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LOI CAM DOAN

T61 xin cam doan nhitng ndi dung trong luan an nay do t61 thuc hién dudi su
huéng din cua GS. TS. Thai Hoang va PGS. TS. Vii Qudc Trung. Mot s6 nhiém vu
nghién ctru 13 thanh qua tap thé va da duoc cac dong su cho phép sir dung.

Céc s6 liéu, két qua trinh bay trong luan 4n 13 trung thuc va chua timg duoc

cong bd trong cac cong trinh khac.

Tac gia ludn an

VU QUOC MANH



LOI CAM ON

Sau mét thoi gian nghién cizu, thuc hién dé tai "Nghién cizu ché tao va ddc
trung tinh chat cua té hop carrageenan/collagen (tir vay cd) mang dwoc chdt
allopurinol” da hoan thanh tai Phong Hoa ly vt ligu phi kim loai — Vién Ky thugt
nhiét doi — Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Toi xin bay té 1ong biér on sdu sdc va chan thanh nhdr dén GS. TS. Thai
Hoang va PGS. TS. Vii Quéc Trung, nhitng nguwoi Thdy da tan tinh huéng ddan va
chi bao tdi trong sust qua trinh xay ding va hoan thién lugn an.

T6i xin chan thanh cam on anh, chi, em trong Phong Hoa ly vdt liéu phi kim
logi va Vién Ky thudt nhiér déi — noi t6i thuc hién dé tai, da tao moi diéu kién tugn
loi dé t6i hoan thanh lugn &n nay.

Toi xin tran trong cdm on Ban Gidm doc, thdy gido, cd gido cling toan thé can
bé phong Pao tao Hoc vién Khoa hoc va Céng nghé - Vién Han 1am Khoa hoc va
Cong nghé Viét Nam da givp do tdi trong qua trinh hoc tdp va hoan thanh lugn an.

TOi xin chan thanh cam on Ban gidm hiéu Truong Pai hoc Thanh D6, Ban
lanh dao cung toan thé cde dong nghiép Khoa Dwoc dd tao moi diéu kién, hé tro,
gitip dé& tét nhdt cho tdi trong suét qué trinh hoc tdp, nghién cizu va hoan thanh
lugn an.

Toi xin chan thanh cdm on dé tai Quy phat trién Khoa hoc va Cong nghé
Quoc gia (Nafosted) — ma sé: 104.02-2017.326 giai doan 20182021 dd hé tro kinh
phi dé tdi hoan thanh lugn an nay.

Cudi cung, t6i xin bay té 10ng biér on sdu sdc dén gia dinh, ban beé, dong
nghiép da tao diéu kién giip d@, chia sé va déng vién toi trong qué trinh hoan
thanh lugn an.

Ha Ngi, thang 01 nam 2024

Tac gia luan an

VU QUOC MANH



MUC LUC

Trang

MO DAU ..o 1
CHUONG 1. TONG QUAN ......oiieieieeeeeeeee et ee e e e st en s, 4
1.1. TONG QUAN V& COHAGEN ...t 4
1.1.1. CAu tao va Cau tric phan tir CONAGEN .........c.ovevvreeereeeeeeeeeeeeeeeee s 4
1.1.2. Phan 10ai COIAgEN.......coiieiie ettt 6
1.1.3. Tinh Chat Cla CONAGEN ..........cveveeeeeeeeee et 10
1.1.4. Tinh hinh nghién cttu san Xuat collagen tir Ca ........covvvvveveeeevereereieeeeean, 12
1.2. TONQG QUAN V& CAITAGEENAN ...t es e enes st en s sn st en e 18
1.2.1. CAu tao va Cau tric phan tir CArrageenan ..........ooveeevveeveeseeeseseesssesessennan, 18
1.2.2. Tinh hinh nghién ciru SaN XUAt CAITAgEENaN ..........ocevveveeererereereseseeseseseanss 24
1.2.3. UNg dung CUa CAITAGEENAN ........cevvereveeeeseesessereessesessesesesssessssssssseseessnens 27
1.3. Tong quan vé polyme thién nhién mang dwgC Chat.............c..cccccvvvirrvrennnnee. 29
1.3.1. Carrageenan mang dugC CNAL............ccceurvveveereresereseeeeessesssesessensessereeneans 29
1.3.2. Collagen mang dUQC CAL ...........co.evrveereeereeeeeseseseetesessseseesee e 31
1.3.3. To hop carrageenan/polyme khac mang dwgC Chat.........c..ccvvevvevervcenennan, 33
1.3.4. T6 hop collagen/polyme khac mang dugC Chat..........cccovvveeeverveeeieeenenae, 35
1.3.5. To hop carragennan/collagen mang duwoC ChAt...........cccovvveveveverererernenae, 37
1.4. Tong quan vé dwec chat allopurinol va polyme mang allopurinol ............. 38
1.4.1. TINN CRAL CAUNG «vveeeeeeeeeeee ettt 38
T.4.2. DUOQC TUC evveiiiiec ettt ettt e et eare e e s be e e s bee e s ebre e e nnreas 39
1.4.3. CO ChE tAC AUNG ....oocvoveeeeeeeeeeee ettt 40
1.4.4. Polyme mang allopurinol...........ccoooveiiiiii e 40
CHUONG 2. THUC NGHIEM ..o eseee e seeeeeeseeens 43
2.1. HO ChAL, AUNG CU...eovoeeeeeeeeeee ettt 43
2.2. Trich ly collagen tir vay ca (ho ca chép — Cyprinidae) ........cccccoevvvieicriennnnn 43
2.2.1. Xir 1y so bo nguyén liéu dau vao (BUGC 1)...veveeieeeeeeeeeeeeeeere e, 43

2.2.2. Xt ly protein va chat béo bang dung dich kiém (BUGC 2) .....cvevveevecerenee. 44



2.2.3. Xur ly khoang bang dung dich hén hop acid khac nhau (Buéc 3)..............
2.2.4. Thu collagen thd (BUGC 4) .....cccveiieiiiiiiiiiic s
2.3. Ché tao mang té hep carragennan/collagen/allopurinol..............c.ccoveee...
2.4. Ché tao hat té hop carragennan/collagen/allopurinol.............cccocveevenean..
2.5. Phuwong phap nghi€n ClrU............ccoooiiiiiiiii e
2.5.1. Phuong phap hién vi dién tir QUEL (SEM) ...
2.5.2. Phuong phép tan xa anh sang doNg (DLS) .....ccccocviiiiiiiiiiieiceec e
2.5.3. Phuong phap phd hong ngoai bién d6i Fourier (FTIR) ......coveveeereeereeeenns
2.5.4. Phuong phap nhidu Xa tia X (XRD) w..cccccveveveeieiieceesisesee e
2.5.5. Phuong phéap nhiét luong quét vi sai (DSC) va phan tich nhiét khoi
TUHONG (TGA) bbbt sreenres
2.5.6. Phuong phap pho hap thy tir ngoai — kha Kién (UV-Vis)........ccceeevvverennnnae.
2.5.7. Phuong phap sac ky 1ong hiéu nang cao (HPLC)........coccvvvvvvevieeerenireennans
2.5.8. Phuong phap dién di SDS-PAGE ..........cccooiiiiiiiiieee e
2.5.9. Phuong phap sic ky nano da chiéu va khéi pho (nanoLC-MS/MS)...........
2.6. Giai phong allopurinol tir mang va hat t6 hep Car/C/ALP trong céc
moi trurong PH KNAC NNAU ..o
2.6.1. Xay dung duong chuan caa allopurinol trong cac dung dich pH khac nhau ...
2.6.2. Xéac dinh ham luong allopurinol dugc mang béi t6 hop Car/C..................
2.6.3. Xac dinh khéi luong thudc allopurinol giai phong tir vat liéu to hop
(08, 1L O I U UPPOSPRRSS
2.7. Thir nghiém in vivo sir dung hat té hep carrageenan/collagen/allopurinol
trén co thé dong vat (chudt binh thwong va chudt dwoc tiém phic mac
POLASSIUM OXAIALE) .....ecvveeiieeciie e e e e e e e eesneeenree s

2.7.1. Xac dinh doc tinh cap cua hat t6 hop

carrageenan/collagen/allopurinol trén chuét dugc thur nghiém ..................
272. Xac dinh doc tinh ban trwong dién coa hat t5 hop
carrageenan/collagen/allopurinol trén chudt dugc thir nghi€m ........ccoveviiiiiiiienen,

2.7.3. Khao sét tac dung cua hat t6 hop carrageenan/collagen/allopurinol dén sy

giam ndng do urat/acid uric trong méau caa cac loai chudt duoc thir nghiém.............



CHUONG 3: KET QUA VA THAO LUAN ......c.oooiiiiieeeeeeeeeeeeeeee e 61

3.1. Trich ly collagen tir Vay ca nw6oC NQOL .........cceeviieiiiiiiiiieeeeeee 61
3.1.1. Anh huéng cua dung dich kiém dén xu 1y vay ca thu collagen........ 61
3.1.2. Anh huong cua hdn hop acid dén xt Iy vay céc thu collagen.................... 62

3.1.3. Xac dinh d6 tinh khiét va ham luong céc acid amin trong collagen thu
GUOC I NON NOP VAY Chlvvvoeecevieeeeee ettt ettt 63
3.1.4. Bic trung, tinh chit va hinh thai ciu tric cua collagen thu duoc tir hdn
NOP VAY CANO CA CNEP ....vviiciccie e 66
3.2. Mang t6 hep carragennan/collagen/allopurinol............ccccceveeevereseeeenienen. 72

3.2.1. Hiéu suat mang allopurinol caa cac mang to hop carrageenan/collagen ...72

3.2.2. Phé FTIR cta mang té hop carrageenan/collagen/allopurinol.................... 73
3.2.3. NidU Xa tid X (XRD) .....cueveeeieeeceeieeeeeeeee e eeeee e esesas e sss s e snssesens 78
3.2.4. Anh SEM cua mang t6 hop carrageenan/collagen/allopurinol................... 80
3.2.5. Do bén nhiét mang to hop carrageenan/collagen/allopurinol.................... 80

3.2.6. Nghién ctru giai phong allopurinol tir mang t6 hop Car/C/ALP (CCA)

trong cac dung dich dEM PH 2 VA PH 7,4 ....ooovveiiiciiiece e 83
3.2.7. M6 hinh dong hoc giai phdong allopurinol tir mang to hop CCA trong
cac dung dich AEM PH 2 VA PH 7,4......ooioiiiceecee e 88
3.3. Hat t6 hop carragennan/collagen/allopurinol (ACC).........cccocovvevrvrrerennenen. 90
3.3.1. Pho FTIR cua hat t6 hop carrageenan/collagen/allopurinol (ACC)........... 90
3.3.2. Phan bé kich thudc hat ciia hat t6 NoP ACC ......ocvveeeeeeeeceeee e, 92
3.3.3. Anh SEM cua hat t5 hop NaN0 ACC.........coceeeeveeieseeeeeeeeeseeeees e, 93
3.3.4. Bic trung nhiét cta hat t6 hop NAN0 ACC ..., 94
3.3.5. Hiéu suat mang allopurinol cua cac hat t6 hgp nano ACC...........cc.cceeee.e. 96

3.3.6. Nghién ctu giai phong allopurinol tir hat t6 hop nano Car/C/ALP
trong dung dich &M PH 2 VA PH 7,4.....coooiiieee e 97

-
A

34. Thw nghiém in vivo st dung hat to hop nano
carrageenan/collagen/allopurinol trén co thé dong vat (chudt binh thwong

va chugt dwgc tiém phdc mac potassium oxalat).........c.cocevveviieiiiiieniieiieneens 102



34.1. Xac dinh doc tinh cidp cua hat t6 hop nano
carrageenan/collagen/allopurinol trén chudt duoc thir nghiém ..................... 102
3.4.2. Xac dinh doc tinh ban truong dién cua hat t6 hop nano
carrageenan/collagen/allopurinol trén chuot duoc thir nghiém ..o 105
343. Khao sat tic dung cua hat td6 hop  nano

carrageenan/collagen/allopurinol d¢én sy giam ndng d6 urat/acid uric trong

mau cua cac nhom chudt dugc thir Nghiém ..., 109
KKET LUAN ..ottt sttt 115
NHUNG PONG GOP MOI CUA LUAN AN ......ooovvveveceeeeeeee e, 117
DANH MUC CONG TRINH CUA TAC GlA ..o 118

PHU LUC oo eseee e seee e ssee s seeseesessessesesseeseesesseeeessssea 1.PL



DANH MUC CAC TU VIET TAT

3,6-AG: 3,6-anhydrogalactose

A-CNPs: Nano siéu thuén tir chitosan mang allopurinol
Ala: Alanie

ALP: Allopurinol

Arg: Arginine

Asp: Acid aspartic

C: Collagen

CAF: Collagen/alginat/soi

Car: Carrageenan

CMC: Carboxymethyl cenlulose

CS: Chitosan

Cur: Curcumin

DFNa Diclofenac sodium

DLS: Tan xa anh sang dong

Dox: Doxorubicin

DSC: Nhiét luong quét vi sai

EDTA: Ethylenediaminotetraacetic

EDX: Tan xa nang lugng tia X

EHE: Phuong phép dun — thay phan — chiét
FAD: Cuc quan Iy Thuc phidm - Duoc phim Hoa Ky
FO: Pong hoc bac 1

FONPs: Nano oxit sat tir

FTIR: Pho hong ngoai bién doi Fourier

GH: Hormone tang truong

Glin: Glutamine

Glu: Acid glutamic

Gly: Glycine

GPC: Giai phong cham



GPN:
HAp:
HC:

HG:
HOB:
HPLC:
Hyp:

lle:

KP:
LPS:
Lys:
Met:
MNPs:
PAA:
PEG 6000:
PEO:
Pro:
PVA:
PVPK30:
SBF:
SDS:
SEM:
TGA:
TPP:
Tris:
UV-Vis:
XRD:
Z0:

B- MING:

Giai phéng nhanh
Hydroxyapatite

Phuong trinh Hixon-Crowell
Phuong trinh Higuchi
Nguyén bao xuong ciia nguoi
Séc ky 1ong hiéu ning cao
Hydroxyproline

Isoleucin

Phuong trinh dinh luat nang lugng Korsmeyer-Peppas
Lipopolysaccharide

Lysine

Methionine

Hat nano tir tinh

Poly(acid acrylic)

Polyetylen glycol 6000
Polyetylen oxide

Proline

Poly(vinyl alcohol)
Poly(vinylpyrrolidone)

Dich mé phong co thé ngudi
Sodium dodecyl sulfate

Hién vi dién tir quét

Phén tich nhiét khéi lugng
Tripolyphosphate
Trisaminomethane

Pho hép thu tir ngoai — kha kién
Nhiéu xa tia X

bong hoc bac 0

Té bao tuy



TY LE THANH PHAN VA Ki HIEU CAC MAU MANG TO HOP
CARRAGEENAN/COLLAGEN/ALLOPURINOL

STT Ki hiéu mau | Carrageenan | Collagen Allopurinol KCI

mang 9 ) ) 9
1 CC955-0 0,095 0,005 0 0,001
2 CCA991-5 0,099 0,001 0,005 0,001
3 CCA973-5 0,097 0,003 0,005 0,001
4 CCA955-5 0,095 0,005 0,005 0,001
5 CCA937-5 0.093 0.007 0,005 0,001
6 CCA9010-5 0,090 0,010 0,005 0,001
7 CCA955-3 0,095 0,005 0,003 0,001
8 CCA955-10 0,095 0,005 0,01 0,001
9 CCA955-15 0,095 0,005 0,015 0,001
10 | CaA5 0,1 0 0,005 0,001
11 | CoA5 0 0,1 0,005 0,001

TY LE THANH PHAN VA Ki HIEU CAC MAU HAT TO HQOP
CARRAGEENAN/COLLAGEN/ALLOPURINOL

STT Ki hi¢u Carrageenan | Collagen | Allopurinol KCI
mau ot (9) (9) (9) (9)
1 ACC19-5 0,01 0,09 0,005 0,001
2 ACC19-10 0,01 0,09 0,01 0,001
3 ACC19-15 0,01 0,09 0,015 0,001
4 ACC28-10 0,02 0,08 0,01 0,001
5 ACC55-10 0,05 0,05 0,01 0,001
6 ACC64-10 0,06 0,04 0,01 0,001
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MO DAU

Polyme thién nhién, nhan tao hoic tong hop c6 sir dung trong y hoc duoc goi
la vat liéu polyme y sinh. Ching duoc stir dung véi cac muc dich khac nhau nhu:
diéu tri bénh, thay thé c4c co quan bi ton thwong gitip phuc hdi chirc ning hoic ting
cudng mot chire ning nao do trong co thé [1].

Cac polyme y sinh dung lam vat kiéu thay thé can c6 cac tinh chét sau [1, 2]:
Tuong hop sinh hoc va khong doc hai; c6 thé khir trung; dé ché tao. Loai vat lidu
thudng st dung lam cac bd phén thay thé trong co thé 1a soi carbon, polyglycolide,
poly L-lactic, poly caprolactone...

Véi polyme y sinh 1am vat liéu mang, dan thudc trong dugc phim, ngudi ta
chia 1am 2 loai: dung 1am t4 duoc mang thudc va dung lam truyén dan diéu tri tai
dich [3, 4]. Trong dd, cdc polyme y sinh ¢ dang hat nano nhay vaéi nhiét d6 va pH
dé mang va giai phong thuéc mot cach tu nhién tir cac phan tir caa thude vao co thé
con ngudi theo nhitng chuong trinh dwoc thiét 1ap san. Nhu vay, nong do thudc
trong mau va thoi gian tac dung cua thudce c6 thé kiém soat mot cach dé dang, tranh
hién tuong giai phong cuc bd va cd thé kéo dai thoi gian diéu tri cho mét lan sir
dung thudc.

Trong cac hé polyme y sinh, hé polyme hydrogel c6 nhiéu vu diém nhu: kha
nang tuong thich sinh hoc tdt, twong tac tét voi duoc pham, dé kiém soét giai phong
thudc va dé gin véi céc loai duoc lidu. Vi vay, chiing dang dugc chd trong nghién
ctru dé tng dung vao bao ché cac dang thubc méi trong diéu tri bénh. Trong sé cac
polyme pho bién dung dé ché tao dang hydrogel, carrageenan (Car) va collagen (C)
la hai @ng vién tiém ning duoc sir dung dé mang cac dugc chat. Carrageenan duoc
chiét xuat tir rong d6, c6 thé phan huy sinh hoc va an toan véi co thé nguoi. Cac san
phém ctia Car véi kich thude nano dic biét 1a hé nano to hop co nhiéu tinh chat va
duogc tmg dung nhiéu trong céng nghiép dugc pham [5, 6] (lam ta duoc san xuit cac
loai thudc diéu tri nhu: thudc chéng déng mau, ngira ung thu, ... [7, 8]). Collagen
6 tac dung bao vé thudc khang céc yéu té gay bién d6i dugc chat nhu: anh séang,
oxy... Tuy nhién, nguon collagen hién nay duoc san xuat cha yéu tir da dong vat.
Trong d6 dong vat cé thé bi nhidm mot sé bénh nhu: bénh bo dién, bénh ndo xbp ¢
bo, 16 mdm long méng, ... khién cho chit lugng collagen thu dugce khong dam bao.



Gan day, collagen duoc trich ly tir vay ca dugc quan tdm nghién ctru nhu mét loai
vat lidu sinh hoc méi thay thé collagen tir d6ng vat vi ngudn collagen tir vay cé an
toan, gilp xu ly chat phé thai cua nganh thay san, ddng thoi mang lai hiéu qua kinh
té cho nganh thay san. Cho dén thoi diém nay, chua c6 dé tai nao nghién cau xu ly
vay ca nudc ngot (ho ca chép: ca chép, ca troi, cac traim co, ca ro phi) & Viét Nam
thu collagen mét cach c6 hé théng ciing nhu sir dung to hop carrageenan va
collagen tir vay ca 1am vat liéu mang, dan thuéc.

Acid uric 12 san pham chuyén héa cua purine trén ngudi [9]. Khoang 2/3
luong acid uric duoc sinh ra tir chuyén hda noi sinh va cac loai thirc an giau purine
nhu thit, hai san... [10]. Phan 16n acid uric dugc dao thai qua dudng tiét niéu va
mot phan qua mat. Sy mat can bang trong chuyén hda acid uric va réi loan dao thai
qua than s& din dén tang acid uric mau [11]. Allopurinol (ALP) 14 mot chat tc ché
enzyme xanthine oxidase (enzym oxy hda xanthine thanh acid uric), do d6 c¢6 tac
dung 1am giam manh néng d6 acid uric trong méau dwgc sir dung lam thude diéu tri
bénh gt va tang acid uric mau. Vi vay, nghién ciu sinh lya chon dé tai: “Nghién
cieu ché tao va diic trung tinh chét ciia té hop carrageenan/collagen (tir vdy cd)
mang dwoc chat allopurinol” nham thu duoc collagen tir qua trinh xir ly, chiét tach
vay ca nudc ngot & Viét Nam (ca chép, cé troi, cac trim, ca 1o phi), dong thoi st
dung collagen tir vay cé4 thu dugc két hop voi carrageenan dé ché tao vat liéu mang
dugc chat md hinh 1a ALP dé hd tro diéu tri bénh gat, nham kiém soat su hap thu va
thai trir ciia thudc ALP, qua d6 kéo dai thoi gian tac dung cua thudce.

» Muc tiéu nghién ciru

- Xay dung duoc qua trinh trich ly collagen tir vay ca nudc ngot Viét Nam
(c4 chép - Cyprinus carpio, cé troi - Labeo rohita, ca trim c6 - Ctenopharyngodon
idella, ca ro phi - Oreochromis niloticus).

- Ché tao duoc to hop polyme thién nhién carrageenan/collagen (tir vay cd)
chira ALP dang mang va dang hat bang phuong phép dung dich va phuong phap gel
—ion hoa.

- Panh gia duoc kha ning lam giam acid uric trong mau tir viéc st dung to
hop polyme thién nhién carrageenan/collagen (tir vay cd) chira ALP.

» N¢i dung nghién ctru

- Nghién ciu diéu kién trich ly collagen tir vay ca nudc ngot Viét Nam (ca



chép - Cyprinus carpio, c4 troi - Labeo rohita, c4 trim cé - Ctenopharyngodon
idella, ca r6 phi - Oreochromis niloticus).

- Nghién cau diéu kién ché tao va ti I& thanh phan giira cac polyme
carrageenan va collagen (tir vay ca) mang ALP dé thu dugc t6 hop polyme mang
dugc chat ¢ dang mang va dang hat bang phuong phap dung dich va phwong phap
gel —ion hoa.

- Nghién ctru su giai phong duoc chat ALP tir t hop polyme Car/C/ALP.

- Nghién cau tht nghiém in vivo trén chudt sir dung to6 hop polyme thién
nhién Car/C (tir vay ca) chita ALP dén kha nang giam acid uric trong mau.

> B0 cuc ludn an

Luan &n bao gom: Phan m& dau, ba chuong ndi dung chinh cua luan an, két
luan, cac dong gop mdi cua luan an, danh muc cac céng b lién quan dén luan an,
danh muc tai liéu tham khao va phu luc.

Phin Mé dau: Néu tinh cp thiét cua ludn an, khai quat chung vé ndi dung
va muc dich nghién ctru cua luan an.

Chwong 1. Tong quan: Gidi thiéu vé cac ddi twong nghién ciru, phuong
phap nghién ciru cling nhur c4c nghién ctru trong va ngodi nudc lién quan dén céc
d6i twong va phuong phap nghién ctru.

Chuwong 2. Thye nghiém: Trinh bay vé vat liéu va cac phuong phéap ché tao,
nghién curu.

Chuwong 3. Két qua va thao luin: Panh gia vé nhiing két qua nghién ctru da
dat duoc cua luan an.

Cac dong gop moi

Danh muc cac cong bd lién quan dén luin 4n

Tai liéu tham khao: Liét ké cac tai liéu tham khao da sir dung dé nghién ctru
va thuc hién luan an.

Phu luc: Trinh bay c4c bang biéu s6 lidu do dac lién quan t6i két qua ctia luan 4n.



CHUONG 1. TONG QUAN

1.1. Tong quan vé collagen
1.1.1. Cdu tgo va cdu tric phan ti collagen

Don vi cdu tric co ban cua collagen 1a tropocollagen c6 chiéu dai khoang
300 nm, duong kinh khoang 1,5 nm, gém ba chudi polypeptide xodn lai véi nhau
(Hinh 1.1). Cac chudi trong collagen dugc 6n dinh boi lién két hydro giira cac nhom
—CO- va —NH- ké 1ién nhau trén mach polypeptide [12].
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Hinh 1.1. Cau truc cta collagen

M&i chudi polypeptide chtra khoang 1050 amino acid, trong dé chu yéu la
glycine (khoang 33%), proline (25%) va hydroxyproline. Trong mdi chudi
polypeptide cua collagen, cac amino acid co6 su lap lai cua bo ba amino acid Gly-X-
Y, (X thuong 1a prolin, Y thuong 1a hydroxyprolin hodc hydroxylysin). V&i nhiing
collagen khong cé cAu tric soi, su 1ap lai cua bd ba Gly-X-Y c6 thé bi gian doan &
nhing vi tri x4ac dinh trong nhitng doan xoan ba [13].

Ham luwong cic amino acid trong collagen c6 ngudn gbc tir ca thap hon
collagen c6 ngudn gdc tir dong vat. Amino acid trong collagen ctia ca & mdi truong
4m cao hon méi trudng lanh. Cac amino acid nay gitip on dinh cu trac xoan cia
collagen boi nhom hydroxyl ciia hydroxyprolin do hinh thanh lién két hydro vai
nhém carbonyl cua chudi peptid ké bén va mot phan tir nwdce 1am cau ndi trung gian

(Hinh 1.2).
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Hinh 1.2. Su tham gia cta hydroxyproline vao lién két hydro giira cac chudi
polypeptide
Persikov da nghién ctru sy 6n dinh ctuia phan tir collagen dya trén trinh ty

Gly-X-Hyp va Gly-Pro-Y, tir d6 xac dinh duogc cac amino acid trén cac vi tri X va
Y, & vi tri cia X thuong gdp cac amino acid: Pro, Glu, Ala, Lys, Arg, GIn, va Asp;
& vi tri Y thuong gap cac amino acid la: Hyp, Arg, Met, lle, Gln, va Ala; cac amino
acid thom va Gly it on dinh & ca hai vi tri X va Y [14].

Do 6n dinh nhiét cia collagen dugc ting 1én nhd hydroxyprolin. Sakikabara
d3 nghién ctru (1973) chi ra sy 6n dinh ctia mach polypeptide (Pro-Hyp-Gly):o (Tm
= 58°C) cao hon so v6i mach polypeptide (Pro-Pro-Gly)yo (T = 24°C) [15]. Su bén
nhiét nay 1a do nhom hydroxyl caa Hyp huéng ra phia bé mit ngoai cau triic xodn
6c, khong tham gia vao lién két hydro bén trong cau tric nén nhom nay s& tham gia
hinh thanh lién két hydro nho cau ndi trung gian 1a phan tir nudc [15]. Lc nay,
nhom hydroxyl dong vai trd lién két véi phan tir H,O ndi va ngoai phan tir thianh
nhirng cu nudce lién tuc nhau [16]. Do d6, su lip lai ctia bd ba amino acid Gly-X-Y
trong mdi chudi polypeptide cho phép hinh thanh cau tric xodn ba vdi amino acid
glycine cudn vao bén trong 15i xodn dc con cac amino acid X va Y 19 ra phia bé mat
ngoai (Hinh 1.3) [12].
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Hinh 1.3. Cau tric xoan ba cua collagen



Trong thanh phan ciu tao cua collagen, sb lwong cac amino acid cd tinh acid
gan bang sd lwong cac amino acid cd tinh base. Vi vdy, collagen van giit dugc trang
thai can bang vé dién trong nhitng diéu kién sinh 1y khéc nhau [17]. Cac phuong phap
thudng dugc dung dé tach cic phan tir collagen tir cic bo soi 1a ding cac enzyme (nhur
pepsin) dé phan cit cac chudi polypeptide ra khoi phén tir collagen (loai bo dugc cac
lién két ngang ngoai phan tir), do d6 dé dang thu hoi collagen [17].

Trong dong vat, cac phan tir collagen s& két tu voi nhau tao thanh vi soi
(microfibril). Cac vi soi 1a don vi cdu triic dé hinh thanh cac soi, b6 soi 16n hon va

cac mang ludi c6 trong mo, xuong va cac mang co ban (Hinh 1.4) [18].

Collagen
loai VII

S¢i collagen
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Mang té bao

[(GPT)SGDTGTT]n
Hinh 1.4. Mot s6 dang sinh hoc cta chudi xoan 3 collagen

1.1.2. Phan logi collagen

Trong co thé ngudi, ton tai 28 loai collagen duoc dugc liét ké trong Bang
1.1. Chlng gdom hai nhdm chinh: dang soi va khong phai dang soi gdm: collagen
dang mang, chudi hat, chudi ngin, dang chuyén mang va mét sd loai khac.
1.1.2.1. Collagen dang soi

La dang phd bién v6i ham luong hon 90% luong collagen trong co thé.

Collagen dang so1 co chiéu dai chu ky khoang 64-67 nm, dugc lap di 1ap lai. Mai soi



collagen tao boi cac dai phan tir tropocollagen véi kich thude: dai 300 nm, rong 15 nm
va duogc sap xép so le nhau. Hai phan tir lién tiép cach nhau 40 nm (Hinh 1.5) [19].
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Hinh 1.5. Su sdp xép cua collagen dang soi
Nhom dang soi gom: collagen loai I (c6 nhiéu trong da, gan, xuong, giac

mac, phdi, mach mau); collagen loai II (thnh phan quan trong cua sun); collagen
loai III (c6 tinh chat dan hdi do vay c6 nhiéu trong md lién két nhu : nhu phoi, da,
mach mau); collagen loai V dugc lién két véi loai I (c6 trong giac mac); collagen
loai XI duoc lién két voi loai 1T (cO trong cau tao cua sun) (Bang 1.1). Collagen
dang soi c6 mdi chudi a, co ving xoan 6¢ dai va lap lai lién tuc cta bo ba (Gly-X-
Y)n, (n = 337-343, tuy thudc loai collagen) [20].

Bing 1.1. Ciu triic cac logi collagen [20]

Dang collagen Loai Cau trdc phan tir
| [a1(1)]202(I)
T [o1(ID]5
i [0 (11)]5
Dang soi v [01(V)]s [0l (V)]202(V); ol (V)a2(V) a3(V)
X al(XDa2(XDe3(XI)
XXIV [al(XXIV)]3
XXV [al(XXVID],
\ [01(IV)[202(IV); a3(IV)ad(IV) a5(IV);
Dang mang A\
[a5(IV)],06(1V)




VII [al(VID)]3
XV [al(XV)]s
XVIII [al(XVIID)]3
Dang chudi hat VI al(VDa2(VDa3(VD); al(VDa2(VI)a4(VI)
Dang chudi VI [l (VIID)]s [02(VIID)]s; [l (VIIT)]202(VIII)
ngan X [al(X)]s
IX al(IX)o2(IX)a3(IX)
Xl [al(XID)]3
X1V [al(XIV)]s
FACIT XVI [al(XVD]s
collagen XIX [al(XIX)]3
XX [al(XX)]3
XXI [al(XXI)]s
XXII [al(XXII)]
X1 [al(XIIT)]3
Collagen XVII [al(XVID)]3
chuyén mang XX [ol (XXIIT)]3
XXV [al(XXV)]3
Céc loai XXVI [al(XXV])]3
collagen khéc XXVII [al (XX VII)]3

1.1.2.2. Collagen dang mang [12]

Collagen loai IV 13 dang phd bién nhat, 14 thanh phan mang phan cach giita cac
co quan, mang trong, ha bi, md co va té bao than kinh va mé co. Collagen IV dai hon
va bi bi gian doan mét sO vi tri trong chu trinh 13p bd ba Gly-X-Y. Phan tir c6 hai dau
dau 7S va NCI1 khac véi dang soi 1a khong c6 hai dau teleopeptide N va C. Phan tir
collagen 1V két tu lai v6i nhau nhd vao sy hinh thanh lién két tai hai vung 7S va NCl1,

su trong tac tai cac vung xoan Oc va tuong tac gilra cac thanh phan khac ctia mang dé

hinh thanh 1&n cu tric mang ludi (Hinh 1.6A).
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Hinh 1.6. Sy sép xép ctia mot sd loai collagen khong tao ciu tric soi

Trong sb collagen ciia dong vat thi ving xodn 6¢ cua collagen VII 14 dai nhét
(chiéu dai 420 nm) vabj gian doan tai cac diém ¢ hai dau ving NC1 va NC2. Collagen
nay c6 & ranh gi6 ndi giita 16p trung va biéu bi, véi chirc nang soi neo giit cac ciu tric
(Hinh 1.6B). Collagen loai XVIII va XV ¢6 nhiéu doan két tu lai v6i nhau, goi 1a loai
hén hop. Hai loai nay tao lién két véi cac mang va lién két cong hoa tri vai cac chudi
glycosaminoglycan goi la cac proteoglycan.
1.1.2.3. Collagen chudi hat

Collagen chudi hat 13 loai phd bién dong vai tro duy tri hinh dang va trang thai
cac md. Céc phan tir chudi hat co cac ving xodn ¢ ngan (bang 1/3 so voi dang soi). Phan
tir collagen V1 lién két voi nhau tao chudi hat, ¢6 chiéu dai chu ky 110 nm (Hinh 1.6 C).
1.1.2.4. Collagen chudi ngdin

Gom collagen loai X va VIII, 1a thanh phan cta té bao sun va biéu bi. Ving
xo4n ba co chiéu dai bang 1/2 dang soi va c6 nhiu ving gian doan. Hai loai nay
tham gia hinh thanh giac mac (collagen VIII) va sun (collagen X) (Hinh 1.6 D).
1.1.2.5. FACIT collagen

La loai collagen dau tién dugc tim thiy. Loai nay co collagen IX, 1 thanh
phan chinh cuia sgi collagen trong sun. Collagen 1X 1a heterotrime dang
ol (IX)o2(IX)a3(IX) gém: phan tir glycosaminoglycan lién két voi chudi a2(IX) nén
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goi 1a proteoglycan. Trén bé mit cac collagen I va XI lién két voi collagen IX c6
trong sun bang véi cac din xuét cta lysin bang lién két cong ho tri.

Collagen soi khong lién két véi collagen XVI, XIX va XXII ma dugc phan
bd trong cac md khéac nhau, nhu collagen XXII c¢6 ¢ mang bién giita cic mo;
collagen collagen loai I lién két véi X1 c6 trong day chang, giac mac, gan, va da.
1.1.3. Tinh chat cia collagen
1.1.3.1. Su kit dm ciia collagen

Collagen khéng tan trong H,O nhung hat 4m lam ting thé tich, do bén lién
két giam. Khi hat nuée, collagen bi ion hoa do twong tac gitra cac nhom phan cuc
khac voi kiéu Van der Waals. Phan tir H,O phédn cuc gy anh huong dén lién két
hydro cua chudi polypeptide trong collagen 1am yéu lién két. Collagen lién két véi
H,O va dan no 1am ting d6 day 1én khoang 25% ma d6 dai khong ting két qua tong
thé tich phan tir collagen ting 1én [19].

Ti 1€ gian no cua collagen cé gidi han (7 % cho soi udt va 5 % cho sogi kho).
O 60 °C, dudi tac dong cua chat dién ly, collagen hit 4m, truong nd va co ngin
bang 1/3 - 1/4 chiéu dai ban dau. Tiép tuc dun ndng, collagen bi thiy phan thanh
gelatin. Collagen tan trong glyxerin, acetic acid, dung dich ure va khéng tan trong
H,O lanh. D¢ bén kéo dit ciia collagen 16n dung 1am bing gac trong y hoc, xuong,
gan, day chéng, sun va da. Két hop véi keratin 1am tang do mém, do déo dai cua da.
Trong qué trinh 130 hda, collagen bi thoai hoa s& gay ra nép nhan trén da [21].

Pun s6i dung dich collagen tao thanh gelatin, khi d6 vong xodn ba mo xodn
do pha v& cac lién két hydro. Gelaton va galactose 1a cc san pham thily phan cta
gelatin. Ty 1¢ gilra gelatin/gelaton/galatose phu thudc vao thoi gian dun va nhiét do
dun. Enzym trysin va pepsin c¢6 tac dung thiy phan cham collagen va thuy phéan
nhanh gelatin. Collagen bj két tua tao soi day khi bo sung alchol, acetone hodc mudi
dac biét 1a heparin [21].

C102H149N31038 + HoO — C102H15:N31O39
Collagen Gelatin
C102H151N31039 + 2 H,0O — CisHgsN1702, + Cy7H70019 + 7N

Gelatin Gelstose Gletone
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1.1.3.2. Su twong tdc ciia collagen véi acid va kiém

Collagen 1a chét ludng tinh, né cé thé tac dung véi acid va kiém do trén
mach cta phan tr collagen ton tai cic gbc carboxyl va amino [21]. Trong moi
truong acid, ion H* tac dung véi nhom amino tao thanh ion —NH;". Nguoc lai, trong
moi trudng kiém nhom —COOH bj chuyén hoa thanh —COO". Ngoai ra acid va kiém
c6 thé thuy phan lién két peptide trong collagen tao thanh chudi peptide ngin hon
va cac acid amin tu do.
1.1.3.3. Mot s6 tinh chdt khdc cua collagen [22]

Tuy thudc ngudn gdc, mdi loai collagen s& c6 nhitng dic diém khac nhau va
chung dugc mé ta bai nhiéu tinh chét dic trung cho ngudn gdc trich ly nhu:

+ Nhiét do bién tinh collagen: l1a nhiét do tai do cAu tric xodn ba cua collagen
bét dau bi bién doi thanh nhitg cudn xodn ngiu nhién. Do dé, biét dugc tinh chat
nay s€ gitp viéc ung dung collagen dugc hi¢u qua va thich hop.

+ Thanh phan amino acid cta collagen: 13 tinh cht rat quan trong, gitip danh
gia duoc mat dinh dudng cua collagen, 1a nén tang dé du doan cac tinh chat hoa
hoc, Iy hoc va sinh hoc... cta collagen.

+ Khdi luong phan tir collagen: 13 thong sd gian tiép gitp nhan biét muc do
nguyén ven cua mach phan tir collagen thu dugc (mdi phan tir collagen cé khéi
lugng khoang 300 kDa).

+ Pho hong ngoai (IR): mdi amide c6 do hip thu ¢ budc song riéng biét,
do vay phd IR giup phat hién va xic dinh miu phan tich c6 ton tai ciu truc
xoan hay khong.

+ Kha ning tao nhii twong: La mot protein khong tan, collagen 1a chit nhi
hoa yéu nhung t6t hon sita gay.

+ Sy bién tinh: dudi tac dung hoa hoc cua acid, base, mudi, ancol.... cdu tric
cac béc (trir bac 1) cua collagen bji pha v& do su phan huy cac lién két ion, giit
nguyén lién két peptide (cdu trac bac mot ciia protein). Do vay, tinh chat cua protein
bi thay d6i, goi 1a 1a hién twong bién tinh protein. Sau bién tinh, protein thuong
giam d¢ hoa tan, mat hoat tinh sinh hoc, nhay cam vdi enzyme protease, do nhét ndi

tai ting 1én va khong két tinh [23].
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1.1.4. Tinh hinh nghién ciu sd@n xudt collagen ter ca
1.1.4.1. Trén thé gisi

Theo Caruso va cong sy [24], wdc tinh ri'mg hon 50% b phan cua ca, bao
gé)m vay, dau, da va ndi tang, bi loai bé dudi dang “chit thai”, vuot quéa 20 triéu tan
san pham phu mdi nim. Do d6, viéc khai thac cac san phadm phu tir ca bién nhu mot
ngudn cung cdp collagen méi ngay cang thu hut duge su chi y [25, 26] do collagen
thu duoc tir cAc phu phém nay dé& chiét xuét, ham lugng cao, dé hép thy, twong thich
sinh hoc, Khong lay nhiém mot s6 mam bénh nhu collagen tur dong vat. Do vay,
nhiéu nghién ctru da tap trung vao viéc trich ly va danh gid cac dic tinh cua
collagen tir da ctia cac loai ca khac nhau, chang han nhu vay va vay cua Catla catla
va Cirrhinus mrigala [27], c4 nham méo dém nhé (Scyliorhinus canicula) [28], ca
da tron (Silurus triostegus) [29].

Nghién ctru ciia Huang va cong su [30] cho thiy ap sudt cao dugc st dung
trong qua trinh tach collagen tir vay ca 1o phi cho san luong collagen tir 7,5 dén
12,3%, cao gap 2-3 lan so voi san luong cua quy trinh chiét xuat sir dung acetic
acid thong thuong.

Str dung acid khi chiét tach collagen ciing duoc nghién ciru. Acetic acid 1a
mot trong nhitng acid phé bién nhat dugc dung trong chiét xuét collagen tir ¢4, nong
d6 cua dung dich thuong dung tir 0,5 dén 1M. Tan va cong sy [31] da nghién ctu
anh hudng cua cac loai acid khac nhau (acetic acid, acid clohydric, acid citric va
acid lactic, W:V = 1:50), ty 1¢ chat 16ng/chat ran va do pH khac nhau (1,8; 2,1; 2,4 ;
2,7 va 3,0 ) dén qua trinh chiét xuat collagen tir da ca da tron bang cac phuong phép
khac nhau (phuong phap chiét xuit bang acid, dong nhat hoa va hd trg pepsin).
Phuong phap pepsin va hd tro dong nhat hoa thé hién kha ning thu hoi protein cao
nhat (64,19% & pH 2,4 bang HCI). V& phuong phap chiét xuat acid, ty 1& thu hoi
protein tach tir da bang HCI & pH 2,4 1a 42,36% (cao nhat), tiép theo 1a chiét xut
bang acetic acid pH 2,7 (39,45%).

Tac dung cua acetic acid ndng do khoang 0,2—1,0 M ddi vé6i qua trinh chiét
xuat collagen tir da ca duoc Arumugam va cong sy nghién ctu [32]. Két qua thu

duogc san lugng collagen ting dan khi ting ndng do acetic acid, luong collagen tdi
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da thu duoc la 15,968 mg/g ¢ 0,6M acetic acid. Tuy nhién, vuot qua 0,6 M, san
lugng collagen giam do lugng acid du c6 tac dung thuy phan collagen.

Yang va cong su nghién ctru tach chiét collagen tir da ca c6 sir dung acetic
acid. Ham luong collagen thu dugc phu thudc ndng d6 acetic acid st dung, nong do
ctia collagen tang tir 0,518 1én 1,581 mg/mL khi thay d6i ndng d6 acetic acid tir 0,1
dén 2,0 M [33].

Masahiro Ogawa va cong sy (2004) di nghién ciru cac tinh chat hoa sinh cua
collagen tach chiét tir xwong va vay cia ca trong den (Pogonia cromis) can nhiét
do6i va ca sheepshead seabream (Archosargus probatocephalus). Collagen duoc
trich ly bang cach sir dung acetic acid va sir dung enzyme pepsin két hop véi acetic
acid. Collagen loai I v&i nhiét do bién tinh 16n hon 34°C [34].

Nam 2006, L.S. Senaratne va cac cong sy da nghién ctru tach chiét va xéc
dinh céc tinh chat dic trung cta collagen tir da ca lung nau toadfish (Lagocephalus
glover). Cac tac gia dua ra quy trinh tach: Pau tién khir protein phi collagen bang
cach ngam da ca trong dung dich NaOH 0,IN trong 3 ngay. Sau d6 loai chat béo
bang ancol butylic 10% trong 24 gid. Da ca sau khi loai bo chat béo tiép tuc duoc
ngam trong acetic acid 0,5M trong 3 ngay va duoc xtr Iy bang enzyme pepsin trong
48 gid dé tach collagen. Thém NaCl vao dung dich thu dugc dé két tua collagen.
Phuong phéap nay cho hiéu suét tach chiét 1a 54,3% theo khoi lugng kho, ciu tric
phan tir ctia collagen gém ba chudi al, 02, a3, nhiét do bién tinh cta collagen 13 28
°C, thap hon 9 °C so v&i collagen tir da lon [35].

Lin Wang va cc cong su (2008) ciing nghién ctru tach chiét va xac dinh cac
tinh chat ddc trung cua collagen tir da, vay va xuong cua ca do (Sebastes mentella).
Qua trinh tach chiét dugc thuc hién qua cac budc khir protein phi collagen bang
NaOH 1M; khtr khoang bang ethylenediaminotetraacetic (EDTA) 0,5M va khir chat
béo bang hexan. Cac qué trinh khtr déu dugc thyc hién trong 24 gid. Sau d6 cic
phan déu duoc ngam trong acetic acid 0,5M (trong 48 gid) dé chiét collagen va két
tia collagen bang NaCl. Hiéu suit thu hdi va nhiét d6 bién tinh collagen tir da, vay
va xuong lan luot 12 47,5 %; 6,8 %; 10,3 % va 16,7°C; 17,7°C; 17,5°C [36].

Nhom tac gia Chun Yung Huang — Pai Loan (2016) da nghién ctru st dung



14

phuong phap dun — thiy phan — chiét (EHE) dé tach collagen tir vay ca rd phi.
Phuong phiap EHE duoc ing dung nhiéu trong cong nghiép thuc pham véi nhiéu wu
diém nhu dé van hanh, san xuét lién tuc, ning suit cao va it chat thai. Qua trinh dun
duogc st dung dé 1am dut cac lién két gitra collagen va hydroxyapatide trong vay ca
va giup cho su trich ly collagen tir vay ca bang cach tach véi nudc duge dé dang
hon. Hon nita, qua trinh dun cling gitp 1am giam bot mui kho chiu cua vay ca dé
thu duoc collagen c6 mui dé chiu hon. Collagen thu dugc 1a collagen loai I, c6 do
tinh sach cao. Hiéu suét ciia phuong phap EHE cao hon 2-3 l4n so véi phuong phap
chiét/ép. Tat ca céac chiét xuit thu duoc, dic biét 1a collagen loai I c6 céc tinh chét
hoa 1y t6t va 13 Gmg vién tiém ning trong san xuat cac san pham thwong mai [37].

P. K. Bhagwat va cong sy da nghién ctru dac trung cua collagen dugc trich ly
tir vay ca chép theo 2 budc [23]. Pau tién, vay ca sau khi so ché duoc tach khoang
bang hdn hop dung dich chita NaCl 1M, Tris HCI 0,05M, EDTA 20 mM trong 48
gi0. Sau do6, ngdm vay ca trong dung dich EDTA 0,5M trong 48 gio va dugc rua lai
v61 nudce sach, thu duge vady cé da tdch khodng. Vay ca sau khi tach khoang dugc
ngam trong dung dich CH;COOH 0,5M trong 48 gid, sau do loc, loai bo phan vay
c4. Thém NaCl (t6i ndng d6 0,9M) vao dich loc va khudy lién tuc trong 24 gio. Sau
d6, ly tam hdn hop trong 20 phat ¢ toc d6 8000 vong/phit thu duoc két tua. Qua
trinh trén duogc ldp lai hai lan dé thu dugc collagen c6 dd tinh khiét cao hon.
Collagen sau d6 dugc tham tich trong 24 gid trude khi tién hanh dong khé.

Nam 2022, Rasmi Zakiah Oktarlina va cong su da nghién ctru quy trinh trich
ly micro-collagen tir vay ca chép (Cyprinus carpio). Két qua thu dugc cho thay hiéu
suét trich ly collagen tir vay ca chép 1a 8,62%, collagen thu dugc c6 mau tring vang,
cAu trac dang soi véi cac lién két amide A, B, I, Il va Ill. Kich thuéc caa micro-
collagen trong khoang 668 — 158 1nm voi kich thudc chil yéu 1a 1146 nm [38].

Ciing trong nam 2022, Robert Gal va cong su da nghién ctru qua trinh tach
collagen tir xwong cua ca chép sau d6 ché tao gelatin. Thi nghiém nghién ctru hai
yéu td ctia quy trinh 13 ndng d6 HCI (twong tmg 0,5; 1,0 va 2,0 % khéi luong
nguyén liéu) trong qué trinh khir khoang cta nguyén liéu ban dau va ham lugng

enzyme (twong tmg 0,0 ; 0,1 va 0,2 % khdi luong nguyén liéu) trong qua trinh thu
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collagen. Tuy thudc vao cac diéu kién, gelatin thu duge bang cach chiét xuat nhiéu
giai doan tir nguyén liéu ban dau véi tong hiéu suat 1a 18,7-55,7%. Gelatin thu
dugc co do nhét trung binh thap (1,1— 4,9 mPa.s) va thich hop cho mét s tmg dung
trong thuc phim, duge phdm va my pham [39].

1.1.4.2. O'Viét Nam

Trén thé gi6i, viéc trich ly collagen tir da c4 di duoc nghién ctru tir nim
1990, nhung & Viét Nam, dén nay chua c6 cong trinh nghién ctu trich ly collagen
dugc dua vao Gmg dung. Cac nghién ctru gan ddy méi chi dimg lai & quy mé phong
thi nghiém nhu: nghién ciru tich chiét gelatin tir da ca tra (Pangasianodon
hypophthalmus) cua céc tac gia Nguyén D6 Quynh, Nguyén Lé Anh Pao, Truong
Pai hoc Can Tho [40]. Két qua thu duogc cho thay da ca dugc khir 19%N phi protein
khi dugc ngam trong dung dich NaOH 0,1M véi thoi gian 30 phut va khir 47,5%
khoang khi xtr Iy bang dung dich CH;COOH 0,07M trong 3 gio. Sau d6, gellatin
dugc trich ly & nhiét ¢6 80 °C/30 pht. Hiéu suat dat 5,57% va do nhét dung dich
san tot nhat 14 2,04 mPas. Gellatin dugc say kho & 37°C trong 24 gio. Do bén gel
cta gelatin thu duoc (157,40 g) cao gip 1,5 1an so v6i do bén gel cua gelatin tir da
ca Trung Qudc (107,2 g). Po nhét gelatin tir da ca tra (3,34 cP) cao hon d6 nhét cua
gelatin tir Trung Qudc (1,88 cP).

Tran Thi Huyén va cong su, bang phuong phap hoéa hoc di tach chiét
collagen tir da c4 tra. Pé tang hiéu qua cho qua trinh trich ly collagen, da ca tra
dugce ngdm trong dung dich NaOH 0,2M (ty 1é khéi lwgng/thé tich = 1/10) trong 20
gi0, thay dung dich xur 1y 2 gid mot 1an. Sau d6, xtr 1y bang dung dich acid citric
0,003M (ty 1& khdi luong/thé tich = 1/8) trong 30 phut. Tiép tuc ngam trong dung
dich acetic acetic acid 0,5M (ty 1¢ khéi lugng/thé tich = 1/10) trong 34 gidr dé trich
ly collagen. Dich chiét duoc két tia bang dung dich NaCl 2,5M thu dugc collagen.
St dung dung dich Na,HPO, 0,02M dé 1am sach collagen. Hiéu suit dat 76,9%
(tinh theo % khdi lugng kho), hut nude cia collagen ting 415%, collagen c6 nhiét
d6 bién tinh 39°C. Trong collagen c6 4 loai protein v6i khéi lwgng phan tir dat :105
kDa, 156 kDa, 217 kDa va 185 kDa [41].

V5 Québc Vian va Ha Thanh Toan (2008) da str dung phuong phap hoa hoc dé
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chiét tach gelatin tr da ca Tra. Qua trinh chiét tach duoc thuc hién & 50°C trong 3
gid trong dung dich acetic acid 0,05M. Gelatin thu duoc c6 khdi lugng phan tir nam
trong khoang tir 95-138 kDa, chtra 14 loai amino acid, trong d6 proline chiém ty 1& cao
nhét (13,73%) [42].

Tac gia Tran Thanh Nhin da str dung enzyme alcalase véi nong d6 0,05 % dé
chiét tach gelatin tir da c4 Basa trong 25 phut ¢ 43°C v6i pH mdi truong bang 8 [43].

Nam 2021, Truong Thi Mong Thu va cong sy da nghién ctru diéu kién tién xtr
1y va chiét tach collagen tir da ca 16c (Channa striata) bang pepsin. Két qua thu duoc
cho thy, da ca 16c dugc xur 1y loai lipid bang cach ngdm trong dung dich butyl
alcohol 10% trong 72 gid. Sau do, chiét tach collagen duoc thuc hién voi pepsin
0,45% trong 24 gi¢. Collagen thu dugc 1a collagen loai I, ¢6 20 loai acid amin, hoa
tan t6t trong khoang pH 1 — 4 va dung dich NaCl tir 0,2 — 0,6M [44].
1.1.5. Ung dung ciia collagen
1.1.5.1. Trong c6ng nghé thyc pham

Trong cong nghiép thuc pham, collagen duoc dung dé 1am mang boc keo,
v6 bao xuc xich, thuc phadm chirc ning... Collagen dugc st dung lam bén hé nhii
trong cia xtc xich va gidm bong s& 1am ting kha ning giit Am. Do do, lam giam
duoc hao hut khéi lugng trong sudt qua trinh ché bién. Nho vao cau trac co thir
bac cua collagen da tao cho 16p vé do bén va do 6n dinh trong sudt qua trinh ché
bién, tuy nhién van giit dugc d6 mém can thiét cho san pham hoan thién. V6 bao
bing collagen c6 nhiéu wu diém hon so v6i mang bao bang rudt dong vat nhu: dé
vé sinh hon, dé dang bao quan, chét lugng 6n dinh, dé dang tao mau sac...
Polyphenol va tanin trong ruou bi két tiia cung collagen nén dugc sir dung trong
nghanh cong nghiép d6 udng nhu ruou vang gidp loai bo cac thanh phan doc hai [45].
1.1.5.2. Trong y duoc

Trong y - duoc, do khi ning phan hily, tao mang va tao gel, collagen duoc sir
dung rong dai. Collagen con duogc s dung nhidu y duoc do khong gy di ung va
dugc hap thj triét dé trong co thé; ngoai ra tinh twong thich sinh hoc cling nhu kha
nang cim méu cia collagen nén nd c6 thé dugc ché tao thanh nhitng dang bao ché

khac nhau. Dua vao céc tinh chit trén cua collagen c6 thé duoc tng dung trong céc
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linh vuc sau: san xuat thudc, san xudt vat liéu cAm méu va lam lanh vét thuong,
mau nhan tao, san xuit moi trudng nudi ciy té bao va mé.

C6 nhiéu polyme tu nhién va nhan tao duoc ing dung nhu la cac loai vat li¢u
sinh hoc, nhung cac tinh chit cua collagen khac véi cac tinh chat cua polyme tong
hop chu yéu & cach thirc né tuong tac voi co thé. Collagen c6 tinh chat hoat dong bé
mit, c¢6 kha ning phin huy tdt, c6 tinh khang nguyén yéu va c6 kha ning twong
thich sinh hoc cao hon so vdi cac polyme khac nhu albumin va gelatin [46, 47].
Nhitng tng dung chinh cua collagen trong linh vuc y duoc 1am hé théng van chuyén
thudc bao gom:

+ Mang méng collagen: mang collagen ¢ tac dung 1am mang van chuyén
thudc, cac thanh phan thudc duge dua vao cac mang nho lién két hydro va lién két
cong hoa tri. Cac mang collagen dugc dung trong diéu tri nhiém tring mo, nhiém
trung giac mac...

+ Ludi collagen str dung trong nhan khoa: ludi collagen c6 tac dung bao vé
biéu mé giac mac khoi hoat dong chdp mat ciia mi mat, déng thoi nd thuc day qua
trinh chita lanh biéu mo sau khi cay ghép gidc mac. Duoc pham dugce van chuyén
phu thudc vao kha ning nap va giai phong dugc pham cua ludi collagen. Ludi
collagen khi dugc dua vao trong mat s& tao ra mot 16p dung dich collagen c6 kha
nang tuong thich sinh hoc va n6 c6 tac dung boi tron bé mat trong cua mét, lam
giam sy co xat ciia mi mat v4i giac mac, va thuc day qua trinh lanh biéu mé.

+ Bing, gac collagen: Bing gac collagen c6 nhiéu wu diém nhu: (1) C6 kha
ning thAm hut mot luong 16n dich tiét cia mo, bam dinh tét vao vét thuong udt do
d6 bao vé vét thuong khoi sy 1dy nhidém vi sinh vat. (2) Gac collagen c6 kha ning
két hop voi cac thanh phan thiic ddy phét trién té bao va két hop véi cac hop chat
khang khuan, 1am cho qua trinh chira lanh vét thuong dién ra nhanh chéng hon. (3)
Hon nira dé dat duge hiéu qua phuc hoi nhanh hon, gac collagen dugc két hop voi
mot s6 thanh phan khac nhu: elastin, fibronectin va glycosaminoglycan. ..

+ Trong k¥ thuat cay ghép da, collagen duoc st dung 1a chit van chuyén cac

té bao da duoc nudi cdy hodc 1a chat van chuyén cac thanh phan thudc cho qua trinh
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thay thé da va diéu tri vét bong. Trong k¥ thuat nudi cdy da thay thé, mang collagen
c6 tac dung thuc day sy phat trién cua biéu mo.
1.1.5.3. Trong my phdm

Trong cau trlc caa da c6 dén 70% thanh phan 1a collagen, dugc phan b
nhiéu ¢ 16p ha bi. Collagen déng vai tro trong viéc tao hé thdng ning d5, ting
cudng cac dic tinh co hoc cia da nhu d6 dan hoi, stc cang, d6 min cua da va do
am cua da... Khi sb luong, chit luong va ham luong collagen bi suy giam dan dén
giam d6 dan hdi, 6 cang min cta da va kha ning giir am cua da... Ngoai 30 tudi,
tbc do tong hop collagen giam va ting qué trinh |40 hoa, phan huy cua collagen.
Hang nim, trung binh luong collagen trong co thé bi ton hao khoang 1,5 %. Ham
lwgng collagen mét di 1am thay ddi cac dudng nét trén khudn mat, 1an da bi chay
nhdo, tring xudng va xuat hién cac nép nhin. Vi vay, bo sung collagen thuong
xuyén gilp cai thién ciu tric cua da, phuc hdi té bao ton thuong, ting kha ning
gitr am va kich thich tai tao 1an da. Do d6, collagen 1a thanh phan chinh cua cac
san pham 1am dep nhu: kem dudng, mat na collagen, sita tim... Collagen duoc st
dung 1am thudc tiém cing da, va duoc FDA (Cuc quan ly Thyuc pham va Duoc
pham Hoa Ky) ching nhan va cho phép tiém vao cac nép nhing, vét seo trong
diéu tri tham my. Thudc tiém chta collagen duoc tiém vao 16p ha bi gidp diéu
chinh céc nép gap, nép nhan gilp khoi phuc lai vé bé ngoai mém mai, cing min va
tré hoa lan da. Thudc tiém collagen c6 tac dung trong 1 — 2 nam do collagen ciing
bi co thé hap thu [56].
1.2. Tong quan vé carrageenan
1.2.1. Cdu tgo va cdu tric phan ti# carrageenan
1.2.1.1. Thanh phan, cdu tgo va cdu tric phan ti carrageenan

Carrageenan (Car) sém duoc sir dung tir cach day 600 nam, dugc chiét tach
tir réu Irish moss (Loai rong d6 Chondrus crispus) tai mot ngdi lang trén b bién
phia Nam Ireland mang tén Carraghen. Vao khoang nhirng nam 1930, Car dugc
ding trong cong nghiép hd soi va bia. Ciing trong thoi ky nay nhirng nghién ctru vé

céu tric hoa hoc ctia Car duoc day manh. Hién nay, san xuat Car véi quy mo cong
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nghiép dwgc md rong, ma ngudn rong dé thudc nganh Rhodophyta st dung phd
bién hon. Nhiing loai nay goi chung 1a Carrageenophyt. Tlr nhiéu cong trinh nghién
clru, di c6 hang chuc loai rong bién dugc khai thac ty nhién hay nuéi tréng dé san
xut Car.

Car 1a mot polysaccarid cua galactose - galactan. Puoc ciu tao tir cac gbc D-
galactozo lién két véi 3,6-anhydro D-galactozo bang lién két a-D (1-3) va B-D (1-4)
galactorid luan phién nhau. Trén mach polysaccarid con c6 cac nhom sulfat dugc
gan vao Car ¢ cac vi tri v6i s6 lugng khac nhau. Vi vdy, Car khong chi 1a mot
polysaccarid don 1é ma c6 cau trac 1a cac galactan sulfate. Mdi galactan sulfate c6
cAu tric riéng va duoc ky hiéu riéng. Nhu: «-, A-, v-, 1-Car (Hinh 1.7) [48].

Car trong ndi bao va thanh té bao rong bién, Car 1a mot polysaccharit cao
phan tir véi ham luong este-sulfate tir 15% - 40%. Vi cac don vi mat xich co ban
la: galactose lién két 3,6-anhydrogalactose (3,6-AG) bang cac lién két B-(1,4)
glycosid va a-(1,3), cac don vi nay déu c6 thé duoc hoic khong dugc sulfat hoa. SO
luong va vi tri nhém este sulfat cling nhu ham lugng 3,6-AG la nguyén nhan gay
kén su khac nhau gitra cac -, A-, v-, 1-Car. x-Car c6 lugng este sulfat tir 25% dén
30% va khoang 28% dén 35% lugng 3,6-AG. 1-Car ¢ lugng este sulfat tir 28% dén
30% va lugng 3,6-AG tir 25% dén 30%. A-Car c6 lugng este sulfat trong khoang
32% dén 39% va khong c6 3,6-AG [48]. Ham lugng este sulfat 16n 1am nhiét d6 hoa
tan thap va do bén gel thap [49].
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carrageenan khac nhau
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1.2.1.2. Phan loqi carrageenan
Dua theo ciu triic carrageenan duoc chia thanh cac loai [48]:
k-Car: La mot loai polymer mach ngan c6 su xen ké gitta D-galactose-4-

sulphate va 3,6-AG. Cu trac phan tir k-carrageenan 1a mot vong chudi xodn kép

bac 3 (Hinh 1.8).
0S0;K o
CHZOH
-0 e
OH

Hinh 1.8. CAu trdc cia k-Car
1-Car: Géng nhu «-Car nhung gbc 3,6-AG lai ¢ vi tri cachon s6 2. 1-Car ¢6

cau triic vong xoan kép bac 2. Gel 1-Car c¢6 tinh dan hoi tét (Hinh 1.9).

0S0;K
CHZOH
O _____

Hinh 1.9. CAu trdc cua 1-carrageenan Car
A-Car: CO cac don vi monome dugc xen k& nhau: don vi D-glactose-2-

sulphat va D-galactose-2,6-disulphat trong phén tir cua (Hinh 1.10).
CHZOSO K

0S0;K
CHZOH
O - -

0SO;K
0SO;K
Hinh 1.10. CAu tric cua A-carrageenan Car
1.2.1.3. Tinh chdt cuia carrageenan
Céc loai carrageenan khac nhau c6 cac tinh chat khac nhau nhu: do tan; tinh tao
gel va tao d6 nhét cua dung dich; kha ning lién két véi protein ciing nhu lién két voi
céc polysaccarid khéc. Do vay, ¢ céc trang thai khac nhau, carrageenan c6 nhirng tinh

chat khac nhau dic trung cho tirng dang san pham.
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* Po tan

Car tan trong nudc nong (40,0 — 70,0°C) khi nhiét d6 cao hon nhiét d6 chay
cua gel. Do tan cua Car phu thudc vao sé luong, sé loai cac ion trong ciu tric va
nong d6 dung dich Car.

Trong nuéc lanh, chi c6 A-Car va mudi sodium cua «- va 1-Car 12 bi hoa tan.
Mubi potassium va calci cia k- va -Car khéng tan, kha niang truong né caa car phu
thudc vao theo nong d6 va kiéu cation c6 mit trong nude. Trong nude lanh khi c6
mat ion K*va Ca?*, k-Car truong nd kém.

Tat ca cac kiéu Car hoa tan trong sita néng & 80 °C. Tuy nhién, sy hoa tan
cua mot s6 kidu Car bi anh huong boi sw c6 mat cua Ca®*. Cac dung dich chta Car
nay sau khi 1am lanh déu hinh thanh gel. P chac cua gel va tinh dong nhat cia
chiing phu thudc vao nong d6 dung dich va do nhay cua Car Véi Ca®* [49]

1- va k-Car khong hoa tan trong sita lanh & 20 °C, tuy nhién chiing dugc dlng
nhu chat tao gel va lam dic dung dich sita lanh khi c6 mat cua goc photphat
(tetrasodium pyrophotphat) [49]. A-Car duoc st dung nhu chat 1am diac déi véi sira
lanh va kha niing nay phu thudc vao sy xuét hién cua ion K* va Ca*".

1- va A-Car hoa tan trong dung dich mudi NaCl 10% c6 su gia nhiét. k-Car
khéng hoa tan trong dung dich nay [50].

* Do nhot

Do nhét cua dung dich Car xac dinh duwgc khi dung dich Car khéng tao
gel. Khi dung dich Car thay d6i nhiét d6 tir cao xudng thap s& lam ting do nhét
dén khi xuat hién gel. P nhot tang khi bat dau hinh thanh gel. Vi vay, qué trinh
do @6 nhat cua dung dich Car dwoc tién hanh & nhiét do cao (75,0°C) dé tranh su
gel hoa. Véi nong do Car 1a 1,5%, do nhét ciia dung dich khoang 5 téi 800 cP ¢ 75,0°C.

D6 nhét dung dich Car phu thudc vao nhiét do, ndng do va su xuat hién cua
ion khac trong dung dich, khéi lwong va loai Car [56]. P6 nhét ting khi nong do
dung dich Car ting hoac khdi lwong phan tir Car Ién. P6 nhét dung dich Car giam
khi tang nhiét do va nguoc lai [50].

Dung dich Car c6 d6 nhét thip nén d& dang xir Iy [51]. Do gel nudc «-Car
khong ¢ dang thixotrovan pho. Khi k-Car duoc str dung trong sita véi nong do nho,

chung c6 dic tinh twong ty -Car trong nudc. Vi vay, gel yéu dugc tao boi hdn hop
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protein sita va «-Car dé& bi pha v& khi c6 luc tac dong, khi d6 ché do chay cua gel
tré thanh gia déo. Khi luc tac dong giam, gel tai hinh thanh va ché do chay lai tro
vé ban chat tu nhién 1 thixotropic.
* Tqo gel

Khi lam lanh, dung dich «-, 1-Car tao thanh gel. Hién tuong nay phu thuoc
vao cau tric xoan doi cua Car. O nhiét ¢ I6n hon nhiét do chay long cua gel, Car
t6n tai & trang thai cuon ngau nhién trong dung dich. Khi ha nhiét d6 dung dich,
hinh thanh ciu tric khong gian 3 chiéu, hinh thanh cac diém xoin d6i tai diém giao
nhau cua chudi polyme. Khi ha nhiét d6 xudng dudi nhiét ¢ néng chay sé tao diéu
kién cho cac mat xich cua Car dinh két dé tao gel véi céu tric 3 chiéu. Sy xuat hién
cua lién két trong cau tric cling nhu Kiéu, sb lugng va vi tri nhom este sulfat s& anh
hudng dén tinh tao gel cia Car. Co ché gel hoa co ban dua trén dung dich «- va 1-Car.

«-Car tao gel ran véi K* trong khi - va A- it khéng anh huong boi K™ hon. -
Car twong tac v6i Ca** dé hinh thanh gel mém nhung muébi calci khéng anh huéng
tai dac tinh cua A-Car (Hinh 1.11) [52].
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Hinh 1.11. Gel carrageenan v&i Ca**
Céc cation ting cuong su gel hda cua Car, gidp 6n dinh ciu tric xoin cua
Car théng qua viéc chan/khda nhém sulfat, ngoai ra cac cation co thé tham gia lién
két phdi tri giita cac phan tu [53].
O 25°C, gel k-Car thé hién dic tinh luu bién kiéu ran. D6 ciing cua gel k-Car

phu thudc vao nong do KCI, khi ting ndng d¢6 KCI 1am ting do cang cua gel k-Car.
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i-Car tinh khiét hinh thanh gel yéu ¢ nong do tir 0,7 — 1,4%. Khi c6 mét dong thoi 2
ion K* va Ca”* trong dung dich k-Car s& hinh thanh gel dic [54].

Do dan hoi cua gel Car 1a do sb lwgng nhom sulfat tha [55], do nhém sulfat
khong tao cau trac 1ap thé, do vay qué trinh chuyén hda cau trdc cua Car bi dung lai
va qua trinh gel hoa bi gian doan vi monome khéng duoc gel hda [56].

Gel -Car nhay vé6i Ca®* va gel hinh thanh mém va dan hdi. 1-Car khong c6
kha ning dong dic. Do chic gel ty Ié thuan véi nong do Car va ion trong dung dich.
Gel duogc hinh thanh dang gel nhiét khdi phuc va c6 it sy bién ddi khiching tham
gia qua trinh thay ddi nhiét d6 khi & méi truong trung tinh. Nhiét do gel hoa va
néng chay caa Car phu thugc vao nong do cation. Khi ting nong do6 mudi K* hoic
Ca”* trong dung dich, nhiét do gel hda cua dung dich carrageenan ting. Do chéc gel
c6 thé duoc danh gia thong qua mé dun dan hdi. M6 dun dan hoi ting khi ting nong
d6 Car [57, 58].

1.2.2. Tinh hinh nghién ciu san xudt carrageenan
1.2.2.1. Trén thé gidi

Dé thu dugc Car, rong bién dugc chiét xuit bang cach st dung nuéc nong
hodc dung dich kiém (KOH hoic Ca(OH),). Rong bién dugc rira sach, loai bo tap
chat va say khd, ngam trong dung dich kiém (3—-10%) dun & nhiét d6 cao (70-100
°C) trong 4 gio [59]. Dung dich kiém phé& v& mang té bao caa rong bién gitp giai
phong cac chat trong té bao rong bién. Hon nita, cac anion OH™ gilip chuyén héa céc
tién chat cua carrageenan. Sau khi chiét kiém, ham luong sulfat s& giam [60]. Vi ly
do nay viéc chiét xuat Car bang kiém goi 1a khir Iuu huynh.

Chiét xuét Car ciing c6 thé thuc hién bang nuéc néng. So véi chiét xuat
kiém, phuong phap nuéc ndng cho hiéu suat cao hon [61]. Nhuoc diém, do bén gel
duogc tao ra boi nhiét do néng nude thap hon so véi sir dung dung dich kiém. Do
bén gel thap hon do ham luong sunfat cao hon va ham luong 3,6-AG thip hon so vdi
trong chiét kiém. Vi ly do nay, chiét kiém thuong duoc sir dung trong quy md cong
nghiép Car.

Andi Hasiah va cac cong su da chiét xuat Car tir Eucheuma spinosum bang

cach sir dung nhiét dién trg. Két qua cho thay hiéu suat chiét thay ddi tir 29,6-62,4%
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v6i d6 nhét va do bén gel thay ddi lan luot tir 259-290 cP va 42,54-70,41 g/cm?.
Hiéu suét chiét xuat tdi wu (61,59%), do bén gel (53,48 g/cm?) va do nhot (284,51
cP) dat duoc ¢ nhiét do chiét xuat 95 °C, thoi gian chiét 240 phat, nong do KOH
0,4M, ty & dung dich so v&i rong bién 1a 45/1 [61].

Trudc d6, Webber va cong su ciing nghién ciru dé t6i vu hoa qua trinh chiét
tach Car tir rong bang phwong phap bé mit dap tng. Nghién ciru xac dinh dugc diéu
kién chiét xuat t6i wu 1a 74°C trong 4 gid, hiéu suat chiét tach carrageenan la
31,17%, d6 bén gel 158,27 glcm® va d6 nhét 29,5 P [62].

Car chiét xuat tir Kappaphycus alvarezii da dugc Anisuzzaman va cong su
nghién ctru. Rong bién duoc xt ly kiém va sir dung ki thuat phun siy dé thu duoc
bot Car. Quy trinh chiét téi wu cho k¥ thuat sdy phun cho két qua ¢ nong do KOH
6,70% va thoi gian chiét 74,70 phat. O diéu kién ti wu, d6 nhét caa gel 1a 111,80
cP va kich thuéc hat cua bot 12 86,88 um. Do bén cua gel dugc toi vu héa & mac
85,60 g/cm? [63].

Trong s6 cac nghién ciu vé phuong phap chiét xuat Car thi phuong phap xir
ly bang enzyme cho nhiéu hira hen hon va than thién véi méi truong [64]. Mac di
cdng nghé nay c6 tiém ning duoc st dung ¢ quy md cong nghiép nhung cé rat it
thay doi trong viéc sir dung enzyme dé san xuat Car tir rong bién. Enzyme cellulase
la mot trong nhitng enzyme dugc si dung rong rai nhat dé chiét xuat carrageenan.
Két qua cho thay hiéu suat thu Car khi xu dung cellulose 13 45%, trong khi d6
phuong phéap dun sbi dat hiéu suat 37,5% [65]. Enzyme xenluloze dugc thém vao
hdn hop (bao gdm rong bién xay va nudc cat), dun soi cach thuy cé may lic & 50°C
trong 1 gid. Cac huyén phu duoc ly tdm tach iy cac chat ndi trén bé mat va cho vao
propan-2-ol, polysacarit két tua thanh soi dai. Cach sir dung cellulase dat hiéu qua
cao vi cellulose 1a thanh phan chinh caa thanh té bao rong bién. Endo-cellulase,
exo-cellulase va B -glucosidase la ba loai enzyme cellulose chinh va qué trinh thuy
phan hoan toan céc vi soi cellulose trong thanh té bao co thé duoc thuc hién bing
cach két hop ba loai enzyme nay [66].

Gan day, nham giam thiéu viéc sit dung hdéa chat cac nghién ctu vé

phuong phap sir dung it dung moi hon, tén it ning lugng va thoi gian chiét xuat
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nhanh hon so véi cac phuong phap truyén théng da duoc xem xét nhiéu hon [67,
68]. Phuong phap chiét xuat Car sir dung vi song dd dugc nghién ciu. Qué trinh
chiét xuat Car tir S. skottsbergii c6 sr dung vi song dat hiéu suat Ién toi 63—64%
[69]. Rong bién E. spinosum va E. cottonii dugc xt 1y kiém, sau d6 chiét xuit c6
st dung vi séng & cdng suat 800W va tan s 2450 MHz thu dwgc -Car va k-Car
[70]. Qua trinh chiét xuat Car tir Hypnea musciformis cé st dung 10 vi séng cho
thay anh hudng cua nhiét do dén hiéu suat chiét xuat Car, nhiét do téi da sir dung
trong phuong phap nay 1a 105 °C [71].
1.2.2.2. O'Viét Nam

O Viét Nam, cac nha khoa hoc ciing bude dau nghién ciu tach chiét Car tur
c4c loai rong bién trong nudc. Pao Trong Hiéu di toi uu hoa quy trinh cong nghé
tach chiét Car tr Rong sun (Kappaphycus alvarezii). Két qua cho thay, véi giai
doan xur ly kiém: sir dung NaOH 6 %, & nhiét d6 30 °C, trong 40 phUt; sang giai
doan doan nau chiét: ty & nuéc/rong = 52/1, dun ¢ 102 °C, trong 65 phut. B sung
KCI vao dich loc véi ndng do 0,06%. Két thic qua trinh thu dugc Car co do tinh
khiét cao, mau triang sang [72].

Nguyén Thi Thu Thiy va cong sy nghién ciu chiét tach Car tir giong sun
Ninh Thuan va dua ra dugc diéu kién toi wu: Giai doan xtr ly kiém: Ngam rong
trong dung dich KOH 6,5%, thoi gian ngdm 80 phut; giai doan nau chiét: Bun ¢
95°C trong 60 pht, ti I¢ nudc/rong = 10/1 (m/m). Hiéu suat chiét tach dat 48,31%,
chat lugng san pham — Car: D6 nhot dung dich Car 1% ¢ 70°C 14 1110 cPs [73].

Tran Thi Luyén tién hanh nghién ctu quy trinh san xuat Car ban tinh ché tur
rong sun Kappaphycus alvarezii Cam Ranh — Khanh Hoa. Giai doan xir ly kiém
bang KOH 15%, xir ly tai 90 °C, trong 120 gio. Ngam rong trong H,0, 10% trong
15 phut dé tay mau, ty 18 dung dich/rong = 3/1. Két thiic qua trinh thu dugc bot Car
ban tinh ché mau tring nga c6 do tan 79%, hiéu suat qua trinh 70% [74].

Lé Thi Thiy Hang va cong su sir dung Viscozyme L trong san xuat Car tir
Rong sun (Kappaphycus Alvarezii (Doty) Doty). Viscozyme L duogc s dung la
endo-beta-glucanase c6 tac dung thiy phan lién két (1-4)- hoic (1-3)- trong p-D-

glucan nén c6 thé dung dé xtr ly rong sun trudc khi chiét tach Car thay cho xu dung
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hoa chat dé xir ly. Két qua thu duoc: ty 1& enzyme/rong = 1,45%:; nhiét do dun 42 °C
tai pH 5,1 trong 60 phut thu dugc Car c6 mau trang séang [75].

1.2.3. Ung dung cia carrageenan

1.2.3.1. Trong c6ng nghé thuc pham

Carrageenan 1a phu gia thuc pham 1y twong do kha ning tao gel va nhil hoa.
Car lam chat phu gia trong thuc pham cd vai tro 1am thay ddi két cau, giam chat béo
va mudi, ting cuodng tinh on dinh va hwong vi bao quan, ham luong chat xo, hoat
d6ng chdng oxy héa va khang khuan.

Al-Baarri va cong su xac dinh anh hudng cua k- va 1-Car trong mot loai banh sir
dung bot sin bién tinh, dwdng va sita dira. Cac budc ché bién bi bo béanh: tron bot sin
bién tinh, duong nau, nudc cot dira va thém «- hozc -Car (t6i da 2%); Nhao bot néng
(+ 80°C trong 5 phut) [76]. Cac dic tinh nhu d6 cimg, d6 két dinh, d6 dan hoi va do
bam dinh cua thyc pham dugc danh gia. Cac két qua thu duoc cho thay cac mau bot
banh khi thém k-Car c6 d6 cimg, do két dinh va dan hoi cao hon so véi 1-Car [77].

Car & mirc 0,25 dén 0,75% da giup cha gid heo xay it chat béo va ¢6 am cao
hon. Tuy nhién, cac dic tinh chtrc ning cua Car trong cac san pham thyc pham phu
thudc vao loai Car. Cac dic tinh nay ciing bj anh huong bai cac diéu kién cua qué
trinh ché bién nhu nhiét 4o, pH, cuong do ion, cation... -Car tao mot loai gel khi da
bi ph4 v& sé tai tao néu khong bi x&o tron. 1-Car thuong duoc st dung trong céc
mon trang miéng lanh. Car ciing 6n dinh trong qua trinh déng va ra dong ma van
gitt duoc két cau va tinh chat cam quan cua san pham [78, 79].

Tuong tu, k-Car lam ting huong vi trong cong thirc ¢6 chira hdn hop gia vi,
protein thyuc vat thay phan va mudi [80]. Car ¢ néng do 0,5 dén 0,7% c6 thé duoc
st dung dé ting ham lugng chat xo cua thyc pham it chat xo va cai thién két cau
cua ching [81]. k-Car va oligosacarit ctia n6 ciing tac dung chdng oxy hoa dang ké
cua thuc pham lam thuc pham 1au bj 6i thiu [82, 83].
1.2.3.2. Trong y duoc

Trong vai nim qua, cdc nha nghién ciru da nd lyc rat nhidu dé tim kiém céac
loai thuc chéng ung thu hiéu qua tir sinh vat bién [84]. Két qua nhiéu nghién ciu

cho thay nhiéu hop chat c6 ngudn gdc tir rong bién c6 hoat tinh chéng ung thu bang
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cach wc ché su phét trién cua té bao ung thu va gy chét tidu diét té bao ung thu
[84]. Cicinskas va cong su nghién ciru tac dung chdng khdi u cua Car va san pham
bién tinh cua no ddi véi cac dong té bao ung thu thyc quan & ngudi (KYSE30 va
FLO1). Két qua thu duoc, cac san pham thodi hoa véi khdi lwgng phan ti thap hiéu
qua tét hon ddi véi cac té bao FLO1 (dic biét 1a A-Car bién tinh). Tuy nhién, Car c6
hiéu qua hon d6i véi KYSE30 va A-Car bién tinh c6 tac dung yéu nhat d6i véi qua
trinh chuyén hoéa té bao cua né [85]. Nghién ciu cua Poupard di xac dinh rang sy
hinh thanh mach cd thé cung cip du oxy va chat dinh dudng cho cac té bao khdi u.
Car ¢6 tiém nang 16n trong tng dung 1am sang vi nd co hoat tinh chéng tao mach tét
hon so vé6i hop chat tiéu chuan suramin [84]. Yao va céc cong sy phat hién ra rang
oligosacarit k-carrageenan c6 thé uc ché sy tang sinh, di can va hinh thanh dng
trong md hinh ECV304 va CAM [86]. Tuong ty, Chen va cong su da x4c minh rang
A-carrageenan c6 thé &rc ché hiéu qua su hinh thanh mach trong mé hinh CAM va
ngan chin sy xam lan va di cin cta cé4c té bao ndi mo tinh mach rén & ngudi bang
cach diéu chinh hoat tinh enzym proteinase cua noi bao [87]. Trong qué trinh phét
trién khéi u, heparanase dugc biéu hién qua mac trong cac té bao khdi u va lam suy
giam céc proteoglycan nén ngoai bao thdng qua su phan cat cua heparin sulfat (HS)
cling nhu giai phong céc phan tir dac hiéu gan véi HS, cho phép té bao ung thu di
chuyén, xam lan va hinh thanh mach [88].

Viéc giai phong qua mirc cac yéu td gay doc té bao tir cac té bao vi mo ciing
c6 thé dan dén suy giam té bao than kinh hon nira. Yao clng cong su chi ra rang
oligosacarit k-Car c¢6 chuc ning diéu hoa mién dich bang cach bao vé céc té bao vi
mo khoi bi kich hoat bai lipopolysaccharide (LPS) va hoat dong nay cé lién quan
nhiéu dén ham luong ciia nhom sulfat [89]. Ai va cong su di chi ra rang tién xu ly
oligomeric k-va 1-Car & 125-500 pg/mL c6 thé 1am giam déng ké mtc d6 TNF-o
duoc tiét ra boi cac té bao BV-2 microglia duoc xir Iy bang LPS [90]. Do d9, cac
oligosacarit Car thé hién tac dung diéu hda mién dich va tac dung nay co lién quan
nhiéu dén ham lwong sunfat. Tuy nhién, tdc dung diéu hoa mién dich cua Car can

duoc nghién cau thém.
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1.3. Tong quan vé polyme thién nhién mang dwoc chat
1.3.1. Carrageenan mang dwoc chit

Ban dau, td duoc hau nhu chi duoc str dung nhu nhirng thanh phan gop phan
vao quy trinh san xuét cac dang dugc pham. Nh sy bing nd cua céc nghién ciu vé
viéc tinh ché va sir dung cac hop chit c6 kha ning phan huy sinh hoc, twong thich
sinh hoc va khong doc hai trong duoc pham, di dan dén sy bién d6i vé nghién cu
vai trd cua polyme sinh hoc trong bao ché va san xuat thudc [91]. Do d6, tim quan
trong y sinh cua Car trong cong nghiép duoc cang duoc khing dinh. Cac dic tinh
sinh hoc va héa hoc cua Car 14 Iy do chiing duoc st dung trong cac hé théng mang
thudc. Cau tric hoa hoc cua Car gilp ting kha ning @ng dung caa nd trong bao ché
va san xuat thudc: lién két glycosid cua Car bi phan cat bai enzyme hydrolase, do
vay tang kha nang phan huay sinh hoc; cac nhém sunfat trong Car gilp tang cuong
hoat dong cua polyelectrolytes; cac nhém hydroxyl giup ting cac twong tac can
thiét, tao cac bién d6i hoa hoc. Car duoc ap dung trong cac dang bao ché khac nhau
bao gom: vién nén [92], thubc dan [93], hat nano [94 — 96], hat chén hoa tan nhanh
[97],...

Kha nang mang va kiém soét giai phong thudc cua -Car va A-Car trong bao
ché vién nén giai phong c6 kiém soat da duoc nghién ctu. Theophylline, sodium
salicylate va chlorpheniramine maleate duoc dua vao nén Car véi ham luong 500
mg. Khi nghién ciu tac dung cua thubc theo ty 1é thubc/Car o ty 1é 13,5% va
16,9%, két qua cho thiy vat liéu Car mang thudc giai phong cd kiém soét trong
khoang 8 — 12 gio, phu hop vai mo hinh dong hoc giai phdng bac 0 [98].

Viéc gén curcumin (Cur) vao k-Car da dugc thuc hi¢n thanh cong bé“mg
phuong phép bay hoi dung méi, tiép theo 1a siy kho va nghién ctru trc ché cac té bao
ung thu phoi (A549). Cac tac gia da chi ra hiéu suit mang Cur cua k-Car kha cao,
hat t6 hop c6 tinh 6n dinh cao va Cur giai phong cé kiém soat. Him luong Cur giai
phong tir hé k-Car-Cur trong dung dich pH 5,0 cao hon trong dung dich dém pH 7.4
(Hinh 1.12). Diéu nay 1a thuan loi khi sir dung hé x-Car-Cur diéu tri trong moi
truong khéi u [99].
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Hinh 1.12. B6 thi ham luong Cur giai phong tir hé k-Car-Cur trong dung dich pH
50vapH74

Tetracyclines 1a mot trong nhitng nhom khang sinh quan trong nhat va ching
dugc san xuat bang phwong phéap 1én men thong thuong & quy mé cong nghiép [100]
nhd nudi cdy vi khuan Streptomyces aureofaciens trong x-Car véi muc dich ting
hiéu sudt san xudt tetracycline va chlorotetracycline.

Nghién ctru chdt mang mdi dya trén hdn hop carboxymethyl cenlulose
(CMC) va k-Car @& nudi vi khuin duong rudt cé ich da dugc thuc hién. Té bao
khuan sita plantarum ATCC: 13643 (L. plantarum) di dugc gin 1én hé to hop
CMC/k-Car bang phuong phap ép dun. k-Car duge st dung lam chat phu giup ting
hiéu qua cua viéc c¢d dinh céc té bao L. plantarum 1én CMC. k-Car va CMC duogc
lién két véi nhau nho cac ion K* va Ca*". Két qua khao sat kha ning ton tai cta cac
té bao L. plantarum sau khi dugc ¢ dinh 1én t6 hop CMC/x-Car trong dich vi da day
va dich mat cho théy td hop CMC/x-Car cé thé bao vé cac té bao L. plantarum
chéng lai cac diéu kién bét lgi ctia dich da day va dich mat. Sau khi tiép xtic véi dich
vi da day trong 2 gio, gan nhu cac té bao L. plantarum tu do da chét hoan toan. Tuy
nhién, s6 lugng té bao L. plantarum gan trén CMC va CMC/k-Car con song 1a 5,20
va 7,30 CFU/g. Két qua cua nghién ctru nay dua ra mot phwong phap phu hop dé

cung cip cac vi khuan c6 ich dén rudt [100].
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Raman va cong sy (2015) da ching minh cac hat nanocomposit tir tinh 1-Car
¢6 kha ning @e ché cac té bao ung thu [101].

Niam 2015, Shanmuga va ddng nghiép ciing ché tao hat nano x-Car tir tinh
cho nghién cru hudng dich [102]. Ngoai ra, cling c6 mot sd nghién ctru da két hop
cac hat vang va nano tur tinh trong cac hé polyme carrageenan tur tinh [103 — 105].

R. Bettini va cong sy nghién ctru kha ning mang thudc diltiazem HCI hoic
metoprolol tartrat bai ctia A-Car. Két qua giai phong dugc chat cua cac phtc hop
cho thiy diltiazem tao phirc v6i Car it hoa tan va 6n dinh hon so v&i metoprolol.
Phtrc hop metoprolol kém 6n dinh hon nén d& bj an mon va hoa tan, trong khi
diltiazem twong tic manh v&i Car 1am phtic hop tré nén bén viing va kém hoa tan.
Céc tac gia dé xuat hai phirc hop mang thudc ciing giai phong theo hai cach khac
nhau: v&i metoprolol tartrate/Car bi hoa tan theo kiéu c6 dién (thudc bi rd va hoa tan
vao dung dich) do twong tac yéu giira metoprolol véi Car, cic phan tir twong tac
manh véi nudc, phtrc hop hat nude manh va truong nd; voi diltiazem HCI tuong tac
manh v&i Car nén phitc hop bén viing va hoa tan theo kiéu khuéch tan [106].

Mot nghién ctru khac bao cédo co ché giai phong thudc cation (doxazosin
mesylate) tir vién nén trén A-Car. Cac thi nghiém dugc thyc hién trong cac dung
dich c6 ndng do ion khac nhau va bd sung chat hoat dong bé mit anion nhu sodium
dodecyl sulfate (SDS). Két qua cho thiy, sy giai phong thudc phu thudc ty 18
thudc/polyme va bd sung SDS ¢ nong d6 dudi ndong d6 mixen t6i han 1am chdm qua
trinh giai phong thudc do phan ky nudc cua SDS di tuong tic véi phirc hop
thudc/polyme 1am giam kha niang hoa tan cua phirc hop. Trong khi & nong d6 cao
hon ndng d6 mixen téi han, SDS lai kéo doxazosin mesylate ra khoi phtc hop va
hinh thanh cac hat mixen gilip day nhanh qua trinh giai phong thude [107].

1.3.2. Collagen mang dwoc chit

Trong nhitng nam gan day, da c6 mot s6 cong trinh khoa hoc nghién ctru vé
collagen mang mét sé loai thuéc nhu: doxycycline, triphala, tobramycin hoic
ciprofloxacin, gentamicin [108]...

Nghién ctru sy giai phong nano poly(N-isopropylacrylamit) tir mang té hop
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collagen-sulfate mang hat nano poly(N-isopropylacrylamit) trong mach mau. T
hop nay c6 tac dung giam su két dinh té bao va tiéu cau véi bé mit collagen. Céc
nghién ctru in vitro cho thay cac hat nano c6 lién két véi collagen va c6 thé mang va
giai phong cac peptide chéng viém, véi cac hat 1am giam viém trong céc té bao co
noi md 30% va co tron 40%. Khi két hop véi collagen, cac hat nano poly(N-
isopropylacrylamide) tang sy di chuyén trong ndi mo, ddng thoi tranh sy hap thu
bai c4c té bao co tron, chung c6 thé thuc day tai tao I6p ndi md bi ton thuong trong
khi van gan vai collagen va giai phong cac peptide chdng viém cuc bo vao ving bi
ton thuong. Két hop collagen gan két cac hat nano poly(N-isopropylacrylamit) c6
kha ning lam giam viém va dong thoi thic day tai tao md trong noi mac sau khi
bong mang mach [109].

Cascone va cong su da nghién ciu anh hudéng cia composite
collagen/poly(vinyl alcohol) dang hydrogel (C/PVA) dén kha ning giai phong hormon
ting trusng GH. Cac mau hydrogel C/PVA mang GH d3 dugc nghién ciru giai
phong GH trong dich mé phong co thé nguoi (SBF). Két qua thu duoc cho thiy GH
giai phong cham trong 3 ngay dau tién, sau dé, giai phong nhanh. Luong GH ban
dau khong anh hudng dén cac mo hinh giai phong, tuy nhién c¢6 anh huong dén tong
luong GH giai phong. Piéu nay chimg t0 c6 mot mdi quan hé truc tiép gitta ham
luong GH trong hydrogel va tong lugng GH giai phong. Hinh 1.13a cho thay céc
duong cong gidi phong GH tir hydrogel vdi cung mét lwgng collagen (20%) nhung
néng d6 GH khac nhau. Khi ting ham luong collagen trong hydrogel mang ciing
mot lugng GH (25 mIU) ciing 1am ting téng lugng GH giai phong (Hinh 1.13D).
Mau t6 hop ché tao & ty 1 C/PVA = 30/70 giai phong GH nhanh hon dang ké hon
so v6i mau td hop ché tao & cac ty 16 C/PVA = 20/80 va 10/90 [110]. Nong d6 GH
dugc giai phong tur cac vat liéu c6 tac dong cuc bo lén sy tang sinh cua té bao. TAc
dung ciia GH di duogc thir nghiém in vitro, st dung cac té bao gidng nhu nguyén
bao xuong cia nguoi (HOB) va do su ting sinh té bao va ham luong alkaline

phosphatase san sinh trong qué trinh biét hoa cua té bao HOB [110] (Hinh 1.13).
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Hinh 1.13. (a) Lugng GH giai phong tir C/PVA (20/80) & nong d6 khac nhau,
(b) Nong d6 GH (25mLU) giai phong tir C/PVA & ty 1é khac nhau

1.3.3. Té hgp carrageenan/polyme khdc mang dwoc chat

Mahdavinia va dong nghiép (2014) nghién ciru anh huong ciia hat nano tir
tinh (MNPs) va k-Car dén su truong nd va giai phong ciia thude diclofenac sodium
(DFNa) tir hat nano hydrogel composite ¢ cdu tric mang cac mach polyme dan
xen. Hydrogel gom «-Car, polyvinyl alcohol va nano oxit sat tir (FONPs). Nghién
ctru giai phong thuéc DFNa tir hat nano hydrogel composite cho thiy thudc giai
phong khong chi phu thude pH ctua dung dich ma con phu thudc vao tur truong
[111]. Ham luong thudc giai phong tiang khi ting cuong do tir truong ngoai. Tai tir
truong thip, momen tir cia MNPs lién két voi nhau 1am cho céc hat MNPs ¢6 xu
hudng két tu lai v6i nhau. Su két tu cia MNPs lam giam kich thuéc 16 xép cua
hydrogel, do d0, 1am giam sy khuéch tan cta thude vao trong dung dich. O cac dung
dich pH khac nhau, giai phong thuéc DFNa tir hydrogel 1a khac nhau do sy khac
biét v& do hoa tan cua thudc. Giai phong thudc thip nhat trong dung dich dém
phosphate c6 pH 1,2 vi DS kém tan trong mdi truong acid trong khi giai phong
thudc & dung dich dém pH 7,4 13 16n nhat. Ngoai ra, cac tac gia ciing chirng minh sy
c6 mat k-Car trong hat nanohydrogel composite lam cho cac hat nano nay c6 kha
nang trc ché cac vi khuan Gram (+).

Nim 2013, Bardajee va dong nghiép di ché tao nanocomposite k-Car-g-

poly(acid acrylic)/SPION (hat nano oxit sit siéu thuan tir) mang deferasirox.
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Nanocomposite ché tao bang cach thém cung lic SPION va poly(acid acrylic) ghép
vao k-Car (kC-g-PAA). Ham luong thudc giai phong tir nanocomposite duoc cai thién
khi ting pH va nhiét do. Trong diéu kién khong cd tir trudng bén ngoai, lwong thube
giai phéng tir nanocomposite trong dung dich pH 7 cao hon so vai khi c6 mat cua tur
treong ngoai. Pidu nay 1a do khi co tir trudng ngoai, luc hit gitra SPION véi céac 15
tréng trong ciu tric cua hydrogel ting manh, 1am cho cau trdc caa hydrogel chit ché
hon. Nho d6, thude duoc luu giir chat ché trong hydrogel nén kha ning khuéch tan cua
thudc tir hydrogel vao trong dung dich giam. Cac nghién ciru ciing cho thiy céc
hydrogel c6 tinh trong thich sinh hoc cao va khong doc hai, do do, cac hydrogel nay
rat hitu ich cho cac tng dung trong y sinh [112].

Buchholz va cong sy da nghién ciu kha niang kiém soét cua hé 1-Car két hop
v6i xenlulose vi tinh thé va lactose voi céc ty 1& khac nhau, c6 chaa sodium
riboflavin 5’-photphate (vitamin B2). Nghién cttu hoa tan cua vitamin B2 da dugc
thir nghiém trong dich da day (pH 1,2) va dém photphat (pH 4,5). Két qua chiing
minh dong hoc giai phdng thude 1a phi hop véi md hinh Korsmeyer—Peppas. Ham
luong lactose ¢ anh huong dén tinh chat co hoc caa hé to hop: khi ham lugng thap,
d6 dan hoi cua hé to hop giam, dan dén vién nén co tinh chat co hoc yéu [113].

Nghién cau ché tao va kiém soat giai phong DFNa tir hat hydrogel chitosan
(CS)/Car trong dung dich md phong dich cua duong tiéu héa dugc thuc hién boi P.
Piyakulawat va cac cong sy. Ty Ié CS/Car, ham lwong DFNa, chat lién két ngang
cling c6 kha ning anh huéng dén viéc giai phong thudc. Két qua thu duogc ty 16
CS/Car = 2/1 va 5% DFNa (khéi lugng/thé tich) c6 kha nang kiém soét giai phong
DFNa va cd thé duy tri su giai phong trong khoang 8 gio. Viéc sir dung chat lién két
ngang lam ting thoi gian kiém soat giai phéong DFNa, trong d6 si dung
glutaraldehyde 1am ting thoi gian kiém soét viéc giai phong thudc cua hé té hop 1én
dén 24 gio. Mai truong pH ciing anh hudng dén qué trinh giai phong DFNa, & moi
truong pH 1,2 va pH 6,8 qua trinh giai phdng DFNa dién ra cham, con mdi truong
pH 7,4 qua trinh giai phong DFNa dién ra nhanh hon [114].

Trong mot nghién ciru sau do, cac tac gia da nghién cuau hé carboxymethyl

chitosan/x-Car d¢é mang va giai phong thudc sodium diclofenac. Két qua giai phong
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thudc trong 6ng nghiém tir cac hat cho thay qué trinh giai phong phu thude vao do
pH. Ham luong thude duoc giai phong thap o pH 1,2 trong khi ¢ pH 7,4 ham luong
DFNa duoc giai phong d ting 1én dang ké [115].

Trong nhitng nim gan day, cac hat nano Car/CS mang thudc da dwgc nghién
ctiu rong rai. Chung thuong duoc diéu ché bang phuong phap gel hoa ion hoic hinh
thanh céc phic hop polyelectrolyte bang céch tron Car véi cac polyme cation [116].
Kha ning lién két cua k-, 1-, A-Car va CS dé tao thanh mét té hop mang glucose
oxyase (GOD) va giai phong c6 kiém soat da duoc nghién cau. Cac phic hop CS/x-
Car ¢ ty 18 3/5 c6 thé mang GOD vai hiéu suat 79 %. Hiéu suat mang GOD cua
phitc hgp CS/x-Car phu thudc vao loai Car (k- > 1- > A-). Phiuc CS/k-Car c6 kha
nang bao toan 80,2% hoat tinh GOD trong dung dich pH 1,2; 73,3% trong dung
dich chitosanase va 66,4% trong dung dich pepsin. Qua trinh giai phéng GOD tur
phtic hgp CS/x-Car ¢6 toe d6 thap nhat do sy hat nudc 1am truong nd cia phic hop
CS/k-Car [117].

1.3.4. Té hgp collagen/polyme khdc mang dwoc chit

Montalbano va cong su tién hanh tong hop hydrogel sinh hoc
collagen/alginat/soi (CAF) cho k¥ thuat mdé mém. Hydrogel diéu ché tir cac polyme
thién nhién c6 kha ning bat chudc cdu trac ngoai bao cua té bao gbe va cung cip
moi trudng vi md dé duy tri chirc ning cua té bao, kich thich hinh thanh mé moi.
Hydrogel CAF c¢6 kha ning lién két voi cac mé mém ban dau, twong thich sinh hoc
v6i té bao L1929, té bao tuy p- MING va té bao gbec trung md & ngudi (hMSCs).
Hydrogel CAF, dac biét voi 2,5% (khéi lusqng/thé tich) collagen, lam tang kha nang
hinh thanh enzym alkaline phospFThatase trong té bao hMSCs cho thiy kha ning
thuc day hoat dong tao xwong. Ngoai ra, hydrogel CAF ciing ting hoat dong trao
d6i chat ciia - MING va thuc ddy qua trinh hdi phuc té bao hinh cau véi kich thudce
tir 50 d&én 150 pum vao ngay thir 7. Cac két qua trén di chimg minh tiém ning tng
dung cua hydrogel CFA trong diéu tri bénh tiéu dudng [118].

Ming-Mao Chen va cong su (2015) dd nghién ctru ché tao va xac dinh dic
trung, tinh chit ciia mang collagen/chitosan c6 chira cac hat nano glycol chitosan
bién d6i cholesteol (DBC) (CoL/Ch/DBC) mang thudc doxorubicin (Dox). Kha

nang kiém soat giai phong thuée Dox duoc cac tac gia khdo sat trong cac dung dich
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dém phosphat pH 7,4; 6,5 va 5.8 (Hinh 1.14). Dox giai phong nhanh tir tit ca céc
mau mang to hop trong giai doan ddu va sau d6 giai phong cham dan. O cing mot
pH khao sat, tbc d6 giai phong Dox tir cic mang ting 1én khi giam ham luong
chitosan trong mang. Tc do giai phong thude ting trong cac méi truong pH thip cho

thiy giai phong thudc Dox tir cac mang ndy rat nhay voi 4o pH ctia méi trudng [119].
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Hinh 1.14. 6 thi giai phong thude Dox tir mang t6 hop CoL/Ch/DBC mang thuc Dox
ham luong CoL/Ch khac nhau trong cac dung dich dém pH 7.4 (a), 6,5 (b) va 5,8 (c)

Pathan va cong su (2018) da nghién ctu ché tao nanogel trén co so collagen
duogc chiét tach tir vay cé, hydroxypropyl metyl cellulose mang curcumin (CNG) va
mg dung nanogel nay lam vat liéu chita lanh vét thuong. Cac thir nghiém ex-vivo va
in-vivo da ching minh nanogel CNG kha 6n dinh va c6 kha nang chita lanh vét
thuong hi¢u qua [120].

Céc hydrogel trén co so collagen loai I c6 chira cac hat nano chitosan mang
insulin da duoc ché tao nhiam thuc day qua trinh tai tao than kinh ngoai bién. Cac
hydrogel nay gitp tang ty 1¢ ting sinh cta cac té bao Schwann. Dya trén cac xét
nghiém trén chudt Wistar, cic tic gia chi ra rang hydrogel mang insulin véi liéu
1000 IU c6 kha ning thuc ddy qué trinh tai tao cac khuyét tat than kinh [121].

Anh huéng cua ty Ié thanh phan, ty 1é pha dau/pha nuéc, téc do6 khudy va
mot sé yéu td6 khac dén quéd trinh ché tao va tinh chat cua hat vi cau
collagen/carboxymethyl chitosan mang ligustrazine hydrochloride da dugc nghién
ctru boi Qiang Lin va cong su [122]. Céc tac gia tim dugc diéu kién thich hop dé
ché tao hat vi ciu Ia ty 1& carboxymethyl chitosan/collagen 1a 1/2, ty 1& thudc/vat
lieu 1a 1/2, ty 1& pha dau/pha nudc 12 5/1, ndng d6 span80 1a 0,5%, tdc do khudy la
600 vong/pht, thé tich cua tac nhan lién két ngang la 3 mL, thoi gian xir 1y lién két

ngang la 3 gio. Céc vi hat thu dugc co duong kinh tir 0,05-1,25 mm, hiéu suat mang
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thudc dat 86,09 %. Téc d6 giai phong ligustrazine hydrochloride tir hat vi cau trong
dung dich dém pH = 1,0 dat 66% trong vong 1 gid, sau d6 on dinh trong vong 5 gio
tiép theo [122].

1.3.5. Té hgp carragennan/collagen mang dwoc chit

Do tinh twong thich sinh hoc cao, dé phan huy va khong giy doc nén t6 hop
carragennan/collagen di dugc quan tdm nghién ctru 1lam vt liéu mang thude, dugc
chat. Nghién ctru cia Wenpo Feng (2017) va cong su cho thdy composite collagen-
hydroxyapatite/ic-carrageenan (C-HAp/«-Car) c6 cdu tric twong tu nhu ciu trac cta
xuong tu nhién [123]. Két qua nghién cru XRD va SEM cua vt liéu t6 hop cho
thdy HAp duoc phan tén tét trong cac polyme sinh hoc. Pho FT-IR chi ra rang cac
nhoém N-H va COO- ciia collagen da lién két vai HAp. k-Car ¢6 vai tro la chat lién
két ngang, lam giam kha ning hit 4m va kha ning phan hiy sinh hoc ciia C-HAp.
Nghién ctru cac tinh chat gdm tinh chat co hoc, kha ning hat 4m, kha ning phan
huy sinh hoc, kha ning gay doc té bao cua vat liéu composite C-HAp/k-Car d3 chi
ra rang vat liéu nay co tiém nang trong diéu tri tai tao xwong [123].

Nogueira va cong su (2019) cling nghién ctru vat liéu mang lai vd co va hitu
co C/-Car/HAp trong viée tai tao xwong. Hydrogel da dugc ché tao bang cach hoa
tan collagen thuy phan va 1-Car trong hon hgp dung dich nuéc ¢ chiaa CaCl, va
HsPO,. pH duoc ting dan bang cach thém dung dich NH; 25% dé két tia khoang
vao hydrogel. Sau d6, mang duoc ché tao bang phuong phap duc dung méi la
phuong phap khudn dugc ngdm vao dung dich chira hydrogel, sau khi dung méi bay
hoi hét s& thu dugc mang C/i-Car/HAp. Pho IR va gian d6 XRD cho thay HAp di
duogc hinh thanh trong hydrogel véi kich thudc tinh thé khoang 12 nm, nhé hon so
v6i kich thude apatit trong xwong. Cac dic tinh bé mat cia mang C/1-Car/HAp gom
d6 am bé mat va niang lugng bé mat (ys) duge danh gia bang phuong phap do goc
tiép xuc (0,). O, thap (8,5-16,8°) chi ra ring mang lai 1 va nudc, trong khi gia tri ys
cao, khoang 70,6 mJ.m™ c6 thé tao diu kién thuan loi cho sy két hop phan tir sinh
hoc vao bé mat mang C/+-Car/HAp [124].

Nogueira va cong su sir dung collagen loai I két hgp véi k-Car dé ché tao bo

khung khoang hoéa md phong méi truong vi mo cla xuwong tu nhién. Hinh anh SEM
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cho thay trén C/k-Car céc soi collagen dong nhat va sip xép dan xen nhau. Céc
nguyén bao xuwong MC3T3-El dugc nudi cay trong khung collagen va c6 kha ning
ton tai sau t6i da 7 ngay nudi cdy, ca khi ¢ va khdng c6 k-Car. Sy c6 mit cua k-Car
trong khung collagen d3 kich thich sy khodng hda cua cac té bao, cling nhu kha ning
khoang héa chat nén ngoai bao sau 14 va 21 ngay nudi cay. Tir cac két qua thu dugc
cho thiy hé C/k-Car c6 vai trd trong qua trinh tong hop tai tao té bao xuong [125].

Nogueira va cong sy téng hop cac mang lai HAp/C/Polysacarit va nghién
ctru kha ning khang khuan va tac dung cua ching déi voi nudi cay nguyén bao
xuong. HAp duoc dua 1én mang C/Polysacarit bang phwong phép insitiu (phuong
phap 1) hoic tong hép HAp rdi méi dua 1én mang C/Polysacarit (phuong phap 2).
Polysacarit dugc str dung trong nghién ctru 1a CS hodc Car. Su c6 mat cua HAp da
cai thién tinh chat co hoc clia mang, tang kha ning tham uét va nang luong tu do bé
mat. Cac phan tich XRD, Raman va SEM cho thay rang cac mang lai duogc tao ra
bang phuong phap 1 c¢6 hinh thai dong nhat. Ngoai ra, cac tinh chat 1y, hoa va co
hoc phu thudc vao thanh phan ctia mang polyme. Trén thuc té, lwong HAp dugc tao
thanh khi c6 mit CS cao hon x-Car. Mang chtra CS khong doc ddi voi nguyén bao
xuong, trong khi mang chira k-Car 1am giam kha ning sdng cta té bao sau khi nudi
ciy trong 24 va 72 gid. Diéu nay co thé lién quan dén tdc do phan huy cao, d6 6n
dinh thap va tinh toan ven thap ctia mang chtra k-Car trong moi truong nudi cay té
bao. Sau khi hat AgNP dugc thém vao mang gitp mang c6 tic dung khang khuan
chdng lai E. coli, S. aureus va P. aeruginosa. Tac dung nay phu thudc vao téc do
giai phong AgNP. Nhin chung, nhitng két qua ndy mo ra nhiing con dudong don gian
va day hira hen dé phat trién mot thé hé mang lai méi véi tc do phan hay va dic tinh
khang khuan c6 thé kiém soat duoc [126].
1.4. Tong quan vé dwgc chit allopurinol va polyme mang allopurinol
1.4.1. Tinh chdt chung

Allopurinol (ALP) 1a thubc tong hop dang bot min mau trang. it tan trong
nuéc, ethanol, tan tét trong dung dich NaOH 1M (50 mg/mL).

Cong thac phan tir cua ALP la CsH4N,4O.

Khéi lugng phén ti: 136,11g/mol.

Tén theo hé théng IUPAC: 1,2-dihydropyrazolo[3,4-d]pyrimidin-4-one
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Cong thuc cau tao cua allopurinol:

ALP c6 tac dung uc ché xanthine oxidase, thudng duoc sir dung trong
diéu tri bénh gut va ting acid uric mau. N6 c6 tinh acid yéu (pKa 9,4), van két
hop trong moéi treong acid da day dan dén sy hap thu nhanh hon tir da day. Vi tri
chinh dé hap thu ALP la ta trang va hén trang trén, trong khi su hap thu caa né
cham hon va khong diy du & hong trang dudi. Thoi gian ban hay sinh hoc cua
ALP la 1-3 gio, diéu nay cho thay rd rang nhu cau phat trién cac cong thic giai
phdong kéo dai. Trong nghién ctru so sanh sinh kha dung cua 5 céng thuc ALP,
Jaeger va cong su [127] da phat hién ra rang céc cong thirc giai phong cham cho
thay sinh kha dung cao hon dang ké so véi cac cong thic thong thuong, do
lugng ALP giai phong it hon ¢ vung da day va ruét non. Mac du ALP thuong
duoc st dung dé giam uric acid, nhung nguoi ta uwdc tinh ring khoang 10% sb
ngudi dugc diéu tri bang ALP phét trién cac phan ¢ng bat loi nho thuong bién
mat sau khi ngirng str dung ALP [128]. Céc tac dung phu pho bién nhat cia ALP
la réi loan tiéu hoa, phan (tng qua man va phat ban da [129].

1.4.2. Dwoc luc

Giam nong d6 acid uric trong mau (e ché qua trinh tong hop acid uric va ting
bai tiét qua nudc tiéu). Acid uric chuyén héa thanh mudi urat dang tinh thé, mudi nay
tich trir trong khop xuong nho gay viém gout. Acid uric tang cling gay soi than. ALP
cling ding ngin ngira va diéu tri soi than, bénh leishmania va viém khép cap [1].

Ngoai ra, néu sir dung truc tiép ALP c6 thé gay tac dung phu trén da nhu
phat ban da) hodc gay sot, run ray va viém mach dan dén tén thuong than va gan.
Ngoai tac dung phu trén, ALP con gay nén mua va tiéu chay, giam bach cau, vang
da, thiéu mau, rung tdc, suy tay [1].

- Hap thu: & ng tiéu hoa, ALP dugc hip thu gan nhu hoan toan, néng d6 dat

dinh sau khi uéng 4 gio.
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- Phan bé: ALP thudc it lién két vé6i protein huyét twong, thé tich phan b 0,6 L/kg.

- Chuyén héa: ALP chuyén hoa thanh oxypurinol con hoat tinh.

- Thai trir: thuéc ALP chuyén hoa thanh oxypurinol va thai trir qua nudc tiéu,
thoi gian ban thai khoang 1 gio (oxypurinol la 18 - 20 gio).

ALP ting hoat tinh sau khi uéng va duoc hap thu & dng tiéu hda. Cac nghién
ctru da chimg minh sau khi uéng ALP 30 - 60 phdt, thudc duoc hap thu vao mau.
Sinh kha dung ctua ALP thay dbi trong khoang tir 67 dén 90%. Sau khi uéng 1,5 gio
thi ham luong ALP trong huyét twong dat dinh va giam manh sau dé va khong con
sau 6 gio. Ham luong oxypurinol trong huyét twong dat dinh sau khi uéng 3 — 5 gio
va kéo dai lau hon.

ALP it gan vao protein huyét tuong do vay viéc thay doi vé gan két vai huyét
tuong khong 1am thay d6i hé sb thanh thai cia All. Thé tich biéu kién cua sy phan
b ALP khoang 1,6 L/kg cho thay su phan bd tuong d6i manh trong mo. Khoang
20% ALP dugc thai trir trong phan sau khi udng. thoi gian ban thai caa ALP trong
huyét twong khoang 1 dén 2 gio. Oxypurinol wc ché xanthine oxydase yéu hon ALP
nhung thoi gian ban thai trong huyét twong caa oxypurinol lai dai hon (13 — 30 gio)
[130]. Do viy, su trc ché hiéu qua xanthine oxydase duoc duy tri trong 24 gio véi
mot lidu don All. Véi 6 chire ning than binh thudng thi bénh nhan thuong tich lity
dan oxypurinol dén khi dat duoc ndng do ¢ trang thai 6n dinh. Nhitng bénh nhan
nhu vay, liéu ding 100 mg ALP/ngay thuong c6 nong do oxypurinol huyét tuong tir
5 dén 10 mgl/L.

1.4.3. Co ché tac dung

ALP va chat chuyén hda cua n6, oxypurinol, c6 hoat tinh wc ché enzyme
xanthine oxydase, ngin chin sy chuyén doi céc tién chat oxypurin, hypoxanthine va
xanthine thanh acid uric nho dé6 ma ndng d6 acid uric trong mau giam [131].

1.4.4. Polyme mang allopurinol

Cho dén nay, nhiéu hé t6 hop khac nhau da duoc nghién cir ché tao dé mang
va giai phong ALP c6 kiém soat. Cac chat mang thudc wa nudc nhu
polyvinylpyrrolidon (PVPk30), polyetylen glycol 6000 (PEG 6000) da duoc su

dung véi céc ty 16 1:1, 1:2 va 1:4 (thudc:chat mang). Kha ning hoa tan trong nudc cua
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ALP ting khi két hop ca hai polyme PVPk30 va PEG 6000. Sharma da phat trién va
bao ché dang vién nén ti polyoxyetylen (PEO), Carbopol 934P va sodium
carboxymethyl cellulose, cho thay cac dac tinh giai phdng mong muén va cai thién sinh
kha dung cua ALP [132]. EI-Gibaly va Abdel-Ghaffar (2005) da ché tao cac hat bang
sap ong va hexacosanol dé giai phong ALP mét cach bén virng, va phat hién ra rang su
két hop cua hexacosanol trong hé t6 hop di kéo dai dang ké thoi gian giai phong ALP
trong dich mé phong dich da day va md phong dich rudt [133]. Mot miéng dan ngoai
da hai 16p gom ketoprofen va ALP ding dé diéu tri viém khop ciing duoc thiét ké dé
giai phong ALP bén viing bai Arshad va cong su [134]. Tuy nhién, c6 rat it nghién cau
vé qua trinh t6 hop va giai phong ALP trong cac soi nano, dic biét 1a trong céc soi
nano polyme sinh hoc. Trong nghién ctru trude day, cac soi nano gelatin/zein sir dung
chat lién két ngang glucose di duoc ché tao va kha ning khang dung méi duogc cai
thién so vai céac soi khong lién két ngang [135]. O day, ALP da dugc boc trong soi
nano gelatin/zein lién két ngang boi glucose dé giai phong ALP bén virng. Ngoai ra, tac
dung tc ché in vitro chong lai xanthine oxidase da duoc nghién ctu [136].

Trong nghién ctu cua Karima Badis, cac t6 hop mang ALP, da dugc ché tao
bang qua trinh bay hoi dung méi. Cac chat mang duogc st dung nhu ethylcellulose, poly(e-
caprolactone), p-cyclodextrin va hydroxypropylmethyl cellulose. Anh huong cua ty 1¢
thanh phan va diéu kién ché tao dén hiéu suat mang thudc va dong hoc giai phong
thudc da duoc nghién ctu. TUy theo tc do khudy va thanh phan cua céc vi hat, tai
lwong hoat chat nam trong khoang tir 10,46 + 1,45 dén 46,40 + 0,5%. Céc vi cau co
dang hinh cau va duodng kinh trung binh (d3,) cta cac vi hat thu dwgc 1a nho hon va
nam trong khoang tir 47,71 dén 151,01 pm. Két qua giai phong thubc cho thay téc do
giai phong bi anh huong boi dac tinh cua cac vi hat; cu thé 1a téc do khudy va thanh
phan cua cac vi hat. Co ché giai phong dugc xac dinh bang cach 1ap mé hinh Higuchi
va Korsmeyer-Peppas [137].

Mot nghién cau khac vé ky thuat diéu ché céc hat albumin dugc pha ALP ¢
kich thugc nho tir 1 ¢én 5 um. Su két hop nay cua cac hop chat cé thé hiru ich cho qué
trinh diéu tri dot quy do thiéu mau cuc bo. Thudc cé tac dung ngin ngira sy hinh thanh
c4c cuc mau dong, cac phan (g oxy hoa va bat dau téi tao té bao [138].

Gurpreet Kandav va cong su (2019) da ché tao hat nano siéu thuén tir chitosan
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mang ALP (A-CNPs) trong diéu tri ting acid uric trong méau. Kich thuéc hat thu duoc
trong khoang 46,40-91,65 nm. C4c nghién ctu in-vivo vé A-CNPs cho thay su hap thu
ALP & than tang gap 19,07 so véi ALP tinh khiét sau 2 gio dung thudc & chudt [139].

Trong diéu tri viém niém mac, dung dich hoac hon dich cua ALP dugc dua
vao khoang miéng dé tac dong truc tiép 1&n chd viém. Vi vay, ALP can phai dugc giai
phong ngay khi tiép xidc véi nude bot, duoc tiét ra tir cac tuyén nude bot. Yoshifumi
va cong su di nghién ciru ché tao mang mang ALP tir sodium alginate véi ¢ day 50
um. T4c gia da tha nghiém ngdm mang trong 10 mL dung dich nudc mudi sinh Iy va
quan sat thidy mang truong nd nhanh va ty tan trong vong 20-30 phut. Dic biét, tat ca
ALP d3 duoc giai phong hét trong vong 10 phut [140].

Tomoda va cong su di ché tao hat vi cau chira ALP dwoc mang boi hat 1-Car va «-
Car bang phuong phap phun sdy. Cac vi ciu c6 duong kinh trung binh vao khoang 10 um,
hiéu suat mang thudc hon 70%. ALP duoc giai phong khoi cac vi cau trong 400 phat khi
dwoc mang bai -Car va c6 tac dung kéo dai dén 600 phat khi sir dung «-Car [141].

Hanawa da ché tao nudc sic miéng chia Car/PEO/ALP trong diéu tri viém
niém mac khoang miéng. San pham thu duoc tang tinh bam dinh trén niém mac miéng
s0 Vi str dung ALP, tir d6 lam tang hiéu qua diéu tri [142].

Tur chc nghién cizu va trinh bay & trén, c6 thé thdy gidi phap xi Iy mét cach co
hé thong vay cd d@é han ché & nhiém méi trwong, dong thoi thu collagen chira dwoc
quan tam thoa ddang. Cdc nghién ciru Vé polyme mang dirgc chat ALP chu yéu la cac
polyme ban tong hop nhw PEG 6000, PVPk30, poly(etyl-cyanoacrylat),
polymetylmetacrylat... C6 rat it nghién ciu sit dung cdc polyme thién nhién (nhw
chitosan, carrageenan, collagen) lam chdat mang thusc ALP. Bdc biét la, cho dén nay,
ché tqo té hop carrageenan/collagen (Car/C) Iam chat mang ALP chuwa duwroc tap trung
nghién citu. Su két 2 polyme Car/C sé phat huy hiéu qud trong diéu tri bénh git nho
nhing wu diém cua cac polyme nay. Hydrogel Car/C gilp kiém soat va gidi phong
thusc ALP dé dang hon nho cdc twong tac vat Iy giira ALP véi carrageenan va collagen,
dong thoi cdi thién kha néng hoa tan ciia ALP, ting sinh khd dung cia thuoc khi sir dung.

Vi Vdy, dé tai c6 y nghia khoa hoc va y nghia thuc tién.
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CHUONG 2. THUC NGHIEM

2.1. Héa chét, dung cu

Potassium chloride (KCl) rin, potassium dihydrogen phosphate (KH,PO,)
ran, hydrochloric acid (HCI) 37 %, sulfuric acid (H,SO,) dic, phosphoric acid
(HsPO,), sodium hydroxide (NaOH) rin, acetic acid (CH;COOH) dic, sodium
chloride (NaCl) rén, citric acid (C(OH)(CH,COOH),COOH): san pham thuong mai
ctia Trung Qudc

Carrageenan duoc cung cdp boi hing Sigma Aldrich (My) ¢ dang bot mau
trang nga, d6 pH (1,5 % trong nudc) = 7,5-10,5, d6 am < 12 %.

Allopurinol: B tinh khiét > 98 %; chat bot mau trang, min; khong tan trong
clorofom, it tan trong nudc, etanol; tan tot trong dung dich kiém, san pham cua hang
Sigma-Aldrich (Hoa Ky).

Acetonitrile (CH;CN): Do tinh khiét > 99,9 %; la chat léng, khéng mau; san
pham ciia hing Sigma Aldrich (M¥).

Ammonium bicarbonate (NH,HCO,): D tinh khiét > 99 %; Ia chat rin mau
trang; nhiét d6 nong chay 60 °C; do tan (¢ 20 °C) 79,1 g/L; san pham cua hing
Sigma Aldrich (MY).

lodoacetamide (ICH,CONH,): Do tinh khiét > 99 %; la chat rin két tinh;
néng chay & 95 °C; san pham ctia hing Sigma Aldrich (M¥).

Formic acid (HCOOH): B¢ tinh khiét > 95 %; la chat 16ng, khdng mau; san
pham cua hang Sigma Aldrich (M¥).

Thudc nhuém Coomassie Brilliant Blue R-250: san pham ciia hiang Biobasic-
Canada.

Polyethylene oxide (PEO): chat bot mau trang; khdi lvong phan tir trung binh
M, 200.000 g/mol; khoang nhiét do nong chay: 61,7 — 66,65 °C; d6 pH 5,5 - 7.0
(ndng d6 50 g/L & 25 °C); san pham cua hing Sigma Aldrich (M¥).

2.2. Trich ly collagen tir vay cé (ho ca chép — Cyprinidae)
2.2.1. Xu Iy so' bg nguyén li¢u dau vao (Bwéc 1)
Vay ca hdn hop cua ho ca chép bao géom hdn hop vay ca tram co —

Ctenopharyngodon idella, vay ca trdi — Labeo rohita, vay ca chép — Cyprinus
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Carpio, vay ca rd phi — Oreochromis niloticus thu tir cho Nghia Tan — Cau Gidy —
Ha Nbi va cho Phic Yén — Phic Yén — Vinh Phiic dugc rira sach bing nudc thudng
va nudc cit sau d6 phoi khé dudi diéu kién ty nhién. Qué trinh nay nham loai bo
mot phan lugng protit va tap chat bam trén da c&. Tat ca cac budc xu ly tiép theo,
vay ngam trong cac dung dich khao sat déu duoc tién hanh & 4 °C.

2.2.2. Xa ly protein va chdt béo bang dung dich kiém (Buéc 2)

Ngam 5 gam vay cé trong dung NaOH: trong coéng doan nay, tién hanh khao
sat thoi gian ngdm va nong d6 NaOH thich hop dé dat dwoc hiéu qua cao. Theo do,
ngdm vay ca trong dung dich NaOH 0,2 — 1M vai ty 18 1/20 (khéi luong vay
ca/khéi luong dung dich) két hop khudy tir trong thoi gian 5 — 12 gio, gidp loai bo
mui tanh cua vay ca nhim lam sach hoan toan céc tap chat ban, lipid, mau, mui
tanh, chat nhon va cét dat cac lién két hydro cua collagen 1am cho cac mach nay tro
nén 1ong 1éo, tao diéu kién cho qua trinh chiét collagen dugc dé dang.

Rura sach vay ¢4, cat nho ¢ milimet nham tao dién tich tiép xuc Ién gitra
nguyén liéu va dung mdi chiét, tang hidu qua tach hydroxyapatite (HAp) va chiét
collagen ¢ budc sau.

2.2.3. Xu Iy khoang bang dung dich hén hep acid khac nhau (Buwdc 3)

Ngam vdy ca da rira sach & budc 2 trong cac dung dich hon hop acid véi cac
nong d6 khac nhau (Bang 3.3). Khudy tir lién tuc hdn hop trén trong 20 phat (khi
tang thoi gian khuay, khoi lugng HAp thu dugc khong d6i), ti 18 ngam 1:20 (khéi
lugng vay cé&: khdi lugng dung dich). Sau khi khudy, thu duoc hai phan: phan dung
dich chita HAp hoa tan va phan vay ca da xu ly.

2.2.4. Thu collagen thé (Bwdc 4)

Vay cé sau xir ly acid (¢ Buéc 3) tiép tuc duoc rira voi nudc thuong, rira tiép
bang nudc cat dén méi truong trung tinh (dung gidy quy the dén pH 7). Sau do,
ngadm vay cé thu dugc trong dung dich CH3;COOH 0,5 M trong 24 gio. Vi ti 1€
ngam khéi lwong vay cé/khdi lugng dung dich 1a 1/10.

Sau khi ngam vay cé 24 gio véi dung dich acid CH;COOH 0,5 M, loc ta thu
duoc dung dich chira collagen hoa tan. Két taa collagen bang NaCl rin vai khoi
lugng NaCl/khdi lwgng dung dich = 10 % trong nuéc da. Sau do, chiét tach thu
dugc collagen thd (phan két tua trang bong ndi ¢ phia trén coéc — Hinh 2.1).
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Collagen tho dugc hoa tan lai trong dung dich acid CH;COOH 0,5 M sau dé két
tinh lai dé thu duoc collagen c6 do tinh khiét cao.

Cho phan collagen két taa vao tdi tham tich (Trong luong phan ta: 14.000
Daltons, chiéu ngang: 44mm, chiéu dai : 100mm), sau d6 ngdm trong nudc Cat va
khudy trén may khudy tir trong 48 gio (sau 1- 2 gid thay nudc cat mot lan). Pem
collagen sau tham tich do ra khay kinh roi dé déng da trong ta lanh. Sau do, tién
hanh dong kho collagen sau tham tich trén thiét bi FreeZone 2.5 (Labconco, M¥) tai
Vién Hoé hoc cac hop chit thién nhién, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam. San pham collagen tinh thu dugc duoc bao quan lanh trong tai PE kin.

Ham luong twong di cua collagen thu dugc tir vay ¢ duoc tinh theo ty 1¢
giita khdi lugng collagen thu duoc so véi khbi lwgng vy ca ban dau:

mey||
%Mcoliagen = ——.100%

vay ca

Hinh 2.1. Collagen két tia (trai), collagen sau khi dong kho (phai)
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Vay ca rira sach,
dé rao nudce

— ‘ . - NaOH 0,5M
Xir ly protein phi |« Thgj gjan: 8 gioy
collagen - Nhiét do: 4°C

' - Dung dich hon hop acid H,SO, 0,5 M + HC1 0,2 M
Xu ly khoang |«——— - Thoi gian: 0,5 gio
- Nhiét dg: 4°C

Trich v coll - Acid CH;COOH 0,5 M
fich 1y collagen - Thoi gian: 24 gi&
Loc - Nhiét do: 4°C
¥
Dich loc chira
collagen
NaCl 10% (theo
| thé tich dich loc
Collagen tho
Tham tich trong 48 gid
| (bang mang cellulophane)

Collagen tinh

So' d6 2.1. Quy trinh trich ly va tinh ché collagen tir hdn hop vay cé (ho ca chép)
tai Viét Nam

2.2.5. Nhin dién collagen thu dwo'c tir vy ca
2.2.5.1. Xt Iy mau

Mau dang khé: duge bd sung SDS-PAGE Sample Loading Buffer 1X cho vao
bién tinh & 95°C, 10 phut. Tién hanh dién di protein trén SDS-PAGE [143].

Mau dang dung dich: bb sung hat Nano kim cuong (ND) (10pg/puL) vao mau
(miu da dugc pha lodng 10 1an voi PBS 1X). U phan ng trong vong 10 phat. Ly
tam véi luc ly tim 13000 xg, sau 5 pht thu két tia. Rira tia voi PBS 1X, siéu 4m 5-
10 phat, sau d6 ly tim véi luc ly tdm 13000 xg, sau 5 phat thu két taa. B6 sung
SDS-PAGE Sample Loading Buffer 1X t6i phtre hop tia protein-ND, siéu am trong
15 phit dé tai hoa tan phirc hop miu. Tién hanh bién tinh va chay dién di protein
trén SDS-PAGE [143].



47

2.2.5.2. Thiy phdn protein bang trypsin

Sau khi dién di SDS-PAGE, dya vao két qua dién di chung t61 tién hanh rua
gel va cit cic bang protein quan tim. Rira cac manh gel véi dung dich ria
(acetonitrile 50%, NH,HCO; 100mM) (dung dich A) & 30 °C cho dén khi loai bo
hét mau xanh cta thudc nhuém Coomassie. B6 sung acetonitrile (ACN) 100% dé
loai nuée trong gel trong 5 phut, lam khé gel. Sau d6 cac manh gel duoc khir bang
dung dich khtr (dithiothrietol 10mM, NH,;HCO; 100mM) & 56 °C trong 45 phut roi
dugc 1am lanh & nhiét 6 phong. Sau khi khir cac cau ndi disulfide giita cac goc
cysteine trong phan tir protein, cdc manh gel duoc alkyl héa bing dung dich
iodoacetamide 50mM trong NH,HCO; 100mM. Tiép tuc i gel & nhiét d6 phong
trong t6i 45 phit. Sau d6 lam sach gel bang dung dich rira (dung dich A). B6 sung
acetonitrile 100% dé loai nudc trong gel trong 5 phut, lam kho gel. Gel dugc hoa lai
bang dung dich thuy phan ( 10 ng/uL trypsin trong NH,HCO; 50mM, ACN 10%)
Vva U trong da lanh trong 30 phut, tiép tuc bo sung NH,HCO3; 50mM va u ¢ 30 °C
trong 18 tiéng. Cho axit formic vao mau thity phan (sao cho nong do axit formic
cudi cing 13 1%) dé dimg phan tng thiy phan bang enzym. Chuyén dich ndi sang
mot dng eppendorf sach. Bo sung dich chiét (acetonitrile 50%, axit formic 5%) vio
gel, dé 45 phit rdi siéu 4m 5 phat. Chuyén dich n6i sang 6ng eppendorf & bude trén.
Lip lai budc nay mot 1an nira, sau d6 bd sung acetonitrile 90% / axit formic 5 % dé
trong 5 phut r6i chuyén dich ndi sang dng eppendorf & budc trén (téng cong 3 lan
chiét). Hon hop dich chiét peptide dugc 1am kho bang may SpeedVac. Hon hop
peptide duogc loai mudi bang cot Ziptip C18 trude khi phan tich bang khéi pho.
2.3. Ché tao mang to hep carragennan/collagen/allopurinol

Can mot luong carrageenan di xac dinh va cho vao céc ¢ mo 100 mL, thém
40 mL nudc cat vao ce. Khudy hdn hop trén may khuay tir dong thoi gia nhiét tir
tir dén 80 °C trong 15 phut. Sau d6, dé ngudi dung dich dén 50 °C, nhé dung dich
chat tao gel KCI va khudy tir trong 15 phat dé dung dich dong nhat. Bé ngudi hon
hop dén nhiét do phong (coc A).

Hoa tan mot lwgng collagen da xac dinh trong dung dich CH;COOH 0,5 M,
khuay trén may khuay tir (céc B) tai nhiét d6 phong.
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Hoa tan mot lugng ALP dé xac dinh trong dung dich NaOH 0,5M, khudy trén
may khudy tir (céc C) tai nhiét d6 phong.

Do tur tir cde (C) vao cée (A) thu duge dung dich (D). Khudy céc D trén
may khuay tir (400 vong/phut) trong 30 phat. B6 dung dich (B) vao buret, nho tir
tir dén hét dung dich (B) vao dung dich (D) (vé&i téc do 3 mL/phat), két hop
khudy dong hoa toc do cao véi tée do 20.000 vong/phat. Tiép tuc khudy hdn hop
trén trén may khudy tir trong 60 phit (tbc d6 400 vong/phat). Sau do, hd hop
duoc dém di déng héa vai tde do 20.000 vong/phat (3 lan, 10 phat/Lan). Cudbi
cing d6 hdn hop ra dia petri va dé bay hoi tu nhién thu dugc cac mang toé hop
(Bang 2.1).

Bdng 2.1. Ty 1é thanh phan va ki hiéu cac mau mang t6 hop Car/C/ALP

STT | Ki hiéu mau mang| Carrageenan (g) | Collagen (g) | Allopurinol (g) | KCI (g)
1 | CC955-0 0,095 0,005 0 0,001
2 | CCA991-5 0,099 0,001 0,005 0,001
3 | CCA973-5 0,097 0,003 0,005 0,001
4 | CCA955-5 0,095 0,005 0,005 0,001
5 | CCA937-5 0.093 0.007 0,005 0,001
6 | CCA9010-5 0,090 0,010 0,005 0,001
7 | CCA955-3 0,095 0,005 0,003 0,001
8 | CCA955-10 0,095 0,005 0,01 0,001
9 | CCA955-15 0,095 0,005 0,015 0,001
10 | CaA5 0,1 0 0,005 0,001
11 | CoA5 0 0,1 0,005 0,001

2.4. Ché tao hat t6 hop carragennan/collagen/allopurinol

Cac mau duoc chuan bi twong tu phwong phap tao mang phan 2.3. Sir dung
chat tao gel KCI voi ham luong 1 %.

Db tir tir (coc C) vao (coe A) thu duoc dung dich (D). Khudy dung dich trén
may khuay tir (400 vong/phut) trong 30 phat. B6 coc (B) vao buret, nhé giot dén hét
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dung dich (B) vao dung dich (D) (voi tbc d6 3 mL/phat) két hop khudy dong héa
tdc d6 cao voi tée do 20.000 vong/phat. Tiép tuc khudy hdn hop trén may khudy tir
(400 vong/phat) trong 60 phat. Sau d6, ddng hoéa hdn hop véi téc do 20.000
vong/phit (3 1an, 10 phat/Lan). Cubi cung, d6 hdn hop dung dich ra dia petri, dé
dong da trong ngan da ti lanh sau d6 tién hanh déng kho ¢ -4 °C trong thiét bi
FreeZone 2.5 (Labconco, M¥) tai Vién Hoa hoc cac hop chat thién nhién, Vién Han
lam Khoa hoc va Cong nghé Viét Nam thu duoc c4c hat san pham dang bot (Bang 2.2).
Bdng 2.2. Ty 1é thanh phan va ki hiéu cac mau hat t6 hop Car/C/ALP

STT [Ki hiéu mau bot| Carrageenan (g) | Collagen (g) | Allopurinol (g) | KCI (g)
1 ACC19-5 0,01 0,09 0,005 0,001
2 ACC19-10 0,01 0,09 0,01 0,001
3 ACC19-15 0,01 0,09 0,015 0,001
4 ACC28-10 0,02 0,08 0,01 0,001
5 ACC55-10 0,05 0,05 0,01 0,001
6 ACC64-10 0,06 0,04 0,01 0,001

2.5. Phwong phap nghién ciru
2.5.1. Phwong phdp hién vi di¢n tir quét (SEM)

Hinh thai, ciu tric caa mang va hat té hop Car/C/ALP dugc quan sat va ghi
anh trén thiét bi hién vi dién tir quét truong phat xa (FESEM) (FESEM S-4800,
Hitachi, Nhat Ban) trong méi truong khi tro tai Vién Ky thuat nhiét dai - Vién Han
lam Khoa hoc va Cong nghé Viét Nam. Truéc khi tién hanh, mau duoc pha mét 16p
platin mong dé khong bi tich dién trén bé mat mau.

2.5.2. Phwong phap tan xa danh sang dong (DLS)

Cac hat t6 hop Car/C/ALP duoc xé4c dinh phan bé kich thuéc hat trén thiét bi
Zetasizer Ver 620 tai Vién Ky thuat nhiét déi - Vién Han 1dm Khoa hoc va Céng
nghé Viét Nam. Thiét bi dung mét hé quang hoc gém 1 ngudn sang laser rin ban
dan c6 budc song 32 nm va cong suat 10 mW, van phé do kich thudc 0,6 nm — 6
um, van pho do thé zeta tir -200 mV dén +200 mV.
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2.5.3. Phwong phdp phé héng ngoai bién déi Fourier (FTIR)

Phd hong ngoai bién d6i Fourier (FTIR) cua mang va hat t6 hop Car/C/ALP
duoc ghi bang thiét bi phd hong ngoai bién ddi Fourier Nexus 670 (Hoa Ky) tai Vién
K thuat nhiét doi - Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Cac mau duoc
quét phd & viing phd tir 400 cm™ dén 4000 cm™, vé6i do phan giai 8 cm™, sb 1an quét la
3240 lan. Pho FTIR duoc ghi dudi dang duong cong sau khi di bu trir phd nén cua
khong khi (khi ghi phd ¢ dang mang) hozc nén KBr (khi ghi phd ¢ dang hat).

2.5.4. Phwong phdp nhiéu xg tia X (XRD)

Gian d6 nhidu xa tia X cua cac hat nano Car/C/ALP duoc ghi trén may D8
ADVANCE cua hang Brucker tai Khoa Héa hoc, Truong DPai hoc Khoa hoc tu
nhién — Pai hoc Qudc gia Ha Noi véi budc nhay 0,03°, tir 5° dén 70° ¢ nhiét do
phong véi anot dong.

2.5.5. Phwong phdp nhiét lweng quét vi sai (DSC) va phan tich nhiét khai
lwong (TGA)

Gian d6 DSC cua mang va hat té hop Car/C/ALP dugc ghi trén thiét bi phan
tich nhiét DSC131 (Setaram, Phép) tai Khoa Hoa hoc, Truong Pai hoc Khoa hoc tu
nhién — Pai hoc Quédc gia Ha Noi trong khoang nhiét do tir nhiét 6 phong dén 200
°C, téc do gia nhiét 10 °C/phit, mdi truong khi nito. Lugng mau do khoang 6 mg dén
40 mg dugc cho vao chén bang nhém trong thiét bi DSC.

Gian do TGA cua vat liéu hat t6 hop Car/C/ALP (ACC) dugc ghi trén thiét
bi phéan tich nhiét DTG 60H tai Khoa Hoa hoc, Truong Pai hoc Su pham Ha Noi
trong khoang nhiét do tir nhiét ¢ phong dén 600 °C, toc do gia nhiét 10 °C/phdit,
moi trudong khi nito. Gian dd6 TGA cua collagen duoc do tir nhiét d6 phong dén 600
°C, téc do gia nhiét 10 °C/phit, méi truong khi nito.

2.5.6. Phwong phdp phé hdp thu tie ngoai — kha kién (UV-Vis)

Str dung thiét bi quang pho UV — Vis (Cintra 40, GBC, MY) tai Vién K¥
thuat nhiét doi — Vién Han 1am Khoa hoc va Cong nghé Viét Nam dé xay dung
duong chuan allopurinol trong cac dung dich dém va dung dich NaOH, xé4c dinh
hiéu suat mang va nong do allopurinol duoc giai phong tir ca&c mau vat liéu to hop
carrageenan/collagen/allopurinol trong cac dung dich dém pH kh&c nhau va trong
dung dich NaOH.
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2.5.7. Phwong phdp sdic ky léng hiéu ning cao (HPLC)

Phuong phap sic ky 16ng hiéu ning cao (HPLC) 1a mét phuong phap chia
tach trong d6 pha dong Ia chat long va pha tinh chta trong cot 1a chét rin da duoc
phan chia duéi dang tiéu phan hoic mot chat long phu 1én mot chat mang ran hay
mot chat mang da duoc bién tinh bang lién két héa hoc véi cac nhém chic hitu co.

Phuong phap sic ky long hiéu ning cao (HPLC) véi cac mau collagen (trong
cac diéu kién chiét tach khac nhau tir vay cd) duoc thuc hién tai Vién Kiém nghiém
an toan vé sinh thuc pham quéc gia. Mau collagen dugc hoa tan trong acid acetic
truéc khi ghi pho sic ky d6 HPLC (phwong phap tha H.HD.QT.046 va
H.HD.QT.112).

Mau phan tich st dung cot Zorbax Eclipse-AAA va hé théng HPLC Agilent
1260. Hé dung moi: Dung moi A - dung dich dém Na,HPO, 40mM; Dung mdi B -
hé ACN:MeOH:H20 = 40:45:15 (theo thé tich). Nhiét do cot 40 °C; toc do dong
1mL/phut.

2.5.8. Phwong phap dién di SDS-PAGE

bién di trén gel SDS-polyacrylamide (SDS-PAGE), dugc thuc hién theo
Laemmli [143]. Qua trinh dién di dugc thuc hién vai gel acrylamide 12,6%. K
thuat SDS-PAGE cho phép phan tach protein dya trén chiéu dai mach polypeptide
hay noi cach khéc 1a dya trén khéi luong phan ta. Dé lam duoc diéu ndy, can sir
dung sodium dodecyl sulfate (SDS) dé protein chuyén vé cau tric bac 1 va tao dién
tich am ty Ié thuan theo khéi lugng (mass-to-charge ratio). Bién tich &m ty 18 thuan
theo khéi lwong sé gilp loai bé anh huong cua dién tich dén qua trinh dién di.
Phuong phéap duoc tién hanh tai phong Hoa sinh protein — vién Cong nghé sinh hoc,
vién Han 1am Khoa hoc va Céng nghé Viét Nam. Thiét bi va hoa chat cho SDS-
PAGE do Bio-Rad (CA, USA) cung cap.

DPé kiém tra két qua tach chiét colaagen, cac ban gel dwoc nhuém bing
Coomassie Brilliant Blue (CBB). Sau khi u véi dung dich nhuom [0,1% (w/v) CBB,
30% (v/v) methanol, 10% (v/v) acetic acid] trong 30 phut, ban gel duoc tay rira
bang dung dich tay [30% (v/v) methanol, 10% (v/v) acetic acid] cho dén khi c6 thé
quan sat thiy cac bang protein. Thanh phan va cac dung dich dém cho phuong phap
SDS-PAGE duogc trinh bay trong Bang 2.3.
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Bdng 2.3. Thanh phan va cac dung dich dém SDS-PAGE

2 mL: 0,5 mL Tris-HCI 0,5 M (pH = 6,8); 10 uL SDS
Gel gom mau 5% 10% (wi/v); 0,35 mL acrylamide 30% (w/v); 1,3 mL H,0;
20 pL APS 10% (w/v); 2 uL TEMED.

45 mL: 1,125 mL Tris-HCI 0,5 M (pH = 6,8); 45 puL SDS
10% (w/v); 0,9 mL glycerol 50% (v/v); 1,89 mL
acrylamide 30% (w/v); 0,55 mL H,O; 30 pL APS 10%
(w/v); 3 uL TEMED.

Gel phén tach 12,5%

60 mM Tris-HCI (pH = 6,8); 2% (w/v) SDS; 25% (v/v)
bém mau 5x glycerol; 14,4 mM [B-mercaptoethanol; 0,1% (v/v)
bromophenol blue.

B-galactosidase (116); albumin huyét thanh bo (66,2);
Thang protein chuan | ovalbumin (45): lactate dehydrogenase (35); endonuclease

gidi han (25); lysozyme (14,4).

2.5.9. Phwong phdp sic ky nano da chiéu va khéi phé (nanoLC-MS/MS)

Cac peptide dugc hoa tan lai trong 30 pl acid formic 0,1% va dugc nap vao
cot sic ky trao doi cation manh (SCX) (LC package, Dionex, Ha Lan) véi téc do
dong 30 pl/phat dé phan tach ¢ chiéu thir nhat. Sau dé, cac peptide bam cot duoc
rira giai bang gradient amonium acetate tir nong d6 tir 10 mM dén 2M (10 mM, 20
mM, 40 mM, 60 mM, 80 mM, 100 mM, 200 mM, 500 mM, 1M va 2M). Sau khi
loai mudi va co dic trén cot C18 (LC Packing, Dionex, Netherland), cac peptide
dugc nap vao cot pha dao C18 (RP) (GraceVydac, Hesperia, CA, USA) véi cac pha
dong gom 0,1% acid formic trong nuéc (dung dich dém A) va acid formic 0,1%
trong 85% acetonitril (dung dich dém B). Sau d6, cac peptide duoc rua giai bang
gradient tuyén tinh cua dung dich dém B tir 0% dén 100% véi toc do dong 0,2
ul/phtt trong 90 phut.

Phan tich khdi phd ddng thoi duoc thuc hién bang thiét bi ta cuc/TOF phan
manh MS/MS sir dung thiét bi ABI QSTAR®XL (Applied Biosystem/MDS SCIEX,
Ontario, Canada) dugc trang bi nguon ion nano-ESI. Thiét bi MS dugc van hanh ¢
ché d6 ion duwong vai dién ap phun 2,5 kV. Pham vi quét caa mdi MS day du la tir
400 dén 1200 amu, sau d6 1a sy phan manh MS/MS cua ba ion peptide tién chat
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manh nhat trong mdi 1 gidy. Phdé MS va MS/MS dugc ghi lai va xir ly & ché do IDA
(Thu thap phu thudc théng tin) dugce diéu khién boi phan mém Analyst QS (Matrix
Science Ltd., London, UK). Protein duoc tim kiém trén co so dit liéu NCBIprot.

Phuong phap duoc tién hanh tai phong Hoéa sinh protein — vién Cong nghé
sinh hoc, vién Han I[am Khoa hoc va Cong nghé Viét Nam.

2.6. Giai phong allopurinol tir mang va hat té hgp Car/C/ALP trong cac moi
trweong pH khac nhau

2.6.1. Xay dwng dwong chudn cia allopurinol trong cac dung dich pH khac nhau
2.6.1.1. Phwong trinh dwong chudn cua allopurinol trong dung dich dém pH 2

pH 2 1a pH twong tu pH trong dich da day. Pé xay dyng duong chuan cua
ALP trong dung dich dém pH 2, tién hanh ghi phé UV-VIS cia dung dich ALP
trong cac dung dich dém pH khéc nhau trong khoang budc séng 200 — 400 nm dé
x4c dinh budc song hap thu cuc dai (Ama) ciia ALP.

Pha dung dich dém pH 2: Cén chinh xac 5,913 g KCl cho vao binh dinh
muc 500 mL da duoc rira sach va séy kho va ¢6 sdn 100 mL nuéce cat dé hoa tan
KCl. Sau d¢, thém 1,722 mL dung dich HCI ddc. Thém nuéc cat dén vach dinh
mirc, lac déu, bao quan dung dich dém trong lo thuy tinh sach, tranh anh ning tryuc tiép.

Can 0,0068 g ALP va hat 100 mL dung dich dém pH 2 cho vao cbc 250 mL
d3 duoc rira sach va siy kho (coc A). Pit cde 1én may khudy tir va tién hanh khudy
lién tuc trén may khudy téc do 400 vong/phit trong 48 gio dén khi lugng thude
trong coc tan hét. Lay 6 cc 100 mL sach da duoc say kho.

- Coc thir 1: Hat 5 mL dung dich trong coc A.

- Cbc tht 2 (pha lodng 1/2): HGt 5 mL dung dich trong céc A thém 5 mL
dung dich dém pH 2 da pha & trén.

- Céc thir 3 (pha lodng 1/3): Hat 5 mL dung dich trong cdc A thém 10 mL
dung dich dém pH 2 da pha ¢ trén.

- Coc thur 4 (pha loang 1/4): Hat 5 mL dung dich trong céc A thém 15 mL
dung dich dém pH 2 da pha & trén.

- Pén cbc thir 5 (pha lodng 1/5): Hat 5 mL dung dich trong céc A thém 20
mL dung dich dém pH 2 da pha ¢ trén.

- Pén cbc thir 6 (pha loang 1/6): Hat 5 mL dung dich trong coc A thém 25
mL dung dich dém pH 2 da pha ¢ trén.
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Tién hanh ghi phé UV-Vis cua ALP trong cic dung dich dém pH 2 trong
khoang budc séng 200 — 400 nm dé xac dinh bude song hip thu cuc dai (Amay) cia ALP.

Két qua thu duoc budc soéng hap thu cuc dai caa ALP trong dung dich dém
pH 2 nhu sau:

Trong dung dich dém pH 2; Apax = 274,98 nm.

Mat @6 quang cua ALP trong dung dich dém c6 pH 2 xac dinh theo phuong
phap thém chuan.
2.6.1.2. Xay dung dwong chudn cua allopurinol trong cac dung dick dém pH 7,4

pH 7,4 tuong ty pH trong dich rudt. Twong tu nhu trén, tién hanh xay dung
duong chuan cua ALP trong dung dich dém pH 7,4. Mat d6 quang cua ALP trong
dung dich dém pH 7,4 duoc xac dinh theo phuong phap thém chuan.

Pha dung dich dém pH 7,4: Can 3,816 g KH,PO, va 0,878 g NaOH vao
cdc 500 mL chira sin 300 mL nuéc cat. Pat coe 1én may khudy tir va tién hanh
khuay lién tuc trén may khudy téc d6 400 vong/phut dén khi lwong chét trong céc
tan hét. Chuyén dung dich vao binh dinh mac 500 mL, thém nude cat dén 500 mL.
Lic déu, bao quan dung dich dém trong lo thuy tinh sach, tranh anh ning truc tiép.

Can 0,0068 g ALP va hat 100 mL dung dich dém pH 7,4 cho vao cbc 250
mL di duogc rira sach va siy kho (coc A). Pit coe 1én may khudy tir va tién hanh
khudy lién tuc trén mdy khudy toc d6 400 vong/phut trong 48 gid dén khi luong
thudc trong coc tan hét. Lan luot dwoc pha lodng thanh 6 cc nhu da néu & myc 2.6.1.1.

Tién hanh ghi phé UV-Vis caa ALP trong dung dich dém pH 7,4 trong
khoang budc song 200 — 400 nm dé xac dinh budc séng hip thu cuc dai (Amay) clia
ALP trong dung dich dém pH 7.4.

Két qua thu duoc budc séng hap thu cuc dai cua ALP trong dung dich dém
pH 7,4 nhu sau:

Trong dung dich dém pH 7,4; Amax = 276,69 nm.

Mat do quang cua ALP trong dung dich dém c6 pH 7.4 xac dinh theo phuong
phap thém chuan.
2.6.1.3. Xay dung dwong chudn cua allopurinol trong cac dung dich NaOH 1M

Pha dung dich NaOH 1M: Can chinh x4c 20 g NaOH dang ran va dong 300 mL
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nude cat vao cde 500 mL da dugc rira sach va say kho. it cde 1én may khudy tir va tién
hanh khudy lién tuc trén may khudy toc do 400 vong/phut dén khi lwong chit trong cbe
tan hét. Chuyén dung dich vao binh dinh mirc 500mL, thém nudc cat dén vach dinh
mirc, lic déu. Bao quan dung dich trong lo thuy tinh sach, tranh anh ning truc tiép.

Can 0,0068 g ALP va hat 100 mL dung dich NaOH 1 M cho vao cbc 250 mL
d3 dugc rira sach va sy kho (cde A). Dit cde 1én may khudy tir va tién hanh khudy
lién tyc trén may khudy téc d6 400 vong/phit trong 30 phat dén khi lwong thude
trong cdc tan hét. Lan luot duoc pha lodng thanh 8 cde nhu dd néu & muc 2.6.1.1.

Tién hanh ghi phd UV-Vis ctia ALP trong dung dich NaOH 1 M trong
khoang budc song 200 — 400 nm dé xac dinh buéc song hép thu cuc dai (Anax) cua
ALP trong dung dich NaOH 1 M.

Két qua xac dinh budc song hap thu cuc dai cia ALP trong dung dich NaOH
I M 1a Apax = 277,98 nm.

2.6.2. Xdc dinh ham lwong allopurinol dwoc mang béi té hep Car/C

Xéc dinh hiéu suat mang thudc: Can chinh xéac 0,05 g cac mau vat liéu to hop
da duogc ché tao tir trude cho vao ce 250 mL cd chira 200 mL dung dich NaOH 1M
va tién hanh khudy tir lién tuc 48 gid véi tde d6 400 vong/ pht.

Sau khi khuay 48 gio lién tuc, hit chinh xac 10 mL dung dich tién hanh ghi
pho UV-Vis. Dung dich néu trén duoc ghi phd UV-Vis. Thi nghiém duoc lap lai 3
lan lay gia tri trung binh. Tir s6 lidu thu dugc trén phé UV-Vis, dua vao phuong
trinh duong chuan caa ALP trong dung dich NaOH 1M va bang phan mém Excel,
tién hanh xac dinh ham luong ALP duoc mang béi Car/C.

2.6.3. Xdc dinh khéi lweng thuéc allopurinol gidgi phong tie vat lidu té hep
Car/C/ALP

Cén chinh xac 0,05 g ALP cho vao binh nén dung 200 mL dung dich dém.
Tién hanh khuay tir lién tuc trong 2 ngay trén may khuiy tir voi téc do 400
vong/phdt. Ghi phé UV-Vis caa ALP ¢ cac nong do khac nhau bang cach thém
chuan (cach 1 gio xac dinh ham luong thudc 1 1an). Cu thé, sau khi khudy 1 gio, hat
chinh xac 10 mL dung dich tién hanh ghi phé UV-Vis, ddng thoi bu thém vao d6 10
mL dung dich dém.
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Tir 56 liéu thu dwogc trén phd UV-Vis, dua vao phuong trinh dudng chuan cua
ALP trong cac dung dich dém va bang phan mém Excel, ta xac dinh dwoc ham
lwong ALP trong cac dung dich dém do.

Giai phéng ALP tir cic mang va hat to hop duoc thuc hién déi véi cac mau
vt liéu té hop Car/C/ALP trong cac dung dich dém c6 pH 2 va pH 7,4. Mot lugng
nhét dinh vat liéu t6 hop dugc dwa vao trong 200 mL dung dich dém & 37 °C va tién
hanh khudy tir lién tuc trong 32 gio vai tée dd 400 vong/phdt.

Sau khi khuay 1 gio, hat chinh xac 10mL dung dich tién hanh ghi phé UV-
Vis, dong thoi bu thém vao d6 10 mL dung dich dém. Sau d6, do mat d6 quang
dung dich d3 loc & cac budc sONg Amax cua ALP céc dung dich dém. Khéi lugng cua
ALP di giai phong duoc tinh theo phuong trinh dudng chuan cua ALP trong céc
dung dich ¢6 pH 2 va pH 7,4 (twong (rng v&i méi truong dich vi trong da day (pH 2)
va ruét non (pH 7,4)).

Phan trim ALP giai phong tir cac mau vat ligu to hop tai thoi diém (t) dugc

tinh theo céng thuec:

t
% ALP = Z4L 100%

Man
Trong d6: m°a p. Khéi luong ALP trong mau té hop ban dau
m'aLp: Khéi lugng ALP giai phong tir mau to hop tai thoi diém t

2.7. Thir nghiém in vivo sir dung hat t6 hop carrageenan/collagen/allopurinol trén
co thé dong vat (chudt binh thwong va chudt dwoc tiém phic mac potassium
oxalate)
2.7.1. Xdc dinh déc tinh céip ciia hat té hop carrageenan/collagen/allopurinol
trén chugt dwoc thur nghiém
2.7.1.1. Péi twong nghién ciu

Chuot nhat trang ching Swiss (18-22 g) dugc sir dung trong nghién ciu nay.
Chuot khdng bi han ché vé thirc an va nuéc udng, dugc nudi trong phong thoang
mét va dam bao thoi gian sang/téi 1a 12 gio. Moi quy trinh thuc hién trong nghién
ciru nay tuan thu ding huéng dan chim séc va st dung dong vat thi nghiém cua

Hoc vién Quan y.
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2.71.1.2. Phuong phap nghién cuu

* Pha do liéu

Tién hanh do liéu theo phuong phap cua PGS. B Trung Pam (2014) [144]. Cu
thé, cho 2 chudt udng dong thoi liéu duy nhat 200 mg/kg hat t6 hop Car/C/ALP, theo
dai tinh trang ctia chuét trong 72 gio. Két qua 2 chudt nay khdng chét va khong co dau
hiéu nhiém doc. Do dé, ching t6i tiép tuc sir dung 2 chudt tiép theo va cho mdi chudt
udng liéu duy nhat 500 mg/kg hat to hop Car/C/ALP, theo ddi trong 72 gio. Do chuot
khong chét nén ching tdi tiép tuc cho 2 chudt khac uéng mét lidu duy nhat 1000 mg/kg
hat t6 hop Car/C/ALP va theo dai 72 gio tiép theo. Sau 72 gio, ca 2 chudt trén khdng
chét nén chlng t6i tiép tuc cho uéng liéu tan t6i da cua to hop Car/C/ALP 1a 1500
mg/kg trén 2 chudt nhét trang khac, theo ddi tinh trang chudt sau 72 gio. Sau 72 gio,
chudt khong cd dau hiéu nhiém doc hay chét nén chiing t6i chuyén sang budc tiép theo.

* Pha thur doc tinh

30 chudt nhat dugc chia ngau nhién thanh 3 nhém (mdi nhém 10 con). Chudt
& mdi nhém dugc udng hat t6 hop Car/C/ALP & céc lidu duy nhat 1a 200 mg/kg,
500 mg/kg, 1000 mg/kg va 1500 mg/kg. Theo ddi tinh trang nhiém doc hoic ty 1&
chét trén chuot & cac nhém trong thoi gian 72 gio. Sau do, chudt dugc phau thuat
ldy gan, than va lach dé danh gia hinh anh dai thé va vi thé.
2.7.2. Xdc dinh dpc tinh ban truong dién ciia hat té hep carrageenan/collagen/allopurinol
trén chugt dwec thir nghigm
2.7.2.1. Béi twong nghién cizu

30 chudt céng trang chang Wistar (trong luong 170-240 g) do Trung tam
Pong vat, Hoc vién Quan y cung cap. Chudt duoc nudi trong phong thi nghiém
thoang mat véi chu ky sang/ti 24 gio va khdng han ché thirc an va nudc udng.
Chuot duoc dua vé phong thi nghiém trudc khi thir nghiém 5-7 ngay dé lam quen
véi moi truong méi. Moi qui trinh nghién ctru tuan thi theo huéng dan cham soc va
sur dung dong vat thi nghiém ctaa Hoc vién Quan y.
2.1.2.2. Phuong phap nghién cuu.

Chudt duoc chia ngau nhién thanh 3 nhém:

- Nhém 1 (n=10): nhém chiing, chudt duoc cho ubng nude mudi sinh 1y,
- Nhém 2 (n=10): nhém trj 1, chudt dugc ubng hat té hop Car/C/ALP vai lidu

200 mg/kg (chtra 20 mg/kg ALP).
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- Nhém 3 (n=10): nhém tri 2, chuét dugc udng hat té hgp Car/C/ALP vai lidu
1000 mg/kg (chtra 1000 mg/kg ALP).

Chudt duoc cho udng hat té hop hang ngay vao 8 gio sang bing dung cu
chuyén dung cho chuét uéng thudc. Chudt duoc cho ubng thube va ubng nude mudi
sinh 1y véi thé tich twong dwong nhau (0,1 mL cho 20 g thé trong).

Theo dbi tinh trang chudt trong 10 phat, 30 phat, 60 phit va 4 gio dau dau
tién va theo ddi hang ngay trong 28 ngay lién tiép. Ngay tht 29, chudt duge phau
thuat dé danh gia hinh anh dai thé va vi thé gan, than va lach.
2.7.2.3. C4c chi tiéu nghién cuzu

Tinh trang chung cta chudt: van dong, di lai, tinh trang 16ng, dac biét la su phat
trién can ning trudc va sau ubng hat té hop. Cac chi s nay dugc theo dbi 2 tuan mat lan.

Chi sb huyét hoc: Sé lugng hong cau, nong d6 hemoglobin, sé lugngbach
cau, cong thirc mau, hematocrits, cac chi sé hong cau, sb luong tiéu cau. Cac chi sb
huyét hoc duoc danh gia trudc va sau 14 ngay va 28 ngay sau uéng hat to hop.

Chi sb sinh hoa: men gan (ALT va AST huyét twong) va men than (ure va
creatinin huyét twong). Cac chi sé sinh hoéa dugc danh gia truéc va sau 14 ngay va
28 ngay sau udng hat t6 hop.

M6 hoc: Hinh anh dai thé va vi thé cua gan, than va lach sau uéng hat té hop
28 ngay.
2.7.2.4. Phan tich s¢ liéu

Can ning co thé, cac chi sé huyét hoc va sinh héa duoc phan tich bang
phuong phap so sanh thong ké phuong sai hai nhan t6 c6 lap.

Can nang co thé, can nang gan, than va lach, cac chi sé huyét hoc va sinh hoa
dugc phan tich bang phuong phap so sanh thong ké phuong sai hai nhan t6 co lap.
2.7.3. Khdo st tac dung cia hat té hop carrageenan/collagen/allopurinol dén sw
gi@m néng dé urat/acid uric trong mau cia cac logi chugt diroc thiz nghiém
2.7.3.1. Péi twong nghién citu

240 chuot nhat tring chung Swiss (can nang 18-23 g) dugc cung cap boi
Trung tam dong vat, Hoc vién Quan y. Chudt duoc dwa vé nudi tai phong thi
nghiém 1 tuan trude khi gdy mo hinh tang acid uric va danh gia tic dung. Chuot

khong bi han ché vé thize an va nuéc udng trong qua trinh thi nghiém. Moi quy trinh
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thi nghiém déu tuan theo huéng dan chim soc va st dung dong vat cia Hoc vién
Quany.
2.7.3.2. Phdan nhom dong vat nghién cuiu

Chudt dugc chia ngau nhién thanh 4 nhém nghién ctu nhu sau:

- Nhém 1, nhém ching tring (n=60): Chuét dugc udng nude mudbi sinh 1y.

- Nhém 2, nhém chting bénh (n=60): Chudt duoc udng potassium oxalate
lidu 250 mg/kg dé tang uric mau.

- Nhém 3, nhém ALP (n=60): Chudt dugc ubng potassium oxalate lidu 250
mg/kg, sau 1 gid cho udng ALP 30 mg/kg.

- Nhém 4, nhém nano-ALP (n=60): Chudt dugc udng potassium oxalate liéu
250 mg/kg, sau 1 gior cho uéng hat to hop Car/C/ALP 30 mg/kg.
2.7.3.3. Phuong phdp gady tang acid uric trén thyc nghiém

Chudt duoc cho udng dung dich Potassium oxalate liéu 250 mg/kg vao
khoang 8 gio sang hang ngay, theo phuong phap cua Fei va cong su (2016) [145].
Chudt duoc ubng potassium oxalate lién tuc 7 ngay. O ngay tha 7, mot gio sau khi
udng potassium oxalate, chudt duoc cho uéng ALP liéu 30 mg/kg, hat t& hop
Car/C/ALP liéu 30 mg/kg (tinh theo ALP) hodc nuéc mudi sinh ly. O céc thoi diém
1 gio, 2 gio, 4 gio, 8 gio, 16 gio va 24 gio sau udng thudc hoic nudc mubi sinh 1y,
10 chuét & mdi nhom duoc 13y tdi da mau tir hdc mét chudt, ly tm véi tée do 3000
vong/phut trong 10 phit & nhiét d6 4 °C va dugc dinh lugng acid uric bang may
sinh héa tu dong tai Vién nghién ctru Y Duoc hoc, Hoc vién Quéan y.
2.7.3.4. Céc chi sé nghién ciu

Céc chi s6 dugc phan tich lién quan dén tac dung cua to hop Car/C/ALP so
v6i ALP dén nong do acid uric mau gom:

- Sur thay ddi can niang & cac nhém nghién cau

- Ty 18 chudt chét trong qué trinh 1am thi nghiém

- Khoang dao dong va nong do acid uric méau trung binh ¢ cac nhém nghién ciu.

- M ting nong d6 acid uric mau & nhém chang bénh (gay mé hinh), duoc
xéc dinh bang cong thuc:

, o . . C
Murc tang acid uric = —;

uric



60

Trong d6: Cyric: Nong db acid uric nhém chang bénh.
C°uic: Nong d¢ acid uric nhém ching tring.
- Phan tram gay giam acid uric mau & nhém ALP va nhém nano-ALP dugc

xac dinh theo cong thuc:

. v . Curic/ali— Curi
% Giam acid uric = /Al uric v 100 %

O .
uric

Trong d6: CuricaLp: NOng do acid uric nhém ALP (nano).

- Su thay d6i nong d6 acid uric mau giita cac nhém nghién ctu.
2.7.3.5. Phan tich s6 ligu

Cac chi sb nghién ciru dugc phan tich bang thuat toan thong ké pha hop trén
phan mém SPSS20.0. Sy khac biét c6 ¥ nghia théng ké dugc xac dinh voi p<0,05.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Trich ly collagen tir vay ca nwéc ngot
3.1.1. Anh hwéng caa dung dich Kiém dén xi ly vay cé thu collagen

Céac Bang 3.1 va 3.2 1a két qua danh gia truc quan vay ca theo thoi gian xu Iy
va nong d6 dung dich NaOH.

- Tur két qua khao sat 5 mau hdn hop vay ca ¢ Bang 3.1 bang truc quan c6 thé
thay mau s6 3 (thoi gian xu Iy 12 8 gio) ¢d nhiéu wu diém hon ca: vay ca sach, luong
collagen thu duoc turong duong véi mau 4 nhung tiét kiém duoc thoi gian hon.

- Qué4 trinh xir ly vay bang may khudy co c6 nhiéu thuan loi hon méy khuiy tir:
Téc do khudy I6n, dung dich dong déu hon, dién tich tiép xdc Ién hon so véi sir dung
may khuay tir, khdng can phai cat nho vay ca tiét kiém thoi gian va cong st hon.

Bang 3.1. Panh gia tryc quan vay ca theo thoi gian xir 1y bang dung dich NaOH 0,5 M

Khdi 1 ho . L ,
STT hq(;))lvgsr::g (;))n Thaoi gian xu ly (gio) Két qua thu duoc
1 5 5 Vay khong sach
Vay tuong ddi sach. luong
2 5 6 .
collagen thu duoc it
Vay sach, tring. Luong collagen
3 5 8 2
thu dugc nhiéu hon
Vay sach, trang. Luong collagen
4 5 10 .
thu duoc trong duwong mau 3
5 5 12 \iaY sach, trang, mém. Thu duoc
rat it collagen

Tir Bang 3.2 ta thiy sir dung dung dich NaOH 0,5 M, thoi gian ngam 8 gio 1a
thich hop nhét, vay sach hét bui ban va protein, lugng kiém sir dung va thai ra moi
truong it hon so véi st dung dung dich NaOH 1 M.

Bing 3.2. Panh gia truc quan vay cé theo nong d6 dung dich NaOH sau 8 gio

Khéi Iwong hon

STT hop vay cé (q) Nong d6 NaOH (M) Két qua thu duoc
1 5 0,2 Vay khong sach
2 5 0,5 Vay sach

3 5 1,0 Vay sach, mém
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3.1.2. Anh hwéng cia hén hep acid dén xir ly vay céac thu collagen

Vay ¢ nuéc ngot Viet Nam sau khi duoc xir 1y so bo va xu ly kiém duoc
tién hanh cac budc xu Iy tiép theo (cac budc 3 — 4) voi cac didu kién trich ly thu
collagen duoc trinh bay trong Bang 3.3. C6 thé thiy khi luong collagen thu duoc
khi xtr Iy 5 g vay ca véi dung dich hdn hop acid H,SO, 0,5 M + HCI 0,2 M va dung
dich CH3COOH 0,5 M I6n hon so véi cac néng do dung dich acid khac. Vi vay, dung
dich hén hop acid H,SO, 0,5 M + HCI 0,2 M va dung dich CH;COOH 0,5 M la céac
dung dich c6 ndng db thich hop cho qua trinh xtr Iy vay cé thu collagen (Bing 3.3).

Bdng 3.3. Hiéu suat thu collgen dugc khi xir Iy bang dung dich acid ¢ cac ndong do

khéc nhau
Mau Hon hop acid st dung & | Acid stt dung & budc 4 | Mcgiiagen | Heoligen

budc 3 (thu HAp) (thu collagen thd) (9) (%)
Mau 1 H,SO, 0,75 M+ HCI 0,1 M 0,185 3,70
Mau 2 H,SO, 0,5 M+ HCI 0,2 M 0,450 9,00
Mau 3 H,SO, 1 M +citric1 M 0,043 0,86
Mau 4 | H,SO, 0,5 M+ HCI 0,075 M CH;COOH 0,5 M 0,208 4,16
Mau5 | HsPO,0,5M + HCI 0,075 M 0,202 2,00
Mau 6 Hs;PO,05M +HCI05 M 0,226 4,50
Mau7 | H3P0,0,5M + H,S0,0,5 M 0,210 4,20

Qua trinh tham tich trong vong 48 gio loai bo hau hét lugng mudi an va cac
ion kim loai con I4n trong collagen, do vay, thu dugc collagen c6 do tinh khiét cao hon.

Hiéu suat thu collagen tho thu duoc 12 9,00 % khi xt ly vay ca bang hdn
hop dung dich NaOH 0,5 M trong buéc 2, dung dich gdom H,SO, 0,5 M va HCI
0,2 M trong budc 3 va dung dich CH;COOH 0,5 M trong budc 4. Do do, lua
chon dung dich NaOH 0,5 M trong budc 2, dung dich gém H,SO4 0,5 M va HCI
0,2 M trong buéc 3 va dung dich CH;COOH 0,5 M trong budc 4 dé xu ly vay ca
nham giam thoi gian xu ly vay ca, giam luong chat thai ra moi truong va tiét

kiém chi phi san xuét.
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3.1.3. Xdc dinh dp tinh khiét va ham Iwong cac acid amin trong collagen thu
dwoc tir hén hop vay ca

Dé xac dinh do tinh khiét cua collagen thu dugc tir hdn hop vay c4, sir dung
phuong phap pho tan xa ning lugng tia X (EDX) dé xac dinh thanh phan cac nguyén t6
trong mau. Hinh 3.1 12 phé EDX cua miu collagen thu duoc tir qua trinh xir Iy vay ca.
Ti I& khéi luong cac nguyén té trong collagen tho dugc théng ké trong Bang 3.4,

Ngoai cac nguyén t chinh C, O va N, trong thanh phan cia collagen thé con
¢ ca cac nguyén t6 S, Na va Cl. Diéu nay 14 do cic tinh thé NaCl sir dung trong
qua trinh két tinh bi két tinh cling vao trong cac soi collagen nén mau collagen thu
dugc van ¢ dang tho, luong tap chat con nhiéu. Ham luong NaCl 1an vao collagen
thd 1én toi 84,24 %. Ngoai ra, ichthylepidin — mot protein trong vay ca, ti I€ gitra
collagen va ichthylepidin khoang 4:1 — 3:1 [146] c6 chaa nguyén t5 S nén ham
luong nguyén té S = 0,5 % ching to ichthylepidin ciing duoc két taa cing collagen
trong qua trinh chiét tach collagen.

Sau 24 gio tham tich, ngoai cac nguyén t6 chinh C, O va N, trong thanh phan
ctia protein — collagen van con ¢6 cac nguyén t6 Na va Cl va S. Ham luong S giam
tir 0,50 % xudng con 0,28 % cho thiy ichthylepidin da bi tham tich mot phan. Tuy
nhién, ham luong NaCl van con téi 33,58 %. Sau 48 gid tham tich da loai bo hét
luong NaCl va hau hét S, nhu vay trong mau protein khéng con 1an NaCl va

ichthylepidin (mot protein chira S va c0 trong vay ca).

Hinh 3.1. Phd EDX cua collagen tho (A); collagen thdm tich sau 24 gid (B) va
collagen tham tich sau 48 gid (C)
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Nguyen té Collagen tho CoIIagzeArfl ;ri]gm tich Collagjg ;ri]gm tich

C 11,38 40,86 55,41
@) 2,23 10,76 28,55
N 1,65 6,91 15,46
S 0,50 0,28 0,08
Cl 50,56 20,87 0

Na 33,68 12,71 0

Tong 100,00 100,00 100

Bang 3.5 trinh bay két qua nghién ciu thanh phan acid amin trong collagen
trich ly tir vay ca ho c& chép Viét Nam (Két tinh lan 1) va so sanh vai collagen tur
c4c nguon vay ca khac duoc hoa tan trong acid chiét xuat tir vay ca chép Trung
Quéc [147, 148]. Theo Muyonga cung cong su [149] va Sira cing cong su [150],
moi truong song cua ca anh huong manh dén thanh phan acid amin trong collagen
chiét xuat tir cic loai ca. Phuong phap thir nghiém H.HD.QT.046 (HPLC);
H.HD.QT.112 (HPLC) (chi dbi véi tryptophan) va H.HD.QT.046 (HPLC) (xéc dinh
ham lugng collagen) cho thay protein thu duoc tir vay ca chép Viét Nam c6 chua
collagen va 18 acid amin (chua dinh lwong hydroxyproline) véi ham lugng cao la
threonine, proline, acid glutamic, arginine, serine, alanine va glycine; cling nhu mét
luong rat thap methionine, tryptophan va tyrosine. Mic du ham luong glycine 1a cao
nhat va xuat hién trong ca da, xuwong va vay cé, no ton tai chu yéu trén da ca [151].
Collagen chiét xuat tir vay cé chép c6 thé chira cysteine hoic khdng, do su khac biét
vé mdi trudng séng. Collagen chiét xuat tir vay cé (ho ca Chép tai Viét Nam) c6 sy
khac biét vé thanh phan acid amin so véi cac collagen vay c& chép khac; su xuat
hién cua tryptophan it gap nhat trong tat ca 20 amino acid va c6 thé 1a thanh phan
cua collagen [148, 149]. Ham lugng cao acid glutamic, arginine va ham luong trung
binh cta glyxin va alanin tuwong ty voi collagen cua cd Thu thu dugc bai Sun va
cong su [152]. Cac acid amin thiét yéu déu c6 trong collagen thu dugc tir vay ca (ho
ca Cheép tai Viét Nam) nhu threonine (39,79 %), cysteine (1,38 %), lysine (1,00 %),
leucine va isoleucine (0,91 % va 0,51 %), phenylalanine (0,65 %), valine (0,61 %),
methionine (0,47 %).
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Bing 3.5. Ham lugng cac acid amin trong dung dich collagen (Két tinh 1an 1) thu

dugc tir vay ¢4 ho ca Chép tai Viét Nam

Collagen tir vay ca | Collagenvay cd | Collagen vay ca
ho ca Cheép tai Viét Chep hoa tan Chép Trung
Nam trong acid [148] Quoc [149]
i . Can Can
o) ‘ 0, ¢ 0,
STT Acid amin mg/mL % th6/1000 Yo th6/1000 %)
1 | Threonine 1,704 39,79 21 2,05 23 2,25
2 | Proline 0,487 11,37 110 10,74 115 11,23
3 | Glutamic acid 0,550 12,84 77 7,52 76 7,42
4 | Arginine 0,425 9,92 50 4,88 55 5,37
5 | Serine 0,357 8,34 38 3,71 35 3,42
6 | Alanine 0,218 5,09 117 11,43 119 11,62
7 | Glycine 0,140 3,27 306 29,88 336 32,81
8 | Aspatic acid 0,099 2,31 49 4,79 48 4,69
9 | Cysteine 0,059 1,38 32 3,13 - -
10 | Histidine 0,047 1,10 6 0,59 5 0,49
11 | Lysine 0,047 1,00 26 2,54 26 2,54
12 | Leucine 0,039 0,91 24 2,34 21 2,05
13 | Phenylalanine 0,028 0,65 15 1,46 12 1,17
14 | Valine 0,026 0,61 19 1,86 19 1,86
15 | Isoleuocine 0,022 0,51 12 1,17 9 0,88
16 | Methyoline 0,020 0,47 12 1,17 14 1,37
17 | Tryptophan 0,012 0,28 - - - -
18 | Tyrosine 0,007 0,16 21 2,05 3 0,20
19 | Hydroxyproline - - 89 8,69 77 7,52
20 | Hydroxylysine - - - - 8 0,87
21 | Collagen 0,29 6,77

T Bang 3.5 ¢6 thé thay ham lwong glycine c6 trong mau collagen thu duoc
tir vay ¢4 ho ca Chép tai Viét Nam sau khi két tinh Ian 1 thap hon so véi ham luong
glycine c6 trong collagen cua vay c& chép Trung Qudc diéu nay c6 thé do trong
collagen thu dugc tir vay c& ho ca chép Viét Nam con 1an mot phan nho protein
khac. Do vay, dé thu duoc collagen c6 d6 tinh khiét cao hon tién hanh két tinh lai 2
lan va tién hanh kiém tra ty I¢ ham lugng glycine/proline thu dwgc két qua nhu
Bang 3.6.
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T Bang 3.6 nhan thay ty 18 gitta glycine/proline ~ 2,81 (c6 trong collagen
két tinh 1an 2), ty & nay phi hop véi ty Ié giira glycine/proline c6 trong collagen
vay cd Chép hoa tan trong acid (ty I¢ glycine/proline ~ 2,78) [148] va c6 trong
collagen vay c& Chép Trung (ty 1& glycine/proline ~ 2,92) Quéc [149]. Phép thir
khong xac dinh tryptophan, nén ciing chua két luan dugc trytophan cé trong thanh
phan collagen hay khéng. Nhu vay dé thu dugc collagen co do tinh khiét cao,
collagen tach tir vay ca ho ca Chép tai Viét Nam can duoc két tinh lai 2 1an va tham
tich 48 gio dé loai bo tap chit.

Bang 3.5. Ty 1& c4c acid amin (theo dién tich peak) trong collagen két tinh

lan 2 thu dugc tir vay ca ho ca Chép tai Viét Nam

i | T T o
STT | Acid amin | gianluu | _; " | STT | Acid amin di¢n tich
(gidy) tich peak l?ﬁu oeak (%)
(%) (giay)
1 | Aspartate 3,386 2,388 |10 Cystine 26,963 | 0,585
2 | Glutamate 7,328 2,222 11 Valine 29,474 | 0,260
3 | Serine 13,178 0,963 12 Methionine 30,172 | 3,326
4 | Histidine 16,865 1,205 |13 Phenylalanine | 33,241 | 0,613
5 | Glycine 17,244 2,911 14 Isoleucine 33,647 | 1,967
6 | Threonine 17,582 1,419 |15 Leusine 34,998 | 1,788
7 | Arginine 20,545 7,184 |16 Lysine 37,075 |0,400
8 | Alanine 20,857 16,612 | 17 Proline 41,984 | 1,035
9 | Tyrosine 24,838 1,508

3.1.4. Dic trung, tinh chdt va hinh thai cdu tric cia collagen thu dwoc tir hon
hep vdy céa he ca chép
3.1.4.1. Phé hong ngoai bién doi (FT-IR)

Hinh 3.2 13 ph6 FT-IR cua collagen tinh (d tham tich sau 48 gio) thu dugc
tir hon hop vay ca. C6 thé nhan thay van phd hap thu dic trung cho dao dong hoéa tri
caa nhém N-H & s6 séng 3305,19 cm™. Ngoai ra, van dic trung cho dao dong bién
dang cua amide bac 1, bac 2 va bac 3 lan luot 1a 1650,3 cm-1; 1547,91 cm-1 va
1236,59 cm-1. Cudng d6 tin hiéu cua amide bac 1 1a tin hiéu cia cau tric bac 2 caa
chudi peptide va lién két hydro giita N-H (vi tri X) va C=0 (Gly); amide bac 2 Ia

tuong tng cho dao dong uén cua lién két N—H két hop véi dao dong kéo cua lién
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két C-N va C—H; amide bac 3 Ia tin hiéu dao dong ubn cua lién két N-H két hop
véi dao dong kéo cua lién két C-N va dao dong cua cau tric xoin ba cua collagen
[153]. C4c van phd hap thu nay cua collagen thu duoc 1 twong ty nhu nhiing van
phd hap phu cua collagen khac [147, 150, 154]. Mit khac, dao dong hoa tri va dao
dong bién dang cua C-H dugc tim thiy ¢ cac pic 2934,38 cm™, 1452,06 cm™ va
1337,66 cm™. Cac pic cua dao dong héa tri va dao dong bién dang cua collagen 1a
thip hon dao dong N-H tu do. Piéu nay cho thdy cdc nhém amit tham gia vao cac
lien két hydro trong mdi phan tir collagen va do hap thu giira amit bac 3 va lién két

CH di chang minh ciu tric xoin cua collagen van duoc duy tri [147].
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Hinh 3.2. Pho FTIR cua collagen sau tham tich 48 gid
3.1.4.2. Hinh thdi cdu tric ciia collagen
Anh SEM cua collagen thd ¢ d6 phong dai 100.000 lan duogc trinh bay trén
Hinh 3.3. C6 thé thay collagen c6 ciu truc khong dong nhat do lwong mudi an con
Idn qua nhiéu, trong do, c6 hinh dang cua cac tinh thé mudi an (cac hat nho 1am tim
trén bé mat) do str dung nhiéu NaCl trong qua trinh két tinh va NaCl bi Ian giira cac

soi trong cau truc caa collagen.
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S4B00-NIHEQOKV 8 3men x100k LAD 500nm S4800-NIHE 10 SE(M,LAD)

Hinh 3.3. Anh SEM ciia collagen thé ¢ do phong dai 100.000 1an
Hinh 3.4 1a anh SEM cua collagen tinh sau khi tham tich 48 gio. C6 thé thay
collagen thu dwoc khong con NaCl va c6 cau trdc dang soi dién hinh [147, 155], duong

Kinh soi 0,5 — 1 um, cac soi collagen tap trung thanh bo sei, kich thudc 2,5 — 4 pm.

Hinh 3.4. Anh SEM ¢ cac do phong dai 1.000 va 10.000 1an cua collagen tinh sau
khi tham tich 48 gid
3.1.4.3. Tinh chat nhiét ciia collagen tinh thu duwoC tir vay ca

Gian d6 DSC cua collagen va cac dic trung nhiét cua collagen duoc trinh
bay trén Hinh 3.5 véi 1 pic thu nhiét ¢ 116 °C (AH = 3,7 J/g), twong tng véi qua
trinh chuyén cu tric cua collagen tir dang chudi xoan 3 chiéu sang dang réi cuon.
Két qua nay tuong tu nhu sy chuyén ddi cau tric thu nhiét caa collagen khd tir dang
xodn ¢ sang dang trang thai cudn trong nghién ciru cia Capella-Monsonis va cong
su ¢ nhiét do 108,97 °C va thu nhiét cao nhat & 116,94 °C [155].

Gian d6 TG va DTG cua collagen trén Hinh 3.6 cho thay collagen bi ton hao
khéi luegng theo 3 bude. Bude dau tién c6 nhiét dd phan huy cuc dai ¢ 88,68 °C, ton
hao 10,32 % khéi luong, twong ng V4i Sy mat nude trong collagen. Budc thir 2 ¢6
nhiét do phan hay cuc dai & 334,43 °C, t6n hao 44,32 % khéi lugng, twong ng véi
su phan hay cua cac protein trong collagen. Buéc thir 3 ¢ nhiét d6 phan huy cuc

dai ¢ 636,53 °C, ton hao 34,55 % khdi lugng, twong @ng véi su phan hay cia céc
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vong thom trong cac amino acid mach vong trong collagen, su chay caa C thanh CO,

[156, 157].

TG (%)

A0

80

=100

Dong nhiét (mW) Exo —>

s 3 Lan quét nhiét 1
......... Lam lanh

4 | = &n quét nhiét 2
2 i .
L4 '.

0+ EEE ey hio--.......--l.,".

\ 3

\ !
2 A\

N/
\./
-4 r - T T
50 100 150 200
Nhiét do (°C)

Hinh 3.5. Gian d6 DSC ciia miu collagen tinh

T ]
|I | \*. I.'r
g \ / \ N
. $+\/ [\ [
S @ A\ II' NS
™~ £ °1 83fsCc | | 636,53 °C
\ \
\\ I|II {
/
\'\\__ . -5 I| |I
Vo 3343+C
0 L;l:‘ B0 .52 200 &0 [ ] 800
Mhiét 36 ("cy Whidt dd (°C)

3.1.4.4. Nhdn dién collagen thu dwoc tir vay ca

Hinh 3.6. Gian d6 TG va DTG ctia mau collagen tinh

Két qua dién di (SDS-PAGE) mau collagen cho thay, collagen thu duoc la

collagen loai | véi chudi ol va a2 twong tng voi 139 va 129 kDa va mét chudi p.

Cuong do twong d6i cua van phd al cao hon cua van phé a2, vi vay, co thé dé xuét

rang collagen thu duoc tir vay ca (ho ca chép) la collagen loai | ¢6 thanh phan la

(a1)202. Su ton tai caa mot chudi B trong collagen 1a phé bién ¢ céc loai ca trén,

chudi B c6 thé duogc tao thanh tir lién két chéo giira hai mach alpha do vay, khéi

lwong phan tir caa chudi B 16n hon han so véi hai chudi a (khdi lugng ngoai thang

do nén chua xac dinh dugc chinh x&c). Collagen vay ca la collagen loai | va bao
gdm chudi al (132,04 kDa) va a2 (120,06 kDa) (loai (al) 202) [154]. Collagen vay
ca chép Trung Qudc ciing dugc xép vao loai collagen loai | (loai (al1)2a2) vé6i 2
chudi a (al = 117,3 kDa va a2 = 107,4 kDa) [148]. Trong mot tai lieu khac,
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collagen duoc trich ly tir vay c& chép Trung Quéc la collagen loai | véi 2 chudi al
va a2 chudi, trong d6 khéi lwong phan tir ciia o2 chinh xac 1a 116 kDa [147]. Su
khac biét vé khdi lugng phan tir cua 2 chudi a trong collagen c6 thé 1a do cac ngudn
khac nhau cua vay ca (Hinh 3.7).

100 200 400
times times times kDa

| s -
B
a1 -116.0
. -66.2
- -
_— -

45.0

35.0

25.0

- -184
- -14.4
Hinh 3.7. Két qua dién di SDS-Page cuta collagen
3.1.4.5. Trinh tx acid amin trong collagen tinh thu dwoc tir vay ca
Két qua xac dinh trinh tu acid amin bang phuong phap dién di SDS-Page két
hop phd khéi luong dya trén co so dit liéu NCBIprot da xac dinh va nhéan dién duoc
5 protein thuéc nhom protein da-vay (collagen) ciia ho ¢4 c6 hé s bat cap 16n, trong
d6 hypothetical protein cypCar_00045321[Cyprinus carpio] cé chi cb bét cip 16n
nhat (318).
- Protein: hypothetical protein cypCar_00045321, partial [Cyprinus carpio]
+ S protein trong co s& dit liéu: KTF73577.1

+ Piém s6 protein: 318
+ Khdi lugng (M,) (Da): 115674
+ pI duoc tinh toan: 9,18

- Protein: collagen type I alpha 2 [Carassius auratus]
+ S6 protein trong co s& dif liéu: BAG72201.1
+ Piém s6 protein: 294
+ Khéi lwong (M,): 127652
+ pl duogc tinh toan: 9,41
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- Protein: collagen type | alpha 1 [Ctenopharyngodon idella]
+ S protein trong co so dir liéu: ADK35755.1
+ Piém s6 protein: 231
+ Khéi lugng (M,): 138104
+ pl dugc tinh toan: 5.44
- Protein: collagen alpha-1(1) chain isoform X1 [Pygocentrus nattereri]
+ S protein trong co s& dit liéu: XP_017540674.1
+ Diém sb protein: 149
+ Khéi luong (M,): 137928
+ pl dugc tinh todn: 5,46
- Protein: hypothetical protein cypCar_00006571 [Cyprinus carpio]
+ S protein trong co so dir liéu: KTG43775.1
+ Piém sb protein: 101
+ Khéi lwong (M,): 136996
+ pl dugc tinh toan: 5,60
3.1.4.6. Nhiér dg bién tinh cua collagen tinh thu dwoc tir vay cé
Nhiét do bién tinh caa collagen 1a nhiét do tai d6 d6 nhét cua dung dich
collagen giam xuéng maot nira [137, 138]. Xac dinh nhiét do bién tinh cuaa collagen
tinh khiét theo phuong phap cua Nagai va cong sy [159]. C6 thé thay collagen thu
duoc ¢6 nhiét do bién tinh ¢ 32,2 °C (Hinh 3.8). Gi4 tri nay tuwong tu nhu nhiét do
bién tinh cua collagen hoa tan trong acid cua vay cé ca chép vung nhiét dsi 32,9 °C
[136] nhung khac vai collagen hoa tan trong acid cua vay ca chép vung nudc lanh
28 °C [137]. Su khac biét vé nhiét do bién tinh caa céc loai ca nhiét dgi va cac loai
ca nuéc lanh dugc giai thich bang sy khac nhau vé nhiét do co thé va méi truong
séng cua ca. Nhiét do bién tinh collagen caa mot sé loai ca nhiét doi khac nhu cé
hong mit to va ca hdng soc nau duoc xac dinh ¢ 30,4 °C va 31,5 °C [140]. Collagen
thu duoc tir vay c& ho ¢ chép c6 nhiét do bién tinh kha cao c6 kha ning tng dung

day hta hen trong nganh cong nghiép thuc pham va dugc pham.
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Ty 1€ giam do nhot

10 2 % “ 50
Nhiét do (°C)
Hinh 3.8. Db thi phan anh su phu thudc cta phan d6 nhét
cua collagen vao nhiét do

Tur két qud Vé ddc trung, tinh chat ciia collagen thu dwoc tir hon hop vay cé
ho cé chép ¢ Viét Nam ta thdy collagen c6 dé tinh khiét cao (> 98%), chiza 18 logi
acid amin va c6 nhiét dg bién tinh kha cao. Loai collagen nay dwoc sir dung dé ché
ta0 cAc mau té hop carrageenan/collagen mang allopurinol si dung cho cac nghién
citu tiép theo.

3.2. Mang t6 hep carragennan/collagen/allopurinol
3.2.1. Higu sudt mang allopurinol ciza c4c mang té hep carrageenan/collagen
3.2.1.1. Pwong chuan cua allopurinol trong dung dich NaOH 1 M

Két qua xac dinh budc song hap thu cuc dai caa ALP trong dung dich NaOH
1 M 13 Amax = 277,98 nm.

Dua vao phﬁn mém Excel, tim duoc phuong trinh duong chuan cta ALP
trong dung dich NaOH 1 M 13 y = 8621,6x + 0,2358. Trong do, x 1a nong do cia
ALP trong dung dich NaOH 1 M (mol/L), y 1a mat d6 quang A. Hé s6 hoi quy tuyén
tinh R? = 0,9962 (~ 1) cho thiy su phu thudc tuyén tinh mat d6 quang theo ndng do
dung dich NaOH 1 M tai A,,,,, = 277,98 nm. Vi viy, c6 thé st dung phwong trinh
duong chuan ndy dé tién hanh khao sat hiéu suit mang thudc ALP trong cac mau to

hop Car/C/ALP.
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3.2.1.2. Xdc dinh hiéu suat mang allopurinol cia mang té hop Car/C/ALP

Dé xac dinh hiéu suat mang ALP caa mang té6 hop Car/C/ALP, mau mang
duoc hoa tan trong dung dich NaOH 1 M sau d6 tién hanh ghi phd UV — Vis. Két
qua xac dinh hiéu suat mang ALP cua ca&c mau mang to hop Car/C véi 5% khdi
ALP (theo tong khéi luong polyme) ché tao & cac ham lugng chit tao gel KCI (0,5
%; 1 %; 2% va 5 %) khac nhau lan luot 14 28,35 %; 74,31 %; 46,3 % va 47,42 %.
C6 thé thdy ham luong KCI ¢6 anh huong rd rét dén hiéu suat mang ALP caa mang
t6 hop. Hiéu sudt mang cua mau mang st dung chit tao gel KCI 1% cao hon hin so
V6i cdc mau mang té hop con lai. Piéu nay c6 thé do 1 % KCI 1a ham luong tdi wu
dé tao lién két ngang véi carrageenan va hinh thanh hé gel carrageenan. Véi ham
lugng KCI cao hon c6 thé lam gel bi ciing do du thira céc ion K va ion nay phan
tan va hé gel 1am giam kha ning hap phu ALP. Con véi ham luong nho hon 1 %
KCl, lugng ion tao gel thap 1am hé gel tro 18n kém bén vitng. Do d6, lya chon ham
lwgng KCI 12 1 % cho céc nghién ctu tiép theo.
3.2.2. Phé FTIR ciia mang té hep carrageenan/collagen/allopurinol

Hinh 3.9 14 phd FTIR cua ALP, Car va C. Céc van pho dic trung cho dao
dong cua nhém amide cua collagen xuat hién & 3294 cm™ (amide A), 3076 cm™
(amide B), 1630 cm™ (amide 1), 1546 cm™ (amide 11) va 1236 cm™ (amide 111) trén
phd IR cua collagen [153, 155]. Quan sat pho FTIR cua Car trong Hinh 3.9, mot
van phé rong nam trong khoang 3000-3600 cm™ va mét van phé sic nét ¢ 1636
cm™ 13 tin hiéu dao dong héa tri va dao dong bién dang cua lién két O-H trong
nhém hydroxyl trong Car trong khi c4c van phé yéu ¢ 2950 cm™ va 1373 cm™ dic
trung cho dao dong kéo dén va dao dong bién dang cua lién két C—H. Van phd hap
thu manh & 1223 cm™ 1a cua dao dong kéo dai cua lién két S=O trong nhém este
sulfate cua Car. Ngoai ra, cac van phd & 843 cm™ dic trung cho lién két ciia nhom
C-0O-S0; cua D-galactose-4-sulfate trong Car. Mat khac, dao dong hoéa tri caa lién
két C—C va C-O duoc tim thiy & 1036 va 1154 cm™. Mot van phé & 925 cm™ c6 thé
dugc quy cho lién két C-O cua 3,6-anhydro-D-galactose [22, 109, 160].

Pho hdng ngoai ciia ALP (Hinh 3.9) xuét hién van phé cia nhom dic trung
cho ALP: van phé hip phu ¢ 3165 va 3074 cm™ dic trung cho dao dong hoa tri cua
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NH, van phd 3030 cm™ 1a dao dong kéo dai cia CH trong vong pyrimidine, cac van
phd & 1765 va 1694 cm™ dic trung cho dao dong héa tri cua lien két C=0 cua
ketone, dao dong cua lién két C-N & 1226 cm™ va cac van phé & 1476, 951, 878,
777 cm™ 1a dao dong bién dang cua cac lién két CH [162].
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Hinh 3.9. Pho FTIR ctia ALP, CarvaC

Hinh 3.10 12 phd FTIR cua cac mang to hop Car/C/ALP véi cac ti 1é Car/C
97/3, 95/5, 93/7, 90/10 ciing sir dung KCI 1% va mang 5% ALP. C6 thé thay vi tri
c4c van dic trung cho cac nhém chic trong phd FTIR cia c4C miu mang nay tuong
tuy nhau. Nhu vay, KCI khéng anh nhiéu dén dao dong ciia cac nhom dic trung
trong mang t6 hop. Tuy nhién, ¢ su khac biét nho véi mau mang to hop st dung
KCI 1% Trén pho FTIR mau mang t6 hop CCA973 véi cac van phd hap thu dic
trung cho dao dong hoa tri cuaa nhom O-H, N-H caa amit bac 2 ¢ 3371 cm™, nhém
C=0 ¢ 1642 cm™, nhém C=N & 1564 cm™, nhém C-N & 1229 cm™, C-O & 1065 cm™.
Nhu vay, tir pho FTIR ¢ thé thdy, trong mang t6 hgp CCA973, ¢6 tuong tac hydro
gitra nhém amide trong collagen vai cac nhém hydroxyl, amine trong Car va ALP

rd va manh hon so v&i cac mau con lai.
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Hinh 3.10. Pho FTIR ciia mang t6 hop CCA

Khi t6 hop Car/C mang ALP vi tri cic van pho cta cac nhom dic trung trong
tirng phﬁn bi thay ddi, cu thé nhu sau: Véi carrageenan, dao dong hoéa tri cua nhém
O-H tir 3392 cm™ dich chuyén xudng 3371 cm™, dao dong hoa tri nhém C=0 tir
1636 cm™ dich chuyén 1én 1642 cm™, nhém C-O tir 1154 cm™ dich chuyén xudng
1065 cm™. Véi collagen: dao dong hoa tri nhém O—H tir 3294 cm™ dich chuyén 1én
3371 Cm'l, dao dong bién dang ctia nhém amit bac 1 tr 1630 cm* dich chuyén lén
1642 cm™. V&i ALP: dao dong hoa tri cia nhém N-H tir 3169 cm™ dich chuyén 1én
3371 cm™, nhom C=N & 1580 cm™ dich chuyén xubng 1564 cm™, nhém C-N &
1226 cm™ dich chuyén 1én 1229 cm™. Sy dich chuyén vi tri cac van phé cua céc
nhém dic trung trong phd FTIR cua mang to hop CCA lién quan téi cic tuong tac
giita collagen, carrageenan, ALP nhu lién két hydro va twong tac ludng cuc—ludng
cuc gitta nhom amin va OH trong ALP va collagen véi nhom cacboxyl va nhom
sulfate trong carrageenan.
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Bing 3.7. S6 séng (cm™) dic trung ciia cac nhom chuce chil yéu trong mang t6 hop

CCA ty 1¢ carrageenan va collagen thay d6i

VO-H, VN-H Vc=0 Vea=N VcN Vc-o
CCA973-5 3371 1642 1564 1229 1065
CCA955-5 3370 1640 1551 1231 1040
CCA937-5 3362 1642 1555 1236 1039
CCA9010-5 3372 1640 1553 1239 1039

Ngoai ra, van phd nhon dic trung cho dao dong hoa tri cua nhém S=0 ¢
2360 cm™ trong Car c6 dang tu hon véi dinh van phé & vi tri 2165 cm™ trong mang
t6 hop. Piéu nay chiing té nhom sulfate trong Car da hinh thanh tuwong tac tinh dién
v6i nhém amine duoc proton hoa cua collagen. Khi thay d6i ham lwong collagen, vi
tri s6 song dic trung cho cac nhom chic trong mang té hop ¢ su chénh Iéch nho.
Mau chira 5% collagen c6 sy chuyén dich s6 séng dic trung cua cac nhém nhu
C=0, C=N, C-O la 16n nhat. C6 thé, trong mang t6 hop chira 5 % collagen, kha
nang hinh thanh twong tc giita collagen véi Car va ALP 1a manh nhat.

Tuong tu, phd FTIR caa mang td hop véi cac ti 1& Car/C va ham luong ALP
khac nhau trén Hinh 3.11 ciing cho thay pho FTIR cua mang 3 thanh phan véi ty Ié
khac nhau caa Car/C/ALP. Van phd dic trung cua cac nhém chuc trong Car,
collagen va ALP trong cadc mang té hop déu xuat hién diy du. Céc van phd dac
trung cho dao dong cua cac nhoém amide trong collagen khong c6 trong pho FTIR
cua CaA-5 trong khi chling xuét hién trong phd IR cia CoA-5. Van phé dic trung
cho dao dong cua nhom carbonyl trong ALP khong xuat hién trong phd IR cuaa
CC955-0. N6i chung, dao dong ciia cac nhom chirc trong mang to hop sinh hoc
CCA gidng nhau nhung vi tri va dién tich van pho thay doi thay doi so véi collagen
nguyén chat, Car va ALP (Bang 3.8). Piéu nay cho thay Car, collagen va ALP c6
thé tuong tac véi nhau théng qua lién két hydro, gia thuyét nay dugc mé ta trong
Hinh 3.12. Ty I¢ Car/C c6 anh huéng khong dang ké dén sy dao dong ctia cac nhom
chuc trong mang t6 hop CCA trong khi sy gia ting ham luong ALP c6 thé ting do

truyén qua ctia nhoém carbonyl.
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Hinh 3.11. Pho FTIR cua mang t6 hop CCA & céc ti 1& Car/C va ALP khéc nhau

Bang 3.8. S6 song (cm™) dic trung ctia cac nhém chirc chi yéu trong mang té hop

Car/C/ALP
Mau VOH, NH, VeH, OcH Vc=0, c=C, Veen, Vs=0,c-N» | Vc=0, Vc-o-
Vamide A Vamide B Vamide 1s O0H | Vamidenl | Vamidem | Ve-c 503
Car | 2950,1373 | 1636 : 1223 | 70> | 843
Collagen | 3294 293?21716;152 1630 1546 | 1236 | 00| -
ALP %%‘;i 3030, 1476 | 1765 1694 | 1580 | 1226 | - i
CoA-5 %‘;eég 1413 | 1704,1639 | 1557 | 1240 11%2% i
CaA-5 %%%% 28:31&25 1638 1558 | 1225 | 70| 843
CCA9S50 | 3405 |, 4223,6%75 1640 1563 | 1232 11%)572 846
CCAQ915 | 3371 28523212;111 1645 1556 | 1230 11%3%’ 844
CCA9S55 | 3370 | o 531211;109 1640 1551 | 1230 11%)5;’1% 844
CCAQ0105 | 3372 |2950,1410 | 1640 1553 | 1229 11%)5389 844
CCA9553 | 3397 |2972,1416 | 1761,1652 | 1567 | 1237 11%)%89 846
CCA95510 | 3388 293?20&16 : 1572 | 1238 | 70| 846
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Hinh 3.12. Mot sb gia thuyét twong tac trong mang t6 hop Car/C/ALP
3.2.3. Nhiéu xg tia X (XRD)

Hinh 3.13 la gian do nhiéu xa tia X (XRD) caa ALP. C4 thé thiy ALP c6 ciu
trdc tinh thé vai s xuat hién cua goc nhiéu xa ¢ 10,66°% 12,16°% 14,96°% 17,46°;
20,26°% 21,26°% 24,46°% 25,86°% 28,26% 35,06°, phi hop vai két qua cong bd cua
Gurpreet [157].

Khi dugc mang bai to hop Car/C (95/5) va ding 1% chat tao gel KCI, cac
pic, goc nhidu xa cua ALP c6 su dich chuyén dang ké (Hinh 3.14). Biéu nay cho
thay ALP da dugc mang boi t6 hop Car/C va c6 dang vo dinh hinh dé hoa tan [158].
Céac polyme va ALP da tuong tac vdi nhau thong qua cac tuong tac vat ly nhu lién

két hydro va twong tac ludng cuc — ludng cuc.
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3.2.4. Anh SEM ciia mang té hep carrageenan/collagen/allopurinol

Quan séat Hinh 3.15, c6 thé thay ALP phan tan trong mang t6 hop Car/C/ALP
véi kich thude khoang 50 nm — 100 nm. Vi ti 1€ Car/C = 99/1 (Hinh 3.15 b) va
90/10 (Hinh 3.15 d), mang t6 hop c6 cau trac khong dong déu, mot sé hat mau sang
hon xuat hién trén bé mat mang. Mau mang to hop véi ty 18 Car/C = 95/5 ¢6 cau
trac dong déu hon ca, khdng xuat hién cac hat sang trén bé mat mang t6 hop. Doi
voi mau chaa 1% collagen (Hinh 3.15 b), kich thudc hat ALP phan tan trong cac
polyme caa mang té hop vai kich thudc khoang 50 — 350 nm. Dbi vi mau chira 5
% collagen: kich thuéc hat ALP phan tan trong cac polyme cua mang té hop
khoang 100 nm. P4i voi miu chaa 10 % collagen (Hinh 3.15 d): kich thuéc hat
ALP phan tan trong cac polyme caa mang té hop khoang 50 nm.

Khi thay d6i ham luong ALP trong mang t hop, hinh thai ciu tric cia mang
bi anh hudng dang ké. Mau chira 5 % ALP (Hinh 3.15 ¢) ¢6 céu trac dong déu hon
so véi mau chira 3 % (Hinh 3.15 e) va 10 % ALP (Hinh 3.15 f), dic biét 1a mau
chta 10 % ALP, thudc va polyme tuong tac kém vai nhau nén ALP c6 xu huéng

két tu dudi dang hinh khéi voi mat do Ion phan tan trong nén polyme (Hinh 3.15 f).

Hinh 3.15. Anh SEM cua cac mang t6 hop Car/C/ALP, chit tao gel KCI 1 %: ALP
(@), CCA991-5 (b), CCA955-5 (c), CCA9010-5 (d), CCA955-3 (e) va CCA955-10 (f)
3.2.5. g bén nhigt mang té hep carrageenan/collagen/allopurinol
Hinh 3.16 1a gian d6 DSC cua ciia mang té hop Car/C/ALP & cac ti 1¢ Car/C
99/1; 95/1 va 90/10, chat tao gel KCI 1 %. C6 thé thay khi ting ham luong collagen
trong mau, cuong do pic thu nhiét & khoang 40 — 70 °C ting 1én. Ty 1é Car/C c6 anh
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huong dang ké dén cac dic trung nhiét cia mau mang to hop Car/C/ALP. G ham
luong 1 % collagen, khdng quan sat thay sy bay hoi ctia am va su ndng chay cua
collagen. C6 thé do ham luong collagen qua nho nén thiét bi do khéng xac dinh
duogc. Tuy nhién, khi ting ham luong collagen Ién 5 va 10 %, pic dac trung cho su
bay hoi am va néng chay cua collagen thé hién rd rang lan luot ¢ 61 °C va 66 °C.
Déi voi mau chi chira 1 % collagen, pic thu nhiét dic trung cho su néng chay cua
carrageenan xuat hién & 134 °C. Khi tang ham luong collagen trong mau, vi tri pic
nong chay dich chuyén 18n 150 °C va 155 °C, twong ung véi mau chaa 5 va 10 %
collagen. Nhiét d6 phan huy cua carrageenan va collagen giam khi tang ham lIugng
collagen trong mau. Cu thé, véi mau chira 1 % collagen, nhiét do phan hay cia mau
la 254 °C. Khi ting ham luong collagen 1én 5 va 10 %, nhiét d6 phan hiy cta mau
tuong tng 1a 250 °C va 249 °C. Ngoai ra, & ham lwong 10 % collagen, xuat hién pic
thu nhiét ¢ 299 °C, tuong ng véi sy ndng chay cua ALP.
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Hinh 3.16. Gian d6 DSC ctia mang t6 hgp Car/C/ALP (5 %)
Quan sét gian d6 DSC trén Hinh 3.16 va dit liéu ¢ Bang 3.9, c6 thé thy sy thay
d6i nhiét do néng chay caa céc thanh phan trong cac mau mang to hop nhu sau:
Pic thu nhiét 1 xuat hién trong tat ca cac mau mang 3 thanh phan tuwong wng
Vvé6i nhiét @6 bién tinh cua collagen. Gié tri nay ung voi mau collagen tinh khiét 1a
73,01 °C. Mau chta 1 % collagen c6 nhiét do bién tinh cao nhét ¢ 73,47 °C, sau d6

dén mau cha 10 % collagen (nhiét d6 bién tinh 66,37 °C) va miu chira 5%
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collagen cd nhiét d6 bién tinh thap nhat (61,19 °C). Biéu nady cho thdy mau 5 %
collagen c6 sy twong tac manh hon véi carrageenan nén nhiét do bién tinh cua
collagen thay doi nhiéu hon.

Pic thu nhiét thir 2 trén gian d6 DSC cua mang t6 hop Car/C/ALP tuong ¢ng
véi sy ndng chay cua carrageenan. Gia tri ndy ¢ng voi carrageenan ban dau la
118,05 °C. Khi thay d6i ham lugng collagen trong mau, gia tri nhiét néng chay caa
carrageenan ciing thay doi. Cu thé, mau chira 1 %, 5 % va 10 % collagen, nhiét do
nong chay cua carrageenan trong mang té hop lan luot 1a 151,45 °C; 157,90 °C; va
153,67 °C. Rd rang 1a collagen c6 twong tic voi carrageenan dan dén sy thay doi
nhiét do néng chay cua carrageenan trong cac mau (ting nhiét do néng chay va
nhiét ndng chay cua carrageenan trong mang to hop).

Pic thu nhiét thir 3 trén gian ¢6 DSC caa cac mang té hop tuong tng Véi sy
nong chay cua ALP. O dang nguyén chat, ALP c6 nhiét do néng chay ¢ 390 °C
nhung khi duwa vao mang to hop, nhiét d6 néng chay cua ALP giam xubng con
276,71 °C (& mau chaa 5 % collagen), 287,10 °C (& mau chaa 10 % collagen),
311,09 °C (¢ mau chita 1 % collagen). Piéu nay 1a do twong tac giita ALP va
carrageenan nhu trinh bay & muc 3.2.2. Ngoai ra, ALP, carrageenan va collagen
cling da twong tic voi nhau nén khi thay doi ham luong collagen, nhiét d¢6 nong
chay ciia ALP va carrageenan déu thay doi.

Trén gian do DSC cua cac mau mang t6 hop 3 thanh phan ciing quan sat thay
1 pic toa nhiét twong tng va&i sy phan huy caa carrageenan va collagen trong vat
licu to hop. Nhiét d6 phan hiy cia mau mang té hop chira 5 % collagen 1a cao nhat
chang to mau mang nay bén nhiét hon so véi cac mau con lai.

Bdng 3.9. Céac dic trung nhiét ciia mang t6 hgp CCA

) ) ) Pic thu
N Pic thu nhiét 1 Pic thu nhiét 2 Pic téa nhiét )
Mau nhiét 3
Toc (°C) | AH (3/9) | Toc (°C) | AH(J/g) | T,(°C) | AHQU/G) | Tne (°C)
CCA991-5 134,56 | 604,46 | 254,19 |-174,24 |-

CCA955-5 | 63,00 51,946 | 150,67 | 788,70 |250,34 |-148,13 | 289,95

CCA9010-5 | 66,77 137,022 | 155,921 | 865,54 | 249,83 |-62,451 | 299,64
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3.2.6. Nghién cizu gidgi phong allopurinol tiz mang té hgp Car/C/ALP (CCA)
trong cac dung dich dém pH 2 va pH 7,4
3.2.6.1. Phuirong trinh dwong chudn cia allopurinol trong dung dich dém pH 2

Dung dich dém pH 2 c¢6 moi truong pH tuong tu trong dich da day. Dé xay
dung duong chuan cia ALP trong dung dich dém pH 2, tién hanh ghi phd UV-VIS
cua dung dich ALP trong dung dich dém pH 2 trong khoang budc song tur 200 —
400 nm dé xac dinh budc song hap thu cuc dai (Ama) cua ALP. Két qua thu duoc
budc séng hap thu cuc dai cua ALP trong dung dich dém pH 2 12 Amax = 274,98 nm.

Dya vao phan mém Excel, xac dinh duoc phuong trinh dudng chuan cua ALP
trong dung dich dém pH 2 1a y = 9756,9x — 0,3267 v&i hé s6 hdi quy tuyén tinh R?
= 0,991. Trong d6, x 12 ndng d6 cua ALP (mol/Lit) trong dung dich dém, y a mat
do quang A.

Gié tri hé s6 hdi quy R?= 0,991 (~ 1) cho thiy su phu thudc tuyén tinh mat do
quang theo nong do dung dich tai Ama = 274,98 nm. Vi vay, c6 thé str dung phuong
trinh duong chuan nay dé tién hanh khao sat nong do ALP giai phong tir vat ligu to
hop Car/C/ALP sau cac khoang thoi gian ngdm mau trong dung dich dém pH 2.
3.2.6.2. Phuong trinh dwong chudn cua allopurinol trong dung dich dém pH 7,4

Dung dich dém pH 7,4 ¢6 moi treong pH tuong tu trong dich rudt. Tuong tu
nhu trén, tién hanh xay dyng duong chuan cua ALP trong dung dich dém pH 7,4.
Mat do quang cua ALP trong dung dich d&m pH 7,4 xac dinh tuong ty nhu véi dung
dich dém pH 2. Két qua thu duoc budc séng hap thu cuc dai cia ALP trong dung
dich dém pH 7,4 1a Apax = 276,69 nm.

Dua vao phan mém Excel, xac dinh duoc phuong trinh dudng chuan cua
ALP trong dung dich dém pH 7,4 1a y = 9945,3x — 0,4437 v&i hé sb hoi quy tuyén
tinh R? = 0,990. Trong dé, x 1a ndng d6 cua ALP (mol/Lit) trong dung dich dém, y
la mat d6 quang A.

Gia tri hé sb hdi quy R? = 0,990 cho thiy su phu thudc tuyén tinh caa do hap
phu quang vao ndng do ALP trong dung dich dém pH 7,4 ¢ng v&i gid tri gia tri Amax
= 276,69 nm. Vi vay, cd thé sir dung cac phuong trinh dudng chuan nay dé tién
hanh khao sat nong do ALP giai phong tir vat liéu té hop Car/C/ALP trong dung
dich dém pH 7,4.
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3.2.6.3. Ham lwong allopurinol gidgi phong tir mang té hop Car/C/ALP (CCA) trong
cac dung dich déempH 2vapH 7,4

Hinh 3.17 thé hién ham lugng ALP dugc giai phong khoi mang to hop
Car/C/ALP (CCA) véi ty & Car/C khac nhau so v&i mau ddi ching (tinh thé ALP)
& dung dich dém pH 2 va pH 7,4. ALP duoc giai phong tur tir khoi mang td hop ¢ ca
2 dung dich dém pH 2 va pH 7,4. Hau hét ALP dugc giai phong ngay trong gior dau
tién. O mau d6i ching, sau 1 gio thir nghiém, phan traim ALP giai phong 1a 9,14%
trong dung dich dém pH 2 va tang 1én 15,87% sau 32 gio. Trong dung dich dém pH
7,4, ham luong ALP giai phong sau 1 gio va 32 gio lan luot 13 8,49% va 12,79%.
Nhu vay, trong moi truong acid, ALP giai phéong nhanh hon do phan ung cua
proton H* trong dung dich vé&i cdc nhém amin trong phan tir ALP, dan dén ting su
khuéch tan cia ALP vao dung dich. Trong khi d6, ham luong ALP duoc giai phong
tir cAc mang to hop CCA thé hién xu huéng nguoc lai, ham luong ALP giai phong
trong dung dich dém pH 7,4 16n hon trong dung dich dém pH 2. Trong nhing gio
dau, thuéc dugc giai phong tir mang t6 hgp CCA xay ra nhanh va cham lai trong
nhitng gio thir nghiém tiép theo. Diéu nay la do qua trinh giai phong cua ALP trén
bé mat cua vat liéu té hop, ciing nhu sy trao d6i cua proton H* trong méi truong
acid véi céc cation K* (chat tao gel) cua mang to hop, dan dén giam sy két tu cua
chudi xoin a cua carrageenan, anh huéng dén su tuwong tac cia polyme véi ALP
lam thay doi mé hinh giai phong thudc. Két qua nay cho phép khang dinh rang sir
dung t6 hop Car/C mang ALP s& gitp kiém soét giai phong ALP trong méi truong
acid. Ham luong ALP giai phong tir mang t6 hop CCA cao hon nhiéu so voi mau
d6i ching (3,27-7,25 lan).
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Mic du mang té hop CCA duoc ché tao & cing mot ham luong ALP, nhung
ALP duoc giai phong tir mau CCA955-5 nhanh hon so véi tir cac mau CCA9010-5
va CCA991-5 trong ca 2 dung dich dém pH 7,4 va pH 2. Piéu nay cd thé do cau
trdc va su tuong tac khac nhau cua cac polyme va ALP khi ty I¢ cac polyme thay
d6i. Nhu vay, su két hop gitra polyme thién nhién va ALP déng vai trd quan trong
dé kiém soét kha ning hoa tan va giai phong cua thudc [160]. Ty & Car/C = 95/5 la
thich hop dé ché tao mang té hop CCA gitp kiém soét tét giai phéng ALP.

Hinh 3.18 trinh bay ham luong ALP duoc giai phong tir mang to hop C/ALP
(CoA-5), Car/ALP (CaA-5) va mang té6 hop CCA khi ham luong ALP thay doi
trong dung dich dém pH 7,4. Véi cung mot ham lugng ALP, thir ty ham lwong ALP
giai phong tir CoA-5, CaA-5 va mang t6 hop CCA955-5 Ia CaA-5 < CoA-5 <
CCA955-5. Ham lugng ALP giai phong tir collagen mang ALP cao hon tir
carrageenan mang ALP do su khac nhau ban chat caa polyme. Lién két hydro hinh
thanh gitta ALP véi carrageenan va collagen théng qua cdc nhom chuc dac trung
nhu nhom —NH, —-COOH va nhém sunfate, tr do, gidp ALP duwoc mang va giai
phong tét hon. Lién két hydro tao bai nhdm —NH- (nhdm cho H) trong ALP véi
nhém —OH (nhém nhan) trong carrageenan yéu hon so vai lién két hydro tao bai
nhom —NH- (nhom cho H) trong ALP véi nhdm C=0 (nhom nhan) trong collagen.
Diéu nay c6 thé duoc giai thic do mat do dién tich &m trén O cia nhdm —OH ting
Ién nho hiéu tng cam Gng +1 cia yéu hon caa nhém C=0 tir d6 1am mat d6 dién
tich am trén O cia nhdm —OH nho hon trén O cua nhém C=0. Do d6, kha nang
mang va giai phong ALP tir carrageenan kém hon so véi collagen. Viéc két hop
carrageenan va collagen dé mang ALP (mang té hgp CCA) gitp ting twong tac giira
ALP va cac polyme, tir @6, lam tang hiéu qua mang va giai phdng ALP. Tuong tac
tinh dién gitra cac nhom sulfat cua carrageenan va proton héa nhém amin cua
collagen ciing nhu lién két hydro gitta nhém —OH trong nhém carrageenan va
cacboxyl va nhém amin trong collagen c6 thé 1am bén lién két hydro cia ALP voi
carrageenan va collagen, tao thanh mét hé to hop bén viing hon [159 — 161].
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Hinh 3.18. 6 thi giai phong ALP tir miu mang CoA-5, CaA-5 va mang t6 hop
CCA khi ham luong ALP thay doi trong dung dich dém pH 7,4

Ham lugng ALP giai phong tir mang t6 hop CCA tang khi ting ham lwong
ALP trong mau. Trong qua trinh giai phong thudc, thubc trén bé mat hodc gan bé
mat cta mang to hop duogc giai phong nhanh ¢ mau ¢6 ham lwong thube cao.

Do thi giai phong ALP tir tinh thé ALP va mang t6 hop CCA véi ham luong
ALP thay d6i trong cac dung dich dém pH 2 va pH 7,4 duoc thé hién trén Hinh
3.19. Bang cach so sanh hai nhém (nhém 1: Lwong ALP giai phong trong dung dich
dém pH 2; nhém 2: Luong ALP giai phong trong dung dich dém pH 7,4), c6 thé
thay khong c6 su khac biét (p = 0,122) ¢ y nghia thong ké giita hai nhom dugc thir
nghiém. Phan Ion tinh thé ALP d3 dwoc hoa tan trong gio dau tién voi lugng ALP
giai phong la 8,488 % va 9,135 %, tuwong ung trong dung dich dém pH 7,4 va pH
2,0. Ham luong ALP duoc giai phong da ting 1én 2 dén 3 %, tly thudc vao pH cua
dung dich trong nhiing gio tiép theo. Vi du, sau 8 gid thir nghiém, lugng ALP giai
phdng trong dung dich dém pH 7,4 va pH 2 dat dugc lan luot 12 10,95 % va 12,99 %.
Trong mdi truong acid, cac nhém —NH cua ALP c6 thé bi proton héa, 1am cho ALP

dé dang hoa tan hon trong dung dich dém pH 2 so véi trong dung dich dém pH 7,4.
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Hinh 3.19. D6 thi giai phong ALP tinh khiét va tir mang CCA v6i ham lugng ALP
thay d6i trong dung dich dém pH 2 va pH 7,4

Quaé trinh giai phong ALP tir mang t6 hop CCA trong céc dung dich dém tuong
ty nhu qua trinh hoa tan ALP nhu d3 néu ¢ trén. Cac mau giai phong nhanh trong gio
dau tién va giai phong cham trong nhiing gio tiép theo. C6 su khéc biét co ¥ nghia
thdng ké giira lwong ALP duoc giai phong tir ALP tinh thé va tir mang té hop CCA (p
= 0,005) (mau CCA5, CCA10 hoic CCA15) trong dung dich dém pH 2,0 va pH 7,4.
Ham lugng ALP giai phong nhanh tir mang CCA sau 1 gid thir nghiém dau tién trong
c4c dung dich dém pH 2 va pH 7,4 c6 thé do sy truong né va su thiy phan cia mach
polyme (nhu di thao luan & trén), 1am cho mét phan thudc trén bé mit mang té hop
dugc giai phong vao dung dich. Trong nhitng gio tiép theo, ALP giai phong tir cac
mang CCA duogc kiém soat nho tuong tac gira cac polyme va thudc, thude duoc
khuéch tan tir bén trong polyme vao dung dich [162].

Trong dung dich dém pH 2, luong ALP duoc giai phong tir mang t6 hop CCA
dat 37,81 % — 57,58 % sau 1 gio thir nghiém va 44,36 % — 66,75 % sau 8 gio thu
nghiém. Trong khi d6, & dung dich dém pH 7,4; sau 1 gio va 8 gio thtr nghiém, luong
ALP dugc giai phong tir mang CCA lan luot 1a 36,23 % — 62,15 % va 45,73 % — 69,59
%. Piéu ndy c6 nghia la su két hop Car/C gop phan vao sy hoa tan nhanh cua ALP
trong moi trudng trung tinh. Do proton héa cua nhém —NH trong ALP véi proton H”
trong dung dich acid, lién két giira polyme va thudc trong dung dich trung tinh 6n dinh
hon so véi trong diéu kién acid manh, dan dén kiém soét giai phong thudc tot hon viec

giai phong thude trong dung dich dém pH 7,4 [163, 164].
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3.2.7. M6 hinh dpng hec gidi phong allopurinol tir mang té hep CCA trong céc
dung dich dém pH 2 va pH 7,4

Co ché va mé hinh dong hoc giai phéng thudc phu thugc vao ham luong, pH
dung dich, ban chat cua thubc va polyme [27, 182, 183].

(1) Bong hoc bac khong (ZO): Wy =W, + K. t

(i1) Bong hoc bac 1 (FO): logC = logCq- K. t/2,303

(iii) Phuong trinh Hixon-Crowell (HC): Wy ™2 - Wt = K. t

(iv) Phuong trinh Higuchi (HG): W, = K,. t*2

(v) Phuong trinh dinh luat nang lwong Korsmeyer-Peppas (KP): Mi; = Ks.t"

Trong do:

t: thoi gian giai phong thude.

Ks: 1a hang sé dic trung cho hé thubc - polyme.

n: 1a hang s6 khuéch tan, dic trung cho co ché giai phong thudc.

W,: lugng thubc giai phong & thoi diém t.

W,: luong thudc giai phong & thoi diém ban dau.

Ky, Ky, Ks, Kg: hing sé téc do phan ung.

M/M., |a phan thudc giai phong vao mdi truong hoa tan.

Co: nong do thude ban dau.

C: ndng do thube & thoi diém t.

Khi n <0,5, sy giai phong thude tuan theo dinh luat khuéch tan Fick. Khin > 0,5.

Pong hoc bac 0 cho thay qua trinh giai phong thubc ra khoi hé 1a bat bién,
khong phu thudc vao nong do cua né trong hé. Pong hoc bac 1 cho thay qua trinh
giai phong thude ra khoi hé 1a sy tuyén tinh véi nong d6 caa thude trong hé. Mo
hinh déng hoc Hixon - Crowell cho thiy kha niang thudc bi hoa tan khi cé su thay
d6i dién tich bé mat hé mang thude. Mo hinh dong hoc Higuhi cho thay quéa trinh
thudc giai phong theo cong thic phan tram thude giai phong ti 18 thuan véi can bac
2 thoi gian va né phu thudc vao su khuéch tan cua thude ra khoi hé. Mé hinh dong
hoc Korsmeyer - Peppas md ta co ché giai phong thudc tir hé polyme cé thé tuan
theo dinh luat khuéch tan Fick (loai 1) hodc co ché khong Fick (co ché Fick 11), nd
chi ra rang c6 nhiéu hon mét loai hién trong xay ra trong qué trinh giai phong thudc.

Pé tim mé hinh déng hoc pht hop cho qué trinh giai phdng ALP tir cac mau

CCA, ham lugng thubc duoc giai phong da dugc tinh toan va xay dung theo cac mo
hinh (i) dén (v). Hé sb hdi quy tuyén tinh (R?) danh gia sw pht hop cua c&c mé hinh
phuong trinh dong hoc giai phéng ALP tir cac mang té hop CCA trong cac dung dich
dém pH 2 va pH 7,4. Hé sb R? dugc théng ké trong cac Bang 3.10 va 3.11 cho thiy
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ALP tir cdc mang t6 hop CCA trong giai doan giai phong thuc nhanh 12 cao hon so
VGi giai doan giai phong thudc cham. Trong dung dich dém pH 2, qua trinh giai phong
thudc khoi mang t6 hop CCA tuan theo phuong trinh ZO véi n < 0,5 twong ng Véi su
khuéch tan thudc tuan theo dinh luat Fick.
Bdng 3.10. Gia tri R? cua cac phwong trinh dong hoc giai phong ALP tir cac mang
t6 hop CCA trong dung dich dém pH 2

Mau Z0 FO HG HC KP n

GPN | 0,8589 | 0,1456 | 0,7737 | 0,8589 | 0,6634 | 0,3988
CCA991-5

GPC | 0,8916 | 0,9107 | 0,8859 | 0,8916 | 0,8804 | 0,4670

GPN | 0,9994 | 0,9393 | 0,9836 | 0,9994 | 0,9402 | 0,4202
CCA955-5

GPC | 0,9072 | 0,6429 | 0,9030 | 0,9072 | 0,8967 | 0,4945

GPN | 0,8708 | 0,7466 | 0,9394 | 0,9059 | 0,7443 | 0,4615
CCA9010-5

GPC | 0,8645 | 0,3616 | 0,9092 | 0,9549 | 0,9138 | 0,4989

Trong dung dich dém pH 7,4, qué trinh giai phong ALP tir hau hét cac mau
tuan theo phuong trinh KP véi sy khuéch tan thudc tuan theo dinh luat Fick (n <
0,5). Co ché giai phong ALP tir cac mau CCA & dung dich dém pH 7,4 phic tap voi
sur két hop cua nhiéu hién twong nhu truong nd polyme, phan tan thudc trong cau
trdc polyme, su khuéch tan caa thude, twong tac cta thubc va polyme, tuong tac cia
thuéc va thudc.... Két qua gia tri R? ciia cac phuong trinh dong hoc giai phéng ALP tir
ca4c mang to hop CCA trong dung dich dém pH 7,4 dugc théng ké trong Bang 3.11.
Bdng 3.11. Gia tri R? tir cac phwong trinh dong hoc giai phong ALP tir cic mang to

hop CCA trong dung dich dém pH 7,4

Mau Z0 FO HG HC KP n
coagors |GPN| 00487 | 0,9134 [ 08974 [ 09487 | 08327 | 0,3468
GPC | 09674 | 0,1310 | 0,9780 | 0,9674 | 0,9839 | 0,3510
cCAgss.s |GPN| 00000 [ 0,9194 [ 0,9009 | 0,9009 | 0,8509 | 0,3360
GPC | 0,9458 | 05660 | 0,9472 | 0,9458 | 0,9449 | 0,3128
cCAgolo.s | GPN| 07694 | 09495 [ 0,8711 | 0,7694 | 09482 | 0,3693
GPC | 0,6955 | 0,2568 | 0,7153 | 0,6955 | 0,7242 | 0,3623

Bang 3.12 liét ké cac gia tri R%, n cua mé hinh déng hoc phan anh qua trinh

giai phong ALP tir mang t6 hop CCA (v6i ham luong ALP thay dbi) vao dung dich
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dém pH 2 va pH 7,4. M6 hinh KP ¢ R? cao nhét cho thiy md hinh nay pht hop Vi
co ché giai phéng ALP tir cdc mang té hop CCA vao cac dung dich dém pH 2 va
pH 7,4 cho hau hét tit ca cAc mau nghién ctu. Cac két qua nay tuan theo quy luat
giai phong mot s loai thudc tir cac polyme [164, 165] vi qua trinh giai phéng ALP
tir mang CCA 1a mot qua trinh phic tap bao gém truong ng, phan hay, proton hoa,
khuéch tan, hoa tan va bao mon. Cac gi4 tri cia hing s khuéch tan (n) thu dwoc tir
mo6 hinh KP nam trong khoang tir 0,361 dén 0,619, tly thudc vao ty ¢ thanh phan
cuia mau va pH cua dung dich. Biéu nay cho thiy giai phong ALP tir CCA955-10 va
CCA955-15 ¢ ca dung dich dém pH 2.0 va pH 7.4 theo co ché khuéch tan Fick,
trong khi giai phong thude tir mau CCA955-5 1 su khuéch tan khdng déu va khong
tuan theo dinh luat Fick [166].
Bdng 3.12. Gi4 trj R? ctia c&c md hinh phuong trinh dong hoc giai phong ALP tir cac

mang t6 hop CCA (ham lugng thudc khac nhau) trong cac dung dich dém pH 2 va pH 7,4

Mau Z0 FO HG HC KP n

pH 2
CCA955-5 10,848 | 0,970 0,929 0,848 0.977 0,582
CCA955-10 | 0,972 |0,824 0,911 0,972 0,824 0,367
CCA955-15 | 0,707 | 0,828 0,803 0,707 0,874 0,435

pH 7,4
CCA955-5 |0,883 |0,932 0,931 0,883 0,942 0,619
CCA955-10 | 0,873 | 0,939 0,936 0,873 0,962 0,361
CCA955-15 | 0.878 |0,970 0,942 0,878 0,965 0,483

3.3. Hat t6 hep carragennan/collagen/allopurinol (ACC)
3.3.1. Phé FTIR cuia hat té hep carrageenan/collagen/allopurinol (ACC)
3.3.1.1. Phé FTIR cua cac hat té hop Car/C/ALP 10% véi ty 1é Car/C khac nhau
Hinh 3.20 1a ph6 FTIR cua carrageenan, collagen, ALP va hat t6 hop ACC
ché tao & céc ty 1& Car/C khac nhau. C6 thé thiy van phd hap thu dic trung cho dao
dong hoa tri cia cac nhém chuc trong carrageenan trén phd FTIR cua Car. Cuy thé,
dao dong héa tri cac nhém —OH & 3450 cm™, nhém C=0 & 1600 cm™, nhém C-0 &
1200 cm™ va nhém S=0 (trong nhém este sunfat) & 1100 cm™ [166].
Trong phd FTIR caa ACC, c6 van phé hap thu dic trung cho dao dong héa

tri cua nhém —NH & sé séng 3305,19 cm™. Ngoai ra, van phd dic trung cho dao
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dong bién dang cua amit bac 1 xuat hién ¢ 1650,3 cm™, amit bac 2 ¢ 1547,91 cm™,
amit bac 3 ¢ 1236,59 cm™. Van phé dic trung cho dao dong hoa tri va dao dong
bién dang cua lién két C-H & 2931,83 cm™ va 1451,16 cm™, 1397,05 cm™ [154].
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Hinh 3.20. Phd FTIR cua Car, C, ALP va cac hat t6 hop ACC & céc ty Ié Car/C khac nhau

Tur pho FTIR caa ALP ¢ thé thay, van pho hap thu dic trung cho dao dong
hoa tri cua nhém —CO-NH- & 3500 cm™, nhém —NH cua amin bac 2 ¢ 3470 cm™,
amin bac 3 ¢ 2780 cm™, nhém cacbodiamit -N=C-N & 2050 cm™, nhém C=0 &
1680 cm™, nhém C=N ¢ 1560 cm™, nhém C-N & 1240 cm™, dao dong bién dang cua
nhém C-H ¢ 1450 cm™ [157].

Quan sét phé FTIR cua cac hat to hop ACC va so sanh véi cac phd FTIR cua
carrageenan, collagen, ALP ta nhan thay khi két hop carrageenan, collagen, ALP
trong hat t6 hop, vi tri cac van phé dic trung ctia cdc nhém chuc trong tirng thanh
phan bi thay doi. Cu thé, cac van phd dic trung trén phd FTIR cua mau hat ACC64-
10 nhu sau: van pho dic trung cho dao dong hda tri nhom —NH, —OH trong
collagen, carrageenan va ALP hop thanh mot van & 3430 cm™, nhém C=N & 1560
cm™, van phd dic trung cho dao dong bién dang cua nhém —NH , —OH hop thanh
mot van & 1647 cm™, dao dong bién dang cua lién két C-H ¢ 1414 cm™. Phd FTIR
cua cé4c hat té hgp ACC28-10, ACC55-10, ACC82-10 tuong tu nhu phd FTIR cia
mau ACC64-10. Tuy nhién, voi cac mau nay co thé quan sat rd van phé o khoang
2200 cm™ dic trung cho nhom carbodiamit —~N=C-N.
3.3.1.2. Phé FTIR cua hat té hop ACC Véi ham lwong ALP khac nhau
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Hinh 3.21 14 ph6 FTIR cua céc hat tb hogp ACC ¢6 chira cac ham lwong ALP 5,
10 va 15 % so véi tdng khéi lwong polyme (ty 16 khéi lwong Car/C = 1/9). C6 thé thiy,
trén pho FTIR ctia cAc mau nay xuét hién cac van phé dic trung cho dao dong cua cac
nhém chic hydroxyl, carbonyl, amin, amit, sunfat, cac lién két C-O, C-C, C-H trong
carrageenan, collagen va ALP. O ham luong ALP nho (5 %), khong quan sat duoc van
phé dic trung cho dao dong héa tri caa nhém C=0 & vi tri 1765 cm™ ma chi quan sat
duoc vai phd ¢ vi tri nay. Khi ting ham luong ALP trong mau, c6 thé quan sat duoc rd
vi tri van phd nay ¢ 1766 — 1768 cm™.
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Hinh 3.21. Phé IR cuia cAc hat t& hop ACC19-5, ACC19-10 va ACC19-15
3.3.2. Phan bé kich thwéc hat ciia hat t6 hop ACC
3.3.2.1. Phan bé kich thuréc hat té hop ACC Véi ty 1é Car/C khéc nhau

T Hinh 3.22 va Bang 3.13, c6 thé thiy cac hat t6 hop ACC véi ty 18 Car/C
khac nhau c6 kich thuéc nano, trong &6 mau ACC28 c6 kich thuéc hat trung binh
nho nhat 12 200,80 nm. Mau ACC55-10 c6 kich thudc hat trung binh la 309,10 nm.
Mau ACC64-10 c6 kich thudc hat trung binh la 547,00 nm. Mau ACC28 c6 kich
thugc hat nho nhat nhung khong dong déu. Cac mau ACC55-10 va ACC64-10 co
kich thudc hat 16n hon nhung d6 dong déu cua hat cao hon so véi mau ACC28-10.
Bidng 3.13. Kich thuéc hat trung binh cta cac hat t hop nano ACC28-10, ACC55-

10 va ACC64-10

Mau Khoang phan bé kich thuéc hat (nm) | Kich thudc hat trung binh (nm)
ACC28-10 150 — 300 200,80 £ 7,19
ACC55-10 225 — 400 309,10 + 14,76
ACC64-10 400 — 800 547,00 £ 31,74
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Hinh 3.22. Gian d6 phan bé kich thudc hat ciia cac hat t6 hop nano ACC28-10,
ACC55-10, ACC64-10

3.3.2.2. Phan bé kich thiréc hat té hop nano ACC véi ham lwong ALP khac nhau
Bang 3.14 cho thay khi ting ham lwgng ALP trong mau, kich thuéc hat trung
binh cua cac hat t6 hop nano ACC ting. Piéu nay la do ALP c6 tinh ki nudc nén
kha ning phan tan vao cac polyme cua hat to hop trong nuéc kém, cac hat to hop c6

xu hudng két tu lai véi nhau, dan dén kich thudc caa ching ting lén.
Bdng 3.14. Kich thudc hat trung binh ctia cac hat to hop nano ACC19-5, ACC19-10
va ACC19-15

Mau Kich thuéc hat trung binh (nm)
ACC19-5 180,55 + 17,30
ACC19-10 170,92 + 21,80
ACC19-15 340,00 + 28,54

3.3.3. Anh SEM cua hat té hgp nano ACC

3.3.3.1. Anh SEM ciia hat t6 hop nano Car/C/ALP 10% véi ty 1¢é Car/C khac nhau
Anh SEM cua mau ACC28, ACC55, ACC64 duoc trinh bay trén Hinh 3.23.

C6 thé thay cac hat co kich thude khong dong déu (mau ACC28 khoang 5-50 pm,

mau ACC55 khoang 2-5 um, mau ACC64 khoang 5-20 pm) va cé khuynh huéng
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két tu lai véi nhau dé tao thanh céc hat c6 kich thuéc Ién hon. Nguyén nhan 1a do
carrageenan c6 kha ning tao gel tét, d6 nhét cao nén cac hat ALP khé phan tan vao
nén polyme hon va c6 xu huéng két dinh (von cuc) véi nhau, nhét 1a cac hat ché tao
véi ty 1é Car/C 16n nhu mau ACC64.

ACC28-10

Hinh 3.23. Anh SEM ctia ALP cac hat t6 hgp nano ACC vdi ty 1¢ Car/C khac nhau
3.3.3.2. Anh SEM cia cdc hat t6 hop nano ACC véi ham lwong ALP khac nhau
Hinh 3.24 13 anh SEM ciia cic mau hat t6 hop ACC ché tao & cac ham luong
ALP khéc nhau. C6 thé thiy cac hat to hop co kich thudc hat kha dong déu trong
khoang 50 - 250 nm, nhé hon so véi ALP. Sy phan tan caa ALP trong hat t6 hop Car/C
nho cac tuong tac ludng cuc - ludng cuc va lién két hydro gitra cac nhém amin va
carbonyl trong ALP vai cac nhdm amide va nhom carboxyl trong collagen, nhém
hydroxyl va sunfat trong carrageenan. Tuy nhién, cac hat nay c6 xu huéng két ty lai véi
nhau thanh cac hat kich thudc I6n hon do sy hinh thanh lién két hydro giira cac acid
amin trong collagen. Véi cac ham lugng ALP khao séat, mau chira 10 % ALP c kich
thugc hat dong déu nhét.

ACC19-15

A = » T

Hinh 3.24. Anh SEM ctia cic hat t6 hop ACC v6i ham lugng ALP khéc nhau
3.3.4. Pic trwng nhiét ciia hat té hep nano ACC

Gian d6 DSC cua ALP, carrageenan, collagen va hat té hop ACC64-10 duogc
thé hién trén Hinh 3.25 va két qua xac dinh cac dic trung nhiét cua ching duoc
trinh bay trong Bang 3.14.
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Hinh 3.25. Gian d6 DSC cua ALP, carrageenan, collagen va hat t6 hop ACC64-10

Tur gian ¢6 DSC trén Hinh 3.25, ¢ thé thay nhiét do bat dau ndng chay, nhiét
d6 néng chay va nhiét nong chay cia cac thanh phan trong vat liéu to hop déu ting
so véi carrageenan, collagen, ALP ban dau.

Trén gian dd DSC cua ALP, nhiét do ndng chay (T,,) cua mau la 396,44 °C
(entanpy nong chay la 551,49 J/g [167]. T, cia ALP trong céac hat hydrogel Car/C
da dich chuyén manh, giam tir 396,44°C xubng 299,64°C d6i vi mau ACC64. Sy
giam nhiét do nong chay, cling nhu entanpy nong chay, cua ALP trong hat hydrogel
ACC la do ALP da tuong tac véi carrageenan va collagen, diéu nay dan dén giam &
mic do két tinh cua ALP duwoc mang bai cac hat hydrogel Car/C. T, cua
carrageenan va nhiét do bién tinh caa collagen trong mau ACC64 c6 xu huéng giam
SO VGi C4c chét ban dau, twong (ng véi 108,30 °C (d6i voi carrageenan) va 66,77 °C
(d6i véi collagen) [30, 148, 168]. Trén gian d¢6 DSC cua ACC64-10 xuat hién mot
pic thu nhiét & 155,93 °C (entanpy néng chay cua 865,54 J/g) ting 1én so véi
carrageenan va collagen cho thay céc thanh phan carrageenan, ALP va collagen da
twong hop voi nhau. Nhiét do phan huy nhiét cia carrageenan trong mau ACC64-10
cling ting dén 249,84 °C va nhiét phan hay giam. Diéu nay ciing khang dinh rang
su twong tac giita cac thanh phan trong ACC hat hydrogel 1am cai thién sy phan hay

nhiét cua carrageenan.
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Bing 3.15. Cac dic trung nhiét cuia ALP, carrageenan, collagen va hat to hop nano
ACC28-10, ACC55-10 va ACC64-10

Mau nﬁ'ﬁ'g‘?ffé’y Nh'frfé”yong Nhistdo | Nhict phan hiy
han huy (°C J/

Allopurinol 396,44 551,49 - -

Carrageenan 118,06 280,35 217,28 - 95,77

Collagen 73,02 162,86 - -
66,37 130,00

ACC28-10 153,67 858,83 252,35 - 90,65
61,20 55,19

ACC55-10 157,91 599,82 254,10 - 45,07
66,67 137,02

ACC64-10 155,93 865,54 249,84 - 62,45
299,64 32,47

Két qua thu duogc twong tir V6i cac mau ACC28-10 va ACC55-10 dugc trinh
bay trong Bang 3.15. T, cia ALP trong mau té6 hop ACC28-10 va ACC55-10 ciing
giam so véi ban dau, diém giam nhiét ndy c6 thé tring voi diém nhiét phan huy cua
Car do vay trén gian d6 DSC cua cac mau nay khong xuét hién diém nong chay thir 3.
Tuy nhién, so sanh véi mau ACC64-10 thay rang xuat hién diém nong chay thir 3 trén
dd thi DSC c6 thé do cac hat ALP da khong phén tan t6t vao nén té hop, c6 mot phan
nho bi két tu 1am nhiét d6 néng chay mau ACC64-10 cao hon. Nhu vay ty 1¢ Car/C c6
anh huong dén kha ning phéan tan ciia ALP trong t6 hop, ham lugng Car ting lam ting
d6 gel hoa cua to hop tir d6 lam giam kha nang phan tan ctia ALP trong to hop.

3.3.5. Higu sudt mang allopurinol ciia cac hat té hep nano ACC

Phuong trinh duong chuan cua ALP trong dung dich NaOH 1 M duoc trinh
bay ¢ muc 3.2.1.1.

Bang 3.16 trinh bay két qua xac dinh hiéu suat mang ALP cua cac mau hat to
hop nano ACC ché tao & cac ty 1é Car/C khac nhau va hat nano ACC ché tao thay
d6i theo ham luong ALP. C6 thé thiy ty 1& Car/C c6 anh huéng nhe dén hiéu suat
mang ALP cua hat t6 hop nano ACC. Khi ting ham lwong ALP, hiéu suat mang
ALP cua cac hat té hop nano ACC c6 xu huéng giam, twong ty nhu cac mang to
hop Car/C/ALP. Biéu nay cé thé giai thich bai & ham luong ALP cao, cac hat c6 xu
huéng két tu tao thanh hat 16n hon, do vay khé phan tan vao hat té hop hon.



97

Bing 3.16. Hiéu suat mang ALP cua céc hat t6 hop ACC va CCA

STT Mau Hiéu suat mang ALP (%)
1 ACC28-10 70,92
2 ACC55-10 66,79
3 ACC64-10 68,10
4 ACC19-5 70,30
5 ACC19-10 80,79
6 ACC19-15 60,55

Mau hat nano ACC19-10 (ty 1é Car/C/ALP=1/9/10) c6 hiéu suat mang thudc
cao nhat, do d6 lua chon ty 1& Car/C/ALP = 1/9/10 dé ché tao céc hat t6 hop nano
ACC cho cac nghién ctu tiép theo.

3.3.6. Nghién crzu gigi phong allopurinol tir hgt té hep nano Car/C/ALP trong
dung dich dém pH 2vapH 7,4

3.3.6.1. Ham lwong ALP giai phong tir cac hat nano Car/C/ALP (ACC) trong dung
dich dém pH 2

Hinh 3.26 trinh bay ham lugng ALP giai phong tir cac hat to hop nano ACC
véi cac ty 1€ Car/C khac nhau (ACC28-10, ACC55-10, ACC64-10) trong dung dich
dém pH 2. C6 thé thay ALP giai phong tir cac hat t6 hop nano ACC xay ra theo 2
giai doan: giai phong nhanh trong 11 gio dau va sau dé 1a giai doan giai phong
cham, cé kiém soét.

+ ACC28-10 ACC55-10 ACC64-10 Allopurinol

1

Ham lrong thuéc giai phong (%)

Thot gian (gio)
Hinh 3.26. Do thi giai phong ALP cac hat to hop nano ACC va ALP tinh khiét
trong dung dich dém pH 2
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Ti & Car/C anh hudng dang ké dén kha ning giai phong ALP tir cac hat to
hop nano ACC trong dung dich dém pH 2. Ham luong ALP giai phong tir hat to
hop nano ACC28-10 sau 32 gid thir nghiém cao hon so véi cac hat to hop ché tao
Vé6i cac ti 1& Car/C khéac va ALP khong dugc mang bai cac polyme (thap, chi dat
15,87 %). Piéu nay do ham luong collagen trong mau ACC28-10 I6n dé bi cation
hoa va thuy phan trong méi truong pH 2, tir d6, giup ALP dugc giai phong.

Hinh 3.27 trinh bay ham lwong ALP giai phong tir cac hat t6 hop nano voi
ham lugng ALP khac nhau (ACC19-5, ACC19-10, ACC19-15) va mau ALP tinh khiét
trong dung dich dém pH 2. C6 thé thiy, ALP giai phong tir cac hat té hop nano
ACC ciing xay ra theo 2 giai doan: giai phong nhanh trong 1 gio dau va sau do 1a
giai doan giai phong cham, co kiém soat. Hat ALP dua vao hé to hop Car/C c6 kich
thudc nho hon so vai dang tinh khiét va dic biét 13 ton tai dang vo dinh hinh, nén
kha ning phan tan vao dung dich dém pH 2 tét hon. Mat khac, qua trinh phan hiy
va ra caa polyme nén gidp ALP duoc giai phong tir tir, do vay, ham luong ALP giai
phong tir hat t6 hop cao hon so v6i ham lwong ALP giai phong tir mau ALP tinh
khiét do. Ham luong ALP giai phdng tir hat t6 hop nano ACCA19-15 sau 32 gid thir
nghiém 16n hon so vdi cac hat t6 hop nano ACC ché tao voi cac ham luong ALP
khac nhau. Khi ting ham luong ALP trong hat t6 hop nano ACC, ham lugng ALP
giai phong ting. Diéu nay c6 thé do ¢ ham luong ALP Ién, ham lwong ALP trén bé
mat va gan bé mit hat nano ACC duoc giai phong cuc bo.

—+= Allopurinol ACCI19-10
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Hinh 3.27. Db thi giai phong ALP tir cc hat to hop nano CCA va miu ALP tinh
khiét trong dung dich dém pH 2
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3.3.6.2. Ham luwong ALP giai phong tir cac nano ACC trong dung dich dém pH 7,4
Hinh 3.28 trinh bay ham luong ALP giai phéng tir cac hat t6 hop nano
ACC28-10, ACC55-10, ACC64-10 trong dung dich dém pH 7,4. C6 thé thay su giai
phong ALP tir c4c hat to hop nano ACC (10 % ALP) ciing Xay ra theo 2 giai doan:
giai phong nhanh trong 11 gid dau va sau d6 1a giai doan giai phdng cham cé kiém soét.
Ti Ié Car/C anh huong dang ké dén kha ning giai phong ALP tir céc hat to
hop nano ACC. Sau 32 gio thir nghiém, ham luong ALP giai phong tir cac hat to
hop nano ACC28-10, ACC55-10, ACC64-10 trong dung dich dém pH 7.4 dat Ian
luot 84,391 %:; 52,898 %:; 55,254 %, lon hon dang ké so voi ham luong ALP giai
phong tir mau ALP tinh khiét (12,794 %). Sy giai phong ALP nhanh hon 14 do phan
bd kich thudc hat nho hon, thudc giai phong tir cac hat t6 hop nano Car/C dé dang
hon. Déng thoi, khi dugc mang bai t6 hop carrageenan/collagen, nhd cac twong tac
hydro va twong tac ludng cuc — ludng cuc giita thudc va cac polyme gidp thudc
duoc hap phu trong cac polyme va tang do tan cia thudc trong dung dich dém pH 7,4.

—— ACC28-10 —m- ACC55-10 ACC64-10 Allopurinol

Ham lwong thudc giai phong (%)

Thai gian (gie)

Hinh 3.28. Do thi giai phong ALP tir cac hat t6 hop nano ACC (ty 1é Car/C khac
nhau) trong dung dich dém pH 7,4
Ham luong ALP ban dau trong hat t6 hop nano ciing anh huong dén kha
nang giai phong ALP. Tuong tu nhu ¢ pH 2, 6 pH 7,4, ham lugng ALP giai phong
tir hat t6 hop nano ciing 16n hon dang ké so véi ham luong thubc giai phong tir
mau ALP tinh khiét (Hinh 3.29). Sau 32 gio thir nghiém, ham luong ALP giai
phdng tir cac hat t6 hop nano CCA19-5, CCA19-10, CCA19-15 trong dung dich

dém pH 7,4 déu 16n hon dang ké so v6i ham luong ALP giai phong tir cac mau
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tuong tng trong dung dich dém pH 2. Cu thé, sau 32 gio thir nghiém, ham luong
ALP giai phong tir cac hat té hop nano CCA19-5, CCA19-10, CCA19-15 trong
dung dich dém pH 7,4 dat lan luot 12 23,3 %; 24,4 %; 98,08 %. Trong cac ham
lugng ALP khao sat, mau hat té hop nano Car/C chta 15% ALP cho ham luong
ALP giai phong 16n nhat ¢ cung mot thoi diém thir nghiém so véi cac mau con lai.
Két qua nay cho thay ALP dugc mang boi cac hat t6 hop nano Car/C véi ham
lwgng thudc thap thich hop cho giai phong trong moéi truong acid tét hon moi
truong trung tinh. Diéu nay 1a do trong mdi trudng acid, co thé xay ra su trao d6i
jon gifta proton H* ctia méi trudng voi ion K (tic nhan tao gel) trong hat t6 hop
dan dén giam kha ning truong né cia gel carrageenan nén kha ning kiém soat giai
phong thube ciia hat t6 hop nano CCA giam, thudc giai phong vao dung dich
nhanh hon. O ham lugng 15 % ALP, thudc chu yéu dugc giai phong cuc bo. Do
ban chat ALP wa kiém nén trong dung dich dém pH 7,4, thuéc dugc giai phong

nhanh hon.

—+— ACCI19-5 ACC19-10 ACC19-15

Ham lwong thue giai phong (%)

Théi gian (gio)
Hinh 3.29. D6 thi giai phong allopurinol tir cac hat to hgp nano ACC (ham luong
ALP khéac nhau) trong dung dich dém pH 7,4
3.3.7. Mé hinh déng hec gidi phong allopurinol tir cac hat té hgp nano ACC
trong dung dich dém pH 2vapH 7,4
Muc 3.2.6 da dé cap tdi cac mo hinh dong hoc pho bién phan anh giai phong
thudc tir cac mang va hat to hop hoic hdn hop polyme mang thuéc. Phan anh qué
trinh giai phong ALP tir cac hat t6 hop nano Car/C/ALP ché tao & cac ham luwong
ALP khac nhau (5, 10 va 15 %) trong cac dung dich dém pH 7.4 va pH 2 dugc trinh
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bay trong 2 Bang 3.17 va Bang 3.18. C6 thé thdy dong hoc giai phéng ALP tir cac

hat t6 hop nano ACC trong dung dich dém pH 7,4 tuan theo mé hinh Higuchi con

trong dung dich dém pH 2 tuan theo md hinh Korsmeyer - Peppas.
Bdng 3.17. Hé s6 R? theo cac md hinh dong hoc giai phong ALP va ALP tir c4c hat td
hop nano ACC (ty 1€ Car/C khac nhau) trong cac dung dich dém pH 2 va pH 7,4

Mau ZO HG KMP
R R® N
pH 2
Allopurinol 0,862 0,956 0,988 0,157
ACC28-10 0,912 0,975 0,956 0,127
ACC55-10 0,896 0,956 0,926 0,099
ACC64-10 0,909 0,969 0,945 0,118
pH 7,4
Allopurinol 0,818 0,896 0,928 0,095
ACC28-10 0,933 0,975 0,936 0,123
ACC55-10 0,902 0,979 0,941 0,129
ACC64-10 0,932 0,979 0,985 0,138

Bing 3.18. H¢ s6 hdi quy (R?) theo cac md hinh dong hoc giai phong ALP tir cac hat

t6 hop nano CCA (ham luong ALP khac nhau) trong cac dung dich dém pH 2 va pH 7,4

~ ZO FO HG HC KMP
Méu 2 2 2 2 2
K R K R K R K | R K | R
pH 7.4
CCA19-5 | 2.10° [0,110| 0,020 [0,109| 2.10™ |0,185|8.10"[0,110|0,122 0,259
CCA19-10 | 6.10° [0,915| 0,032 |0,916| 5.10° | 0,868 2.10° | 0,915 (0,105 |0,731
CCA19-15| 10> [0,912| 0,009 |0,908| 8.10™ [ 0,908 | 4.10° 0,912 (0,594 |0,890
pH 2
CCA19-5 | 10° [0,648| 0,009 [0,753] 6.10° |0,890|4.10" | 0781 [0,173 0,948
CCA19-10 | 2.10° |0,622[0,0007 |0,573| 10™ [0,760]6.107[0,622|0,1780,906
CCA19-15| 0,169 [0,941| 0,004 0,936 0,002 [0,9392.10° 0,941 0,608 |0,953
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Tur két qud vé hiéu suat mang thuac, tinh chat nhiét, kich thiréc hat ALP ciing
nhw ham lhrong ALP gigi phong tir mang va hat té hop Car/C mang ALP, c6 thé
thay hat té hop ACC19-10 ¢6 CAC wu diém vurot tréi nhue hiéu suat mang thuoc dat
80,79 % (mang té hop cao nhdt 74,31 %), kich thudc hat nhé nhdt (170,92 nm),
ham lwong thudc gidi phong dat 60,08% so véi cac té hop c6 thanh phan khéac nén
thugn loi d@é ting sinh kha dung cua thuéc. Do dé, mdu ACC19-10 (10 %
carageenan, 90 % collagen va 10 % ALP (so véi khoi lwong téng cua hé polyme
Car/C)) duoc lya chon d@é tién hanh thi: nghiém in vivo trén co thé déng vt (chugt).
34. Thir nghiém in vivo st dung hat t hop nano
carrageenan/collagen/allopurinol trén co thé dong vat (chudt binh thwong va
chugt dwerc tiém phic mac potassium oxalat)

3.4.1. Xdc dinh djc tinh cdp ciia hat t6 hop nano carrageenan/collagen/allopurinol
trén chugt dwoc thir nghié¢m
3.4.1.1. Tinh trang chudt ¢ pha do liéu

Hinh anh chuét thir nghiém duoc udng hat t6 hop nano ACC19-10 sau 72 gio
duoc trinh bay trén Hinh 3.31.

Hinh 3.30. Hinh anh chudt sau 72 gi¢ uéng hat t6 hop nano ACC19-10

Két qua tir cac Bang 3.19 va Bang 3.20 cho thay sau 72 gio sau ubng hat to hop
nano ACC19-10 ¢ pha do liéu va pha tha doc tinh, chudt & cac nhém an udng, van
dong binh thudng, khéng cd cac du hiéu nhidm doc nhw non, tiéu chay, co giat hoic bi
chét. Nhu vay, hat to hop nano ACC19-10 & céc liéu thir nghiém khong gay ra doc tinh

cap tinh trén chuot.
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Bing 3.19. Tinh trang chudt sau 72 gio udng hat t6 hop nano ACC19-10 ¢ pha do liéu

STT Liéu Tinh trang chudt
1 200 mg/kg Binh thuong
2 500 mg/kg Binh thuong
3 1000 mg/kg Binh thuong
4 1500 mg/kg Binh thuong

Bing 3.20. Tinh trang chudt sau 72 gio udng hat t6 hop nano ACC19-10 ¢ pha thir

doc tinh
Dau hiéu Liéu 500 mg/kg | Liéu 1000 mg/kg | Liéu 1500 mg/kg
Van dong Binh thuong Binh thuong Binh thuong
An udng Binh thuong Binh thuong Binh thuong
No6n Khong Khéng Khéng
Tiéu chay Khdng Khéng Khéng
Co giat Khong Khéng Khéng
Chét Khong Khéng Khéng

3.4.1.2. Hinh anh dai thé va vi thé gan, thdn va ldch
Hinh anh dai thé cua gan, lach, than sau 72 gio ung hat to hop nano ACC19-
10 va mé hoc caa gan, lach va than caa cac nhém chudt udng hat to hop nano ACC19-

10 vai cac lidu khac nhau dugc thé hién trén cac Hinh 3.31 va Hinh 3.32.

7 T8 -8 18 A e

Hinh 3.31. Hinh anh dai thé cta gan, lach va than cta chuot sau 72 gio uéng hat t6
hop nano ACC19-10



Liéu
200
mg/kg

Liéu
1500
mg/kg

Gan Théan La lach
Hinh 3.32. M6 hoc gan, than va lach ctia chudt & cac nhom

Nhdn xét: tir c4c hinh trén ta nhan thay:

- Cé4c té bao gan khong bi thoai hoa, sip xép thanh van phé, thanh be, giira
chding cé xoang mach. Céac xoang mach nan hoa bi sung huyét nhe.

- Nhu mé than gém c6 viing vé va ving tiy, trong viing vo cé4c tiéu cau than
con rd cau trdc, cac té bao biéu mo éng than khong bi thoéi hoa.

Nhu mé lach c6 ving tiy do va ving tay tring. Vang tay tring ¢ cac nang
lympho véi dong mach bat 16ng & gitra. Vung tay do cac day Billroth con rd.

Nhdn xét chung: Hinh anh nhu mé gan, than va lach binh thuong. Hinh anh dai
thé va vi thé cua gan, than va lach sau 72 udng hat t6 hop nano ACC19-10 cho thiy
khong c6 ton thuong hinh thai (dai thé) va cau tric (vi thé) caa gan, than va lach.

T hop hat nano ACC19-10 khong gdy doc tinh cép tinh trén dong vat thuc

nghiém & céc lidu khao sat. Két qua nay phu hop véi cac bao céo vé doc tinh cap
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tinh cua ALP. Theo thong tin vé duoc phim ZYLOPRIM (hoat chat 1a ALP) cua
Cong ty duoc pham AA PHARMA, Canada thi liéu doc tinh LD50 cua ALP trén
chuot céng 14 I6n hon 1100 mg/kg va trén chudt nhat 1 16n hon 953 mg/kg. Tuong
tu, theo thong tin vé doc tinh caa ALP cua Cong ty Santa Cruz Biotechnology, lidu
LD50 theo dudng ubng trén chudt nhat 13 16n hon 1000 mg/kg. Nhu vay, hat té hop
nano chita ALP an toan va khong gay ra cac dong tinh cap tinh trén dong vat thyuc
nghiém. T6 hop hat nano ACC, ngoai thanh phan ALP, cac thanh phan carrageenan
va collagen déu duoc tach chiét tir nguon gbc tu nhién nén s& twong hop sinh hoc,
khong doc. nhu vay, san pham hat t6 hop nano ACC19-10 hoan toan an toan.

3.4.2. Xdc dinh déc tinh bdin trwong dién cha hat té hep nano
carrageenan/collagen/allopurinol trén chugt dwec thi nghiém

3.4.2.1. Tinh trang chung cua chuot

30 chuot cong trang chung Wistar (trong lwong 170-240g) do Trung tam
Pong vat, Hoc vién Quan y cung cap. Chudt duoc nudi trong phong thi nghiém
thoang mat vai chu ky sang/toi 24 gio va khdng han ché thirc an va nudc uéng.
Chudt duoc dua vé phong thi nghiém trudc khi thir nghiém 5-7 ngay dé 1am quen
véi moi truong méi. Moi qui trinh nghién cau tuén thi theo huéng dan chim séc va
sur dung dong vat thi nghiém cua Hoc vién Quan y.

Chuét duoc chia ngau nhién thanh 3 nhom:

- Nhém 1 (n=10): nhém chiing, chudt duoc cho udng nude mudi sinh Iy

- Nhém 2 (n=10): nhém tri 1, chudt duwoc udng to hop ALP gan véi
carrageenan/collagen véi liéu 200mg/kg (chtra 20mg/kg ALP).

- Nhém 3 (n=10): nhém tri 2, chudt dugc udng to hop ALP gin voi
carrageenan/collagen véi liéu 1000mg/kg (chira 100mg/kg ALP).

Sau 28 ngay udng hat t6 hop nano ACC19-10, chudt an uéng va van dong
binh thudng, khdng c6 cac dau hiéu nhidm doc nhu nén, tidu chay, co giat ma tinh
tao, 16ng muon, tang can.

Can nang cua chudt c6 xu hudng ting ¢ ca nhém chirng va nhém udng hat to
hop nano mang ALP (nhém tri 1 va nhom trj 2). Théng ké cho thay can nang chuot
sau 28 ngay udng thudc ting co ¥ nghia thong ké so véi trugc ubng thudc & ca
nhém chiing va nhém tri 1 va nhom tri 2 (p<0,01 va p<0,05) (Bang 3.21). Két qua
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nay cho thay ubng hat t6 hop nano ACC19-10 khong anh huéng dén sy phat trién

trong luong cua

chuot.

Bing 3.21. Can ning ctia cac nhom chudt trudc va sau udng hat t6 hop nano

ACC19-10 sau 14 va 28 ngay (gam)

Nhom Trudc (1) Sau 14 ngay (2) | Sau 28 ngay (3) P
Nhém chung | 204,99+ 21,84 | 223,90+ 20,18 233,63 23,05 | P3-1<0,05
Nhom tri 1 208,07+ 26,81 | 223,54+ 26,30 238,35+ 23,69 | P3-1<0,05
Nhém trj 2 201,49+ 21,85 | 219,62+ 16,70 234,01+ 13,58 | P3-1<0,01

P p>0,05 p>0,05 p>0,05

3.4.2.2. Cdc chi so huyét hoc cua chudt truoc va sau uéng hat t6 hop nano

Car/C/ALP

Cac chi sb huyét hoc gom s6 luong hong cau, nong do Hg, s6 luong bach cau

va s6 luong tiéu cau khdng khac biét co ¥ nghia thong ké gitra trude va sau udng hat
t6 hop nano ACC19-10 ciing nhu khong ¢ su khac biét gitra cac nhom nghién ctu
& tat ca thoi diém nghién ciu (p>0,05). Két qua nay cho thay hat t6 hop nano mang
ALP khdng anh huéng dén chirc nang tao mau trén dong vat thuc nghiém (Bang 3.22).

Bdng 3.22. Chi s6 huyét hoc ctia cac nhom chudt trudc va sau udng hat t6 hop nano

ACC19-10 sau 14 va 28 ngay

Nhém Truoc (1) Sau 14 ngay (2) |[Sau 28 ngay (3) P
S6 lwong hong cau (T/L)
Nhom chang 7,18+0,76 7,05+1,18 7,04+0,40 p>0,05
Nhém tri 1 7,12+0,87 7,05+0,63 7,10%0,69 p>0,05
Nhom trj 2 6,93+1,39 6,84+1,27 7,02+0,78 p>0,05
P p>0,05 p>0,05 p>0,05
Nong dé Hg (g/dl)

Nhoém chang | 132,50+10,50 130,40£12,57 132,50+9,64 p>0,05
Nhom tri 1 129,50+8,11 130,30+11,14 130,50+10,22 p>0,05
Nhom tri 2 129,60+6,40 129,40+6,74 129,80+4,64 p>0,05

P p>0,05 p>0,05 p>0,05
S6 lirong bach cau (G/L)
Nhom chirng 7,87+1,89 7,74+1,16 7,88+1,95 p>0,05
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Nhom tri 1 7,87+2,08 7,88+2,29 7,83+1,28 p>0,05
Nhom tri 2 7,71+1,92 7,76+1,47 7,83+2,09 p>0,05
P p>0,05 p>0,05 p>0,05
So liong tiéu cau (TC/mL)

Nhom chiing | 764,40+244,89 | 785,80+247,02 | 788,60+261,29 | p>0,05
Nhomtril | 768,20+209,37 | 790,80+233,30 | 766,20+201,79 | p>0,05
Nhomtri2 |779,70+284,57 | 762,60+262,10 | 767,10+264,71 | p>0,05

P p>0,05 p>0,05 p>0,05

3.4.2.3. Cdc chi s6 sinh héa cia chudt trudc va sau uéng hat t6 hop nano
Car/C/ALP

Bang 3.23 thé hién céc chi s hoa sinh caa chudt trude va sau khi uéng hat to
hop nano ACC19-10 sau 14 va 28 ngay. Nong do cac men gan (AST va ALT) ciing
nhu men than (ure va creatinin) trong huyét tuong khong c6 sy khac biét gitra trudc
va sau uéng hat t6 hop nano ACC & tat ca cac nhom nghién ciru ciing nhu khong ¢
su khac biét co ¥ nghia thong ké giira ca&c nhdém nghién cau & ca trudc va sau udng
hat t6 hop nano ACC19-10 sau 14 va 28 ngay (p>0,05). Két qua nay cho thay hat t6

hop nano mang ALP khong anh hudng dén chirc ning gan va than trén dong vat

thuc nghiém.

Bdng 3.23. Cac chi s6 sinh hoa cua chudt trude va sau uéng hat t6 hop nano

ACC19-10 sau 14 va 28 ngay

Nhém Trudc (1)  |Sau 14 ngay (2) |Sau 28 ngay (3) P
Nong dg AST (UI/L)
Nhom chirng 69,90+7,50 70,60+12,47 71,10£11,64 p>0,05
Nhom tri 1 69,50+14,37 69,60+11,25 69,10+12,07 p>0,05
Nhom tri 2 69,70+7,78 69,30+8,31 69,10+10,63 p>0,05
P p>0,05 p>0,05 p>0,05
Nong dé ALT (UI/L)

Nhém ching 105,00+6,25 104,10+6,94 103,60+3,34 p>0,05
Nhom tri 1 107,50+8,96 107,90+8,09 107,60+7,53 p>0,05
Nhom tri 2 106,90+9,97 108,10+7,23 | 107,40+10,39 p>0,05

P p>0,05 p>0,05 p>0,05
Nong dé Ure (mmol/L)
Nhom chirng 5,53+0,62 5,76+0,61 5,83+0,60 p>0,05
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Nhém trj 1 5,63+1,30 5,77+0,72 5,85+0,96 p>0,05
Nhém trj 2 5,84+0,57 5,87+0,67 5,69+0,68 p>0,05
P p>0,05 p>0,05 p>0,05
Nong dé Creatinin (umol/L)

Nhoém chiing 63,80+5,37 63,30+6,55 62,90+4,28 p>0,05
Nhém trj 1 62,70+6,82 63,50+5,70 62,50+8,25 p>0,05
Nhém trj 2 62,90+8,52 63,40+6,47 63,60+6,52 p>0,05

P p>0,05 p>0,05 p>0,05

3.4.2.4. Trong lwong gan, than lich cua chuot sau khi uéng hat t6 hop nano
Car/C/ALP

Trong luong gan, than va lach cua chudt sau 28 ngay udng hat to hop nano
ACC19-10 khéng c6 su khéc biét c6 y nghia thong ké giira voi cac nhém nghién
ctru khéc. Két qua nay cho thay t6 hop hat nano mang ALP khong Iam bién déi kich
thudc cua gan, than va lach trén dong vat thuc nghiém (Bang 3.24).

Bing 3.24. Trong luong gan, than va lach cua chudt sau uéng hat to hop nano
ACC19-10 sau 28 ngay

Nhom Gan (gram) Than (gram) Lach (gram)
Nhém chung 8,83£1,50 1,38+0,35 0,62+0,09
Nhém tri 1 8,87+2,42 1,48+0,35 0,62+0,16
Nhom tri 2 8,94+2,28 1,54+0,31 0,62+0,08

P p>0,05 p>0,05 p>0,05

Hinh anh vi thé cia gan, than va 14 lach cta chudt trén Hinh 3.33 cho thay:

- Céc bé gan va tiéu thuy gan binh thuong, khdng cd, thoai hoa, xam nhap
viém, tinh mach trung tam khdng gian, khéng xung huyét.

- Nhu md than gém c¢é viing vé va viing tay, trong viing vo cac tiéu cau than
con rd cau tric, cac té bao biéu md ng than khéng bi thoai hoa.

- Nhu mé lach c6 vung tay do va ving tay trang. Vng tay tring c6 cac nang
lympho véi dong mach bat 16ng ¢ gitra.

Nhu vay, hinh anh nhu mé gan, than va lach binh thuong & tat ca cac nhom
chuot nghién ciu cho thiy té hop hat nano ACC19-10 khong giy doc tinh ban

truong dién trén dong vat thuc nghiém.
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3.4.3. Khdo séat tac dung cia hat té6 hep nano carrageenan/collagenallopurinol dén

sw gidm néng dé urat/acid uric trong mau cia cac nhém chugét duwoc thie nghigm
3.4.3.1. Sw thay déi cdn ndng va ty 1é chudt chét ciia cac nhdm chudt trong qud
trinh thi nghiém

Bang 3.25 thé hién sy thay d6i vé& can ning va ty 1& chudt chét cua cac nhom
chuét. Trong qua trinh thir nghiém, khdng c6 chudt chét chi gdy mé hinh ting acid uric
mau ciing nhu dénh gia tac dung cua hat to hop nano Car/C/ALP. Nhu vay, mé hinh
tang acid uric trén chudt sir dung potassium oxalate la an toan. Can nang cua cac nhém
chudt sau khi diéu tri bai cac hat t6 hop nano mang ALP so véi trude diéu tri 1a khong
c¢6 y nghia thong ké & tat ca cac nhdm chudt nghién cau (p>0,05). So sanh can ning
gitta cac nhom chudt nghién ciu, khong ¢ su khac biét c6 y nghia théng ké gitra cac
nhém chudt nghién ciru & ca trude va sau diéu tri (p>0,05). Két qua nay chang té hat to
hop nano mang ALP khéng anh hudng dén qua trinh sinh truéng cua chudt thir nghiém.

Bdng 3.25. Can ning va s6 chudt chét caa cac nhom chudt trude va sau khi ubng 7 ngay

Trudc Sau udng thudc 5 S6 chuot
uéng thube 7 ngay chét
Nhom ching trang |~ 5 704 150 | 20584154 | 0,05 0
(n=60)
Nhém chirng bénh 20,59 + 1,85 20,24 +1,70 p>0,05 0
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(n=60)
Nhom allopurinol

20,54 + 1,48 20,31 + 1,60 p>0,05 0
(n=60)
Nhém nano-

+ + >
allopurinol (n=60) 20,55+1,29 | 20,55+ 1,50 p>0,05 0
P p>0,05 p>0,05

3.4.3.3. Gid tri nong do acid uric mdu & cdc nhém nghién ciru

Bang 3.26 thé hién nong do acid uric mau caa chudt & cac nhém nghién cau.
Nhom chiing tring c6 ndng do nay dao dong trong khoang 40 ~ 77 umol/L véi gia
tri trung binh 1a 67,32 + 8,22 umol/L. Nong d6 acid uric mau cua chudt & cac thoi

diém tha nghiém tuong dong véi nhau.
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Bing 3.26. Nong do acid uric & nhom chudt ching tring; chimg bénh; udéng ALP va nano-ALP

Nhom chirng trang Nhom chang bénh Uong ALP Uong nano-ALP
, Khoang dao Khoang dao Khoang Khoang dao
Thoi dieém
dong TB (umol/L) dong TB (umol/L) | dao dong TB (umol/L) dong TB (umol/L)
(umol/L) (umol/L) (umol/L) (umol/L)
Sau 1 gio
(1=10) 49 + 76 66,90 + 9,82 88 + 133 97,6 + 15,90 50 + 88 71,60 £ 12,64 50 + 81 66,80 £ 9,92
n=
Sau 2 gio
(1=10) 50 + 77 66,80 + 8,53 86 + 133 105,70 £ 19,35 | 55+ 88 74,80 £ 10,77 50 + 83 69,90 + 8,49
n=
Sau 4 gio
(1=10) 58 + 77 68,60 £ 5,15 88 + 170 123,60 £ 28,45 | 50 + 97 76,70 £ 17,02 58 + 75 68,50 + 4,95
n=
Sau 8 gio
(1=10) 40 + 75 67,30 £ 10,45 88 + 160 119,50 £27,80 | 59 +108 | 86,60 = 15,57 59 + 85 73,70 £ 8,27
n=
Sau 16 gio
(1=10) 45+ 75 66,90 £ 9,82 88 + 146 112,20 £18,18 | 89 +165 | 115,70 £ 26,27 55+ 110 | 83,40+ 16,17
n=
Sau 24 gio
(1=10) 55+ 76 67,4 + 6,40 82 + 147 106,9 + 25,20 | 81 +145 | 112,20 +£21,36 88 +132 | 101,1+13,20
n=
Tong hop 40 + 77 67,32 £ 8,22 82 +170 110,92 £23,70 | 50+ 165 | 89,60 + 24,94 50+132 | 77,23 £15,88
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O nhém chiing bénh (gdy mé hinh ting acid uric mau): Nong d6 acid uric dao
dong trong khoang 82 + 170 umol/L véi gia tri trung binh 1a 110,92 + 23,70 umol/L.
C6 su khéc nhau vé nong do acid uric mau cua chudt & céc thoi diém sau udng
potassium oxalate va uéng nuéc mudi sinh Iy. C6 thé thay ndng d6 acid uric ting cao
nhat sau 4 gio uéng K,C,0, va ubng nudc mudi sinh 1y, sau d6 giam nhe & céc thoi
diém tiép theo.

Nong d6 acid uric mau & chudt nhém ALP (duoc udng All) c¢6 khoang dao
dong 1a 50 + 165 pumol/L véi gia tri trung binh 1a 89,60 + 24,94 pumol/L, c6 xu
huéng tang dan sau thoi gian udng ALP, ting gan tuong duong v4i nhém chiing
bénh & thoi diém sau udng ALP 16 gid va 24 gio.

Véi nhém chudt udng hat té6 hop nano-ALP (hat to hop nano Car/C/All)
ndng d6 acid uric mau dao dong khoang 50 = 132 pumol/L v&i gia tri trung binh la
77,23 + 15,88 pmol/L. Nong d6 acid uric ¢ céc thoi diém tir sau ubng hat to hop
nano mang allopurinol 1 gio, 4 gio va 8 gio twong duong véi nhém chudt binh
thuong. Sau 16 gio va 24 gio nong d6 acid uric trong mau ¢ chudt uéng hat t6 hop
nano mang ALP ting cao hon so véi chudt nhém chang trang nhung thap hon so
véi chudt gdy mo hinh tang acid uric.
3.4.3.4. Ty I¢ acid uric tang ¢ nhdm chugt gay mé hinh so véi nhém chiing treng

Nong d6 acid uric mau ciia nhdm chuot sau khi udng K,C,0,dé gay mé hinh
tang acid uric ting trung binh khoang 1,65 + 0,13 lan. O céc thoi diém thir nghiém
khac nhau, mic tang acid uric caa nhém udng K,C,0, ting dao dong tir 1.46 dén
1.80 lan so vai ting nong do6 acid uric & nhém chudt binh thuong (Bang 3.27).

Bang 3.27. Ty 1€ acid uric tang & nhom chudt sau uéng K5C,04

Thoi diém Ty I¢ ting trung binh
Sau 1 gio (n=10) 1,46
Sau 2 gio (n=10) 1,58
Sau 4 gio (n=10) 1,80
Sau 8 gio (n=10) 1,78
Sau 16 gio (n=10) 1,68
Sau 24 gio (n=10) 1,59
Trung binh 1,65+ 0,13
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3.4.3.5. Ty I¢ acid uric giam ¢ nhém uéng hat t6 hop nano mang ALP so véi nhém
gay mo hinh

Mtic d6 giam ndng do acid uric mau & nhdm chudt ubng ALP sau 1 gio dén
8 gio udng dao dong tir 26,64 % dén 37,94 %, sau 16 gio va 24 gio khong thay
giam. Piéu nay do ndng d6 ALP dat dinh sau 2 — 6 gio sau khi udng va thoi gian
thai trir caa ALP ra khoi huyét twong sau 15 gi¢ sau khi uéng. Mac do giam nong
d6 acid trung binh 13 18,88 + 18,21 %. Trong khi, & nhém chudt udng hat t6 hop
nano Car/C/ALP, mic d6 giam ndng d6 acid uric mau ¢ céc thoi diém sau udng
thudc déu nhiéu hon so voi nhdm udng ALP. Muc d giam nong do acid uric mau &
nhom chudt udng hat to6 hgp nano ACC19-10 1a 29,90 + 13,58 % (Bang 3.28). Nhu
vay, két qua nay cho thay hat t6 hop nano ACC19-10 & cting ham luong diéu tri c6
tac dung lam giam nong d6 acid uric trong mau chudt manh hon so véi nhém chuot
uéng ALP.

Bang 3.28. Ty 1¢ giam acid uric mau ¢ c&¢ nhom chudt

Thoi diém Nhom ALP Nhom nano-ALP
Sau 1 gio 26,64 % 31,56 %
Sau 2 gio 29,23 % 33,87 %
Sau 4 gio 37,94 % 44 58 %
Sau 8 gio 27,53 % 38,33 %
Sau 16 gio 3,11 % 25,67 %
Sau 24 gio -4,95 % 5,43 %
Trung binh 18,88 + 18,21 % 29,90 + 13,58 %

3.4.3.6. Su khdc nhau vé néng dé acid uric giita cdc nhém chudt nghién ciru

Nong do acid uric & nhém chiing bénh (gay mé hinh) cao hon c¢é ¥ nghia
thong ké so vai nhom chang trang (chudt binh thuong) véi p<0,001 & tat ca thoi
diém nghién ctu. Nong d6 acid uric & nhém diéu tri bang ALP va hat t6 hop nano
Car/C/ALP thip hon cé ¥ nghia thdng k& so véi nhém ching bénh tir sau uéng
thudc tir 1 gio dén 8 gid (d6i véi nhom udng ALP) va dén 16 gio (d6i véi nhom
udng hat t6 hop nano carrageenan/collagen/ALP) véi p<0,001). Nong d6 acid uric
méu & nhém udng hat t6 hop nano ACC19-10 thap hon ¢ y nghia thong ké so Vi
nhém udng ALP & thoi diém sau uéng thudc 16 gio (Hinh 3.34).
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Hinh 3.34. Su khéc nhau vé ndng d6 acid uric giita cac nhom chudt nghién ctru
NP

Trong dé tai nay, mo hinh ting acid uric méau bang udng dung dich
Potassium oxalate 250 mg/kg pht hop véi muc dich nghién ctru. Bé gy mé hinh
nay, chudt da duoc ubng potassium oxalate ham lugng 250 mg/kg trong 7 ngay theo
phuong phap ctia Wang va cong su (2016) [169]. Sau 7 ngay ubng potassium
oxalate, ham luwong 250 mg/kg, ndng d6 acid uric & nhdm chudt udng potassium
oxalate cao hon c6 y nghia thong ké so véi nhém chudt binh thuong (uéng nudc
mubi sinh 1Y) voi muc ting acid uric dao dong khoang 1,46 — 1,80 lan. Mic ting
nay la twong duong véi mic tang acid uric mau khi gdy mo hinh tang acid mau cua
chuot bang potassium oxalate & cac nghién ctu trude day [169 — 173]. Pac biét,
muc ting acid uric dao dong trong khoang tuong d6i hep & céc thoi diém sau khi
udng potassium oxalate tir 1 gio dén 24 gio. Nhu vay, mo hinh ting acid uric trén
chuét thuc nghiém twong ddi 6n dinh, dam bao danh gia duoc tac dung giam acid
uric mau cuaa hat t6 hop nano Car/C/ALP. Véi thoi gian thir nghiém ngan, md hinh
tang acid uric cua chudt sir dung potassium oxalate liéu 250 mg/kg trong 7 ngay lién
tiép 1a an toan va phu hop.

Trén mé hinh ting acid uric mau bang potassium oxalate, két qua danh gia
tac dung ha acid uric mau caa cac nhém chudt cho thiy nong do acid uric mau ¢
nhém ubng hat t6 hop nano Car/C/ALP kéo dai hon so véi nhém udng allopurinol.
Nhu vay t6 hop nano Car/C/ALP c6 hiéu qua tét && mang allopurinol, kiém soat qua
trinh hap thu va giai phong allopurinol tir mang va hat t6 hop Car/C/ALP.

Tir két qua nay, NCS s& tiép tuc nghién ciru dé ung dung to hop Car/C/ALP
trén l[&m sang nham tang tac dung ha acid uric mau cua ALP trong thoi gian toi.



115

KET LUAN

1. Pa lwa chon duoc diéu kién thich hop dé trich ly collagen tir hdn hop vay
c& thudc ho ca chép — Cyprinidae (¢ Viét Nam). Bing cac tac nhan kiém va acid
thich hop, collagen dugc tach bang dung dich CHsCOOH 0,5 M, dugc két tua bang
NaCl. Tham tich collagen trong 48 gid thu dugc collagen tinh loai I, ¢6 chira cac
chudi al, o2 va B; dang soi (duong kinh 0,5-1 pm); nhiét do bién tinh 32,3 °C; chtra
18 acid amin.

2. Pi ché tao dugc mang td6 hop carrageenan/collagen/allopurinol
(Car/CIALP), str dung KCl1 (1% so véi khéi lwong Car) dé tao gel. Ty 1¢ Car/C thich
hop 95/5. Hat ALP phén tan trong hon hop Car/C véi kich thudc khoang 50 — 100
nm, tuong tac trong t6 hop la lién két hydro, twong tac ludng cuc — ludng cuc va
tuong tac tinh dién.

3. Pa ché tao dugc hat t6 hop nano carrageenan/collagen/allopurinol
(Car/C/IALP) & cac ty 18 Car/C va ham luong ALP khac nhau bang phuong phap gel
— jon hda. Ty 1& Car/C thich hop cho hat t6 hop nano Car/C/ALP c6 kich thudc nhod
nhat & 10/90.

4. Két qua xac dinh ham lugng ALP giai phdng tir cAic mau mang va hat t6
hop Car/C/ALP trong cac dung dich md phong dich da day (pH 2), dich ruét (pH
7,4) cho thay ring cac giai doan, ham luong ALP giai phong tir cc cé4c hat to hop
nano déu I6n hon so véi tir mau ALP tinh khiét (cao hon 3,27 — 7,25 lan). Qué trinh
giai thudc ALP tir hat t6 hop tuan theo 2 giai doan: giai doan giai phong nhanh va
giai doan giai phong cham, c6 kiém soat. Sau 32 gio thir nghiém, ham luong thude
ALP giai phdng tir cac mau hat t6 hop ché tao ¢ cac diéu kién khac khau trong dung
dich dém pH 2 dat tir 19,647 — 67,650 %, trong dung dich éém pH 7,4 dat tir 23,330
— 98,082 %.

5. Qua trinh giai phong ALP tir cd&c mang té hop Car/C/ALP trong cac dung
dich ¢ém pH 2 va pH 7,4 cha yéu tuan theo mé hinh Kosmeyer — Peppas Vi hé s6
khuéch tan n = 0,361. Qua trinh giai phdng ALP tir cac hat t6 hop nano chi yéu tuan
theo md hinh Kosmeyer- Peppas voi hé s6 khuéch tan n = 0,1863 (trong pH 2) va mo
hinh Higuchi (trong pH 7,4).
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6. Hat to hop nano Car/C/ALP ¢ liéu pha thtr nghiém téi da 1500 mg/kg da
khéng gay doc tinh cap tinh trén chudt thir nghiém. Hat t6 hop nano Car/C/ALP voi
2 lidu 200 mg/kg va 1000 mg/kg, tha nghiém trong 28 ngay trén chudt cong trang
khong anh huong dén chirc ning tao mau, ciu tric va chic ning cua gan, than va
lach. Hat t6 hop nano Car/C/ALP 14 an toan véi liéu da thir nghiém. Hat nano mang
allopurinol 1am giam ndng dé acid uric trong mau chudét manh hon so véi chuét

duoc lam tang acid uric, chudt udng ALP.

KIEN NGHI
1. Nghién ctru, xay dung mé hinh trich ly collagen tir vy ca nudc ngot mién
Bic Viét Nam theo quy mé pilot va dinh hudng san xuat quy mo cong nghiép.
2. Nghién ciru bao ché va thir nghiém 1am sang tién t6i tmg dung thudc trén
co so hat t6 hop nano Car/C/ALP = 10/90/10 vao diéu tri giam lwgng acid uric mau

trong diéu tri bénh gut.
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NHUNG PONG GOP MGI CUA LUAN AN

ba xay dung duoc quy trinh trich ly collagen tir vay ca nudc ngot (6 Viét
Nam). Collagen thu duoc la collagen tinh loai I, c6 chira cac chudi al, o2 va
B, dang sqi v6i duong kinh sgi 0,5-1 pm, nhiét do bién tinh 32,3 °C.

Di ché tao thanh cdng mang va hat t6 hop carrageenan/collagen/allopurinol
(Car/C/ALP). Cac mang té6 hop cd hiéu suat mang allopurinol 28,35 —
78,03%, tly thudc vao diéu kién ché tao, trong khi cac hat to6 hop cd hiéu
suat mang ALP cao hon 27,11 — 80,79%.

Tim duoc md hinh Korsmeyer-Peppas thich hop nhit dé phan &nh qua trinh
giai phong ALP tir mang to hop va céc hat to hgp nano Car/C/ALP pH 2 va
pH 7.4,

Tur két qua thir nghiém in vivo trén chudt st dung hat té hop nano Car/C/ALP
khing dinh hat t6 hop c6 tac dung ha acid uric trong mau va khong gay doc
va tac dung phu véi lidu thir nghiém (200 mg/kg, 1000 mg/kg va 1500
mg/kg).
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X BO Y TE
S\ VIEN KIEM NGHIEM AN TOAN VE SINH THUC PHAM QUOC GIA
NATIONAL INSTITUTE FOR FOOD CONTROL (NIFC)

B 20631 11l Fum 542919398738 * Websiie: www.nife.gov.vn
| S6° 21710/PKN-VKNQG PHIEU KET QUA KIEM NGHIEM
TEST REPORT
1. Tén mau: Collagen
2. Ma s6 mau: 10174857/DV.1
3. M t& mau: M&u dang Iéng dung trong 8ng nhua nép kin, tén mau viét tay dan trén

&ng, 13ml/mau. - S8 lugng: 1
NSX - HSD: Khong c6 ; Khéng c6 méu luu

4. S6 lugng mau: 01 mau

5. Thoi gian lvu mau: Khéng cé

6. Ngay 18y mau: Khéng cé

7. Ngay nhan mau: 23/10/2017

8. Thai gian thtr nghiém: ~ 23/10/2017 - 02/11/2017
9. Noi gtti mau: Nguyén Thay Chinh

Dia chi: Nha A12 - S§ 18 Hoang Qudc Viét
10. Két qua thir nghiém:  Chi tiéu Hoa ly

STT Tén chi tiéu BPon vi Phuong phéap the Két qud
10.1"| Ham lugng Acid aspartic mg/mL H.HD.QT.046 (HPLC) 0,099
10.2° | Ham lugng Acid glutamic mg/mL H.HD.QT.046 (HPLC) 0,550
10.3" | Ham lugng Alanine mg/mL H.HD.QT.046 (HPLC) 0,218
10.4" | Ham lugng Arginine mg/mL H.HD.QT.046 (HPLC) 0,425
10.5" | Ham lugng Cystine mg/mL H.HD.QT.046 (HPLC) 0,059
10.6° | Ham lugng Glycine mg/mL H.HD.QT.046 (HPLC) 0,140
10.7" | Ham luong Histidine mg/mL H.HD.QT.046 (HPLC) 0,047
10.8" | Ham lugng Isoleucine mg/mL H.HD.QT.046 (HPLC) 0,022
10.9" | Ham lugng Leucine mg/mL H.HD.QT.046 (HPLC) 0,039
10.10°| Ham luong Lysine mg/mL H.HD.QT.046 (HPLC) 0,043
10.11°| Ham lugng Methionine mg/mL H.HD.QT.046 (HPLC) 0,020
10.12°| Ham lugng Phenylalanine mg/mL H.HD.QT.046 (HPLC) 0,028
10.13°| Ham lugng Proline mg/mL H.HD.QT.046 (HPLC) 0,487
10.14°| Ham lugng Serine mg/mL H.HD.QT.046 (HPLC) 0,357
10.15°| Ham lugng Threonine mg/mL H.HD.QT.046 (HPLC) 1,704
10.16°| Ham luwgng Tyrosine mg/mL H.HD.QT.046 (HPLC) 0,007
10.17°| Ham luong Valine mg/mL H.HD.QT.046 (HPLC) 0,026
10.18| Ham luong Tryptophan mg/mL H.HD.QT.112 (HPLC) 0,012
10.19°| Ham luong Collagen mg/mL H.HD.QT.205 (HPLC) 0,290
Ha Noi, ngay 02 thang 11 nam 2017
TUQ.VIEN TRUONG
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“\ThS.Nguyéh Thi Thanh Huysn

1. Cdc két qud thit nghiém ghi trong phiéu nay chi c6 gid tri doi véi mau thi nghiem X i
2. Khéng duge trich ddn mot phdn phiéu két qud thit nghiém néu khong cé su déng ¥ bang van ban ctia Vién Kiém nghiém ATVSTPQG
3. Théng tin vé méu va khdch hang dugc ghi theo yéu cau cia noi gii mau
4. Chi tiéu ddanh ddu * la chi tiéu duge cong nhan VILAS

5. Khong nhdn khiéu nai trong truomg hop khéng c6 méau haw hode hét thoi han luu mdu theo quy dinh Trang 1/1

PL4. Két qua phan tich ham leong acid amin trong collagen tir vdy cd nuéc ngot
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PL5. Phé HPLC phan tich mét sé acid amin trong collagen tir vay ca

309 Nha A10 Phong Héa sinh Protein
18 Hoang Quéc Viét, Vién Cong ngh¢ Sinh hoc
Cau Gidy, Ha Ngi, Viét Nam Vién Han ldm Khoa hoc va Cong nghé Viét Nam

DT: 024 37561903
Email: lethao@ibt.ac.vn

KET QUA PHAN TiCH NHAN DIEN PROTEIN

S6 lugng mau: 2
Ngay nhan mau: 12/2018
Dic diém mau: mot mau protein dang kho va mot mau protein dang dung dich

Phuong phap phan tich: Phén tich nhén dién protein bing céc phuong phap xu ly mau,
thuy phén protein bang trypsin. sdc ky long nanoLC-MS/MS va phan tich Tin sinh hoc.

Protein: hypothetical protein cypCar_00045321, partial [Cyprinus carpio] vdi khoi lugng
115674 (Da) tuong tu nhu Collagen alpha-2(I) chain (Oncorhynchus mykiss) dugc nhéan
dién véi diém s6 cao nhat.

Ha Noi. ngay 23 thang 01 nam 2019

Xic nhan caa don vi Nguoi bao cao
Truong phong Hoa Sinh Protein

%/

Lé Thi Bich Thao

PL6. Két qua nhdan dién protein (collagen) tir vdy cd nudc ngot



PL7. Cac logi protein khdc trong collagen thu dwroc tir hon hop vay ca

4.PL

1/ Protein: hypothetical protein cypCar_00045321, partial [Cyprinus carpio]

+ S protein trong co s¢ dit liéu: KTF73577.1

+ Piém s protein:
+ Khéi lugng (M,) (Da): 115674
9,18

+ pI duoc tinh toan:

+ Trinh ty acid amin:

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201

MGPQGFQGHA
VPGAQGARGF
GTPGQRGARG
PGAPGPKGEI
AKGAAGTPGV
GVKGEPGSSG
TGTPGARGPP
RSGPPGPTGP
GNNGPAGPVG
IHGSDSTQLM
KGERGNPGPA
AAGMPGERGT
GANGDKGETG
RGEKGPAGGK
FPGAAGRVGP
GPPGLAGEKG
PGAVGEPGRV
RPGAAGLKGD
GPAGAVGARG
SGDSGPAGIA
PSGPPGSPGL
LNTQIENLLS
KAYCDFSTGQ
DETLSPQSMA
LQGSNDVELR

GEPGEPGQAG
PGTPGLPGMK
LPGERGRVGP
GPAGPTGPPG
AGAPGFPGPR
PQGPPGPSGE
GDAGRAGEPG
RGQPGNIGFP
LAGAPGEKGE
QFLVHLHNTG
GASGAQGPIG
AGTPGPKGEK
SFGPPGPAGP
GDAGPPGPAG
PGPAGIVGPP
SPGEAGPAGA
GPAGAPGPRG
RGEPGSPGTA
APGPAGPRGE
GPAGPRGPAG
PGPAGPAGGG
PEGSKKNPAR
TCIHPHPESI
TQLAFMRLLA
AEGNSRFTFS

318

AVGSRGPPGP
GHRGYTGLDG
SGPAGARGAD
PQGQRGEPGT
GGPGPQGPSG
EGKRGSTGEQ
LVGARGLPGS
GPKGASGEAG
QGPSGAPGFQ
CIVSCKSLQI
ARGVAGTPGP
GELGYRGLEG
RGSPGERGES
PVGNTGPLGA
GLTGAPGKDG
PGSAGPQGQL
PIGNIGMPGM
GPVGAPGPNG
KGVAGDKGER
PNGPPGKDGS
YDTSGGYDEY
TCRDIRLSHP
PRKNWYRGSQ
NQAVQNITYH
VLEDGCS

PGKNGDDGNN
RKGEPGAAGL
GNTGPAGPAG
NGAVGPVGPP
ASGPRGLAGD
GPTGAVGLRG
PGSSGPPGKE
KPGEKGPSGP
GLPGPAGPVG
FNISQQGIPG
DGNKGEPGAA
NAGRDGARGA
GPAGPSGFAG
AGPAGPPGAR
PRGARGDVGP
GSQGFSGLPG
TGPQGEAGRE
PSGAVGRPGN
GMKGLRGHPG
NGMPGAIGPP
RADQASLRAK
EWSSGFYWID
EKKHIWFGET
CKNSIAYMDA

GRPGKPGDRG
KGENGAAGSN
PLGAAGPPGF
GNPGANGING
PGPVGVKGDA
PRGMPGARGA
GPVGLPGQDG
TGLRGLPGPD
EAGKPGDRVS
DQGVSGPAGV
GAAGAPGHQG
PGPSGPPGPA
PPGADGQTGQ
GDSGPPGLTG
AGPPGENGLI
SRGDRGLPGG
GSPGNDGPPG
RGESGPSGSV
LQGMPGPNGH
GHRGPPGHVG
DYEVDATIKS
PNQGCAMDAI
INGGTEFGYN
ENGNLKKAVL



5.PL

+ Pho MS/MS cua cdc manh peptide da duoc nhan dién dién hinh:

MS/MS Fragmentation of RGSTGEQGPTGAVGLRGPR
Found in KTF73577.1 in NCBIprot, hypothetical protein cypCar_00045321, partial [Cyprinus carpio]

Match to Query 306: 1851.984372 from(618.335400,3+) intensity(248870.0000) index(58)
Data file 2019-0116_SampleC .pkl
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MS/MS Fragmentation of AGEPGLVGAR
Found in KTF73577.1 in NCBIprot, hypothetical protein cypCar_00045321, partial [Cyprinus carpio]
Match to Query 62: 925 501448 from(463.758000,2+) intensity (825753 9000) index(70)
Data file 2019-0116_SampleC._pkl
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MS/MS Fragmentation of GPIGNIGMPGMTGPQGEAGR
Found in KTF73577.1 in NCBIprot, hypothetical protein cypCar 00045321, partial [Cyprinus carpio]
Match to Query 326: 1927.891848 from(964.953200,2+4) intensity(606425.1000) index(128)
Data file 2019-0116_SampleC.pkl
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2/ Protein: collagen type | alpha 2 [Carassius auratus]
+ S protein trong co so dit liéu: BAG72201.1
+ Piém sd protein: 294
+ Khdi lugng (M,): 127652
+ pl duogc tinh toan: 941

+ Trinh ty acid amin:
1 MLSFVDTRIL LLLAVTSYLA  SCQSGLRGPK  GPRGERGPKG  PDGKPGRPGH

51 PGPPGPPGPP GLGGNFAAQY  DGAKGPEPGP GPIGLMGPRG PSGPPGAPGP



101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351

QGFQGHAGEP
AQGARGFPGT
GQRGARGLPG
PGPKGEIGAA
AAGTPGVAGA
GEPGSSGPQG
AGRSGPMGMP
PPGKEGPVGP
GPAGPTGLRG
AGPVGEAGKP
PAGTPGPDGN
GYRGLEGNAG
PGERGESGPA
NTGPLGAAGP
GAPGKDGPRG
AGPQGQLGSQ
NIGMPGMTGP
GAPGPNGPSG
AGDKGERGMK
PPGKDGSNGM
SGGYDEYRAD
DIRLSHPEWS
NWYRGSQEKK
VONITYHCKN
DGCSRHTGQW
FK

GEPGQAGAVG
PGLPGMKGHR
ERGRVGPSGP
GPTGPSGPQG
PGFPGPRGGP
PPGPSGEEGK
GARGATGSPG
SGQDGRSGPP
LPGPDGNNGP
GDRGIPGEQG
KGEPGAAGAA
RDGARGAPGP
GPSGFAGPPG
AGPPGARGDS
ARGDVGPAGP
GFNGLPGSRG
QGEAGREGSP
AAGRPGNRGE
GLRGHPGLQG
PGAIGPPGQR
QGSLRAKDYE
SGFYWIDPNQ
HIWFGETING
SIAYMDAENG
SKTVIEYRTN

6.PL

SRGPPGPPGK
GYTGLDGRKG
AGARGADGNT
QRGEPGTNGA
GPQGPSGASG
RGSTGEQGAT
ARGPPGDAGR
GPTGPRGQPG
AGPVGLAGAP
ASGPAGVKGE
GGPGHQGAAG
SGPPGPAGAN
ADGQTGQRGE
GPPGLTGFPG
PGENGLIGPP
DRGLPGGPGA
GNDGPPGRPG
SGPSGSAGPA
MPGPNGPSGD
GPPGYVGPSG
VDATIKSLNT
GCTMDAIKAY
GTEFGYNDET
NLKKAVLLQG
KPSRLPILDI

NGDDGNNGRP
ELGAAGLKGE
GPAGPAGPLG
VGPAGPPGNP
PRGLAGDPGP
GPAGLRGPRG
AGEPGLTGAR
NIGFPGPKGA
GEKGEQGPSG
RGGPGPAGAA
MPGERGTAGT
GDKGETGSFG
KGPAGGKGDV
AAGRVGPPGP
GLAGEKGSPG
VGEPGRVGPA
AAGLKGDRGE
GAAGARGAPG
SGPAGIAGPA
PPGSPGLPGP
QIENLLSPEG
CDFSTGQTCI
LSPQSMATQL
SNDVELRAEG
APLDIGGADQ

+ Ph6 MS/MS cua cac manh peptide da duoc nhan dién dién hinh

MS/MS Fragmentation of GEIGAAGPTGPSGPQGQR
Found in BAG72201.1 in NCBIprot, collagen type I alpha 2 [Carassius auratus]

Match to Query 268: 1635.795648 from(818.905100,2+) intensity(637146.9000) index(263)

Data file 2019-0116_SampleC pkl

1004

% of base peak

juauInd uol

AN TR ‘ Ll

m/z

GKPGDRGVPG
NGAAGANGTP
AAGPPGFPGA
GANGINGAKG
VGVKGDSGVK
AAGTRGLPGM
GLPGSPGSSG
TGEAGKPGEK
APGFQGLPGP
GAQGPIGARG
PGPKGEKGEQ
PPGPAGQRGT
GPPGPAGPAG
AGIVGPSGPT
EPGPQGAPGS
GAPGPRGPIG
PGSAGPSGPA
PAGPRGEKGV
GPRGPAGPNG
AGPAGGGYDT
SKKNPARTCR
HPHPESIPRK
AFMRLLANQA
NSRFTFSVLE
EFGLDIGPVC
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MS/MS Fragmentation of GPAGPTGLR
Found in BAG72201.1 in NCBIprot, collagen type I alpha 2 [Carassius auratus]

Match to Query 41: 824.456248 from(413.235400,2+) intensity(722029.5000) index(50)
Data file 2019-0116_SampleC pkl
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i
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MS/MS Fragmentation of GLPGGPGAVGEPGR
Found in BAG72201.1 in NCBIprot, collagen type I alpha 2 [Carassius auratus]
Match to Query 139: 1219.636648 from(610.825600,2+) intensity(259267.2000) index(293)
Data file 2019-0116_SampleC.pkl
o AR & |
5 l; 1 ‘I |]| ].‘ IT J_I ] . e
p! 80 1000 00 observed
m/z
MS/MS Fragmentation of GPIGNIGMPGMTGPQGEAGR
Found in BAG72201.1 in NCBIprot, collagen type I alpha 2 [Carassius auratus]
Match to Query 326: 1927.891848 from(964.953200,2+) intensity(606425.1000) index(128)
Data file 2019-0116_SampleC.pkl
WIUMUHP ol
u..jl Bl gy b
1000 1500 2000 observed
m/z
3/ Protein: collagen type | alpha 1 [Ctenopharyngodon idella]
+ SO protein trong co s¢ dir liéu: ADK35755.1
+ Diém s0 protein:231
+ Khéi lugng (M,): 138104
+ pl dugc tinh toan: 5.44
+ Trinh tu acid amin
1 MFSFVDIRLA LLLSATVLLA RGQGEDDRTG GSCTLDGQVY
51 CQICVCDSGT VMCDEVICED TTDCPNPVIP HDECCPVCPD
101 PRGTPGEKGD RGPAGPPGND GIPGQPGLPG PPGPPGPPGL

NDRDVWKPEP
DDFQEPSVEG
GGNFSPQMSG



151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401

GFDEKSGGAM
PMGPRGAAGP
GHRGFSGLDG
PGAAGARGND
PQGARGEAGN
GPPGPSGAAG
EGKRGARGEP
VVGPKGATGE
GPPGPVGARG
VGAPGAPGPA
EAGAPGPAGS
GAPGAQGPPG
TGPIGPPGPA
PPGADGLPGA
GAAGPPGATG
AGRTGEVGAP
QRGERGFPGL
GTPGNEGSAG
RGESGPAGPA
MQGPPGPPGP
GPRGRNGEIG
RADDANVMRD
PDWKSGEYWI
NIKEKKHVWF
TYHCKNSIAY
SHTGAWGKTV

AVPGPMGPMG
PGKNGEDGES
AKGDTGPSGP
GAAGAAGPPG
PGPAGPAGPA
APGPKGNTGE
GAAGGRGPPG
PGRNGEPGMP
QPGVMGFPGP
GPAGERGEQG
RGDRGFPGER
LQGMPGERGA
GAPGDKGETG
KGEAGDNGAK
FPGAAGRVGP
GPPGAPGEKG
PGPSGEPGKQ
RDGAPGPKGD
GAAGPAGPRG
SGEPGPAGAS
PAGPPGAPGP
RDLEVDTTLK
DPDQGCNQDA
GEAMTDGFQF
MDQASGNLKK
IDYKTTKTSR

8.PL

PRGPPGPPGT
GKPGRPGERG
KGEAGAPGEN
PTGPAGPPGF
GNNGADGAAG
VGAPGAKGEA
ERGAPGARGF
GSKGMTGSPG
KGAAGEAGKP
PAGPPGFQGL
GAPGPAGPAG
AGLPGLKGDR
APGLVGPTGA
GDAGSPGPAG
PGPAGNAGPP
TPGAEGPTGP
GPSGPSGERG
RGETGAAGTP
PAGPAGARGD
GPAGPRGPAG
PGPPGPSGGG
SLSQQIESIM
IKVYCNMETG
EYGSEGSKAE
ALLLQGSNEI
LPIIDIAPMD

PGPQGFTGPP
PPGPQGARGF
GTPGAMGPRG
PGGPGAKGEV
PKGSPGTPGI
GAKGEAGAQG
PGADGSAGPK
SPGPDGKTGP
GERGVMGAVG
PGPQGATGEP
ARGSPGSAGN
GDQGAKGTDG
RGPPGERGET
ATGAPGPQGP
GPPGPGGKEG
AGIPGPQGIA
PPGPMGPPGL
GAPGPPGAPG
KGETGEAGER
SSGPAGKDGM
FDIGFIAQPQ
SPDGTKKNPA
ETCVYPTEST
DVNIQLTFLR
EIRAEGNSRF
VGAPNQEFGI

+ Ph6 MS/MS ctia cAc manh peptide da dugc nhan dién dién hinh

MS/MS Fragmentation of GAAGPPGATGFPGAAGR
Found in ADK35755.1 in NCBIprot, collagen tvpe I alpha 1 [Ctenopharyngodon idella]

Match to Query 191: 1410.702048 from(706.358300,2+) intensity(299005.0000) index(471)
Data file 2019-0116_SampleC pkl
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VGATGPKGAR
QKGNRGETGP
GORGIVGLPG
AGPPGEPGRE
PVGPAGKTGD
GMKGHRGFTG
SGLPGPIGPP
EKAPDPFRHF
RTCRDLKMCH
IPKKNWYTSK
LMSTEASONI
TYSVTEDGCT
EVGPVCFL
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MS/MS Fragmentation of TGDRGESGPAGPAGAAGPAGPR
Found in ADK35755.1 in NCBIprot, collagen type I alpha 1 [Ctenopharyngodon idella]

Match to Query 314: 1904.912248 from(9353.463400.2+) intensity(3066728.2000) index(244)
Data file 2019-0116_SampleC pkl
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Match to Query 216: 1519.760448 from(760.887500,2+) intensity(65480.4000) index(336)
Data file 2019-0116_SampleC.pkl
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4/ Protein: collagen alpha-1(I) chain isoform X1 [Pygocentrus nattereri]
+ S0 protein trong co 6 dir liéu: XP_017540674.1

+ Diém s0 protein: 149

+ Khdi lugng (M,): 137928

+ pl duogc tinh toan: 5.46

+ Trinh ty acid amin

1 MFSFVDIRLA LLLSATVLLA  RGQGEDDRTG  SSCTLDGQVY
51 CQICVCDSGT  VMCDEVICED  TSDCANPIIP PDECCDIRPD
101 PKGMPGEKGD  RGPAGPPGND  GIPGQPGLPG  PPGPPGPPGL
151 GFDEKSGGMP  IPGPMGPMGP  RGPPGPAGIP GPQGFTGPPG
201 MGPRGAAGPP  GKNGEDGESG  KPGRPGERGP  PGPQGARGFP
251 HRGFSGLDGA  KGDGGPAGPK  GEPGAAGENG  TPGAMGPRGL
301 GAAGARGNDG AAGAAGPPGP  TGPAGPPGFP  GGPGAKGEVG
351 QGARGEPGNP  GPAGPAGPAG  NNGADGAPGL  KGAPGASGIA
401 PPGAAGTPGA  PGPKGNTGEA  GAPGAKGEAG VKGESGAPGV
451 GKRGARGEPG  AAGVRGPAGE RGAPGARGFP  GADGAAGPRG
501 VGAKGATGEP  GRNGEPGMPG  SKGMTGSPGS  PGPDGKTGPA
551 PPGPGGARGQ  PGVMGFPGPK  GAAGEAGKPG ERGVMGAIGV
601 GAPGAPGPAG  PSGERGEQGP  AGPPGFQGLP  GPQGATGEPG
651 AGAPGVAGSR  GDRGFPGERG  APGAAGPAGP  RGSPGAAGND
701 APGAQGPPGL  QGMPGERGAA GLPGLKGDRG  DQGAKGADGA
751 GPIGPPGPAG AQGDKGEPGA  GGPVGPTGAR  GPPGERGETG

NDRDVWKPEP
DEYQEPRVEG
GGNFSPQMSG
EPGEAGAPGP
GTPGLPGIKG
PGERGRAGPP
AQGTRGAEGP
GAPGFPGPRG
QGPPGPPGEE
APGERGGPGV
GAPGQDGRPG
PGAPGKDGDV
KSGEQGVPGE
GAKGETGAAG
AGKDGIRGMT
APGPAGFAGP



801
851
901
951
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1051
1101
1151
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1251
1301
1351
1401

10.PL

PGADGQPGAK GEPGDTGAKG DAGAPGAAGA  TGAPGPQGPV GATGPKGARG
AAGPPGATGF PGAAGRVGPP  GPAGNSGPPG PPGPSGKEGP KGNRGETGSP
GRPGEIGAAG PPGPSGEKGT PGAEGAPGPS GIPGPQGIAG QRGIVGLPGQ
RGERGFPGLP GSSGEPGKQG PGGPSGERGP PGPMGPPGLA GPPGEPGREG
TPGNEGAAGR DGAVGPKGDR  GETGASGAPG APGPPGAPGP IGPAGKTGDR
GEAGPAGPAG ASGPAGPRGP AGPAGARGDK  GETGEAGERG MKGHRGFTGM
QGPPGPPGPS GESGPAGASG  PAGPRGPAGS AGSPGKDGIS GLPGPIGPPG
PRGRTGEIGP AGPPGPPGPP GPPGPSGGGF DIGFIAQPQE KAPDPFRHFR
ADDANVMRDR  DLEVDTTLKS LSQQIESIRS PDGTKKNPAR TCRDLKMCHP
DWKSGEYWID PDQGCNQDAI KVNCNMETGE  TCVYPAQAEI PKKNWYTSKN
IKEKKHVWFG EAMTDGFQFE YGGEESKAED VNIQLTFLRL MSTEASQNIT
YHCKNSIAYM DQATGNLKKA  LLLQGSNEIE IRAEGNSRFT YSVTEDGCTS
HTGAWGKTVI DYKTTKTSRL PIIDIAPMDV GAPNQEFGIE VGPVCFL
+ Pho MS/MS ctia cac manh peptide da duoc nhan dién dién hinh

MS/MS Fragmentation of GFTGMQGPPGPPGPSGESGPAGASGPAGPR

Found in XP_017540674.1 in NCBIprot, PREDICTED: collagen alpha-1(I) chain 1soform X1 [Pyvgocentrus nattereri]

Match to Query 448: 2631.228372 from(878.083400.3+) intensity(401541.0000) index(124)

Data file 2019-0116_SampleC . pkl

MS/MS Fragmentation of GADGAAGKDGIR

Found in XP 017540674.1 in NCBIprot, PREDICTED: collagen alpha-1(I) chain 1soform X1 [Pyvgocentrus nattereri]

Match to Query 97: 1086.552848 from(544.283700,2+) intensity(900638.9000) index(14)

Data file 2019-0116_SampleC pkl

m/z
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MS/MS Fragmentation of GAAGPPGATGFPGAAGR

Found in XP_017540674.1 in NCBIprot, PREDICTED: collagen alpha-1(I) chain isoform X1 [Pygocentrus nattereri]

Match to Query 191- 1410.702048 from(706. 358300.2+) intensity (299005 0000) index(471)

Data file 2019-0116_SampleC.pkl

100

% of base peak

y(12)

m/z

Juauna uo|

5/ Protein: hypothetical protein cypCar_00006571 [Cyprinus carpio]

+ S6 protein trong co so dit liéu: KTG43775.1

+ Piém s protein: 101

+ Khdi lugng (M,): 136996

+ pI duogc tinh toan: 5.60

+ Trinh tu acid amin

1 MFSFVDIRLA LLLSATVLLA  RGQGEDDRTG
51 CQICVCDSGT VMCDEVICED ~ TAHCSNPVIP
101 PRGPAGEKGD  RGLPGPPGND  GIPGQPGLPG
151 GYDEKSGGAM  AVPGPMGPMG  PRGPPGPPGS
201 PMGPRGAAGP  PGKNGEDGES  GKPGRPGERG
251 GHRGFSGLDG  AKGDTGPAGP  KGEPGAPGEN
301 PGAAGARGND  GAAGAAGPPG  PTGPAGPSGF
351 PQGARGEPGN  PGPAGAAGPA  GNNGADGAPG
401 GPSGPAGAAG  APGPKGNTGE  VGAPGAKGEA
451 EGKRGPRGEP  GSAGARGPPG  ERGAPGARGF
501 IVGPKGATGE PGRNGEPGMP  GSKGMTGSPG
551 GPPGPVGARG  QPGVMGFPGP  KGAAGEAGKP
601 VGAPGAPGPA  GPTGERGEQG  PAGPPGFQGL
651 EAGAPGPAGS  RGDRGFPGER  GAPGPAGPAG
701 GAPGAQGPPG  LQGMPGERGA  AGLPGLKGDR
751 QGAKGTDGAP  GKDGIRGMTG  PIGPPGPAGA
801 PPGERGETGA  PGPAGFAGPP  GADGLPGAKG
851 GAPGPQGPVG  STGPKGARGA  AGPPGATGFP
901 SGAPGKEGQK  GNRGETGPSG  RTGEIGAAGP
951 IPGPQGIAGQ RGIVGLPGQR  GERGFPGLPG
1001 MPFRESLANK  DLLVPLVNVD  LLDPWDPLDW
1051 VMVLLDQRVT  VVRLALLALP  VLLDLLVLLD
1101 VLLALLVPVD  PLCNVFIQGP ~ AGARGDRGET
1151 PGPPGPSGEP GPAGASGPAG  PRGPGGSSGA
1201 RNGEIGPAGP PGPPGLPGPP GPSGGGFDIG

GSCTLDGQVY
HDECCPVCPD
PPGPPGPPGL
SGPQGFTGPP
PPGAQGARGF
GTPGAMGPRG
PGGPGAKGEV
LKGAPGAPGI
GAKGEAGAQG
PGADGSAGPK
SPGPDGKTGA
GERGVMGALG
PGPQGATGEP
ARGSPGSAGN
QMNRMAQILK
PGDKGETGAP
EPGDNGAKGD
GAAGRVGPPG
PGAPGEKGTP
QSKVGILCIN
LDLLVSLVVR
PLALLERLVI
GEAGERGMKG
AGKDGMSGLP
FIAQPVEKAP

NDRDVWKPEP
DEFKEPGVEG
GGNFSPQMSG
GEPGEAGAPG
PGTPGLPGIK
LPGERGRAGP
GAQGARGAEG
AGAPGFPGPR
VQGPPGPSGE
GATGERGGPG
TGTPGQDGRP
ATGAPGKDGD
GKSGEQGVPG
DGAKGDAGAP
TDNKFLSKGD
GLVGPNGARG
SGPPGPAGAT
PAGNAGPPGP
GAEGPPGSAG
HGKAFIILFI
ELQVMRVLLD
VESLALLVLP
HRGFTGMQGP
GPIGPPGPRG
DPFRSYRADD



1251
1301
1351
1401

12.PL

ANVMRDRDLE VDTTLKSLSQ QIESIISPDG TKKNPARTCR
SGEYWIDPDQ GCNQDAIKVY CNMETGETCV  YPAESSIPKK
KKHVWFGEAM  TDGFQSHTGA WGKTVIDYKT  TKTSRLPIID
QEFGIEVGPV CFL

+ Pho MS/MS cua cac manh peptide da duoc nhan dién dién hinh

MS/MS Fragmentation of GAAGPPGATGFPGAAGR
Found in KTG43775.1 in NCBIprot, hypothetical protein cypCar_00006571 [Cyprinus carpio]

Match te Query 191: 1410 702048 from( 706 358300.2+) intensity(299005 0000) index(471)
Data file 2019-0116_SampleC pkl
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MS/MS Fragmentation of TGEIGAAGPPGAPGEK
Found in KTG43775.1 in NCBIprot, hypothetical protein cypCar_00006571 [Cvprinus carpio]

Match to Query 190: 1407.704848 from(704.859700,2+) intensity(1057856.9000) index(71)
Data file 2019.0116_SampleC pkl
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MS/MS Fragmema(ion of DGMSGLPGPIGPPGPR
Found in KTG43775.1 in NCBIprot. hypothetical protein cypCar_00006571 [Cyprinus carpio]

Match to Query 216 1519 760448 from(760.887500.2+) intensity(65480 4000) index(336)
Data file 2019-0116_SampleC pkl
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BO KHOA HOC VA CONG NGHE

y CONG HOA XA HOI CHU NGHIA VIET NAM
CUC SO HU'U TRI TUE /

Dic 13p - Ty do — Hanh phiic

BANG PQC QUYEN
GIAI PHAP HUOU icH
S6: 2775

Tén gidi phap hitu ich: PHUONG PHAP CHIET TACH COLAGEN TU VAY CA NUOC NGOT
VIET NAM, COLAGEN THU BUGC TU PHUONG PHAP NAY VA
"AT LIEU TO HOP CHUA COLAGEN NAY

Chu Bﬁng doc quyén:  Vién Ky thuat nhiét d6i - Vién Han 1am Khoa hoc va Cong nghé Viét

Nam (VN)
Nha A13, 18 duung Hoang Quéc Viét, phudng Nghia Do, quan Ciu
Glay, thanh pho Ha Noi

| Tdc gia: 1. Nguyén Thiy Chinh (VN)

: 2. (Danh séach kém theo)

i So don: 2-2021-00287
| Ngay nop don: 19/10/2018 ¥ .
S6 diém yéu cau bio hp: U3 S6 trang mé ta: 19

& Cép theo Quyét dinh s6: 19627w/QD-SHTT, ngay: 01/12/2021
' hiéu luc tir ngay cAp dén hét 10 nam tinh tir ngay nop don (Hiéu luc bao h¢ can duy tri hang nam).

KT. CUC TRUONG
PHO CUC TRUONG

BANG POC QUYEN GIAI PHAP HU'U iCH SO: 2775
panh sich cdc Téc gia tiép theo:

2. Thai Hoang (VN)

3. Vii Quéc Manh (VN)

4. Nguyén Vi Giang (VN)
5. Tran Dai Lam (VN)

6. Vi Quéc Trung (VN)

PL8. Gidi phap hitu ich vé phwong phdp chiét tac collagen tir vy cd nuéc ngot
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - K4

— T T T T T T T T T T T T T T T T
2 10 20 30 40 50 60 70 8
2-Theta - Scale
File ManhVH K4.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 15 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.00 © - Phi: 0.00 ° - X: 0.0 m

PL9. Gian d6 XRD cua mang t6 hop CCA955-10 chat tao gel KCI 1 %.
Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Collagen
Y
:\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
2 10 20 30 40 50 60 70 8

2-Theta - Scale

MIFile: ManhvH Collagen.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 0.3 s - Temp.: 25 °C (Room) - Time Started: 15 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - X:

PL10. Gian d6 XRD cua collagen
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SETARAM |Figure: Experiment: ManhVH K4 Crucible: Al 100 pl AtmosphereAr

DSC131 03/06/2019 Procedure: 30-400 oC 10C.min-1 (Zone 2) Mass (mg): 28.41
T T T T T T T

T
HeatFlow/mw

4\ Exo
Peak 1:250.3410 °C
60 Peak 2 :289.9575 °C -
Onset Point :232.2648 °C
Enthalpy /J/g : -284.6114 (Exothermic effect) (-148.1390 + -136:4724)

30

-30

-60Peak :63.0069 °C
Onset Point :45.0861 °C \
Enthalpy /J/g : 51.9469 (Endothermic effe

-90
~ Peak:150.6799 °C _
Onset Point :96.8234 °C
Enthalpy /J/g : 788.7067 (Endothermic effect)
| -120 |
50 100 150 200 250 300 350 Furnacetemperature /°C
1 1 1 1 1 1 1 1
1 ~
4 A A
PL11. Gian do DSC mau CCA955
SETARAM |Figure: Experiment: ManhVH K5 Crucible:Al 100 pl AtmosphereAr
DSC131 03/06/2019 Procedure: 30-400 oC 10C.min-1 (Zone 2) Mass (mg): 34.21

T T T T T T T T
HeatFlow/mWw

| 40 $ Exo Peak :249.8390 °C
Onset Point :232.3150 °C
Enthalpy /J/g : -62.4518 (Exothermic effect)

20

— 0 —
| -20 Peak :299.6423 °C i
Onset Point :283.9732 °C
Enthalpy /J/g : 32.4668 (Endothermic effect)
-40

-60
I~ Peak:66.7730 °C
Onset Point :33.4100 °C
8gnthalpy /g : 137.0227 (Endothermic effeqd

| -100 |
| -120 |
| -140 Peak :155.9291 °C 4
Onset Point :127.0928 °C
Enthalpy /J/g : 865.5419 (Endothermic effect)
-160

50 100 150 200 250 300 350 Furnacetemperature /°C
1 1 1 1 1 1 1 1

PL12. Gidn d6 DSC mau CCA9010
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SETARAM

DSC131

Figure: Experiment: ManhVH K3
03/06/2019 Procedure: 30-400 oC 10C.min-1 (Zone 2)

Crucible:Al 100 pl

AtmosphereAr

Mass (mg): 9.16

T
HeatFlow/mWwW

Exo
| 30 4\ -
Peak:254.1950 °C
Onset Point :228.2598 °C
Enthalpy /J/g : -174.2417 (Exothermic effect)
10 -
f— 0 —
-10 |
-20 -
-30 |
Peak :134.5623 °C
Onset Point :121.7973 °C
-40 Enthalpy /J/g : 604.4684 (Endothermic effect)
| -50 ]
50 100 150 200 250 300 350 Furnacetemperature/°C
1 1 1 1 1 1 1 1
=, A Py
PL13. Gian do DSC mau CCA991
sETARAM |Figure: Experiment: Tuyen ML Crucible:Al 100 pl AtmosphereAr
DSC131 24/04/2018 Procedure: 30-450 oC 10C.min-1 (Zone 2) Mass (mg): 8.140001

T
HeatFlow/mWw

10 4\ Exo

| -40
| -50
| -60

|-70

50

T T T T T T

Peak :396.4482 °C

Onset Point :390.8982 °C
Enthalpy /J/g : 551.4921 (Endothermic effect) —

100 150 200 250 300 350
1 1 1 1 1 1

1

T

Furnace temperature /°C
1

PL14. Gian do DSC allopurinol
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Size Distributi R rt by Vol .
vzl?ze Istripution epo y olume l
Malvern

Sample Details
Sample Name: Mau 12-8 1

SOP Name: Nano.sop

General Notes:

File Name: 11042018.dts Dispersant Name: Water
Record Number: 1 Dispersant Rl: 1.330
Material RI: 1.00 Viscosity (cP): 0.8872
Material Absorbtion: 0.00 Measurement Date and Time: Wednesday, April 11, 2018 9...
System
Temperature (°C): 25.0 Duration Used (s): 70
Count Rate (kcps): 109.2 Measurement Position (mm): 3.00
Cell Description: Disposable micro cuvette (40pl) Attenuator: 9
Results
Size (d.nm): % Volume Width (d.nm):
Z-Average (d.nm): 748.5 Peak 1: 202.7 100.0 25.70
Pdl: 0.651 Peak 2: 0.000 0.0 0.000
Intercept: 0.957 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report
Size Distribution by Volume
50
40
g 30
[
2 L
=2
g 20
10
0
0.1 1 10 100 1000 10000
Size (d.nm)
[ Record 1: Mau 1 2-8 1]

PL15. Phan bé kich thuéc hat ACC28-10
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Size Distribution Report by Number

va.1

28
Malvern

Sample Details

Sample Name: Mau 2 5-51
SOP Name: Nano.sop
General Notes:
File Name: 11042018.dts Dispersant Name: Water
Record Number: 2 Dispersant Rl: 1.330
Material Rl: 1.00 Viscosity (cP): 0.8872
Material Absorbtion: 0.00 Measurement Date and Time: Wednesday, April 11, 2018 9...
System
Temperature (°C): 25.0 Duration Used (s): 120
Count Rate (kcps): 71.7 Measurement Position (mm): 3.00
Cell Description: Disposable micro cuvette ... Attenuator: 8
Results
Size (d.nm): % Number Width (d.nm...
Z-Average (d.nm): 715.8 Peak 1: 305.6 100.0 43.76
Pdl: 0.624 Peak 2: 0.000 0.0 0.000
Intercept: 0.894 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report
Size Distribution by Number
40
30
gt
E 20
[S
S L
z
10
0
0.1 1 10 100 1000 10000
Size (d.nm)
[ Record 2: Mau 2 5-5 1]

PL16. Phan bé kich thuéc hat ACC55-10
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Size Distributi R rtby N b
Vzlfze Istripution epo y umper A
Malvern

Sample Details
Sample Name: Mau 3 6-4 1

SOP Name: Nano.sop

General Notes:

File Name: 11042018.dts Dispersant Name: Water
Record Number: 3 Dispersant RI: 1.330
Material RI: 1.00 Viscosity (cP): 0.8872
Material Absorbtion: 0.00 Measurement Date and Time: Wednesday, April 11, 2018 9...
System
Temperature (°C): 25.1 Duration Used (s): 50
Count Rate (kcps): 411.0 Measurement Position (mm): 3.00
Cell Description: Disposable micro cuvette ... Attenuator: 10
Results
Size (d.nm): % Number Width (d.nm...
Z-Average (d.nm): 1050 Peak 1: 536.5 100.0 83.14
Pdl: 0.539 Peak 2: 0.000 0.0 0.000
Intercept: 0.879 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report
Size Distribution by Number
40
30
g L
%20
E
= L
=z
10
0
0.1 1 10 100 1000 10000
Size (d.nm)
[l Record 3: Mau 3 6-4 1]

PL17. Phan bé kich thudc hat ACC64-10



