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Tom tat

Tir 1au, Xuyén tam lién (Andrographis paniculata) dugc ding trong dan gian dé chira
cac bénh ta, st, viém hong, nhidm tring, tiéu chay... Nghién ctu nay duogc thuc hién
nham phan 1ap cac hop chat andrographolid tir Xuyén tam lién va danh gia kha nang tc
ché dbi vai SARS-Cov-2 trén mo hinh in silico. Tir phan doan ethyl acetat, hai hop chat
tinh khiét, 14-deoxyandrographolid (Ap-2) va andrographolid (Ap-3) da dugc phan lap.
M6 hinh docking phan tir cho thay hai hop chat andrographolid nay c6 kha ning gan
két vao dich tac dong MP™ ciia SARS-CoV-2 chang hoang dai (6LU7) va ching dot
bién Omicron (7TLL) nhung tac dung yéu hon so véi chig duwong N3 va Nirmatrevil.
Piém sb docking cua Ap-2 va Ap-3 vao hai dich tac dong dao dong tir —12,04 dén
—15,65 kJ/mol. Két qua ctia nghién ciru di cho thay dugc vai tro tiém nang caa Xuyén
tam lién trong viéc hd trg phong ngira va diéu tri cho bénh nhan nhiém Covid-19.
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1 Dat van dé

Cay Xuyén tam lién (Andrographis paniculata
(Burm.f.) nees), con goi la cdy Céng cong, Lam hach
lién, thuoc ho O rd (Acanthaceae). Trong tu nhién,
Xuyén tdm lién c6 ngudn gdc tir An D6 va Sri Lanka,
dugc di thuc va trong pho bién & Nam A, Pong Nam
A, Viét Nam... Theo Y hoc ¢ truyén, Xuyén tam lién
¢6 vi ding, tinh han, ¢ tac dung thanh nhiét giai doc,
hoat huyét, tiéu thiing chi thong, thuong duoc dung tri
cam sét, cam, tri ho, viém hong, viém phdi. Trong cay
va |4 chira 2 nhém hoat chat chinh 1a diterpen lacton va
flavonoid, ngoai ra con ¢ cac acid hitu co, tanin, nhua,
duong,... Cac dan xuat andrographolid trong Xuyén
tam lién da dugc chung minh c6 hoat tinh khang virus
manh chéng lai nhiéu nhém virus thudc cac ho khéc
nhau nhu caim A (HIN1, H3N2), viém gan B (HBV),
viém gan C (HCV), HIV, ... [1-3]. Hon nita, cac
andrographolid ¢ A. paniculata dugc phat hién cé hoat
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tinh diéu hda mién dich trong cac té bao don nhan méau
ngoai Vi ctia nguoi, gitp tang phan wng mién dich cua
vat chu [1]. Do do, cac andrographolid ciing nhu cac
dan xuat c6 tac dung diéu hoa mién dich va chéng virus
¢6 thé dugc sir dung don 1é hoic két hgp nhu mot loai
thudc khéng virus chéng lai SARS-CoV-2 [4]. Thiét ké
thudc bang may tinh 1a con dwdng tim kiém thudc co
nhiéu ru diém nhu tiét kiém thoi gian va chi phi nghién
ctru. Trong ba nim gan day, c6 nhiéu nghién cau in
silico duoc thyc hién nham tim kiém cac chat khang
SARS-CoV-2 tir cac hop chat ty nhién [5-12]. Muc tiéu
cia nghién cau la chiét xuat va phan lap cac
andrographolid tir Xuyén tdm lién, docking phan tir cac
chat phan lap dugc dé danh gia kha niang khang SARS-
CoV-2 trén dich tac dong MP™. virus Corona ma héa
cho hai cystein protease, cystein protease giéng papain
(PLP™) va cystein giéng chymotrypsin hoic protease
chinh (3CLP™ hodc MP). MP |3 mot muc tiéu hap dan
trong tim kiém céc thude diéu tri COVID-19 do vai trd
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thiét yéu cua né trong viéc xt Ii cac polyprotein duoc
dich méa tr RNA cua virus.

2 Nguyeén vat liéu va phuong phap nghién ctru

2.1 Nguyén ligu
Céay Xuyén tdm lién thu mua cua Cong ty Thao duoc
Gia Phét, quan Go Vap, TP.HCM. Nguyén liéu duoc rira
sach, phoi khd, xay thanh bot thd, c6 dd am khoang 9,5
%.
Hoéa chat, dung méi: n-hexan, methanol (MeOH),
cloroform (CHCls), nudc cat, ethyl acetat (EtOAc),
ethanol 96 %, silica gel GF254 ban nhoém trang san
(Merck) dung trong sac ki l6p mong, silica gel (c& hat
40-63 pm ctia Merck) dat tiéu chuan phan tich.
Thiét bi: cot sac ki céc loai, may co quay Rotavapor R-
200 (Buchi), dén UV 2 budc song (Vilber Lourmat),
bon siéu am Sonorex RK-1208H (Bandelin). ..
CAu tric MP™ cia SARS-CoV-2: Cau trdc nhiéu xa tia
X cua tinh thé SARS-CoV-2 MP® duoc sir dung trong
nghién ctru 1 6LU7 va 7TLL duoc tai vé tir ngan hang
protein (https://www.rcsb.org/). 6LU7 1a cau tric MP™
trong chung hoang dai dugc chup nhiéu xa tia X cling
phdi tir ddng két tinh 12 N3, do phan giai 2,16 A. 7TLL
1a cau trac MP™ @t bién trong SARS-CoV-2 bién thé
Omicron P132H, duoc chup nhidu xa tia X ctng phdi
tr dong két tinh 1a Nirmatrelvir, d6 phan giai 1,63 A.
Hai chit duoc str dung lam ching dwong trong mé hinh
docking 1a N3 va Nirmatrelvir. N3 I chat ic ché MPe
6 gia tri hoat tinh 1a 1Cso = 125 uM [13], Nirmatrelvir
c6 gi tri hoat tinh hang sb wc ché MP™ 13 K; = 0,635
nM [14].
2.2 Phuong phap nghién cuu
2.2.1 Chiét xuét, phan lap andrographolid trong cay
Xuyén tam lién
2.2.1.1 Chiét xuat, phan lap
Tir 2 kg bot duoc liéu duoc chiét ngdm kiét voi ethanol
96 % ¢ nhiét do phong, ti I€ duoc liéu va dung méi la
1:6, chiét 1 lan trong 12 gio. Dich chiét duoc thu hoi
dung mdi dén cao dic. Sau dé, cao dic duoc pha lodng
v6i nude va lic phan b 16ng-1ong thu dugc cao EtOAC.
Phan Iap cac hop chét tinh khiét tir cao EtOAc bang ki
thuat sac ki cot cb dién, hé dung mdi la CHCl; — EtOAC
Vai ti 16 EtOAc tang dan duoc tién hanh tach thanh céc
phan doan (PD1-PP9). Cac tia xuét hién trong céc
phan doan sau ria giai dwoc tién hanh loc, rira va két
tinh lai trong MeOH.
2.2.1.2 Kiém tra tinh khiét

Cac chat sau két tinh duoc kiém tra d6 tinh khiét bang
sic ki 16p mong. Vét duoc phat hién bang UV 254 nm,
365 nm va thudc thir vanilin-acid sulfuric (VS).
2.2.1.3 binh danh chat phan lap

CAu tric cua cac chat phan lap dugc xac dinh bang dir
liu pho ESI-MS va phd NMR va so sanh déi chiéu véi
ngan hang di liéu phd.

2.2.2 Docking cac andrographolid vao MP™

2.2.2.1 Chuan bi protein

Protein duwoc chuan bi bang cong cu LigX trong
MOE.2015.10. Sau @9, protein dwoc luu dudi dang file
*.pdb.

2.2.2.2 X4ac dinh khoang gan két

Khoang gan két dugc xac dinh bang cong cu FlexX
trong phan mém LeadIT 2.0.2. Cau trdc tinh thé 6LU7
va 7TLL déu c6 phdi tir dong két tinh 1a N3 va
Nirmatrelvir. Khoang gin két duoc xac dinh tir vi tri
ban kinh 6,5 A cua phéi tir dong két tinh.

2.2.2.3 Chuan bi phdi tir

C4u trlc caa hop chat Ap-2, Ap-3 va hai phéi tir dong
két tinh N3 va Nirmatrelvir duoc v& bang phin mém
Chemdraw 12.0.2. Sau do, cac hop chat duoc tdi thiéu
héa nang lwong 2 1an bang phan mém Sylbyl 2.0 va luu
dudi dang *.sdf.

2.2.2.4 Docking

Docking phan tir dugc thyc hién bang phian mém
LeadIT 2.0.2, xuat 10 tu thé gin két cho mdi phéi tir.
Két qua docking duoc luu lai dudi dang *.sdf.

2.2.2.5 Phan tich két qua

Diém s6 docking (kJ/mol) dugc danh gia dua trén céc
lien két tao thanh giira phdi tir va protein bao gdm
tuong tac ion, lién két hydro, tuong tac van der Waals,
lien két n-m, ... Két qua docking dugc phan tich bang
cac cobng cu PLIF, Surface and Maps, Ligand
Interaction tich hgp trong MOE.2015.10. Hinh anh
phan tich twong tac dwoc trich xuat bang phan mém
Pymol.

3 Két qua va ban luan

3.1 Phan lap va tinh ché

Twr 2 kg bot dugc liéu, thu duge 19 g cao EtOAc. Sau
qué trinh phan 1ap bang sic ki cot thu dugc 300 mg tia
v6 dinh hinh mau tring (Ap-2) tai phan doan PDS, va
470 mg tha tinh thé mau tring (Ap-3) tai phan doan
PD9. Cac phan doan con lai khong c6 hién tuong Kkét
tinh nén nhom tac gia tap trung vao 2 phan doan 8 va
phan doan 9 dé phan lap va tinh ché.
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3.2 Xac dinh ciu tric Ap-2 va Ap-3

3.2.1 Ap-2

Dir liéu phd ESI-MS va dir liéu phd NMR cua Ap-2
duoc trinh bay trong Hinh 1. Phd ESI-MS cua Ap-2 cho
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phan manh m/z=333,38 [M — H] - (Hinh 1A) trong ttng
v6i khéi lwong phan tir thuc té 1a M=334,38 dvC, két
hop véi dir liéu phd NMR xac dinh cong thie phan tir
cua Ap—2 la C20H3004 (QZG).
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Hinh 1 Dit ligu phd (A) ESI-MS va 13C-NMR (B) ciia Ap-2

Ap-2 1 bot vo dinh hinh mau trang, kém tan trong PE
va EtOAc nhung tan trong CHCl; va MeOH. Cho vét
tat quang UV 254 nm va 365 nm va cho mau nau tim
vé6i thude thir VS. Trén phd BC-NMR xuét hién 20 tin
hi¢u carbon, trong d6 ¢6 5 tin hiéu carbon cong hudng
viing truong thap (8C 107,7 - 175,1) va 15 tin hiéu
carbon cong hudng vung truong cao (6C 15,9 - 80,5)
(Hinh 1B). Trong do, 6C = 175,1 dac trung cho nhém
carbonyl, 4 tin hiéu ving truong thip dic trung cho 2

lién két doi, 3 tin hiéu carbon trong viing 3C 64,7 — 80,5
dac trung cho nhém > C-O-R, 12 tin hiéu carbon trong
viing 5C 159 - 56,9. Nhu vy, xac dinh Ap-2 Ia
diterpen lacton aglycon c6 2 néi d6i. Dit liéu phé NMR
két hop vai phd MS cho thiy Ap-2 twrong ddng véi 14-
deoxyandrographolid. Ph6 2C-NMR cua Ap-2 dugc so
sanh véi phd cia 14-deoxyandrographolid duoc cong
bd trude day [3]. Két qua so sanh dugc trinh bay trong
Bang 1.

Bang 1 So sanh dir liéu phd cua Ap-2 vai 14-deoxyandrographolid, Ap-3 véi andrographolid (13C — dppm)

C Ap-2 14-deoxyandrographolid Ap-3 Andrographolid
(500 MHz, Pyridin-d5) | (150 MHz, Pyridin-d5) | (500 Mhz, Pyridin-d5) | (500 MHz, Pyridin-d5)
1 37,8 37,2 37,8 371
2 29,5 29,0 29,5 28,8
3 80,5 79,9 80,4 79,7
4 43,8 43,3 43,8 431
5 56,0 55,4 55,8 55,1
6 25,1 24,6 24,8 24,2
7 39,1 38,6 38,7 38,0
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C Ap-2 14-deoxyandrographolid Ap-3 Andrographolid
(500 MHz, Pyridin-d5) | (150 MHz, Pyridin-d5) | (500 Mhz, Pyridin-d5) | (500 MHz, Pyridin-d5)
8 148,4 147,9 148,5 147,8
9 56,9 56,5 56,9 56,2
10 39,9 39,4 39,7 39,0
11 22,9 22,3 25,5 24,8
12 25,5 25,0 1475 146,8
13 134,6 1341 130,7 130,0
14 146,0 145,4 66,5 65,8
15 71,1 70,6 75,9 75,2
16 175,1 174,6 171,2 170,5
17 107,7 107,2 109,3 108,6
18 24,2 23,7 24,2 23,5
19 64,7 64,2 64,7 64,0
20 15,9 153 15,7 15,0

Do dich chuyén cua Ap-2 gan tring khop véi 14-
deoxyandrographolid. Nhu vay, dwa vao két qua cua
phé MS, phé NMR xic dinh dugc Ap-2 la 14-
deoxyandrographolid (Hinh 2).
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Hinh 2 Cobng thirc héa hoc cua 14-deoxyandrographolid
(Ap-2)

3.3.2 Ap-3

Dit liéu phd ESI-MS va dit liéu phéd NMR cua Ap-3
dugc trinh bay trong Hinh 3. Phé ESI-MS cua Ap-3 cho
phan manh m/z 349,22 [M - H]- (Hinh 3A) tuong trng
v6i phan tir khdi 14 350,22 dvC, két hop véi dit liéu phd
NMR xac dinh c6ng thic phan tir ctia Ap-3 1a CoHz300s
(Q =6).

Ap-3 la tinh thé mau tring, kém tan trong PE, CHClIs,
EtOAc, va MeOH; cho vét tit quang UV 254 va 365
nm, cho mau tim vai thude thir VS. Trén pho *C-NMR
xuat hién 20 tin hiéu carbon, trong d6 c¢6 5 tin hiéu
carbon cong huong ving truong thap (8C 109,3 —
171,3) va 15 tin hiéu carbon cong hudng ving truong
cao (6C 15,7 — 80,4) (Hinh 3B). Trong do, véi 6C =
171,3 déc trung cho nhém carbonyl, 4 tin hiéu vung
truong thap (8C 109,2 — 148,5) dic trung cho 2 lién két
do6i, 5 tin hi€u carbon trong vung 6C 64,7 — 80,4 dac
trung cho nhém >C-O-R, 10 tin hi¢u trong ving 6C
15,7 — 56,9. Ap-3 dugc xac dinh la diterpen lacton
aglycon véi 2 néi déi. Dir liéu phé NMR va MS cho
thdy Ap-3 kha tuong ddng vai andrographolid. Ph
BC-NMR cua Ap-3 duoc so sanh véi pho cua
andrographoliddugc cong bd trude day [15]. Két qua
so sanh duogc trinh bay trong Bang 1.
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Hinh 3 Dit liéu phd (A) ESI-MS va 13C-NMR (B) cua Ap-3

Do dich chuyén cia Ap-3 gan tring khép véi
andrographolid. Nhu vay, dua vao cac két phd MS, pho
MNR két luan dugc Ap-3 la andrographolid (Hinh 4).
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Hinh 4 Coéng thirc hoa hoc cua andrographolid (Ap-3)
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3.4 Docking 2 chat phan lap tir cy Xuyén tam lién vao
dich tac dong MP™ cuaa SARS CoV-2

Xéc dinh khoang gin két

Khoang gin két cua hai dich tac dong 6LU7 va 7TLL
dugc thé hién trong Hinh 5. Vi tri khoang gan két caa
6LU7 duoc md ta trong Hinh 5A, trong d6 chira cac
acid amin nhu Thr 25, Thr 26, Phe 140, Asn 142, Gly
143, Cys 145, His 163, His 172 phu hop véi nghién cau
trude do [16].

Vi tri khoang gin két cua protein 7TLL dugc md ta
trong Hinh 5B, trong d6 Phe 140, Gly 143, Ser 144,
Met 165, Glu 166, Gln 192 dugc xem la cac acid amin
guan trong tham gia vao qua trinh gén két cua phéi tir
dong két tinh theo nghién ciru vao nam 2022 [17].
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A PDB: 6LU7 B PDB: 7TLL

e T

Hinh 5 Khoang gan két cua hai dich tac dong MP® (A) 6LU7 va (B) 7TLL. N3: mau vang, Nirmatrelvir: mau xanh duong

ASN-142

LEU-141

Hinh 6 Tuong tac gitra Ap-2 (tréai), Ap-3 (phai) véi cac acid amin tai hai dich tac dong MP™ (A) 6LU7 va (B) 7TLL

Diém sé docking tu thé gan két tét nhit cua hai  hon so véi ching duong N3 va nirmatrelvir). Két qua
andrographolid va phéi tir ddng két tinh véi MP® dugc  nay cho thay hai hop chat andrographolid c6 kha ning
thé hién trong Bang 2. gan két vao dich tac dong MP® nhung kém hon so voi
Hai hop chat Ap-2 va Ap-3 déu docking thanh céng  ching duong.

trén 2 dich tac dong la 6LU7 va 7TLL véi diém s6  Cac tuong tac giira Ap-2, Ap-3 va cac acid amin tai
docking dao dong tir —12,04 dén —15,65 kd/mol (I6n  khoang gin két duoc thé hién & Hinh 6.
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Bing 2 Diém sé docking cua cac hai andrographolid va phéi
tir dong két tinh vai MP

Piém s6 docking (kJ/mol)

Phoi tir 6LU7 7TLL
N3 28,84 :
Nirmatrelvir - -26,03
Ap-2 ~15,65 ~12,04
Ap-3 ~15,13 ~15.60

Cong cu PLIF dugc sir dung dé thdng ké cac acid amin
tham gia tuong tac véi phdi tir. Két qua cho thay Glu

Tap chi Khoa hoc & Céng nghé Vol 6, No 3

166, Ser 144, GIn 192, GIn 189 va Asn 142 la cac acid
amin c6 tan suit gin két cao tai khoang gin két cua
6LU7 va Glu 166, Gly 143, Met 165, GIn 189 va Pro
168 1a c4c acid amin cd tan suat gan két cao tai khoang
gan két cua 7TLL. Cac tuong tac chinh duoc tao thanh
gitta Ap-2, Ap-3 va MP chu yéu 1a tuong tic bé mat va
lien két hydro. Hop chat Ap-2 va Ap-3 ¢ tan suat lién
két hydro cao véi cac acid amin, nhung thap hon so voi
chirmg duong (Bang 3).

Bang 3 Tan suit tuong tac giita c4c phdi tir va cac acid amin tai khoang gin két ctia hai dich

tac dong 6LU7 va 7TLL

N3 Ap-2 Ap-3
Dich tic dong Acid amin Ta(r;/z;mt Acid amin Ta(r:)/(s);; at Acid amin Ta(rl/(s);J at
Glu 166 170
Ginio2 | 180 | IMZ o
Glu 166 360 His 41 40 Gln 192 40
Ser 144 330 Leu 141 40 Asn 142 40
Gln 192 200 Asn 142 40 Cys 145 40
6LU7 GIn 189 200 His 163 30 His 163 30
His 164 190 Arg 188 30 Thr 190 20
Cys 145 80 GIn 189 20
Thr 26 30 His 164 10 Leu 167 20
Cys 145 10 Met 165 20
His 164 10
Leu 141 10
Nirmatrelvir Ap-2 Ap-3
Glu 166 180
His 41 80
Thr 190 100 Arg 188 80
Glu 166 450 Cys 145 80 Asn 142 50
Gly 143 200 Asn 142 80 His 163 40
His 164 200 Gly 143 60 Thr 190 40
7TLL His 163 90 Met 49 60 Leu 141 30
Cys 145 60 GIn 192 50 Gly 143 20
His 163 30 Met 165 40 Cys 145 20
GIn 189 30 Glu 166 20 His 164 20
GIn 189 10 GIn 189 20
Met 49 20
Glu 166 10

Mic du Ap-2 va Ap-3 khdng c6 kha ning gin két cao
nhu chirng duong vao hai dich tac dong MP™, nhung hai
chat andrographolid nay tao dugc cac lién két hydro va
tuong tac bé mat véi céc acid amin quan trong tai
khoang gan két cua hai dich tac dong gidng véi két luan
cua cac nghién ctu trudce [16, 17]. Trong do, cac nhom
chic tham gia tao lién két hydro cha yéu cua hai
andrographolid 1a nhém carbonyl trén vong lacton 5
canh, nhdm hydroxy va hydroxymethyl trén khung
decahydronaphtalen. Nhdm hydroxy trén vong lacton 5
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canh cta Ap-3 lam tang tuong tac véi MP™ ching dot
bién Omicron.

Két qua docking phan tir cho thay hai andrographolid
d3 phan 1ap c6 kha nang tc ché yéu trén MPe, c6 thé
gitip ngédn chan sy nhan I&n cua virus SARS-CoV-2 va
giam nguy co 1y nhiém. Tuy nhién, can phai tién hanh
thém cac thir nghiém va nghién ciu dé xac dinh kha
ning ¢ ché cua hai chat nay va danh gia tinh hiéu qua
cua no trong viéc ngan chan su lay lan cua virus SARS-
CoV-2.
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5 Két luan va kién nghi

Nghién ctu da phéan lap duoc 2 hop chat Ap-2 (14-
deoxyandrographolid), Ap-3 (andrographolid) véi ham
lugng tuong tng 1a 150 mg/1kg dugc ligu va 235 mg/
1kg duoc lidu. Két qua docking cho thiy Ap-2 va Ap-
3 ¢6 kha ning gin két vao hai dich tac dong MP© &
chang hoang dai va dot bién Omicron, ¢é tiém ning tc
ché yéu MP™ & SARS-CoV-2. Mot chét co kha niang tc
ché MP° § SAR-COV-2 c6 ¥ nghia quan trong trong
viéc ngan chan sy nh&n Ién cua virus SARS-CoV-2.
Két qua nghién ctru cho thay tiém nang ctia cac dan chat
andrographolid trong viéc diéu tri SARS-CoV-2, gop
phan 1am sang to co ché phan tir tic dung diéu tri

tién hanh thém cac thir nghiém va nghién ctru dé khing
dinh kha nang tc ché virus cua hai chat nay.

Ap-2 va Ap-3 di phan 1ap duoc co thé tién hanh
docking phan tir trén cac dich tdc dong khéac cua SARS-
CoV-2 nhu papain-like protease PLP°, RdRp,
endoribonuclease Nsp15, Nsp13 dé danh gia thém vé
tac dung khang virus. Bén canh d6, cac hop chét
andrographolid c6 thé tién hanh phan 1ap trén quy mo
16n dé ban tong hop nhimng hop chit co tac dung khang
virus t6t hon.

Loi cam on

Nghién ctru duoc tai tro boi Qui phat trién Khoa hoc va
Cong nghé — Truong Pai hoc Nguyén Tt Thanh, ma

SARS-CoV-2 ctiia Xuyén tdm lién. Tuy nhién, cin phai  dé tai 2022.01.117/HD-KHCN.
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Extract and isolate of andrographolide from Andrographis paniculata (Burm.f.) Nees
and evaluation of activity against SARS-CoV-2 in silico

Nguyen Hoang Khanh Linh, Phan Thien Vy, Nguyen Duong Chau, Pham Van Thuan
Faculty of Pharmacy, Nguyen Tat Thanh University
nhklinh@ntt.edu.vn

Abstract Andrographis paniculata (Burm.f.) Nees (Acanthaceae) has been used by folk to treat cholera, fever,
sore throat, infections, diarrhea... From the ethyl acetate fraction, two pure compounds, 14-deoxyandrographolide
(Ap-2) and andrographolide (Ap-3) have been isolated. Molecular docking model showed that these two
andrographolide compounds are able to to bind to the Mpro target of SARS-CoV-2 wild strain (6LU7) and Omicron
mutant strain (7TLL), the effect is weaker than the control. positive N3 and Nirmatrevil. The docking scores of Ap-
2 and Ap-3 into the two targets ranged from -12.04 to -15.65 kJ/mol. The present study has performed the isolation
and structural identification of two diterpene lactones and evaluated the in silico anti-SARS-Cov-2 activity of these
two compounds.

Keywords Andrographis paniculata, andrographolid, docking, in silico, SARS-CoV-2, MP®
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