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KHAO SAT DAC TINH NHAY NHIET
CUA HYDROGEL GELATIN-PLURONIC CHUA DAU MU U
UNG DUNG TRONG TRI LANH VET BONG
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INVESTIGATION OF THE TEMPERATURE-SENSITIVE CHARACTERISTIC
OF GRAFTED GELATIN-PLURONIC HYDROGEL WITH INCORPORATION
CALOPHYLLUM INOPHYLLUM OIL EXTRACT APPLIED FOR WOUND
HEALING
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Tém tat - Hydrogel nhay nhiét dugc téng
hop nt gelatin — pluronic F127 sé két hop
Vi hoat chdt chita lanh vér thiuong la déu

mit u bdng phuong phdp song siéu dam dé

[am ting hiéu qud chita lank vét thuong. Ddic
tinh nhay nhiét ciia hydrogel dugc xdce dinh
bing phitang phdp ddo ngudc dng nghiém v
luw bién hoc. Két qud cho thdy hydrogel tong
hgp cd khd ndng chuyén d6i trang thdi sol-gel
theo nhiét d¢, khi & nhiét ds tlmp hydrogel
gelann pluronic F127 sé tén 1gi d trang thdi
iong, khi ndng nhiét dé lén 37°C gan nhiét
45 co thé sé Clmyeh thanh /nang gel. Ngoai
ra, hydrogel chita ddu mit u cé khd ndng tri
lanh vét thuong béng d 2 sau 10 ngay diéu
tri. Nt vdy, hydrogel nhay nhiét gelatin —
pluronic F127 chita dau mii u ¢6 tiém néng
trong y sinh ing dung, linh vic tdi 1a0 mo.
Tir khéa: déu mix u, gelatin ghép
pluronic F127, hydrogel nhay nhiét.
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Abstract — Temperature-sensitive hydro-
gels were synthesized from gelatin-pluronic
F127 with Calophyllum inophyllum oil ex-
tract incorporated as the the active ingredient
by ultrasonic waves to increase the healing
effect of wound treatments. The temperature-
sensitive nature of the hydrogels were de-
termined using the inversion tube method
along with rheological property measure-
ments. The sol-gel state of the hydrogels
were found 1o change with temperature, at
low-temperatures hydrogel gelatin - pluronic
F127 is found to be in a liquid state, and
when the temperatwe raised due to body
temperatwre the hydrogel became a gel film.
In addition, the hydrogel containing Calo-
phyllum  inophyllum oil has the ability 1o
heal burns in the second degree after 10
days of treatment. These results showed the
potential application of the biomaterial in
rissue regeneration.

Keywords: calophyllum inophyllum oil,
gelatin grafted pluronic F127, temperature-
sensitive hydrogels.

I. GIOGI THIEU

Bong la tén thuong trén da hodc cac viing
mé khic ctia co thé., Vét thuong bdng néu
khang diéu trj ding céch sé d€ lai nhing anh
hudng ndng né vé sitc khée ciing nhu thim
mi. Nguyén nhin chinh din dén bong thudng
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la do nhiél, dién. héa chit... Theo Nguyén
Viét Lugng [1). s& nan nhan béng trong cd
nude khoang 800 nUhm dén | 1riéu nan nhan
(xAp xi 1% dan sb). O cdc nude vung Bong
Nam A, phu nit va g em 6 (i 1& bi béng
cao nhat, chiém 18i 27% 1 1& Wi vong toan
ciu do bong. Nhitng chi phi gidn tiép nhu
mit tién luong, chin thudng than thé va tinh
than, sy cham séc clia than nhan... cing inh
hudng khong nhd dén kinh 1€ - xd hai.

Ti nhing anh hudng nghiém trong do
bdng gay ra, nhidu nha khoa hoc trén thé gidi
da nghién ciu, dieu ché thube i bong & céc
dang khéc nhau nhu bang nano bac. gac ludi,
mang hydrogel. bang & dang xit nacurgo. ..
Trong dé, mang hydrogel dang duge cdc nha
khoa hoc quan tam vi cg ché phin hiy sinh
hoe va dic linh nhay nhiél clia né rat thich
hop trong didu tri vét thuong.

Hydrogel ¢6 chia gelatin gitp phuc hdi
mé bifu bi do bdng giy ra. Ngoai ra, mang
hydrogel ¢6 thé cho khéng khi, hoi nudc
thim qua nhung gid lai nudc va vi khuan {2).
Nhu viy, vét thudng (rénh bi nhiém khuén,
gilip hdi phuc viing mé bi t8n thuong nhanh
chéng.

Tl xa xua, ddu mu u di duge dan gian sit
dung d€ didu tri bong vi ddu mb u ¢é chia
cac hoat chit chiia lanh vét thudng, c6 kha
ning giam dau, khing viém, lién seo va tri
béng rat tot.

Viée két hgp dau ma u véi hydrogel gelatin
nhay nhiét sé 120 ra mang bing vét thuong
théng minh chda cic thanh phan hoat tinh
nhu collagen. dau mi u ¢ kha ning tdi tao
da. Thém vao dé. vat liéu nay déng vai tro
nhut chét hoat dong bé mit gidp didu ché va
phén tén 16t dau mi u & nhiél dé dudi 35°C
va khi dp vao vét thidng & nhiét do tir 35 —
37°C, dau mi u sé chuyén thinh mang gel
dinh chic vao vét thuong [3).

1. TONG QUAN NGHIEN CUU

Gian day, viéc “nghién cu didu ché hy-
drogel nhay cdm v6i nhiét do cd thé W din
xufit getatin d€ mang nhd chdm curcumin ting
dung trong chifa lanh vét thuang” [3) di cho
thiy khi ning dng dung chita lanh vét thudng
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clia mang nhan tao hydrogel. Nhiét do tao gel
clia copolymer nay ¢ nhiét dd gan véi nhiét
46 ¢ thé va kha niing t4i 1ao cic ving mo
bi t6n thudng.

Hydrogel gelatin- pluromc F127 gidng nhy
mdt loai da nhan tao ¢6 rit nhiéu ing dung
cho nhitng bénh nhéan bj thudng. bdng, tiéu
duding. .. khong ¢6 kha ning phuc héi da. Vit
liéu nay duge 18ng hop théng qua viée ghép
pluronic F127 da dugc hoat héa va gelatin
c6 colagen wong w nhu da ngudi cho nén
¢6 kha niing tdi tgo da.

Qua trinh khdo sdt nhiét in vitro cho thiy
hydrogel c6 thé chuyén af trang thii sol sang
gel @ khodng nhiét ti 25 — 40°C [4]. ddy 13
khodng nhiét dé Ii waéng cho cdc thit nghigm
vé (tng dung hydrogel.

Nghién ciu “Preparation of Thermossen-
sitive Gelatin — Pluronic Copolymer for Car-
tilage Tissue Engincering” di cho thay mang
hydrogel khdng chi ¢ kha ning tri bdng ma
con ¢ thé chita lanh vét thuong, (i tao mao
mach, phyc hdi syn... [S] Tuy nhién, qui
trinh 8ng hgp hydrogel chua két hgp véi hoat
chit chita lanh vét thuong.

Dung dich copolymer mang nanocur
cumin trong “Nghién ctiu diéu ché hydrogel
nanocomposite trén cd sd chitosan va cur-
cumin ng dyng trong tai tao ma” cho thiy co
diém chuyén nhiét gila trang thai sol sang gel
3 35°C 16], khoang nhiét dé nay phu hgp cho
cic thi nghiém cia vat liéu panocomposite
hydrogel trong chifa lanh vét thudng ngodi
da. Tuy nhién, curcumin rit kém tan vi 43
hép thu thip.

1ii. PHUONG PHAP VA PHUONG TIEN

NGHIEN CUU
A. Nguyén liéu

Gelatin — Merck, Pluronic F127 — Sigma
Aldrich, Ethanol — Merck, Dau mu u - Vyo-
cyvn — Vigt Nam, NPC - F127 — OH. Trong
dd, sén phdm cda phan vng pluronic sau khi
hoat héa bing p-nitrophenyl chioroformate
(NPC) da duge ki€m tra hi¢u suit dng hgp
qua phd proton v3i do hoat héa khoang
95.33% [3].
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B. Didu ché hydrogel tir gelatin va pluronic
F127 (1:15) nhay cdm véi nhiét dg co thé
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Hinh 1: Phudng trinh phan dng tSng hgp
copolymer gelalin-pluronic F127

Can 0,25 g gelatin hoa tan trong nudc cht
& nhiét d6 40°C, khudy déu trong 24 gis, Iy
trit 8 nhiét d¢ 4°C cho phén wng tiép theo.

Can NPC-F127-OH c6 khéi ludng 3,75 g
hoa tan trong nudc ct & nhiét do 4°C, khuly
it 0] gid, gitt & nhiét do 4°C trong 24 gid.
Dung dich NPC - F127 — OH dudc cho vao
dung dich gelatin lanh khudy va giit lanh it
nhit 24 gis trude khi dem thim tich mang
cellulose (12000-14000 Da). Thim tich trong
nudc cht dién ra trong khoang mét tudn trudc
khi dem miu di dong khé. Sin phdm thu
dude xac dinh chu triic bing phd FT-IR.

C. Két hgp dau mi u véi hydrogel gelatin-
pluronic F127(GPU)

1. Chusn bi miu: Can miu GP v6i 0,125 ¢
rong 0,5 ml H20 dem giif Janh trong 24 gid.
Sau d6 can 13n Iugt cic méiu diu mit u (Bang
1) vio 2 ml ethanol véi khéi hugng diu mi
u khéng qua 5% so v&i khéi lugng GP [3):

Bang 1: BS trf khao sal ti 1& diu md u véi
GP

' Diu md u (mg) | 0,625 ‘ 125 | 1875 ‘ %S l 3,125

[ GP (g) 0,125
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2. Tién hanh danh sigu 4m: Cho miu gel
vao cbe, tiém dau mi u vio sonicator 5 phut
v6i cdc théng s cai dit trén mdy sonicator
12 A = 70%, C = 50%, trit [anh 15 phuit, tiép
tuc sonicator 10 phit. Tién hanh li tim miu
3 1n véi tde d 5.500 rpm trong I5 phiit va
¢ quay dé loai dung méi. Thém nudc vio
méu ding thé tich tao gel, khudy trong 2 gid,
tiép tuc dénh séng siéu 4m d€ tao hén hop
ddng nhit. Dau mi u trong hydrogel gelatin-
pluronic F127 tao thanh duge bdo quén lanh
3 4°C.

D. Khdo sdt nhiét dp tao gel cita hydrogel
GP chita ddu mix u béng phuong phdp ddo
ngugc éng nghiém va luu bién hoc

1. Phuong phép ddo ngugc éng nghiém:
LAn lugt stt dung cdc miu diu mi u di duge
két hgp véi GP & wén d€ khdo sit nhigt do
tao gel. Nhiét do dudc khio sét 1in lugt &
4°C, 25°C, 30°C, 35°C, 37°C, 40°C, 50°C.
Miu gel trong hi bi dudc dit vao b didu
nhiét di cii nhiét do, d€ 6n dinh 5 phiit, 14y
hii bi ra tnit nguge dé xem sy hinh thanh gel.

Quy udc: (---): khéng cé kha ning tao
gel; (+): tao gel yéu; (++): tao gel kh4 nhung
gel chua dic lai hoan toan; (+++): tao gel 16t,
gel do6ng dic khoéng chiy khi dat nghiéng.
Tuy nhién, phudng phip dio ngude éng
nghiém chi x4c dinh sy thay d&i trang théi
clia ddu mit u khi két hop vai GP [3).

2. Phuong phap luu bién hoc: BE ¢6 két
luan chinh xdc V& qua trinh chuyén pha cda
hydrogel gelatin-pluronic F127, phuong phép
do luu bién hoc dugc si dung bing cich
do sy thay ddi cla modul G’ va modul
thodt G” theo nhiét dé dao déng tir 4°C
dén 40°C v4i tAn sb vi bién do cb dinh.
Luu bién hoc dugc thic hién theo mé hinh
niong tdc gidta dia do va moment xodn trén
mdy Rheometer (HAAKE RheoStress 6000
Thermo Scientific, MA, USA). Ding pipet
hit 1 ml dung dich polymer cho vao dia sao
cho phii hét bé mit clia dia d€ qua trinh wong
\ac Iyc gidta try dia quay véi gel dugc tbt nhit.
Chuong trinh gia nhiét dude cii dit trong
khodng nhiét do t 4°C dén 40°C véi toc
dé gia nhiét 1a 0,1°C/phit. Khoang thdi gian
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t8ng cho qué trinh gia nhiét la 12.004,80 gidy
va thdi gian 6n dinh ban dau 12 300 giay. Cac
thong sb cai dat trén méy: tan s& | He, hing
s6 bién dang 12 0,5% d€ khao sat sy thay dSi
ciia hai modul: G’ (modul dan hdi) va G”
(modul nhdt) theo sy thay ddi cia nhiét do.

E. Kiém ra tdc dung ciia hé trong viéc chita
lanh vér thiong trén thé

Quy trinh tao vét thuong bdng do 2 wén
thé:

Thé dugc nudi 6n dinh (rong chudng
khoang 2 - 4 ngay, tiém hdn hgp thubc mé
Ketamine va nudc (i 1& 1,5:1.5) vdi lidu
lugng 0,02 ml/g trong ludng cd thé thd, cb
dinh thd va xit i sach phin 16ng bing cdn
70% 1di tién hanh cao 16ng, trudc khi ding
cdn iodine d& xit 1i viing da nay.

Thanh kim loai dudng kinh | c¢cm duge
nung néng dén 100°C trong nudc, dé &n dinh
trong 30 phiit s€ dugdc dit trén vung da da
dudc xtt i trude dé va gitt trong vong 5 gidy.
Thé sau giy bong duge tha rd vé 1dng va
tién hanh béi thudc sau | ngay bi thuong.

Thi nghiém dugc thiét ké theo md hinh
phuong an cin d8i nhom két hop véi phuong
an phan miu gom 4 nghiém thic:

- Diéu tri bang copolymer;

- Piéu tri bing copolymer hydrogel chita
dau mi u;

- Didu uj bing thubc thudng mai danh cho
bong dod 2;

- Khéng didu tri (1am lanh ty nhién).

Sau d6 kiém tra khd ning trj lanh vét
thuang cda tho khi s dung hydrogel GP chia
diu ml u so véi viée sl dung hydrogel GP,
thubc thuong mai diéu tri bong do 2 va khong
didu tri.

IV. KET QUA VA THAO LUAN

A. Két qud phé FT-IR cia gelatin-pluronic
Fi127

Phuong phap t8ng hgp gelatin-pluronic
dya wén phan Ung tao lién két urethane
gita nhém -NH2 & gelatin va cacbonat
ctia pluronic-NPC. Ph3 FTIR cla gelatin va
gelatin-pluronic F127 déu xuit hién pic thé
hién dao déng & sb song 1.642,98 cm™'
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thé hién nhém amine (Hinh 1). Céc pic tai
2.920,99 cm™! va 1.102,97 cm™~! 1an luigt thé
hién tin hiéu nhém CH2 va C-O, diéu nay
ching t5 su hién dién cia gelatin va pluronic

¢6 trong miu [4].

Getwtongasonc F127

Hinh 2: Ph§ FTIR cda gelatin va gelatin-
pluronic F127

B. Khdo sdt nhiét d tao gel ciia hydrogel
GP chita déu mi u bang phuong phdp ddo
ngugc ong nghiém

Hydrogel gelatin-pluronic  F127 (1:15)
dudc hoa tan trong nudc cit & 20% ghép
véi cac ti 1& ddu md u (0,5, 1,0, 1,5, 2,0,
2,5% wiw), vortex khoang 10 phdt d¢ toan
b copolymer ghép thm nudc, rdi dem gt
lanh it nhit 24 gi¥ d€ sin phidm thu dudc t
hén hgp ddng nhit trude khi dem khéo sét
nhiét. Khdo sat nhiét dugc tién hanh véi cic
nhiét do 4, 25, 30, 37, 40 va 50°C nhim x4c
dinh nhi&t dd tao gel cla cic ndng d6 dau md
u khac nhau khi ¢6 dinh ndng do hydrogel
gelatin-pluronic F127 § cdc § 1&. Mau gel
trong hd bi dugc dit vao bé diu nhiét da
cai dit nhiét do, dé n dinh S phit, 1Ay hi
bi ra trit nguge lai dé xem sy hinh thanh
gel theo quy wdc: - : khéng cé khad ning
tao gel, gel chay nhu nudc khi trit nguge
éng nghiém; +: tao gel yéu, gel chay khi it
ngudc dng nghiém; ++ : tao gel kha tuy nhién
gel chua dic lai hoan toan, gel chdy tr ¥ khi
trit ngude 6ng nghiém; +++ : tao gel 31, gel
dong dic khong chay khi dit nghiéng,.
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& Bang 2, khio sit nhiét dd chuyén pha
sol-gel clia hydrogel gelatin-pluronic F127
chifa diu mi v cho thdy sy chuyén pha
clia cic man GPU véi céc ti 1¢ khbi lugng
dau mb u va hydrogel gelatin-pluronic F127
khic (GPU 0,5%. GPU 1,0%, GPU 1,5%,
GPU 2,0%, GPU 2,5%). Nhiét do tao gel cia
hydroge! phu thudc vao ti 1¢ khdi lugng ciia
hydrogel gelatin-pluronic F127 ghép vdi dau
mu u.

Vi ndéng dé dAu mu u @ 0,5 - 1,5%,
nhiét d6 tao gel vin khong thay déi nhidu
so v6i nhiét dd tao gel clia gelatin-pluronic
F127. Khi ham Jugng dau mu u ting 1én 2%,
céc phin i dau duge gilf rong mang ludi
hydrogel 1am thay déi tinh chat vat Ii ciia
hydrogel nén anh hudng dén diém nhiét d6
tao gel.

So v3i két qua khao sat nhiét do tao
gel clia hydrogel gelatin-pluronic F127 chita
naanocurcumin trong cic nghién cdu cla
Huynh Thi Ngoc Trinh {3], Nguyén Thi Bich
Tram va cong sy [4], nhiét do tao gel cla
hydrogel gelatin-pluronic F127 ¢6 chifa dau
mi u ciing khong thay déi. Nhiét d6 tao gel
khodng 35 - 40°C 1 khoang nhiét dd Ii idng
cho cdc thi nghiém vé ing dung hydrogel
trong viéc chita vét thudng,

C. Khdo sdt nhiér dg tao gel ciia hydrogel
gelatin-pluronic F127 chita dau mit u bing
phuong phdp luu bién hoc

Lutu bién hoc tinh ton sy chuyén pha dya
trén hai modul: modul G’ va modul G". Hinh
3 cho thdy ba ving modul thay dgi, tit 4°C
dén 13°C, dung dich 13n tai & dang 16ng (G’
khong ting). Khi gia nhiét dén 27,5°C, gid tri
G" va G’ ting lén cho thdy qué trinh chuyén
pha tiép theo. Dy 1a giai doan nhitng micelle
c6 khuynh hudng hinh thanh mang Iuéi 3D
d€ tao gel. Vi nhiét d6 27,5 — 37°C, hai
modul G" va G' ting cham va gin nhu khong
ting khi gan 37°C. Daéu nay cho thiy tai
khoang nhiét dé gin 37°C, s6 micelle hinh
thanh 1a cuc dai va gel ddc hon so v8i khi mdi
bt ddu hinh thanh gel & nhiét do la 22.5°C.

Tuy nhién, sau khi do htu bién va 1am Ianh
dia do, ching ta vin quan sat dude qué triph
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Hinh 3. D4 thi chuyén pha

héa 16ng cua hydrogel, gel vén git dudc do
4m va khong bj bay hoi khi gia nhi¢t trong
qua trinh do. Tir dé, chiing ta ¢6 thé két luan
hé gelatin-pluronic F127 1a mot hé “gel 1ong™
nhay nhiét {7), c6 kha ning thay d&i trang
thdi theo nhiét d6 va tao gel 8 khoang nhiét
a6 gin 37°C.

Viéc dua ddu mi u véi ham lugng tt 0,5
— 1,5% vao hydrogel gelatin pluronic khong
lam thay d8i dic tinh nhay nhiét cia hé.

Trong nghién ciu vé sy chuyén pha sol —
gel cia hydrogel gelatin-pluronic F127 mang
nanocurcumin duge xéc dinh bing phudng
phap DSC c6 pic tda nhiét cyc dai 8 36,27°C
50 Vdi viéc xdc dinh sy chuyén pha sol — gel
cla hydrogel gelaun-pluronic F127 chia dau
mi u dude do bing phudng phép luu bién
hoc, c6 thé thiy: két qua gin nhy gidng nhau.
D3 thi chuyén pha ciia phudng phap luu bién
hoc di gdn nhu khéng ting 8 37°C.

Sy chuyén pha sol-gel cta dung dich
copolymer dudc xdc dinh bang phudng phip
do Iuu bién hoc. Tir 25 - 37°C, haj md dun G’
vA G” ting cham va hau nhu khéng ting khi
nhiét d6 gan khoang 37°C. Diéu nay cho thdy
tai nhiét dd nay, hé micelle trong hydrogel
dat cyc dinh va hé gel sét hon so véi lic
bét ddu hinh thanh ¢ 25°C. Biéu dd chuyén
pha ciing chi ra ving nhiét do ma dung dich
copolymer tao thanh pha gel déng nhit. Sy
chuyén pha nay gin giéng v6i nghién citu
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18ng cho qué trinh gia nhiét 1a 12.004,80 giay
va thai gian 8n dinh ban dau 13 300 gidy. Cic
thong sb caj dit trén mdy: tin sb 1 Hz, hiing
s6 bién dang 12 0,5% d€ khao sat sy thay ddi
cdia hai modul: G’ (modul dan hdi) va G”
(modul nhdt) theo sy thay d&i ctia nhiét do.

E. Kiém tra tdc dyng ciia hé trong viéc chita
lanh vét thuong én thé

Quy trinh tao vét thuong béng do 2 trén
thé:

Thd duge nudi 6n dinh (rong chuéng
khoang 2 - 4 ngay, tiém hn hop thube mé
Ketamine va nude (i 1€ 1,5:1,5) véi Ileu
lugng 0,02 ml/g trong l\wng co thé thd, co
dinh thd va xif li sach phin 16ng bing cdn
70% rdi tién banh cao 16ng, wude khi ding
cdn iodinc d€ x{f 1i vang da nay.

Thanh kim loai dudng kinh | c¢cm dude
nung néng dén 100°C trong nuée, d€ Sn dinh
trong 30 phit sé duge dat trén vung da da
dudce xit I trude dé va gilt trong vong S gidy.
Tho sau giy bong dudc tha trd vé 1dng va
tién hanh bdi thube sau 1 ngay bi thudng.

Thi nghiém dudc thiét ké theo md hinh
phudng 4n can d01 nhém két hgp véi phudng
an phan miu gom 4 nghiém thifc:

- Diéu tri bang copolymer;

- Pidu i bing copolymer hydrogel chia
dau mir u:

- Pidu trj bing thuéc thudng mai danh cho
bong do 2;

- Khéng diéu tri (lam lanh w nhién).

Sau dé kiém tra khad ning i lanh vét
thudng ciia thé khi sit dung hydrogel GP chija
dau mi u so vdi viée st dung hydrogel GP,
thudc thudng mai didu trj bong d6 2 va khong
diéu tri.

IV. KET QUA VA THAO LUAN

A. Két qud phd FT-IR ciia gelatin-pluronic
Fi27

Phudng phdp 16ng hgp gelatin-pluronic
dya trén phén Ung tao lidn két urethane
gita nhém -NH2 & gelatin va cacbonat
cla pluronic-NPC. Ph8 FTIR cda gelatin va
gelatin-pluronic F127 déu xuft hién pic thé
hién dao ddng G sd song 1.642,98 cm™!
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thé hign nhém amine (Hinh 1). Céc pic tai
2.920,99 cm™" va 1.102,97 cm™" 1an lugt thé
hién tin hiéu nhém CH2 va C-O, didu nay
ching 13 sy hién dién cia gelatin va pluconic
¢6 trong miu (4].

W

[p——
Hinh 2: Phé FTIR cia gelatin va gelatin-

pluronic F127

B. Khdo sdt nhiét @ 1ao gel cita hydrogel
GP chita déu mii u bing phiong phdp ddo
ngugc 6ng nghiém

Hydrogel gelatin-pluronic  F127 (l:15)
duge hoa tan trong mudc cht & 20% ghép
véi céc 11 1& diu mu u (0,5, 1,0, 1,5, 20.
2,5% wiw), vortex khoang 10 phit d€ toan
b6 copolymer ghép thim nudc, rdi dem git
lanh it nhét 24 gis d€ sin phim thu dugc Ia
hén hgp ddng nhit trudc khi dem khio sét
nhiét. Khdo sdt nhiét dudc tién hanh véi cic
nhiét dé 4, 25, 30, 37, 40 va 50°C nhim xéc
dinh nhiét & tao gel cla cic ndng do diu mb
u khdc nhau khi ¢6 dinh ndng dé hydrogel
gelatin-pluronic F127 & céc ti 1&. Miu gel
trong hi bi dugc dit vao bé diéu nhiét da
cai dit nhiét dg, d€ 6n dinh 5 phit, lay hi
bi ra (rdt ngude lai d& xem sy hinh thanh
gel theo quy udc: - : khong c¢6 kha ning
tao gel, gel chay nhu nudc khi tnit nguge
dng nghiém; +: 120 gel yéu, gel chdy khi mit
ngugc 6ng nghiém; ++ : tao gel kh tuy nhién
gel chua dic lai hoan toan, gel chay n nir khi
trit nguge éng nghiém; +++ : tao gel tét, gel
déng dic khong chdy khi dit nghiéng.
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¢} Béng 2, khdo sat nhiét do chuyén pha
sol-ge) clia hydrogel gelatin-pluronic F127
chita déu ml u cho thay su chuyen pha
ciia ciac mau GPU véi céc (i Ié khéi lugng
dau mi u va hydrogel gelatin-pluronic F127
khic (GPU 05%. GPU 1,0%, GPU 1.5%,
GPU 2,0%, GPU 2,5%). Nhiét d6 tao gel cia
hydrogel phu thuge vao ti 16 khéi lugng cia
bydrogel gelatin-pluronic FI27 ghép véi dau
mi u.

Véi ndng d6 dau md u tr 0,5 — 1,5%,
nhiét do tao gel van khéng thay déi nhiéu
so vdi nhiét do tao gel cia gelatin-pluronic
F127. Khi ham ludng du mi u ting 1&n 2%,
cdc phan tf ddu dudc gill trong mang ludi
hydrogel 1am thay déi tinh chat vit Ii cia
hydrogel nén anh hudng dén di€m nhiét do
tao gel.

So vdi két qua khao sit nhiét dd tao
gel cla hydrogel gelatin-pluronic F127 chita
naanocurcumin trong cic nghién ciu cida
Huynh Thi Ngoc Trinh [3], Nguyén Thi Bich
Tram va cong sy [4], nhiét do tao gel cia
hydrogel gelatin-pluronic F127 ¢é chifa dau
mu u cling khong thay déi. Nhiét d6 tao gel
khoang 35 - 40°C 1a khoang nhiét do If wdng
cho céc thit nghiém vé \ng dung hydrogel
trong viéc chia vét thudng.

C. Khdo sdt nhiét dp tao gel ciia hydrogel
gelatin-pluronic F127 chita dau mix u bang
phuong phdp hau bién hoc

Luu bién hoc tinh toan su chuyén pha dua
trén hai modul: modul G’ va modul G". Hinh
3 cho thiy ba ving modul thay di, nf 4°C
dén 13°C, dung dich t3n tai 3 dang léng (G’
khéng ting). Khi gia nhiét dén 27,5°C, gid tri
G" va G’ ting lén cho thiy qua trinh chuyén
pha tiép theo. Day 1a giai doan nhitng micelle
¢6 khuynh hudng hinh thanh mang Judi 3D
d€ 120 gel. V&i nhiét dé 27,5 — 37°C, hai
modul G" va G’ ting cham va gan nhu khong
ting khi gin 37°C. Diéu nay cho thiy tai
khoing nhiét d§ gin 37°C, sb micelle hinh
thanh la cyc dai va gel diic hon so véi khi méi
bit diu hinh thanh gel 8 nhiét do 1a 22,5°C.

Tuy nhién, sau khi do luu bién va lam lanh
dia do, chiing ta vin quan st dugc qua trinh
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Modulus (Pa)

20 30

Temperature ( °C)

Hinh 3: D3 thi chuyén pha

héa 1éng cla hydrogel. gel van giit dude do
am va khong bi bay hai khi gia nhiét trong
qué trinh do. Ti dé6, chiing ta ¢ thé két luan
hé gelatin-pluronic F127 1a mot hé “gel 16ng”
nhay nhiét [7), ¢6 kha ning thay ddi trang
thai theo nhiét d6 va tao gel 6 khoang nhiét
do gan 37°C.

Viéc dua dau md u v3i ham lugng ar 0,5
- 1,5% vao hydrogel gelatin pluronic khong
lam thay d&i dic tinh nhay nhiét cia hé.

Trong nghién ciiu vé sy chuyén pha sol —
gel cta hydrogel gelatin-pluronic F127 mang
nanocurcumin dugc xdc dinh bing phuong
phép DSC c6 pic t6a nhiét cuc dai d 36,27°C
so v8i viéc xdc dinh su chuyén pha sol - gel
clia hydrogel gelatin-pluronic F127 chita dau
mu u dudc do bang phUGng phap Ity bién
hoc. ¢6 thé thy: két qua ¢in nhu gibng nhau.
D34 thi chuyén pha ctia phuong phap Iuu bién
hoc di gin nhu khéng ting & 37°C.

Su chuyén pha sol-gel clia dung dich
copolymer dugc xic dinh bing phuong phap
do luu bién hoe. Tif 25 - 37°C, hai mé dun G’
va G” ting cham va hau nhu khong ting khi
nhiét d6 gan khodng 37°C. Diéu nay cho thiy
tar nhiét d6 nay, hé micelle trong hydrogel
dat cyc dinh va hé gel sét hon so véi lhic
bat ddu hinh thanh & 25°C. Bi€u dé chuyén
pha ciing chi ra vang nhiét d6 ma dung dich
copolymer tao thanh pha gel déng nhat. Su
chuyén pha nay gan giéng vi nghién cdu
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Bang 2: Két qua khao sit nhiét d6 tao gel cia GPU

GPU (% wiw) GP (@ Mis u (mg) 4°C | 25°C | 30°C | 35°C | 37°C | 40°C | 50°C
GPU 0.5 0,125 0625 + N T e e T
GPU 1O 0125 1.250 + | e [ e | e |
GPU LS 0,125 1875 + P T T ™
GPU 2.0 0,125 2,500 + - | | e
GPU 2.5 0,125 3125 + + A +
ciia Huynh Thi Ngoc Trinh di khio sit sy (o
’ - BV N : Hydrogel cbira
chuyén pha sol-gel cia F127 bdng phuong diumdu
phap DSC [3].
Hydrogel

D. Thanh phdn héa hoc ddu mii u

Déu mi u dude sin xuét bing phucng phap
ép lanh va tich chiét vdi dung mdi c6 d
phéan cuc khic nhau d€ thu duge diu mu u
¢6 thanh phan héa hgc nhu sau: acid palmiti

Thude th truong

(14,16%), acid stearic (14.55%), acid oleic
(42,36%), acid linoleic (28.08%) va acid
linolenic (0.85%).

Pay 1 loai ddu c6 gid trj dinh dudng cao
Vi ¢6 i 1€ vuot trdi acid linoleic va ngay cang
dude st dung phd bién trong nhitng sin phim
1am dep vi nhitng tac dung cia né déi vdi da,
¢6 kha ning khing viém, gidm muyn va cin
bing dé 4m cho da.

E. Pdnh gid khd nang chita lanh vér thuong
béng d¢ 2 trén thd

Dua vao két qu thi nghiém dénh gia kha
ning chita lanh vét thudng bong do 2 trén
th, vét thudng dude didu trj biing hydroge)
¢6 chifa ddu mi u cho thiy sau 10 ngay viing
bi thuong da phuc héi gin nhu ving da Janh,
khong c6 seo, nang 16ng ciing bit diu phét
trién wén vung bj thuong.

So véi vét thudng dude diéu tri bing thubc
wén thi trudng, vét thudng duge diéu trj biing
hydrogel ciing pht trién tuong d6i 161, cim
quan la niong dudng nhau. Con déi vdi vét
thuong khéng didu tri, sau 10 ngay vét thuong
van dang trong qué trinh lanh, van con ing
dd va c6 du hidu phat trién ciia seo 18i.
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Hinh 4: Dénh gia kha ning chia lanh vét
thudng

V. KET LUAN

Diéu ché thanh cong hydrogel tf pluronic
F127 va gelatin ¢6 kha ning mang céc hoat
chét chita lanh vét thudng 13 diu mb u.
Vlec két hop hydrogel gelatin-pluronic F127
3 ndng dd 20% va diu mi u da tao ra mang
hydrogel & nhiét do khoing 37°C gin vdi
nhiét dd cd thé ngudi. Mang hydrogel gelatin-
pluronic F127 chifa diu mi u cé kha ning
tri 1anh vét thudng rt hidu qua.
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