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Abstract: Treatment of fungal infections is very difficult because of the limited therapeutic
arsenal and the emergence of resistance to the two major antifungal classes: azoles and
echinocandins. Consequently, finding new targets and new therapeutic strategies is a priority.
The protein kinase Pkcl of Candida albicans (CaPkcl), one of the key proteins involved in
MAPK pathways, is described as a regulator of cell wall integrity during growth,
morphogenesis, and response to cell wall stress. Therefore, the discovery of CaPkcl inhibitory
molecules can open up new and promising prospects in the development of new antifungal
drugs that inhibit CaPkcl. In this study, we evaluated the CaPkcl inhibitory activity of three
benzofuro[3,2-d]pyrimidine derivatives at three different concentrations of 50 uM, 100 uM,
and 150 uM. A concentration of 100 uM was optimal for CaPkcl inhibitory activity with all
three benzofuro[3,2-d]pyrimidine derivatives.
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Tém tit: Hién nay viéc didu tri nhiém ndm gip nhiéu kho khan vi sé lugng thude diéu tri ndm han
ché, thém vao d6 1a sy khang thubc ciia ndm véi hai nhom thude chéng ndm chinh: azole va
echinocandin. Do d6, viéc tim kiém cac muc tiéu méi va chién lugc diéu tri méi 12 wu tién hang dau
hién nay. Protein kinase Pkcl cua Candida albicans (CaPkcl) dong vai tro quan trong trong hién
tuong khang thudc hodc dung nap thuoc chéng ndm. Enzym nay lién quan dén tinh toan ven cua
thanh té bao trong qua trinh phat trién ciing nhu sy hinh thanh va dap tng lyc cang thanh té bao
nam. Do d6, viéc phat hién ra cac phan tu (rc che CaPkcl c6 thé mo ra nhitng trién vong méi va day
htra hen trong viéc phat trién cac chat chdng nim méi huéng e ché CaPkel. Trong nghién clru nay,
chung t6i da danh gia hoat tinh @rc ché CaPkcl cta ba dan xuat benzofuro[3,2-d]pyrimidine tong
hop & ba ndng d6 khac nhau twong tmg 50 pM, 100 pM va 150 pM. G ndng d6 100 uM 1a ti uu
cho hoat tinh rc ché CaPkcl vdi ca ba dan xuat benzofuro[3,2-d]pyrimidine tong hop.

Tir khéa: Benzofuro[3,2-d]pyrimidin, CaPkc1, Candida albicans, hoat tinh khang nim.

1. Mé& dau

Nhiém nam hodc nhiém tring nam chi yéu
do ba tac nhan giy bénh chinh 1a Candida,
Aspergillus va Crytococcus [1]. Trong do6, bénh
nam Candida 12 mot loai bénh phé bién thuong
gap hién nay [2]. C6 5 nhom thuoc chinh duogc
sir dung trong diéu tri ndm bao gém: Polyen,

" Téc gia lién hé.
Dia chi email: daoviethung@live.com

https://doi.org/10.25073/2588-1132/vnumps.4493

fluoropyrimidin, azol, allylamin va
echinocandin [3]. Cac thubc trén tac dong theo
ba co ché: Uc ché su sinh téng hop ergosterol
clia mang ndm (nhoém polyen va azol) [4], ngan
can qua trinh téng hop ADN va ARN trong ndm
(nhém fluoropyrimidin) [5] va lam rdi loan qua
trinh hinh thanh thanh té bao ndm (nhém
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echinocandin) [6]. Tuy nhién vi¢c d1eu tri nhiém
trung nam gap nhiéu kho khan vi s6 luong thude
diéu tri nAm han ché, thém vao d6 1a su khang
thudc ctia nAm véi hai nhom thude chéng ndm
chinh la azole va echinocandin [7]. Do d6, viéc
tim kiém cac muc tiéu moi va cac phac dd méi
diéu tri nAm dang dugc cac nha khoa hoc rat quan
tam. Trong sb cac loai Candida gay bénh trén
nguoi nhu Candida albicans (C. albicans),
C. glabrata, C. parapsilosis, C. Tropicalis,
C. krusei; C. albicans dugc biét dén 1a tic nhan
gy bénh ndm co hoi phd bién nhat trén toan thé
giéi [8]. O C. albicans, protein kinase C
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(CaPkcl) déong vai tro chinh trong co ché khang
thudc hodc dung nap thudc chong nam (Hinh 1)
[9]. Trong moi trudng bat loi cho su séng cla té
bao nam, Pkcl s€ kich hoat qué trinh phosphoryl
héa Mkcl. Sau d6, Mkcl kich hoat cac yéu t6
phién ma Efg1, Swi4/Swi6 va RIm1 — céc yéu t
dong vai tr6 quan trong trong sy rc ché hoic
khang thudc chdng ndm cia C. albicans thong
gua su tao biofilm, qua chu trinh té bao hoac qua
trinh tao thanh té bao ndm. Do d6 viéc tim ra cac
phén tir ¢ tac dung e ché CaPkel c6 thé md ra
trién vong mai, ddy hira hen trong phat trién cac
thudc mai didu tri ndm hudng tc ché CaPkel [10].
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Hinh 2. Céu trlc cua ba dan chat benzofuro[3,2-d]pyrimidin tong hop.

V6i muc dich sang loc va phat hién cac hop
chat khang nam tiém ning, trong nghién ciru nay,
chung t6i d danh gia tac dung rc ché CaPkcl
ciia ba hop chit co ciu trac benzofuro[3,2-
dlpyrimidin (Hinh 2) d3 dwoc téng hop

(quy trinh tong hop ba dan chat benzofuro[3,2-
d]pyrimidin khéng trinh bay trong nghién ctru
nay) voi mong muén tim kiém cac chat trc ché
CaPkcl.
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2. Nguyén liéu va phwong phap nghién ciru
2.1. Dung méi, héa chat, dung cu

Chat thir nghiém 1a ba dan chét
benzofuro[3,2-d]pyrimidin di dugc tong hop va
tinh ché v6i do tinh khiét trén 98%. Cac hoa chit,
dung méi dugc mua tir cic nha cung cép (cong
ty hoa chit Aldrich, Merck, Acros) voi d6 tinh
khiét trén 98% va st dung khong qua tinh ché.
Sic ky 16p mong (SKLM) thuc hién trén ban
mong silica gel 60254 (Merck) va quan sat dudi
deén UV, bude song 254 nm. Nhiét dd nong chay
dugc do bang may Electrothermal digital
1A9300. Pho cong huong tir hat nhan duoc ghi
trén may Bruker Avance 400 voi TMS lam chat
chuin noi. Phd khéi duoc do trén may Waters

CaPkcl hodc CaPkcl
v&i mau thie +

Kit ELISA ATP

mceae o

Phosphoryl héa

Acquity UPLC ZQ 2000 véi ky thuat ion hoa
phun di¢n tr (ESI). Dung dich CaPkcl dugc
nhoém nghién ctru chiét xuat tir chimg nAm men
C. albicans. B¢ kit: “PKC kinase activity”, cac
hoa chat, dung méi ciia phuong phap thir duoc
mua tir nha cung cap Enzo Life Sciences. Noi
hap tiét tring Hirayama, ti 4m Shellab, may
vortex Labnet, ti cdy vo tring, may do quang
Gene Quant.

2.2. Phirong phdp tong hop hod hoc

Quy trinh tong hop ba din chét
benzofuro[3,2-d]pyrimidin bing cac phan tng
hoéa hoc thong thudng nhu: aminocarbonyl hoa
tryc tiép, iodo-hda, cyanid hoa, O-alkyl hoa,
phan ung dong vong, tach loai nhom bao vé.

Khéng thé dic hiéu 1

Y x"

Budc1

Khang thé dic hiéu 2

FE EF

Budrc 2

Buwérc3 Buéc 4

HCI 10%
? Do do hap
thu & buéc
l s6ng 450 nm
Buéc5 Buwdc 6

Hinh 3. Tom tt quy trinh thir nghiém do sy trc ché hoat dong cua CaPkcl.

2.3. Phuong phdp ddanh gid hoat tinh vrc ché

CaPkcl

Su trc ché hoat dong cua CaPkcl dugc do
bang cach sir dung bo kit: “PKC kinase activity”
cua Enzo Life Sciences. Bo dung cu nay duya trén
nguyén tic ciia xét nghiém ELISA sir dung mot
peptid tdng hop 1am chit nén va mot khang thé
da dong nhan biét dang phosphoryl hoa chit nén
dugc hap phu vao bé mat clia cac giéng cua phién
[11]. Quy trinh bao gdm 6 budc va cac thi
nghiém duoc tién hanh doc 1ap 3 1an. Cac mau
dugc thir nghiém bao gom dung dich CaPkcl
ctiia C. albicans va hon hop dung dich CaPkcl
v6i mau thir duge cho vao trong cic gleng cua
phién. ATP sau d6 dugc thém vao dé bat dau

phan tng phosphoryl hoa va phién duoc u trong
90 phut ¢ 30 °C (Hinh 3 - budc 1). Khi phan tmg
phosphoryl héa hoan tat, cac giéng duoc rira véi
ethanol 95%, loai bo ethanol (su dung
micropipet dé hat bo ethanol), thém vao khang
thé dac hiéu cho chit nén da dugc phosphoryl
hoa va U phién ¢ nhiét do phong trong 60 phut
(Hinh 3 - budc 2). Sau qua trinh 0, cac giéng
dugc rira v6i ethanol 95% 3 1an, loai bo ethanol
(st dung micropipet dé hut bo ethanol). Cho
khang thé thtr cAp HRP (horseradish peroxidase)
vao va u trong 30 phuat ¢ nhi¢t d6 phong (Hinh 3
- budre 3). Khi két thic phan img, cac giéng dugc
rira voi ethanol 95% dé loai bo tat ca cac khang
thé thir cp (su dung micropipet dé hut bo
ethanol). Chit nén TMB (3,355
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tetramethylbenzidin) dugc thém vao va mau
xanh lam quan sat dugc ty ¢ thuin véi hoat dong
phosphoryl hoa cua protein kinase c6 mat (Hinh
3 - budc 4). Su hién dién cta chat e ché hoat
dong cua kinase dan dén viéc giéng khong bi
nhidm mau. Thém dung dich acid (HCI 10%) dé

dung phan ung cua TMB vdi HRP va thuc hién
phép do d6 hap thu & budc séng 450 nm (Hinh 3
- bude 5 va budc 6). Két qua dugce biéu thi bang ty
) gitra do hép thu thu duge ddi véi cac mau khi co
mit hop chat thir nghiém v&i do hap thu thu duoc

d6i v6i dung dich CaPkcl cua C. albicans.

Bang 1. Bang dit liéu ctia hop chat 1

| Nmetdo | SKLM (R TH-NMR (400 | BC-NMR (101
Coﬁagnﬂtlg" néng chay | (CH:Cl/MeOH ('\n’]'jl_l) Mms}z('f;’;)’ MHz, DMSO-ds) | MHz, DMSO-
P (°C) =9/1) g 3 (ppm) de) & (ppm)
14,03 (s. 1H, OH) | 1701 (C=0)

12,91 (s, 1H, OH) | 166.7 (Ca)

11,78 (s, 1H, OH) | 164.7(Cy)

820(s, 1H,H) |  159,3 (Co)

6.57 (s, 1M, Ho) 1519 (C)

CuHsN;Os | 335-336 0,46 24316 | 2441 : 147.4 (CHy)
: 1445 (C)

: 137.9 (C)

: 113.9 (CN)

: 105,0 (C)

: 98,8 (CHg)
A - 1 : " HE ok d § HH -
\ B -

X i oy W

C

Hinh 4. Ph6 'H-NMR (A), C-NMR (B, C) ctia hop chat 1.
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Bang 2. Bang dit lidu ctia hop chit 2

57

IUN A 130
Cong thie | \niétdo SKLM (Ry) MS MS | 11 .NMR (400 MHz, | C-NMR (101
hntn | "ongchay | (CHZCLMeOH | ("o | (ESI), | pyca™y s oo | MHz, DMSO-
p °C) = 9/1) 9. miz (%) 6) o (PP de) & (ppm)
14,03 (s, 1H, OH) 169,6 (C=0)
12,89 (s, 1H, OH) 166,2 (C4)
11,50 (s, 1H, OH) 158,2 (C7)
8,40 (s, 1H, CONH) | 156,1 (Co)
8,21 (s, 1H, Ho) 151,4 (C)
C11H7N304 396-397 0,42 261,19 262,0 7,44 (s, 1H, CONHy,) 146,9 (CHy)
6,36 (s, 1H, Hs) 144.0 (C)
- 136,8 (C)
- 104,0 (C)
- 99,1 (CgH)
- 92,9 (C)
DMSOA 3 2 45 DMSO -
&5 , B
HO 0 OH 400
CONH, +30 -
z | | . e
f ‘ ‘ OH 'y—=
l - 3 /\ 250
HO 0 OH 200
: | i CONH, hso
" “‘ 10 g 100
\ | %
| ‘ s [ | i
C o
TN o
A\ / 6000
HO ~=0 OH 5000
CONH, ) 2000
2 ‘ 3000
A Y A WA A A o inwH;

1 (ppm)

180 170 160 150 140 130 120 110 100 90 B8O 70 60 50 40 30 20 10

Hinh 5. Phd *H-NMR (A), *C-NMR (B, C) ctia hop chét 2.
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Bang 3. Bang dit liéu ctia hop chit 3

Cone th Nﬁg"; do SKLM (Ry) MS MS IH-NMR (400 | C-NMR (101
;’}‘l‘gn e chag (CH.CL/MeOH | 0 | (ESI), | MHz DMSO-ds) | MHz, DMSO-
C) 9/1) m/z (%) J (ppm) ds) 9 (ppm)
11,81 (s, 1H, OH) 169,4 (C=0)
11,26 (s, 1H, OH) 166,7 (Co)
11,20 (s, 1H, OH) 157,4 (C4)
8,34 (s, LH, OH) 1555 (C7)
7,30 (s, 2H
! o 153,6 (C)
C11H7N3O0¢ CONHy)
174-175 0,13 2771 2781 520 (5. 1H, Fiy) 1512 (C)
n 1337 (C)
- 128,7 (C)
- 100,5 (Cs)
B 9819 (Cs)
- 92,8 (C)
DMSOA j: DMSO %ﬂ’, i
;: B 450
on \-:8' . , :{’f‘ 300
A N o] N 250
uum"” :: “~¢  oH 200
1 » A
U . WMWM%MW‘ WA
DEPT 135/DMSO 5 14000
C Lo
. :{-)” ::z
N\ / :aooo
HO “~0 OH 15000
CONH, .'4000

)

mmwmwm.wmwlmmmmmﬁ

3000

2000

F-1000

-2000

180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 4]
1 (ppm

Hinh 6. Phé 'H-NMR (A), 3C-NMR (B, C) cua hop chit 3.
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3. Thue nghiém va két qua

3.1. Tong hop ba din chat benzofuro[3,2-
d]pyrimidin

Quy trinh tong hop ba din chit
benzofuro[3,2-d]pyrimidin ching t6i khong
trinh bay trong nghién ctru nay. Do tinh khiét ciia
ba hop chat duoc khang dinh bang cic phuong
phép nhiét d6 nong chay, SKLM va cau triic cia

ba hop chat dugc khang dinh bé}ng phuong phap
'H-NMR, BC-NMR va MS déu cho thay phu
hop voi cong thirc du doan (Bang 1, 2, 3 va Hinh
4,5, 6).

3.2. Bdnh gid hoat tinh irc ché CaPkcl
Két qua thir tac dung trc ché CaPkcl cua ba

dan chit benzofuro[3,2-d]pyrimidin tong hop
dugc trinh bay trong Béng 4.

Bang 4. Kha ning trc ché hoat dong CaPkcl cua ba dan chét benzofuro[3,2-d]pyrimidin

Chat | Nong do thir (uM) % trc ché * % chua bi (rc ché
50 42,05 + 0,08 57,95 + 0,08
1 100 56,08 + 0,05 43,92 + 0,05
150 57,46 + 0,14 42,54 +0,14
50 65,08 + 0,15 34,92 + 0,15
2 100 87,29 + 0,13 12,71+ 0,13
150 89,31 + 0,08 10,69 + 0,08
50 61,69 + 0,11 38,31+0,11
3 100 72,15 + 0,09 27,85+ 0,09
150 74,23 +0,14 25,77 + 0,14

Ghi chu: * 1a trung binh cua ba lan thi nghiém doc 1ap va nam trong pham vi £+ 15% SD.

4. Ban luan

Céc chat tong hop dugc tinh ché bang sic ky
cot hodc két tinh lai; két qua cham sic ky 1p
mong ciia cac chat khao sat trén ba hé dung moi
khac nhau (100% EA, 100% CHCl,, CH,Cl,/
MeOH = 9/1) déu cho mot vét gon, rd; nhiét do
nong chay cia cac chat déu c6 khoang dao dong
tir 1 dén 2 0, diéu nay ching t6 cac chét tong
hop dugc déu tinh khiét. Trén phd H-NMR cua
céc chat théy xuét hién céc tin hiéu dic trung cua
vong benzen, vong pyrimidin, vong furan va
nhém amin, nhoém hydroxy. Phd MS ciia cac chat
déu cho pic gia phan tr m/z [M+H]*. Nhu viy
qua dit liéu phd 'H-NMR, 3C-NMR va ph6é MS
cho phép xéc dinh ciu tric cta ba chat tong hop
la dung. Két qua trinh bay & Bang 4 cho thay ba
dan chit benzofuro[3,2-d]pyrimidin co tic dung
{rc ché ché hoat dong cua CaPkcl tuyén tinh theo
nong do chat thir. Khi ndng d¢ chat thi ting 1én,
phan trim e ché ting 1én twong tmg. Ca ba dan
chat benzofuro[3,2-d]pyrimidin déu cho thiy khi

tang nong do chat thir tir 50 uM 1én 100 pM, tac
dung trc ché tiang 1én dang ké 14,03% vé6i chit 1,
22,21% vé6i chét 2, va 10,46% véi chat 3; trong
khi d6 khi ting nong do chat thir tir 100 UM Ién
150 uM thi kha ning tc ché hoat dong cua
CaPkel chi tang 1én 1,38%, 2,02% va 2,08% dbi
v6i chat 1, 2, 3 twong Gmg. Nhu vay, trong ba
ndng do thir nghiém, 100 pM 1a ndng d6 tc ché
tdi uu v6i ca ba din chit benzofuro[3,2-
d]pyrimidin (phan traim wc ché lan luot Ia
56,08%, 87,29 va 72,15%). Két qua & bang 4
cling cho thdy hop chit 2 c6 hoat tinh @rc ché
CaPkcl tot hon so voi 2 hop chit con lai & ca ba
nong d6 thir nghiém 1a 50 pM, 100 uM va 150
UM. Diéu nay cho thiy hop chét 2 c6 tiém ning
tré thanh chat méi tac dung chon Ioc trén té bao
nam. Bén canh d6, hop chat 2 va 3 ¢6 hoat tinh
trc ché CaPkcl t6t hon so véi hop chat 1, diéu
nay co thé do ¢ vi tri s6 6 trong cau triic ¢6 thém
nhom carboxamid tao lién két hydro, gitip ting
kha nang lién két ciia 2 hop chét 2 va 3 vao trung
tam lién két voi CaPkcl so voi nhom carbonitril
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& vi tri s6 6 cua hop chat 1 (khong tao lién két
hydro) dan dén tang kha ning trc ché CaPkcl cua
2 hop chitsb 2 va 3. Két qua nay tao tién dé cho
nhom nghién ctru tlep tuc tap trung tim kiém phat
trién cac chat chong nam méi hudng e ché
CaPkcl thudc dan chat benzofuro[3,2-
d]pyrimidin de c6 thé tim ra cac chit ¢6 kha nang
chong nam tét hon, dong thoi giam su khang
thudc cuia cac loai nam.

5. Két luan

Trong nghién ctu nay, ching téi danh gia
hoat tinh @c ché CaPkcl cia ba dan chat
benzofuro[3,2-d]pyrimidin ¢ ba ndéng d6 khac
nhau 50 pM, 100 uM va 150 uM. Néong do 100
uM 1a téi wu cho hoat tinh trc ché CaPkcl véi ca
ba din chat benzofuro[3,2-d]pyrimidin. Hop
chat 2 c6 hoat tinh (rc ché CaPkc1 tot hon so véi
2 hop chét con lai & ca ba ndng do thir nghiém.

Lol cam on

Dé tai dugc hoan thanh nhd mot phan kinh
phi tir Truong Cao ding Y Dugc Pha Tho va sy
gop y vé chuyén mén cua Gido su Pascal
Marchand, va Pho Gido su Isabelle Ourliac-
Garnier - Dai hoc Nantes - Phap.
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