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MO PAU

Vat liéu nano (nanomaterials) nho cé kich thudc si€u nho
(nanomet), dién tich bé mat va dién thé hat siéu 16n da va dang dugc
nghién ctru va ing dung trong nhiéu linh vure khac nhau nhu khoa hoc
vat liéu, sinh y hoc, néng nghiép, va cong nghiép thuc pham [60] [98-
99][162] [141]. Trong linh vuc sinh y hoc, vat liéu nano dan truyén
cac loai thudc nhu thude khang ung thu, khang sinh va hormon dén
cac md va té bao dich dé dang hiéu qua [76][100][104-106]. Vat liéu
nano con c6 kha ning phan huy thanh té bao; phén huy va ngén ngira
sy hinh thanh mang sinh hoc; giai phong cac goc oxy hoat hoa (ROS)
dé pha huy mang té bao; pha huy DNA va ngin ngira tong hop protein
& té bao vi khuan. Vit liéu nano ‘mang khang sinh con c¢6 mét s0 loi
thé trong viéc khang lai cac co ché khang thudc ctia vi khudn nhu duge
bao vé, tranh bi phan huy bdi cac enzyme thily phéan cia vi khuén;
tham nhép t6t hon qua mang cua vi khuan [17][30][43][92] [101]
[147].

Chitosan la dan sut cua chitin, mot polymer tu nhién mach thang
trong ciu trac cua VO tom, cua, loai giap xac, con trung va vi nam.
Chitosan c¢6 ngudn gbc tu nhién, an toan, trong hop sinh hoc va phan
huy sinh hoc. Chitosan la mt polycation tu nhién (poly-NH4+) nén
¢6 hoat tinh khang khuan ty nhién [4] [77][117] [119][148]. O trang
thai hat nano, nano chitosan cé hoat tinh khang khuan ty nhién manh
hon. Co ché khang khuén tu nhién cta nano chitosan 1a do c¢é dién tich
duong 16n, d& dang lién két voi mang dién tich 4m cua vi khudn lam
mét tinh 6n dinh, thay d6i tinh thim ctua mang, giai phong cac chat tir
trong t& bao di ra ngoai; Ngoai ra, n6 c6 kha nang lién két v6i DNA,
{rc ché qua trinh sao chép, phién mi, dich ma va tong hop enzyme; tao
ROS gay phap v& DNA cua vi khuén; lién két ! chudi van chuyén
dién tir, bom cation K+, Na+ va Ca2+ ra khoi té bao [20][43] [90]
[101] [107].

Dé ting cuong kha nang khang khuan va chdng lai tinh khang thu6e
khang sinh cia vi khuén gdy bénh hién nay, hat nano chitosan dugc
tmg dung dé din truyén mot s6 thudc khang sinh nhu ampicillin,
amoxicillin, ciprofloxacin, chlortetracycline va gentamycin [13-14]
[18-19] [52] [158] [168]. Costa va cs (2018) cing dé nghién clru viée
str dung hat nano chitosan dé trc ché vi khuin khang khang sinh nhu
Staphylococus aureus khang vancomycin (VRSA), Enterococcus



faecalis khang vancomycin VREF, Pseudomonas aeruginosa R ATCC

700699, BAA-2365 va ATCC10145), Acinetobacter baumannii R
[35]. La va cs (2014), Nguyen va cs (2017) ciing nghién ctru tao nano
chitosan mang khang sinh amoxicillin va ampicillin bang phuong phap
sdy phun d¢ tang kha ning khang khuan Streptococcus pneumonia va
Staphyllococcus aureus [88] [118]. Fan va cs (2022) ciing cong bd st
dung khang sinh cephalosporin va chét trc ché B-lactamase (CNAI)
duoc nap vao cac hat nano chitosan [48]. Tuy nhién, str dung hat nano
chitosan mang thudc khang sinh c¢6 han ché 14 chi phi gia thanh cao,
tinh chat hat khong 6n dinh trong méi trudng pH axit va do chitosan
¢6 cAu tric mach thing nén hiéu qua tai va giai phong thude chua cao
nhu cac polymer c6 cau triic mang ludi. Cac phuong phap tao hat nano
chitosan trir phuong phép sdy phun thuong ¢ hiéu suat thu hdi thap
va thuong chira cac hod chat khéng mong mubn nén han ché trong tmg
dung sinh y hoc va thuc pham [165].

Tuong ty nhu chitosan, tinh bt va cellulose ciling thuéc nhém
carbohydrate, 1a polymer tu nhién, mach thang, an toan, phan huy sinh
hoc va tuong hgp sinh hoc. Hai polymer nay cling dugc trng dung
nhiéu trong sinh y hoc va thuc pham. Nghién ctru sir dung tinh bot va
cellulose nhu 1a chit mang dé phan phéi thudc va cac ing dung y sinh
khac dudi dang nanofilm, nanofiber. Tuy nhié€n, cac hat nano tinh bot,
cellulose hoac nanofilm, nanofiber cling c6 nhugc diém 1a tinh chét co
ly kém, cdu tric khong 6n dinh va bi enzyme tiéu hoa phan huy
[25][44] [51][57][84][116].

Vi vay, de giam gia thanh, ting cuong 6n dinh ciu trac nano va
tang hiéu suat mang thuoc chitosan mot polycation (+) co thé tao
nanocomposite véi mot sé polymer anion (-) khac nhu alginate,
cellulose va tinh bt dé tang cdu tric mang ludi hodc tao da 16p
(multilayers) nho lién két ion trai ddu [16][21][44][73][145]. Cau hoi
nghién ciru dit ra 1a: 1) C6 thé tao nanocomposite gitta chitosan voi
tinh bot hodc cellulose bang ky thudt sdy phun c6 cdu triic va tinh chat
on dinh hay khong ? 2) Hiéu qua mang khang sinh va hiéu qua khang
mét s6 vi khuan gdy bénh ciia Nanocomposite chitosan/tinh bt va
nanocomposite chitosan/cellulose mang khang sinh co dwoc tang
cuwong so voi khang sinh va nanochitosan don thudn hay khéng ?

Xuat phat tir nhitng 1y do trén, luan 4n thyc hién nghién ctu:
Nghién ciru tgo vit ligu nano chitosan, nanocomposite chitosan



mang khdng sinh va budc diu dinh gia higu qud khing mt sé vi
khudn gdy bénh ¢ nguoi.

2. Muc tiéu nghién ciru

Xac dinh dugc KLPT cua chitosan phu hgp tao nanochitosan va
vat liéu nanocomposite c6 hi¢u qua trong dan truyén thuoc khang sinh
va c6 tinh khang khuan cao trong diéu kién in vitro.

Téng hop duge vat liéu nano composite chitosan/tinh bot va nano
composite chitosan/cellulose voi ty 1€ phu hop, cé kich thudc
nanomet, tinh chat va cau tric 6n dinh d¢ tai khang sinh bang ky thuat
say phun.

Panh gia, so sanh dugc hi¢u qua ctia khang sinh khi dugc tai va
dan truyén bdi nano chitosan, nanocomposite chitosan/tinh bt va
nanocomposite chitosan/cellulose khang mét s6 vi khuan gay bénh ¢
nguoi trong dieu kién in vitro.

3. Cac ngi dung nghién ctru chinh cia luin an

Noi dung 1. Nghién ctru anh hudng cua khéi luong phan tir ciia
chitosan dén tinh chat va kha nang khang khuan ctia nanochitosan mang
khang sinh amoxicillin.

Noi dung 2. Nghién ctru tao vat liéu nano composite chitosan/tinh
bot va kha ning khang khuan clia nanocomposite chitosan/tinh bot
mang khang sinh ampicillin.

No6i dung 3. Nghién chu tao vat li€u nanocomposite
chitosan/cellulose va kha nidng khang khuan cta vat liéu
nanocomposite mang khang sinh ampicillin.

4. Nhirng dong gop méi ciia ludn an

Cung cép dit lidu quan trong vé chitosan c6 khéi lugng phan tir
350-500 kDa 12 vat liéu phu hgp d¢ tao nano chitosan va mang khang
sinh amoxicillin dé khang khuan Streptococcus pneumoniae. Hat nano
chitosan dugc tao bang phuong phap gel ion voi TPP két hop voi say
phun c6 kich thudc trung binh 300 nm, thé zeta +54 mV, gia tri MIC
cta nano chitosan khang S. pneumoniae 1a 60-80 pg/mL. Khi ket hop
véi khang sinh amoxicillin, nano chitosan da ting cuong kha nidng
khang khuan khang thuoc S. pneumoniae, gia tri MIC cua nano
chitosan/amoxicillin 1a 1pg/mL, thap hon 2 pg/mL so v6i chi st dung
amoxicillin tu do trong di€u kién in vitro.



Tao dugc nanocomposite chitosan/tinh bt tao bang phuong phap
sdy phun dé mang khang sinh ampicillin. Hat nanocomposite c6 dang
hinh cau, déng nhét va céu trac 6n dinh, co cu trac mang lu6i nho
hinh thanh céc lién két hydro, kich thudc hat trung binh tir 300-500
nm. Ty 1€ thich hop dé tao nanocomposite giita chitosan va tinh bt la
1:1 (C1S1) hodc 1:2 (C1S2), thé zeta cao tir +71 mV dén +80 mV. Hiéu
suat mang khang sinh ampicillin ctia nanocomposite chitosan/tinh bot
tor 70-77% cao hon so voi nanochitosan va nano tinh bot. Hat
nanocomposite chitosan/tinh bot mang ampiciline thé hién hoat tinh
khang va diét khuén E. coli va S. aureus cao hon va 6n dinh hon so
véi ampicillin ty do hodc khi dugc bao goi trong nanochitosan. MIC
ctia nano composite chitosan/tinh bot (C1S1+Amp va C1S2+Amp) tir
3,0-3,2 ug/mL va MBC bién thién 5,2-5.8 pg/mL. Nanocomposite
chitosan/tinh bgt mang ampicillin bang phuong phap sdy phun la vat
liéu mang va dan truyén khang sinh hiéu qua trong diéu kién in vitro.

Tao duwoc Nanocomposite chitosan/cellulose tao bang phuong
phap két hop gel ion giira hai polymer chitosan va CM-Cellulose c6
dién tich trai diu két hop voi sdy phun 1a phuong phap don gian va
hiéu qua. Hat nanocomposite chitosan/cellulose c6 dang hinh cau déu,
bé mat on dinh, c6 clu trac mang ludi, kich thudc hat trung binh tur
1200-1300 nm, thé zeta bién thién tir +70 mV dén +90 mV, hiéu suat
thu hoi dat > 70%. Ty 1& chitosan va cellulose thich hop tao
nanocomposite 1a 2:1 (C2M1) va 1:1 CIM1). Hiéu suat vi bao khang
sinh ampicillin (LE%) tir 75,8-82,1%. Ty 1€ chitosan va cellulose thich
hop dé tao nanocomposite 1a C2M1 va C1M1. MIC/MBC véi S.
aureus va E. coli bién thién tir 3,0-3,2 pg/mL va 5,2-5,6 ug/mL, ty 1&
MBC/MIC 14 1,72. Nano composites chitosan/cellulose 13 vt liéu tiém
ning, hiéu qua dé mang va dan truyén thudc khang sinh ampicillin dé
khéng lai vi khuan gay bénh S. aureus va E. coli trong diéu kién in
vitro.

Chuong 1. TONG QUAN
1.1. Vit liéu nano va ing dung trong sinh y hoc
1.1.1.Cdc dang vat lieu nano: Gidi thiéu cac dang vat liéu nano vo co, vat liéu
nano hitu co.
1.1.2. Ung dung ciia vt liéu nano trong diéu tri vi khuan khéang thuéc:
Vit li€u nano (Nanomaterials) hay cong ngh¢ nano (Nanotechnology)
1a mot trong nhiing giai phap day hira hen dé chdng lai tinh khang



thudc ctia vi khuan gy bénh. Trinh bay uu diém, nhuge diém va thach
thtrc cua vat liéu nano khi ugs dung trong sinh y hoc.
1.1.3. Co ché phan tir vé tinh khang thuéc khdng sinh ciia vi khudn gdy
bénh: V& co ban co ché phan tr lién quan tinh khang thudc khang sinh
ctia vi khun gy bénh déu do hoat dong cua gen. Ngudn gbe, xuit xtr
va su da dang ctia cic gen ndy trong ty nhién rat phtc tap.
1.2. Tong quan vé chitosan va img dung trong sinh y hoc
1.2.1. Gidi thiéu vé chitosan
Chitosan 1a mdt polysaccharide bao gom cac don phén la f-D-
glucosamine (GlcN). Chitosan dugc tim thy trong tu nhién & mot s6
vi sinh vat, ndm men va nidm. Sy xuat hién cta nd it phd bién hon
chitin nén chu yeu‘ch1tosan, dugc tao ra bang cach deacetyl hoa chitin.
Chitin la thanh phan chu y€u cua vo con trung, tdm cua, giap xac. N6
cling dugc phat hién trong ndm va dia y. Trong cic md dong vat chitin
lién két voi prot,ein va calcium cacbonate. Chitin, chitosan la
biopolymer phd bién thir hai trong ty nhién, chi sau cellulose.
1.2.2. Cac phirong phdp tao hat nano chitosan
C6 nhiéu phuwong phap khac nhau da dugce sir dung dé ché tao nano
va micro chitosan. Viéc lwa chon mét phuong phap phu thude vao cac
y@u to nhu yéu cau vé ’kich thug’rc hat, do tich djén zeta potential, ﬁé
bér} nhiét 3 va hoa chat cua chat hoat dong, su On dinh cua san pham
cuoi va sy ket hop ddc to con lai véi san pham cudi. Iheq Sulnin
(2004) va Yanat (2021) [165] ¢6 nam phuong phap chi yéu dé tao hat
nano va micro chitosan la: Phuong phap khau mach nhil tuong
(emulsion  cross-linking);  Phuong phap giot twkét toa
(coacervation/precipitation); Phuong phap say phun (spray-drying);
Phuong phap tao gel ion (ionic gelation) va Phuong phap ray (sieving
method).
1.2.3. Ung dung ciia chitosan, nanochitosan trong y dieoc hoc
+ Su hdp thu va vdn chuyén nano chitosan trong mé va té bao
Su hip thu qua té bao cua cac hat nano chitosan xay ra bang qua
trinh chuyén té bao (Transcytosis), mot qua trinh trong do6 cac chét
mang duoc hép thu boi cac té bao rudt hodc té bao M, gidng nhu su
xam nhap cua mam bénh (Behrens va cs 2002) [28].



+ Cor ché khang khudn ciia hat nano chitosan

Theo Murugesan (2020) co ché khang khuén cta nano chitosan phu
thuc mot s6 yéu t6 12 [107]: 1) Ddi tuong vi khuan 1a vi khuan gram
am hay vi khuan gram duong 2) giai doan phat trién ctia vi khuan 3) Thé
zeta potential 4) Nong d6 nano chitosan 5) pH mdi truong 6) khéi lugng
phén tir va mirc d6 acetyl hoa (DA%) cia chitosan.

+ Ung dung ciia nano chitosan trong ly gidi chdm thuéc khdng sinh
Cac nghién ctru da ching minh réng cac hat nano chitosan la vat

liéu nano vén chuyén va phéan phdi thuée rat tiém nang. Ching c6 kha
nang bao v¢ thude khoi s phan huy cua cac enzyme trong dudng rudt.
VQi kich thudc nh§, chung co :ché tham nhap sau Vé.O‘CO the, dua thuoc
dén dung mo va té bao dich dé€ nang cao hiéu qua dicu tri.
1.3. Tinh b{t va img dung trong sinh y hoc

1.3.1. Cdu triic va tinh chdt

1.3.2. Tinh bot svr dung nhue la vat liéu sinh hoc

1.3.3. Nano tinh bt (Starch nanoparticles, SNP)

1.3.4. Nanofillers
1.4. Téng quan cellulose va tmg dung trong sinh y hoc

1.4.1. Céu triic cellulosse

1.4.2. Mgt 56 vimg dung ciia cellulose trong sinh y hoc
1.5. Téng quan vé mét s6 vi khuin gy bénh trén nguoi

15.1. Staphylococcus aureus

1.5.2. Streptococcus pneumoniae

1.5.3. Escherichia coli
1.6. Téng quan vé khang sinh

1.6.1. Khang sinh amoxicillin

1.6.2. Khang sinh ampicillin

CHUONG II. POI TUQNG, NOI DUNG VA PHUONG PHAP
2.1.Déj twong nghién ciru )

-Poi twong: Chitosan va cac ching khang thudc Staphylococcus
aureus, Escherichia coli, Streptococcus pneumoniae.



-Vat liéu hod chat: Chitosan san pham cua Sigma (Hoa Ky), c6
khdi lwong phén tir (Mw) trung binh khac nhau tir 350, 500, 640 va
750 kDa, Mtrc 6 deacetyl hoa (DD) tur > 75%.

Tinh bt hoa tan, (Hi-AR™/ACS) va Nutrient Broth 1a san pham
ctia Himedia, An D6. M6i truong Brain heart infusion broth (BHI) ctia
(Difco Laboratories, Detroit, MI, Hoa Ky). Sodium Carboxymethyl
cellulose (CMC), Sodium Tripolyphosphate (TPP) 1a cac hoa chit tinh
khiét cua Merck (Purc). Amoxicillin trihydrate, ampicillin sulfate
(Sigma Aldrich, Hoa Ky).
2.2.Noi dung nghién ciru

+ Nghién ctru anh huong cua khéi lugng phén tir cia chitosan dén

tinh chat va kha niang khang khuan cua nanochitosan mang khang sinh
amoxicillin.

+ Nghién ctru tao vat li€u nano composite chitosan/tinh bot va kha
ning khang khuan ciia nanocomposite chitosan/tinh bot mang khang
sinh ampicillin.

+ Nghién ctru tao vt liéu nanocomposite chitosan/cellulose va kha
ning khang khuin cta vat liéu nanocomposite mang khang sinh
ampicillin.

2.3. Phuong phap nghién ciru

2.3.1. Phuong phdp nghién ciru dnh hiong ciia khoi lwong phdn tir ciia
chitosan dén tinh chdt va kha ning khang khudn ciia nanochitosan mang
khang sinh amoxicillin: Muyc tiéu cia nghién ctru 1a xac dinh KLPT chitosan
phtt hop, c6 hoat tinh khang khuén cao, d& img dung trong thyc tién cho céc
ndi dung nghién ctru tiép theo.

- Phuong phap tao nano chitosan bang gel ion v&i TPP va siy phun.

- Phuong phap nghién ctru kha ning khang khuin cta nano

chitosan c6 khoi lugng phén tir khac nhau

- Anh huéng ciia nano chitosan mang khang sinh amoxicillin dén

kha ning khang khuéan Streptococcus pneumoniae.

2.3.2. Phwong phdp nghién cuu tao vdt liéu nano composite
chitosan/tinh bét va khd ndang khdng khudn ciia nano composite
chitosan/tinh bot mang khang sinh ampicillin:

- Phuong phéap ché tao nanocomposite chitosan/tinh bot

- Phuong phdp tao nanocomposite chitosan véi tinh bt va
Carboxymethyl cellulose (CMC).



- Phuong phap nap ampicillin trong ciu triic hat nanocomposite
chitosan/tinh bdt va nano/microcomposite chitosan/cellulose.

- bong hoc giai phong ampicillin ciia nanocomposite chitosan/tinh
bot va nanocomposite chitosan/cellulose.

- Panh gia hoat tinh khang khuan ctia nanocomposite chitosan/tinh
bot va cellulose mang ampicillin.

- Phuong phap xac dinh gia tri MIC/MBC dbi v6i cac vi khuan gay
bénh [3]; [134].
2.4. Phuwong phap xir Iy so liéu

Sé lidu duoc phéan tich ANOVA mot yéu td theo ph?m mém SPSS
20.0. Phan tich dir liéu: Phén tich phuong sai mot chiéu két hop voi
kiém dinh LSD (p < 0,05).

CHUONG III. KET QUA VA BAN LUAN
3.1. Nghién ciru nh hudng cia !(hf')i lwgng phén tir ciia chitosan dén tinh
chat va kha ning khang khuan ciia nanochitosan mang khang sinh
amoxicillin
311 Anh hueong khoi luong phdn tir chitosan dén tinh chat hat nano chitosan
tao bang phurong phap gel ion két hop voi say phun

Bang 3.1. Anh huéng cia khéi Iwong phén tir &én kich thuc')[c va dién thé hat nano
chitosan tao bang phuong phap gel ion vdi say phun

.. o Tinh chét hat nano chitosan
Khéi lwgng phéan tir . . ) -
Kich thudc hat nano Dién thé zeta Hiéu suat hap phu

Chitosan trung binh, nm potential, mV (%)

350 kDa 342 + 28¢ +54 £ 3,5 78,5%3,1°
500 kDa 435 + 35° +47 +4,1° 73,6+2,8"
620 kDa 790 + 36° +39+£3,2° 69,5£3,4°
750 kDa 1070 = 67¢ +32 £ 3,4° 62,7+2,6°

Bang 3.1 Cho thay kich thuéc trung binh cta hat nano chitosan
tang dan tir 342 nm-1070 nm khi khéi lugng phan tir chitosan thay doi
tir 350-750 kDa (130 cps - 1200 cps). Nguoc lai, thé zeta potential ctia
hat nano chitosan giam dan tir +54 mV xuéng +32 mV khi ting khéi
lugng phan tir cia chitosan.



Hinh 3.1. Anh SEM hat nano chitosan véi khéi lugng phén tir 500 kDa (A), va 750
kDa (B) (15 kV, x1000 lan)
Két qua vé hinh théi, kich thudc hat va phan b6 kich thuéc hat
nano chitosan tao bang phuong phap tao gel ion vdi TPP va say phun
duoc ghi nhan anh chup SEM (Hinh 3.1) va anh chup TEM (Hinh 3.2).

Hinh 3.2: Anh chup TEM (JEM 1400) cia hat nano chitosan 350 kDa (A) va 500
kDa (B)

+ . [ 100
2o Pt ) 100 1000 Zsta Potential (mV)

(A) (B)
Hinh 3.3. Phan bé kich thudc hat va thé zeta potential caa hat nano chitosan 350 kDa
(A) va 500 kDa (B)
Phan bd kich thudc hat (Hinh 3.3 A) cho thiy mét dinh duy nhat va hep
chiing to kich thudc hat phan bé rat tap trung va ching to hat c6 kich thude
dong déu. Piéu nay ciing lién quan dén thé zeta potential ciing cho két qua
tuong tu (Hinh 3.3 B).




3.1.2. Nghién citu dnh huong ciia khoi lwong phdn tir dén khd néing khding
khuan Streptococcus pneumoniae clia nano chitosan
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Hinh 3.4. Anh huéng ciia khéi lugng phan tur va ndng d6 nano chitosan dén kha
nang khang khuan Streptococcus pneumoniae

Két qua hinh 3.4 A cho thdy khdi lwong phan tir hat nano chitosan cang
nho thi kha ning khang khuan cang 16n. Gia tri d6 duc ctia méi truong
nudi cdy vi khuan & OD 610nm ting dan tir 0,063 1én 0,127 so véi dbi
ching 12 0,296. Sy khac biét nay ¢ ¥ nghia thong ké p<0,05. Két qua
nay la do khéi luong phén tir chitosan cang nho thi kich thudc hat cang
bé, dién tich bé mit va thé zeta potential cang 16n. Cac tinh chit nay
lién quan truc tiép dén kha niang khang khuan cua chitosan do dién tich
duong cua chitosan sé lién két va pha huy mang té bao vi khuan.
3.1.3. Pdnh gid khd ndng khang khudn Streptococcus pneumoniae ciia
phirc hop nano chitosan/amoxicillin
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Hinh 3.5. Hiéu qua khang khuin Streptococcus pneumoniae caa phuc hgp nano
chitosan/amoxicillin
Pé ting cuong kha niang khang phé cau khuin khang thudc, nano
chitosan c6 khdi luong phén tir 500 kDa c6 ndng do 6 ppm dugc hap
phu vai khang sinh amoxicilin v6i cac néng dotro0,1,1,5,2,0,va2,5
ppm theo thé tich méi trudng nudi cdy. Higu suat hap phu khang sinh
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ctia nano chitosan 1a 84,4-90,5%. Két qua ghi nhén trong Hinh 3.5 cho
thay khi phdi hop v6i nano chitosan hoat tinh khang khuan ctia khang
sinh dd dugc cong huong va tang 1én. Tri s6 MIC cia nano
chitosan/amoxicillin khoang 1,0 ppm, thap hon so vdi amoxicilin la
2,0 ppm.
3.2. Nghién ctru tao vat li€éu nano chitosan/tinh b§t composite va
kha niang khang khuin cia nano chitosan/tinh bt composite
mang khang sinh ampicillin
3.2.1. Anh huéng cia ty Ié chitosan va tinh bét dé}g tinh chdt ciia nano
chitosan/tinh bot composite bang phwong phap say phun

Két qua vé anh hudng ty 18 chitosan/tinh bot dén cac tinh chat cia
nanocomposite chitosan/tinh bdt trong Bang 3.2 va Hinh 3.6.

Béng 3.2. Anh huéng cia ty 18 chitosan/tinh bot dén tinh chit ciia nano
chitosan/tinh bot composite bang phuong phap say phun

Ty ¢ ; , i . 9
x . . Thé Zeta Kich thudc hat Hiéu suat thu
T Mau Eh&otsgzm potential (mV) trung binh (nm) hdi (%)
1 Ci100 1:0 +67.67+0.93¢ 816.9+24.52 75.49+0.35
2 CbhS1 5:1 +93.07+0.762 873.7£31.22 75.13+0.04
3 C4s1 4:1 +91.07+0.322 655.1+20.2° 75.15+0.05
4 (C3S1 31 +88.73+0.15P 571.8+17.9° 75.14+0.05
5 (€281 2:1 +87.47+0.67° 372.9+16.3¢ 75.09+0.73
6 Ci1S1 1:1 +80.33+0.95° 372.4+17 4° 75.16+0.06
7 C1S2 1:2 +71.37+1.01¢ 281.0+12.3¢ 75.07+0.08
8 Ci1S3 1:3 +54.43+1.27¢ 190.6+2.87¢ 75.16+0.13
9 C1s4 1:4 +45.97+0.61f 140.4+3.58¢ 75.23+0.09
10 C1S5 15 +29.47+0.21° 122.0+4.89¢ 75.22+0.09
11 S100 0:1 -19.67+0.21" 133.2+4.32¢ 75.24+1.78
12 Amp 0 -0.10+0.0 - -

*a, b, ¢, d chi su khéc biét thang ké theo cac gia tri trong cét véi (p<0.05).
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Hinh 3.6. Anh chup kinh hién vi dién tir quyét (SEM) ciia nanocomposite
chitosan/tinh bot véi cac ty 1€ khac nhau (SEM, Phenom ProX, Thermo, USA,
8000x; at 10 kV). C: chitosan; S: tinh bot.

Két qua Bang 3.2, Hinh 3.7 cho thay phan bé kich thuéc caa nano
chitosan/tinh bt composite hep, nghia 1a kich thuéc cua cac hat nano
kha dong déu. Pac diém nay anh huong dén dién tich bé mat hat nano
va kha nang xam nhap cta hat nano vao té bao. Phan bé kich thudc
hat cac mau déu tuan theo phan bd Gause va phu thudc vao ty 1€
chitosan: tinh bdt. Ty 1€ tinh bdt cao hon trong nanocomposite thi phan
b kich thudc hat nano chitosan/tinh bot composite cang nho. Vi du:
Mau C1S1 (Chitosan/tinh bdt 1:1) c6 phan bé kich thuéc hat tir 140-
700 nm; Mau C1S2 (Chitosan:tinh bot 1:2) ¢6 phan bd kich thudc hat
thip hon tir 100-600 nm; C1S3 (Chitosan:tinh bot 1:3) tir 90-500 nm
va C1S5 (Chitosan:tinh bot 1:5) c6 phan bd hep hon tir 80-300 nm

: of
&
AR e 55

cis1

h

Undersize (%)

cis2 cis3 ciss s100

Diameter (nm)

Hinh 3.7. Anh huéng cua ty 18 chitosan/tinh bot dén phan bé kich thude nano
chitosan/tinh bot composite (Nanosizer SZ100, Horiba, Nhat Ban, ¢ 25°C)
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Hinh 38 Anh huong cia ty l‘é“éhitosan/tinh bot dén thé zeta cta nano (;I;itosan/tinh
bot composite (Nanosizer SZ100, Horiba, Japan, ¢ 259C)

Nguoc lai véi phan bd kich thudc hat, gia tri thé zeta cua
nanocomposite chitosan/tinh bt tuan theo quy tdc nguoc lai. Ty 1¢
chitosan trong composite cang cao thi thé zeta cang cao (Hinh 3.8).
3.2.2. Anh huong ciia bao g6i khéng sinh ampicillin dén diic diém tinh chat ciia
hat nano chitosan/tinh bot composite tao bang phwong phdp say phun

Khi két hop v6i ampicillin & ndng d6 7,5 ug/mL, két qua cau triic
bé mat ciia nanocomposite chitosan/tinh bot c6 nhitng thay doi nhat
dinh so véi chitosan/tinh bt nanocomposite khong nap ampicillin
(Hinh 3.9). Anh chuyp SEM cho thay khi bao goi ampicillin vao
nanocomposite, tat ca cac mau déu co6 sy thay doi nhu kich thudc 16n
hon va cau trac 10m xuat hién nhi€u hon trén bé mat.

£ £
- = =
2 & s
£ 5 <
< + S
= 7] 2
g »

£

= £

= £
£ ‘& g
3 2 g
g b ¥
< | r@x 12
+ 3] -
8 o
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Hinh 3.9. SEM cuia nanocomposite chitosan/tinh bot chira ampicillin
(SEM, Phenom ProX, Thermo, Hoa Ky; 8000x, 10kV).

13



Béng 3.3. Tinh chét ctia nano chitosan/tinh bot composite khi tai ampicillin

Thé zeta  Kich thude trung Higu sudtthu  Hiéu suit bao

(mV) binh (nm) hdi (%) g6i (%)

Mau

C100-Ampicillin ~ 64,7+1.42° 1020,8+32.42 72,84+0.34 65,5+2.87¢
C3S1-Ampicillin - 73,6+1.83? 661,6+23.5° 71,07£0.25 70,7+2.93°
C2S1-Ampicillin~ 65,2+1.18° 580,3+£22.7° 72,11£1.67 71,5+3.08°
C1S1-Ampicillin = 63,2+0.91° 583,9+25.2° 72,56+1.54 75,5+3.21°
C1S2-Ampicillin -~ 61,3+0.97° 566,4+20.5° 71,12+1.75 77,3+2.97%
C1S3-Ampicillin - 37,2+1.34¢ 418,0+17.8¢ 72,18+0.96 75,3+3.15°

S100-Ampicillin -~ -6,3+0.29¢ 603,4+18.5° 72,05£1.45 60,0+£3.68°

M 'IL i wL 1 ” ‘lx e MII i “

C100+Amp CI1S1+Amp C1S2+Amp C1S3+Amp S100+Amp

Frequency (%)

Diameter (nm)

Hinh 3.10. Phén b kich thudc ciia nanocomposite chitosan/tinh bot chira
ampicillin (Nannosize SZ 100, Horiba, Nhat Ban)

Hinh 3.11. Thé zeta potential cua nano chitosan/tinh bot composite
mang khang sinh ampicillin (Nannosize SZ 100, Horiba, Nhat Ban)
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Kich thudc trung binh va thé zeta ctia nanocomposite chitosan/tinh bot
thay d6i khi nap ampicillin (Bang 3.3). Kich thudc trung binh ting &
mau C100 (816,9 nm) 1én dén 1020 nm (C100+Amp); 133 nm (S100)
1én dén 603 nm (S100 + Amp); 372 nm (CI1S1) 1én dén 583,9 nm
(C1S1+Amp); 191 nm (C1S3) 1én dén 418 nm (C1S3+Amp). Két qua
cho thay kich thudc trung binh ctia nanocomposite nap ampicillin 16n
hon va gia tri thé zeta ctia chiing thip hon nanocomposite khéng nap
ampicillin (Bang 3.2; Bang 3.3). Hau hét cic mau nano chitosan/tinh
bot composite mang khang sinh ampicillin giam nhe thé zeta potential
nhung van mang dién tich (+), bién thién tir +37,2 dén +73,6 mV. Tinh
chat nay c6 loi cho su gin ket cua nano chitosan/tinh bot composite
mang ampicillin v6i mang té bao vi khuan mang dién tich 4m.

Phé FTIR cia nanocomposite chitosan/tinh bot chita ampicillin
(C1S2+AMP) chi ra rang tat ca cac dinh dic trung nhat déu lién quan
dén ampicillin, tinh bot va chitosan 1a cac thanh phan trong hén hop
nhu cac dinh ¢ khoang 3450 cm-1 (kéo dai -NH cta amid trong
ampicillin; va kéo dai -OH cuia ampicillin, tinh bdt va chitosan) da dich
chuyén vé& 3407cm-1 va trd nén rong hon cho thiy sy hinh thanh va
gia tang lién két hydro giita hai polymer 1a chitosan va tinh bot va giita
nano chitosan/tinh bot composite voi ampicilling ¢ khoang 2900 cm-1
(kéo dai -CH cuia ampicillin, tinh bt va chitosan); Pinh ¢ 1762 cm—1
cho thiy su kéo dai ctia nhém carbonyl (C=0) ctia vong f-lactam; dinh
1660 cm-1 va 1599 cm-1 la sy uon cong cua -NH2 trong ampicillin
da dich chuyén vé 1640 cm-1 va bién mat trong phd nanocomp051te
(C1S2+AMP). Diéu nay ching t6 da hinh thanh lién két hydro giira -
NH2 cua ampicillin va -OH cua chitosan va tinh bot [158]. Tom lai,
phd FTIR cta nanocomposite chira ampicillin (C1S2+AMP) chimg
minh rang cac thanh phan ctia nanocomposite bao gdm ampicillin, tinh
bot va chitosan. Phén tich sy bién ddi cta cac dinh cling cho théy sur
hinh thanh cac lién két hydro giita chitosan va tinh bot va gilra
nanocomposite (C152) voi AMP. Lién két hydro 1a lién két yeu co vai
tré quan trong trong 6n dinh cAu trac cua nanocomposite, dong thoi
g6p phan 1am ting hiéu sudt mang va lam chim sy giai phong cua
khang sinh. Két hop v6i sy bién do6i thé zeta clia nanocomposite
chitosan/tinh bot va FT-IR c6 thé nhdn dinh ring nanocomposite
chitosan/tinh bot ¢6 cAu tric ctia nanocomposite chitosan/tinh bot hai
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16p, ¢6 cau triic mang ludi gitra hai polymer va hinh thanh cac lién két
hydro trong mang ludi cua chitosan va tinh bot.

Ampiciline Hinh 3.12 FTIR cua
ampicillin vi bao trong hat
cusng 83| S100 nanocomposite
e . | chitosan/tinh bot (FTIR,
(aw . v Alpha, Brucker, Hoa Ky)

CIS2+AMP_ __——
. b

/

N/

T T T
4000 3500 3000 2500 2000 1500 1000 500

$6 séng (em™')

3.2.3. Anh huong cia nong d¢ ampicillin dwoc nap vdo
nanocomposite chitosan/tinh bt 1én kha ndng irc ché Staphyllococcus
aureus
3.2.3.1. DBong hoc gidi phong khang sinh ampicillin tw nanocomposite
chitosan/tinh bot
Két qua thé hién trong Bang 3.2 va Hinh 3.13 chi ra rang hiéu qué bao
g01 cta cac hat nano chitosan (C100+Amp) 1a 65,5% va chi dat 60,0%
véi cac hat nano tinh bot (S100+Amp). Pdng hoc giai phong cia
ampicillin (Hinh 3.13) ciing phat hién ra rang cong thirc C100+Amp
giai phong nhanh khoang 50% ham lugng ampicillin trong vong 1 gio.

‘ Hinh 3.13. Bong hoc giai phong ampicillin

100 tr nanocomposite chitosan/tinh bot tai
w0 - ampicillin. (ampicillin 7,5 pg/mL, trong
":"'E;: " i ¥ g‘ § - dung dich dém phosphat, pH=7,0 trong 24

gi0; cac gia tri trong hinh 1a gia tri trung
binh ba lan I3p lai £ SD).

T IR

Thai gian giai phang thudc (gid).

‘ 0 5 10 15 20 25 kL]

3.2.3.2. Anh hwéng ciia nong dg ampicillin dwoc nap vao
nanocomposite chitosan/tinh bot dén kha nang e ché S. aureus
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Két qua thu duoc (Hinh 3.14) cho thiy tac dung khang khuan d6i
V6i S. aureus ting 1én khi ting ndng d6 ampicillin tir 0,5-7,5 pg/mL.
S. aureus bi e ché 50% ¢ ndng d6 khoang 2,0 pg/mL ampicillin.

O ndng d6 7,5 pg/mL, ty 1é
=== tc ché lién quan cua
nanocomposite
chitosan/tinh  bot chua
ampicillin dao dong tu
93,2 dén 94,21% trong khi
ampicillin chi la 88,96%.

80 4

Tyl 60 {
e ché
tuang déi
camiu Y]
(%),

201

Néng dé cia miu thi, tinh bing microgam/mL.
Hinh 3.14. Anh huéng cia ndng d6 ampicillin
dugc nap vao nanocomposite chitosan/tinh bt
dén kha nang e ché S. aureus

3.2.3.3. Anh huong nanocomposite chitosan/tinh bét mang ampicillin

dén kha nang vrc ché Staphylococcus aureus
e Hinh 3.15. Anh huéng cua
F i nanocomposite chitosan/tinh bot
chira ampicillin den hoat tinh e
ché Staphylococcus aureus (S.
aureus dugc nudi cay trong
Nutrient Broth, pH=7,0§ o 37°C
trong 48 gio va lac vai toc d6 120
rpm; cac gia tri trong hinh la gia
) trj trung binh cua ba lan lap lai +
10 20 30 40 60 60 SD).

Thai gian u (gig).
Két qua (Hinh 3.15) cho thay tit cd cdc mau nanocomposite
chitosan/tinh bdt chira ampicillin (trir hat nano tinh bdt S100) déu trc
ché tir 92,3-94,8% su phat trién cia MRSA, cao hon so v6i chi st dung
ampicillin (88,4%) sau 24 gio.

Trong truong hop chi st dung ampicillin, sy tre ché 1a 89,2% sau 12
gid, sau d6 giam dan xubng con 88,8% sau 18 gid, 88,4% sau 24 gio
va 87,2% sau 48 gio.

3.2.3.4. Gia tri MIC va MBC cua nanocomposite chitosan/tinh bot
mang ampicillin doi voi Staphylococcus aureus
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Bang 3.4. Gia tri MIC va MBC cua nanocomposite chitosan/tinh bot mang khang
sinh ampicillin trén S. aureus

STT Coéng thire MIC (ug/mL) MBC (ug/mL) Ty I&é MBC/MIC

1 C100 + Amp 3,53 +0,12 6,47°+ 0,12 1,83
2 C2S1 + Amp 3,072+0,12 5,27 £0,12 1,72
3 C1S1 + Amp 3,132+0,12 5,67°+0,12 1,81
4 C1S2 + Amp 3,278+ 0,12 5,80° + 0,00 1,77
5 S100 + Amp 4,07°+0,12 6,87+ 0,12 1,70
6 Amp 3,93°+0,12 6,80¢ £ 0,00 1,73

Hinh 3.18. Gia tri MBC cta ampicillin (trai) va C2S1+Amp (phai) véi S. aureus
Gia tri MIC/MBC cua céc hat nano composite chitosan/tinh bot chira
ampicillin (Bang 3.4), Hinh 3.17 va Hinh 3.18 cho thay: Gi tri MIC
ctia Amp 14 3,93 pg/mL va MBC 1 6,80 png/mL ddi voi S. aureus va
nanochitosan (C100 + Amp) giam xudng 3,53 pg/mL va 6,47 pg/mL,
su khac biét giira hai cong thirc nay c6 y nghia thong ké (p<0,05).
3.2.4. Anh hwéng Kkhang sinh ampicilin bao géi trong
nanocomposite chitosan/tin bot dén khi ning khing khuin
Escherichia coli
3.2.4.1. Bong hoc ly gidai khang sinh ampicillin bao goi trong nano
chitosan/tinh bot composite khang E. coli
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Két qua thé hién trong 100
Hinh 3.19 cho thay e 80
hiéu suit bao goi (LE)  sisipheng

” tich lay 80
cla Nanocomposite  cia thuse

. (%).
chitosan/tinh bot dat a0

tr 753 dén 77,3%. "
Con s0 nay cao hon '

dang ké so voi higu 9 é

suit bao goi cua hat e —
nano chitosan (C100) Y R e W
la 65,8% va hat nano Théi gian giai phéng thuéc (gid).

tinh bot (S100) la Hinh 3.19. Bong hoc giai phong ampicillin khoi
59 9% nanocomposite  nano  composite

o chitosan/tinh bot (trong dung dich
dém phosphat & pH=7,0; 25° C)

Nghién ctru chi ra rang cdu trac mang ludi duoc hinh thanh bsi hdn
hop chitosan mach théng, dién tich duong va tinh bot c6 cAu tric mang
ludi, dién tich am da tao didu kién cho viéc bao goi ampicillin tot hon
so voi cac hat nano chitosan hoac tinh bét riéng 18.
3.2.4.2. Anh hwong cia nong do ampicillin dwoc nap vio nano
chitosan/tinh bt dén hoat tinh khing khudn doi véi E. coli

Két qua & Hinh 3.20 ciing
100 1 cho thdy ampicillin duoc bao

7 goi trong hat nano tinh bot

(S100+Amp), ty 18 trc ché vi
khuén dbi véi E. coli thép
hon ampicillin tg do va
ampicillin trong chat mang
nanocomposite chitosan/tinh
bot.

Néng dé Ampicillin, tinh bing microgam/mL.

Hinh 3.20. Anh huéng cia ndng do
ampicillin dugc nap vao nano chitosan/tinh
bot composite dén ty 16 we ché twong dbi ddi
véi E. coli (Nutrient broth, & 30°C, 12h)

3.2.4.3. Anh hwong cua ampicillin dwoc nap vdo nanocomposite
chitosan/tinh bot va thoi gian u lén hoat tinh khang khuan E. Coli
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Hinh 3.21. Téc dung cua nanocomposite chitosan/tinh bt chira ampicillin 1én hoat
tinh khang khuan E. coli trong éng nghiém (trong Nutrient Broth, & 30°C, 120
vong/phut trong 48 gio)

Két qua Hinh 3.21 ciing cho thdy miu nano chitosan (C100) c6
hoat tinh khang khuan E. coli nhung thap, do nong d6 nano chitosan

trong moi truong nuodi gay thip. Ngoai ra, nano tinh bot (S100) khong
c6 hoat tinh khang khuan E. coli.

3.2.4.4. MIC/MBC cua nanocomposite chitosan/tinh bot mang
ampicillin voi vi khuan Escherichia coli

Tuong tu két qua ¢ muc 2.2.4.4 vé gia tri MIC/MBC clia
nanocomposite chitosan/tinh bot mang ampicillin, két qua Bang 3.5,
Hinh 3.22 va Hinh 3.23. cho thdy MIC/MBC cua khang sinh ampcillin
v6i E. coli 144,0 pg/mL va 6,6 pg/mL giam xudng & mau nanochitosan
C100+Amp 1a 32 pg/mL va 6,3 pg/mL. Piéu nay ching to
nanochitosan ciing c6 tic dung khang khuan E. coli. Gia tri MIC/MBC
clia cac mau nanocomposite chitosan/tinh bot mang ampicillin
(C2S1+Amp) giam xudng 3,0 pg/mL va 5,0 ug/mL thip hon nhiéu so
v6i chi c6 ampicillin don thuan hodc nanochitosan mang ampiccilin
va sy khac biét nay la c6 y nghia thong ké véi p<0,05. Két qua ciing
cho thiy miu nano tinh bot mang ampicillin (S100+Amp) cho hiéu
quéa khang khuan tuong duong ampicillin. Diéu nay chimg to cung
kich thu6c nano nhung thé zeta 4m cua nano tinh bot da lam cho n6
khong cai thién hiéu qua khang khudn, gia tri MIC/MBC tuong dwong
ampicllin don thuan.
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Bang 3.5. Gia tri MIC va MBC cta nanocomposite chitosan/tinh

b6t mang khang sinh ampicillin véi E. coli

MIC

MBC

Cong thtc (ug/mL) (ng/mL) MBC/MIC
C100 + Amp 3,27+ 0,12 6,33+ 0,12 1,93
C2S1 + Amp 3,00*+ 0,00 5,07+ 0,12 1,67
CIS1 +Amp 3,13+ 0,12 5,47 +0,12 1,74
C1S2 +Amp 3,33+ 0,12 5,60° =+ 0,00 1,68
S100 + Amp 4,27+ 0,12 6,739+ 0,12 1,57

Amp 4,004 + 0,00 6,60¢ + 0,00 1,65

Hinh 3.23. Gia tri MBC (pug/mL) ampicillin (trai) va C2S1+Amp (phai) véi E. coli.

3.3. Nghién ctru tao vit li€u nanocomposite chitosan/cellulose va
kha ning khing khuin ciia nanocomposite chitosan/cellulosse
mang khang sinh ampicillin
3.3.1. Anh huéng ciia 1y 1é chitosan va cellulose (CMC) dén tinh chat
ciia nanocomposite chitosan/cellulose bang phirong phdp sdy phun
Két qua bang 3.6 va Hinh 3.25 cho thay kich thudc hat nano, micro
chitosan (C100) trung binh 1a 816 nm, va ting dan khi ty 1& C giam
dan va tang ty 16 M trong thanh phin nano va microcomposite. Kich
thudc trung binh 1a 954 nm & mau C5M1, ting lén 1049 nm (C4M1),
1144 nm (C3M1) va 1288 nm (C2MI1). Kich thudc hat micro
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composite chitosan/cellulose s€ tang 1én 1313 nm (C1M3) va dat cuc

dai 1906 nm (C1MS5).

Béng 3.6. Anh huong cua ty 1¢ chitosan/cellulose dén tinh chét ctia nanocomposite
chitosan/cellulosse bang phuong phap say phun

Mo M poent hatingomn it

(mV) (nm) O Amp (%)
C100 1:0 67.67+£0.92 816.9+£24 .5¢ 75.49+0.352 68.6+£1.2¢
C5M1 5:1 82.70+0.45 954.2420.3¢ 72.03+0.06° 78.840.9°
C4M1 4:1 85.07+1.81 1049.8+28.74 71.88+0.07° 79.2+1.3b
C3M1 3:1 89.53+1.89 1144.4+32.04 71.17+0.04° 81.8+0.72
C2M1 2:1 90.37+1.05 1288.8+24.3¢ 71.08+0.03° 82.4+1 .42
CIM1 1:1 78.63+1.02 1290.4+35.0¢ 71.04+0.05° 80.1+0.9°
C1M2 1:2 61.67+2.45 1304.7+26.3¢ 70.71+0.06¢ 75.8+1.9¢
CIM3 1:3 -31.434+0.65 1313.0+18.2¢ 69.15+0.034 58.6+0.74
C1M4 1:4 -39.17+0.05 1652.5+42.5% 69.06+0.044 56.3+0.44
CIM5 1:5 -40.00+£0.72 1906.8+40.42 68.72+0.60° 50.8+0.8¢
M100 0:1 -81.73+0.90 1658.9+38.7° 67.01+0.06¢ 38.8+0.61

*kytwa, b, ¢, d, e, fchi sukhac biét théng ké theo cac gia tri trong cot voi (p<0.05)

The zeta cua hat nanocomposite

Két qua o trong Bang 3.6 cho thiy dién thé zeta ctia cac hat nano
chitosan (C100) thu dugc trong nghién cuu la tr +67,67 mV.
Két qua bang 3.2, 3.6 va Hinh 3.26 ciing cho thiy néu ty 1& cellulose
va tinh b6t trong nano composite vdi chitosan phu hop s€ tao ra thé

Hinh 3.24. SEM ctia mau nano chitosan/cellulose composite va nano

C100

C5M3

M100

C5M3+Amp

chitosan/cellulose composite hap phu Ampicilline.
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Hiéu sudt thu hoi

Hi¢u sué‘g thu hdi nano va micro chitosan/cellulose trong nghién
ciru nay bién thién tr 67,01-75,49%. Trong do cac cong thuc
composite gitta C:M cho hiu suat tr 70-72% (Bang 3.4). Hi¢u suat
nay tuong tu nhu nano composite giira chitosan va tinh bot (C:S) 70-

75% (Bang 3.2).

FT-IR cuia nano microcomposite chitosan/cellulose

\\/
cuangds | (c) ~
hip thy
anh sing
(a.u) W | At
) L~
\\\\J// ~ gl

4000 35;00 30‘00 25‘00 20‘00 15’00 10’00 500
$6 séng (em™)
Hinh 3.27. Phd FT-IR ciia nano
chitosan/cellulose composite va nano
chitosan/cellulose composite hap phu khang
sinh ampicilline.
Trong dé: S100 (a); M100 (b); C100 (c);

C2M1+Amp (d); C1S2+Amp (e) va Amp ().

Phan tich FT-IR cua
ampicillin (Amp) dugc thé
hién trong Hinh 3.27 (f) cho
thdy dinh (peak) & 3444 cm-
1 ¢6 lién quan dén su kéo dai
N-H cua amin biac mot va
amid bac hai ctia vong beta-
lactam va sy kéo dai O-H
cua nhom cacboxylic c6
trong ampicillin.. Phd FT-IR
cua Carboxymethyl
cellulose (M100) trinh bay
trong Hinh 3.27 (b) cho thay
cac dinh ¢ 3450 cm-1 tuong
ung su kéo dai -OH, 2927
cm-1 tuong ung tin hiéu cua
-CH dbi xtmg; 1064 cm-1
tuong tng C-O-C cua lién
két glycoside

Ph6 FTIR ciia mau chitosan (C100) trong Hinh 3.27 (c) chi ra ring
chitosan thé hién cac dinh dic trung cho dao dong cia cac lién két
trong chitosan nhu sau: Pinh ¢ 3449 cm-1 1a do sy kéo dai -OH va
nhém amin bac I -NH2. Dinh ¢ 2930 cm-1 1a dién hinh cho dao dong
d6i ximg C—H. Pinh & 1641 cm-1 dic trung cho s udn cong N—H.
3.3.2. Nghién ctru kha ning khang khuén Staphylococcus aureus
ciia nanocomposite chitosan/cellulose mang ampicillin

3.3.2.1. Anh hudng cia nong dé ampicillin bao goi trong
nanocomposite chitosan/cellulose dén kha néang khing khudn
Staphyllococus aureus
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Hinh 3.28. Anh hudng nong ¢ ampicillin

dén khang khuan S. aureus

Vi hiéu suét vi bao géi thip
nén hiéu qua trc ché cua nano
M100 + Amp chi dat 87% so
véi ampicillin ty do 1a 92%.
Céc cong thuc C100 + Amp
va C3M1 + Amp dat toi
93,5% & cung nong d¢ khang
sinh 1a 7,5ug/mL (Hinh 3.28).

3.3.2.2. Pdnh gid kha ndng khéng vi khuan Staphylococcus aureus ciia
nanocomposite chitosan/cellulose mang ampiciilin

Két qud hinh 3.29 ciing cho o
thdy ampicillin dugc bao goi
composite
chitosan/cellulose c¢6 hiéu
qua khang khuan S. aureus
6n dinh trong 48h, dic biét
cic mau C3M1 +Amp va
CIM1+Amp. Cac mau nano
composite ¢ ciu triic nano
6n dinh, dang mang luéi do
su két hop giita chitosan
(polycation)

trong

nano
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(polyanion).
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Hinh 3.29. Anh huéng nanocomposite
chitosan/cellulose mang ampicillin dén
kha nang khang khuan S. aureus

Béng 3.7. Gia tri MIC va MBC cua chitosan/cellulose
nanocomposite mang khang sinh ampicillin trén S. aureus

Céng thirc MIC (ug/mL) (:l\gfnCL) Mgé’ /511 .
C100 + Amp 3,53+ 0,12 6,47+ 0,12 1,83
C2MI + Amp 3.20% + 0,00 53314 0,12 1,66
CIMI + Amp 3,30 + 0,12 5,730+ 0,12 1,70
CIM2 + Amp 3475+ 0,12 5,800+ 0,00 1,67
M100 + Amp 427¢+0,12 7.07°+ 0,12 1,65

Amp 3,034+ 0,12 6.80¢ + 0,00 1.73
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Vit liéu nano, microcomposite chitosan/cellulose c6 hiéu qua bao goi
cao hon so v&i nanocomposite chitosan/tinh bot. Ty 1€ C3M1 va C1M1
g6p phan 1am giam chi phi, hoan toan khéng dung ho chit, dung moi
va nanocomposite chitosan/cellulose hoan toan 6n dinh trong moi
truong axit va khang lai su phén huy ctia amylase va enzyme ti€éu hoa
& nguoi. Ty sd MBC/MIC cac mau nanocomposite chitosan/cellulose
mang ampicillin (C2M1+Amp; C1IM1+Amp va CIM2+Amp) tu 1,66-
1,70 thap hon so voi Ampicillin don thuan va nanochitosan mang
ampicillin  (C100+Amp) 1a 1,73-1,83. Diéu nay ching to
nanocomposite chitosan/cellulose da cai thién hoat tinh khang va tiéu
diét vi khuan S. aureus so véi nano chitosan va ampicillin don thuan.
Vi viy, nanocomposite chitosan/cellulose 1a vt liéu tiém nang, phu
hop dé mang khang sinh cho cac nghién ctru thir nghiém sau hon.
3.3.3. Nghién citu khd ndng khang khudn E. coli ciia nanocomposite
chitosan/cellulose mang ampicillin

3.3.3.1. Anh hwong cua nong do ampicillin trong nanocomposite
chitosan/cellulose dén kha nang khang khudan Escherichia coli

Hinh 3.30 cho thiy ndng do o

. arye L. bt = | [—cioram
Ampicillin 5 Hg/mL bao géi £ = e aro
trong nano chitosan/cellulose f ol v
V&i cac ty 1¢ khac nhau dugc sir o o
dung dé danh gia tinh khang lai L
tinh khéng thuoc cua E. coli va pora a0 At s
xéc dinh dugc ty I¢ chitosan Vf\% Hinh 3.30. Anh hudng cta nong do
cellulose pht hop mang lai ampicillin hip phy trén nano
hiéu qua tc ché t6i wu nhat. chitosan/cellulose composite dén kha nang

khéang khuén E. coli

3.3.3.2. Pdnh gid khd nang khing khudn ciia nanocomposite
chitosan/cellulose tai ampicillin voi Escherichia coli

Nghién ctru tiép tuc theo ddi hoat tinh khang khuan dén 48h u dé danh
gi4 tinh khang thudc cua E. coli va kha nang khang lai tinh khang thudc
ctia vi khuan E. coli (Hinh 3.31). Két qua cho thdy hiéu qua khang
khuan tiép tuc kéo dai, duy tri 6n dinh sau 24, 36 va 48h. Trong khi
do, voi mau ampicillin tu do cling ¢6 xu hudng giam tir 95,64% Xuong
93,87%. Su khéc biét vé hiéu qua khang khuén tai thoi diém 48h giira
cac cong thirc 1a khéac biét co y nghia thong ke.
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Két qua nay ciing 1a minh [ —
chang cho thay ching E. coli | » i —
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—+—C100+ Amp,
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phap vi bao khéang sinh K / —cmeam
ampicillin ~ trong  nano J/ e
chitosan/cellulose T

composite 1a hiéu qua dé T e

kl:]ang 7Ia| tl_nh kbang thuoc Hinh 3.31. Anh huong nanocomposite
cua chung vi khuan. chitosan/cellulose mang ampicillin dén kha
nang khang khuan E. coli

Diéu nay ciing twong tu véi cac nghién ciru cong bd trén thé gisi khi
vi bao khang sinh trong nano chitosan. Nano composite vdi ty 1¢ C1M1
va C2M1 1a nanocomposite phii hgp dé mang khang sinh ampicillin
khang lai vi khuan E. coli giy bénh.

3.3.3.3. MIC/MBC cua nanocomposite chitosan/cellulose mang

ampicillin voi Escherichia coli
Bang 3.8. Gia tri MIC va MBC cuia nanocomposite chitosan/cellulose mang khang
sinh ampicillin trén Escherichia coli

STT Cong thirc MIC MBC Ty Ie MBC/MIC
(ng/mL) (Mg/mL)
1 C100 + Amp  3,25® +0,12 6,40¢+ 0,12 1,96
2 C2M1+Amp  3,00°+0,12 5,207 + 0,00 1,73
3 CIM1+Amp  3,20%+0,12 5,600 + 0,12 1,75
4 CIM2+Amp  3,40°+0,00 5,80 + 0,00 1,70
5 M100+ Amp 4,409+ 0,12 7,208+ 0,12 1,63
6 Amp 4,00 + 0,00 6,60 + 0,00 1,65

Két qua Bang 3.8 ciing cho thiy gi4 tri MIC/MBC ciia nanocomposite
chitosan/cellulose mang ampicillin véi d6i tuong E. coli twong ty nhur
S. aureus (3.3.2), gia tri bién thién tir 3,0-3,4 ug/mL va 5,20-5,80
png/mL. Gia tri ny thap hon ampicillin don thuan hodc ampicillin duoc
bao goi trong hat nano chitosan (C100+Amp).
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KET LUAN VA KIEN NGHI

Két luan

Chitosan c¢6 khéi lugng phén tir 350-500 kDa 1a vat liéu phu hop
dé tao nano chitosan va mang khang sinh amoxicillin dé khang khuan
Streptococcus pneumoniae. Hat nano chitosan dugc tao bang phuong
phap gel ion v&i TPP két hop voi sdy phun c6 kich thude trung binh
300 nm, thé zeta +54 mV, gia tri MIC ctia nano chitosan khang S.
pneumoniae 1a 60-80 pg/mL. Khi két hop véi khang sinh amoxicillin,
nano chitosan di ting cuong kha ning khang khuan khang thudc S.
pneumoniae, gia tri MIC ctia nano chitosan/amoxicillin 1a 1pg/mL,
thap hon 2 ug/mL so véi chi sir dung amoxicillin ty do in vitro.

bia tao duoc nanocomposite chitosan/tinh bt tao bang phuong
phap sy phun dé mang khang sinh ampicillin. Hat nanocomposite co
dang hinh ciu, déng nhat va cdu triic 6n dinh, c6 ciu trac mang ludi
nho hinh thanh céc lién két hydro, kich thudc hat trung binh tir 300-
500 nm. Ty 1 thich hop dé tao nanocomposite giita chitosan va tinh
bot 1a 1:1 (C1S1) hodc 1:2 (C1S2), thé zeta cao tir +71 mV dén +80
mV. Hiéu suat mang khang sinh ampicillin ctia nanocomposite
chitosan/tinh bot tir 70-77% cao hon so v&i nanochitosan va nano tinh
bot. Hat nanocomposite chitosan/tinh bot mang ampiciline thé hién
hoat tinh khang va diét khuan E. coli va S. aureus cao hon va 6n dinh
hon so v6i ampicillin ty do hoac khi dugc bao goi trong nanochitosan.
MIC ctia nano composite chitosan/tinh bot (C1SI+Amp va
C1S2+Amp) tir 3,0-3,2 pug/mL va MBC bién thién 5,2-5,8 pg/mL.
Nanocomposite chitosan/tinh bot mang ampicillin bang phuong phap
sdy phun 1a vat liéu mang va dan truyén khang sinh hiéu qua in vitro.

Pi tao dugc Nanocomposite chitosan/cellulose tao bang phuwong
phap két hop gel ion giita hai polymer chitosan va CM-Cellulose c6
dién tich trai diu két hop v6i sdy phun 1a phuong phap don gian va
hi¢u qua. Hat nanocomposite chitosan/cellulose c6 dang hinh cau déu,
bé mit on dinh, ¢ cau tric mang ludi, kich thudc hat trung binh tir
1200-1300 nm, thé zeta bién thién tir +70 mV dén +90 mV, hi¢u suét
thu hdi dat > 70%. Ty 1& chitosan va cellulose thich hop tao
nanocomposite 1a 2:1 (C2M1) va 1:1 C1M1). Hiéu sut vi bao khang
sinh ampicillin (LE%) tir 75,8-82,1%. Ty 1€ chitosan va cellulose thich
hop @ tao nanocomposite 1a C2M1 va CIM1. MIC/MBC véi S.
aureus va E. coli bién thién tir 3,0-3,2 pg/mL va 5,2-5,6 pg/mL, ty l¢
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MBC/MIC 14 1,72. Nano composites chitosan/cellulose 13 vat liéu tiém
nang, hiéu qua dé mang va dan truyén thudc khang sinh ampicillin dé
khang lai vi khuan gdy bénh S. aureus va E. coli in vitro.

Kién nghi

Phuong phap tao nanocomposite gitra chitosan voi tinh bot hodc
cellulose c¢6 nhidu wu diém va c6 tiém nang img dung cao trong viéc
nang cao hiéu qua khang sinh chdng lai vi khuan gay bénh trén nguoi
va vi khuin khéang thubc. Dé nghi tiép tuc nghién ctru sau hon tao hat
nanocomposite mang khang sinh dé nang cao hiéu qua cia cac loai
thudc khang sinh.

Nghién cuu xdy dung cac md hinh tht nghiém hiéu qua cua
nanocomposite chitosan voi tinh bot va cellulose mang khang sinh trén
té bao, dong vat thi nghiém va thir nghiém lam sang trén ngudi dé co
thé phat trién céc san pham thudc diéu tri hiéu qua cac loai bénh &
ngudi va vat nudi do vi khuan gy ra.
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