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Ferroptosis 1a mot hinh thac chét té bao dic biét, co lién quan dén nhiéu nhém bénh Iy  Nhin 10/11/2025
quan trong va pho bién hién nay. Vi thé, viéc diéu hoa Ferroptosis dugc xem 1a mot  Puoc duyét 25/01/2026
chién lugc day trién vong, trong d6 viéc rc ché ALOX15 1a huéng nghién ctru déng Cong bd 28/01/2026
cha y. Nghién ctru sir dung mé hinh in silico da tang dé sang loc nhanh céc chét trc ché
ALOX15 tiém ning, bao gdbm: (i) thu thap dit liéu cac chit wrc ché ALOX15 da biét tir
ChEMBL. (ii) xay dung va danh gia cdc mo hinh sang loc (pharmacophore, docking
phan tir). (iii) 4p dung sang loc dé tim chat trc ché tiém nang tir 03 ngén hang chat tu
nhién COCONUT, Phenol Explorer va NPASS (ADMET, pharmacophore, docking). Tur khoa
Sau sang loc, 30 chat c6 diém sb docking tét tiép tuc duoc danh gia ADMET. Két qua ALOX13, ferroptosis,
cho théy, 05 chat ndi troi voi su két hop gitra hiéu qua sinh hoc, d§ an toan da co quan  in silico,
va tiém nang phat trién tién 14m sang, 13 Gmg vién sang gia trong viéc phat trién thubc ~ céc hop chét ty nhién.
m&i. Kién nghi ap dung mé hinh trén cac ngan hang hop chit khac dé tim thém chat tc
ché ALOX15 tiém ning moéi, dong thoi in vivo, in vitro 5 chit tiém ning dé phat trién
thanh thudc mai.
® 2026 Journal of Science and Technology - NTTU

1 Dit van dé dugc sinh ra trude khi kip trung hoa, tin cong lipid

o ) T . mang té bao, tao ra lipid peroxide — chét gay hu hai
Ferroptosis 1a mdt hinh thic chét té bao dugc cong . NPT L K 1s
o o : .. . .. %  mangvadan dén chet té bao [1].
nhén 14 dong vai tro trong sinh hoc t€ bao va chi méi O A 1A
el N . Ferroptosis c6 ca mat loi va hai, trong di€u tri bénh

duoc dua ra khai niém tir nam 2012. So lugce vé co ché . . . A s en ,
v 12 khi cdic hvd de (HoO) v sit két b viém, nhiém trung, ung thu, viéc chu dong kich hoat
;la'y a' 1hcac Y r}i)ge}? peroxitie (h ii ) Vla sa; cthop qué trinh Ferroptosis c6 thé loai bo, tiéu diét nhiing té
al v6i nhau s€ thanh cac goc ro an Un . XA L1 LA 1a e X
F‘ v Phl"l ) . £ hia yﬂ bxyh (E n € bao nhidm bénh, té bao ung thu (dac biét 1a nhiing té
ton). t \ , . . .

~en on? . al} e ”Xa’y ra; u n 1e’n ¢ p a N cau,An }m% bao ung thu khang Apoptosis). Nguoc lai, Ferroptosis
cling c6 the xay ra ¢ cac t€ bao khac néu nong d¢ sat va LA . A \ LR A X
: . . . c6 thé anh hudng nghiém trong lam ton thuong mo, gict

H,0; cao. Thong thuong, enzyme catalase s€ chuyén

H,0, thanh nuéc dé bao vé té bao. Tuy nhién, khi H,O,
tich tu qua nhiéu hodc thiéu catalase, goc hydroxyl s&

chét t€ bao, tac dong vao co che bénh sinh cia mdt so
nhom bénh 1y nhu roi loan than kinh, thi€u mau — tai
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tudi mau, suy than cép va viém rudt man tinh, ton
thuong co xwong, ... déu 1a nhitng bénh 1y phd bién
mang tinh nghiém trong c6 kha ning de doa dén stic
khoé va tinh mang ctuia bénh nhan. Vi vay, can doi hoi
can thiép trc ché Ferroptosis khi qua trinh ndy xay ra
khong kiém soat va gy ra nhiéu bénh 1y nghiém trong.
Trong béi canh bénh 1y, ALOX15 (arachidonate 15-
lipoxygenase) 1a mot enzyme thudc ho lipoxygenase
dugc nghién ctru cho thiy 1a diém mau chét trong qué
trinh Ferroptosis. Cac nghién ctru cho thiy ALOX15
tryc tiép xuc tic peroxy héa phospholipid chira PUFA,
tao ra lipid hydroperoxide — tién chat quan trong khdi
dong Ferroptosis. Khi té bao bj stress oxy hoa hodc mét
can bang glutathione (GSH), hoat tinh cia ALOX15
gia ting, thuc diy peroxy hoa khong kiém soat va giy
ra Ferroptosis [2]. Do d6, viéc uc ché chon loc
ALOX15 tré thanh mot dé tai néng, véi tiém nang khai
thac ALOX15 nhu mét dich diéu tri day trién vong
trong cac bénh 1y lién quan dén Ferroptosis.

Bai nghién ciru, sir dung tap dir liéu cac hop chat tu
nhién nhu COCONUT, Phenol Explorer va NPASS. da
xay dung cac md hinh 3D-pharmacophore va docking
phan tir dé tim kiém, ddng thoi du doan danh gia
ADMET predictor cac chit rc ché tiém ning cho ddi
tuong ALOX15. Thong qua cic phuong phép nghién
clru nay, c6 thé gop phan cho viéc phat trién cac liéu
phap diéu hoa qua trinh Ferroptosis trong tuong lai.

2 Pbi tugng va phuong phap nghién ctru

2.1 Péi tugng

2.1.1 Céu tric ALOX15

Céu triic tinh thé bang tia X ctia protein ALOX15 (PDB
ID 2POM) dugc thu thdp tir Protein Data Bank
(www.rcsb.org) (dang tai ngay 09 thang 10 nam 2007)
duoc chon dé thuc hién nghién ctru.

bidc tinh: (i) Tu chung Oryctolagus cuniculus hoang
dai; (ii) Phéi tir ddng két tinh 1a chét trc ché ALOX15:
(2E)-3-(2-oct-1-yn-1-ylphenyl)prop-2-enoic acid; (iii)
Do phan gidila 2,4 A,

Nghién ctru str dung cdu tric ALOX15 tir thé hoang dai
thay cho nguoi vi dir lidu tinh thé hoc d¢ phan giai cao
ciia ALOX15 nguoi con thiéu. Céu trac cia ALOX15
tho c6 d6 twong dong trinh ty va chic ning cao véi
ngudi, dic biét cac ving chirc ning va yéu td cau triic
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quan trong déu dugc bao ton. Didu nay giup dam bao
mo hinh thé 1a lya chon phu hgp, déng tin cay cho cac
nghién ctru thiét ké va sang loc chat uc ché ALOX15
ung dung trén nguoi [3].

2.1.2 ChEMBL

Nghién ctru thu thap céc cac chét e ché ALOX15 tai
Sever Co s¢ dir liéu duoc phém sinh hoc mé ChEMBL
(www.ebi.ac.uk/chembl/) dugc phat trién va quan 1y
boi EMBL-EBI (Vién Tin hoc Sinh hoc chau Au thudc
Hoi dong Nghién ciru Y khoa Anh) [4]. Co sé dit liéu
thu dugc vao thang 06 nam 2025, gdm 207 hop chat co
hoat tinh IC50 <5 uM va 781 hop chat khong hoat tinh
trén protein ALOX15 duoc st dung dé xdy dung, danh
gia mo hinh 3D-pharmacophore va mo hinh docking
phan ttr.

2.1.3 Co s¢ dir liéu ngan hang chat ty nhién

Nghién ctru da st dung co s& dit liéu tir ba ngan hang
dit liéu chit ty nhién COCONUT, Phenol Explorer va
NPASS. S6 luong da thu thap duogc tir ba ngan hang
chat tu nhién tir thang 07 ndm 2025 gém 792 218 cht.
Trong d6, dbi v6i ngan hang chét tu nhién COCONUT
da thu thap dugc 695 119 hop chét, Phenol Explorer 14
864 hop chit va NPASS 13 96 235 hop chat.

2.2 Phuong phap nghién ctru

Quy trinh nghién ctru bao gdbm cac budc:

(i) Thu thap co s6 dit lidu: ciu triic va gia trj hoat tinh
sinh hoc IC50 cac chat tc ché ALOX15 da biét
(ChEMBL); cau trac tinh thé hoc tia X protein
ALOX15 dugc thu thap tir Protein Data Bank.

(ii) Phat trién mé hinh 3D-pharmacophore (sang loc 40
dwa trén phdi tir) va danh gia mo hinh.

(iii) Phat trién mo hinh docking phan tir (sang loc a0
dwa trén ciu trac).

(iv) Ung dung sang loc 4o trén 3 co sd dit liéu hop chit
tu nhién COCONUT, NPASS va Phenol Explorer
nham xac dinh cac chit (rc ché ALOX15 c6 tiém ning.
(v) Du doan ADMET (ADMET Predictor®) ctia cac
chat wc ché tiém ning.

(vi) Chat tiém ning s& dugc tién hanh mo phong dong
luc hoc phan tir, tinh toan ning lugng lién két ty do.
2.2.1 Xay dyng mé hinh pharmacophore cac chit trc
che ALOX15

Str dung tap cac chét ¢ hoat tinh e ché trén protein
ALOX15, da dugc cong bd va thu thap tir co so dir liéu
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ChEMBL tién hanh xiy dung mé hinh 3D-
pharmacophore. Théng qua phan mém MOE phién ban
2024.06 voi dang dir liéu dugc luu la *.mdb (MOE
Molecular File). Cac hop chit trc ché can dugc t6i thiéu
hoa ning lugng trude khi tién hanh mé hinh héa bang
cong cu Energy Minimize cia MOE. Sau do, cac gia tri
hoat tinh ICso (mol/L) dugc chuyén sang gia tri pICso =
—logICsq.

Tap decoy dugc tao b::ing cong cu DUD.E truc tuyén
http://dude.docking.org/. Sau do, tap decoy dugc tién
hanh tdi thiéu hoa ning lugng giéng nhu trén [5].

Chu dang céc hop chit duoc tao béng cong cu
Conformations Import. Truy van Pharmacophore dugc
tao bang cong cu Pharmacophore Elucidator. Céc
thong s cua céc truy vin gdm:

(i) Piém chong phu (Cover): s6 chat tc ché thoa truy
van;

(ii) Piém triung khép (Overlap): dao dong tir 0 dén sd
chat e ché dung xdy dung mé hinh, diém cang cao cho
thdy sy can chinh t6t hon;

(iii) Do dung (Accuracy).

Pdnh gid mé hinh: truy van Pharmacophore duoc danh
gi4 v6i tap co hoat tinh va khong c6 hoat tinh bang cong
cu Pharmacophore Search. Céc thong sé danh gia mo
hinh gdom: Duong that (True positives-TP), Duong gia
(False positives-FP), Am that (True negatives-TN), Am
gia (False negatives-FN), D nhay (Sensitive-Se), Do
ddc hiéu (Specificity-Sp), Piém Gunner—Henry (GH

score) [6] va B¢ ding (Accuracy — Acc) [7].
o e TP _ TP
DO nhay: Se = = 755

A e 1ia TN TN
Do dac hiéu: Sp = NoA = TNTFP

Diém Gunner-Henry: GH = (% Y, + iSe)Sp

A i _ TP+TN
b ding: ACC = o v v

2.2.2 Sang loc dya trén dy doan dugc dong hoc va doc
tinh (ADMET)

Sau khi tién hanh sang loc 3 co so dir liéu chét tu nhién
qua md hinh 3D-pharmacophore, phan mém ADMET
predictor® phién ban 13.0 (cap nhat vao nam 2025)
dugc dung dé du doan va danh gia cac gia tri dugc dong
hoc va ddc tinh ctia cac hop chét khi vao co thé. Dt liéu
duoc dua vao la dugce luu dudi dinh dang file cAu truc

héa hoc *SDF, tién hanh thiét 1ap nhu mac dinh cac
thong sb trong cong cu Calculate ADMET properties.
Tir phan mém, thuat ngit “risk” (i ro) dugc dung dé
danh gia nhitng yéu t6 anh huong dén d6 on dinh va
tiém nang phat trién thanh thudc didu tri ctia cac chat
dugc dua vao. Bén mé hinh chinh duogc dé xut dé sang
loc loai bo nhanh cac hop chit co cac thong sb6 duoc
dong hoc kém, rui ro cao trong phat trién thudc trén 1am
sang bao gébm: mo hinh du doan rui ro tong (ADMET
risk) va 3 mo hinh rai ro nho hon ciu thanh 1a rii ro
hap thu (Absn risk), rai ro chuyén hoa (CYP risk), rui
ro doc tinh (TOX risk). Cac ngudng rii ro duoc kién
nghi dé phat trién thudc duong udng: ADMET risk <
6,5, Absnrisk <3,5, CYP risk <1 va TOX risk <1 [8].
Cho nén céc chat duoc phan mém ADMET predictor®
gitr lai khi khong vuot qua gia tri ngudng cta ting mo
hinh dugc danh gia. Két qua sau duoc luu dudi dang
file *.SDF dé tiép tuc sang loc qua mé hinh docking
phan tir va danh gia dugc dong hoc chi tiét sau do.
2.2.3 Xay dyng mé hinh docking phén tir cac chét trc
ché ALOX15

(i) Chudn bi protein: cac phan tir nudc va gbe tu do
duoc loai bd bﬁng Discovery Studio 2021, sau do bd
sung cac nguyén tu hydro phin cuc va dién tich
Kollman thong qua AutoDock Tools 1.5.6, va protein
da chuén bj duoc luu duédi dinh dang *pdbqt.

(il) Xdc dinh vi tri gdn két: khoang gin két duoc xéac
dinh thong qua vi tri ctia ligand dong két tinh 1a chat trc
ché dudi sy hd tro cua server CavityPlus 2022
(http://www.pkumdl.cn:8000/cavityplus). Dau tién &
muc Step 1: Provide a protein, nhap dau vao ma PDB
clia protein can nghién ctru, muc Step 2: Select chains,
chon chudi protein sé dung trong docking phan tir, Step
3: Choose mode, bat use ligand mode, chon diung tén
ligand dong két 1a chat trc ché va cudi cing bam Submit.
Khoang gin két duoc chon dua theo cot Druggability
c6 gia tri 1a Strong, sau d6 thong sé khoang gan két bao
gb6m ban kinh va toa do nguyén tir X, Y va Z va tén cua
protein s& dwoc khai bao trong file “config.txt” dé
chuén bi docking.

(iv) Ddnh gia mé hinh mé ta phdn twr docking: duoc
thuc hién trén tap dit liéu c6 va khong cé hoat tinh trén
protein ALOX15, diém sb docking duoc dua vao cong
cu Screening Explorer (http://stats.drugdesign.fr).
Phuong phap duong cong ROC (Receiver operating

E Dai hoc Nguyén T4t Thanh

= 2
NGUYENTAT THANE



characteristic), duoc hiéu 1 duong cong dic trung cho
hoat dong cua bd thu nhan va duong cong du doan
(predictiveness curve-PC) duoc st dung dé xac dinh 1a
c6 tin hiéu hay chi 1a do nhiéu. Pudng cong ROC cang
di doc theo bién trai, phia trén cua dd thi ROC, chung
td mo hinh cang chinh x4c [9]. Dién tich dudi dudng
cong ROC (ROC-AUC) trén 0,5 két hop véi gia tri tong
khuéch dai (total gain-TG) dugc tinh toan tir duong
cong du doan > 0,25 cho thiy diém sd docking lién
quan dén kha ning phan biét cac chat c6/ khong co hoat
tinh [10].

2.2.4 Sang loc cac chét (rc ché ALOX15 tiém ning tir
tap cac hop chat ty nhién

Céc tép dir li€u dugc sang loc theo thir tu:

(i) Théa moé hinh pharmacophore: 3 co s¢ dir li¢u
COCONUT, Phenol Explore, NPASS dugc sang qua
luat ndm cua Lipinski, sau d6 ti thiéu hoa ning luong
va duoc tién hanh sang qua mo hinh pharmacophore
bang cong cu Pharmacophore Search, két qua output
chon: cdu hinh &t nhat cho mdi phéan tir (Best per
Molecule);

(i) Piém s6 docking tot hon so vdi cac chat e ché da
biét: cac chét thoa (i) dugc tdi thiéu héa ning lugng
bang MOE; lap ghép vao vi tri gan két va tinh diém
bang phan mém AutoDock 1.1.2, théng qua sy hd trg
cua ph?m mém DWIM Perl, dugc thuc thi trén
Command Prompt cia may tinh hé didu hanh
Windows 10.
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2.2.5 Phan loai cu triic ctia cac chét e ché ALOX15
tiém nang sau sang loc 40

Sau budc sang loc 40, cac hop chat tiém ning trc ché
ALOX15 dugc tién hanh phén loai ciu tric ty dong
thong qua hé thong phan loai hoa hoc ChemOnt — mét
ung dung tur nén tang ClassyFire
(http://classyfire.wishartlab.com/), véi co so dir li¢u
g6m hon 4 800 nhém cau tric [11].

3 Két qua nghién ctru

3.1 M6 hinh pharmacophore cac chit rc ché ALOX15
C6 118 truy van pharmacophore dugc tao thanh tir tap
xdy dung gdm 5 hop chat khung ciu trac da dang, co
gid tri hoat tinh rc ché thy thé ALOX15 ICsp < 5 pM.
C6 10 truy van khong thoa diéu kién do chong phi
(overlap) > 2,5, 108 truy van con lai déu thoa diéu kién
d6 ding (accuracy) bang 1 va gia tri bao phu (cover)
bang 5 va gia tri chong phu (overlap) > 2,5. Trong d6
¢6 1 truy vn duogc hinh thanh boi 5 diém va 107 truy
vén dugc hinh thanh béi 4 diém.

Tién hanh danh gia 108 truy van boi tap dir liéu gom
207 hop chét co hoat tinh duoc thu thap va tap bao gém
550 decoy duoc tao tir 10 hop chét co ICso < 0,05 pM
(Hinh 1), tai server DUD.E (https://dude.docking.org/).
Két qua danh gia cho thiy 5 truy van Rhda_13, RHda 7,
HHaa 3, RHHd 1 va HHaa 2 c6 kha nang nhan dién
tuong dbi tot cac chit c6 hoat tinh trc ché va cac chit
decoy. Két qua thé hién & Bang 1.
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Bang 1 Két qua danh gi4 truy vin pharmacophore

STT | Truyvén | TP | TN | FP | FN | Dd nhay(%) | D dic hi¢u (%) | GH duong |GH am | ACC (%)
Panh gia trén tip c6 hoat tinh vrc ché va tap decoy

1 HHaa 3 | 137 | 369 | 181 | 70 | 66,18 67,09 0,55 0,76 | 66,84
2 RHda_13 | 112 | 509 | 41 | 95 54,11 92,55 0,64 | 0,88 | 82,03
3 HHaa 2 | 110 | 430 | 120 | 97 | 53,14 78,18 0,50 | 0,80 | 71,33
4 RHda 7 | 126 | 438 | 112 | 81 60,87 79,64 0,57 | 0,82 | 74,50
5 RHHd 1 | 112 | 456 | 94 | 95 54,11 82,91 0,54 | 0,83 | 75,03
Panh gia trén tip c6 hoat tinh vrc ché va tap khong cé hoat tinh

6 HHaa 3 | 137 | 465 | 316 | 70 | 66,18 59,54 048 | 0,73 | 6093
7 RHda_13 | 112 | 655 | 126 | 95 54,11 83,87 0,51 0,86 | 77,63
8 HHaa 2 | 110 | 529 | 252 | 97 | 53,14 67,73 042 | 0,76 | 64,68
9 RHda 7 | 126 | 651 | 130 | 81 60,87 83,35 0,55 0,86 | 78,64
10 |RHHd 1 | 112|717 ] 64 | 95 54,11 91,81 0,59 | 0,90 | 83091

Két qua cho thay truy van RHHd 1 c6 kha ning nhan dién tuong d6i tot cic cac hop chét e ché ALOX15 tiém
nang va rat tot doi véi cac chat khong c6 hoat tinh da thu thap dugc dung dé danh gia. Piéu nay chiing minh truy
van RHHd 1 phu hop nhat véi diém sé GH cua cac hop chét trc ¢6 hoat tinh e ché (0,59) va cac hop chét khong
¢6 hoat tinh (0,90) nén pht hop dé tmg dung 1am moé hinh sang loc nhanh cic chit wrc ché tiém ning trén ALOX15
trén 3 co s dit liéu chét ty nhién. Hinh anh truy vAn RHHA_1 dwoc thé hién tai Hinh 2.
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Hinh 2 Mo hinh pharmacophore RHHd_1 cac chat trc ché thy thé INK
(4) Cdc chat ikc ché ALOX1S5 xdy dung mé hinh (B) Cdc khodng cdch va géc

3.2 Sang loc dya trén dy doan dugc dong hoc va doc
tinh (ADMET)

Tir tap dit liéu gdm 792 218 hop chét tw nhién duoc thu
thap tir 3 co so dir 1iéu COCONUT, NPASS va Phenol
Explorer vao thang 06 nam 2025. Tién hanh ap dung
luat ndm cua Lipinski dé 1oai bo nhanh cac cht khong
c6 tiém nang phat trién thanh thubc dudng udng con lai
394 476 hop chét. Cac hop chat nay dugc tiép tuc sang
loc qua cac md hinh 3D-pharmacophore RRHa 1 da

xay dung duoc, két qua thu duoc 38 388 hop chét thoa
mo hinh. Sau d6 cac hop chat duoc dua vao phan mém
ADMET Predictor® 13.0 duoc cung cép bai
Simulations Plus dé du doan dugc dong hoc phan tir va
ddc tinh (ADMET) va danh gié rui ro qua cac mo hinh.
Céc ngudng rui ro cho phép dugc dé xuat trong phat
trién thude str dung duong udéng nhu ADMET risk <
6,5, Absn risk < 3,5, TOX risk <1 va CYPrisk <1 [8].
Két qua danh gia ADMET duoc trinh bay tai Bang 2.
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Bang 2 Két qua phén tich rai ro ADMET sau khi sang loc qua md hinh RHHd 1

S6 chit thoa ngudng rii ro S6 chit thoa
man ca 4
ADMET risk <6,5 | Absn_risk <3,5 | CYP_risk<1 | TOX risk<1 nguing
36 202 chét 36 395 chét 23 408 chét 32 837 chét 18 726 chét

3.3 Mo hinh docking phan tir cac chat trc ché
ALOX15

Vi tri khoang gan két ciia dich tac dong di duoc xac
dinh dua trén server hd trg CavityPlus 2022 véi kich
thude khoang 1a (14,5 x 12,5 x 15,5) A3, khoang trung
tam 1a —52,75 x 167,25 x 36,75. Khoang gan két dugc
thé hién tai Hinh 3.

Hinh 3 Khoang gin két cta thy thé ALOX15

Céc chét tc ché co6 ALOX15 da biét gia tri ICsp< 1 pM
duge tién hanh docking vao khoang gin két di duoc
xéac dinh, két qua c6 1 hop chét co diém sé docking
duong, do cu tric kha cdng kénh, tat ca 115 chit con
lai c6 diém sé docking 4m dao dong tir (11,2 dén —6,2)
kcal/mol. Str dung cong cu PLIF ciia phan mém MOE
dé tién hanh thong ké va xac dinh cac acid amin hinh
thanh véi 1 009 cAu hinh ctia 116 chét tic ché da biét c6
gid tri ICso< 1 pM. Két qua cho thiy 3 acid amin c6 tin
suat gan két cao voi chat tc ché bao gom Glu357
(18,34 %), GIn548 (10,56 %) va 1le663 (23,59 %), cho
thiy, khoang gin két da duoc xac dinh phu hop vdi cac
acid amin quan trong dugc cong bd trude do [12-14].
Céc lién két chinh dugc hinh thanh 13 twong tac aren,
lién két cho va nhan hydro.

Mo hinh docking phén tir dugc danh gia dwa trén két
qua docking ctia 116 chét c6 hoat tinh trc ché ALOX15
t6t (ICso < 1 uM) va 781 chat khong c6 hoat tinh trén
ALOX15. Két qua cho thdy mé hinh docking cta dich
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tac dong ALOX15 c6 gia tri ROC — AUC: 0,785 (> 0,5)
va gia tri TG 1a 0,362 (> 0,25). Ching minh rang, mo
hinh docking phan tir da dugc xay dung c6 kha nang du
doan tét, co thé dung dé sang loc cac chat wc ché tiém
nang trén dich tac dong ALOXI1S.

3.4 Céc chat rc ché ALOX15 tiém ning

Sau khi tién hanh docking 18.726 hop chét tir nhién
thoa ngudng rai ro ADMET trong phat trién thudc
dudng udng vao khoang gin két ALOX15 di duoc xéac
dinh. Két qua ghi nhan 42 hop chit c6 diém s6 docking
t6t hon cac chit e ché da biét thu thap duoc (<—11,3
kcal/mol). Tuy nhién, dé thuan tién va t6i uu héa quéa
trinh nghién ciru nén 30 chét ¢6 diém s6 AGpoa<—11,5
kcal/mol dugc lua chon dé thuc hién cac quy trinh tiép
theo.

Phan tich danh gia ADMET chi tiét duoc tién hanh dé
danh gia tinh gidng thudc va cac dic tinh dugc dong
hoc cuia 30 hop chit nay. Tong quan cho thay ca 30 chat
déu dap ung luat nim cua Lipinski, 6 khdi lugng phan
tir tir (359,4-488,5) g/mol, s6 lién két hydro va do linh
dong nam trong giGi han cho phép, cho thdy kha ning
hép thu t6t qua duong udng.

Dua trén cac chi s6 ADMET, nghién ciru dé xut 5 hop
chit c6 tiém ning cao (Hinh 4), bao gom:
CNP0383485, CNP0131887, CNP0291713,
CNPO0378711 va  CNP0058137. Trong do
CNP0131887 va CNP0291713 ndi bat v6i sinh kha
dung dudng udng rét cao (Fb (%) 95,08 % va 99,99 %)
va kha ning vugt BBB, phu hop cho huéng diéu tri
bénh than kinh lién quan Ferroptosis. Ngoai ra, cc hop
chit CNP0383485, CNP0131887 va CNP0291713,
ciing thé hién sinh kha dung duong ubng cao, thich hop
nghién ciru dé tro thanh thude st dung bang duong
ubng. Cac hop chit con lai (CNP0378711 —76,96 %,
CNP0058137 —81,53 %) c6 sinh kha dyng & ngudng
trung binh, tuy chua tdi uu, nhung hoan toan c6 thé
duoc cai thién thong qua thiét ké dang bao ché hop 1y
trong cac budc phét trién sau.
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Hinh 4 Cau tric 5 hop chat tiém ning sau danh gia ADMET

3.5 Phan tich cdu triic ctia cac chit e ché tiém ning
sau sang loc ao

May chu ClassyFire duoc st dung dé phan loai cu tric
ciia 30 hop chit trc ché tiém ning (AGaeek < —11,5
kcal/mol) trén protein ALOX15 sau sang loc ao. Két
qua 30 hop chét dugc chia thanh 5 nhém ciu trac chinh
1a hop chat hitu co di vong (50 %), acid hiru co
(13,33 %), benzenoid (3,33 %), lipid va gidng lipid
(3,33 %), phenylpropanoids va polyketides (26,67 %)
va hop chat hitu co chta oxy (3,33 %).

4 Thao luan

ALOX15 duoc xem 1a mot muc tiéu diéu tri tiém nang
trong diéu hoa ferroptosis va da duoc nhiéu coéng bd
quéc té ghi nhan. Tai Viét Nam, chua c6 nghién clru
nao tmg dung mé hinh 3D-pharmacophore dé sang loc
nhanh céc chit @rc ché ALOX15, qua d6 khing dinh
tinh moi ciia dé tai. Nghién ciru nay xay dung mét quy
trinh in silico da ting gdm pharmacophore, ADMET
Screening, docking phéan tit va ADMET Evaluation, tao
nén hé thng sang loc ddng bd va toan dién hon so véi
cac quy trinh trude day. Cach tiép can nay cho phép
loai bo som cac hop chit kém trién vong, tdi uu thoi
gian va dam bao tinh nhét quan giita dic tinh héa hoc,
duogc 1y va an toan cua cac phan tir.

M0 hinh trong nghién ctru nay ciing dugc hinh thanh t
yéu t6 ky nude va cho lién két hydro, twong tu nghién
ctru trude [15]. Tuy nhién, truy van RHHd_1 dugc xay
dung tur 4 dic diém (1 vong thom, 2 vung ky nudc, 1
yéu tb cho lién két hydro), thay vi 3 diém (1 ving ky
nuée, 1 yéu t cho va 1 yéu t6 nhan hydro) nhu cong
bd trude, déng thoi nhdn manh vai tro cia vong thom
trong céu tric cac chat rc ché ALOX15 tiém ning.

Viéc tich hop ADMET Predictor® 13.0 gitp du doan
chinh x4c hon rti ro hap thu, chuyén hoa va doc tinh
thong qua cac chi sd “risk”, tao nén ting viing chic
trude khi tién hanh docking. Két hop véi qua trinh tdi
vu ning lugng va tao da cdu dang trong MOE, nghién
clru giam thiéu duoc sai 1éch do han ché ciu dang va
tang kha ning nhan dién twong tac phan tir tiém ning.
Quy trinh nay da sang loc thanh cong 5 hop chét tiém
ning voi thong s6 ADMET dat yéu cau. Panh gia
SynthDiff cho thdy ba hop chat (CNP0058137,
CNP0383485 va CNP0131887) c6 kha niang tong hop
cao (SynthDiff < 3), phu hgp uu tién cho cac nghién
ctru tiép theo. Hai hop chét con lai c6 mirc d6 téng hop
trung binh va co thé can tdi wu hoa cau tric. Két qua
nay cho théy tinh hiéu qua va do tin cdy cia mo hinh in
silico d4 xdy dung, ddng thoi cung cap nén tang rd rang
cho cac budc xac thuc thuc nghiém trong tuong lai.

5 Két luan va kién nghi

ALOX15 1 enzym then chét thuc dy Ferroptosis, qua
trinh lién quan dén nhiéu bénh Iy nghiém trong nhu rbi
loan than kinh, suy than cip hay ton thuong mé do tai
tudi mau. Do do, viéc tim kiém chat e ché ALOX15
¢6 y nghia 16n trong kiém soat Ferroptosis. Nghién ciru
da ing dung mod hinh in silico da tang dé sang loc cac
hop chit ty nhién tiém niang. Tir ba co so dir liéu chat
tu nhién COCONUT, NPASS, Phenol Explorer, nghién
clru d3 tién hanh sang loc 4o bang cac md hinh in silico
gdm mb hinh 3D-pharmacophore, ADMET Screening
va docking phan tir, qua d6 xac dinh duoc 30 hop chat
{rc ché ALOX15 tiém ning c6 diém sé docking <—11,5
kcal/mol. Tién hanh phan tich ADMET chi tiét bang
mo hinh ADMET Predictor® 13.0 dé phan tich cac dic
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tinh dugc dong hoc, doc tinh va kha nang giéng thude.
Két qua xac dinh dugc 5 hop chit: CNP0383485,
CNP0131887, CNP0291713, CNPO0378711 va
CNP0058137 dat hd so an toan trén gan — than — tim
t6t, khong e ché OATI, khong giy doc hERG va ¢o
sinh kha dung dudng ubng thuan lgi. Pang chu y,
CNP0131887 va CNP0291713 c6 kha nang vugt hang
ri0 méu ndo, tiém ning cho bénh than kinh lién quan
Ferroptosis. Phan tich ClassyFire cho thdy nhom hop
chét tiém nang thudc cac ho cAu tric da dang nhu di
vong, phenylpropanoid/polyketide va acid hitu co, gop
phan md rong nén tang hoa hoc cho phat trién thude
huéng ALOX15. Két luan md hinh sang loc in silico da
chuing minh hiéu qua va xac dinh dugc ndm hop chét
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tu nhién tiém ning dé tiép tuc danh gia thuc nghiém
trong phat trién thudc diéu hoa Ferroptosis. Nghién ciru
dé xudt tiép tuc st dung mé hinh in silico da xay dung
dé sang loc trén céac tap ngan hang cac hop chét khac
dé tim ra cac chat trc ché thy thé ALOX15 tiém ning.
Dong thoi, tién hanh thir nghiém in vitro va in vivo 05
hop chit e ché ALOX15 tiém nang da duogc du doan
VvGi cac gid tri thong sd ndi troi dé phat trién thanh thude
méi hd tro cho cac lidu phap diéu tri méi cho nhitng
bénh 1y lién quan dén co ché chét té bao Ferroptosis.
Loi cdm on

Chung toi xin cam on Truong Pai hoc Nguyén Tat
Thanh, Thanh phé H6 Chi Minh da hd trg nghién ctru
nay.
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Development of an In silico Model for Screening Potential ALLOX15 Inhibitors Toward Ferroptosis
Modulation
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Abstract Ferroptosis is a distinct form of regulated cell death that is closely associated with several major diseases.
Therefore, modulating ferroptosis has emerged as a promising therapeutic strategy, with ALOX15 highlighted as
a key target. This study developed a multi-layered in silico framework to rapidly identify potential ALOX15
inhibitors through three stages. First, known ALOX15 inhibitors were collected and curated from the ChEMBL
database. Next, two screening models, pharmacophore modeling and molecular docking, were constructed and
evaluated to characterize essential chemical features involved in binding to ALOX15. Finally, the integrated model
was applied to three large natural-product libraries (COCONUT, Phenol Explorer and NPASS), combining
ADMET filtering, pharmacophore matching, and docking to prioritize promising candidates. From tens of
thousands of compounds, 30 molecules with the highest docking scores underwent advanced ADMET evaluation.
Five compounds emerged as top candidates, showing a strong balance of predicted bioactivity, multi-organ safety,
and pre-clinical development potential. These molecules represent promising roles in developing ferroptosis-
modulating therapeutics through ALOX15 inhibition. The study recommends expanding the model to additional
compound libraries and performing in vifro and in vivo experiments to validate biological activity.

Keywords ALOX1S5, Ferroptosis, in silico, natural products.
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