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Panh gia in silico hoat tinh khang ung thu cua thanh
phan tinh dau |3 Khuynh diép (Eucalyptus globulus

Labill.) nham muctiéu ERava PI3Ka
V6 Thi Bich Ngoc, H6 Thj Thach Thay, Ly Hong Huong Ha, Pham Canh Em’
Trwong Bai hoc Quéc té Héng Bang

TOMTAT

gt vén dé: Tinh déu tir Eucalyptus globulus (EG) néi tiéng vdi cdc hoat tinh sinh hoc da dang bao gém
khdng khudn, khdng ndm, gigm dau va chéng viém. Muc tiéu: Nghién ctru ndy nhdm ddnh gid di luec lién két
cua cdcthanh phén tinh déu E. globulus (EGEOC) vdi ERa va PI3K, hai muc tiéu quan trong trong diéu trj ung
thuw v va ung thw mdu. Phuong phdp: Phuwong phdp docking phén ti duroc st dung dé phén tich tuong tdc
cia EGEOC vdi ERa va PI3K. Két qud: Két qud docking phén ti cho thdy alloaromadendrene cé di luc lién két
cao nhét véi ERa (-8.1 kcal/mol) va PI3K (-7.2 kcal/mol), vurot tréi hon a-pinene, camphene, eucalyptol va
B-pinene (-4.8 dén -6.2 kcal/mol). So vdi tamoxifen (-9.6 kcal/mol vdi ERa) va alpelisib (-9.1 kcal/mol vdi
PI3K), EGEOC c6 di luc thdp hon (1.5 dén 4.4 kcal/mol vdi ERo va 1.9 dén 4.3 kcal/mol vdi PI3K), trong dé
alloaromadendrene cé di lwc gén nhét vdi thube déi chiéu. Cdc hop chdt nhu a-terpineol, limonene, p-
cymene, y-terpinene va terpinen-4-ol cho thdy di luc trung binh, trong khi 8-myrcene va citronellal ¢ di luc
thdp hon. Két luén: Nhitng phdt hién nay cho thdy EGEOC, ddc biét la alloaromadendrene, Id ngudn hop
chéttwnhién day trién vong dé phdt trién cdc liéu phdp diéu tri ung thu an toan va hiéu qua.

Tirkhoa: Eucalyptus globulus, in silico, khdng ung thw, ERocva PI3Ka

1. DAT VAN DE

Tinh dau chi Bach dan/ Khuynh diép (Eucalyptus
globulus), ho Myrtaceae thé hién hoat tinh sinh hoc
dadang nhu khang khuan, khdng ndm, gidm dau va
chéng viém ciling nhu d3 dugc st dung lau dai
chdngcam lanh, ciim, cac bénh nhiém trung dudng
hoé hap, viém mii va viém xoang khac [1 - 5]. Phan
tich héa thuc vat cho thay rang monoterpenoid
khac nhau giita céc loai Khuynh diép va cé nhiéu
tiem nang phat trién dwoc phdm. Eucalyptus
citriodora dugc chirng minh chra 60% mono-
terpenoid la citronellal, trong khi Eucalyptus
tereticornis va Eucalyptus globulus (EG, Hinh 1)
chira 60 - 90% eucalyptol (1,8-cineol) - mot loai
monoterpenoid chinh khac [5]. Citronellal cé hiéu
qua chéng lai nhiém trung do vi khuan va nam thi
eucalyptol dwoc bdo cdo la cé tac dung trc ché san
xuat/ téng hop yéu t6 hoai tlr khdi u interleukin-1,
leukotriene B, va thromboxane B, trong cac té bao
viém [6, 7]. Ngoai ra, tinh dau EG ciing cho thay
hoat tinh gdy doc té bao phu thudc vao liéu trén
dong té bao ung thu phdi A549 [8]. Hon nita, tinh
dau khuynh diép d3 dugc chirng minh ¢ ché sy
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phat trién cla dong té bao ung thuv dai trang &
ngudi bang cach gay ra apoptosis [9]. Do do, tinh
dau EG cb thé |a mot (rng clr vién tiém nang dé diéu
triung thu.

Hinh 1. Khuynh diép (Eucalyptus globulus)
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Sy hoat hda qua murc cla thu thé estrogen alpha
(ERa) thic day sy ting sinh va sdng sét cua té bao
ung thu théng qua lién két vai estrogen ndi sinh,
dan dén sy phat trién cla cac khdi u phu thudc
hormon [10]. Péng thoi, phosphoinositide 3-
kinase alpha (PI3Ka) la m6t enzym quan trong
trong con duong PI3K/Akt/mTOR, déng vai tro
trungtamtrongviéc diéu chinh sy séng sétté bao,
dicuvadicidncbatébaoungthu [11]. Nhitng muc
tiéu nay khdng chi |a chia khda trong co ché bénh
sinh ma con la dich tac dung quan trong trong céc
liéu phdp diéu tri nhu s&r dung cac chat trc ché ERa
(vi du: Tamoxifen) hodc PI3Ka (vi du: Alpelisib).
Tuy nhién, cac phuong phap diéu trj ung thu hién
tai thuorng d6i mat véihan ché lén bao gobm khang
thuéc, tdc dung phu nghiém trong nhu réi loan
doéng mau (vi du: Tamoxifen, cisplatin) hoac suy
giam mién dich (vi du: Alpelisib, doxorubicin) va
chiphicao, lam cho nhu cau tim ki€ém cac hop chat
khdng ung thu mdi, an toan hon tré nén cap thiét
[10,11].

Cacnghién clruin vitro da cho thay tinh dau EG gy
ddc té bao va kich hoat apoptosis trén cdc dong té
bao ung thu [8, 9]. Tuy nhién, co ché phan ti cu
thé, dac biétla twong tdc vdicadc muctiéu nhu ERa
va P13Ka van chua duwoc kham pha day dd, doi hoi
cdc phuong phdp tién tién dé sang loc nhanh
chéng va hiéu qua. Do d6, nghién c*u nay nham
danh gid in silico hoat tinh khang ung thu cuta cac
thanh phan chinh trong tinh dau 14 EG nham muc
tiéu ERa va PI3Ka, véi hy vong xac dinh cac hop

Bang 1. Thong sd “Grid box” cla dich tac dung

chat dan dau (lead compound) cé tiém nang wc
ché& déng thoi hai con duong tin hiéu nay. Thong
qua d6, nghién clru nay cé thé gép phan lam
phong phu ngan hang dit liéu co ché cia EG va m&
ra trién vong cho céc liéu phdp phdi hop, gidm
khéng thudc va cai thién két qua diéu tri ung thu
trongtwonglai.

2.PHUONG PHAP NGHIEN CU'U
2.1.Chuanbiligand

C4u trdc cta céc thanh phan hoat chat cta tinh dau
EG duwoc tai xudng tir co s& dit liéu PubChem cua
NLM (Thu vién Y khoa Qudc gia - National Library of
Medicine) [1-5, 8, 9]. Nang lwong 3D cua céc ligand
nay duoc téi thiéu hda bang phan mém ChemBio3D
Ultra 19. Cac ligand sé dugc danh gia hoat khang
ung thu trén 2 dich tac dung gdbm Era - Estrogen
receptor a va PI3Ka - Phosphatidylinositol-3-kinase
a) bang nghién cru docking phan tir véi phan mém
Autodock Vina.

2.2.Chuanbjdichtacdung

C4u truc tinh thé cda dich tac dung ERa (ID PDB:
2JF9) va PI3Ka (ID PDB: 4JPS) duoc lay tir ngan
hang dit liéu protein (rcsb.org). Tat ca cac phan tl
nudc dugc loai bo khéi dich tac dung. Sau do, dich
tac dung duoc thém vao hydrogen phan cuc va
dién tich Kollman. Hop Iwdi (grid box) d€ md phong
viéc gan két duoc thiét l1ap bang cac cong cu
AutoDock (Bang 1). Cau truc va vi tri tdc déng cla
ERava PI3Kadwocthé hién & Hinh 2.

Kich thué T a
Pich téc dung ich thwérc rung tam
X y z X y z
ERa 30 30 30 86.397 13.564 22.7973
PI3Ka 30 30 30 -1.3187 -9.51267 16.9481

exhaustiveness = 8, num modes = 10, energy range = 4

Hinh 2. C4u trdc va vi tri tdc ddng cta ERa va PI3Ka
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2.3. Docking phan tir

Céc phoi tir/ ligand duwoc gan két véi dich tac dung
dé xac dinh cac thdng s6 |3p ghép bang phan mém
AutoDock Vina (trwong lvc AMBER) v&i su tro gitip
clia viéc |3p ghép phdi tir dwa trén hop ludi “Grid
box”. Viéc trinh bay bang hinh anh vé sy tuong tac
gitta cac phéi t&r va dich tac dung dwoc thuc hién
bang phan mém BIOVIA Discovery Studio 2021 va
PyMOL. K&t qua twong tac vdi cha cac ligand s&
dwoc so sanh vdi thudc doi chiéu tamoxifen cho
ERa va alpelisib cho PI3Ka. Cau tric cha thudc doi
chiéu tamoxifen va alpelisib dwoc thé hién & Hinh
3. Tamoxifen la mot chat diéu hoa thu thé estrogen
chon loc dugc s&r dung rong rai trong diéu trj ung
thu v duwong tinh vdi thu thé estrogen (ER’), trong
khi Alpelisib la mét chat rc ché chon loc PI3Ka,
duogc phé duyét dé diéu tri ung thw vu tién trién
hodc di can cé dot bién PIK3CA & bénh nhan
ER'/HER*[10,11,13].

Hinh 3. CAu tric thudc déi chiéu
cho ERa va PI3Ka

3.KETQUA

3.1.Thanh phan hoat tinh chinh trong tinh dau EG
Tinh dau & EG chia thanh phan chinh la 1,8-
cineole (eucalyptol, chi€ém 60 - 90%) cung vdi cac
hop chat khac nhu a-pinene (1 - 26%), p-cymene
va B-myrcene [1 - 5, 8, 9]. C4u trdc thanh phan
chinh trong tinh ddu EG & Viét Nam va trén thé gidi
duwocthé hién & Hinh 4.
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Hinh 4. C4u trdc thanh phan chinh
trong tinh dau EG

3.2. Hoat tinh (rc ché dich tac dung estrogen a (ERa)
K&t qua docking phan tlr cho thay tinh dau |4 EG
chra nhiéu hop chat tu nhién cé tiém nang
tuwong tdc vaithu thé estrogen a (ERa) - mét muc
tiuquantrongtrong diéutricacloaiungthuwphu
thudéc estrogen nhu ung thu vu. Cu thé I3
alloaromadendrene c¢d ai lyc lién két cao nhat
(-8.1 kcal/mol), tié€p theo la a-pinene va
camphene (-6.2 kcal/mol), eucalyptol va B-pinene
(-6.1 kcal/mol). Cac hgp chat nhu a-terpineol (-
6.0 kcal/mol), limonene va p-cymene (-5.9
kcal/mol), y-terpinene va terpinen-4-ol (-5.8
kcal/mol) c6 &i lyc trung binh, trong khi B-
myrcene (-5.2 kcal/mol) va citronellal (-5.3
kcal/mol) thé hién i lwc thdp nhat (Bang 2). So véi
tamoxifen, thudc ddi chiéu tiéu chuan véi ai luc
lién két -9.6 kcal/mol, cac hop chat trong tinh dau
E. globulus cé &i luc thdp hon tir 1.5 dén 4.4
kcal/mol, cho thay kha ndng rc ché ERa kém hon,
nhung alloaromadendrene néi bat védi ai luc gan
nhat véi tamoxifen. Cac hop chat ty nhién nay cé
thé s& hitu tiém ndng diéu hoa ERa theo cach it
gay tac dung phu nghiém trong khi so sanh véi
tamoxifen do thuéc nay lién quan dén nguy co ung
thu ndimactlrcung[12].

Vi tri twong tdc cha cadc phdi tr tiém nang
(alloaromadendrene) trén ERa dwoc thé hién &
Hinh5.
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Cac loai twong tac cu thé cla hoat chat tiém nang
va thudc d&i chiéu vdi ERa dwoc thé hién & Bang 3

vaHinh 6.

Bang 2. Ai luc lién két clia cac hoat chat trong tinh

dauEGtrénEra

v o v ey
1 | Eucalyptol (1,8-cineole) -6.1
2 | a-pinene -6.2
3 | B-pinene -6.1
4 | Limonene -5.9
5 | a-terpineol -6.0
6 | p-cymene -59
7 | y-terpinene 58
8 | Alloaromadendrene 8.1
9 | Camphene -6.2
10 | Terpinen-4-ol 5.8
11 | B-myrcene -5.2
12 | Citronellal 53
13 | Tamoxifen -9.6

Hinh 5. Vi tri twong tac cda céc phdi tlr tiém nang

trén Era

ISSN: 2615 - 9686

Hinh 6. M6 hinh 2D va 3D vé sy tuong tac cla
cac hoat chat tiém nang va tamoxifen véi ERa
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Bang 3. Tuwong tac cla hoat chat tiém ndng va thudc déi chiéu véi ERa

Ligand (kc‘::l}t-rrncol) Do dai (A) Kiéu Loai AA

4.41 Ky nuéc Alkyl LEU346

Alloaromadendrene -8.1 5.14 Ky nudc Alkyl LEU525
5.20 Ky nuéc Tt-Alkyl PHE404

3.72 Hydrogen Hydrogen manh THR347

3.93 Ky nudc -0 LEU525

5.03 Khac m-Sulfur MET421

5.36 Ky nuéc Alkyl LEU384

4.81 Ky nuéc Alkyl MET388

Tamoxifen -9.6 5.43 Ky nuéc Tt-Alkyl ILE424
4.84 Ky nudc Tt-Alkyl LEU525

3.68 Ky nudc mt-Alkyl ALA350

4.77 Ky nuéc Tt-Alkyl LEU346

4.04 Ky nudc mt-Alkyl ALA350

5.17 Ky nuéc Tt-Alkyl LEU387

3.3. Hoat tinh (rc ché dich tac dung phosphoinositide
3-kinase a (PI3Ka)

Két qud docking phan t&r cho thay cic hop chat
trong tinh dau 13 EG thé hién tiém nang twong tac
vdi PI3Ka - mot enzyme quan trong trong con
dudng tin hiéu diéu hoa tdng sinh va séng sét té
bao, thudng bi kich hoat qud mirc trong cac bénh
ung thu nhu ung thw vad va ung thuw mau. Tuong ty
trén dich tdc dung ERa, alloaromadendrene ciing
thé hién i lwclién két cao nhat (-7.2 kcal/mol), tiép
theo la a-terpineol (-5.8 kcal/mol), p-cymene (-5.7
kcal/mol), y-terpinene, terpinen-4-ol, limonene,
B-myrcene va citronellal (tir -5.5 dén -5.6
kcal/mol). Cac hop chat nhu a-pinene va B-pinene
(-5.1 kcal/mol), eucalyptol (-5.0 kcal/mol) va
camphene (-4.8 kcal/mol) thé hién &i lyc thap hon
(Bang 4). So véi alpelisib, thudc déi chiéu tiéu
chuan vdi ai luc lién két-9.1 kcal/mol, cdc hop chat
trong tinh dau E. globulus c6 &i lwc thap hon tir 1.9
dén 4.3 kcal/mol, cho thay kha ndng trc ché PI3K
kém hon, nhung alloaromadendrene néi bat véi ai
lwc gan nhat vai alpelisib. Twong tw, cdc hop chat
tu nhién nay cé thé sé& hitu vu diém diéu hoa PI3K
va tranh cac tac dung phu nhu tang dudong huyét
hodc tiéu chay thuwong gap vai alpelisib [12, 13].
Tuy nhién, can thém nghién ctru in vivo dé€ xac nhan
hiéu qua va antoan clacichgp chat nay.

Vi tri twong tdc cta cadc phdéi t&r tiém nang
(alloaromadendrene) trén PI3K dwoc thé hién &
Hinh7.

Céc loai twong tac cu thé cla hoat chat tiém nang
va thuéc d6i chi€u véi PI3K dwoc thé hién & Bang 5
va Hinh 8.
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Bang 4. Ai luc lién két clia cac hoat chat trong tinh
dau EG trén PI3K

STT Hop chat A'“'(‘-:;I'/'ﬁ:‘o'l‘)et
1 | Eucalyptol (1,8-cineole) -5.0
2 | a-pinene -5.1
3 | B-pinene -5.1
4 | Limonene -5.5
5 | a-terpineol -5.8
6 | p-cymene -5.7
7 | y-terpinene -5.6
8 | Alloaromadendrene -7.2
9 | Camphene -4.8
10 | Terpinen-4-ol -5.6
11 | B-myrcene -5.5
12 | Citronellal -5.5
13 | Alpelisib -9.1

Hinh 7. Vi tri twong tac cda céc phdi tl tiém nang
trén PI3K
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Hinh 8. M6 hinh 2D va 3D vé sy tuong tac cla cac hoat chat tiém nang va alpelisib vdi PI3Ka

Bang 5. Twong tac cla hoat chat tiém ndng va thudc déi chiéu véi PI3Ka

Ligand " é‘l}ur;fol) o dai (A) Kiéu Loai AA

5.06 Ky nuéc Alkyl ILESOO

5.31 Ky nuwée Alkyl ILE848

Alloaromadendrene -7.2 4.86 Ky nuwdc Alkyl ILE932
4.61 Ky nuwde Alkyl ILE932

491 Ky nuérc Tt-Alkyl TYR836

2.31 Hydrogen Hydrogen manh ARG770

2.71 Hydrogen Hydrogen manh VAL851

1.78 Hydrogen Hydrogen manh VAL851

3.74 Hydrogen Carbon-hydrogen ARG852
3.95 Ky nuéc -0 MET922

3.79 Ky nuéc -0 ILE932
Alpelisib -9.1 4.27 Khac m-Sulfur MET922
4,94 Ky nuwdc -t T-shaped TYR836

4.54 Ky nuérc Alkyl ILESOO

4.09 Ky nuwde Alkyl ILE848

4.59 Ky nuéc Tt-Alkyl HIS855

4.66 Ky nuwdc mt-Alkyl VAL850

5.23 Ky nuéc Tt-Alkyl ILE848

4. BAN LUAN

Trén dich tac dung ERa, alloaromadendrene chu
yéu tao twong tac ky nudc (alkyl va ri-alkyl) véi cac
g6c acid amin nhuw LEU346, LEU525 va PHE404 vd&i
do dai lién két 4.41-5.20 A, trong khi tamoxifen

ISSN: 2615 - 9686

hinh thanh lién két hydrogen manh v&i THR347
(3.72 A) va nhiéu tuong tac ky nudc da dang (rt-o,
ni-sulfur, alkyl, t-alkyl) véi céc géc acid amin nhw
LEU525, MET421 va ALA350 vé&i dd dai lién két
3.68-5.43 A. Sy da dang va do dai lién k&t ngan hon
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cla tamoxifen gidi thich di luc cao hon nhung ho so
tuwongtacdon gian hon clia alloaromadendrene cé
thé s& hitu tiém nang gidm tac dung phuy, la co s&
dé t8i wu hda hop chat tu nhién nay hay tinh dau
EG trong liéu phdp nham muctiéu ERa.

Trén dich tac dung PI3Ka, alloaromadendrene
chd yéu hinh thanh céc tuwong tac ky nuéc (alkyl
va m-alkyl) véi cac géc acid amin nhu ILESOO,
ILE848, ILE932 va TYR836 véidd dailién két4.61 -
5.31 A, trong khi alpelisib tao nhiéu lién két
hydrogen manh vé&i ARG770 va VAL851 (1.78 -
2.71 A) cing cac twong tac ky nudc da dang (r-o,
ri-sulfur, r-rt T-shaped, alkyl, mt-alkyl) véi cac géc
acid amin nhu MET922, TYR836 va ILE848 v&i do
dailién két 3.79 - 5.23 A. Twong tu tamoxifen, sy
da dang va do dai lién két ngan hon cla alpelisib
ly gidi di lyc cao hon nhung hé so twong tac don
gian cla alloaromadendrene cé thé s& hitu tiém
nangittdcdung phukhisosanhvdicicthuécung
thu doctinh cao, m& ra trién vong téi wu hda hop
chatty nhién nay hay tinh dau EG trong liéu phép
nham muctiéu PI3Ka.

Trén cac nghién clru d3 céng bo, alloaromadendrene
va dan chat (sesquiterpenoid kiéu aromadendrene)
dugrc ghinhan cé hoat tinh khang ung thu tiém nang
thong qua cac co ché lién quan dén stress oxy hda va
apoptosis [14, 15]. Aromadendrene oxide 2 kich
thich qua trinh apoptosis trong té bao ung thu biéu
bi da théng qua con dudng ty thé do ROS diéu hoa
[14]. M6t nghién ctru khac d3 cho thay hai loai tinh
dau E. amethystinum va E. campestre déu giau
sesquiterpenoid kiéu aromadendrene bao gdbm cac
hop chat ledol va spathulenol, d3c biét thé hoat tinh
déc té bao ung thu manh vdi gia tri IC,, [an lwot 1a

1.65 - 5.32 va 1.57 - 2.99 pg/mL twong duwong vdi
thuéc khang ung thuw cisplatin. Ngoai ra, hgp chat
viridiflorol thé hién hoat tinh khang ung thu & cac
ndng d6 khac nhau (dao déng tir 0.03 dén 300 puM)
trén ba loai té bao ung thw in vitro: Ung thuw v (MCF-
7), ung thu phéi (A549) va ung thu n3o (Daoy) [15].
Do do6, alloaromadendrene va dan chat cé thé dai
dién cho nhdm chat ty nhién hira hen trong phat
trién liéu phap khang ung thu, dédc biét khi két hop
v&i cac chat chéng oxy hda dé t6i wu hda hiéu qua va
giam doctinh.

5. KET LUAN

Nghién clru nay da chirng minh tiém nang cla cac
hop chat trong tinh dau EG trong viéc twong tac voi
thu thé ERa va PI3Ka. Alloaromadendrene thé
hién i luc lién két cao nhat véi ERa va PI3K ciling
nhu vuot troi so véi a-terpineol, p-cymene, y-
terpinene, terpinen-4-ol, limonene, B-myrcene va
citronellal. Trong khi d6, a-pinene, B-pinene,
eucalyptol va camphene cé &i luc thap. Ngoai ra,
cac hop chat nay cé &i luc thap hon (1.5 - 4.4
kcal/molcho ERava 1.9 - 4.3 kcal/mol cho PI3K) khi
so sanh vdi thudc d6i chiéu tamoxifen (-9.6
kcal/mol cho ERa) va alpelisib (-9.1 kcal/mol cho
PI3K). Can can tién hanh thém cdc nghién ctru in
vitro, in vivo va dénh gia dugc déng hoc dé xac
nhan co ché tdc ddong, hiéu qua va tinh an toan cla
tinh dau EG cling nhu hoat chat tiém nadng trong
tinh dau EG tir di¥ liéu nghién clruin silico.
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In silico evaluation of anticancer activity of Eucalyptus
globulus Labill. leaf essential oil constituents for

targeting ERaand PI3Ka

Vo Thi Bich Ngoc, Ho Thi Thach Thuy, Ly Hong Huong Ha, Pham Canh Em

ABSTRACT

Background: Essential oils from Eucalyptus globulus (EG) are renowned for their broad-spectrum biological
activities, including antibacterial, antifungal, analgesic, and anti-inflammatory effects. Objectives: This study
aimed to evaluate the binding affinities of EG essential oil constituents (EGEOC) to ERa and PI3K, critical
targets for breast and blood cancer therapies. Methods: The molecular docking method was used to analyze
the interactions of EGEOC with ERa and PI3K. Results: Molecular docking results reveal that
alloaromadendrene exhibited the highest binding affinity to ERa (-8.1 kcal/mol) and PI3K (-7.2 kcal/mol),
outperforming other compounds such as a-pinene, camphene, eucalyptol, and 8-pinene (-6.2 to -4.8
kcal/mol). Compared to the reference drugs tamoxifen (-9.6 kcal/mol for ERa) and alpelisib (-9.1 kcal/mol for
PI3K), EGEOC displayed lower daffinities (1.5 to 4.4 kcal/mol for ERa and 1.9 to 4.3 kcal/mol for PI3K), with
alloaromadendrene showing the closest affinity to both standards. Compounds such as a-terpineol, limonene,
p-cymene, y-terpinene, and terpinen-4-ol exhibited moderate affinities, while 8-myrcene and citronellal
showed lower affinities. Conclusion: These findings suggested that EGEOC, particularly alloaromadendrene,
holds promise as a source of natural compounds for developing safe and effective cancer therapies.
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