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Tom tat

Phuong phap m6 phong va tinh toan trén mdy tinh ¢6 dong gop quan trong trong qua trinh thiét k& va phat trién thubc
chita bénh. Thyec té cho thay, qua trinh phat trién thudc truyén thong ton nhiéu thoi gian, chi phi va cong lao dong. S6
lidu thong ké cho thdy dé phat trién dugc mot loai thudce chira bénh tén tir 12 dén 14 nam, tiéu ton vai tram triéu dén
mdt ti d6 la My (USD). Sy trg giup cia may tinh co thé t1et kiém dugc hon 50% chi phi nay, rat ngén thoi gian phat
trién thudc chira bénh, gop phan dap tmg hiéu qua hon nhu cdu cham soc sire khoe ciia cong dong Bai b4o nay tom tit
tinh hinh phat trién, nhitng thanh cong, han ché ciia phwong phép tinh toan hd trg phat trién thuc dong thdi néu bat cac
xu hudng ing dung cong cu may tinh vao hd tro qua trinh phat trién thudc trong tuong lai.

Twr khoa: Kham pha thudc; thiét ké thudc; phat trién thudc; sang loc 4o; gan phan tir.
Abstract

Computer-aided drug design (CADD) has made great contributions to drug design and discovery for disease treatments.
Traditional method to develop new drugs is not efficient, expensive and time-consuming. It normally takes about 12 to
14 years to bring a new drug to patients and costs hundreds of millions to a billion of USD. CADD is able to save 50%
of this cost, shortens the time needed to develop new drugs, thus more diseases are treated. This article briefs the current
status of CADD, focusing on the successes, limitations, and trends of application of this research approach on the future
drug discovery.

Keywords: Drug discovery; computer-aided drug design; drug development; virtual screening; molecular docking.

1. Giéi thigu

Thubc chira bénh phan 16n 1a cac phan tu thudc chita bénh dugc tim kiém va phat trién tir
héa chit nhé (small molecule entities) va cac  nhiéu ngudn khac nhau, c6 thé dén tir tw nhién
phan tir sinh hoc (biologics). Trong lich s,  (dong va thyc vat) hay tong hop (hinh 1).
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S* MS*/NM MS/NM

Hinh 1: Nguon gbc xuét xtr ciia thudc chita bénh (thong ké tir 1981 dén 2006). Hinh duoc vé lai tir Newman va Gragg
[1]. Trong d6 N 14 thudc tir thién nhién, ND 14 thude duge tong hop tir chit ban dau dén tir thién nhién, S 1a thudc téng
hop hoan toan, S* 1a thudc tong hop hoan toan nhung c6 mo phong theo mot sb tinh chat ciia hop chat thién nhién,
S*/NM la thudc téng hop nhu chat dén tir thién nhién, S/NM la thube tong hop bat chude theo hop chat thién nhién.

Viéc tim kiém, thiét ké va phat trién thudc
chita bénh 1a qua trinh lau dai, phuc tap, tén
kém va ti 1& thanh cong thap [2], [3]. Quy trinh
truyén thong trai qua nhiéu giai doan (Hinh 2),
va mat 12 dén 15 nam. Giai doan dau tién trong
qué trinh phat trién thudc bat dau voi nhiém vu
tim kiém va x4c minh d6i tuong thube, thuc
hién sang loc trén ngan hang chit dé tim phan
ttr hit va dan (hit and lead compounds). Sau d6

Giai doan kham pha thudc

Xic dinh déi tuong
ctia thuoc (target)

. B Throughput
Tao ngan hang chat [= Screening)
(compound library)

=]

cac phan tir din nay duoc toi vu qua qua trinh
téng hop hoa hoc dé hoat tinh thudc tét hon, ton
tai dugc lau trong hé ti€u hoa va cé kha nang
hoa tan trong dong mau ctia hé tudn hoan. Tiép
theo, thudc s& duoc thir nghiém trén té bao va
trén dong vat séng dé kiém tra tinh hiéu qua va
tinh an toan cua thudc, trudc khi duogc thu
nghiém trén nguoi ¢ giai doan lam sang.

Giai doan thir nghiém tién |am sang

(Effectiveness in Cell
culture)
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Giai doan thir nghiém I1am sang

Hinh 2: Cac budc trong qua trinh phat trién thude

Theo théng ké tai My, chi phi dé dua mot
thudc chita bénh tir phong thi nghiém dén véi
nguoi bénh dao dong trung binh tr tam tram
triéu dén hon 1.5 ti 6 la My (USD) [4]. Con sb
nay phu thudc vao timg loai thudc va tily vao
chi phi dau tu cua ting doanh nghiép duoc.

Mic du chi phi ddu tu cho nghién ctru va phat
trién rat cao, nhung ti 1¢ thanh cong lai thip.
Uéc tinh chua dén 10% sé thude duoc thir
nghiém 1am sang dén duoc voi nguoi bénh
(Hinh 3). Néu xét tir dau qué trinh nghién ciru
phat trién thudc thi ti 18 that bai 1a 96% [5].
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Ti 1¢ thanh cong tiy thudc vao loai thude hudng
dén ddi twong bénh nao. Vi du véi thude chong
ung thu thi chi 5% sb chat c6 hoat tinh chong
ung thu & giai doan tién 1am sang dugc chéap
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S$6 hop chit

thuan thtr nghiém tiép sau giai doan thir nghiém
1am sang giai doan III, trong khi d6 v&i thude tri
tim mach thi con sb 16n hon, tim 20% [6].
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Hinh 3: Hiéu qua phat trién thuéc qua cdc giai doan thur nghiém 1am sang tinh tir lac duge cap phép thir nghiém (IND)
cho dén khi dugc cap phép ban cho bénh nhan (NDA). S6 liéu nam tir 2009 dén 2010 [3]

Tinh tir 2001 d&én 2019, mdi nim FDA cip
phép tir 17 dén 59 thudc (Hinh 4) [7]-[11]. Sb
luong thude dugc cip phép thay doi theo nam,
cao nht 12 nam 2018 v&i s6 luong 1én dén 59
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va thap nhit 1a ndm 2002 v6i 17 thude. Trung
binh mdi nim trong giai doan nay FDA cép
phép 31 thude.
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Hinh 4: S thudc dugc USFDA chép thuan qua thoi gian [8], [10], [11]

Qué trinh nghién ctru phat trién thudc kéo
dai, mot phan vi thudc phai trai qua quy trinh
kiém tra tinh hiéu qua va do an toan dai han
nghiém ngat tir co quan quan ly [12].

2. Nguyén nhin qua trinh phat trién thudc
ton kém va ti 1¢ thanh cong thap

Nghién ctru va phat trién thudc trong nganh
dugc dugc biét 13 rui ro cao. SO liéu thng ké

cho thay 75% chi phi 1a do céac that bai trong
nghién ctru [13]. Trong qua trinh thir nghiém
lam sang, hai nguyén nhin quan trong dan dén
that bai 1a (1) thudc khong thé hién duoc tinh
nhu yéu cau va (2) thuce gay hiéu tmg phu doc
hai (Hinh 5) [3], [14], [15].
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(a)

® Duoc dong hoc ® Hiéu qua thap = Bdc hai = Tinh thuong mai

(b)

m Nguyén nhan khac = Hiéu qua thip = Doc hai = Tinh thuong mai

Hinh 5: Nguyén nhan thét bai trong qua trinh phat trién thudc tir nim 2007 dén 2010 ¢ cac giai doan thir nghiém
1am sang: (a) giai doan II va (b) giai doan III [3]

2.1. Do xdc dinh doi twong thuéc chwa chinh
Xac

Phan 16n cac thudc chira bénh c6 hoat tinh
nhd tic dong 1én hay lam rdi loan hoat dong
cua phan ti dich (drug target). Khé khan th
nhat dén tir qué trinh tim kiém, xac dinh va
khang dinh ddi tugng dich (target) nhu protein,
enzyme, gene, DNA va RNA [16]. Bdi tuong
thudc phd bién nhét 13 protein, nhung chi tim
10% céc protein trong co thé nguoi 1a ddi tugng
thube [9].

Viéc xac dinh chinh xac dbi tuong thude 1a
vo clung quan trong, quyét dinh dén sy thanh
cong cua qua trinh tim kiém va phat trién thude
[17]-[19]. Péi tuwong thudc can thé hién mdi
lién h¢ nguyén nhan hé qua rd rang véi bénh
thong qua cac thir nghiém sinh héa thyc té. Khi
d6i tuong thude xac dinh khong chinh xac, hay
khong c6 méi lién hé rd rang voi bénh, du
thudc co twong tac vao ddi twong nay cling s&
khong lam cai thién bénh. Pay chinh la mot
trong cac 1i do thit bai ¢ giai doan thir nghiém
lam sang. Mot yéu t6 khac 1a cac dbi tuwong
thudc khong bi tac dong hidu qua boi phan tir
thudc thir nghiém nén khong tao nén hiéu tng
thudc hodc giy hiéu tGng phu doc hai (hién
tugng nay goi la not druggable) [20].

Mot sb tac gia da chi ra rang nhiéu cong ty
duogc theo dudi cung mot dbi tuong thude trong
qua trinh nghién ctru va phét trién thude va khi
ddi tugng thudc khong chinh xac hay khong tbi

rru dan dén hiéu qua nghién ciru phat trién thép, ti
1¢ tht bai nhiéu nén chi phi 16n [18]. Nghién ctru
méi day chi ra ring cac cong ty dugc con thir
nghiém phan tir thude tiém ning trén cac phan tir
dich khong 15 rang trong giai doan 1am sang [21],
[22], diéu nay 1a vo cung rui ro. Mot phan vi
thudc c6 thé gay doc hai 1én té bao binh thuong
va kha ning duoc co quan cp phép 1 thip vi co
ché tac dung thudc khong 16 rang [22].

Tai sao viéc xac dinh ddi tuong thudc va
khang dinh (validation) 1a v6 cung kho khan?
C6 thé chiing ta da khong hiéu di sdu vé co ché
gy bénh va cic qua trinh hoa sinh dién ra bén
trong t& bao vi tinh phic tap cia hién tuong
sinh hoc [23]. Thém vao d6 la cac tiéu chi danh
gia muyc tiéu chwa du chic chin din dén cac sai
sOt ¢ giai doan sau [23], [24].

2.2. Thiéu co sé dir liéu vé héa chit dé phdt
trién thuéc (ligand database)

Mot nguyén nhan khac lién quan dén co s¢
dir liéu chat thir. Udc luong trong tu nhién va
tong hop ton tai rat nhiéu phan tir hoa chét va
phan tir sinh hoc ¢6 thé lam thudc nhung vi
khong gian hoa chat nay 13 vo cliing 16n, 1én dén
10%° hay 10?° phan tir trong khi s6 hoa chat ma
chung ta dung dén trong qua trinh sang loc hiéu
sudt cao (high-throughput screening) hay sang
loc a0 (virtual screening) chi dung lai ¢ vai
chuc dén trim nghin chat nén xac suét tim ra
thudc 12 vo cing thap [25], [26]. Nhiéu chét
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trong dir liéu d6 chi 1a nhimg thay d6i nho tir
cac phan tir thude da biét trude [27].

Qué trinh xdy dung ngan hang chét va sang
loc rat tén kém ca thoi gian va chi phi [28].
Mdi day, sb lugng chat dung cho sang loc 4o da
dugc nhom tac gid Shoichet va cdng su st dung
1én dén vai tram triéu chat [27], va nhém nay
cling dy tinh phét trién ngan hang chat 1én dén
con s hang ti véi hi vong cd thé tim kiém duoc
nhiéu phan tr tiém ning chira bénh.

Thém vao dé, chit lugng cua ngan hang di
liéu chat c6 lién quan mang tinh quyét dinh chu
khong phai s6 luong [29]. Bang may tinh c6 thé
tao ra ngan hang chit v4i sé lwong 16n, nhung
chon dir liéu cac chat co tiém nang chira bénh
va tuong thich tét v6i co thé ngudi dam bao an
toan va dap ng tdt céac tiéu chi duoge dong hoc
dé d& dang st dung trong diéu tri. Viéc ap dung
mot s6 nguyén tic, nhu nguyén tic 5 tiéu chi
ciia Lipinski, dé sang loc cic phan tir trong
ngan hang chit c6 nhiéu wu diém, lam giam
thoi gian va chi phi trong qué trinh sang loc.
Tuy nhién, sé liéu théng ké cac thudc chita
bénh duoc cap phép cho thiy néu ap dung cac
nguyén tic ndy mot cach cting nhic s& bo sot
céc chat tiém ning.

2.3. Nguyén nhin dén tic mé hinh thir nghiém
trén dong vt

Chi tam 10% thubc duogc thu nghiém lam
sang dugc co quan cip phép dung chira bénh vi
hiéu qua chira tri thip va do hiéu tmg phu doc
hai. Hi¢u qua chita tri thép dugc phat hién
chdm - ¢ giai doan thir nghiém 1am sang vi khi
thir nghiém tinh hiéu qua chita bénh cua thude
trén dong vat lam co s& chua hoan toan chinh
x4c. Nhiéu nghién ctru cho thay biéu hién tinh

hiéu qua chirta bénh trén dong vat c6 sy khac
biét voi nguoi [15], [30]-[32].

Mot nguyén nhan khac 1a thiét ké qua trinh
thir nghiém trén dong vat chua du chat ché dé
khang dinh két qua hay cac diéu kién thi
nghiém trén dong vat va nguoi khong lap lai
nén két qua co sy sai l¢ch.

3. Vai tro cia sy trg giip cia mday tinh
(CADD) trong nghién ciru tim kiém va phat
trién thudc

Dé giup phat trién thude chira bénh nhanh va
hiéu qua hon, dong thoi giam chi phi diéu tri
cho bénh nhan, nhitng han ché nhu trén gin véi
quy trinh truyén thdng can phai duoc giai quyét
[33]. D6 1a li do cong cu may tinh dugc dua
vao st dung [34]. Tt nhirng nam 1970 may tinh
bat dau dwoc ung dung cho phét trién thudc
trong phong thi nghiém, va bt dau phd bién 10
nam sau d6 khi viéc mé phong du doan céu trac
protein va khdo sat sy tuong tac gitta cac hop
chat véi protein dugc nhiéu nha khoa hoc quan
tam [35]. Bat dau tir 1988 cho dén nay thi
CADD c6 nhiéu thanh cong, déng gop tich cuc
vao tao ra cac loai thudc méi chira bénh [36],
[37]. Hién tai cac cong ty dugc va vién nghién
ctru, nhiéu truong dai hoc trén thé gidi da va
dang ap dung rong rdi may dé trg phat trién
thudc [36]-[38].

CADD tham gia vao cac giai doan quan trong
ctia kham pha thudc nhu giai doan xac dinh va
x4c minh d6i tuong thude, sang loc 4o dé tim
kiém va tdi wu chat dan dé dua vao thir nghiém
trén dong vat (Hinh 6). Ngoai ra CADD cling
gitp ich trong viéc danh gid dugc dong hoc cia
cac chat thir, danh gid do twong thich cua thude
vGi méi truong sinh 1y ciia co thé nguoi.
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Hinh 6: Vai tro cia CADD trong qua trinh phat trién thude [39]

4. Mt s6 thanh céng va han ché cia CADD
Céc thong ké cho thiy CADD g6p phan lam
giam dang ké thoi gian va chi phi trong quéa
trinh kham pha va phat trién thudc. Chi phi
giam dén tim 50% va thoi gian ngén hon nhiéu
so voi quy trinh truyén thdng. Vi du dé phat
trién thudc statin rc ché enzyme trong qua trinh
téng hop cholesterol mét 40 nam theo quy trinh

truyén thong. Trong khi d6, nho su tro gitp cua
CADD @dé hiéu duogc co ché tac dung ¢ mirc do
phan tir, thi chi trong 3 nam d4 phat trién thanh
cong thudc Herceptin dé tri ung thu va [35].
Nhiéu thanh twu twong ty co su doéng gop cua
CADD dugc néu trong bang 1.

Bang 1: CADD tham gia vao phat trién mot
s6 thudc da dugc cap phép [37]

Loai thudc Nim cip phép Hoat tinh sinh hoc
Captopril 1981 Chéng cao huyét ap
Dorzolamide 1995 Uc ché_ enzym anhydrase

carbonic
Indinavir 1996 Khang vi rat HIV
Ritonavir 1996 Khang vi rat HIV
Saquinavir 1995 Khéng vi rat HIV
Triofiban 1998 Chéng ngh&n mach mau
Raltegravir 2007 Khang vi rat HIV
Zanamivir 1999 Uc ché Neuraminidase
Aliskiren 2007 Uc ché renin ngudi
Nolatrexed bang thgor;f};iém giai Chira ung thu gan
Oseltamivir 1999 Chong vi rat caim A va B
LY-517717 Pang thir nghiém | Chéng tu méau
NVP-AUY922 Pang thir nghiém | Chdong sbc nhiét

No6i nhu vay khong phai CADD da giai
quyét dugc cac van dé caa hanh trinh kham pha
va phat trién thudc. Day 13 van d& phirc tap, doi

hoi sy dong gop cua cac linh vuc chuyén moén
khac nhau trong d6 c6 cac giai doan thuc
nghiém va ing dung mo6 phong may tinh. Riéng
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dbi voi CADD, van con nhiéu han ché ma hién
nay dang dugc cai thién. Vi du nhu mo phdéng
toan bg tuong tac sinh hoc ctia co thé véi thude
diéu trj 1a chua thuc hién dugc trén may tinh.
Ngay ca viéc md phong ¢ muc do té bao méi
dugc nghién clru ¢ giai doan so khai [40].

Can phat trién phuong phap tinh toan chinh
xac hon, mo6 phdng dugc qua trinh tuong tac
ctia thudc trong méi truong co thé sinh vét va
con ngudi. Tién dén xdy dung quy trinh tiéu
chuan (standard protocol) dé danh gia in silico
dugc tinh tiém nang cta phan tir hoa chat. Dic
biét hudng dén phat trién phuong phap danh gia
hoat tinh cta thudc 1én sinh vat, gitip giam sb
thi nghiém trén dong vat.

Phat trién ngan hang phan tir liéu phap tiém
ning (potential therapeutic molecules) dat dén
s6 lwong 16n va mang tinh thyc nghiém dé sang
loc trén may tinh. Vi du nhom tac gia Lyu,
Shoichet va Irwin tao ngin hang dir liéu phan
tr tir hon 70.000 cAu tir thanh phan (building
block) da dugc ching thyc qua hon 130 phan
ung hoéa hoc [27] va qua d6 da phat hién ra
nhiéu phan tir c6 duoc tinh tét dé thir nghiém
sau hon.

5. Xu hwéng phat trién CADD

Str dung cong cu tinh toan trong hd tro xac
dinh ddi tugng thube va thiét ké thudc s& van 1a
xu thé. Viéc ung dung cong nghé tri tué nhan
tao cling 1a mot xu hudng dang phét trién va
mang nhiéu tiém niang lam thay do6i toc do va
hiéu qua qua trinh nghién ctru tim kiém va phat
trién thudc chita bénh [41]-[43]. Nhiéu cong ty
dugc danh tiéng dang dau tu theo hudng nay.
Vi du cong ty dugc Pfizer dang st dung hé
thong tri tué nhan tao IBM Watson dé tim kiém
thudc chéng ung thu. Tuong tu, cong ty Sanofi
st dung cong nghé tri tu¢ nhan tao Exscientia
ctia Anh Qudc vao tim kiém phuong thudc diéu
tri cac bénh lién quan ti€u hdéa. Mot xu hudng
hién nay dang dugc quan tam la st dung mo

phong may tinh dé thay thé mot phan va toan
bd thur nghiém trén dong vat [40], [44], [45].
Tuy nhién, viéc ung dung phuong phdp CADD
can duoc két hop voi thyc nghiém dé kiém
chung két qua, bo trg cho nhau trong qua trinh
phat trién thudc [26].
6. Két luin

Dén thoi diém hién tai, CADD da ¢6 nhiéu
dong gbp quan trong trong qué trinh phét trién
thudc chita bénh. Tuy nhién, CADD can di
song hanh voi thuc nghiém. Dong thoi, cac
phuong phép tinh toan can duoc cai thién dé du
doan chinh xac hon méi quan hé giira ciu trac
va tinh chét ctia phan tir, tir d6 danh gia ding su
tuong tac phic tap cua thudc trong co thé sinh
vat, nhat 13 giai doan thir nghiém trén dong vat
trudce khi thir nghiém 1am sang trén nguoi.
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