich), nguyén tir N (cac dau van tay Pubchem), cac nhém nhén va cho
hydro (aldehyd, carboxylic, diol, ...) trong viéc xac dinh cac chit tc ché P-gp.

4.1.2. Cac md hinh dw doan hoat tinh wc ché P-gp

Trong nhiéu thap ki, cac phuong phap dua vao phdi tar (SAR, 2D-QSAR, 3D-
QSAR va md hinh héa pharmacophore) duoc st dung cha yéu cho viéc kham pha va
thiét ké cac chat uc ché P-gp méi va hiéu qua, boi vi cau trdc cia protein nay van
chua duoc phan giai [137]. Cac co ché phan tir cia su diéu hda MDR néi chung va
su wc ché P-gp néi riéng cho dén nay van chua dugc hiéu o, gay kho khan cho cac
nghién ciru QSAR vé chat e ché P-gp [9]. Bén canh cac md hinh phan loai nhi phan
du doan sy e ché P-gp (1 1a chat Gc ché; 0 1a chat khdng tc ché), nhiéu nghién cau
2D-QSAR khéc [40], [57], [58], [59], [72], [87], [101], [128], [139], [165], [167],
[171], [191], [194], [196], [205], [207] véi hoat tinh tic ché P-gp 1 bién lién tuc (plCso,
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pKa) cling duoc bao céo trong thoi gian qua va dugc tom tat trong Bang 4.2. St dung
cac phuong phap khac nhau tir don gian (hdi quy da tuyén tinh) dén phuc tap (cac
dang cdy, mang noron, may vector hd tro, phuong phép lai, ...), cdc nghién cau nay
da thu duoc cac két qua théng ké tét va gop phan xac dinh cac yéu t cau tric can
thiét cho sy dao ngugc MDR qua trung gian P-gp. Tuy nhién, kha ning ang dung cua
cac mo hinh dugc céng bé trén céc tap di liéu khac nhau van con phai ban cai boi vi
chiing chi dugc tao ra tir mot s6 luong phan tir nghién cttu han ché va céc phan ta nay
lai thuéc cling moét nhom cau trdc trong nhiéu truong hop (phenothiazin,
methylxanthin, flavonoid, diterpen, imidazol, polyphenol, ...). Trong sé d6, chi c6
cac cong trinh ctia Dearden va cong su [40], Ghafourian va cdng su [165] la duoc
thuc hié€n véi trén 200 phan tu.

Bang 4.2. Tém tit cac mo hinh QSAR hai chiéu dy doan hoat tinh rc ché P-gp (bién

lién tuc) dugc cong bod trong cac nghién curu trude va trong nghién clru nay.

o e rea s Co ché Két qua va thong s6 mé ta
A < Co sé dir li¢u va [ an A or FYRA A
Nghién ciru  Nam hwon ha tac dong phan ti/tinh chat lién quan dén
P g phap muc tiéu su dieu hoa P-gp

Litman va £ . S
cong su 1997 34k.thuoc kha;c n,h E;Iu IchhChe hoat Dién tich bé mit surface area (-)
[101] - Ho1 quy tuyén tin tinh ATPase

- 22 chit da dang giong -R2=0,718; Q2=0,695; SD =
Osterberg thudc ) i Ue ché hoat 0,475; F = 48,37; RMSE" = 0,452; p
va Norinder 2000 - Binh phwong t6i thi€u tinh ATPase < 0,001
[128] tung phan da bién (loai - Kich thudc bé mat phan tir, kha

tamoxifen) nang phan cyc va lién két hydro

- 22 thudc da dang

Uc ché hoat - Kich thudc phan tir va tinh phan
tinh ATPase;  cyc: Quan trong

bom ngugc - Lién két hydro hoic tinh ky nuéc:
thude Khong quan trong

- 22 thubc da dang khac

- 157 phenothiazin va cac
thude lién quan

- Hdi quy béc thang

Dearden va
cong su [40] 2003

Tinh than dau (ClogP), trong lugng

- Céc chat nen/chat dicu phan tir (logMw), chudi dai nhat

Lien va hoa, cic tac nhép dao (Nlc) ctia phan tir, nang lugng orbital
cong su 2003 nguoc MDR trién vong .;p e % ong X

R T A dugc chiém gilr cao nhat (Ehomo) va
[194] trén 1am sang AT SR o a1

A A toi thi€u mot nguyén tir nito bac ba
- Hoi quy bac thang
base
Lam giam su i

Breier va 2004 " 25 methylxanthin dé khangda  Khuc xa phan tir, mat d¢ tinh thé (-)
cong su [87] - Hoi quy da tuyén tinh thuoc ciat€¢  va hé so phan chia (-)

bao
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S Co ché Két qua va thong sé6 mé ta
A < Co s6 dir liéu va . g A eoir AL 1eA £
Nghién ciu Nam hwone pha tac dong phén ti/tinh chat lién quan dén
P g phap muc tiéu su di€u hoa P-gp
- 57 flavonoid . - Mb hinh tt nhat (BRNN):
Yang va - Mang noron theo quy taic ~ Gan vao REL oo =0,75;
CoNg Su 2005 Bayesian (BRNN); mang  domain gin Rzap anfyen 073
[igg] ; noron lan truyén phia sau  két nucleotid tap danh gia '~ %"
va binh phuong t6i thiéu  C tan - 53 thdng s6 md ta Molconn-Z, 4
timg phan vector thanh phan chinh
70 ehikt - MO hinh lai t6t nhat: R, huan 1uyen
5 A 4 ’. 4 = : 2,\ . P : 2 N A
Zhao va _Hbi quy datuyén tinh  Ucchébom 989 Riap aanh gia = 081 Reoan tap
cong su 2009 s he =084
[205] don gian; may vector ho nguoc 4 ,hA & 6 13 Cod P
tro va phuong phép lai -h thong s6 mo ta Codessa dugc
chon
- B6n mé hinh (mé hinh t6t nhat: R2
= - 2 z = - 02 =
Fernandes - 51 chat diterpen c6 hoat Ucchébom 0 ;)\‘,38806' Ry dosn = 0,765; q
vacongsy 2013 tinhsinhhoc o, T i b et oo ohi i o8
[171] - Hi quy da tuyén tinh gug - Tinh than dau ctia cac phan tir, 50
luong nguyén tr tich dién duong va
0 lugng hé thong lién hop (-)
- 35 benzopyran va ) -R%?=10,67; g*(LOO) = 0,63; RMSE
Ecker va 2013 benzopyrano Ucché bom =0,48 .
cong su [72] [3,4b][1,4]oxazin nguoc - Dién tich bé mit vdW (A?) cua cac
- Hoi quy da tuyén tinh nguyén tir ky nudc
. . _R2= T2 - .
Ecker va - 22 dan xuat chalcon tong Ue ché bom :Fé 510'79' ¢°(LO0) =0,71; RMSE
Elégg] Sy 2014 flq}ﬁ;) L quv da tuvén tinh ngugc - Sé luong lién két c6 thé xoay (-) va
quy da tuy dién tich bé mit ky nuée
Luco va . Ai lyc gin Tinh ky nudc, cac yeu to hinh hoc
A - 62 flavonoid L 1S A s A i 1A 1A
cong su 2014 Hi quy da bién ket: Hang so va cdc tuong tac phan tan lién phan
[191] quy phanly (Ke)  tir & vi tri gén két (chalcon)
- 88 flavonoid Ai luc efn - B6n m6 hinh (m6 hinh tot nhat: R?
Li va cong 5014 - Mangnoronnhantao ~ x. Hé%lg & 7 0,92; ¢* = 0,77; R} g0qi = 0.87)
su [167] lan truyén phia sau va hoi phén ly (Kq) - 14 va 8 thong so m6 ta PaDEL
quy da tuyén tinh ‘ dugc chon
- M6 hinh t6t nhit (mang noron
-51 dan xuat dya trén nhén 20): Ry husn luyen = 0:83;
Sha;ianfar Imlg{ﬂo' o Uc ché bom Ré‘p dénh gig = 081
vacongsy 2014 - Hoiquydatuyentinh; o oo - 4 théng s6 mé td Dragon dugc
[59] may vector ho trg' va | chon béi phuong phép binh phuong
mang noron nhan tao t6i thiéu-thudt toan di truyén (GA-
PLS) va hoi quy bac thang
, o - Hai mo hinh t0t nht 1a CHAID va
- 219 cap chat uc che/chat cdy tang cuong voi MAE trén tap
nen huan luyén lan luot 14 0,399 va
Ghafourian - Cay hoi quy; cay tuong Hine s e 0,322; MAE trén tap danh gia lan
va cong su 2016 tac st dung CART; ché Ig& Iuot1a 0,511 va 0,554
[165] CHAID; cay tang cuong; ' - Céc chat trc ché P-gp manh c6 tinh

ring ngau nhién va hoi
quy da bién tu thich nghi

than dau cao hon va trong luong
phén tu 16n hon cac phan tir giong
nhu thudc
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o e teA s Co ché Két qua va thong sb mé ta
A < Co s¢ dir liéu va (o A s FIRA A
Nghién ciu Nam hwone pha tac dong muc phan ti/tinh chat lién quan dén
P g phap tiéu su diéu hoa P-gp
N , _ .y . 2 ’ .« R A -
- 52 din xuét polyphenol S}I?Atrl R’ cho ca.c kiéu phan chia
methyl hoa dl{ .heu khac nhgu.
. . Ho6i quy da tuyén tinh: 0,86; 0,87;
. (epigallocatechin;
Ghaemian - ST 0,81
X gallocatechin; So lan dao R ) ) )
va . TN Mang noron nhén tao: 0,88; 0,90;
2017 dihydromyricetin va nguoc RF
Shayanfar epigallocatechin gallat)  (paclitaxel) ~ 0:C° X
[57] PIge gaay p My vector hd tro: 0,95; 0,93; 0,81
- Hoi quy da tuyén tinh; L A R .
A \ - Céc thong so mo ta Dragon (cac
mang noron nhan tao va N X \
; x thong s6 chung va quan trong la 3D-
may vector ho trg MORSE)
- 36 dan xuét polyphenol - M6 hinh t(*); nhat (mang noron
Ghaemian (epigallocatechin va ST nhan ta0): Rizp husn tuyen = 0,99;
N - S0 lan dao 2
va gallocatechin) R{:p dann iz = 0,80; CCC = 0,83
2019 X \ N nguoc RF tap danh gia =
Shayanfar - HOI quy thanh phan R (paclitaxel) - Céc thong s0 mo ta phan tich hinh
[58] chinh; mang noron nhan anh thay cho cac thong s6 mé ta cau
tao va may vector ho trg triic
-R?=0,892; Q?=0,829; Rfmdoén =
0905
- Théng s6 mé ta Sybyl va MOE
. T hoat tinh &c ché P-gp cao:
LA - 31 flavonoid So lan déo (hoz . .
Xu va cong 2019 - Binh phuong t5i thidu nguoc RF v§urf_DWg3 va vsurf_G nho; E_sol
s [207] ting phén (daunorubicin) vadipolelén)
- Su vang mat caa lién ket giéi 2.3;
3°-OH va 4°-OH va tang s0 nhom
thé methoxy la c6 lgi cho su ¢ ché
P-gp .
- M6 hinh ket hop (Ensemble):
Tap huan luyén da dang: R? = 0,84;
- 499 chét da dang Q%40 =0,70
o - Mang noron; C&R Tree; .  « Tap danh gia noi: Q% > 0,81; CCC
N\ghlen i 2016 CHAID; may vector hd Uc ché bom =0,90
nay nguoc

trg; hoi quy; tuyén tinh
suy rong va két hop

Tap danh gia ngoai: Q%; > 0,82;
CCC =0,90

- 7 thong s6 md ta MOE va 27 thong
s6 md ta PaDEL

*(-): Pong gop nguoc chiéu.

Trong nghién ctu ndy, théng tin cau trdc va hoat tinh dugc tap hop tir nhiéu
ngudn khéac nhau véi ciing loai thir nghiém, dong té bao va tac nhan giy doc té bao
dé vira dam bao céc thdng tin ndy c6 thé so sanh véi nhau mot cach tuong ddi, vira
dam bao tap dit liéu du I6n va da dang dé sir dung cho viéc xay dung mé hinh. Hon
nira, cac diéu kién danh gia chat ché ciing giup khang dinh chat lwong cua cac mo
hinh QSAR duoc tao ra. Trong d6, md hinh két hop duoc ky vong 1a mot cong cu in

silico manh dé sir dung cho céc qua trinh sang loc dau vao cao, gilp dy doan nhanh
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va chinh xac kha nang wrc ché P-gp cua cac tng vién thudc. Mat khac, nghién ciru nay
cling nhin manh céc tinh chat 1y héa can thiét cho sy e ché P-gp 1a dién tich bé mat
(surface area), kha nang phan cuc (polarizability), lién két hydro (hydrogen bonding),
tinh than dau (lipophilicity), trong lwong phan tir (molecular weight), chudi béo dai
nhét (longest aliphatic chain) va kha nang tich dién duong (positive charge) da duoc
dé cap trong cac nghién ciru trude d6 (Bang 4.2), thdng qua cac thong sé md ta dugc
chon la PEOE VSA FHYD, PEOE _VSA FPNEG, PEOE_VSA FPPOS:;
AATSC6p; minHBInt6, MLFER_BH; Lipoaffinitylndex; SpMax2_Bhm,
SpMin6_Bhm, SpMin7_Bhm; nAtomLAC va PEOE_RPC+ (Phu luc 4). Nhiing
thong tin nay co thé gitip dinh hudéng cho sy tong hop, vai céc bién d6i cau tric phu
hop gitp tang cuong hoat tinh.

M6t trong nhitng van dé thach thae ddi véi cac md hinh QSAR du doan 1a kha
ning ngoai suy [96]. Bé khic phuc kho khin trén, viéc sir dung chién luoc nhu da
trinh bay trong nghién ciu nay 1a dang duoc can nhac, cu thé 1a phat trién cac md
hinh héi quy tir mot tap dix liéu 1on va cé cdu trac da dang (s6 luong chat duoc sir
dung cho nghién ctu 1 16n nhat so voi cac cong trinh da cong b trude do, véi gan
500 phan tir khic nhau), dong thoi két hop thuc hién xac dinh pham vi kha ning tng
dung, kiém tra cac diéu kién dya vao MAE, phat hién chat bat thuong va xem xét do
thi thanh phan chinh khi xay dung va danh gida mé hinh, ciing nhu khi tién hanh du
doan cho céac chat tir cac tap dit liéu c6 khdng gian hoa hoc khac. Ngoai ra, c4c gié tri
thong ké thu duoc tir md hinh két hop cia chiing toi 1a c6 thé so sanh véi cac md hinh
t6t nhat trong bang Bang 4.2, bao gom ca céc nghién ciru duoc bao céo tir nim 2016
tré vé sau.

Trong mot nghién ctru gan nhat vao nam 2019 trén 31 hop chit flavonoid (chua
cac vong A va B tuong tu chalcon va thém vong C), Xu va cong su [207] da thiét lap
mét phuong trinh hdi quy da tuyén tinh va tiét 16 hai théng s6 mé ta vsurf_DW23 va
vsurf_G c6 méi tuong quan ty 1& nghich véi hoat tinh rc ché P-gp, trong khi hai théng
s6 md ta khac 1a E_sol va dipole cho thady méi twong quan nguoc lai. Trong dé,

vsurf_ DW23 14 thdng s6 vung Ky nuéc, dai dién cho khoang cach tiép xuc cua
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vsurf EWmin (ning luong than nudc thap nhat) khi mot dau do nude twong tac voi
mot phan tir muc tiéu; vsurf_G la thong sé vé hinh dang, md ta dang cau bé mit cua
phan tir; E_sol 1a théng s6 md ta nang lwong tiém ning, dai dién cho ning luong
solvat héa; dipole la théng sé md ta dién tich phu thudc hinh thé, dai dién cho momen
ludng cuc duoc tinh tir dién tich ting phan caa phan ta, thé hién sy phan phéi dién
tich va mirc 6 phén chia dién tich 4m, duwong [207]. Hai théng s6 vsurf_ DW23 va
dipole lan luwot twong twng V&I cac thdong sé PEOE_VSA _FHYD;
PEOE_VSA_FPNEG va PEOE_VSA_FPPOS trong nghién ctu nay. Bén canh do,
nhom tac gia nay ciing phat hién 1a viéc loai b cac nhom thé hydroxyl & hai vi tri 37,
4’ thudc vong B va thém cac nhém methoxy gidp 1am ting hoat tinh &c ché P-gp cua
cac flavonoid (giéng chalcon, vi du F88 va F90); trong khi su hién dién cua lién két
d6i & vi tri 2,3 lai khong can thiét (khac chalcon). Nhitng ghi nhan trén gop phan
chting minh tinh khach quan cua cac két qua thu dugc tir dé tai nghién ciu nay, von
da duoc thuc hién va bao cao trude do.
4.1.3. Ban d6 nhan thirc vé sw wc ché bom ngwoc qua trung gian P-gp va NorA

Tir hai ban d6 nhan thizcc (Hinh 3.2 va Hinh 3.3), gi4 tri trung binh cia mdi
thong sé6 mo ta (Phu luc 7) va tan sé cia mdi dau van tay (Phu luc 8) duoc tinh cho
mdi 16p, bay quy tic duoc rat ra nham phan biét giita cac 16p hoat tinh trén hai bom
nguoc P-gp va NorA; va dinh hudng cho qua trinh thiét ké thudc véi su tro gidp cua
may tinh (CADD) nhu sau:
Quy tdc 1 dé phan bigt giia (P, D) va (A, N)

Cac chat P va D troi hon vé cac thudc tinh nHCsatu, minHCsatu,
ETA BetaP_ns_d, MDEO-22, MACCSFP144 va Pubchem 2, trong khi cac chat A
va N troi hon vé cac thusc tinh BCUT _PEOE_2 va GCUT_PEOE_2.
Quy tdc 2 dé phan bigt giia (P, A) va (D, N)

Cac chat P va A troi hon vé thugc tinh ATSC2m, trong khi cac chat D va N troi
hon vé thuoc tinh AATSC6v.
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Quy tdc 3 dé phan biét gisa P, D va (A, N)

DPuong kinh cua cac chat D, P va A/N giam theo tht tu D (kich thuéc I16n) >
A/N (kich thuée trung binh) > P (kich thudc nho). Két qua nay phi hop véi phéat hién
cua Carosati va cong su tir s6 liéu thong ké da bién cua ho, st dung phan tich thanh
phan chinh (PCA) [17].

Quy tic 4 dé phan biét giira P va D

C4c chat P troi hon vé thudc tinh ATSC4m, trong khi cac chat D troi hon vé cac
thuoc tinh SpMAD_DzZ, ASP-3 va AVP-6.
Quy tdc 5 dé phan biét P véi (A, D, N)

Céac chat P troi hon vé cac thudc tinh balabanJ, AATSC4s va MATS4s so véi
cac chét thuoc cac 16p khéac. Trong mot nghién ciru gan day, cac moé hinh hoi quy
dugc bao cédo di chirng minh balabanJ 1a théng sé md ta c6 anh hudng dén hoat tinh
trc ché NorA cua cac chat (plCso) [181].

Quy tdc 6 dé phan biét A véi (P, D, N)

Cac chat A troi hon vé thudc tinh Q_VSA_FNEG so véi cac chat thudc cac 16p
khac. Thong s6 nay phan anh tinh chat dién tich ting phan, c6 thé tuong tu Véi yéu
t6 “kha ning phan cuc” dugc dé cap trong cdng trinh cia Carosati va cong su [17].
Quy tdc 7 dé phan biét D véi (P, A, N)

Céc chit D troi hon vé cac thuoc tinh ATSC1s va MACCSFP128 so véi cac
chat thugc céc 16p khac.

4.1.4. Cac md hinh pharmacophore cho hoat tinh wc ché P-gp manh va cho sw
wrc ché chon loc NorA

Ca hai gia thuyét pharmacophore caa chét &rc ché P-gp manh va chat tc ché
chon loc NorA duoc xem xét gip bo sung cho céc két luan caa Carosati va cong su
[17] nhu sau:

- Tinh ky nuéc 1a can thiét cho cac phan tir nhiam dén su e ché ca hai bom nguoc,
dac biét 1a P-gp (ky nudc hon);
- Cac vong thom 14 cac yéu t quan trong cho su tc ché NorA nhung khong e ché

P-gp;
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- Mt nhém nhan lién két hydro gitp tc ché ca hai protein trong khi mot nhém cho
lien két hydro gidp &c ché chi NorA.

Trong khi su tc ché P-gp duoc Ky vong giup dao ngwoc MDR trong diéu tri
khang ung thu [93], tac dung dugc ly nay lai dugc xem la mét hiéu qua khéng mong
muén trong cac linh vuec tri liéu khac bai vi cac chat e ché P-gp 6 thé 1am bién doi
hd so duoc dong hoc cua cac thude dung chung va gay ra cac tuong tac thudc [47],
[55], [99]. Trong khi d6, nghién ctru nay gitip c6 duoc nhan thire sau hon vé viéc thiét
ké céc chat ic ché bom nguoc NorA cua S. aureus tir mot tap dit lidu han ché bao
gom 54 chat, str dung hai k¥ thuat may tinh 12 1ap ban do nhan thirc va mé hinh héa
pharmacophore. Do khang trc ché P-gp, cac chat ic ché chon loc NorA c6 thé tranh
dugc cac tuong tac thudc nguy hiém qua trung gian protein khdéng muc tiéu nay khi
duoc sir dung phdi hop trong diéu tri nhiém trung.

4.2. M6 hinh twong dong caa P-gp

Trudc d6, nhiéu nd luc nghién ciru da duoc thyc hién nham mé hinh hoéa twong
ddéng bom nguoc P-gp cua ngudi tir cAc ciu trac di duoc phan giai ciia bom ngugc
vi khuan nhu MsbA [197], Sav1866 [38], [39] va BtuCD [70], [103] dé sir dung cho
chién lugc thiét ké thudc dua vao cau tric [137]. Gan day, mot mé hinh twong dong
P-gp ctia nguoi cling duoc tao ra dya trén cau tric P-gp caa giun tron Caenorhabditis
elegans (giéng nhau 46 %) ¢ d6 phan giai 3,4 A [75]. Tuy nhién, dé thu duoc md
hinh twong dong c6 chat luong cao doi hoi protein dia vira phai c6 do phan giai cao,
vira phai ¢6 su giéng nhau & muc d6 cao vé trinh tu véi protein myc tiéu [137]. Piéu
nay giai thich tai sao viéc tinh thé hoa va xac dinh cau tric cua P-gp & dong vat c6 vi
nhan dugc nhiéu su ky vong. Cu tric tia X cua P-gp chudt dugc sir dung trong nghién
ctru nay 1a 3g61 c6 do phan giai 4,35 A; 87 % trinh ty gidng véi P-gp ¢ ngudi va gan
100 % acid amin giéng nhau trong khoang gan két, ngoai trir mSer725/hAla729 [4],
[5]. Mic di ¢6 sy chuyén dich ciia mot acid amin dang ky (Tyr303/11e302), cau tric
nay dudng nhu van 14 protein dia phii hop dé phat trién ciac mé hinh twong ddng cua
P-gp & ngudi cho muc dich docking trong nghién cau nay, thay vi cac cau trdc tinh

thé khdng gan két véi phdi tir tai khoang trung tdm, méi duoc diéu chinh caa P-gp
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chudt véi ma sé dinh danh trong ngan hang di liéu protein 1a 4ksb, 4ksc va 4ksd
[198]; bai vi sy hién dién cua phdi tir tham khéo (trong truong hop nay 12 QZ59-RRR)
la can thiét dé du doan vi tri gin két bai I-TASSER va dé xac dinh chinh xac viing
khong gian nay cho muc dich sang loc 40 bing docking trong LeadIT.

4.3. Sang loc in silico

4.3.1. Kha ning e ché P-gp

Két qua sang loc in silico ctia 95 chalcon ndi bo (Bang 3.14) cho thiy su dong
thuan cta tat ca cic phuong phap may tinh (9 mé hinh phén loai chit (¢ ché P-gp,
mo hinh két hop du doan ICso trén P-gp, cac pharmacophore chét wrc ché P-gp manh
va chét trc ché chon loc NorA va céac diém sé docking déu < -20,00 kJ/mol) trong
viéc du dodn F89, F90 va FI1 1a ba chalcon noi bo hira hen nhét cho hoat tinh trc ché
P-gp va c6 thé ca NorA. Tuy chi nhan dugc sy dong thuin ciia 8 mé hinh phan loai
(trr QUEST) nhung vé6i ICso du doan béi mé hinh két hop 1a 2,67 pM, diém sb
docking xap xi -20,00 kJ/mol va chi théa mot minh pharmacophore chat trc ché NorA
nhung khong trc ché P-gp, chalcon F88 c6 thé 1a mot ing vién tiém ning dé trc ché
NorA.

Tuong tu, sy ddng thuan cua cac phuong phap may tinh vé kha ning trc ché P-
gp tot, trir pharmacophore (it nhat 9 mo hinh phan loai chat trc ché P-gp, mé hinh két
hop dur doan 1Cso trén P-gp va cac diém sé docking déu 4m) ciing dwoc ghi nhan & 17
hop chat Ngan hang Thudc 14 DBO1118 (amiodaron); DB04869 (olcegepant);
DB02872; DB00877 (sirolimus); DB00224 (indinavir); DB01721 (déng dang cia
indinavir); DB00503 (ritonavir); DB04748 (oximinoarylsulfonamid); DB02253;
DB08889 (carfilzomib); DB02785; DB02888 (FKB-001); DB02009 (L-756,423);
DB01180 (rescinnamin); DB04378; DB04318 va DB01232 (saquinavir) (Bang 3.15).
4.3.2. Kha niing vrc ché NorA

Bdn chalcon ndi bd F29, F88, F90 va F91 dap ung duoc hai tiéu chi bao gom
c6 két qua sang loc in silico trén P-gp tét (Bang 3.14) va méu thir ¢ sin cho thi
nghiém, dugc str dung dé dy doan hoat tinh e ché NorA thong qua gia tri ICso cling

nhu kha niang gin két v6i bom nguoc nay thong qua nghién ctru docking. Véi ciu
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tric tong thé nho gon, linh hoat ciing cdc nhoém thé c6 kha ning tao twong tac vi muc
tiéu tac dong, ca bon chalcon thir nghiém déu dugc gin két tot vao mé hinh twong
dong cua NorA tai nhitng vi tri ¢6 thé 1a khoang trung tim va Walker B. Tuy nhién,
chi ba dan xuit F88, F90 va F91 dugc mo hinh D du doan 13 c6 kha nang uc ché
NorA hiéu qua do ching c0 tinh tan trong nudc kém hon (logS < -6,0) (Bang 3.16).

Céc quy tac vé thudc tinh quan trong (thong s6 mo ta va diu van tay) dugc dé
nghi trong Muc 4.1.3 dé phén loai mot chat bat ky theo kha ning wrc ché cua no trén
hai bom ngugc P-gp va NorA khé c6 thé dugc ap dung truc tiép cho muc dich sang
loc 40 dau vao cao (virtual high-throughput screening - vHTS) trén céc tap dir lidu
phan tir ma khong c6 sy ty dong hoa. Mat khac, khi mot chét bi thiéu céc thong $6
mo ta va/hodc dau van tay c6 lién quan trong tong s6 21 thudc tinh (Phu luc 6), do
khong tinh toan dugc (nhu trudng hop F90 va F91) hodc nim ngoai khong gian hoa
hoc cta tap dir liéu 54 chét dung dé x4y dung cac ban d6 nhan thirc (nhu trudong hop
F88) ciing khong thé ap dung dugc cac quy tic ndy. Ngoai cac kho khan di néu thi
ching c6 thé duoc sir dung dé xac nhan lai két qua (cac chat “hit”) cua cic qua trinh
sang loc in silico khac. Cho vi du, chalcon F29 v4i 21 thudc tinh lién quan dugc tinh
toan va sau do cac thong sé mo ta ciia nd dugce chia ty Ié trong khoang [0, 1], d cho
thay su troi hon & cac thong sé6 ETA_BetaP_ns_d = 0,94 va MDEO-22 = 0,30 (Quy
tac 1); ASP-3 = 0,63 (Quy tic 4); balaban] = 0,63, AATSC4s = 0,61 va MATS4s =
0,71 (Quy tic 5) khi so v&i cac gia tri trung binh dugc tinh trong Phu luc 7; cing véi
su hién dién cua cac dau van tay MACCSFP144 va Pubchem 2 (Quy tic 1) va kich
thude phan tir nhod (Quy tic 3) nén din xuat nay thién vé su trc ché P-gp hon 13 NorA.
4.4. Thir nghiém in vitro

Thir nghiém in vitro st dung dau vao 1a mau tht sdn ¢6 cua bon chalcon ndi bo
F29, F88, F90 va F91 duoc chon sau khi trai qua qua trinh sang loc in silico kép vé
tac dung tc ché trén ca P-gp va NorA. Dya trén két qua sang loc (Bang 3.14 va Bang
3.16) va phan tich (Muc 4.3.1 va Muc 4.3.2), cac chalcon F90 va F91 dugc dy doan
la c6 kha ning tc ché tét ca P-gp 1an NorA, trong khi din xuat F88 c6 thé uc ché

NorA hiéu qua hon P-gp va nguoc lai véi dan xuat F29.
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Téc dung tc ché bom nguoc NorA trén S. aureus cua cac chalcon noi trén duoc
danh gia thong qua viéc kiém tra kha ning lam ting tinh nhay cam hay lam giam MIC
cuia khang sinh chat nén ciprofloxacin trén cac chung vi khuan dé khang do san xuat
qua mirc bom nguoc. Cu thé trong céc thir nghiém xac dinh MIC cua ciprofloxacin
trén S. aureus SA-1199, SA-1199B va trén cac ching SA phan lap tir 1am sang c6 dé
khang bang bom nguoc (Bang 3.17 va Bang 3.19):

- Chalcon F88 gitp tang tinh nhay cam véi ciprofloxacin khi lam giam gia tri MIC
cua khéang sinh 2 1an trén chung dé khang chuan va tir 2 - 4 1an trén mot sé ching 1am
sang & cac nong do thir nghiém; chalcon F90 ciing cho thay tac dung diéu hoa MDR
tuong tu F88 nhung trén it chung 1am sang hon.

- Chalcon F29 gilp cai thién sy nhay cam cia khang sinh giong nhu F88 va F90
nhung & ndng d6 thir nghiém cao hon; trong khi sy ¢c6 mat cua chalcon F91 & céc
ndng do6 thtr nghiém lai khdng cho thay bét ky su khac biét nao vé hiéu qua so véi khi
vang mat n6, cing trén chung chuan. Ca F29 va F91 cung lam giam MIC ciaa khang
sinh trén it chung 1am sang hon F88 va F90.

Cac két qua thu dugc lan luot trén in silico va in vitro da ching minh hai chalcon
F88 va F90 trong tap ndi b (tham khao cac thong sb dic trung cua ching [43] trong
Phu luc 9) Ia cac ung vién thudc tiém nang giup diéu hoa su bai xuat thudc ra khoi
té bao vi khuan qua trung gian bom NorA, va qua d6 lam giam hién tuong khang
thudc trong cac bénh nhidm tring. Cac két qua nay ciing dong thoi cho thay méi lién
hé hitu co gitra thur nghiém in vitro va sang loc in silico.

Bang nghién ctiu thuc nghiém, kha niang ap dung cua cac cdng cu in silico duoc
tao ra trong nghién ciru nay huéng dén sy tc ché P-gp va NorA dugc khang dinh lai
mét 1an nira, bén canh cac danh gia théng ké trén may tinh. Trong d6, cac két qua du
doan trén P-gp da duoc st dung cho NorA mét cach hiéu qua va co thé duogc giai
thich 1a do sy trang lap phdi tir cua hai loai bom nguoc nay [17]. Qua sy phan tich
nhu vay, cac chalcon “lead” nay ciing duoc ky vong s& cho hiéu qua uc ché tuong tur
trén P-gp & té bao ung thu, giup khoi phuc hiéu qua cua liéu phép hoa tri & cac bénh

nhan ung thu.



114

Dua trén cac nghién ctu in silico va in vitro da thuc hién, mot sé nhan xét vé
méi quan hé cau tric - tac dung (SAR) duoc rit ra tir 04 chalcon F29, F88, F90 va
F91 nhu sau:

- Vong A véi nhdm thé hydroxy & vi tri ortho (nhém cho lién két hydro, két hop voi
nhom nhan lién két hydro 1a carbonyl lan can) hoic thay vong A bang nhém
phenothiazin (nhdm cho lién két hydro (NH) va tuong tac vong thom-vong thom)
gilip ting su twong tac giita phdi tir vai khoang gan két caa protein va c6 thé lam ting
kha nang wrc ché bom.

- Vong B véi cac nhom thé methoxy (nhém nhan lién két hydro, twong tac ky nuéc)
va dic biét 1a nhém thé halogen clor (twong tac ky nuéc) 1a ¢6 loi cho hoat tinh tc
ché so vai nhdm thé phan cuc hon 13 dimethyl amino (tao tuong tac kém va giam tinh
tham).

- Nhém thé & vi tri para cua vong B can cho sy uc ché P-gp hon 1a sy tc ché NorA
(theo 02 gia thuyét pharmacophore duoc xay dung, ciing nhu két qua thir hoat tinh
cua 03 chalcon F88, F90 va F91).

Trong nghién ctiu hoat tinh gay doc té bao, F88 va F90 ciing 13 hai trong s6 c4c
chalcon biéu 16 doc tinh htra hen trén céac té bao rhabdomyosarcoma véi ICso < 20
UM, nhung hau nhu khéng cho thay doc tinh trén dong té bao lanh tinh LLC-PK1
[43]. Su hién dién cua di vong phenothiazin & vong A va nhém thé tich dién am (clor)
& vi tri s6 2 (F88) hoac hai nhom methoxy & céc vi tri s6 2 va sb 4 (F90) cua vong B
duogc xac dinh 1a gitp 1am gia ting dang ké doc tinh té bao. Nhu vay, cac yéu té cau
tric nay la co s¢ chung cho tac dung cua cac chalcon di vong trén céc tac nhan gay
bénh, bao gom doc tinh manh va chon loc trén té bao ung thu va kha ning dao nguoc

MDR qua trung gian bom nguoc trén vi khuan.
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KET LUAN VA KIEN NGHI

Nghién ctru nay da thuc hién dugc muc tiéu dat ra ban dau vai bdn noi dung,
bao gdm thiét 1ap cac mo hinh may tinh dua trén phdi tir (ndi dung 1) va dya trén ciu
trdc (ndi dung 2), sang loc in silico sir dung cac cong cu may tinh thu dugc (ndi dung
3) va sang loc in vitro dua trén cac két qua mdy tinh thu duoc (ndi dung 4). Cu thé
nhu sau:

1. Trong phuong phéap dua vao phdi ti:

e Céc m6 hinh hoc may don 1é va két hop c6 kha ning phan loai t6t chat (rc ché
va chat khong e ché P-gp (bién nhi phan 1 va 0) dugc xdy dung va danh gia
tir mot tap dir liéu hon 2000 chit da dang vé ciu triic. Tuong tir, c&c m hinh
don 1¢ va két hop manh ciing duoc tao ra tir xap xi 500 chét c6 ciu tric khac
nhau cho muyc dich dy doan hoat tinh trc ché P-gp (bién lién tuc 1Csp).

e Hai ban d6 nhan thirc cho bén 16p hoat tinh lién quan dén sy @c ché P-gp cia
ngudi va NorA cua S. aureus da dugce tao ra bang cac ky thuat do ludong da
huéng (MDS) va phan tich twong hop (CA), tir mot tap dir liéu nho 54 chat.
Duya trén cac ban do nay, mot tap hop bay quy tic cho cac thong s6 mo ta va
dau van tay duoc rat ra dé giai quyét van dé vé sy hdn tap phdi tir gitra hai
loai bom nguoc.

e Cac yéu t6 pharmacophore ciia chat (rc ché P-gp manh va chét &c ché NorA
nhung khong trc ché P-gp duoc xac dinh béng chién luogc dya trén phéi tr dé
bd sung cho cac diéu kién sang loc. Trong d6, tinh ky nuéc (cao hon véi P-
gp) va mot nhom nhén lién két hydro 1 can thiét cho su tc ché ca P-gp va
NorA, con cac vong thom va mot nhém cho lién két hydro lai gitip cho su tc
ché chi NorA.

2. Trong phuong phap dua vao cdu tric cua protein, cA¢ mo hinh twong dong cua

P-gp duoc tao ra dé thay cho cau triic tinh thé tia X van chwa dugc phan giai cua

nd. Qua danh gia, md hinh twrong dong t6t nhat v6i khoang gan két thude c6 thé

tich 16n ¢ vi tri trung tdm dugc xac dinh cho nghién ctru docking.
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3. Qua trinh sang loc in silico bang cic cong cu may tinh dugc ap dung cho hai
thu vién ndi bd va Ngan hang Thubc dé tim kiém céc hop chit méi hodc da biét,
c6 kha ning trc ché P-gp va/hodc NorA mot cach hiéu qua. Két qua thu duoc tir
hai tap dit liéu nay 1 cac chit “hit” ma ching c6 thé giup lam giam hién twong
dé khang da thudc qua trung gian bom nguoc.

4. Nghién ctru thyc nghiém tac dung trc ché P-gp gip nhiéu kho khin va chua thé
trién khai véi cac diéu kién hién c6 tai Viét Nam. Tuy nhién véi su tdn tai cua
c4c chat ddng trc ché P-gp ctia ngudi va NorA cta S. aureus nhu dugc dé cap,
tac dung wrc ché bom ngugc ¢ thé duoc kiém tra thong qua cac thir nghiém trén
vi khuan. Két qua sang loc in vitro trén S. aureus da xac nhan F88 va F90 la cac
chalcon “lead” c6 tac dung trc ché bom NorA, béi vi hai chat nay gitp lam ting
tinh nhay cam véi ciprofloxacin ctia cac ching SA khang thudc ¢ cac ndng do
x4c dinh ma ¢ d6 chung khéng c6 tac dung khang khuén.

Qua d6, mot sd kién nghi duoc rat ra tir dé tai nghién ctru nay, goi ¥ cho céc
huéng nghién ctru tiép theo trén bom nguoc va cac chat e ché bom:

1. Vé phuong dién may tinh: (i) c6 thé ing dung cic phan mém va thuat toan uu
viét hon, chang han nhu giup khic phuc nhitng han ché cta cac phuong phap
hién co, giai quyét dugc tinh linh dong vé hinh thé ti gan két cua protein, ...;
(ii) str dung cu trdc tinh thé duoc phan giai cua cac protein mang (P-gp, NorA)
néu ching sin co trong thoi gian ti dé thay cho mé hinh tuong dong khi nghién
ctru docking; (iii) phat trién cac tap dir liéu sinh hoc 16n, da dang va dong nhat,
trong d6 cac gia trj hoat tinh ctia cac chit (chang han nhu ICso) c6 thé so sanh
dugc v6i nhau, giup lam tang kha nang ngoai suy cua cac md hinh dugc xay
dung tur cac tap dir liéu nay.

2. C6 thé mo rong nghién ctru riéng 1é hodc két hop trén mot sé bom nguoc khac
& nguoi nhe MRP1/ABCC1, MRP2/ABCC2, BCRP/ABCG2, ... va ¢ vi khuan
nhu NorB, NorC, MepA, ... cua S. aureus; MexAB-OprM, MexCD-OprJ,
MexEF-OprN cua P. aeruginosa; AcrAB-TolC cua E. coli; ... Ngoai ra, can
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xem xét kha ning tuong tac thude co thé xay ra do hiéu qua tc ché bom (tinh
chét antitarget), ciing nhu do an toan va doc tinh cua cac chat nghién ctru.

. Dbi v6i cac chat “hit”, co thé tién hanh téng hop va thir nghiém voi nhidu mo
hinh in vitro va in vivo khac nhau dé kiém tra kha ning &c ché bom. Con ddi
v6i cac chat “lead”, c6 thé nghién ctru téi uu hoa céu triic nham thu duoc cac
g vién thudc c6 tiém lyc manh hon va an toan hon trude khi tién hanh cac
budc thuc nghiém sau hon.

. C6 thé can nhic mot sb chién lugc Hoa Duge khac nhu phat trién cac chat hudng
dic hiéu dén cac té bao dé khang, cac chat 1am giam su biéu 16 ctia bom nguoc
bang cach bién ddi con dudng tin hiéu trong té bao, ... hodc ngoai pham vi Hoa
Duoc nhu st dung cac k¥ thuat nano (vi hat, polymer) gitp chuyén giao thudc

liéu cao dén dung muc tiéu dicu tri.
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PHU LUC 2. Tap hop 24 thudc tinh déng vai trd 1 bién doc 1ap trong cac mo hinh

phan loai chat e ché va chat khdng tc ché P-gp.

Ma thugc tinh Loai M0 ta
PEOE_VSA_FPPOS Iﬂhgggzsg MOt pien tich b mit vdw dwong, ¢6 cuc, theo phan

Ty twong quan Broto-Moreau trung tam trung binh -

AATSCTC lag 7/dugc trong sb hoa boi dién tich
MATS1s Tu tu'orn,g_ quan Moran - lag 1/dugc trong s hoa boi
trang thai |
Gia tri eigen tuyét ddi I6n nhit cia ma tran bién doi
SpMax3_Bhv Burden - n 3/duoc trong sé hda bai thé tich van der
Waals twong doi
Gia tri eigen tuyét d6i nho nhat ciia ma tran bién doi
SpMin2_Bhe Burden - n 2/duoc trong sb hoa boi dién &m Sanderson
tuong dbi
Gia tri eigen tuyét d6i nho nhat cia ma tran bién doi
SpMin8_Bhe Thongsé mota  Burden - n 8/dugc trong s6 hoa bai dién &m Sanderson
PaDEL 2D tuong dbi
Gia tri eigen tuyét d6i nho nhat cia ma tran bién doi
SpMin5_Bhi Burden - n 5/duoc trong sé hoa bai kha ning ion hoa
dau tién tuong ddi
ETA Shape X Chi sb hinh dang X
n8HeteroRing S6 vong 8 chua di t6 (N, O, P, S, hoic halogen)
AF8HeteroRing ﬁé vong 8 hop nhit chira di té (N, O, P, S, hoic
alogen)
JGI6 Chi sé tich dién topo trung binh cua thir tu 6
IGI7 Chi sé tich dién topo trung binh cua thir tu 7
VEL D Tong hé sb cua vector eigen sau clng tir ma tran
- khoang cach topo
x: CQ(C)(C)A*
MACCSFP30 Chuoi MACCS 5 \hong phai €., durot gén két >= 3 C)
PubchemFP122 >= 2 vong ¢& 3 bat ky
PubchemFP534 Déu van tay S-C:C-0
PubchemFP741 Pubchem Oclcc(S)cecl
PubchemFP749 Nclcc(N)ceel
PubchemFP772 Nclc(Br)ccecl
SubFP41 1,2-Diol
SubFP48 DAu van tay Aldehyd
SubFP62 duéi cau tric Gidng halogen acetal
SubFP84 (substructure) Acid carboxylic
SubFP157 Semicarbazon

*A: Bat ky ky hiéu nguyén t6 bang tuan hoan hop 18 nao; Q: Di to; bat ky nguyén tir
khong phai C hodc H.



PHU LUC 3. Cac mo hinh phan loai dugc tao ra tur tap huin luyén da dang.

(M hinh mang noron va SVM: Tham khao cac théng s trong Muc 2.2.4)

M@ hinh C5.0

Act

Mode 0
Category % n

0.000 43668 738
= 1,000 56,331 962

Total

100,000 1630

[
==1.710

= 1.710

Mode 1 Node 10
Category % n Category % n
0000 87.2F7 343 0000 30,455 396
mi000 12723 50 mi000  Gas4s 902
23.264 383 Total 76.FAR 1207
SpMins_Bhi PEOE_VEA_FPPOS
1221 »1.221 «=0136 » 0136
Nods 2 Nods 3 Node 11 Nods 38
Category % n Category % n Category % n Category % n
0000 91445 310 apon 81111 33 0000 28.080 351 0000 93617 44
= 1.000 8.666 20| [®1000  amees 31 1000 71.620 84| |=1.000 6383 3
Total 20,069 339 Total 3185 64 Total 73,464 1250 Total 2781 a7
= [
MATSTS BubFPE4
<= 0105 >rn‘m5 <= nlnnn >n|ﬂnn
Node 4 Node 5 Node 12 Nade 37
Category % n Category % n Category % n Category % n
0000 100000 14 0000 47.500 19 0000 2666E 322 0000 7Ea1E 20
= 1.000 0000 0| [®ip00  s2800 @1 i.000 73432 890 (Mi000 23684 @
Total 0828 14 Total 2367 40 Total 717161212 Total 2249 38
T = I =
SpMing_Bhi SphinG_Ehi
<= 1,258 = 1,260 ERKTH
Node & Node 7 Mode 13 Node 32
Category % n Category % n Category n Category n
0.0 0000 0 0000 63333 18 0000 48307 214 0000  14.044 108
1000 100000 10| |®1.000 36867 11 =000 51693 229 m1.000 85956 661
Total 0502 10 Total 1r7s a0 Total 26213 443 Total 45.603
[ =l
ETA_Shape_x SpMinG_Bhi JGIE
= 0‘053 =o‘053 =u.‘ses a|024 =a|024
Node B Node 8 Node 16 Node 33 Node 34
Category % n Category % n n Catagory % n Category % n Category % n
0000 73077 19 0,000 0000 0 58 0000 41.823 158 0000 11190 7@ 0000 46032 20
m1000 26623 7| |®1000 100000 4 13| |ma1000  s8A77 217 | |mio00  Bee10 e27| [®1.000 53068 34
Total 1538 26 Total vzar a4 0 Total 22071 373 Total 41.776 706 Total 3728 63
\ | E
ETA_Bhape_xX nFEHEtBORING
= 0.045 »0.045 <= 0.000 » 0.000
Nods 16 Nods 31 Node 36 rode 36
Calegory % n Calegory % n Category % n Calegory % n
0000 @844 120 0000 81818 a8 0000 4zaF3 26 0000 100,000
1000 63526 209 |®i1o000  1@aB2 6| |Mio000  67.627 34| (1000 0,000
Total 19.467 329 Total 2604 44 Total 3491 59 Total 0.237
SpMinG_Bhe
= ﬂ‘ﬁs] - nlas;
Mode 17 Node 22
Category % n Catagory n
0000 BR.GEE 20 0000 33333 100
=000 310348 ®1.000  AA.AB7_200
Total 1716 29 Total 17761 300
\ E |
VE1_D FEOE_VSA_FPPOS
“ n‘wn =n‘1?? = 0.058 >n|ﬂ59
ode 15 Mode 21 Node 23 Node 24
Category % n Category % Category % n Category % n
0000 82608 18 0000 1EeET 1 0000 2740 73 0000 GEGGE 27
mi.000 17391 4| [Mi.000 83333 [ |M4000 74260 d@d| [®4.000 41304 i@
Tolal 1361 23 Tolal 0355 ® Total 15030 254 Total 2722 46
| = | =
Sping_Bhi AATECTC
<= 0,901 = 0901 «= 0,001 0,001
Hode 19 Mode 20 Node 25 Node 30
Category % n Category % n Category % n Category % n
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=000 100000 2| |®1.000 9524 2 =000 25000 6| (1000 7e.571 11
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SpMins_Bhi
= a‘.aaz - a.laaz
Mo 26 Node 27
Category % n Category % n
0,000 0000 0 0000 Bz7ER 24
1000 100000 3| (1000 rzan s
Total 0178 3 Total 1716 29
BrMinG_Ehi
“= 1168 ~1.168
Node 28 Node 28
Category % n Category % n
0000 BEEEE 24 0.000 ooon o
®mi000 11911 3| [™io00  doo000 2
Total 1598 17 Total oiig 2




M6 hinh hdi quy logistic

Phuong trinh cho “0”
+ 0,00000000000000000000

Phuong trinh cho “1”

115,7*AATSC7c - 5,207*ETA_Shape_X + 6,81*JGI16 + 32,75*JGI7 -
4,006*MACCSFP30 + 1,62*MATS1s - 6,913*PEOE_VSA FPPOS -
16,33*PubchemFP122 - 17,24*PubchemFP534 - 4,213*PubchemFP741 -
2,503*PubchemFP749 - 18,07*PubchemFP772 + 0,9461*SpMax3_Bhv +
5,928*SpMin2_Bhe + 2,32*SpMin5_Bhi + 1,423*SpMin8_Bhe + 18,64*SubFP157
- 2,177*SubFP41 - 17,88*SubFP48 - 19,4*SubFP62 - 2,539*SubFP84 +
2,614*VE1 D - 19,3*n8HeteroRing - 1,337*nF8HeteroRing - 17,69
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Mo hinh C&R Tree

At
] Mode 0 .
Category % n '
{=ooo0  a3pes 7asf
m 1 000 56331 952
1 Tota 100.000 1690
_____________________ =
SpMa><|3_Elhv
== 3|.509 = 3.|509
Mode 1 Mode 2
Category . % n Category % n
0.000 T0.806 536 0.000 21.651 202
W 1.000 29194 22 W 1.000 78.349 73
Taotal 44,793 7&7 Tatal 55.207 933
= =
SpMinZ_Bhe SUbFPE4
==1|BBB =1 :698 = D:SDD =D|EDD
Maode 3 Mode 4 Mode 5 Mode &
Categaory % n Categary % n Category % n Category % n
0.000 90.504 305 0.000 55.000 231 0.0a0 18.560 165 0.0a0 g4.091 37
W 1.000 9495 32| (M1.000 45.000 188 W 1.000 81.440 724 (™1.000 15.909 7
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SpMm|Ethe SpMinrthe
==0.652 = 0.652 == [0.896 =0.696
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Category % i Category % i Category % n Category % n
0.000 §1.818 89 0.000 44147 132 0.000 34959 6 0.000 12286 79
B 1.000 18182 22 W .000 55.853 167 W .000 65.041 160 W .000 87.714 564
Total TABOD 121 Total 17692 289 Total 14.556 246 Total 38.047 643
= =
FEOE_WSA_FRPOS FEOE_WSA_FPPOS
== D:.D45 =0.045 ==0.0583 = D.:053
Mode 11 Mode 12 Mode 13 Mode 14
Category % n Categoni % n Category % n Category % n
0.000 33816 61 0.000 G0.EB4 71 0.000 28.000 46 0.000 65.217 30
N 1.000 h6.484 121 W 1.000 39316 46| (™1.000 72000 144 (™1.000 34.783 16
Taotal 10.769 182 Taotal 5923 117 Total 11.834 200 Tatal 2712 46
=
VE1|_D
<=D|11T >D:11T
MNode 15 MNode 16
Category % n Category % n
0.000 T3.239 52 0.0an 41304 19
W 1.000 26761 19| (™1.000 58696 27
Taotal 4200 71 Tatal 2732 46




M hinh mang Bayesian

® Thong s6 mé ta/dau van tay
® Hoat tinh sinh hoc

SpMax3_Bhv ) WAL | shibFral

ETA_Shape X



M6 hinh QUEST

Category % n
0.oo0 43669 738
= 1.000 66.331 953
Taotal 100.000 1690

,,,,,,,,,,,,,,,,,,,,, =
SpMax3_Bhv
==3.401 =3.401
MHode 1 Mode 2
Category % n Category % n
n0.ooo 78.313 390 n.ooo 29195 348
N 1.000 21.687 108 N 1000 70.805 844
Total 29467 488 Total 70533 1192
=l \ =
SpMin2_Bhe SpMin2_Bhe
== 1.6BT =1.667 ==1728 =1728
Mode 3 Mode 4 Mode & Mode &
Category % n Category % n Category % n Category % n
0.000 G2.480 234 0.000 63673 156 0.000 55059 108 0.000 24.024 240
= 1.000 7810 19| |®1.000 36.327 89 1000 44041 85 1000 75.876 759
Tatal 14870 253 Tatal 14497 245 Tatal 11.420 183 Tatal 69112 999
= | = | =
SpMing_Bhe YE1_D SubFPa4
==0.771 =0.771 ==10.253 =0.253 ==0.249 =0.249
Hode 7 Mode g MNode 9 Hode 10 Mode 11 Mode 12
Category % n Category ™ % n Category . % n Category % n Category % n Category % n

n.ooo 73214 123 0.000 42857 32 0.0o0 70339 83 n.ooo 33333 25 0.000 21.218 202 n.ooo 80.851 38
1000 26.786 45| (M 1.000 57143 44| (®1.000 29661 35| (M1.000 BE.BE7 50| |M1.000 78.782 750 (M1.000 19.1449 4

Total 9.941 168 Total 4556 77 Total 6.982 118 Tatal 4438 7a Total 56331 942 Total 278 47
| H | H
SpMinz_Bhe SpMinS_Ehi
==1.758 =1.759 ==1.016 =1.018
Mode 13 Mode 14 Mode 15 MNode 18
Category % n Category % n Categary % n Category % il
0.000 58.974 23 0.000 268316 10 0.000 60345 35 0.000 18.680 167
W 1.000 41.026 16| |(®1.000 73684 28 N 1.000 39655 23 N 1.000 81.320 727
Total 2308 39 Total 2249 38 Total 3432 58 Total 52.893 804




M6 hinh mit nghiéng quyét dinh

STT Phan doan

Piém P phi (n)

Tan so6

XAc suat

Tat ca phan doan bao gom phan con lai

1690

952

56,33 %

SpMin2_Bhe, SpMin5_Bhi
SpMin2_Bhe > 1,89 va
SpMin5_Bhi > 1,41 va

SpMin5 Bhi < 1,48

1 59

59

100 %

PEOE_VSA_ FPPOS, SpMax3_Bhv
PEOE_VSA FPPOS > 0,02 va
PEOE_VSA FPPOS <0,03 va

SpMax3 Bhv > 3,7

56

98,25 %

SpMin5_Bhi
3 SpMin5_Bhi > 1,41 va
SpMin5 Bhi < 1,48

84

84,85 %

SpMax3_Bhv
SpMax3_Bhv > 3,78

71

82,56 %

SpMin2_Bhe, AATSCT7c
SpMin2_Bhe > 1,85 va
AATSC7c>0va
AATSC7¢ <0

56

91,80 %

Phan con lai

1328

626

47,14 %




PHU LUC 4. Tap hop 34 thudc tinh déng vai tro 1 bién doc 1ap trong cac mé hinh

du doan hoat tinh ¢ ché P-gp.

Ma thugc tinh Loai Mota
diameter Do léch tm dinh 1én nhat trong biéu do
GCUT_PEOE_3 _ PEOE tich di¢n GCUT (3/3)
a_nCl Thongso  So nguyén ti clor )
PEOE_RPC+ mo ta bién tich tung phan duong twong doi
PEOE_VSA_FHYD MOE2D  Dién tich bé mat vdw ky nudc, theo phan
PEOE_VSA FPNEG Dién tich bé mat vdw am, c6 cuc, theo phan ‘
PEOE_VSA FPPOS Dién tich bé mat vdw duong, c6 cuc, theo phan
Ty tuong quan Broto-Moreau trung tdm trung binh - lag
AATSCEp 6/dugc trong s6 hoa bai kha nang phan cuc
MATSSe Tu twong quan Moran - lag 8/dugc trong s6 hda béi dién &m
Sanderson )
MATSSs ;I;]L;itluong quan Moran - lag 8/dugc trong s6 hoa baoi trang
GATS2c Ty tuong quan Geary - lag 2/duoc trong sb héa boi dién tich
Tong hé so6 trung binh caa vector eigen sau cung tir ma tran
VE2 _DzzZ b Las A o
- Barysz/dugc trong so hoa boi so nguyén tir
. Tong hé so cua vector eigen sau cung tir ma tran Barysz/duoc
VE1 Dzi I . . . , - PN
- trong so héa boi khd néng ion hoa dau tién
Tong hé so cua vector eigen sau cung tur ma tran Barysz/duoc
VE1 Dzs I -
- trong so hda boi trang thai |
Tong hé so trung binh cua vector eigen sau cung tir ma tran
VE2_Dzs O .
- Barysz/dugc trong so héa bolrtrang thai | o
SpMax2 Bhm Gia tri eigen tuyét’déi I16n nh:&t cua ma tran pién doi Burden
P - - n 2/dugc trong so héa bai so khoi twong doi
SpMin6 Bhm Gia tri eigen tuyét’déi nho nhat cua ma tran ’bién doi Burden
P - ~ -n6/dugc trong s6 h()a boi SO khoi tuong doi o
SpMin7 Bhm Thongso  Giatri eigen tuyét doi nho nhat ctia ma trén bien doi Burden
P - mo ta - n 7/duoc trong so hoa bei so khoi twong doi
SpMax2 Bhv PaDEL Gia tri eigen tuyét’d()i 16n nh@t cua ma tran bién doi Burdep
P - 2D - n 2/dugc trong so6 héa boi the tich van der Waals tuong doi
SpMin7 Bhv Giatri eigen tuyét,déi nho nha}t cta ma tran bién doi Burde’n
P - - n 7/duoc trong so6 hpa boi thé tich van der Waals twong doi
SpMin2 Bhe Giatri eigen tuyét’déi nho nhat cia ma tran bién doi Bu’rden
P - - n 2/duoc trong so6 h()a boi dién am Sanderson tuong doi
SpMin3 Bhe Gia tri eigen tuyét doi nho nhat cua ma tran bien doi Burden
P - - n 3/duoc trong so hoa bei dién am Sanderson twong doi
Gia tri eigen tuyét,déi I6n nhat caa ma tran biép doi Burden
SpMax2_Bhi - n 2/dugc trong so hoa boi kha nang ion hoéa dau tién twong
doi
Gia trj eigen tuyét d6i lon nhat ctia ma tran bién doi Burden
SpMax3_Bhi - n 3/duoc trong s6 hoa béi kha nang ion héa dau tién tuong
doi
o Céc thong s6 mo ta trang thai E téi thiéu cua do manh cho
minHBINt6 A A S s iA gae 3o
cac lien ket hydro ti€ém néng cua do dai duong 6
. Trang thai E loai nguyén tu H toi thiéu: H trén aaCH, dCH2
minHother g
hoac dsCH ’
maxaaCH Trang thai E loai nguyén tir toi da: :CH:

Lipoaffinitylndex
IC4

Chi s6 &i lyc than dau ’
Chi s6 noi dung thong tin (d6i xuang lan can cua tha tu 4)



Ma thugc tinh Loai M0 ta
nAtomLAC S6 nguyeén tir trong chudi béo dai nhat
MLFER_BH Théng sé  Tinh kiém lién két hydro hoa tan tong thé hoic tong cong
n5HeteroRing mo ta S6 vong 5 chira di t6 (N, O, P, S, hoac halogen)
GGI9 PaDEL Chi sé tich dién topo cua thir ty 9
2D Tong hé sb cua vector eigen sau clng tir ma tran khoang céch

VE1 D

topo




PHU LUC 5. Cac mé hinh dy doan duoc tao ra tir tap huan luyén da dang.

(M@ hinh mang noron va SVM: Tham khao cac théng sé trong Muc 2.2.4)

M6 hinh CHAID
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Mo hinh C&R Tree

pECSED
[ noweo :
in 300 '
% 100.000 |
| Predicted 5820 |
diarnater
<= 14500 =14500
Mode 1 Mode 2
n 102 n 198
% 34.000 % BE.000
Fredicted 4831 Predicted  6.330
‘ = =
Lipoafinityindex SpMin?_Bhm
=7.010 =7.010 ==1.371 =1.371
Mode 3 Mode 4 Mode & Mode &
n 50 n 52 n 64 n 134
% 16.667 % 17333 % 21.333 % 44,6687
Predictad ~ 4.308 Predictad 5333 Predictad 5820 Predicted 6574
= | = | = =
SpMin7_Bhm PECQE_VEA_FHYD Lipoaffinityindex SpMin3_Bhe
«=1.038 »1.038 R:1:01] =0.880 «=12.378 »12.378 ==1.833 »1.832
MNode 7 Mode 8 Mode 8 MNode 10 Mode 11 Mode 12 Mode 13 Mode 14
n 12 n 38 n 12 n 40 n B0 n 4 n 72 n B2
% 4.000 % 12,667 % 4.000 % 12323 % 20.000 % 1333 % 24.000 % 20.667
Predicted  3.934 Predicted 4553 Predicted 4572 Predicted 5,561 Predicted  5.908 Predicted  4.495 Predicted  6.324 Predicted  B.864
= s = [ E s =
YEZ Dzs 1C4 WEZ_DzZ GGI8 minHBintd minHother
=0013 =003 =4 558 = 4,550 ==0.009 =0.000 ==10.080 =0.080 =0772 = 0772 ==10.447 = 0447
Mode 15 Node 16 Mode 17 Mode 18 Mode 19 Node 20 Mode 21 Node 22 Mode 23 Mode 24 Mode 29 Mode 26
n 3 n 9 n g n 30 n g n 4 n 8 n 32 n 36 n 24 n 54 n 18
% 1.000 % 3000 % 2667 % 10.000 % 2867 % 1.333 % 2667 % 10.667 % 12.000 % 8.000 % 18.000 % 6.000
Predicted ~ 3.003 Predicted  3.711 Predicted ~ 3.971 Predicted  4.708 Fredicted  4.871 Predicted ~ 3.975 Predicted 4969 Predicted  5.709 Predicted  6.193 Predicted  5.480 Fredicted  B.437 Predicted 5,983
= | = S| ‘ S| ‘ =l = ‘ S| =
PATECED WE2_DzZ WEZ_D2Z VEZ_DzZ GCUT_PEOE_2 Lipoafinitylndex minHBInts minHBimE
«=-0.014 =-0.014 ==0.012 = 0013 <=0.004 »0.004 <=0.009 »0.009 <= 2746 = 2746 ==10.140 =0.140 ==1.829 »1.929 «=0.802 »0.802
Mode 27 Mode 28 Node 29 Mode 30 Node 31 Node 32 Mode 33 Node 34 Mode 35 Mode 36 Node 37 Mode 38 Mode 39 Node 40 Mode 41 Node 42
n 3 n B n 20 n 10 n 3 n 5 n 5 n 3 n 21 n 1 n 14 n 22 n 12 n 12 n a8 n 16
% 1.000 % 2.000 % B.667 % 333 % 1.000 % 1.667 % 1,667 % 1.000 % 7.000 % 3667 % 4667 % 7333 % 4.000 % 4.000 % 12.667 % 5.323
Predicted  3.439 Predicted  3.847 Predicted 4 896 Predicted 4335 Predicted 5114 Predicted 4725 Predicted 5277 Predicted 4457 Predicted 5554 Predicted  6.006 Predicted 5789 Predicted 6450 Predicted 5737 Predicted 5223 Predicted 6533 Predicted  6.210




M6 hinh hdi quy

plCso = 0,06205*diameter + 0,4806*GCUT_PEOE_3 + 0,1267*a_nCl +
1,69*PEOE_RPC+ + 8,605*PEOE_VSA FHYD + 8,454*PEOE_VSA FPPOS +
1,108*AATSC6p + 0,5715*MATS8e + 0,1708*MATS8s + 0,8089*GATS2c +
21,67*VE2 DzZ - 1,046*VE1l Dzi- 1,139*VE1l Dzs + 28,5*VE2 Dzs +
1,91*SpMax2_Bhm + 0,9249*SpMin6_Bhm + 1,739*SpMin7_Bhm -
0,4505*SpMax2_Bhv - 1,427*SpMin7_Bhv + 0,7218*SpMin2_Bhe -
0,01277*SpMin3_Bhe - 0,622*SpMax2_Bhi + 2,18*SpMax3_Bhi -
0,1878*minHBIint6 - 0,8197*minHother + 0,08064*maxaaCH -
0,113*Lipoaffinitylndex + 0,3266*IC4 + 0,1595*nAtomLAC -
0,1851*MLFER_BH - 0,284*n5HeteroRing + 2,085*GGI9 + 0,1197*VE1 D -
20,78



PHU LUC 6. Tap hop 21 thudc tinh dong vai trd 13 bién trong ban d6 nhan thuc.

Ma thugc tinh Loai

Mo ta

diameter (dia)
BCUT_PEOE_2 (BP2)

Do léch tam dinh 16n nhat trong biéu do
PEOE tich dién BCUT (2/3)

Thong s6
?GCPLZJ)T—PEOE—Z Mo ta PEOE tich dién GCUT (2/3)
balabanJ (bJ) MOE 2D Kha ning két ndi tong khoang cach trung binh Balaban
Q VSA FNEG (QVF) Dién tich bé mat vdw am, theo phan
Tu tuong quan Broto-Moreau trung tam - lag 2/duoc
ATSC2m (A2m) trong sé hoa boi sé khéi
ATSC4m (Adm) Ty tuo?g quan B{oto;Moreau trung tdm - lag 4/dugc
trong s6 hda bai s6 khoi
ATSC1s (Als) Tu tu'orPg quan Broto—Mqreau trung tam - lag 1/dugc
trong so hda bai trang théi |
Tu twong quan Broto-Moreau trung tdm trung binh - lag
AATSCEY (AABY) 6/duoc trong sb hoa bai thé tich van der Waals
Tu twong quan Broto-Moreau trung tdm trung binh - lag
AATSC4s (AAds) 4/dugc trong sé hda bai trang thai | ’
MATS4s (Mds) Thong sé :[LL; itllmng quan Moran - lag 4/dugc trong so hoa bai trang
mo ta A 1A 2 ny 3 A N \ A
SPMAD_DzZ (SpM) PaDEL 2D b6 |¢Ci1 ph,o tuy_c;t gol trur]g bvlnh ttr ma tran Barysz/duoc
trong so hda bai so nguyén tu
ASP-3 (ASP3) buong dan don gian trung binh, thir tu 3
AVP-6 (AVP6) buong dan hda tri trung binh, thir ty 6 ’
nHCsatu (NHCs) Tinh trang tha}l E loai nguyén tr H: H trén C sp3 gan vaéi
C chua bao hoa ) i )
minHCsatu (minHCs) T@ng thai E I~oa| rjguyen tur H toi thiéu: H trén C sp3 gan
véi C chua bao hoa )
ETA BetaP_ns_d Do céc electron don 1¢ di vao cong hudng lién quan den
(EBPnsd) kich thuéc phan ti )
MDEO-22 (MDEO22) miu)%nug khoang cach phén tir gitra tat ca nguyén tir oxy
MACCSFP128 N ACH2AAACH2A* )
(MFP128) Chuoi (cac nhém CH2 dugc phén cach bai 4 lién ket)
MACCSFP144 MACCS Anot%A%ANot%A*
(MFP144) (c&c nguyén tir dugc phan cach bai (1):(1))
PubchemFP2 (PFP2) ~ DU Van tay gy
Pubchem

*A: Bat ky ky hiéu nguyén to bang tuan hoan hop 18 nao.



PHU LUC 7. Gi4 tri trung binh cua 18 théng s6 md ta dugc tinh cho 4 16p hoat tinh
khi xay dung ban d6 MDS.

P A D N
diameter 0,21 0,38 0,50 0,35
BCUT _PEOE_2 0,48 0,78 0,51 0,77
GCUT _PEOE_2 0,44 0,68 0,48 0,71
balabanJ 0,51 0,35 0,32 0,39
Q_VSA FNEG 0,49 0,77 0,45 0,68
ATSC2m 0,57 0,51 0,38 0,30
ATSC4m 0,58 0,51 0,39 0,54
ATSCl1s 0,65 0,54 0,81 0,59
AATSC6v 0,27 0,32 0,47 0,51
AATSC4s 0,52 0,39 0,37 0,37
MATS4s 0,57 0,38 0,35 0,40
SpMAD Dzz 0,18 0,29 0,56 0,28
ASP-3 0,41 0,52 0,58 0,57
AVP-6 0,39 0,50 0,59 0,39
nHCsatu 0,37 0,00 0,21 0,00
minHCsatu 0,38 0,00 0,40 0,00
ETA BetaP ns d 0,34 0,20 0,36 0,23

MDEO-22 0,18 0,00 0,14 0,00




PHU LUC 8. Tan s6 cua 3 ddu véan tay duoc tinh cho 4 16p hoat tinh khi xay dung
ban d6 CA.

P A D N
MACCSFP128 3 1 16 1
MACCSFP144 16 1 17 4
PubchemFP2 13 7 19 7




PHU LUC 9. Cac thong sé dic trung ctia 02 chalcon “lead” F88 va F90.

CA4c thong s6 dic trung cia F88

Tén IUPAC: (E)-3-(2-Chlorophenyl)-1-(10H-phenothiazin-2-yl)prop-2-en-1-on.
Hiéu sudt: 57 %.

Nhigz dé nong chay: 202 - 203 °C.

EIMS m/z: 386,0331 [M + Na]*.

UV (Zmax Nm, MeOH): 204, 248, 309, 449.

IR (KBr) cm™: 3354, 1654, 1590, 754.

'H-NMR (DMSO) 6 ppm: 8,79 (s, 1H, NH); 8,16 (d, J5»-4- = 7,5 Hz, 1H, H3”); 8,00
(d, Ja2 = 15,5 Hz, 1H, H3); 7,84 (d, J2.3 = 15,5 Hz, 1H, H2); 7,64 (d, Js4 = 8 Hz, 1H,
H3’); 7,57 (d, Jes» = 7,5 Hz, 1H, H6”); 7,46 (m, 2H, H4”, H5”); 7,30 (s, 1H, H1");
7,09 (d, Jo3 = 8 Hz, 1H, H4’); 7,01 (m, 1H, H8"); 6,92 (d, J¢- = 7,5 Hz, 1H, H6’);
6,66 (m, 1H, H7); 6,66 (d, Jo-w = 8 Hz, 1H, H9").

3C-NMR (DMSO) & ppm: 187,7 (C1=0); 142,1 (C3); 141,0 (C13°); 138,2 (C11°);
136,5 (C2°); 134,2 (C27); 132,2 (C17); 131,9 (C3”); 130 (C4”); 128,4 (C8’); 127,9
(C6™); 127,6 (C5°); 126,2 (C5); 126,1 (C4’); 124,5 (C7’); 124,4 (C2); 122,7 (C3’);
115,1 (C12°); 114,5 (C14°); 112,8 (C9).

Cac thong sé dic trung cia F90

Tén IUPAC: (E)-3-(2,4-Dimethoxyphenyl)-1-(10H-phenothiazin-2-yl)prop-2-en-1-
on.

Hiéu sudt: 49 %.

Nhiét dg nong chay: 178 - 179 °C.

EIMS m/z: 388,1154 [M - H].

UV (Amax Nm, MeOH): 204, 248, 304, 365.

IR (KBr) cm™: 3310, 1643, 1570, 1272, 1150.

'H-NMR (DMSO) 6 ppm: 8,76 (s, 1H, NH); 7,95 (d, J3-» = 15,5 Hz, 1H, H3); 7,86
(d, Jo»s» = 8,5 Hz, 1H, H6”); 7,61 (d, J>-3 = 15,5 Hz, 1H, H2); 7,52 (dd, J3-+ = 8 Hz,
Jy.r=1,5 Hz, 1H, H3"); 7,28 (d, Ji~3» = 1,5 Hz, 1H, H1"); 7,06 (d, J+-3» = 8 Hz, 1H,
H4%); 7,01 (m, 1H, H8’); 6,92 (d, J¢-»» =7 Hz, 1H, H6"); 6,80 (m, 1H, H7’); 6,64 (m,
3H, H9’, H3”, H5™); 3,90 (s, 3H, 2”-OMe); 3,84 (s, 3H, 4’-OMe).

13C-NMR (DMSO) 6 ppm: 187,9 (C1=0); 163,1 (C4”); 160 (C2”); 142,1 (C13°);
141,2 (C11°); 138,6 (C3); 137,3 (C2°); 130,1 (C67); 127,9 (C8’); 126,2 (C6); 126,1
(C4°); 123,0 (C7°); 122,1 (C2); 122,0 (C3°); 118,9 (C17); 115,9 (C17); 115,2 (C12°);
114,5 (C14°); 112,9 (C9’); 106,3 (C5”); 98,3 (C37); 55,8 (2°-MeO); 55,5 (4’-CH30).



