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ABSTRACT

Objectives: Imidazole-4,5-dicarboxamide (I45DC) bearing the morpholine group has shown
many diverse biological activities. The study aimed to further evaluate the antibacterial and
antifungal activities of this group of compounds, using the in silico methods to interpret the
results.

Methods: Method for testing antibacterial and antifungal activities in vitro: agar
diffusion method. Method for evaluating in silico antibacterial and antifungal activities include
building 10 moleculardocking models, evaluating the models using the redocking method, docking
synthesized substances into 10 models and evaluating based on docking score. Pharmacokinetic
and toxicological properties (ADMET) were evaluated using ADMETIab2.0 software.

Results: The synthesized substances did not show antibacterial or antifungal activities
on the tested bacterial and fungal strains. In silico results showed that 10 substances were
successfullydockedto 10 commontargets ofbacteriaand fungi. ADMETresultsshowed someofthe
compounds are insoluble and cytotoxic.

Conclusions: The in silico results were not consistent with the in vitro results. This may be
explained by the fact that the test substances may not form important interactions with the
targets or due to poor solubility.
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DANH GIA HOAT TiNH KHANG KHUAN, KHANG NAM IN VITRO VA IN SILICO
CAC DAN CHAT IMIDAZOL-4,5-DICARBOXAMID TONG HO'P
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TOM TAT
Muc tiéu: Imidazol-4,5-dicarboxamid (I45DC) mang nhom morphohn da cho thay nhiéu tac

dung sinh hoc phong phu. Nghlen ctru nham muc dich danh gia thém hoat tinh khang khuan,
khang nim ctia nhém hop chét nay, sir dung cac phuwong phap in silico dé giai thich két qua.

Phuong phap: Phuong phap thu hoat tinh khang khuan, khang nam in vitro: phuong phéap
khuech tan trén thach. Phuong phap danh gia hoat tinh khang khuan, khang nam in silico: bao
gdm cac budc: xay dyng 10 md hinh dockmg phan tu, danh gla mo hinh bang phuorng phap
redocking, dock cac chat nghlen ctru vao 10 mo hinh va danh gia dya trén diém so docking.
Dic tinh duwoc dong hoc va doc tinh (ADMET) duoc danh gia bang phin mém ADMETIlab2.0.

Két qua: Cac chat thir nghi¢ém khong thé hién hoat tinh khang khuan khang ndm trén cac chung
vi khuan, vi nim thir nghiém. Két qua in silico cho thay 10 chat déu dugc dock thanh cong vao
10 dich tac dong thuong gdp cua vi khuan va vi nam. Két qua ADMET cho thay cac chat khé
tan va doc teé bao.

Két luan: Két qua in silico khong phu hop véi két qua in vitro. Két qua nay co thé duoc giai
thich do céac chat thir nghi€ém co6 thé khong tao duge cac lién két quan trong véi dich tac dong
hodc do dic tinh duge dong hoc (tinh tan) chua tét.

Tir khod: Imidazol-4,5-dicarboxamid, hoat tinh khang khuan, hoat tinh khang nam.

1. PAT VAN PE

Imidazol-4,5-dicarboxamid (I45DC) 1a hop chat diamid
cua 1m1dazol hodc dan chat cua imidazol. Viéc tao thanh
cac dan chat 145DC bat dbi xtng thu hut dugc nhiéu su
quan tam khong chi ¢ mang tong hop hod hoc ma con ¢
hoat tinh sinh hoc phong phu cua n6 [1]. Trudce day, cac
nghién cuu trén [45DC da chi ra rang nhém nay c6 kha
nang khang ung thu [2], khang HIV-1 [3], khang virus
viém gan C [4], khdng virus sot Xudt huyet [5]. Gan day,
viéc thém thanh phan morphohn trong cau tric cla cac
145DC cung da dugc nghién ctru. Mot mét, nhom mor-
pholin c6 thé thay dbi dac tinh dugc dong hoc cta phan
tir mang né [6]. Mat khac, cac dan chét 145DC mang
nhom morphohn gan day cho thay hoat tinh tiém nang
trong viéc uc ché bom ngugc cia vi khuan [7] hay trc
ché virus SARS- CoV-2 [8]. Mot nghién ctru khac ctua
nhom tac gia cho thay hoat tinh khang khuén, khang
nam cua nhom nay yeu E ] nhung s6 luong hop chat
con han ché. Nghién ctru nay nham muc dich danh g1a
thém hoat tinh khang khuén, khang nim in vitro cua cac
145DC bt dbi xtng chira morphohn khac ddng thoi su
dung cac phuong phép in silico dé giai thich cac két
qua thu duoc.
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2. POI TUQNG VA PHUONG PHAPNGHIEN CUU
2.1. Poi twgng nghién ciru

D6i twong nghién ciru 1a hoat tinh khéng khuan, khang
nam cua 10 dan chat imidazol-4,5-dicarboxamid duoc
tong hop tir 2 nguyén li¢u ban dau la benzimidazol va
2-methylbenzimidazol theo so d6 1. Viéc tong hop cac
dan chat nay da duoc béo céo trong nghién ctru trude [8].
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2.2. Phwong phap nghién ciru

2.2.1. Phwong phap thir hoat tinh khding khudn,
khdang ndam in vitro

Hoat tinh khang khuan, khéang nam in vitro dugc thuc
hién bang phuong phap khuéch tan trén thach.

- Pinh tinh khd nang khang khudn

Moi truong st dung cho vi khuan 12 mdi truong thach
Tryptlc Soy Agar (TSA) Vi khuén thir nghlem dugc cy
trén moi trudng nay, u ¢ 37°C trong 16-24 gio, sau do
hoat ho4 bang cach chuyén vao moi trudong long, u tu
2-6 gid & 37°C. Do duc dugce chinh bang nude mudi sinh
1y sao cho mat dg thu duge twong dwong voi McFarland
0,5, tire 1a 1-2 x 108 CFU/ml. Sau d6 vi khuan duoc
cay trai trén hop thach da dugc chuén bi. Chat thir dugc
chuan bj bang cach hoa tan vao dung méi tuong Gng
sao cho nong d¢ thu dugc la 1024 mg/ml. Dung dich
chat thir dugc nhé vao trong 16 duc trén thach co du’ong
kinh 6mm v6i lugng S50 ul dung dich chét thtr trong mdi
18. Tién hanh song song v4i chung &m DMSO, chung
duong amikacin. U hop thach trong tu 4m 35 — 37°C
trong 16 - 24 glo L chimg chtra am khong wre ché sy
phat trién ctia vi khuan. Chét thir c6 kha ndng khang
khuén khi xung quanh 15 c6 vong khang khuan.

- Pinh tinh kha nang khang ndm

Mbi trudng sit dung cho vi ndm 1a moi truong Sab-
ouraud Dextrose Agar (SDA) Vi ndm thir nghiém duoc
cdy trén moi truong nay, u ¢ 30°C trong 48-72 gio.
Do duc cua hon dich vi nam dugc chinh bang nudc
mubi sinh 1y, sao cho do truyén qua T 13 65 dén 82% &

budce song 530 nm, twong duong véi McFarland 0,5 1a
khoang 1-5 x 106 CFU/rnl Pha loang dich vi nam 10
1an dé dat mat do khoang 105 CFU/ml. Chuan bi san dia
thach c6 chat thir va dia chu’ng khong co6 chat thir. Cho
1-2 ul huyen phu dich vi ndm 1én dia dé dat dugc mat
dd vi nam trén thach 12 102 CFU/ml. Hop thach duoc u
030°C, 48 glo dé vi ndm phat trién. Dit dia thach trén
mot bé mit sim mau, khong phan xa anh sang, quan sat
su tao thanh khom cua vi ndm thu nghiém. Két qua chi
¢6 gia tri khi vi nAm trong mau chimg moc binh thudng.

- Xéc dinh MIC bang phwong phdp pha lodng trén thach

Chat thir nghiém dugc pha thanh giai mau ndng do khac
nhau (10242 ng/mL) trong moi truong thir nghiém va
duoc cho vao moéi truong roi trai ra dia thach. 1-2 uL
huyén phu dich vi khuan/vi nAm da hoat hod dugc cay
1én dia dé dat mat d6 vi khudn/vi nim theo yéu cu. Két
qua dugc doc sau khi 4 ¢ nhiét d6 thich hop.

Chung dm la DMSO, chimg duong thir khang khuén 1a
amikacin, chimg duong thir khang nim 1a ketoconazol.

- Chiing vi khuan thir nghiém:

+ Escherichia coli ATCC 25922.

+ Pseudomonas aeruginosa ATCC 27853.
+ Enterococcus faecalis ATCC 29212.
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+ Staphylococcus aureus (MSSA) ATCC 29213.

+ Staphylococcus aureus dé khang methylcilin (MRSA)
ATCC 43300.

- Chiing vi nam thir nghiém:
+ Candida albicans ATCC 10231.
+ Aspergillus niger ATCC 16404.

2.2.2. Phuwong phap danh gid hoat tinh khdng khudn,
khang ndm in silico

Nham khao sat hoat tinh in silico, nghlen ctru khao
sat kha nang gan két ctia cac chit trén cac muc tiéu
tac dong bang phuong phap docking phén tir. Dich tac
dong duogc lya chon 13 nhiing protein duge chup nhiéu
xa tia X voi ligand dong két tinh 13 thude dang duoc
sir dung trén thi truong hodc 1a nhimng chit da duogc
chirng minh 12 tac dong trén dich tac dong d6. Cau trac
3 chiéu (3D) cua céc dich tac dong li€n quan dén céc thur
nghiém in vitro dugc tai vé tir Ngén hang Dir li¢u Pro-
tein (PDB). Cac cau tric dai phan tr nay (protein hodc
ribosom) duoc chuin bj bang cong cu Autodock Tool
1.5, bao gom viéc x0a cac phan tr nude, thém hydro,
tlch dién va cudi cung duoc luu & dang *.pdbqt. Céu
triic 3D cua cac hgand duoc vé va t6i thiéu hoa ning
lwong bing phan mém MOE rdi luu dudi dang * pdb
sau d6 chuyén thanh dang pdbqt bang phan mém
OpenBabel Khoang gin ket dugc xéac dinh dya trén vi
tri cua 11gand dong két tinh trong modi dich tac dong.
Toa dg va kich thudce ctia hop mod phong docklng (Grid
box) dugc trinh bay tai Bang 2. Cu01 cung, qua trinh
docking duoc thyc hién voi phan mém AutodockVina
1.1.2. Két qua docking duoc danh gia béi ning luong
gan két AGb Lo (kcal/mol) va su twong tac gitra ligand voi
cac acid amin trong khoang gén két [10].

bac tinh duwoc dong hoc va dgc tinh (ADMET) dugc
danh g1a bang cach st dung phan mém ADMETIab2.0.
Phan mém nay 1a cong cu duoc sir dung rong rai dé du
doén déc tinh dugc dong hoc va doc tinh cua cac hop
chat. ADMETIab2.0 du doan véi 2 ché do tinh toan:
danh gia don phan tur va sang loc theo tap dir ligu, cho
phep du doan 88 thong sb lién quan dén ADMET bao
gom 17 dac tinh hoa 1y, 13 dac tinh hod dugc, 23 dac
tinh ADME, 27 van dé vé doc tinh va 8 quy tic chung
clia cac chat mang doc tinh.

Khi dua cdu tric hay chudi SMILES vao phdn mém,
ket qua cho cac gia tri dy doan ddc tinh ADMET duge
biéu dién bang nhiéu ki hiéu khéac nhau. Tung ti€u chi
va ngudng gia tri s dung ctia mdi tiéu chi duoc gidi
thich rd trong phan mém.

3.KET QUA

3.1. Két qua thir hoat tinh khang khuén, khang nim
in vitro

Két qua thir hoat tinh khang khuan, khang nam in vitro
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cac hop chat 5al, 5a3, 5a4, 5a5 dé duoc bao cdo [9]. Két
qua dinh tinh hoat tinh khang khuan, khang ndm ctia cc
hop chét con lai dugc trinh bay trong bang 1.

Bang 1. Két qua dinh tinh khang khuén, khang nAm

S| £ . g
Sl S5 |55 5| &S
= | = | N S| S| < | B
2N )
522 | - - - - - - -
5b1 | - - - - - - -
5b2 | - - - - - - -
5b3 | - - - - - - -
5b4 | - - - - - - -
5bS | - - - - - - -
g + + + + + | NA | NA
;é NA | NA | NA | NA | NA | + +
oS
A

khong xuat hién vong khang khuan khdang nam
“+ ” - ¢6 xudt hién vong khang khudn, khéng nam;
NA : khong thir nghiém

Nhu véy, ca 6 dan chat tong hop déu khong thé hién

hoat tinh trén cac chiing vi khudn va vi nam thir nghiém.
3.2. Két qua danh gia hoat tinh khang khuén, khing
nam in silico

3.2.1. Xdc dinh khoang giin két trén cdc dich tic dong
va tdi gin két ligand dong két tinh

Dua vao cac dich tac dong phd bién ctia vi khuan va vi
nam, 5 dich tac dong cua vi khuén va 5 dich tac dong
cia vi nAm da duge chon dé nghién clru vé hoat tinh
in silico. Trong tat ca cac truong hop, khoang gin két
dugc xay dung dam bao bao phu ligand ddng két tinh
va céc acid amin quan trong quyét dinh hoat tinh. Quy
trinh docking phén tir dwoc danh gia bang cach tach
va tai gin két ligand ddng két tinh vao khoang gin két
bang phan mém Autodock Vina. Két qua thu duge duoc
danh gia dua vao gia tri RMSD. Cac két qua xay dung
md hinh docking trén 10 dich tac dong duoc tong hop
0 bang 2.

Két qua cho thay 9/10 mé hinh c6 gia tri RMSD < 24,
1 m6 hinh c6 gia tri RMSD trong khoang 2-3A. Diéu
nay cho thay cac moé hinh tai lap t6t cac két qua thuc
nghiém va c6 thé st dung cho cac nghién ctru tiép theo.

Bing 2. Két qua xac dinh vi tri gin két va gia tri RMSD ciia dich tic dong trén vi khuén, vi nAm

Ma
PDB

Dich tac dfong

Ligand ddng két tinh

RMSD

Théng s6 hop md
redocking (A)

phéng docking

Vi khudn

ADN gyrase
(Topoisomerase 1) (MRSA)

5CDQ

Moxifloxacin

center x =42,59
center y =-47,317
center z = 64,358
size x =10
size y=16
size z=12

0,66

Topoisomerase IV 6FM4

(S. pneumoniae)

Levofloxacin

center x =-33,3 1,02

center y =67,893

center z=-23,84
size x=16
size y =14
size z=10

PBP2a allosteric (MRSA) 3Z2G0

Ceftarolin

center x =15,615

center_y = 28,402

center z = 25,806
size x =20
size y =28
size z=12

2,18
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center y =-7,108
center z= 15,202

size x =20
size y =20
size z =126

f s an Ma . Y £, Thong s6 hop mod RMSD
Dich tac dong PDB Ligand dong két tinh phéng docking redocking (A)
Ribosom 30S* 7BGD Tetracyclin center x = 205,07 0,55
(MRSA dua trén su giong hang va center y = 111,58
v&i Thermus thermophilus) | THNW* center z=3,97
size x=13
size y=13
size z=13
Ribosome 50S (MRSA) 6WQQ Radezolid center x = 242,28 1,47
center y =227,71
center z=210
size x=13
size y=11
size z=15
Vi ném (Candida albicans)
Sterol 14a-demethylase 5TZ1 VTI1161 center x =70,278 1,70
center_y = 64,556
center z= 6,722
size x =14
size y =20
size z=20
Dihydrofolat reductase 11A4 GW2021 center x =28,977 0,61
(chira morpholin) center y =-6,135
center z= 2,594
size x =20
size y =20
size z=20
Exo-beta-(1,3)-glucanase 1EQC Castanospermin center x = 34,154 0,33
center_y = 38,229
center_z = 56,995
size x =18
size y=18
size z=18
N-myristoyl-transferase IIYL | (I-methyl-1H-imidazol- center x = 12,444 0,88
2-y1)-(3-methyl-4-benzo- center y =47,51
furan-2-yl)-methanon center z=0,14
size x =12
size y =38
size z=14
Serin-Threonin phosphatase 5JPF Microcystin center x = 143,353 1,60

3.3.2. Két qud sang loc qua mé hinh docking phan tiv

Tat ca cac chfit tf)ng hop duoc tién hanh dock vao khoang’gén’két cua 10 dich tac dong trén. Két qua cho thay
100% céac chat déu dugc dock thanh cong vao 10 khoang gin két voi diém so docking déu am, thé hién ¢ bang 3

va bang 4.
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Bang 3. Két qua diém sé docking ciia cac c‘)hz"lt tong
hop trén 5 dich tac dong cia vi khuan

thich hop 12 0 dén 3 log mol/l); kha nang hép thu bao
gom HIA (kha ning hap thu qua rudt, gia tri thich hop
nho hon 0,7), doc tinh bao gdm carc1nogen101ty (gia

Biéng 4. Két qua diém s6 docking ciia )
cac chat tong hop trén 5 dich tac dfng ciia vi nam

Piém sb docking (kcal/mol)

(Autodock vina 1.1) [Candida albicans)]
=] "g ] E 5 E g MA-\ %) _;> g
S| 38| S| E5 | T | E&
=z | £S5 | E= S5 | B8
S | 2% | g& | 22 | £§
S E = £ == S5 7 £

Sal -8,6 -8,6 -6,6 -8,9 -9
5a2 | -8,1 -8,3 -6,5 9.4 -9.4
5a3 | -7.9 -8,7 -6,9 -84 -8,2
Sad | -85 -8,8 -60,8 -8,7 -8,5
S5a5 | -8,8 -8,5 -6,7 -9,6 -8,5
5b1 | -7.9 -8,4 -6,7 -8,9 -8,4
5b2 | -8.1 -7,9 -6,7 -9 -89
5b3 7,9 -8,4 -7,1 -8,9 -8,2
S5b4 | -8,3 -8,2 -6,3 -8.8 -9.7
5b5 | -85 -8,1 -6,5 9,2 -8,3

3.3.3. Két qud sang loc dwoc dong hoc — dic tinh

Céc chét tong hop dugc sang loc qua mo hinh duge
dong hoc — doc tinh (ADMET) qua phan mém AD-
METIab2.0. Cac chat nay dugc danh gia trén mot sO
chi tiéu gdm dic tinh 1y ho4 cta phan tir bao gom logS
(kha nang tan trong nude, gia tri thich hop la -4 dén
0,5 log mol/1), logP (tinh chat phan bé dau/nudc, gia tri

Piém sb docking (kcal/mol) tri thich hop 1a nho hon 0,7), danh gia chung theo luat
(Autodock vina 1.1) 5-Lipinski. Két qua sang loc trén mot s6 chi tiéu chinh
> o dugc trinh bay trong bang 5.
N o= L, ,
= | 8 2 § 5 g S Béing 5. Két qua danh gis ADMET trén mét s chi tiéu
we ~~ < 73 ~~ ~~ ~~
| sk | B1 | <k | EE| i Kiong
3 S S A A A ~ .. »
2; % 2 <§ & % é % é % Yeéu cau vé ngudng rui ro Thoa thod
= §-oj E & & Kha nang tan trong nudc (logS) 5 5
= | A (-4-0,5)
§a1 | -73 96 58 6.9 8.7 Tinh chét phan bb dau/nude
b b b b b (1OgP (O _ 3) 10 0
S5a2 | -6,7 -9,6 -6,8 -7,4 -8,2 -
533 74 -10,9 7,1 -6,9 -8,3 Hap thu qua rudt (HIA) (<0,7) 10 0
S5a4 -7,5 -9,9 -6,3 -7,1 -8,4 Dcf)cl tinh gay_ ung thu 5 5
55 | -7.4 9.8 -6.7 -6.7 .83 (Carcinogenicity) (<0,7)
5b1 | -7,1 -10,0 21,7 27,5 -8,3 Luat 5-Lipinski 10 0
5b2 | -7,0 -9,0 -6,9 -6,7 -8,1
5b3 | -74 -10,3 -7,4 -7,4 -8,3 5 -
- - . . - 4. BAN LUAN
5b4 | -7,4 -9,9 -7,5 -7,8 -8,6
5b5 | -7.2 98 73 6.8 81 Két qua docklng cho thay trén nhiéu dich tic dong,

nhom hop chat nay cho diém 50 docklng 4m nhat trong
tong s6 cac chat khao sat. Trén vi khuan, cu thé 14 trén
topmsomerase IV hay trén ribosom 508, hau hét cac
chat cua nhom nay cho diém s6 docking nho hon -8
kcal/mol. Piéu nay ching t6 nhém hop chat nay cho
gin két tot vao cac dich tac dong twong ing. Tuy nhién,
khi phan tich ki hon vao tuong tac ligand — protein,
c6 thé thdy rang nhoém horp chat imidazol-4,5-dicarbox-
amid tao lién két v6i cac vi tri quan trong trén dich
tac dong nhung khong tao duogc lién két chelat voi ion
Mg2+, can thiét cho hoat tinh khang khuan ctia nhom
hop chit tac dong trén topmsomerase IV. Trén ribosom
508, nhém dan chat nay cling tao duoc céc li€n két quan
trong twong tu nhu ligand dong két tinh. Trén vi nam,
nhom dan chat nay déu cho di€ém s6 docking nhé hon
-8 kcal/mol trén tong sb 4/5 dich tac dong khao sat, true
serin/threonin phosphatase Diéu nay ching té nhom
hop chét cho gan két tot trén cac dich tac dong tuong
u’ng Phan tich tu’ong tac hgand protein ciling cho thay
cac chét tiém ning nhét ciing tao duogc lién két véi vi tri
quan trong tuong tu nhu ligand dong két tinh. Nhu Vay,
két qua in vitro khong hoan toan trung khop voi ket qua
in silico. Piéu nay c6 thé dugc 1y giai boi mot sd cac
kha nang sau day:

(1) Nhém dén chat nay khong c6 kha nang tao lién ket
chelat véi Mg2+, can thiét cho hoat tinh khang khuan
nén mic du diém so docklng thip nhung hoat tinh in
vitro khong c6. Didu nay 1a phu hop véi két qua.

(2) Panh gia ADMET cho thiy gia tri logS cua nhom
nay déu cho két qua nho hon hogc gan dén gia tri téi
han 1 -4 (gia tri t6i wu 1a tir -4 dén 0,5). Nhu vay kha
nang tan trong nu(yc cua nhom nay khong tot. Dleu nay
c6 thé anh huong dén kha nang khuéch tan cac chat thir

= Crossrefd.)) 123 -
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nghiém qua thach trong thtr nghlem hoat tinh khang
khuan khang nam. Diéu nay ciing c6 thé anh huong dén
cac két qua khao sat.

banh gia ADMET trén nhom hop chat nay con cho thay
hoat tinh doc té bao, nhat 1 hoat tinh doc té bao gan
nén nén day cung c6 thé 1a dich tac dong tiém ning cho
nhom hop chét nay.

5.KET LUAN

Két qua in vitro cho thay cac chat tong hop khong cho
hoat tinh khang khuan, khang nam trén cac chung vi
khuén, vi nam thu nghiém. Két qua in silico cho thiy
cac chat nay deu gan két tot trén 10 dich tac dong thuong
gap cua vi khuan vavi nam, the hién ¢ diém sb docking
am. Trén vi khuén, két qua diém sé docking thap nhat
trén dich tac dong la top01somerase IV. Trén vi nam la
N-myrlstoyl -transferase. Ket qua in silico khong phu
hop voi két qua in vitro. Két qua nay c6 thé duoc g1a1
thich do cac chat thir nghlem ¢6 thé khong tao duoc cac
lién két quan trong véi dich tac dong hodc do ddc tinh
dugc dong hoc (tinh tan) chua tot.

LOI CAM ON

Nghién ctrunay dugce tai trg kinh phi boi Dai hoc Y Duoc
thanh phd H6 Chi Minh theo horp dong s6 185/2022/
HD-DHYD ngay 15 thang 9 nam 2022.
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