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Tém tit. Hién nay, cac hat nano Vang (AuNPs) dang thu hit sy quan tdm cta cac nha khoa hoc do chung
c6 tiém nang Gng dung hira hen lam vat liéu phan phdi thube/tac nhan khang viém tryc trang thong qua
duong udng. Tuy nhién, AuNPs ciing dugc biét dén nhur 14 vt liéu c6 tinh khang khu4n manh, , gy ra anh
hudng tiéu cuc 1€n hé vi sinh duong rudt. Bén canh do, viéc sur dung AuNPs téng hop tir ngudn hoa chat
cong nghiép doc hai s& tic dong xau dén strc khoe con nguoi, khong phi hop trong img dung 1am sang.
Trong cong trinh nay, cac hat nano Vang hinh cau, kich thudc nho hon 50 nm da dugc tong hop thanh cong
bang phwong phap tiép can xanh, sir dung dich chiét cua 14 cdy Ngii Gia Bi dong vai tro 1am chat khir va
chat 6n dinh. Khao sat khang khuan cho thiy, ngay ca ¢ ndng do nano Vang cao c4c hat nano Vang thé
hién kha niang khang khuan thap d6i voi 5 chung vi khuan 1an Iuot 1a Bacillus cereus, Bacillus subtilis,
Staphylococcus aureus, Salmonella typhi, Escherichia coli v6i dudng kinh vong khang khudn dao dong tir
7,03 + 1,05 mm dén 8,67 + 0,58 mm. Mau nano Vang thu dugc khong thé hién tinh khang khuan ddi véi
chung Pseudomonas aeruginosa ¢ tit ca cac nong do khao sat. Nhu vdy, véi tinh khang khuan khong qua
manh, cac hat nano Vang duoc tong hop tir dich chiét cua 14 cdy Ngii Gia Bi ¢6 thé trd thanh vat liéu tiém
nang trong ing dung phan phdi thude.

Tir khéa. Tong hop xanh, nano Vang, Ngii Gia Bi, hoat tinh sinh hoc, khang khuan.

1 GIOI THIEU

Céc hat nano véi kich thudce tir 107 dén 10° m véi cac dac tinh hoa ly doc déo da tao ra mot bude tién vuot
bac trong khoa hoc vat liéu trong nhiing thap ky gin day [1] Cac hat nano, ddc biét 1a nano Vang dang
dung dich keo da dugc cac ngh¢ nhan sir dung trong nhiéu thé ky do mau sic ruc rd dugc tao ra tir sy twong
tac clia chung véi anh sang nhin thiy. Gan day hon, nhiing dic tinh quang dién tir doc déo nay da duogc
nghién ctru va sir dung trong cac tng dung céng nghé cao nhu quang dién hitu co, dau do cam giac, tic
nhan diéu tri, phan phdi thudc trong cc img dung sinh hoc va y té, chat din dién tir va xtc tac [2]. Cac dic
tinh quang hoc va dién tir cuia cac hat nano Vang c6 thé diéu chinh dugc biang cach thay ddi kich thudc,
hinh dang, héa hoc bé mit hodc trang thai tip hop [3]. Cac hat nano Vang ciing nhan dugc nhidu sy quan
tAm cua cdc nha nghién ctru trong linh vyc sinh hoc, do thé hién nhiéu tinh chat tot hon so vai vat lidu kich
thudc 16n chit yéu do kich thude hat bé, dan dén dién tich bé mat vuot troi. Trong linh vye nay, nano Vang
da dugc bao cdo 1a mot chit khang khuan hiéu qua. Co ché chinh xac vé tac dung khang khuan ctia nano
Vang cho dén nay van chua dwoc kham pha day di, nhung kha ning khang khuan vuot troi ciia ching da
duge cong nhan mot cach rong réi [4].

C6 nhiéu phuong phap tiép can dé tong hop nano Vang, bao gdm céc phuong phap héa hoc, sinh hoc va
vat ly. Tuy nhién, cac phuong phép trén van con mot so nhimg nhugc diém sau: diéu kién téng hop phirc
tap va chi phi cao, sir dung cac hoéa chat nguy hiém, tiéu tén nang lugng [5]. Do tinh don gian, than thién
V61 moi truong, tiét kiém chi phi va khong chira bat ky hoa chat doc hai nio, nén tong hop nano kim loai
(MNPs) ¢6 nguon gdc thuc vat dang dugc nhiéu nha khoa hoc lya chon [6-7].

Trong mot s6 nghién ciru trong nudc, tac gia Poan Van Hong Thién ciing cong su da tong hop hat nano
Vang thanh cong sir dung chiét xuat chanh ndm 2014 [8]. Cac hat nano Vang kich thudc trung binh 14 13,6
+ 5,48 nm c6 nhiéu tiém nang tmg dung trong cam bién sinh hoc, xtic tac hay ky thuét sinh hoc. Nam 2018,
tac gia Nguyén Ngoc Khanh Anh cing cong su da tong hop thanh cong nano Vang tir dich chiét 14 tra, ing
dung trong my pham [9]. Cac hat nano Vang dugc hinh thanh c¢6 hinh cau véi kich thudc 13,78 nm. Nam
2021, tac gia Nguyén Thi Lan Huwong di st dung dich chiét vo dira dé tdng hop cac hat nano Vang kich
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thudc tir 5 dén 15 nm tmg dung trong linh vuc khang khuan [10]. Cong trinh nay chimg minh hi¢u qua sur
dung ngudn phé thai nong nghiép - ch1et xut vo dira, trong viéc khir cac ion vang va on dinh cac hat nano
Vang. Cac hat nano Vang dang keo 6n dinh trong dung dich hon mét tuan va phan tan tot trong méi truong
nudc.

Trong mot s6 nghién ciru trén thé gidi, tic gia Ahmad va nhom nghién ctru ciia dng da tong hop céc hat
nano Vang tir dich chiét cua loai réu Ailen ndm vao 2003 [11]. Céc hat nano Vang thu duoc c6 hinh cau va
¢6 kich thudc khac nhau tir 30 dén 50 nm. Ngoai ra, nhém nghién ctru da chi ra rang cac hat nano Vang cé
tiém ning mg dung 16n trong cac linh vyc nhu cong nghé¢ DNA tai to hop va k¥ thuat protein. Nam 2012,
tac gia Laura Castro ciing voi cic cong su ctia minh da nghién ctru va sir dung dich chiét tir rong bién Cava
dé tong hop nano Vang [12]. Két qua cac hat nano Vang thu dugc c6 dang hinh cau va cé kich thude 1a 30
nm. Nam 2019, céc tac gia Thangamani va Bhuvaneshwari da tong hop cac hat nano Vang c6 tinh khang
khuédn bang cach str dung chiét xuét tur 1a Simarouba glauca [13]. Nhom nghién ctru nhin thay rang dung
dich nano Vang tong hop tir chiét xuat 14 Simarouba glauca cé kha ning khang khuan rat tot va co thé
khang lai vi khuin Bacillus subtilis, Escherichia coli, Proteus vulgaris, Staphylococcus aureus,
Streptococcus mutans va cac chung vi khuan khac. Can chu y rang, khi st dung chiét xuat thuc vat dé diéu
ché nano Vang, 16p hitu co trong dich chiét s& bao quanh cac hat nano nay va tao ra dung dich nano Vang
c6 do bén tuong ddi tét. Mat khac, hat nano téng hop dugc s€ co nhiéu dic tinh khac nhau do su da dang
cua cac hop chét hitu co ¢6 trong chiét xuét cua cac loai thuc vat. Do d6, nhiéu loai thuc vat méi van dang
dugc tim toi nghién ctru dé diéu ché nano Vang vai d bén cao hon va s¢ hitu nhiéu tinh chét wu viét hon.
Bénh viém rudt, bao gém viém loét dai trang va bénh Crohn, da anh huong dén 0,5% dan sb phuong Tay
va ngay cang tré nén phd bién & cac nudc méi cong nghiép hoa [14]. Bénh viém rudt 1a mot bénh tai phat
va khong thé chira khoi, dic trung boi tinh trang viém dudng rudt man tinh va c¢6 nhiéu triéu chimg khac
nhau, chang han nhu tiéu chay dai dang, dau bung va mét méi. Trong cong cudc tim kiém cac tic nhan moi
chita bénh viém rudt, AuNPs da dugc cac nha khoa hoc ching minh la vét liéu tiém nang, khi thanh cong
thue hién nghién ctru img dung AuNPs chéng viém trén chuét [15]. Tuy nhién, kha nang khang khuén manh
cia AuNPs di han ché u'ng dung cua vat liéu nay thong qua duorng udng, do anh hudng tiéu cuc dén hé vi
sinh dudng rudt. Do d6, viéc nghién ctru tong hop xanh AuNPs c6 tinh khang khuan thip hoac khong thé
hién tinh khang khuan dé ting cuong ung dung phén phéi thudc théng qua dudng udng 1a cap thiét.

Trong cdng trinh ndy, chlng t6i lan dau tién sir dung la cay Ngii Gia Bi (Schefflera heptaphylla) dé ché tao
thanh cong nano Vang. Ngil gia bi chan chim 1a loai cdy gd, c6 thé cao t6i hon 10 mét, duoc nhan biét boi
hinh dang 14 kép dac trung bao gém 6-9 14 chét, moi 1a trong giéng nhu hinh ban chan con vit, moc so le,
cubng co be. Thuong nd hoa trong khoang tir thang 2 dén thang 3 va ra qua trong khoang tir thang 4 dén
thang 5. Tai Viét Nam, ngii gia bi chan chim 12 loai cdy c6 bién do sinh thai rong, phan bd & ca ving thap
va viing nui ¢ao, moc nhiéu tai cac tinh mién Bc. Cay ngii gia bi chan chim la mét loai thudc dan gian dugc
sir dung nhiéu noi trong nude va trén thé gii. Tai Viét Nam, chiing dugc sir dung dé chdng ha dudng huyét,
tang luc, chita phong thap, chan sung dau, da 1& ngira do thap nhiét [16]. Tai Hong Kong, 14 ngii gia bi chan
chim dugc xem nhu thanh phﬁn chinh trong mét loai tra thao mdc co6 tac dung diéu tri cam lanh thong thuong.
Tai Trung Qudc, 14 duoc sir dung trong chita dau lung, nhirc xwong, bong gan, tiéu hoa kém, coi xwong tré
em. Thanh phan héa hoc ctia loai nay chita mot sb hop chét nhu: triterpenoid saponin, flavonoid, tinh dau,
acid hitu co. Mot s loai acid hitu co nhu: oleanolic acid, phenolic acid. Trong tinh dau c6 chua monoterpen,
beta-pinene, sesquiterpen [17]. Trong d6, phenolic acid dugc di duoc chimg minh 14 chit khir t6t dé tao ra
c4c hat nano kim loai. Diéu nay cho théy, viéc str dung chiét xuét tir 14 Ngii Gia Bi dé téng hop nano Vang
1a kha trién vong. Cac thong s6 tong hop tdi uu gOm thoi gian phan tmg, nong do ion vang va nhiét do dugc
khao sat. Cac cac thlet bi phan tich hoa ly gom XRD, SEM, FTIR, EDX dugc st dung dé dic trung cac hat
nano Vang sau khi tong hop & cac didu kién téi wu. Sau do, nano Vang duoc mang di kiém tra kha ning
khang 6 ching vi khuan, trong d6 c¢6 3 vi khuan Gr (-) gom Salmonella typhi, Escherichia coli va
Pseudomonas aeruginosa, 3 vi khuan Gr (+) gdbm Bacillus subtillis, Bacillus cereus va Staphylococcus
aureus.

2 NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Nguyén li¢u

Cac chung vi khuan duoc lay tir Phong thi nghiém vi sinh, Vién Cong ngh¢ Sinh hoc & Thyc pham, Trudng
DPai hoc Cong nghi¢p Thanh pho Ho Chi Minh. Mudi vang (HAUCls. 3H20) dugc mua tir cong ty Acros
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Organics (Belgium). Mueller Hinton Agar (MHA) va Yeast extract mua tir cong ty HiMedia (An b9).
Peptone va sodium chloride dat tr cong ty JHD Chemical — Trung Quéc. Pia khang sinh g1ay tam san
Gentamycin dugc cung cap bai cong ty Nam Khoa Bio Tek. (Viét Nam). Ethanol 96% ngudn gbc tir Viét
Nam.

2.2 Diéu ché dich chiét

L& ngii gia bi sau khi léy \{é, qhon nhitng }é gjél, sam mau, 16n, khong bi dé}p, sau d()’ rira sach béng puc"rc
VoI va ria lai bang nudce cat de loai bo chat ban. Sau khi duge lam sach, tién hanh cat nho 14 d€ chiet lay
dich chiét. Khoi luong la ngii gia bi chan chiml1a 5 gva luong nudce cat dung dé chiét la 200 mL, thoi gian
chi‘ét la 60 phut tai nhiét d6 s6i 100 °§3. Sau d6 dich chiét du‘qg loc qua gidy loc dé tach phan nudc trong,
phan can va 14 ngii gia bi sau khi chiét s& dugc bo di, dich chiét dugc bao quan trong binh Kin va stir dung
trong ngay.

2.3 Qui trinh téng hop nano Vang

Qui trinh diéu ché AUNPs sir dung dung dich HAUCI va dich chiét theo ti 1§ 1:1 theo so do Hinh 1. Phép
dp UV-Vis véi d6 hap thu cuc dai dac trung cﬁq AUNPs ¢ 540 nm da duoc stir dung dé t(:)i uru hoa cac yéu
t6 anh huong [17]. Nghién ctru ddc trung tinh chat hoa |y va khao sat kha nang khang khuan dugce thyc hién
doi vai cac hat AuNPs tong hop & ba diéu kién toi uu.

Characterizations

— |+ UV-Vis spectroscopy,
+ XRD,FTIR, DLS, FE-

SEM, EDX.
= 5¢/200 mL H,O a . 1.5 mM, 30 min
) | e —> Atibasterial est
60 min, 100 °C —

- 70°C

S. heptaphylla * Bacillus cereus

leaves Leaf extract HAuCl, _ * Bacillus subtilis

» Staphylococcuscereus

* Salmonella typhi

\_|* Escherichia coli

* Pseudomonas aeruginosa

Hinh 1: So db téng hop AuNPs tir dich chiét 14 Ngii Gia Bi

2.4 Khio sat cac yéu to tong hop anh hwéng dén kha ning tao nano Vang

Khdo sat anh huong cua thoi gian phadn trng

Thuc hién phan tng gitta dung dich Au* va dich chiét 14 ngil gia & cac diéu kién sau: nong d6 0,5 mM;
nhiét d6 50°C, ti 18 dich chiét: Au®* 1a 1 : 1; thoi gian tdng hop tuong tmg lan luot 1a: 10, 20, 30, 40 phut.
Sau mdi thi nghiém, mau duge mang di do UV-Vis dé x4c nhan sy hinh thanh cta nano Vang. Phd UV-Vis
ctia nano Vang c6 peak dic trung trong khoang 540-570 nm. Thoi gian tong hop t6i uu dugc lya chon dya
trén cudng do va vi tri ctia peak 540-570 nm. Cuong do peak cang cao, sd lwong hat nano Vang trong dung
dich duoc tao thanh cang nhiéu.

Khao sat anh hwéng ciia nong do phan g

36



Tdc gia: Nguyén Thi Lan Hwong va Céng su

Sy anh huéng cua ndng d6 phan tmg dén kha ning tao nano Vang duoc khao sat dua trén viée thuc hién
phan tng gitra dung dich Au®* va dich chiét 14 ngii gia bi ¢ cac diéu kién: thoi gian 30 ph(t; nhiét do 50°C;
ti 1¢ dich chiét: Au** 12 1: 1 ; bén ndng do khao sat tuong tmg 12 0,5 mM, 1,0 mM, 1,5 mM va 2 mM.
Khdo sat anh huong cua nhiét do phan trng

Sy anh huéng cua nhiét d6 phan tng dén kha ning tao nano Vang duoc khao sat dua trén viéc thuc hién
phan g giita dung dich Au®* va dich chiét 14 ngii gia bi & cac diéu kién: thoi gian 30 phit, nong do 1,5
mM,; ti 1€ dich chiét: Au*1a1:1; tuong tng voi Cac nhiét do lan luot 1a 40, 50, 60, 70, 80°C.

2.5. Phwong phap phén tich céc dic tinh hda ly caa AuNPs

Kinh hién vi dién tir quét (FE-SEM) thuc hién trén may FE-SEM S4800 (Nhat Ban) duoc van hanh dé
ngheien ctru hinh thai va kich thude cua cac hat nano vang. Phan b kich thuéc dong hoc cuia hat nano
Vang dugc phan tich trén may Horiba SZ-100. Phuong phap pho tan xa nang luong tia X sir dung dau do
tich hop trén may FE-SEM S4800 dé phan tich thanh phan cac nguyén tb ¢6 trong mau nano Vang. Phuong
phap nhidu xa tia X da dugc sir dung dé nghién ctru cu trac tinh thé cuia mau nano vang trén may Shimadzu
6100 diffractometer (Nhat Ban). May XRD vdi birc xa CuKa cé bude song 1,5406 nm hoat dong ¢ dong
dién 30 mA, dién ap 40 kV co tde do quét 0,05 °/s, budc nhay 0,02° trong pham vi 26 tir 10° dén 80°.
Phuong phap phd hong ngoai bién d6i Fourie (FTIR) duoc st dung dé két luan sy hién dién cua cac nhom
chire hitu co 6 trong mau nano vang, thuc hién trén may quang phd 27 Brucker Tensor (Dtic) trong pham
Vi 6 s6ng 4000-500 cm™. Ngoai ra, do bén cua dung dich nano Vang theo thdi gian ciing dugc dénh gia,
dya trén thé zeta cta dung dich.

2.6. Khao sat kha ning khang khuin ciia nano Vang

Céc mau nano Vang ¢ 4 nong do 10 ppm, 20 ppm, 40 ppm, 80 ppm duogc khao sat kha ning khang 6 ching
vi khuan, trong d6 ¢6 3 vi khuan Gr (-) gdm Salmonella typhi, Escherichia coli va Pseudomonas aeruginosa,
3 vi khuan Gr (+) gdm Bacillus subtillis, Bacillus cereus va Staphylococcus aureus, sir dung phuong phap
khuéch tan trén dia thach trén moi truong MHA.

Bdo qudn giong: Cay ria vi khuan trén méi truong LB, dem u & 37 °C tir 16-24 gid va chon ra cac khudn
lac dic trung. Tang sinh cac khuén lac dic trung khong bi nhidm trén méi trudng long LB 16i 6 & 37 °C,
lic v6i toe d6 150 rpm trong 24 gid. Dong thoi chuan bi sin glycerol vo tring, eppendorf di hap vo tring.
Sau do, tién hanh bom 150 pL dich vi khuan véi 150 pL glycerol 50%, bao quan trong ta lanh déng sau
& -80°C dé gitr gidng cho qua trinh thi nghiém.

Tang sinh giong: Ra dong vi khuén sau khi l4y ra tir ti dong sau bang cach ha nhiét do tir tir xuéng dé tranh
vi khudn s6c nhiét va chét. Sau d6 thure hién qua trinh hoat hoa vi khuan bang cach tang sinh véi 5 mL moi
truong LB u & 37 °C trong khoang thoi gian tr 16-24 gio.

Pha lodng bang nudc mudi sinh Iy huyén phu vi khuan sau khi duoc ting sinh cho dén khi dat dugc d6 duc
khoang tir 1-2x108 CFU/mL, twong dwong 0.5 McFarland, sir dung trong khao sat hoat tinh khang khuén.
Khdo sat hoat tinh khdng khudn

Kha ning khang vi sinh vat dugc khao sat bing phwong phap khuéch tan trén dia thach theo phwong phap
Bauer [19]. Mdi dia Petri chira 20 — 25 mL mdi truong Mueller-Hinton Agar da dugc vo trung va bom
100 L dich vi khuan da tang sinh, trai déu cho dén khi bé mat thach kho hoan toan. Puyc 16 thach chia
30 pL dich chiét nano ¢ 4 nébng do khac nhau, d6i ching (+) 1a dia khang sinh Gentamicin, dbi chimg (-
) 1a dich chiét, yéu té kiém soat nuéc cit vo trung. Dung dich nghién ciru duoc thim vao méi trudng
thach trong 2 gid va sau d6 dugc dem u ¢ 37 °C trong 18-24 gio trén céac dia Petri tai 4 °C. Cac thi nghiém
dugce bd tr lap lai 3 lan.

Sy déanh gi4 hoat tinh khang khuan duogc thue hién théng qua dudng kinh vong khang khudn. Két qua hoat
tinh khang khuan dugc xir Iy bang phin mém Statgraphics18.

3 KET QUA VA THAO LUAN

3.1 Khao sat diéu kién téng hop nano Vang

Kich thudc cua cac hat nano Vang thu dugc bi anh huong 16n boi ba thong s6 tong hop chinh g(“);n thoi gian
phan rng, nong d6 ion kim loai, va nhiét d¢ phan ing. Tong hop nano Vang & cac diéu kién toi uu s€ tap

ra dung dich nano Vang véi kich thudc hat hop 1y, khé bi keo tu hon theo thoi gian do c6 d¢ bén vimng nhiét
dong cao hon.
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Hinh 2: Anh mau ctia dung dich nano Vang tong hop theo cac mdc thoi gian

1.5 T T T
—— 0 min

—— 10 min
—— 20 min

Absorbance

-05 T T T
400 500 600 700 800

Wavelength, nm
Hinh 3: Phé UV-Vis ctia dung dich nano Vang tong hop theo cac mdc thoi gian

Dung dich nano di do quang mot lan sau m6i 10 phut dé tim ra thoi gian tong hop t6i wu (Hinh 2), trong
khi d6 nhi¢t do va ndng do ion duoc gilt ¢b dinh. Két qua UV-Vis (Hinh 3) chi ra rang, 30 phut 1a thoi gian
t6i wu dé tong hop nano Vang. D¢ hap thu quang hoc hau nhu khong thay déi véi thoi gian tong hop 16n

hon 30 phut, cho thay luong lugng nano Vang sinh ra la cuc dai.

HAuC|4 !_i Dich chiét 0,5mM 1,0 mM 1,5 mM o |

Hinh 4: Anh ciia cac mau nano Vang téng hop theo cac ndng do khéc nhau
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Hinh 5: Phd UV-Vis ciia cac mau nano Vang tong hop theo céc nong do khac nhau

Dung dich HAUCI4 c6 nong d6 ion Au®* trong khoang 0,5-2 mM da duoc khao sat, trong khi gitr ¢6 dinh
thoi gian va nhiét d6 (Hinh 4). Nong d6 ion anh huéng manh dén sy hinh thanh cua hat nano. Nong do ion
AU®* cang cao, s lugng hat nano sinh ra cang nhiéu, dan dén d6 hap thu quang hoc cang 16n. Do hap thy
quang hoc la cao nhit tai ndng d6 Au* 1,5 mM. Tai nong d6 Au** cao hon, s6 luong hat nano tao ra qua
nhiéu, cac hat nano c6 thé dinh lai v6i nhau gay ra hién tuong keo ty, lam d6 hap thu quang hoc giam. Dya
vao cuong do peak trong khoang 540-570 nm, xac dinh dugc ndng do t6i wu dé tong hop nano Vang 1a 1,5
mM.

Dich chiét  40°C 50°C 60°C
HAuUCI, :

13 T T T T T T T T
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Hinh 7: Phé UV-Vis clia cac mau nano Vang tong hop theo cac nhiét do khac nhau
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Cudi cung, nbng d6 va thoi gian duoc gilr ¢b dinh dé khao sat nhiét do tong hop trong khoang 60-90 °C
(Hinh 6). Két qua UV-Vis chi ra ring, d6 hip thu quang hoc ting khi nhiét do tang tir 60°C dén 80°C, sau
do dat cuc dai ¢ 80 °C. O nhiét d6 cao hon, mat do quang giam do sO luong hat nano giam. Nguyén nhén
s6 va cham hiéu qué ting nhanh do cac phén tir chuyén dong nhanh, din dén hat nano tao thanh nhanh, d&
bi keo tu. Nhu vay, nhiét d6 t6i wu dé téng hop nano Vang la 80 °C.

3.2 Pac trung hoa ly caa nano Vang

Hinh thai, kich thudc va phan tich thanh phan nguyén to

Kich thudc va hinh thai bé mat cua cac hat nano duge xac dinh bang anh chup SEM (Hinh 8A&B). Thanh
phan nguyén t6 hoa hoc ctia mau nano Vang dugc phén tich bang phwong phap quang phd tan sic ning
luong tia X (Hinh 8C). Anh SEM cho thiy rang cac hat nano Vang c6 dang hinh cau kich thudc dudi 50
nm, cac hat tach roi riéng biét, khong quan sat thdy su keo ty hodc dinh chum lai vé6i nhau. Déi v6i phan
tich EDX, tin hiéu nguyen t6 Au lan luot tai 2,1, 8,5 va 9,7 keV. Ham luong vang trong mau nano khoang
68,87%, carbon 27,92% va oxy 3,21%. Ham lugng carbon va oxy trong mau nano Vang la do sy hién dién
ctia 16p chat hitu co bao quanh cac hat nano, ¢é vai trd nhu mot 16p giap ngoai lam ting do bén ving clia
c4c hat nano nay. Sy xudt hién ctia 16p hiru co c6 thé 1a do ion Au®* c6 dién tich cao da tuong tic manh hon
v6i cac nhom chie phan cuc cia cac phén tir hiru co trong dich chiét.

S-4800 10.0kV 7.9mm x80.0k SE(M) 500nm | 5-4800 10.0kv 7.9mm x150k SE(M) T 300nm

Hinh 8: Anh SEM mau nano Vang ¢ d6 phong dai 500 nm (A), d6 phong dai 300 nm (B) va Pho EDX (C)

Két qua phan tich FT-IR

Két qua phan tich FTIR ciia mau nano Vang cho thay sy xuat hién cac dai phd ¢ cac dinh 1548, 1379, 1242,
1059, 893, va 478 cm! (Hinh 9). Dua trén két qua phan tich phd FTIR, c6 thé x4c dinh dwgc cac nhom chirc
cua céc phan ta hitu co chira trong dich chiét d@é én dinh cac hat nano Vang [20]. Su xuét hién céc peak
trong phd FTIR 13 nhd vao sy thay ddi momen ludng cuc cia cac lién két cong hoa tri trong phan tir hitu
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co phan tir s& hip thu ning lugng hong ngoai & nhitng tan sé nhat dinh, tir d6 din dén sy xuit hién cia cac
dai hap thu.

Céc dinh ph6 ¢ 1458 va 1059 cm™ dic trung cho dao dong cua lién két N-H va C-N. Cac dinh ph tai s6
s6ng 1379 cm* twong mg vai céc lién két C-O trong nhom cacboxylic acid. Cac dinh phd & khoang 1242
va 893 cm? dic trung cho dao dong cua cac nhom OH trong polysaccharide. Cac phan tir hitu co chira
cac nhom chirc ndy da bam vao cac hat nano sau khi két thuc phan tmg, dong vai tro 1a chat 6n dinh, ngin
can sy keo tu dung dich nano Vang. Ngoai ra, lién két Au-O ciing duoc tim thdy thong qua sy xuat hién
peak & vi tri 478 cm™. Didu nay ciing d3 chimg minh sy ton tai cta 16p chit hitu co bao quanh hat nano
Vang, twong quan v6i két qua phan tich EDX.
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Hinh 9: Phd FTIR ctia mau nano Vang

Céu tric tinh thé cia mau nano Vang duge xac dinh bai gian ¢6 XRD, (Hinh 10). Trén gian d6 XRD
ctia mau nano Vang xuit hién cac peak nhidu xa 20 & cac vi tri 38,1583°, 44, 328°, 64,594° va 77,578°, tuong
g v6i cac mat phang nhiéu xa (111), (200), (220) va (311). Céac thong sd thu duoc tring khdp véi tinh
thé 1ap phuong tam dién cua nguyen t6 vang voi gian d6 XRD chuan PDF ICDD 00-004- 0784 [21]. Co thé
thdy, mat c6 dinh cao nhit trong gian d6 XRD ciia nano Vang 1a mat (111), ching minh rang cac tinh thé
nano phat trién uu tién theo mat nay. Nhu vay, xac dinh chiéu rong ban dinh theo mat (111) nay c6 thé tinh
ra kich thu6c trung binh cua tinh thé theo phuong trinh Debye-Scherrer d = 0,90/8c0s6, véi ‘A’ 1a ngudn
burc xa tia X (1.540 nm), ‘4’ 1a (1/180) x FWHM (full width at half maximum - chiéu rong ban dinh, radian);
d 14 duong kinh trung binh ciia tinh thé (nm), va & 1a goc nhiéu xa Bragg. Theo cong thirc nay, kich thudc
trung binh cua tinh thé nano Vang la 21,4 nm.
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Hinh 10: Gian d6 XRD cuia mau nano Vang
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Tir biéu d6 phan bd kich thudc hat nano Vang (Hinh 11A) ta thdy dugc kich thude hat nano Vang phan bo
khong dong déu trong dung dich. Phan bé kich thudc hat nam trong khoang tir 65-450 nm, tap trung chii
yéu nhiéu nhét trong khoang kich thudc tir 117-150 nm. Nano Vang trong dung dich c6 kich thudc trung
binh cta hat 1a 148,5 nm. Can chu y rﬁng, day la kich thude dong hoc cta hat nano Vang, 16n hon nhiéu so
kich thudc hat dugc xac dinh bai kinh hién vi dién tu quét. Nguyén nhan 1a phan b6 kich thude dong hoc
cua hat nano Vang dugc xac dinh boi ky thuat phan tan anh sang dong hoc, da tinh ca duong kinh 16p hiru
co bao quanh 15i nano Vang. Su khac biét vé kich thudc xac dinh boi hai ki thuat, cing 1a minh chimg cho
sy ton tai ctia 16p hitu co da dong vai tro 16p giap lam bén hat nano Vang trong dung dich.
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Hinh 11: Phan bd kich thudc hat (A) va thé zeta (B) cua nano Vang trong dung dich

Do bén ciia dung dich nano Vang co6 thé dugc danh gia théng qua gia tri thé zeta (Hinh 11B). Nhu di thay
trong Hinh 11B, cac hat nano Vang déu mang dién tich 4m vai gia tri dién tich trung binh -17,6 mV. Can
Iru ¥ rang c6 hai co ché 6n dinh chinh d6i v6i cac nano Vang tong hop tir dich chiét. Co ché dau tién dwa
trén su twong tac tinh dién gitra cac hat nano Vang tich dién. Gia tri thé zeta 1én hon 30 mV hodc nho hon
-30 mV la can thiét dé cac hat nano Vang bén trong dung dich, vi s¢ hitu lyc day manh giira hai hat mang
dién cung diu [22]. Co ché thir hai lién quan dén hiéu Gmg khong gian ctia cac phan tir hitu co bao quanh
I6i nano Vang. Céc phan tir hitu co niy hoat dong nhu mot 16p bao vé dé ngin cac hat nano dinh vao nhau.
Trén thuc té, dung dich nano Vang duoc tong hop tir dich chiét Ngii Gia Bi da ton tai song song ca hai co
ché 1am bén ké trén, do d6 mau nano thu dugc 6n dinh trong hon hai tudn ma khong c6 bét ky thay d6i nao
vé& mau sic hoidc su keo tu.

3.3 Kha niing khang khuin

Kha nang khang khuén cua dung dich nano Vang tir dich chiét 14 cay Ngii Gia Bi dugc thir nghiém voi 6
loai vi khuén, trong d6 ¢6 3 chung vi khuan Gr (-) gom Salmonella typhi, Escherichia coli va Pseudomonas
aeruginosa, 3 chung Gr (+) gom: Bacillus subtilis, Bacillus cereus va Staphylococcus aureus.

Hinh 12: Két qua khang khuin ciia cac hat nano Vang
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Trong hinh, ta cé:

A: Bacillus cereus, B: Bacillus subtilis, C: Staphylococcus cereus, D: Salmonella typhi, E: Escherichia
coli, F: Pseudomonas aeruginosa. (+): Dbi chimg duwong (Gentamicin); (- ): Dbi chig am (dich chiét); N1:
Dung dich nano vang ban dau 80 ppm; N2: Dung dich nano Vang véi nong d6 40 ppm; N3: Dung dich
nano Vang vdi nong do 20 ppm; N4: Dung dich nano Vang vai nong d6 10 ppm.

Bang 2. Két qua dudng kinh vong khang khuan cua nano Vang
Nong d6 dung dich nano Vang

Déi chang (+)

Vikhuan (mm) 80 ppm 40 ppm 20 ppm 10 ppm
(mm) (mm) (mm) (mm)
Bacillus cereus 21,332+ 0,58 7,67° + 0,58 6 6 6
Bacillus subtilis 21,6724+ 058 8,67°+058 7,33°+1,15 6 6
Staphylococeus 5 3024 058 7,375+ 1,18 6 6 6
aureus
Salmonella typhi 22,33+ 1,15 7,33+ 0,67 6 6 6
Escherichia coli 20,672+ 153 7,032+ 1,05 6 6 6
Pseudomonas ) g7 4 1 15 6 6 6 6
aeruginosa e

Trong ciing mot hang céc s6 ¢ chit sé mil khac nhau thi khac nhau & muc y nghia (o= 0,05)

Theo bang 2, két qua nghién ctru kha ning khang khuin cta nano Vang cho thiy, nano Vang duoc téng
hop tir 14 cay Ngii Gia Bi c6 kha ning khang 5 chung vi khuan lan luot 1a Bacillus cereus, Bacillus subtilis,
Staphylococcus aureus, Salmonella typhi, Escherichia coli v6i dudng kinh vong khang khuan dao dong tir
7,032 4+ 1,05 mm dén 8,67° + 0,58 mm. Mau nano Vang thé hién tinh khang khuan manh nhét ddi véi ching
Bacillus subtilis véi duong kinh vong khang 1a 8,67° + 0,58 mm. Mau nano Vang thu dugc hoan toan
khong thé hién tinh khang khuan déi voi chung Pseudomonas aeruginosa ¢ tat ca cac nong do khao sat.
Bén canh d6, mau dung dich nano Vang tong hop tir dich chiét 14 Ngii Gia Bi chi thé hién kha nang khang
khuén bét dau tir ndng d6 80 ppm dbi v6i cac ching vi khudn nghién ctru, con & nong do dudi 40 ppm hau
nhu khéng thé hién tinh khdng khuan dang ké. Chung Bacillus subtilis ciing 1a ching duy nhit quan sat
dugc vong khang khuan véi duong kinh 7,33° + 1,15 & ndng dé nano Vang 40 ppm.

D6i voi mot s6 nghién ciru trude d6 nhu sir dung dung dich nano Vang tir dich chiét tir 14 cay Pistacia
atlantica voi 4 chung E. coli, P. aeruginosa, S. aureus, B. subtilis déu thé hién duong kinh vong khang
khuan > 20 mm. Hoic loai Vitex negundo ciing dugc thuc hién khang khuan véi 4 ching trén thi duong
kinh vong khang khudn dao dong tir 17,7 dén 22 mm [23]. Do d6, c6 thé thdy duoc dung dich nano Vang
duoc tong hop tir dich chiét Ngii Gia Bi thé hién kha ning khang khuén rat yéu.

4 KET LUAN

Tinh thé nano Vang tinh khiét ¢6 kich thudc hat dudi 50 nm da dugc diéu ché thanh cong theo hudng tiép
can xanh tir dich chiét 14 Ngii Gia Bi. Trong cong trinh ndy, dich chiét 14 Ngii Gia Bi d3 dugc chimg minh
12 hidu qua cua trong viéc khir cc ion vang thanh cac hat nano va 6n dinh cac hat nano Vang. Cac hat nano
nano Vang c6 thé zeta -17,6 mV 6n dinh trong dung dich hon mét tuan va phan tan tét trong méi truong
nuéc. Dbi voi khao sat khang khuan, cac hat nano Vang thé hién kha ning khang khuan chdng lai nam loai
vi khuan Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Salmonella typhi, Escherichia coli véi
duong kinh vong khang khudn dao dong tir 7,032 + 1,05 mm dén 8,67° + 0,58 mm. Mau nano Vang thu
dugc khong thé hién tinh khang khuan ddi véi ching Pseudomonas aeruginosa. Kha ning khéng khang
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khuan khi str dung & nong do thap hon 40 ppm cho thdy nano Vang tong hop xanh tir dich chiét 14 Ngii Gia
Bi ¢6 tiém ning tmg dung trong phan phdi thude thong qua duong udéng, ma khong anh huong dén hé vi
sinh vat dudng rudt.
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GREEN SYNTHESIS AND STUDY ON ANTIBACTERIAL ACTIVITY OF GOLD
NANOPARTICLES OBTAINED FROM SCHEFFLERA HEPTAPHYLLA LEAVES
EXTRACT

NGUYEN THI LAN HUONG",BACH THI MY HIEN?
YInstitute Of Biotechnology and Food Technology, Industrial University of Ho Chi Minh city
“Faculty of Chemical Enginerring, Industrial University of Ho Chi Minh city
nguyenthilanhuong@iuh.edu.vn

Abstract. Currently, gold nanoparticles (AuNPs) are attracting the attention of scientists because of their
potential applications as promising drug delivery materials/anti-inflammatory agents in the rectum via oral
administration. However, AUNPs are also known to have strong antibacterial properties, causing negative
effects on the gut microbiota. Besides, the use of AUNPs synthesized from toxic commercial chemicals will
adversely affect human health and may not suitable for clinical applications. In this work, gold nanoparticles
in spherical shape with sizez of less than 50 nm were successfully synthesized by a green approach, using
the leaf extract from Schefflera heptaphylla plant as a reducing and a stabilizing agents. Antibacterial study
showed that gold nanoparticles even at high gold concentration revealed a week resistant property to 5
strains of bacteria, including Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Salmonella typhi,
Escherichia coli with antibacterial ring diameter ranging from 7.03 £ 1.05 mm to 8.67 £ 0.58 mm. The
obtained gold nano sample did not show antibacterial activity against Pseudomonas aeruginosa strain at all
investigated concentrations. Thus, with not too strong antibacterial properties, gold nanoparticles
synthesized from Schefflera heptaphylla leaf extract can become a potential material in drug delivery
application.

Keywords. Green synthesis, gold nanoparticles, Schefflera heptaphylla, biological activity, antibacterial
activity.
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