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SUMMARY

SYNTHESIS OF ANTIBACTERIAL COMPOSITE BEADS
BASED ON ALGINATE AND POLYHEXAMETHYLENE GUANIDINE
HYDROCHLORIDE

Polyhexamethylene guanidine hydrochloride (PHMG) is an antibacterial polymer compound of increasing
interest in water treatment, thanks to its strong activity and low toxicity. In this study, PHMG was
synthesized by hot-melt polycondensation and used to prepare antibacterial composite beads with sodium
alginate. The IR analysis results indicated that alginate/PHMG composite beads were successfully
synthesized, and there is a chemical interaction between alginate and PHMG. Therefore, the composite has
high stability, only 6.2% (wt.) of PHMG was released from the composite when it was soaked in water. The
synthesized PHMG has excellent antibacterial activity against gram-positive (+) and gram-negative (-)
bacteria and fungi, with a MIC value not exceeding 32 pg/mL. The water disinfection test showed that
alginate/PHMG composite beads can material 100% of ~ 10° CFU/mL E.coli have been killed, and that
composite can be reused 3 times.
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khtr tring nudc phd bién nhét hién nay 1a phuong

1. MODAU phdp héa hoc, st dung cac chit oxi héa manh
Hién nay, ngudn nudc phuc vu cho sinh hoat cua (ozone, hydrogen peroxide, chlorine hoat tinh...).
ngudi dan & cac vang ndng thdn van dang duoc lay Trong d6, cac hop chét chlorine hoat tinh hién
cha yéu tir nguon nuéc mat va nudc ngam. Tuy duoc (ng dung rong rdi nhat. Tuy nhién, phuong
nhién, téc 6 cong nghiép hoa, d6 thi hda manh mé phdp nay dé tao ra cac san pham phu doc hai
da khién nhitng nguén nudc nay dang ngay cang bi (chlorophenol, haloacetic acid, trihalomethane ...),
6 nhidém tram trong. Bén canh cac chat 6 nhiém tham chi, mot s chat c6 kha ning gay ung thu. Do
phd bién nhu cac kim loai nang, cac hop chit hiru do6, viéc phat trién cac tac nhan khang khuan an
co... thi vi trang, vi khuan gay bénh ciing 14 cac toan gan day dang duoc tap trung nghién cau rat
tac nhan 6 nhiém dac biét nguy hiém, cé thé lan manh m&.

truyén dich bénh trong cong dong. Phwong phap
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Theo huéng nghién ctu ndy, cac hop chit polyme
gbc guanidine da duoc nhiéu nghién ciu cong bd
¢6 tinh nang khang khuan manh phé rong va doc
tinh thip. Trong s6 do, polyhexamethylene
guanidine hydrochloride (PHMG) dugc quan tam
nhat do c6 hoat tinh manh va 6n dinh [1,2]. Cho
dén nay, hau hét cac nghién ctu déu st dung
PHMG ¢ dang tu do, cho tryc tiép vao ngudn nuéc
nhiém khuan. Tuy nhién, dé gia ting hiéu qua ung
dung cua loai vat liéu ndy, PHMG c6 thé duoc dua
Ién cac chat mang [3]. Trong mot nghién ctru trudce
day, nhém chung t6i da tong hop vat liéu
nanocomposite khang khuan sat tir/ polyguanidine,
nhung d6 bén cua vat liéu chua cao do dic tinh tan
manh trong nudc cia PHMG [4].

Trong linh vuc xu 1y nuéc, alginate - mot ché
pham chiét xuit tir tao nau, ciing dang dugc ua
chuong vi cé dac tinh than thién véi méi truong.
bay 1a mét loai polysaccharide tu nhién cé chaa
nhiéu nhém chic carboxylic va hydroxyl trong cau
trdc nén c6 kha niang hap phu rat tt cac loai tac
nhan 6 nhiém trong méi trudng nudce [5]. Vi muc
dich ung dung dé khur triung nuéc, alginate da dugc
bién tinh véi cac tac nhan khac c6 kha nang khang
khuan nhu tinh dau [6], hat ZnO nano [7], hat bac
nano [8].

Bai b4o nay tién hanh nghién ciru téng hop vat ligu
composite dang hat trén co sé alginate véi tdc nhan
khang khuan 1a PHMG, dinh huéng tng dung khu
tring nudc cap sinh hoat.

2. THUC NGHIEM
2.1. Ché tao hat composite alginate/PHMG

PHMG duoc diéu ché theo quy trinh nhu cong bd
trong cac tai liéu [9]. Hexamethylene diamine
(HMDA) va guanidine hydrochloride (GHC) véi ty
1& mol 1:1 duogc tring ngung nong chay & cac ché do
gia nhiét nhu sau: 100°C trong 3 gio, 150°C trong 2
gio va cudi ciing giir & 180°C va trong 1 gio.

Hat alginate duoc ché tao bang cach cho dung dich
sodium alginate 1% Kl. vao xi lanh, rdi nho giot vao
dung dich CaCl, 0,3 M. Dé hat gia hda trong 24 gio,
sau d6, loc rira hat nhiéu 1an bang nuéc cat [10].

Cho 10 g hat alginate vao 100 mL dung dich
PHMG 2%, khudy trong 1 gid s& thu dwoc hat
composite alginate/PHMG, loc rira hat nhiéu lan
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bang nudc ct, sau d6 sy khd ¢ 105°C trong 24
gio. Thanh phan PHMG trong vat liéu composite
dugc xac dinh bang cach can hat alginate truéc va
sau khi bién tinh, gia tri trung binh cua 3 lan thi
nghiém la 4,1% Kl.

2.2. Pic trung tinh chit cia vat li¢u
2.2.1. Phan tich phé hong ngoai:

Cau trdc héa hoc cua PHMG va composite
alginate/PHMG dugc khao sat thong qua phuong
phap phd hdng ngoai trén thiét bi NEXUS 670
(NICOLET).

2.2.2. Thir nghiém kha nang khdng khuan:

Kha nang khang khuan cia PHMG duoc xac dinh
bang chi s6 néng do tc ché tdi thieu (MIC) theo
tiéu chuan DIN 58940-6:2007, trén cac dong vi
khuan va nam: Staphylococcus aureus (S.aureus),
Bacillus  subtilis  (B.subtilis), Lactobacillus
fermentum (L.fermentum), Salmonella enterica
(S.enterica), Escherichia coli (E.coli),
Pseudomonas aeruginosa (P.aeruginosa) va nam
Candida albican (C.albican). Dung dich vi
khuan/nim dwoc chuan bi véi nong do 5.10°
CFU/mL. Mau PHMG dugc pha thanh day cac
nong do khéc nhau. Liy 10 pL dung dich PHMG,
thém 200 pL dung dich vi khuan/nim va tién hanh
u 24 gio & 37°C. Cho thém 50 uL 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) 1 mg/mL vao céc giéng thir va
quan sat su chuyén héa MTT thanh MTT formazan
c6 mau tim. MIC 1a nong d6 thap nhat ma giéng
thir khong ddi mau.

Kha ning khang khuin cua vat liéu composite
alginate/PHMG duogc thi nghiém trén chung vi
khuan dai dién E.coli bang phuong phap tiép xdc
truc tiép [11]. Dich E.coli dugc nudi cdy va pha
lodng t&i mat do ~ 10° CFU/mL. Cho 1 g vat liéu
vao céc chira 10 mL dung dich chira vi khuan
E.coli, sau 30 phdt xac dinh mat do vi khuan bang
phuong phap dém khuan lac. Higu luc khang
khuan duoc xac dinh thong qua mat do vi khuan
xuét hién ban dau va sau khi tiép xdc vai vat liéu,
ap dung cong thuc:

H (%) = (1- 3) x 100%



Trong d6, A va N twong ung la mat d¢ vi khuan
ban dau va sau khi tiép xdc véi vat liu.

2.2.3. Khao sat dé tan nha PHMG tir hat
composite:

Qua trinh tan nha PHMG tir hat composite dugc
khao sat trong moi truong nudc. Cho 50 g
composite alginate/PHMG vao 500 mL nuéc cat,
khuay nhe (300 v/p). Sau cac khoang thoi gian
khac nhau, hat 5 mL dung dich dé phan tich ham
lugng PHMG tan ra. Nong 6 PHMG dugc phan
tich bang phuwong phép trac quang trén thiét bi UV-
Vis S80 (Biochrom) [12].

3. KET QUA VA THAO LUAN
3.1. Pic trung tinh chit cia PHMG

Céu tric hoa hoc cuia PHMG dugc phan tich bang
phd hdng ngoai va trinh bay trén hinh 1.

C6 thé quan sat thay trén hinh 1 cac pic dién hinh
tai s6 song 3180cm™ tuwong &ng vai dao dong héa
tri va 1464 cm™ ung véi dao dong bién dang cua
amin bac 2. Hai dinh hap thu tai s6 séng 2934 va
2860 cm™ dugc quy cho dao dong ddi xing va bat
ddi xing cua lién két CH,. Mot pic c6 cuong do
manh tai 1644 cm™ tuong wng véi lién két C=N,
pic hip thu tai 1356 cm™ tng vai lién két C-N cua

nhém amin bac 2. Ngoai ra, con quan sat thdy céc
pic tai 3326 cm™ va 1160 cm™ dic trung cho
dao dong hoa tri va bién dang cua nhom OH,
CI. Pay chinh 13 cac nhém chic dac trung cua
PHMG [13].
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Hinh 1. Phé hong ngoai ciia PHMG

PHMG duoc thir nghiém xac dinh nong d6 wc ché
t6i thiéu (MIC) véi céc ching vi sinh vat khac
nhau: S.aureus, B.subtilis, L.fermentum, S.enterica,
E.coli, P.aeruginosa va ndm C.albican. Két qua
trinh bay trén bang 1 cho thay PHMG tdng hop
dugc cd hoat tinh khang khuan manh ddi véi cac
khuan gram dwong (+) ciing nhu gram am (-) va
nam, gia tri MIC khong vuot qua 32 pg/mL. Chi
riéng vaéi chang S.enterica MIC cao hon cac chung
khac (64 pg/mL), nhung van |a mot gié tri kha tét.

Bdng 1. Két qua xdc dinh MIC (ug/mL) véi vi khudn va nam ciia PHMG

Chung vi sinh vat

Gram dwong (+) Gram am (-) Nam
S.aureus B.subtilis L.fermentum S.enterica E.coli P.aeruginosa C.albican
16 16 16 64 16 32 32

3.2. Pic trung tinh chit cia hat composite
alginate/PHMG

Hat composite alginate/PHMG dugc dic trung cau
trdc bang phuong phap do phd hdng ngoai, so sanh
véi phd hdng ngoai ciia mau hat alginate thuan, két
qua trinh bay trén hinh 2.

Ta thay phé hdng ngoai cua vat liéu composite
alginate/PHMG xuét hién chu yéu cac dinh dic
trung cua alginate: dinh tai 1020 cm™ twong tng
v6i dao dong cua nhém C-CH, dinh tai 1304 cm™
phan anh dao dong cua lién két C-O trong nhém
chirc carboxylic acid [14]. Ngoai ra, con quan sat
thdy sy xuét hién cac pic hip thu hong ngoai dic
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trung cia PHMG: trong do, pic & vi tri 3299 va
3162,7 cm™ duoc cho la cua dao dong héa tri va
dao dong bién dang nhém amin bac hai; lién két C-
H duogc xac dinh bai pic hip thu tai 2933 va 2870
cm™. Bong thoi, trén phd hdng ngoai cua vat lidu
composite ta thdy cé sy dich chuyén pic hip phu
tai 1609 va 1417 cm™ cua alginate, trong @ng véi
dao dong déi xirng va bat déi xirng cua COO-, téi
vi tri s6 s6ng 16n hon: 1618 va 1429 cm™. Cac dinh
pic trong khoang 2153-2363 cm™, tuong tng Véi
lien két C-O cua nhém COOH cua alginate thi
khong con quan sat thay trén phd IR cua
composite. Didu nay cé thé ly giai do nhém chic
COOH d4 tham gia phan tng véi nhdm NH, trong
phén td PHMG:




(NaC5H704COOH)n + (CIC7H14N2NH2)n—>
(C|C7H14N2N H'CO-C5H704Na)n
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Hinh 2. Phé hong ngoai ciia hat alginate va
composite alginate/PHMG

Qua trinh tan nha PHMG tr hat composite
alginate/PHMG khi ngadm trong nuéc dugc khao
sét theo thoi gian, két qua xac dinh phdn trim
PHMG tan nha dugc thé hién trén hinh 3. Két qua
thu dugc cho thiy lugng polymer tan ra rét it, sau
30 phut ngdm trong nude, lugng PHMG tan ra
chiém khoang 6,2% va sau d6 khong tan nira. Nhu
vay, PHMG khong chi hap phu vat 1y 1én bé mait
hat alginate, ma gitra hai hop chit nay da xay ra
tuong tac hoéa hoc, gitta nhom —COOH cua alginate
va nhém —NH, cua PHMG.
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Hinh 3. Hiéu sudt tan nha PHMG tir hat composite
alginate/PHMG.

3.3. Thir nghiém dinh gia khia niang khang
khuén ciia vat liéu composite alginate/PHMG

Vat liéu composite alginate/PHMG duoc thua
nghiém hoat tinh khang khuan theo phuong phap
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tiép xuc tryc tiép voi ching dai dién 1a E.coli, mat
d6 dau l1a 2,0.10° CFU/mL, thoi gian tiép xdc 30
phat. Sau khi xtr ly lan tha nhat, hat composite
duoc thu hoi va tiép tuc tha nghiém lan xir ly thir 2
va thir 3. Két qua xac dinh mat do vi sinh sau xir ly
va kha nang khang khuan (H%) duoc trinh bay trén
bdng 2.

Bdng 2. Kha ndng khdng khudn E.coli ciia vit liéu
composite alginate/PHMG

Thir nghiém Mat do E.coli H
(CFU/mL) (%)

Poi chitng 2,0.10° -
Lan 1 0 100
Lan 2 1,4.10 99,3
Lan 3 1,2x10? 94,0

Két qua trén bang 2 cho thay vat liéu composite co
thé xir 1y duoc hoan toan E.coli trong truong hop
nay. Tai sir dung lan 2, kha ning khang khuan van
con dat kha cao, 99,3%, Ian tha 3 chi con 94%
(hinh 4).

(b)

© (d)

Hinh 4. Anh xdc dinh mét dé E.coli trude (a) va
sau khi xir Iy lan 1 (b), lan 2 (c) va lan 3 (d).

4. KET LUAN

Trong nghién cau nay, polyhexa-methylene
guanidine hydrochloride duoc diéu ché bang qua
trinh tring ngung nong chay va ung dung dé ché
tao composite khang khuin véi hat alginate. Két
qua phan tich phé hdng ngoai da ching té cau tric



vat ligu composite gém hai thanh phan alginate va
PHMG, tuong tac giita chung khong don thuan Ia
hip phu vat ly ma con cd lién két hoa hoc. Diéu
nay da dugc chung minh thém thdng qua viéc phéan
tich do6 tan nha PHMG tuir hat composite, sau 30
phat ngdm trong nuéc, chi c6 6,2% PHMG tan ra
va sau do khong tan nita.

Kha ning khang khuan cia PHMG dugc xac dinh
boi gia tri MIC, két qua thu dwgc cho thiy PHMG
tong hop dugc c6 hoat tinh khang khuan rét tot doi
V6i cac khuan gram dwong (+) cling nhu gram am
(-) va nam. Thir nghiém khir tring nuéc sir dung
hat composite alginate/PHMG cho thay vat liéu co
kha nang khang khuan E.coli dat 100% véi mat do
dau ~ 10% CFU/mL va c6 thé tai sir dung 3 lan. Cac
két qua nghién ctru ban diu di mo ra trién vong
phét trién wng dung vat liéu than thién moéi truong
nay trong xir Iy nudce sinh hoat.

Loi cam on: Cong trinh nay nhan duoc su hd trg
tlr d@ tai Nafosted ma s6 104.02-2019.331.

Cam két: Toi xin cam doan day la cong trinh cta
nhom tac gia va chua gui ding ndi dung nay & bét
ky tap chi nao.
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