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Received:  23/11/2023 In current study, we elucidate in silico screening evaluation of phytochemicals

derived from Elsholtzia penduliflora targeting tumor necrosis factor-alpha (TNF-

Revised: 29/01/2024 ) ysing molecular docking simulations. The molecular structures were prepared
Published:  30/01/2024 to examine the binding models of Elsholtzia penduliflora compounds with the

crystal structure of TNF-a. (PDB ID: 2AZS) employing AutoDock Vina program.

Subsequently, the study focused on the amino acid interactions and their impact

KEYWORDS on the inhibitory potential of the identified compounds. The binding results

Elsholtzia penduliflora revealed that penduloside G (—9.264 kcal/mol) exhibited the best binding
efficiency to TNF-a compared to the standard drug SPD-304 (—8.7 kcal/mol).

Molecular docking The compounds exhibiting strong affinities demonstrate enhanced the interactions
TNF-a with crucial amino acids, thereby implying the potential to inhibit or impede the
AutoDock Vina program signaling pathway associated with tumour necrosis factor-alpha (TNF-a) in

treating intermediary inflammatory conditions. The binding potential of
compounds targeting TNF-o. has shown promising results. However, the most
promising compounds from Elsholtzia penduliflora necessitate in vitro and in
vivo biological experiments for confirming the theoretically obtained results.

Biological experiments
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THONG TIN BAI BAO TOM TAT

23/11/2023 Nghién ctru nay mo ta danh gid sang loc in silico vé cac hop chat thyc vat cia cay
Chua du nham muc tidu vao yéu t hoai tir khdi u a (TNF-a) bang phuong phap
Ngay hoan thi¢n:  29/01/2024 15 phong gan két phan tir (molecular docking). Céu trac phén tir d dugc thuc
Ngay ding: 30/01/2024 hién dé xem xét mo hinh gan két cua cac hop chat thyc vat cay Chia dii ciing véi
c4u trac tinh thé caa TNF-o (PDB ID: 2AZ5) bang cach sir dung chuong trinh
\ . AutoDock Vina, tiép theo 1a nghién cu Ve cac axit amin tuong tic va tac dong
TU KHOA cta ching ddi véi kha niang wc ché cua cac hop chit tiém nang. Két qua gan két
Chiia dit cho thdy rang penduloside G (~ 9,264 kcal/mol) c6 higu qua gan két tot nhét doi
voi TNF-a so voi chat chuan SPD-304 (— 8,7 kcal/mol). Cac hop chat co ai lyc
manh chtng té ¢6 sy twong tac tot hon véi cac axit amin quan trong, dan dén kha
TNF-a ning ¢ ché hodc chan ding ciia con dudng tin hiéu lién quan dén TNF-o trong
Chuong trinh AutoDock Vina ~ diU tri cac bénh trung gian vé viém. Kha ning gin két ciia cac hop chat thuc vat
nham vao dich TNF-a da cho thay két qua day hira hen. Tuy nhién, cac hgp chat
tiém ning nhét c6 ngudn gc tir cdy Chua du (Elsholtzia penduliflora) can duoc
thuc hién cac thir nghiém sinh hoc in vitro va in vivo dé xac nhan két qua ly thuyét
thu duoc.
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1. Gioi thigu

Yéu t6 hoai tir khdi u alpha TNF-o (Tumor necrosis factor alpha) 1 mot cytokine tham gia
vao mot sd co ché diéu hoa cua té bao, c6 tac dung da hudng trén nhiéu té bao khac nhau, chéng
han nhu kich thich viém, giy doc té bao va bam dinh té bao [1]. Vé mit cau trac, TNF-o 1a mot
protein homotrimer bao gf)m 157 axit amin, chii yéu duoc tao ra boi cac dai thuc bao duge kich
hoat, t& bao lympho T va té bao tiéu diét tu nhién (Natural killer cells) [2]. TNF-a khi san sinh
qua mirc s& dong vai trd then chdt trong sinh bénh hoc ctia mét sé bénh viém tu mién, chang han
nhu viém khép dang thap (RA, rheumatoid arthritis), viém loét dai trang (UC, ulcerative colitis),
bénh Crohn (CD, Crohn's disease), viém khép vy nén (PsA, psoriatic arthritis), viém cot song
dinh khép (AS, ankylosing spondylitis) [3]. Chat e ché yéu t6 hoai tir khéi u o (TNF-a
inhibitors) 13 cac khang thé don dong mAbs (monoclonal antibodies) lién két véi TNF-o dé vo
hiéu hoa tac dung gy viém [4]. Chit trc ché TNF-a c6 cac dic diém 12 tao ra khang thé chdng lai
chinh chung (khang thé khang thuc, ADA- antidrug antibodies), tao ra phan ng mién dich hogc
con goi 1a tinh sinh mién dich. Sy hiéu biét vé co ché truyén tin hiéu TNF-o d3 duoc mé rong va
ap dung dé diéu trj cac bénh mién dich, dan dén sy phat trién cta cac phuong phap diéu tri hiéu
qua, bao gdm ca thudc e ché TNF-o [5].

Chua du (Elsholtzia penduliflora) 1a dwgc liéu chi Elsholtzia, thudéc ho Labiatae. Tai Viét
Nam, loai nay moc hoang dai tir nhiing ving nii cao lanh nhu Mudng Khuong, Bic Ha, Sapa
(Lao Cai), Sin Ho (Lai Chau), Hubi Dang, Muong Long (Ky Son, Nghé An). Trong dan gian,
Chua du duge dung lam thude chita cam cim, sot, ho sot, dudi dang thude sic hay thudc ham,
cho nguoi va cho ngwa. Thanh phan cha yéu co trong tinh diu cua loai nay 1a xineola chiém 75-
80% (bang sac ky khi) hodc 56-60% (bang resorxin). Trén thé gidi, chi Elsholtzia duoc quan tim
nghién ctru vé chiét xuét va cac hop chat tinh khiét c6 hoat tinh nhu: chéng viém, khang khuan,
chdng oxy hoa,... [6]. Hién chua c6 nghién ctru ndo vé loai Chua du tai Viét Nam c6 hoat tinh
chéng viém va khang TNF-a.

Mo phong géan | két phan tir (molecular docking) la phuong phap dugc ap dung rong rai dé xéc
dinh ph01 tir va cdu trac lién két ctia enzyme. Thong qua 1ap trinh may tinh, phuong phap nay
giup klem tra sy tuong tac gitta cac phén tir. Tur d6 dua ra du doan gitra lién két va ai lyc cua
ching ¢ cip do phan tir hodc nguyén tu. Thém vao do, gan két phan tir c6 thé cung cap danh gia
vé tiém nang dugc 1y ciia mot chat [7], [8]. So voi cac phuong phap thir nghiém truyén thong,
day dugc xem 1a phuong phap vuot tri do tiét kiém luong 10n chi phi, thoi gian va cong strc.

Do d6, nghién ctru ctia chiing toi tap trung vao viéc nghién ctru thiét ké thude c6 su hd tro cua
may tinh dé du doan va xac dinh kha ning tc ché TNF-a & cdy Chua du. Didu nay rat can thiét
trong viéc kham pha thém céc loai dugc lidu va phuong phap diéu tri cac bénh viém nhiém.

2. Phwong phap nghién ciru
2.1. Chudn bj protein

CAu trtc tinh thé 3D cua protein TNF-a voi chit trc ché SPD-304 duoc tai vé tir ngén hang co
s¢ dir liéu protein RCSB PDB (https://www.rcsb.org/structure/2az5) c6 PDB ID: 2AZS, 6 phan
giai 2.1 A. M6 hinh protein nay 1a mot phirc hop dimer ciia chudi tiéu don vi TNF-0. Chudi A va
B trong céu tric protein dugc giit lai dé chuan bi cho mé phong, tat ca cac phan tir dong két tinh
nhu phén tir nudc, phdi tir va ion khong can thiét cho nghién ctru déu duoc loai bo. Phan mém
AutoDockTools v1.5.6 dugc sir dung dé bd sung nguyén tir hydro bj thiéu va tinh toan dién tich
riéng phén Kollman. Ciu trtc sau khi chuan bj duoc luu duéi dang tép PDBQT (tép dau vao cho
md phong gin két phan tir).
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Hinh 1. Cdu tric tinh thé 3D ciia protein TNF-o. véi chdt irc ché SPD-304
2.2. Chudn bj phéi tie

Céc hop chit co ngudn gde tir ciy Chua du duge thu thap tir cac tai liéu cong bd trude day [9],
[11]. Sau d6, cac cu trac hoa hoc cua cac hop chat nay duoc xay dung bang phin mém BIOVIA
Discovery Draw (https://www.3ds.com/products-services/biovia/products/scientific-
informatics/biovia-draw/). C4u trac nay sau dé duoc chuyén doi thanh céu trac ba chiéu sir dung
chuong trinh BIOVIA Discovery Studio Visualizer [12] va luu dudi dinh dang tép MOL. Nang
lugng hinh hoc cua tat ca cic phan tir duoc toi uu hoa sir dung phan mém ORCA v4.2.0 sir dung
bd ham tuong ty nhu nghién ciru trude day [13], [14].

2.3. Mé phéng gin két phdn tir (Molecular docking)

Phuong phap gan két phan tir duoc Iya chon dé danh gia cac tuong tac protein — ph01 tor va
udc tinh diém gan két dua trén hinh hoc dé du doan ai lyc lién két cac phan tir dugce gin vao
protein [15]. Trong nghién ctru ndy, md phong gin két phan tir dwoc ap dung dé hiéu hon cach
thirc lién két ciia cac hop chat tw nhién (Hinh 1) cing véi cdu triic protein TNF-o. (PDB ID:
2AZ5) [16]. Chuong trinh AutoDock Vina v1.2.3 dugc lua chon dé thuc hién cac mo phong nay
[17]. Cac thong sb thiét 1ap cho chuong trinh bao gom kich thude hop 14 24 A x 24 Ax24 A, toa
d6 tam hop dwoc dat 1a x =-19,2 A, y=74,5 A, z= 33,8 A. Ngoai ra, cac thong sb khac dugc cai
dat tuong tu nhu cac nghién cuu trude day [14]. Cac két qué thu dugc tir mé phong gin két phan
tr duge phan tich va biéu dién sir dung phin mém BIOVIA Discovery Studio Visualizer [12].

3. Két qua va thao luan
3.1. Két qud gan két phin tir

Trong nghién ctru hién tai nham kham pha kha nang trc ché ctia cac hop chat thyc vat c6 trong
cdy Chua du ddi v6i protein TNF-a. Ching t6i da thuc hién nghién ctru docking phan tir cia tat
ca cac hop chit thuc vat duoc tim thdy trong cdy Chua du bang cach st dung chuong trinh
AutoDock Vina v1.2.3, sau d6 tién hanh nghién ctru cac tuong tac giita cac axit amin va tic dong
cua chung 1én kha niang tc ché cua cac vi tri hoat dong.

Trudc khi tién hanh mé phong, phéi tir ban dau tir phirc hop voi TNF- o (PDB ID: 2AZ5) xé4c
dinh c4u tric béng phuong phép thuc nghiém nhiéu xa tia X duoc thuc hién mé phong gén két
phan tir lai vao ving hoat dong ciia protein dé danh gia cach tién trinh mo phong c6 do tin cay
cao khong. Két qua thé hién trong hinh 2 cho thiy su triung lap tdt giita phéi tir duoc gin két va
phéi tir ban dau voi gia tri RMSD thu duge 13 1,02 A < 2 A duge tinh bang chwong trinh
DockRMSD [18].
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Hinh 2. Két qua mo phong gdn két hop chat dong két tinh SPD-304 (mdu xanh lo) va hop chdt
sau khi gan ket (mau hong canh sen) trong vung hoat dong cua protein TNF-a (PDB ID: 2AZ5)

Bang 1. Cdc twong tdc lién két va nang lwong lién két cia cdc phéi tir tir cdy Chiva dit nhdam dich TNF-a

Ning hrong lién két

STT Hop chat (kcal/mol)
1 elsholtzioxin -7,476
2 apigenin -7,601
3 p-hydroxyphenyl acetic acid methyl ester -5,195
4 methyl (R)-3- hydroxy-5-phenyl pentanoate -5,893
5 methyl 2-O-feruloyl-3-(3 ,4” —dihydroxy- phenyl) lactate -7,098
6 methyl isoferuloyl-7-(3,4- dihydroxyphenyl) lactate -6,891
7 methyl caffeate -5,727
8 trans-p-coumaric acid -5,577
9 protocatechuic aldehyde -5,062
10 4-hydroxybenzoic acid -5,104
11 2,6-dihydroxy-2,4-dimethyl-3(2H)-benzofuranone -6,247
12 2-(3° 4’ -dihydroxyphenyl)-1,3-benzodioxole-5-aldehyde -6,788
13 4-acetonyl-3,5-dimerhoxy-p-quinol -5,25
14 (E)-2-(4-hydroxy-3-methyl-2-butenyl)-hydroquinone -5,623
15 (1’R)-1°- (4-hydroxy-3,5-dimethoxyphenyl)propan-1’-ol 4-O-$-D- .24

glucopyranoside '
16 p-ethylphenyl-1-O- -D-glucopyranoside -6,565
17 Penduloside A -9,19
18 Penduloside B -8,821
19 Penduloside C -8,66
20 Penduloside D -8,195
21 Penduloside E -8,385
22 Penduloside F -8,564
23 Penduloside G -9,264
24 officinoterpenoside B -9,014

Hop chat 7d(‘3ng két tinh trong phtrc hop v6i TNF-o (PDB ID: 2AZ5) la SPD304 dugc chon
lam chat chuan cho nghién cttu nay vi co ché trc ché dd dugc chiig minh r6 rang [16]. Hop chat
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SPD304 c6 ning lugng lién két -8,7 kcal/mol, trong d6 GLY121 (A), TYR59 (A), TYR59 (B),
TYRI19 (A), TYR119 (B) va TYRI151 (B) dai dién cho cac axit amin xuc tdc quan trong.

Céc nang luong lién ket clia tat ca cac hop chat hoa hoc ctia Chua di nham dich TNF-o (PDB
ID: 2AZ5) va tuong tac gin két vai cac axit amin duoc trinh bay trong Bang 1.

Ning luong lién két cta cac hop chit thyc vat dao dong tir -9,264 dén -5,062 kcal/mol. Tir két
qua docking, rd rang thiy rang hop chit 23 thé hién ning luong lién két manh nhit (-9,264
kcal/mol) khi hinh thanh phtrc hop v6i TNF-o0, so v6i cac hop chat ty nhién khac nhu axit
betulinic (-9,2 kcal/mol), bauerenol (-9,1 kcal/mol), lewisone (-8,6 kcal/mol), p-sitosterol (-8,5
kecal/mol) va betulin (-8,4 kcal/mol) [19]. Ngoai ra, cac hop chat co trong cdy Chua di khac c6
ning luong lién két tét hon chat d6i chimg SPD-304 nhu 17 (-9,19 kcal/mol), 24 (- -9,014
kcal/mol), 18 (-8,821 kcal/mol). Phan tich hinh dnh twong téc protein-ligand cua céc vi tri gan két
t6i uu dugc tinh toan cua cac hop chét thuc vét trén TNF-a da cho thiy sy tham gia déang | ké cua
nhiéu loai twong tac, chang han nhu lién két hydrogen va tuong tac hydrophobic, bao gdm tao
tuong tac n-alkyl va alkyl, trong tinh 6 on dinh ciia su gan két ciia cac hop chat thuc vat véi TNF-
o.. Phan tich ciing cho thiy rang cac hop chit thyc vat dinh huéng theo nhu SPD-304 trong cung
vung hoat dong cua TNF-a.

Dua trén két qua docking, hop chit 23 da dugc trong ving vi tri gin két cia TNF-o. Céc
tuong tac quan sat thdy cua hop chit nay v6i TNF-o duoc hinh thanh tuong tac alkyl va m-alkyl
véi cac axit amin VAL 123 (B), VAL123 (D), LEUS7 (B) va LEU157 (D). Ngoai tuong tac
hydrophobic, nhom hydroxyl ctia hop chat 23 tao ra mot twong tac lién két hydrogen voi LEU120
(B), v6i @6 dai lién két 3,00 A (Hinh 3). Céc twong tac lién két ctia hop chat 24 (-9,014 kcal/mol)
cho thiy cach thirc twong tic hydrophobic twong tu giéng v6i hop chat 23. Hon nita, hop chat 24
con tuong tac alkyl voi axit amin TYR119, bén canh d6 hop chat nay con tao lién két hydro véi
TYRI151 (A) va GLN61 (A) c6 khoang cach lién két 1an luot 1a 2,38 A va 2,37 A. Hop chét 17
cho thay ning luong gin két 1a -9,19 kcal/mol, cho thiy kha ning tc ché tot. Cach thirc tuong tac
phan tir chi tiét cua hop chit 17 cho thiy ring cac nhom hydroxyl tham gia vao viéc hinh thanh
lién két hydrogen véi cac axit amin LEU120 (A), LYS98 (A) va PRO117 (A) voi khoang cach
lién két lan luot 14 2,75 A; 2, 16 A va 2,70 A. Céu tric hop chat 18 tuong tu véi hop chat 17 chi
khac dong phéan & vi tri C-3 gin hydroxyl trong phén tir, khi twong tac trong ving hoat dong cua
protein TNF-a van duy tri kha ning lién két hydro véi axit amin LEU120 (A) voi do dai lién két
2,31 A. Bén canh d6, sy twong tac lién két hydro tai LYS98 (A) trén gdc duong cua phéan tir nay
cling xudt hién, tuy nhién su lién két tai PRO117 (A) khong con nita thay vao d6 13 axit amin
Tyr119 (B). Ngoai ra, hop chit 18 c6 nhirng phat hién cac tuong tac hydrophobic tuong tu nhu
ctia hop chat 17.

Nhin chung, cach thirc tuong tac cua cac hop chét thyc vét dugc chon tir cdy Chua du cho
thdy rang twong tac hydrophobic va lién két hydro la cac lyc gin két chinh tham gia vao viéc co
dugc cac vi tri gan két thuan loi va tiém ning dé e ché TNF-a.
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Hinh 3. Cdc twong tdc 2D va 3D ciia cdc hop chat tiém nang nhat véi cde amino acid
trong vung hoat dong cua protein TNF-a

4. Két luan

TNF-a, mét loai cytokine, chu yéu lién quan dén sy suy giam mo tai cdc khu vuc bi viém
khép va co thé 1a mot myc tiéu tiém nang trong viéc diéu trj bénh lién quan dén viém trung gian.
Trong nghién cttu ndy, ching t6i da tién hanh mé phong gin két phan tu cua cac hop chat thuc
vat c6 ngudn gbc tir cdy Chua du. Nghién ctru niy dd ching minh ring bon hop chat
(penduloside A, penduloside B, penduloside G, officinoterpenoside B) tir cac hop chat thuc vat
da chon cho diém gén két dao dong tu -9,264 dén -5,062 kcal/mol. Trong s tat ca, penduloside G
diém gan két thap nhat (-9,264 kcal/mol) trong phic hop véi TNF-a, trong khi hop chét tham
chiéu, SPD-304, cho thay ning luong gin két 1a -8,7 kcal/mol. Nhin chung, cac hop chét thuc vat
¢6 trong ciy Chua di c¢6 tac dong (rc ché manh m& dbi voi TNF-a va c6 thé duge danh gia thém
vé tac dong chdng viém cua chung, ciing nhu viéc phat trién cac loai thudc thay thé voi it tac
dung phu cho viéc diéu tri viém.
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