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TONG QUAN VA PANH GIA CAC PHAN MEM SU DUNG
TRONG NGHIEN CUU PHAT TRIEN THUOC MOI IN SILICO

TOM TAT

Muc tiéu: Tdng quan va danh gia cac phan mém
in silico theo nhém chirc ndng, phuc vu thiét ké,
sang loc va tbi wu héa &ng vién thubc.

Phwong phap: Nghién ciru tdng quan co hé
thdng cac tai lieu khoa hoc cong bd giai doan
2010-2024 trén PubMed, Scopus, ScienceDirect,
va Google Scholar. Cac bai bao dwogc Iwa chon
theo tiéu chi: mé ta/rng dung phan mém in silico
trong phat trién thudc, c6 théng tin v& chirc néng,
wu diém va han ché. D liéu dwoc trich xuét, tbng
hop va phan loai theo chirc ndng phan mém trong
chu trinh R&D dwoc pham.

Két qua: Ghi nhan 6 nhom phan mém chinh: (1)
dw doan dac tinh ADMET, (2) docking phan tt; (3)
mo phdng ddng hoc phan tr; (4) mé hinh QSAR;
(5) thiét k& hop chét de novo; va (6) tri tué nhan tao
&ng dung trong sang loc thudc. Viéc két hop cac
phan mém trong mét quy trinh théng nhét gitp tang
dd chinh xac va hiéu qua sang loc.

Két luan: Cac phan mém in silico gitp rat ngan
th&i gian, gidm chi phi va nang cao hiéu qua sang
loc thubc. Dong gop méi cha nghién clu la xay
dwng hé théng phan loai rd rang, kém danh gia so
sanh theo chirc ndng va kha nang trng dung, hé tro
Iwa chon céng cu phu hop cho tirng giai doan phat
trién thudc. Tuy vay, chuan héa di¥ liéu va hiéu chinh
mod hinh van la thach thirc can tiép tuc giai quyét.

Tur khéa: in silico, docking, ADMET, md phong,
tri tué nhan tao, phat trién thudc.

OVERVIEW AND EVALUATION OF SOFT-
WARE TOOLS USED IN IN SILICO RESEARCH
FOR NEW DRUG DEVELOPMENT

ABSTRACT

Objective: To review and evaluate in silico
software tools by functional categories, supporting
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the design, screening, and optimization of potential
drug candidates.

Methods: Asystematicreview of scientificliterature
published from 2010 to 2024 was conducted using
PubMed, Scopus, ScienceDirect, and Google
Scholar. Articles were selected if they described or
applied in silico software in drug development and
provided information on functions, advantages, and
limitations. Data were extracted, synthesized, and
classified according to software functions within the
pharmaceutical R&D pipeline.

Results: Six major categories of software
were identified: (1) ADMET property prediction;
(2) molecular docking; (3) molecular dynamics
simulation; (4) QSAR modeling; (5) de novo
compound design; and (6) artificial intelligence-
based drug screening. Integrating multiple tools into
a unified workflow improved accuracy and screening
efficiency.

Conclusion: In silico software helps shorten
development time, reduce costs, and enhance drug
screening efficiency. The novel contribution of this
study is the development of a clear classification
system with comparative evaluation by function
and applicability, providing guidance for selecting
appropriate tools at each stage of drug development.
Nevertheless, data standardization and model
calibration remain challenges that require continued
attention.

Keywords: in silico, docking, ADMET, simulation,
artificial intelligence, drug development.

I. DAT VAN BE

Sw phat trién manh mé cta khoa hoc may tinh,
cébng nghé tin sinh hoc va tri tué nhan tao trong
nhirng thap nién gan day da mé ra mot ky nguyén
méi trong nghién cu phat trién thudc. Thay vi
phu thudc hoan toan vao cac phuong phap truyén
thdng nhw sang loc thwe nghiém hay thiy - sai tén
kém va mét nhiéu thoi gian, cac cong cu tinh toan
in silico cho phép mé phéng, dw doan, va sang loc
hang nghin hop chét tiém nang chi trong thoi gian
ngén vai chi phi thdp hon dang ké [1], [2]. Thuc té
cho théy, chi khoang 10-12% tng vién thubc duoc
phat trién thanh céng, trong khi thdi gian trung binh
dé dwa mot thudc mai ra thi trwdng cé thé kéo dai
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10-15 nam va&i chi phi Ién t&i hang ty USD. Nho tich
hop in silico vao quy trinh R&D, nhiéu nghién ctru ghi
nhan chi phi c6 thé gidm 40-60% va thdi gian phat
hién - tbi wu héa hop chat dwoc rit ngan rd rét [3].

Cac cong cu in silico hién da dwgc irng dung réng
réi trong hau hét cac giai doan phat trién thubc,
bao gbém thiét ké céu tric phan t&r, dw doan dac
tinh ADMET, docking phan t&, xay dwng mé hinh
QSAR, m6 phdng dong lwc hoc phan tlr, cling nhw
trng dung tri tué nhan tao trong sang loc va toi wu
hoéa hop chét. Tuy nhién, sy da dang va sé lwong
I&n phan mém hién c6 - v&i khac biét vé thuat toan,
dd chinh xac, chi phi va pham vi ap dung - dang
dat ra thach thirc I&n cho cac nha nghién clru trong
viéc lya chon céng cu phu hgp cho tirng muc tiéu
cu thé. Pang chu vy, cac bao céo tébng hop trong
nwéc hién con roi rac, thiéu nhirvng tdng quan co
hé théng giup so sanh, phan loai va danh gia mét
cach toan dién cac phan mém theo chirc ndng st
dung. Piéu nay dan dén nguy co lya chon cong cu
chwa ti wu, Iap lai thir nghiém hodc khai thac chwa
day da nguén e tinh toan.

Trong bdi cadnh cac phwong phap in silico, dac
biét la tri tué nhan tao va moé phéng quy mo Ion,
phat trién rat nhanh, viéc cap nhat va hé thdéng
héa théng tin vé cac phan mém phuc vu phat trién
thudc tré nén cap thiét. Nghién clru nay nhadm téng
hop, phan loai va danh gia cac phan mém in silico
duwoc sir dung phd bién trong giai doan 2010-2024,
& ca trong nwéc va trén thé gidi. Trén co sé phan
tich cac tai lieu khoa hoc da céng bd, nghién ctru
lam rd xu hwéng phat trién, wu diém, han ché va
tiém nang &ng dung cda tirng nhém cdng cu, ddng
thdi dé& xuét dinh hwéng lwa chon va tich hop phan
mém phu hop trong thywc hanh nghién cru. Muc
tiéu cubi cung la gop phan tbi wu hoa quy trinh thiét
ké va sang loc thubc, nang cao hiéu qua tng dung
cbng nghé in silico trong nghién ctru dwgc hoc.

Il. DOI TWQNG VA PHU'ONG PHAP NGHIEN CUU

2.1. Béi twong, dia diém va thoi gian nghién ciru

Déi twong nghién ciru: Cac phan mém, co s& div
liéu va cong cu tinh toan dwoc sir dung trong thiét
ké va phat trién thubc in silico.

Tiéu chuén lya chon: Bao gdbm céac bai bao khoa
hoc mé t&, danh gia hoac &ng dung phan mém in
silico trong cac giai doan phat trién thubc, duwoc
coéng bd giai doan 2010-2024, ¢6 trinh bay rd chirc
nang, pham vi trng dung va dac tinh ky thuat.

Tiéu chuén loai trir: Loai cac bai viét khong cd
toan van, thiéu thong tin v& phan mém, khéng phai
bai cé phan bién khoa hoc, hodc chi mang tinh ly
thuyét ma khoéng cé &ng dung/danh gia cu thé.

14

Dia diém nghién ctru: Hoc vién Quan y.

Th&i gian thwe hién: T thang 01 nam 2024
dén thang 09 nam 2025.

2.2. Phwong phap nghién ctru

Thiét ké nghién ctu: Tdng quan cé hé
théng (systematic review), tuan tha khuyén cao
PRISMA 2020.

C& mau va chon mau: Khong ap dung chon
mau dinh lwgng; cac tai liéu dwoc Iywa chon co chi
dich theo tiéu chi xac dinh.

Nguén dir liéu va truy van tim kiém: Tai liéu
dwoc tim kiém trén PubMed, Scopus, ScienceDirect
va Google Scholar. Chudi truy van duoc xay dwng
dwa trén to hop tir khéa MeSH/keywords:

(“in silico drug design” OR “computer-aided
drug design”)

AND (“software” OR “tool” OR “platform”)

AND (“docking” OR “QSAR” OR “molecular
dynamics” OR “ADMET” OR “Al”)

AND (Publication years: 2010-2024).

B loc ap dung: bai bao cé phan bién, tiéng Anh/
Viét, [inh vwc dwoc hoc - sinh hoc - tin sinh hoc. D¥
liéu dworc tim kiém dén ngay 15/10/2024; cac buwdc
sang loc va phan tich dwoc thuc hién dén 09/2025.

Quy trinh sang loc tai liéu

Tai liéu thu dwoc dwoc xi ly theo ba bwéc: 1.
Loai tring 18p bang EndNote/Mendeley; 2. Sang
loc tiéu dé va tém tat theo tiéu chi dé ra; 3.Doc toan
van, loai bai khéng dap ng ndi dung hodc thiéu
dir liéu. Qua qua trinh tim kiém va sang loc tai liéu
(842 bai ban diu, con 693 bai sau loai triung I&p,
262 bai dwoc doc toan van va cubi cung lya chon
112 bai - gdbm 84 bai danh gia phan mém chinh va
28 bai bb tro), tdng sb bai du tiéu chuan dwoc dua
vao phan tich la 112.

Trich xuéat va tong hop dir liéu

D@ lieu tr mdi bai dwoc trich xuat theo mau
chuén gém: tén phan mém/cong cu; muc dich st
dung; thuat toan/co ché; wu diém — han ché; linh
vue (rng dung; minh chirng hiéu qua (néu co).

Sau do, cac cong cu dwoc phan loai theo chire
nang: thiét k& céu tric, docking, mé phéng MD,
QSAR, dy doan ADMET, Al va thiét ké de novo.

Panh gia chat lwong & kiém soat thién léch

M®bi bai dwo'c danh gia déc 1ap béi hai nha nghién
ctru, theo cac tiéu chi: tinh phu hop chi dé; do ro
rang phwong phap; tinh minh bach phan mém va
di liéu; gia tri ’ng dung.

Céc bat ddong duoc thdo luan va théng nhat b
ngudi thir ba. Phan tich tbng hop mang tinh dinh
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tinh, nhérr] nhan dién xu hwéng, wu/nhwgc diémva 30 nguoi hay dong Vvat thi nghiém. Toan bo qua
khoang trong nghién ciru. trinh thwc hién tuan tha quy dinh vé dao dlrc trong

2.3. Pao dirc nghién ctru: Nghién clru |a bai  nghién cru khoa hoc, ddm bao tinh minh bach,
tbng quan s& dung hoan toan di liéu cong khai  khach quan, trung thwc trong thu thap, trich dan va
tr cac ngudn khoa hoc hop phap, khéng can thiép  phan tich di liéu.

ll. KET QUA NGHIEN CcUrU

3.1. Khai niém, dac diém va pham vi (rng dung cuta nghién ctru in silico

Nghién ctu thudc in silico (hay Computer-Aided Drug Design/Discovery — CADD) 13 Iinh virc (ng dung
cac mod hinh tinh toan, thuat toan va phan mém chuyén dung d& mé phéng, dw doan va tdi wu héa twong
tac thubc-dich sinh hoc, hd tro toan bd qua trinh phat hién va phat trién thuéc mai [4]. Nhd kha nang
khao sat khéng gian hoa hoc I&n va sang loc ddng thei hang nghin hop chét, in silico gitp gidm dang ké
sb lwong thi nghiém tién 1am sang can thiét. Mot sb phan tich kinh té - k§ thuat cho thay viéc tich hop
cac buéc sang loc 4o, QSAR va dw doan ADMET co6 thé loai bd s&m 30-50% hop chéat khong phu hop
trwdc khi tién hanh thi nghiém in vitro, qua d6 rat ngan thdi gian nghién clru tir giai doan phat hién dén
tdi wu hoa thudc (lead optimization) khodng 1-3 ndm trong nhiéu dw an phat trién thudc. Trong chu trinh
phat trién thudc, cac cong cu in silico dwoc (ng dung tai nhiéu diém nut quan trong: (i) sang loc do dé
xac dinh cac hop chéat cé kha nang gan két tét; (i) md phdng déng lwc hoc phan t&r nhdm danh gia do én
dinh phirc hop; (iii) mé hinh QSAR dé dw doan hoat tinh sinh hoc dwa trén cAu tric; (iv) dw doan ADMET
dé phat hién sém nguy co doc tinh hodc hap thu kém [4], [5]. Nhd sw phat trién cla thuat toan va di liéu
sinh hoc - tin sinh hoc quy mé 16n, in silico ngay cang déng vai tro trung tam, hwéng téi muc tiéu thiét ké
thudc chinh xac va ca thé hoa.

3.2. Cac hwéng tiép can chinh trong thiét ké va phat trién thuéc in silico

Thiét ké thubc in silico hién tap trung vao bdn huéng tiép can chinh. (1) Thiét ké dwa trén ciu tric
(SBDD): dwa trén cau trac 3D cla protein dich d& dy doan tw thé gan két va nang lwong lién két cia
ligand, hd tro phat hién hop chat dan véi do chon loc cao [6]. (2) Thiét ké dwa trén phéi t&r (LBDD): dwoc
ap dung khi cau truc dich chwa rd; st dung twong dong cau tric, QSAR va phan 16p hoc may dé dy doan
hop chat méi ¢ hoat tinh twong tw phéi tir da biét. (3) Cac cong cu mé ta dac tinh dwoc ly: bao gbm
pharmacophore modeling, mé phéng déng lwc hoc phan tlr va cac moé hinh dw doan hoat tinh, gitp lam
rd dac diém khong gian va tinh &n dinh ctia phirc hop ligand—protein. (4) Tri tué nhan tao (Al) va hoc may
(ML): ngay cang déng vai trd then chét. Cac mé hinh deep learning (graph neural networks, transformer-
based) hd tro dw doan cAu tric protein (AlphaFold), sang loc hop chat (DeepChem) va thiét ké thudc de
novo (ChemBERTa, REINVENT) [5], [7]. M6t sb nghién ctru gan day ghi nhan Al cé thé tang d6 chinh xac
dw doan hoat tinh 10-20% so v&i md hinh truyén théng trong moét s6 bo di liéu chuan, déng thoi gidm
dang ké sb thi nghiém can xac nhan [5], [7].

3.3. Phan loai cac nhém phan mém va cong cu dwoc stv dung trong nghién ciru phat trién thudc

Téng hop 112 tai liéu cho thay cac phan mém in silico c¢é thé chia thanh sau nhém chirc néng chinh.

3.3.1. Phan mém thiét ké cau truc phan tr va téi wu héa hop chat

Day la nhém phan mém dwoc sir dung & giai doan dau clia qua trinh thiét ké thudc, gitp xay dwng, hién
thi va tdi wu hoéa cu tric phan tir ba chiéu (3D). ChemDraw va Avogadro hd tro' vé cau tric 2D, chuyén
ddi sang mé hinh 3D va téi wu hinh hoc; OpenBabel gilp chuyén dbi dinh dang tép va tdi wu ciu truc tw
doéng; trong khi Gaussian va GaussView thuwc hién phan tich hoa lwgng t, tinh toan nang lwgng va dac
tinh dién t& [6]. Nhém cdng cu nay déng vai trd cung cap di¥ liéu dau vao chuén héa; nhiéu nghién ctu
ghi nhan rang viéc téi wu hinh hoc trwéc docking gitp cai thién diém sé gén két tr 5-15% so véi clu trac
chwa chuan hoa [4], [6].

3.3.2. Phan mém sang loc ao (Virtual Screening) va Docking phan ti

Sang loc do va docking la buéc quan trong nhét trong thiét ké thudc dwa trén cau trac (SBDD), gilp
nhanh chéng xac dinh cac hop chéat cé kha nang gan két manh va chon loc véi dich sinh hoc. Cac phan
mém nhw AutoDock va AutoDock Vina (ma nguén m&) hé tro dyw doan vi tri va ai lwc lién két ligand—
protein, trong khi Glide va GOLD (thwong mai) st dung thuéat toan tién tién dé xac dinh tw thé gan két tdi
wu. SwissDock va DOCK Ia cac nén tang trwc tuyén thuan tién, cho phép sang loc quy mé Ién ma khéng
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can cau hinh may tinh phurc tap [4], [6]. Nh& d6, nhém cong cu nay gitp rat ngén thoi gian phat hién hop
chat dan va giam sb thi nghiém in vitro, in vivo. Mét s6 nghién ctru so sanh cho thdy phdn mém thuong
mai (Glide, GOLD) thwdng cho hé sé twong quan tét hon (r = 0,55-0,70) so v&i Vina (r = 0,40-0,55),
nhwng chi phi cao va can gidy phép st dung [4], [6].

3.3.3. Phan mém mé phéng déng lwc hoc phan tir (Molecular Dynamics - MD)

Céac phan mém mé phdng dong lwc hoc phan t&¢ (MD) cho phép theo déi sw chuyén dong va do 6n
dinh cta phirc hop ligand—protein theo thoi gian, giup 1am rd co ché gan két trong diéu kién gan voi
moi truwdng sinh ly. Cac cdng cu phd bién gdm GROMACS (ma ngudn mé, hiéu ndng cao), AMBER va
CHARMM (cung cép bd trwong lwc chinh xac cho protein, acid nucleic va phan tlr nhd), cuing NAMD
(t6i wu cho tinh toan song song) [5], [6]. Nhiéu nghién ctru cho thay MD gitp gidm ty |é “dwong gid” sau
docking nh& xem xét thém tac déng ctia dung mai va chuyén dong phan ti [4].

3.3.4. Phan mém dv doan dwoc dong hoc va doc tinh (ADMET Prediction)

Dy doan ADMET (Absorption, Distribution, Metabolism, Excretion, Toxicity) la buwdc quan trong trong
sang loc o, gitp loai trir sém cac hop chét cé dac tinh dwoc ddng hoc kém hodc déc tinh cao. Cac céng
cu phd bién nhw SwissADME va pkCSM dwa trén mé hinh hoc may cho phép dw doan kha nang hép thu,
phan bd va chuyén hoa; ADMETlab mé réng thém dy doan vé doc tinh, do 6n dinh héa hoc va twong
tac protein huyét twong; trong khi Toxtree tap trung phan tich canh bao doc tinh va co ché gay déc dwa
trén céu trac hoéa hoc [4], [5]. Trong mét sd nghién clru, viéc ap dung bd cong cu ADMET trwde khi thir
nghiém in vitro da gitp gidm 25-35% sb hop chét can kiém tra, qua do tiét kiem chi phi dang ké [4], [8].

3.3.5. Phdn mém phan tich va khai thac dir liéu sinh hoc - tin sinh hoc

Co s& di liéu tin sinh hoc 1a ngudn dau vao quan trong cho mé hinh héa va huan luyén thuat toan trong
thiét ké thudc. PubChem, ChEMBL, BindingDB cung cép di liéu khdng 16 vé c4u tric héa hoc, hoat tinh
sinh hoc va twong tac ligand-protein, trong khi UniProt chira théng tin toan dién vé protein (chirc nang,
chudi amino acid, vi tri hoat déng) va STRING hé trg phan tich mang lwdi twong tac protein-protein, giup
xac dinh dich tac dung tiém nang [6]. Viéc tich hop cac co s& dir liéu nay khéng chi nang cao do chinh
xac va tinh toan dién ctia mé hinh in silico ma con tao nén tang di¥ liéu huan luyén thiét yéu cho cac thuat
toan hoc may va tri tué nhan tao trong phat hién va phat trién thubc [5].

3.3.6. Phan mém (rng dung tri tué nhan tao trong thiét ké thuéc

Su phat trién manh mé cua tri tué nhan tao (Al) va hoc may (Machine Learning — ML) dang tao nén
buwéc chuyén I&n trong linh viec phat hién va phat trién thudc in silico. Cac nén tdng nhw DeepChem va
Chemprop cho phép xay dwng mé hinh hoc sau dé dw doan hoat tinh sinh hoc, d&c tinh ADMET va tbi
wu cAu tric hop chét [5]. AlphaFold ctia DeepMind danh d4u bwéc ngoat trong dw doan cau trdc protein
3D v6i dd chinh xac gan twong dwong tinh thé hoc [7], trong khi cac md hinh sinh téng hop nhw MolGPT,
REINVENT c6 kha nang thiét ké de novo hop chat méi, rit ngén dang ké chu trinh kham pha thudc. Sy
tich hop gitra Al v&i cac md hinh docking, dong luc hoc phan tir (MD) va QSAR dang hwéng téi hé théng
tw dong hoéa toan dién, gilp nang cao dd chinh xac, hiéu qua va tbc do trong nghién ctru dwoc hoc hién
dai. Nhiéu dw &n bao cao thoi gian sang loc hang triéu hop chét cé thé rut tir vai thang xubng con vai
ngay nho tich hop Al voi cac pipeline docking va QSAR tw déng [4], [5].

Bang 1. Phén loai va chirc ndng céc nhém phan mém trong phét trién thuée in silico

Giai doan (rng
dung trong phat
trién thuéc

Mot s6 phan mém

Nhém phin mé Chtrc néng chinh :
om phan mem WPC hang cnin tidu bidu

Xay dwng, hién thj va téi wu héa clu
Thiét ké ciu trac |trac 3D cla phan ti; tinh toan nang [ ChemDraw, Avogadro, | Thiét ké ban dau
phan t& va téi wu |lwong, phan bé dién ttr va dac tinh hda | OpenBabel, Gaussian, | hop chat (lead
hoa hop chét lwong t&; tao di liéu dau vao cho md GaussView design)
phoéng va sang loc.

D an vi tri, tw thé va ai lwe lién két
sang loc o (Virtual | | i:ga”r;’t!eirr'l’_ :écfii\:\iar:o’uccfgt fé AutoDock, AutoDock | Phat  hién  hop
Screening) va g P L >p Vina, GOLD, Glide,|chdt dan (lead

kha n3 an két h va chon |
Docking phan t a nang gan“ e’ ma.n va cnhon 1oc SwissDock, DOCK identification)
cao v&i dich sinh hoc.
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Nhém phan mém

Chirc nang chinh

M6t sé phidn mém
tiéu biéu

Giai doan rng
dung trong phat
trién thuéc

M6 phdéng ddng
lwe hoc phan
ter (Molecular

Dynamics — MD)

M6 phdng sw chuyén dong, 6n dinh va

bién dbi cAu truc cha phirc hop ligand—

protein; danh gia dd bén va tinh linh
dong clia twong tac.

GROMACS, AMBER,
CHARMM, NAMD

Téi wu héa twong
tac thubc—dich
(lead optimization)

Dw doan dwoc dong
hoc va doc tinh
(ADMET Prediction)

Dy doan hap thu, phan bd, chuyén
hoa, thai trir va doc tinh; loai trir sém
cac hop chéat cé déc tinh khong phu

SwissADME, pkCSM,
ADMETIab, Toxtree

Sang loc va danh
gia an toan tién lam
sang

hop hoac déc tinh cao.
Cung cép va quan ly div liéu héa hoc
— sinh hoc; hd trg phan tich twong

Phan tich va khai PubChem, ChEMBL, | Xac dinh dich sinh

thac di liéu sinh tac protein—protein, ligand—protein va BindingDB, UniProt, | hoc va xay dwng
hoc — tin sinh hoc huén luyén mé hinh AML. STRING mo hinh dw doan
. s Téi héa h

Ung dung tri tué | Xay dwng mé hinh hoc sdu dé dy doan DeepChem, o tu hoa ‘hop

chat va thiét ké
thubc moi (Al
driven drug design)

hoat tinh, ADMET, thiét ké de novo hop
chét va ty dong héa quy trinh nghién ctu.

nhan tao trong thiét
ké thubc

Chemprop, AlphaFold,
MoIlGPT, REINVENT

(Ngudn: Téng hop ctia nhém nghién ciru ter 112 tai liéu céng bd giai doan 2010-2024).

3.4. Tiéu chi danh gia phan mém

Viéc lwa chon phan mém in silico phu hop cé vai trd quyét dinh déi véi d6 chinh xac va hiéu qua cua
nghién cru, dwa trén bdn tiéu chi chinh [4], [6]. Th& nhét, tinh dé& s dung va yéu cau k¥ thuat, bao gdm
giao dién truc quan, hd tro' da nén tang va hwéng dan chi tiét, giup thao tac thuan tién ngay ca véi nguoi
khéng chuyén lap trinh. Th hai, d6 chinh xac va db tin cay cia mé hinh, phu thudc vao thuat toan tinh
toan va chat lwong dir liéu dau vao; cac phan mém thwong mai nhu Glide hay GOLD c¢6 d6 chinh xac
cao, trong khi AutoDock Vina dwoc danh gia tét nhd kha nang tai 1ap két qua [4]. Thir ba, tinh s&n c6 va
chi phi, khi cac phdn mém ma nguén m& nhw GROMACS, AutoDock, SwissADME dé tiép can hon so
v&i cac cdng cu thwong mai nhw Schrédinger Suite hay Discovery Studio [5]. Cudi cung, kha néng twong
thich va tich hop gitra cac cong cu (dinh dang pdbqt, mol2, sdf) 1a yéu tb then chét dé xay dung pipeline
théng nhét; cac nén tang tich hop hoc may va co s& di liéu sinh hoc hién dwoc wu tién trong dwoc hoc
tinh toan hién dai [7]. O nhidu nghién ctru so sanh, phdn mém méa ngudn mé (nhw Vina, GROMACS,
SwissADME) ¢6 lgi thé chi phi, trong khi mét s6 phan mém thwong mai ghi nhan dé chinh xac cao hon
trong mot sb bai toan d&c thu [6], [7].

3.5. So sanh wu va nhwoc diém gira cac nhém phan mém

M&i nhém phan mém in silico déu cé wu thé va han ché riéng, phu thudc vao muc tiéu nghién clru va
nang luc tinh toan s&n c. Nhém thiét ké cAu truc va téi wu héa hop chat (ChemDraw, Avogadro, Gaussian)
c6 wu diém dé st dung, phu hop cho viéc tao mé hinh ban dau nhwng han ché khi mé phéng céac twong
tac phan t&r phtrc tap [6]. Nhém sang loc do va docking phan tir (AutoDock, Glide, GOLD) c6 kha nang xt
ly hang nghin hop chét, song dé chinh xac phu thudc vao thuat toan va diéu kién docking [4]. Nhém mo
phdéng dong Iwc hoc phan tr (MD) (GROMACS, AMBER, NAMD) dat d6 chinh xac cao, mdé phéng duoc
twong tac & cip dd nguyén t&r, nhwng yéu cau phan cirng manh va thoi gian tinh toan dai [5]. Nhém dw
doan ADMET (SwissADME, pkCSM, ADMETlab) c¢é wu diém nhanh, d& s& dung, phu hop cho sang loc
ban dau, nhwng con han ché vé dé chinh xac do phu thuéc vao mé hinh hoc may [8]. Trong khi d6, nhém
thiét ké dwa trén tri tué nhan tao (Al) (DeepChem, Chemprop, AlphaFold, MolGPT) thé hién tiém nang vuot
troi trong du doan cu tric va thiét ké hop chat de novo, song con ddi mat véi thach thire vé tinh minh bach
cuia thuat toan va nhu cau di liéu huan luyén 16n [5], [7]. Sw két hop nhiéu céng cu dang chirng minh hiéu
qua vuot troi; vi du, chudi tich hop AutoDock Vina - GROMACS - SwissADME da gitip xac dinh hop chéat
khang SARS-CoV-2 tiém nang ngay trong giai doan sang loc ban dau [6]. Do d6, xu huéng st dung chudi
cong cu tich hop (integrated pipeline) thay vi phan mém don I& dang tré thanh hwéng tiép can chuan trong
dwoc ly tinh toan hién nay.
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Béng 2. So sdanh céc nhém phan mém in silico theo muc tiéu va dic diém ky thuéat

A X Mu do [ Kha a
Nh6m phin mém D6 chinh xac Chi phi ::6 bién‘? ﬁih h':':g
Thiét k& cAu truc phan t& | Trung binh - Cao|Thap - Trung binh Rén i
va ti wu héa hop chét|(phu thudc do phirc | (da sé ma ngudn mé, |, g .
. PO . trong  gioi Tot
(ChemDraw, Avogadro, [tap cua md hinh | Gaussian thwong )
. , . hoc thuat
OpenBabel, Gaussian) lwong ter) mai)
Sang loc 4o va docking phan [ Cao (Glide, GOLD) B . N .
R ) ) , Thap (manguonmeé); | s, , z ..z £, %
t (AutoDock, Vina, GOLD, |/ Trung binh (Vina, Cao (thuong mai) Rat pho bién Rat tot
Glide, SwissDock) SwissDock) g ms
M6 phéng doéng Ilwc hoc| . N Trung binh — Cao 2 .;

Rat , th L s Ph b A
phan t& (MD) (GROMACS, | Cio higfn” ¥ (yéu cau phan cting Chz . S';u” Tét
AMBER, NAMD, CHARMM) ghie manh) 4
Dy doan dwgc ddong hoc . £ 2%

’ j j T binh h ~ ) Rat pho b
va déc tinh (ADMET)| N9 PInh (PhU e i (da sb truc | RoT PO DI )
. thuéc vao moé hinh £ trong sang Tot
(SwissADME, pkCSM, ML) tuyéen) loc ban dau
ADMETIab, Toxtree) i
Phan tich di* liéu sinh hoc RONG A 14
- tin sinh hoc (PubChem,|Cao (d liu duoc — néngtén ‘ol rate
ChEMBL, BindingDB, xac thuc) P o guéc
UniProt, STRING) i i
. ¢4 5 Rét tot
v d tri t h )
ng dung rJ u? 3 e:n Cao - Rat cao (phu . . Tang nhanh,
tao trong thiét ké thudc R o a | Thap — Trung binh ,

thudéc dir liéu huan i . X .. | Xu  hwéng

(DeepChem, Chemprop, luyén) (da s6 ma nguon mé) t0an cAu
AlphaFold, MolGPT) ¥e

(Ngudn: Téng hop ctia nhém nghién ciru ter 112 tai liéu céng bé giai doan 2010-2024).

IV. BAN LUAN

4.1. Han ché va thach thirc

Mac du cbng nghé in silico mang lai nhiéu lgi ich
trong nghién clru va phat trién thuéc, song van ton
tai nhirng thach thirc can khac phuc. Trwédc hét, sy
khac biét gil!a md hinh tinh toan va thywc nghiém
sinh hoc la van dé cbt 16i, do cac md hinh dwa trén
gia dinh va di liéu mé phdng nén cé thé sai léch so
v&i két qua in vitro hodc in vivo [4]. Bén canh do,
yéu cau cao vé nang lyc tinh toan va chuyén mén
tin sinh hoc | rao can I&n, nhét 1a & cac nwéc dang
phat trién, khi viéc van hanh mo phéng hoac md
hinh Al doi hoi phén clrng manh va nhan lyc dwoc
dao tao chuyén sau [5]. Ngoai ra, chi phi ban quyén
va han ché truy cap di¥ liéu van la tr& ngai, vi nhiéu
phan mém thwong mai cé gia cao va dir liéu huan
luyén Al thwong thudc sé hiru tw nhan, lam gidm
tinh minh bach khoa hoc [7]. Tai Viét Nam, viéc
thiéu ha tang tinh todn manh va dao tao chuyén sau
la yéu t6 can dwoc wu tién d& mé rong ng dung
thuc tién clia cong nghé in silico trong twong lai.

4.2. Xu hwéng va trién vong twong lai

Trong nhitng ndm gan day, tri tué nhan tao (Al), hoc
sau va dién toan dam may da tré thanh xu huwéng chu
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dao trong nghién ctru phat hién va phat trién thubc.
Al gitp tang téc sang loc, t6i wu thiét k& de novo
va dy bao dap tng Idm sang so'm, voi bwédc ngoat
quan trong tir AlphaFold 3 (2024) mé rong dy doan
twong tac protein-ligand-acid nucleic-ion, tao dét pha
cho thiét ké thudc dwa trén cu tric (SBDD) [9]. Bén
canh dé, dién toan dam may va nén tang di liéu mé
(nhw Open Targets, Terra, Seven Bridges) cho phép
tich hop va x( ly di¥ liéu quy mé Ién, hd tror xac dinh
dich tac dung tiém n&ng theo nguyén tac FAIR [10],
[11]. Xu hwéng tich hop di liéu da tAng (multi-omics)
gitp lam rd co ché bénh hoc va phan tng thudc,
mé& duwdng cho y hoc ca thé hoa, trong d6 liéu phap
duoc téi wu theo dac diém di truyén tirng bénh nhan
[12-15]. Déng th&i, m6 hinh hop tac hoc thuéat - céng
nghiép va hoc lién két (federated learning) dang gop
phan nang cao dd chinh xac, bado mat dir liéu va kha
nang (ng dung thuc tién cha cac md hinh Al trong
dwoc hoc tinh toan [16].

V. KET LUAN

Cac phan mém in silico hién déng vai tro trung
tam trong phat trién thuéc, cho phép mé phéng, dw



TAP CHi Y DUPQ'C THAI BiNH, TAP 19 SO 05 - THANG 12 NAM 2025

doan va téi wu hoa qua trinh phat hién thubc & cap
dd phan t& ma khong phai thye hién qua nhiéu thi
nghiém thwc nghiém. Hé théng cong cu nay rat da
dang, gém: thiét ké va tbi wu ciu tric (ChemDraw,
Avogadro, Gaussian), sang loc do va docking
(AutoDock, Glide, GOLD), mé phéng dong lwc hoc
phan t&¢r (GROMACS, AMBER), dw doan ADMET
(SwissADME, pkCSM, ADMETIab), khai thac di
lieu sinh hoc (PubChem, ChEMBL, UniProt) va
cac nén tang Al (DeepChem, AlphaFold, MoIGPT).
Phan mém ma nguén mé c6 wu thé chi phi thap
va dé tiép can, trong khi phan mém thwong mai
thwong cé dd chinh xac va kha nang tich hop cao
hon. Viéc két hop nhidu cong cu trong mét pipeline
gilip nang cao hiéu qué tir sang loc, dw doan dén
mo phdng twong tac phan tl. Tuy nhién, cac két
qué in silico van can duwoc kiém chirng bang thi
nghiém in vitro va in vivo d& dam bao tinh tin cay.
Tai Viét Nam, viéc (rng dung cbng nghé nay la xu
huwéng tat yéu; can dau tw ha tang tinh toan, dir
liéu sinh hoc va dao tao nhan lwc lién nganh nham
xay dwng nén tang phat trién thudc hién dai, an
toan va hiéu qua.
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