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Willows (Salix babylonica) are trees and shrubs that are widely
distributed in Africa, North America, Europe, and Asia. This species
is used in folk medicine and contains many biologically active
substances, including salicin, a precursor of salicylic acid. In this
study, we extracted 500g of ethanol extract from 6kg of fresh willow
leaves using the reflux extraction method to determine its chemical
composition and evaluate its antibacterial and antioxidant activities.
The results showed that the ethanol extract of willow leaves contains
phenolic, alkaloid, flavonoid, coumarin, and steroid groups. It also
exhibits high antioxidant activity, with an average IC50 value of 5.65
pg/ml. Moreover, the ethanol extract of willow leaves exhibits strong
antibacterial activity, especially against Gram-positive bacteria such
as Staphylococcus aureus. However, its antibacterial activity against
Gram-negative bacteria such as Pseudomonas aeruginosa and
Citrobacter freundii is comparatively weaker. These research findings
highlight the potential of willow trees as a natural alternative to
antibiotics in the treatment of bacterial diseases in humans.
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Liéu (Salix Babylonica) la cdy than g, cay bui phan b rong rai ¢
Chau Phi, Bic My, Chau Au va Chau A. Loai nay dugc sir dung
trong y hoc dan gian va cé nhiéu céc chét c6 hoat tinh sinh hoc, trong
d6 ¢ salicin, mot tién chat cua axit salicylic. Trong nghién ciu nay,
500 g cao ethanol chiét xuét tir 6kg & Lidu twoi bang phwong phép
chiét hoi luu duoc xac dinh thanh phan hoa hoc va danh gia hoat tinh
khang khuan, hoat tinh chdng oxy héa. Két qua cho thay, trong cao
chiét ethanol cua I& Liéu c6 cac nhom phenolic, alkaloid, saponin,
flavonoid, coumarin, steroid. Cao chiét ethanol cua 14 Lidu c6 hoat
tinh oxy véi gia tri IC50 trung binh 13 5,65 pg/ml. Cao chiét ethanol
Lidu c6 kha ning khang khuan manh nhét véi cac chang vi khuan
Gram duong nhu Staphylococcus aureus. Déi véi cac vi khuin Gram
am nhu Pseudomonas aeruginosa va Citrobacter freundii, hoat tinh
khéng khuan kém hon. Két qua nghién ctu cho thiy tiém ning cua
cy Lidu co thé thay thé khéang sinh trong phong tri bénh do vi khuan
gay ra & nguoi.
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1. Giéi thiéu

Liéu (Salix Babylonica) la cay than gé hay cay bui, phan bé rong rdi ¢ Chau Phi, Bic My,
Chau Au va Chau A. Loai nay dugc sir dung trong y hoc c6 truyén va c6 nhiéu hop chat c6 hoat
tinh sinh hoc, trong d6 ¢6 salicin, mot tién chat cua axit salicylic. Trong Liéu c6 khoang 322 chat
chuyén héa tht cdp nhu flavonoid, glycoside, procyanidin, axit hitu co va cac din xuit cua
chang, phenol, sterol va terpen, lignans, chat bay hoi va axit béo. La Lidu chii yéu chira
flavonoid, axit phenolic, cac dan xuét caa ching va glycoside phenolic, trong khi vo than chu yéu
chwra procyanidin [1].

Cay Liéu chta nhiéu loai flavonoid, dic trung cho ting lodi nhu: flavon, flavonols,
flavanones, dihydroflavonols, isoflavone, chalcones, dihydrochalcones, flavan-3-ols va
anthocyanins. Cac loai flavonoid dugc phat hién nhiéu nhat trong 14 va hiém khi ¢ ré. Cac flavon
nhu apigenin va cac glycoside cua né 1a thanh phan chinh cua 14 loai S. acutifolia Willd., S.
matsudana Koidz. va loai S. babylonica L. Kaempferol va dan xuat 7,4-dimethyl cta né duoc tim
thay l1a thanh phan chinh trong loai S. bordensis Turcz. Ngoai ra, kaempferol-7-O-glucoside 1a
mot hop chit chinh trong 14 va r& caa loai S. babylonica L. [2]. Glycoside & chat chuyén hoa thi
cap chinh trong ho Salicaceae [3]. Cac phenolic glycoside thuong chiém téi 30% trong khoi
lugng thuc vat kho. Ham luong phenolic glycoside cao nhat 1a trong 1a Liéu, tiép theo la canh,
than va vo cay. Salicin, tremuloidin, tremulacin duoc tim thiy 14 nhirng thanh phan chinh trong
than va vo cady non S. Acutifolia Willd., trong 14 S. chaenomeloides Kimura, canh loai S.
routeulosa Seemen va 14 loai S. tetrasperma Roxb. Mot sé phenolic glycoside dugc xac dinh l1a
dau hiéu phan loai cho cac loai Lidu khac nhau. Vi du nhu Acmophyllin A va acmophyllin B
dugc xac dinh 1a chi thi phan loai dbi vai 14 S. acmophylla Boiss. [4]. Chaenomeloidin,
cochinchiside A0, lasiandrin, leonuriside A, salicin-7-sulfate duoc xac dinh 1a dau hiéu phan loai
cho 14 S. chaenomeloides, S. koriyanagi Kimura. Stems [5].

Cay Liéu da duogc sir dung trong y hoc tir thoi ¢o dai va ¢6 lién quan dén viéc phat hi¢n ra axit
acetylsalicylic va aspirin. Theo truyen thong nhitng cay nay duoc sir dung dé diéu tri cac ching
dau nhure co xuong khop, viém va s6t. Nhiéu nghién ciru da cho thay kha ning khang nam, khang
khuan [6], wc ché HIV [7], chong oxy hoa [8], [9], chdng ung thu [10]. Salicin 1a mot chét
chuyén hda c6 hoat tinh dugc ly chinh trong Lidu va thiy phan trong dudng tiéu hoa dé tao thanh
ruou salicyl va D-glucose. Sau khi hap thu, chat nay bi oxy hoa thanh axit salicylic, mot loai
thudc c6 hoat tinh &c ché cyclooxygenase (COX I, 1) [11]. Nhiéu nghién ctru trude (day da danh
gia hoat tinh khang khuan cua cdy Lidu va cac thanh phan tich cuc trong chiét xuat cia ching
chéng lai cac loai vi khuan khiac nhau nhu Pseudomonas eruginosa, Escherichia coli,
Staphylococcus aureus va Bacillus subtilis, vi khuan hinh thanh mang sinh hoc nha khoa
(Streptococcus mutans va Lactobacillus) va Salmonella enterica. Mot nghién ciu gan day da chi
ra rang, chiét xuat vo than va hoa cua S. tetrasperma Roxb. c6 kha ning khang lai P. eruginosa.
Ca hai chét chiét xuét déu trc ché su phat trién cua vi khuan P. eruginosa ¢ muc 40 mg/ml [6]. St
dung cac phuong phap khac nhau, cac nha khoa hoc da ching minh dugc kha ning khang nim
cia cdy Liéu véi cac chung nhu Candida guilliermondii, C. glabrata, C. parapsilosis va
Fusarium oxysporum [1].

Trong nghién ciru ndy, cao chiét Lidu duoc xac dinh hoat tinh khang khuén, hoat tinh oxy hod
nham gop phan cho thy tiém ning st dung cao Liéu trong y dugc.

2. Phuong phap nghién ciru
2.1. Vit ligu

L4 Liéu dugc thu hai tai phuong Quang Trung, thanh phd Thai Nguyén trong thang 05/2022.
Cay Liéu duogc dinh danh boi PGS. TS. S§ Danh Thuong, khoa Sinh hoc, truong Pai hoc Su
pham, Pai hoc Théai Nguyén. Sau khi thu héi, 1a Lidu dugc rira sach cat nho, sy khé & nhiét do
50°C trong 72 gio dé tao cao chiét.
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Cac ching vi khuan kiém dinh: Citrobacter freundii, Pseudomonas aeruginosa,
Staphylococcus aureus dugc cung cap bai khoa Sinh hoc, truong Pai hoc Su pham, Dai hoc Thai
Nguyén.

2.2. Phwong phdp

L4 Liéu duogc rira sach, sy kho ¢ 50°C dén trong luong khong dbi, tiép theo mau dugce ngdm
vo6i ethanol 99,5% & nhiét @6 80°C trong thoi gian 4 gio (1ap lai 3 1§n). Sau do, loc dich chiét cua
3 lan va tién hanh c6 quay chan khong dé thu hdi dung méi dudi ap suét thap va nhiét do -10°C.
Cao chiét duoc luu gitr & 4°C dé tién hanh nghién ctru tiép theo.

Thanh phan hoa hoc cao chiét ethanol ciia Lidu duogc dinh tinh bang phan mg nhan biét [12]:
polyphenol (str dung FeCls 5% va H,SO4 dac), flavonoid (sir dung Mg/HC1 dac), alkaloid (st dung
thudc thir Dragendoff va Mayer), saponin (sir dung antimoin trichlorid va thudc thir Liebermann-
Burchardt), courmarin (str dung dung dich NaOH 10%), steroid (phan g Liberman-Bourchar).

Kha ning chéng oxy hoa dugc xac dinh bang phuong phap DPPH- Diphenyllpicryhydrazyl [13].
Dung dich DPPH ndng d6 0,1 mM, cac mau cao chiét hoa tan v6i methanol (MeOH) dé dat nong
d6 ban dau 2.000 pg/mL, dbi chimg dwong axit ascorbic ndng do 10; 20; 30; 40; 50 pg/mL duoc
pha lodng bang methanol. Cc mau cao chiét duoc tién hanh khao SAt o5 néng d6 va lap lai 3 lan.
Lan luot cho 0,5 mL dung dich thtr véi 5 ndng d6 thir vao dng nghiém da c6 sin 3 mL MeOH,
tiép theo d6 1a 0,5 mL dung dich DPPH 0,6 mM. Déi véi mau déi ching, thay dung dich thur
bang MeOH, ng nghiém cia mau tring chi chira MeOH. Céc 6ng nghiém sau khi pha duoc u
trong tdi & nhiét d6 phong 30 phut, sau d6 do d6 hap thu & budc séng 517 nm. Hoat tinh khang
oxy hoa (%) = ((Ac- At)/Ac) x100; trong do, Ac: Gia tri hap thu quang pho cua mau dbdi chung;
At: Gia tri hap thu quang phd cua mau thu. Tu két qua tinh dugc va nong do mau, tién hanh v&
phuong trinh duong thing tuyén tinh gitra nong do mau thtr va hoat tinh khang oxy hoa dé tinh
IC50. Gi4 tri IC50 cang thap tuong &ng véi hoat tinh khéang oxy hoa cang cao va nguoc lai.

Hoat tinh khang khuan ciia cao Liéu duoc xac dinh béng phuong phap do duong kinh vong
khang khuén [14]. Kha néng khang khudn cua cao chiét dugc xac dinh dua trén vong khang
khuan xung quanh giéng thach (6 mm) c6 chira cao chiét. Cao Lidu duoc hoa tan trong dung dich
DMSO 2% (DMSO 2%, Tween 80 0,2% H»0 97,8%) thanh céc ty 1¢ 100 mg/mL, 50 mg/mL, 25
mg/mL. Dich vi khuan (10° vi khuém/mL) duoc trai déu trén bé mat dia thach maéi truong LB
(méi trudng Luria-Bertani: Peptone 10g/L + Yeast Extract 5g/L + Mudi NaCl 10g/L) véi thé tich
dich vi khuan 1a 100 pL. Tién hanh duc 16 tao giéng thach va nho vao mdi giéng thach 50 pL cao
chiét & cac ndng d6 khac nhau, giit cac dia thi nghiém trong 4 gio & nhiét do 10°C, t6i khi dich
chiét tir cac giéng khuéch tan ra moi truong nudi cay vi khuan. Buong kinh vong khang vi khuan
dugc do bang thude do don vi mm sau 24 gio t mau & nhiét 6 30°C. D4i ching &m la dung dich
DMSO 2%, ddi chimg dwong 1a khang sinh Ampicilline 100 mg/ml.

3. Két qua va ban luan
3.1. Tgo cao chiét va dinh tinh thanh phdn héa hgc

6 kg mau l4 Lidu tuoi dugc dem cit nho, siy kho thu duoc 3,0 kg khd va chiét hdi luu voi
ethanol 90% & nhiét ¢ 80°C trong thoi gian 1a 4 gio, cat thu hoi dung méi dugc cao chiét 500 g
ethanol. Tiép theo, cao chiét ethanol dugc lwu & 4°C dé st dung cho nghién ctu tiép theo.

Dé dinh tinh thanh phan hoa hoc cua cao chiét Lidu, ching t6i tién hanh phan ung nhan biét
mau. Két qua thé hién & bang 1.

Qua bang 1 ta thy, trong cao chiét ethanol ¢ cac hgp chat hitu co nhu phenolic, alkaloid,
saponin, flavonoid, coumarin va steroid. Cac nhom hgp chat nay c6 mit trong nhiéu loai thuc
vat dd dugc tmg dung 1am thubc chita bénh. Két qua nay hoan toan phu hop cac cac nghién ctru
trude diy cua tac gia Gonzalez-Alamilla va cong su. Ngoai cac thanh phin twong tuy nhu
hydroxyl phenol, coumarin, lacton, flavonols, quinon, saponin polyphenol; tac gia Gonzalez-
Alamilla con xac dinh dugc sy c6 mit cua triterpenes va cac hop chét steroid [15].
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Bang 1. Két qua dinh tinh mét sé nhém chat hitu co cé trong cao Liéu

STT Nhém chit Phén rng Phin rng mau cao chiét ethanol
1 Phenolic dd FeCl3; 5% Mau xanh
H,SO, dac Mau niu do
2 Alkaloid Dragendoff lela, VE:lIlg nhat
Mayer Tua, vang nhat
3 Saponin Antimoin trichlorid trong dung dich chloroform Mau vang
Liebermann-Burchardt Mau xanh
4 Flavonoid Mg/HCI déc Mau hong nhat
5 Coumarin NaOH dic Tua, vang
6 Steroid Liberman-Bourchar Mau tim do

3.2. Hoat tinh chéng oxy hod cao chiét ethanol Liéu

Hoat tinh chdng oxy hoa 1a mét trong nhirng tinh chat rat tét dbi v6i con ngudi nham chdng
lai cac tac nhan oxy hoa DNA va lipid trong co thé. Hoat tinh chbng oxy hod cao chiét cethanol
Lidu bang phuong phap khu gbc tur do DPPH. Nguyén tic ciia phuong phap: DPPH 1a gbc tu do
c6 mau tim, d6 hap thu quang cuc dai tai budc 'song 517 nm. Khi cho dung dich chat c6 kha niang
chbng oxy hoa vao dung dich DPPH thi cac gbc ty do bi khir va mit mau tim. Dya vao kha ning
lam mat mau tim gbc ty do DPPH cua dung dich, ta xac dinh dugc kha ning chdng oxy hoa cia
mau thong qua duong chuan Trolox. Két qua nghién ciru cho thy, cao chiét ethanol 14 Liéu co
hoat tinh chong oxy kha cao véi gia tri IC50 trung binh 1a 5,65 pg/ml, trong khi ddi chimg, ching
t6i sir dung Vitamin C ¢6 gia tri IC50 1a 1,70 pg/ml. Nhu vay, so véi vitamin C, hoat tinh chéng
oxy cuia cao chiét Lidu thap hon 3,3 lan.

Nim 2013, Ishikado va cong sy di chimg minh dugc chiét xuat vo cly Lidu tao ra cac enzyme
chbng oxy hod va ngin ngira qua trinh ~oxy hoa thong qua hoat hoa enzyme ma hoa béi gen Nrf2.
Tac gia da chimg minh duoc rang, chiét xuét vo cay Liéu cd tac dung chdng oxy hoa trong té bao
ndi mo tinh mach rén ngudi [16].

Nim 2018, Wahab va cong su ciing di xac dinh hoat tinh oxy hoé ciia cao chiét. Tac gia sir
dung nhiéu dung méi trén r&, than va I1a. Két qua cho thay, chiét xuit cua 14 kém hon so véi chiét
Xuat vo cay. Cao chiét st dung dung mdi etyl axetat va petroleum ether ¢ hoat tinh chéng oxy
hoa thap nhat. Theo Wahab va cong su, cac hop chat polyphenolic trong Lidu c6 vai trd chinh
trong hoat tinh chdng oxy hod, cac chat nay c6 nhiéu cong dung nhu chéng ung thu va ldo hoa.
Céc chat polyphenol c6 kha ning trung hoa cac gbc tu do, duy tri sy 6n dinh cua bo gen va hinh
thanh bao vé DNA. Téc gia ciing xac dinh dwoc ham luong polyphenol ciia phan doan tach chiét
etyl acetate cua 14 va vo 1a cao nhat dat 35,063 pg/mg va 59,788 ug/mg [17].

3.3. Hoat tinh khdng khudn ciia cao chiét ethanol Liéu

Bang 2. Khad nding khang khudn ciia cao chiét ethanol Liéu

Pon vi: mm
P A Vikhuin C. freundii S. aureus P. aeruginosa
Nong do
Ampicilline (100 mg/mL) 16,632 18,93° 18,000
Chiét ethanol 100 mg/mL 18,30° 14,14° 12,672
Chiét ethanol 50 mg/mL 14,33¢ 11,17° 8,702
Chiét ethanol 25 mg/mL 0,002 8,07° 0,008

Chii thich: Céc gid tri mang chiv mii khéic nhau theo hang thi s sai khdc ¢é ¥ nghia thong ké nhé hon 5%
voi phép thir Duncan

Kha ning khéng khuan ciia cao chiét ethanol Liéu trén timg ching vi khuan duoc thé hién trén
bang 2 va hinh 1. Két qua cho thiy, cao chiét ethanol Lidu cé kha ning wrc ché tét sy phét trién
cua ca 3 ching vi khuén thu nghiém. Murc d6 khang khuén phu thude néng d6 st dung. Trong do,
noéng d6 100 mg/mL c6 kha ning khang khuan tot nhat. Hiéu qua khang khuédn cia cao chiét
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ethanol Lidu t6t nhit trén chung vi khuan C. freundii, sau d6 dén P. aeruginosa va thip véi S.
aureus. O ndng do 25 mg/ml, cao chiét Lidu khong c6 kha ning khang vi khuan C. freundii va S.
aureus. Két qua nay hoan toan phu hop véi cac nghién ctru trude day cia Wahab va cong su vao
nam 2018 [17].

Niam 2013, Sulaiman va cong sy dd danh gia hoat tinh khang khuan cao chiét ethanol tir vo
cay S. alba. Két qua cho thdy, cao chiét c6 hoat tinh khang khuan t6t d6i voi S. aureus; hoat tinh
trung binh d6i véi P. aeruginosa va khong co tac dung d6i voi E. coli va Klebsiella pneumoniae
[18]. Theo nghién ctru ciia Wahab G. va cong su (2018) cho thiy, cao chiét Lidu cd kha ning
khang khuan tét véi cac nhém vi khuan Gram dwong (S. aureus), vi khuan Gram am (E. coli, K.
pneumoniae va P. aeruginosa) va nam gay bénh C. albicans [17]. Nam 2020, Gonzalez-Alamilla
va cong sy ciing da xac dinh dugc kha nang khang khuan cua cao chiét Lidu, két qua cho thay
cao chiét c6 nong d6 50 mg/ml c6 kha ning Gc ché ddi voi cac chung vi khuan E. coli,
Salmonella typhi, Salmonella cholerasuis, P. aeruginosa, L. monocytogenes va S. aureus, con doi
véi B. subtillis ndng d6 wc ché 1a 25 mg/ml [15].

C. freundii S. aureus P. aeruginosa

Hinh 1. Kha ndng khang khudn ciia cao chiét ethanol Liéu
Cha thich: KS: Ampicilline 100 mg/mL, 0: Doi chirng dm, 1: 100 mg/mL; 2: 50 mg/mL; 3: 25 mg/mL

Theo céc nghién ciru trude day, kha ning khang khuan cua cao chiét methanol cua Lidu co
hoat tinh tot d6i v6i vi khuan Gram duong nhu S. aureus, L. monocytogenes va B. subtilis, nhung
lai kém d6i véi vi khuan Gram am nhu E. coli, Salmonella typhi, Salmonella cholerasuis, P.
aeruginosa. Két qua nay 1a do cdu trac ‘mang cua vi khuan Gram 4m c6 16p mang phospholipid
bén ngoai thanh ngian khong cho cac chat nhu khang sinh hay céac chat thir cap di vao trong té bao
[19], [20].

Nam 2020, Gonzalez-Alamilla va cong su da xac dinh dugc 3 phan doan c6 kha nang khang
khuan tot nhat ddi véi E. coli, L. monocytogenes, S. aureus, trong do 3'.4',5,7-
tetrahydroxyflavone (luteolin) va 3',4',5,7-tetrahydroxyflavone-7-O-glucoside (luteoloside) la cac
hop chat chinh cho hoat tinh khang khuan cua loai S. babylonica [15].

4. Két luan

Da chiét xuat dugc 5009 cao chiét ethanol tir 4 Lidu. Trong cao chiét ethanol cua cay Liéu c6
Chl:Ia cac nhém hop chat phenolic, alkaloid, saponin, flavonoid, steroid, ddy la nhiing nhom hop
chat ¢ nhieu hoat tinh sinh hoc tot. Cao chict ethanol cta 14 Licu c6 hoat tinh oxy véi gié tri
IC50 trung binh la 5,65 pg/ml. Cao chiet ethanol cua cay Licu c6 kha nang khang khuan doi véi
cac chung vi khuan C. Freundii, tiép theo |a S. aureus. va cuéi cung la P. Aeruginosa.
Loi cam on

Nghién ctru duoc hd trg kinh phi tir dé tai “Nghién ciru danh gia thanh phén hoa hoc va hoat

tinh sinh hoc tinh dau Liéu (Salix Babylonica) thu tai khu vuc mién ni phia Bac” ma s TNUE-
2022-08 do bai hoc Su pham, Pai hoc Thai Nguyén quan ly.
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