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Tém tat. Trong nghién ctru nay, ching t6i da tdng hop mot vat liéu méi 6 hoat tinh chdng oxy héa t5t.
Lan dAu tién cao chiét Man dia duwoc dwa vao hén hop collagen/chitosan/TEOS, vat liéu tao thanh c6
kha nang chdng oxy hda trong ba mé hinh: tong kha ning chdng oxy hda theo mé hinh phospho-
molybden, kha ning bét goc tu do DPPH, bt goc ABTS, véi gia tri ICso thap (ICs0 = 43,60 pg/mL va
46,57 ug/mL, tuong tng véi kha nang bat gdc DPPH va ABTS) va ham luwong cac chat chdng oxy hoa
kha cao 83,06 + 0,56 mg GA/g. Ham luong tong cac hop chat phenol va flavonoid trong composite Coll-
Cs-TEOS-MD 0,5 1a 36,87 + 0,18 mg GA/g va 28,12 + 0,15 mg QE/g. Vat liéu duoc dac trung thong qua
pho hong ngoai (IR) va hién vi dién tir quét (SEM). Vat liéu Coll-Cs-TEOS-MD 0,5 cho thdy kha nang
chdng oxy hda tot va la vat liéu tuong thich sinh hoc rat hita hen cho céc ing dung y sinh.
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Antioxidant activity of collagen/chitosan/ Archidendron clypearia extract
composite materials

Nguyen Hoang Luong Ngoc'?, Tran Thi Van Thi?!, Le Lam Son!, Nguyen Minh Nhung},
Nguyen Quang Man?3, Ho Xuan Anh Vu!, Tran Thanh Minh', Nguyen Viet Thang?, Nguyen Thi Nhu!,
Nguyen Thi Hong Hanh?, Le Trung Hieu™*

1Faculty of Chemistry, University of Sciences, Hue University, 77 Nguyen Hue St., Hue, Vietnam
2Ho Chi Minh City University of Industry and Trade, Vietnam
3 University of Medicine and Pharmacy, Hue University, 6 Ngo Quyen St., Hue, Vietnam
4Faculty of Biology, University of Sciences, Hue University, 77 Nguyen Hue St., Hue, Vietnam

* Correspondence to Le Trung Hieu <lthieu@hueuni.edu.vn>
(Recetved: 13 January 2023; Revised: 07 March 2024; Accepted: 08 April 2024)

Abstract. In this study, we have synthesized a new material with good antioxidant activity. For the
first time, Archidendron clypearia extract was included in the collagen/chitosan/TEOS mixture, the
resulting material had antioxidant capacity evaluated through DPPH and ABTS radical scavenging
and the total antioxidant capacity method, with low ICso values (ICso = 43.60 ug/mL and 46.57 pug/mL
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for DPPH and ABTS radical scavenging capacity) and the total antioxidant capacity was 83.06 + 0.56
mg GA/g. The total content of phenolic and flavonoid compounds in Coll-Cs-TEOS-MD 0.5 is 36.87 +
0.18 mg GA/g and 28.12 + 0.15 mg QE/g, respectively. Material characteristics are examined through
infrared spectroscopy (IR) and scanning electron microscope (SEM). Coll-Cs-TEOS-MD 0.5 material
shows good antioxidant activities, which is very promising as a biocompatible material for biomedical

applications.

Keywords: collagen, chitosan, Archidendron clypearia, collagen/chitosan/TEOS/ Archidendron clypearia

1 Mo dau

Vat liéu tuong thich sinh hoc dang nhan
dwoc sit quan tam ngay cang tang trong vai thap
ky qua, voi nhiéu tiém nang trong viéc cai thién
sttc khoe va diéu tri cadc bénh [1-3]. Cac vat liéu
nhw glucomannan, chitosan, cellulose, collagen va
cac dan xuit cua ching, dugc xem la cac vat liéu
tuong thich sinh hoc va khong doc hai [4-6]. Pac
biét, collagen va chitosan la nhing vat liéu hap
dan nhét cho cdc tng dung my phdm va dugc
pham [7]. Thue t€, chitosan da duoc coi la ngudn
sinh kh6i phong pht nhét trong tw nhién sau
cellulose. Cac dang khac nhau ctia chitosan (vi du:
mang, hat, nanoparticle, microsphere, hydrogel,
nanofiber va nanocomposite) da thé hién nhiing
ddc tinh nhw chéng oxy hoda, chdng dong, chdng
vi khuan, chéng ung thu, chéng & nhiém, chdng
nam, xudt phat tir dién tich bé mat riéng cao, kha
nang hap phu tot va kha nang phan hay sinh hoc
[8]. Bén canh d6, collagen, mot protein quan trong
trong cau tric ma tran t€ bao ngoai vi, pho bién
trong xuong, da, day chéng, gan va cac mo ndi
khac, cling da thu hut nhiéu su quan tam [9]. Vé6i
tinh nang phan giai sinh hoc t6t, khong gay di
tng, khong doc hai, tuwong thich sinh hoc, va cac
hoat tinh sinh hoc quy khac nhu chdng oxy hoa,
khang khuan, khang ndm [10].

Dé tang cuong hoat tinh cua nhiing vat liéu
thich
chitosan/collagen, cac hop chat c6 hoat tinh chong

tuong sinh.  hoc nhw composite
oxy hoda duoc thém vao composite trén dé€ dat
dwoc hoat tinh t6t hon [11, 12]. Man dia 1a mot
loai duoc liéu c6 hoat tinh chéng oxy héa manh

[13-15]. Cac nghién ctu trudc chi ra rang, cao
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chiét Man dia c6 kha nang chdng oxy hoa, bao vé
gan, dap tat cac gdc tw do, chong ting trudng t&
bao ung thu tir cung, tc ché biéu hién iNOS va
san sinh NO trong t€ bao [15, 16]. Do d6, c6 thé ky
vong vao su két hgp cao chiét Man dia sé tiang
cueong dang ké hoat tinh chéng oxy hod cua vat
liéu nay.

Trong nghién cttu nay, chung t6i da diéu
ché vat liéu t0 hop dua trén nén chitosan/collagen
két hop cao chiét Man dia (ky hiéu la Coll-Cs-
TEOS-MD) thanh vat liéu c6 kha nang chdng oxy
hoa cao. That vay, cac mau Coll-Cs-TEOS-MD
duoc danh gia c¢6 hiéu qua chéng oxy hoa tot
trong cac mo6 hinh DPPH va ABTS véi gia tri ICso
thdp (ICso tir 43,60 pg/mL dén 87,49 pg/mL trong
md hinh DPPH va ICso tir 50,50 pg/mL dén 94,22
ug/mL trong m6 hinh ABTS). Tong ham luong
chdng oxy hoa dugc tim thay dao dong tur 27,98 +
0,28 mg GA/g dén 83,06 + 0,56 mg GA/g. Vat liéu
thu duwgc duoc ddc trung thong qua phd hong
ngoai (IR) va hién vi dién t& quét (SEM).

2 Thuc nghiém

2.1  Nguyén liéu, hoa chit va dung cu

Nguyén liéu: phan trén mat dat caa cay
Man dia (Archidendron clypearia) dwoc thu hai tai
Vuon Quéc gia Bach Ma. Mau nghién cttu duoc
ThS. Nguyén Viét Thang, khoa Sinh hoc, truong
Pai hoc Khoa hoc, Pai hoc Hué xac dinh tén khoa
hoc. MAu tiéu ban hién dwoc luu gitt tai khoa Hoa

hoc, truong Dai hoc Khoa hoc, Dai hoc Hué.

Hoa chat: T4t ca hoa chat va dung moi déu

dat tiéu chuan phan tich: gallic acid, quercetin
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(Sigma-Aldrich), Na2COs, NaOH, NaNOz, AIClIs,
H2S0s4, (NH4)2MoOs (Guangdong, PA), 2,2-azino-
bis(ethylbenzene-thiazoline-6-sulfonic acid
(ABTS), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Merck).

Folin - Ciocalteu,

2.2 Tach chiét cao toan phian

Mau nguyén liéu kho (20 gam) duoc chiét
véi C2HSOH 96 % (v/v) (mdi Ian 600 mL, 3 lan
chiét) trong 4 gio ¢ nhiét dd so6i cua dung moi.
Mau duoc 1lam lanh dén nhiét d6 phong, loc va
sau d6 tién hanh c6 quay chan khong, thu duoc
cao ethanol (hiéu suat chiét khoang 6,35%).

2.3 Ché tao vat liéu composite

chitosan/collagen/TEOS két hgp cao chiét

Main dia

Chitosan (CS) (0,5 gam) dwoc phan tan
trong 20 mL acetic acid 0,1 M truede khi dwoc thém
vao dung dich chita collagen (Col) (0,8 g), cao
Mén dia (MD) (khéi luwong tir 0,1 gam dén 0,5
gam) va 50 mL acetic acid 0,1 M. Sau d6, 2 mL
tetraethyl orthosilicate (TEOS) duwoc thém vao,
khudy ¢ nhiét do phong trong 60 phuat dé tao ra
gel dong nhat. Sau do, gel duoc do 1én dia Petri va
say kho ¢ 40 °C d€ thu dwoc vat liéu mong mudn.
Mot quy trinh twong te da dwoc st dung dé
chuan bi mau khong co sy hién dién cta cao chiét
Man dia.

24 Danh gia hoat tinh chdng oxy hda

Péanh gia tong kha ning chdng oxy hoa (total
antioxidant capacity (TAC)) theo moé hinh
phospho molybden

Tong kha nang chong oxy hoa duoc xac
dinh bang phuong phap mé ta boi Nair va cong
su [17]. Viéc dinh luong tdng kha nang chdng oxy
hoa duoc xac dinh thong qua phép do d6 hap thu
quang. Kha niang chéng oxy hda toan phan duoc
biéu thi dudi dang tuong duong gallic acid (GA)
hodc ascorbic acid [18, 19].
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Dénh gia tic dung bat gdc tw do DPPH

Hoat tinh chong oxy hda thé€ hién qua kha
nang lam giam mau cia DPPH dwoc xac dinh trén
mdy quang phd Jasco V-630 theo phuong phap
dwoc mo ta béi Wong va cong su [20]. Tac dung
bat goc tu do DPPH dugc danh gia qua gia tri
ICso.

Panh gia kha ning bat goc ABTS

Kha nang bat g6c ABTS ctia cac cao chiét
dwoc thiee hién theo phwong phap duoc mo ta boi
Roberta Re va cong su [21]. Kha nang chong oxy
hoéa duogc danh gia qua gia tri ICso. Ascorbic acid
duoc sit dung lam chat d6i chiing dwong.

2.5  Toéng ham lugng cac hop chat phenol

Tong ham luong cac chdt phenol duoc xac
dinh bang phuong phap Folin-Ciocalteu. Khoang
nong do gallic acid xay dung duong chuan la ti
0,05 dén 3 mg/mL va két qua tdng ham luong cac
chat phenol duwoc biéu thi bang mg duong lueong
gallic acid (GA) trén 1 gam mau [22].

2.6 Tong ham lugng flavonoid

Toéng ham lwgng flavonoid dwgce xac dinh
bang phuong phap tric quang tao mau véi AlCls
trong moi truong kiém theo phwong phap cta
Meda va cong su [23]. DO hdp thu quang cua
dung dich phan tng dugc do & budc séong 510
nm. Quercetin duoc st dung lam chat chuan tham
khao. Ham luong quy tuong duwong theo s6

milligam quercetin /1 gam mau.

2.7 Dac trung vat liéu

Dic tinh caa vat liéu dwoc xac dinh bé“mg
mdy quang phd hong ngoai IR Prestige-21
(Shimadzu, Nhat Ban). Hinh thai dugc dac trung
bang hién vi dién tir quét (JSM-6010PLUS - JEOL,
Nhat Ban).
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3 K&t qua va thao luan

3.1 Hoat tinh chdng oxy hoéa va ham lugng cac
hop chit phenol cuaa vat liéu

Hoat tinh chdng oxy hoa thong qua qua
trinh chelating la qua trinh bit gitt ion kim loai
tao thanh cac hop chat hoa tan va 6n dinh. Anh
hwéng tiéu cuc cua su tich tu qua mic ion kim
loai 1a nguyén nhan gay ton thuong mé va gay ra
cac bénh ly nhu tiéu duong, suy tim, suy gan, tiéu
duwong, va t vong. Trong phép do TAC, Mo (VI)
duoc khir thanh Mo (V) bang cac chat chdng oxy
héa. Téng ham luong chat chdng oxy hoa trong
mau duoc quy twong duong vé mg gallic acid/g

mau (phuong trinh héi quy tuyén tinh ctaa gallic

acid Abs = 1,952 Cca + 0,2372, R2 = 0,9992, 6 nong
d6 ttr 0,1 mg/mL dén 0,5 mg/mL). Két qua nghién
ctu cho thdy, kha nang chdng oxy hda cua vat
liéu composite tang theo ham luong cta cao chiét
Maén dia. Tong ham lwgng chat chdng oxy hda
trong cac mau thé hién cao nhit ¢ nong dd 1
mg/mL. Két qua duoc thé hién ¢ Bang 1, tong
ham lwong cac chdng chat oxy hoa dao dong tw
27,98 + 0,28 mg GA/g dén 83,06 + 0,56 mg GA/g.
Téng kha nang chdng oxy hda ctia cdc mau c6 thé
dugc sap x& nhu sau: Coll-Cs-TEOS-MD 0,5 >
Coll-Cs-TEOS-MD 0,4 > Coll-Cs-TEOS-MD 0,3 >
Coll-Cs-TEOS-MD 0,2 > Coll-Cs-TEOS-MD 0,1>
Coll-Cs-TEOS.

Bang 1. Hoat tinh chéng oxy hod, téng ham lwgng cac hop chét phenol, va téng ham luong flavonoid ctia vat liéu
collagen-chitosan- TEOS-Man dia (ky hiéu la Coll-Cs-TEOS-MD-x)

Mau ICso (ug/mL) TAC TPC TFC
DPPH ABTS (mg GA/g) (mg GA/g) (mg QE/g)
MD 14,43 16,13 280,16 + 1,32 112,68 + 1,28 78,45+ 1,12
Coll-Cs-TEOS 111,15 119,72 531+0,16 - -
Coll-Cs-TEOS-MD 0,1 87,49 94,22 27,98 + 0,28 8,12+0,12 5,68 + 0,21
Coll-Cs-TEOS-MD 0,2 66,79 74,34 47,07 +0,31 15,36 +0,13 11, 61+0,14
Coll-Cs- TEOS-MD 0,3 56,75 65,47 54,60 + 0,43 23,56 +0,24 17,68 + 0,12
Coll-Cs- TEOS-MD 0,4 48,35 55,50 77,82+1,13 30,23 0,16 22,36 +0,24
Coll-Cs- TEOS-MD 0,5 43,60 50,50 83,06 + 0,56 36,87 + 0,18 28,12 +0,15

Ghi chti x: ham lwong cao Mén dia trong mau; Két qua duoc biéu dién Xts + S (n=3)

Qua trinh tc ché€ oxy hod lipid thuong
duoc stt dung d€ danh gid hoat tinh chdng oxy
héa ctia mau nghién cttu. Trong d6, phwong phép
bat gdc ABTS va goc tw do DPPH la cac phuong
phép hiéu qua dé xac dinh hoat tinh chéng oxy
héa ctia cac chat trong mau nghién ctru theo kha
nang cho nguyén tir hydro hodc cho electron, dua

trén su giam mau ctia géc ABTS va DPPH.

Két qua 6 Hinh 1 cho thdy, hoat tinh bat
gOc cua vat liéu tang khi ting nong do cua vat

liéu. Kha néng chéng oxy hda cua mau nghién
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ctu la kha tot thong qua gia tri ICso thap (ICso tir
43,60 pg/mL dén 87,49 ug/mL trong mo6 hinh
DPPH, ttr 50,50 pg/mL dén 94,22 ug/mL trong mo
hinh ABTS). O nong dd 125 pg/mL, kha ning bat
goc DPPH va ABTS ctia cdc mau nghién ctru la
trén 60%. Kha ning bat gdc DPPH va ABTS cta
cac mau duoc sap xép nhu sau: Coll-Cs-TEOS-MD
0,5 > Coll-Cs-TEOS-MD 0,4 > Coll-Cs-TEOS-MD
0,3 > Coll-Cs-TEOS-MD 0,2 > Coll-Cs-TEOS-MD
0,1> Coll-Cs-TEOS. Nhu vay, vat liéu
collagen/chitosan chtta cao chiét Man dia c6 hoat

tinh bat géc vuot troi so voi collagen va chitosan.
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Hinh 1. Hoat tinh chng oxy hoa ctia cdc mau vat liéu: (A) bat gdc tw do DPPH; (B) bét goc ABTS

Céc nghién ctru trude day cho thdy: cac hop
chat phenol, déc biét cac flavonoid, la thanh phan
quan trong tao nén hoat tinh chéng oxy hoa cua
mau nghién cttu [24-26]. Ham luong tong cac hop
chat phenol trong cdc mau nghién cttu dwoc xac
dinh dua trén duong chuan vdi chdt chuan la
gallic acid (GA) trong khoang nong d¢ tir 0,05 dén
3 mg/mL, ¢ dang phuong trinh hoi quy tuyén
tinh: A (Abs) = 10,309 Cca + 0,1174, hé sd twong
quan R2 = 0,9994. Ham luong tong flavonoid trong
cac mau nghién cttu dugc xdc dinh dwa trén
duong chudn véi chdt chuan la quercetin (QU)
trong khoang nong d6 0,05 dén 0,3 mg/mL, c6
dang phuong trinh hoi quy tuyén tinh: A (Abs)=
8,9273 Cqu - 0,2390, hé s6 tuong quan R2? = 0,9995.
Ham luong tdng cac hop chat phenol va flavonoid
trong cdc mau nghién ctu tir 8,12 + 0,12 mg
GAE/g dén 36,87 + 0,18 mg GAE/g va tir 5,68 +
0,21 mg QE/g dén 28,12 + 0,15 mg QE/g. Tuong tu
nhu mo6 hinh bat géc tw do DPPH va ABTS, ham
luong tong cac hop chat phenol va flavonoid
trong cac mau nghién ctru duoc sap xép nhuw sau:
Coll-Cs-TEOS-MD 0,5 > Coll-Cs-TEOS-MD 0,4 >
Coll-Cs-TEOS-MD 0,3 > Coll-Cs-TEOS-MD 0,2 >
Coll-Cs-TEOS-MD 0,1.

Nhu vy, trong cac md hinh bat gdc tw do
DPPH, ABTS, ham luong tong cédc hop chét
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phenol va flavonoid, mau Coll-Cs-TEOS-MD 0,5
c6 hoat tinh chdng oxy hoa t&t nhat. Mau Coll-Cs-
TEOS-MD 0,5 dwoc luwa chon dé€ xac dinh cac dac

trung vat liéu.

3.2 Dac trung cua vat liéu Coll-Cs-TEOS-MD
0,5

Hinh thai ctia vat liéu Coll-Cs-TEOS c6 va
khong co cao chiét Man dia duwgc thé hién ¢ trong
Hinh 2A-B cho thay su khac biét dang ké. Viéc
duwa thém cao chiét Man dia tao ra vat liéu
composite da hinh, da kich thudc va khong dong
nhat hon so véi vat liéu Coll-Cs-TEOS ban dau.

Phé hong ngoai bién do6i Fourier (FTIR)
duoc st dung d€ mo ta cac dao dong hoa hoc co
trong vat liéu, dugc thé hién ¢ hinh 3. Cac peak
rong trong khoang sd séng 3000 — 3620 cm! dac
trung cho cac dao dong kéo gian cua cac nhom
-NH: hodc -OH. Cac peak ¢ 1630 cm™, 1535 cm,
1443 cm! va 1344 cm™! ddc trung cho cac dao dong
hda tri cua cac lién két -C=0, -N=H, -C=C- va
—C-H ¢6 trong collagen, chitosan va cao chiét Man
dia. Ngoai ra, sy xuat hién cua cac peak ¢ 1078
cm, 962 cm”, va 451 cm! 1a cac dao dong cua lién
két Si-O cua SiO: [27, 28].
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Hinh 2. Hinh SEM cua céc vat liéu: Coll-Cs-TEOS (A); Coll-Cs-TEOS-MD 0,5 (B)

Coll-Cs-TEOS

Do truyén qua % (a.u.)

Coll-Cs-TEOS-MD 0.5 M

4000 3000

2000 1000

Bwéc séng (cm™)

Fig. 3. Hinh 3. Pho hong ngoai ctia cac mau: chitosan, collagen, chitosan/collagen/TEOS va
chitosan/collagen/TEOS/MD 0,5

4  Kétluan

Vat liéu composite chitosan/collagen/TEOS
két hop voi cao chiét Man dia cho thdy kha nang
chéng oxy hoa trong ba mé hinh: tong kha nang
chong oxy hoéa theo mo hinh phospho-molybden,
kha nang bat gdc tw do DPPH, bat gdc ABTS véi
gia tri ICs thap (ICso = 43,60 ug/mL va 46,57
ug/mL, tuong tng véi kha nang bat géc DPPH va
ABTS) va ham luwong cac chat chdng oxy hda kha
cao: 83,06 + 0,56 mg GA/g. Ham luwgng tong cac
hop chat phenol va flavonoid trong Coll-Cs-
TEOS-MD 0,5 1a 36,87 + 0,18 mg GA/g va 28,12 +
0,15 mg QE/g. Hinh thai cta vat liéu dwoc xac
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dinh qua anh SEM va cac dao dong ddc trung ctia
vat liéu duoc chi ra qua phd hong ngoai bién doi
Fourier (FT- IR). Vat liu Coll-Cs-TEOS-MD 0,5
cho thdy kha nang chong oxy hoa tt va cé nhiéu
tiém nang tng dung trong linh vuc duoc pham va

my pham.
Loi cam on
CAc tac gia cling ghi nhan sy hd tro tir Dai

hoc Hué€ trong khudén kho Chwong trinh Nhom
Nghién ctru tiéu biéu, ma sd: NCTB.DHH.2024.09.



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién
Tép 133,56 1C, 131-138, 2024

pISSN 1859-1388
elSSN 2615-9678

. Nurilmala

Tai liéu tham khao

. Hua Y, Ma C, Wei T, Zhang L, Shen J.
Collagen/chitosan
antioxidant activity, tyrosinase inhibition activity,
and melanin synthesis. International Journal of
Molecular Sciences. 2020;21(1):313.

complexes: Preparation,

. Roy S, Rhim ]-W. Fabrication of chitosan-based
functional nanocomposite films: Effect of quercetin-
loaded chitosan nanoparticles. Food Hydrocolloids.
2021;121:107065.

. Sareethammanuwat M,

Arpornmaeklong P. Effects
phosphate nanoparticles on the properties of a
thermosensitive chitosan/collagen hydrogel and
controlled

Boonyuen S,
of beta-tricalcium

Journal of
Part A.

release of quercetin.

Biomedical Materials Research

2021;109(7):1147-59.

. Kaparekar PS, Pathmanapan S, Anandasadagopan
SK. Polymeric scaffold of Gallic acid loaded
chitosan nanoparticles infused with collagen-fibrin
for wound dressing application. International
Journal of Biological Macromolecules. 2020;165:930-
47.

. Chuysinuan P, Thanyacharoen T, Thongchai K,
Techasakul S, Ummartyotin S. Preparation of

chitosan/hydrolyzed  collagen/hyaluronic  acid
based hydrogel composite with caffeic acid
addition. International journal of biological

macromolecules. 2020;162:1937-43.

. Jangde R, Srivastava S, Singh MR, Singh D. In vitro
and In vivo characterization of quercetin loaded
multiphase  hydrogel  for healing
application. International journal of biological
macromolecules. 2018;115:1211-7.

wound

. Sionkowska A, Kaczmarek B, Lewandowska K.
Modification of collagen and chitosan mixtures by
the addition of tannic acid. Journal of Molecular
Liquids. 2014;199:318-23.

. Abd El-Hack ME, El-Saadony MT, Shafi ME,
NM, Arif M, Batiha GE,
Antimicrobial and antioxidant properties of
chitosan and its derivatives and their applications:
A review. International Journal of Biological
Macromolecules. 2020;164:2726-44.

Zabermawi et al

M, Hizbullah HH, Karnia E,
Kusumaningtyas E, Ochiai Y. Characterization and
antioxidant activity of collagen, gelatin, and the

DOI: 10.26459/hueunijns.v133i1C.7417

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

derived peptides from yellowfin tuna (Thunnus
albacares) skin. Marine drugs. 2020;18(2):98.

Bhagwat PK, Dandge PB. Collagen and
collagenolytic proteases: A review. Biocatalysis and
agricultural biotechnology. 2018;15:43-55.

Gomathi K, Gopinath D, Ahmed MR, Jayakumar R.
Quercetin incorporated collagen matrices for
dermal wound healing processes in rat.
Biomaterials. 2003;24(16):2767-72.

Chattopadhyay S, Raines RT. Collagen-based
biomaterials for wound healing. Biopolymers.
2014;101(8):821-33.

Duong NT, Vinh PD, Thuong PT, Hoai NT, Bach
TT, Nam NH, et al. Xanthine oxidase inhibitors
from Archidendron clypearia (Jack.) IC Nielsen:
Results from systematic screening of Vietnamese
medicinal plants. Asian Pacific journal of tropical
medicine. 2017;10(6):549-56.

Lian WH, Sun TX, Meng X, Sun R, Hui F, Jiang Yn,
et al. Overexpression of the Panax ginseng MYB4
gene enhances stress tolerance in transgenic
Arabidopsis thaliana. 2021;65(1):27-38.

Wang Y-X, Han F-Y, Duan Z-K, Chang Y, Lin B,
Wang X-B, et al. Phenolics from Archidendron
clypearia (Jack) IC Nielsen protect SH-SY5Y cells
against H202-induced oxidative
Phytochemistry. 2020;176:112414.

stress.

Yang WS, Jeong D, Nam G, Yi Y-S, Yoon DH, Kim
TW, et al. AP-1 pathway-targeted inhibition of
inflammatory responses in LPS-treated
macrophages and EtOH/HCl-treated stomach by
Archidendron clypearia methanol extract. Journal
of Ethnopharmacology. 2013;146(2):637-44.

Nair VD, Panneerselvam R, Gopi R. Studies on
methanolic extract of Rauvolfia species from
Southern Western Ghats of India-In vitro
antioxidant properties, characterisation of nutrients
and phytochemicals. Crops and
Products. 2012;39:17-25.

Industrial

Megala ], Geetha A. Free radical-scavenging and
H+, K+-ATPase inhibition
Pithecellobium dulce. Food
2010;121(4):1120-8.

activities of
chemistry.

Jayaprakasha G, Selvi T, Sakariah K. Antibacterial
and antioxidant activities of grape (Vitis vinifera)
seed extracts. Food research international.
2003;36(2):117-22.

137



Nguyén Hoang Lwong Ngoc va CS.

20.

21.

22.

23.

24.

138

Wong SP, Leong LP, Koh JHW. Antioxidant
activities of aqueous extracts of selected plants.
Food chemistry. 2006;99(4):775-83.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang
M, Rice-Evans C. Antioxidant activity applying an
improved ABTS radical cation decolorization assay.
Free radical biology and medicine. 1999;26(9-
10):1231-7.

Gan R-Y, Xu X-R, Song F-L, Kuang L, Li H-B.
Antioxidant activity and total phenolic content of
medicinal plants associated with prevention and
treatment of cardiovascular and cerebrovascular
diseases. Journal of Medicinal Plants Research.
2010;4(22):2438-44.

Ribarova F, Atanassova M, Marinova D, Ribarova
F, Atanassova M. Total phenolics and flavonoids in
Bulgarian fruits and vegetables. JU Chem Metal.
2005;40(3):255-60.

Thongchai K, Chuysinuan P, Thanyacharoen T,
Techasakul S, Ummartyotin S. Characterization,
release, and antioxidant activity of caffeic acid-
loaded collagen and chitosan hydrogel composites.

25.

26.

27.

28.

Journal of Materials Research and Technology.
2020;9(3):6512-20.

Kaczmarek B, Mazur O. Collagen-based materials
modified by phenolic acids—A review. Materials.
2020;13(16):3641.

Zheng T, Tang P, Li G. Development of composite
film based on collagen and phenolic acid-grafted
chitosan for food packaging. International Journal
of Biological Macromolecules. 2023;241:124494.

Lee B-S, Lin H-P, Chan JC-C, Wang W-C, Hung P-
H, Tsai Y-H, et al. A novel sol-gel-derived calcium
with short setting
application in endodontic repair of perforations.
International Journal of Nanomedicine. 2018:261-
71.

silicate cement time for

Le TH, Nguyen THC, Tran TVT, Le LS, Ho XAV,

Tran TM, et al. Quercetin-incorporated
collagen/chitosan/SiO2 composite toward the
robust antioxidant biomaterials. International

Journal of Polymeric Materials and Polymeric
Biomaterials. 2023:1-8.



