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Ludn dn nay dugc hoan thanh boi NCS. T6 Minh Quén va cng su. Toi xin cam doan
két qua ludn an dugc trinh bay trung thuc va nhirng két qua da cong bo dugc su dong ¥
cuia cong su va can bd hudng dan.
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LOI CAM ON

Luan an dugc hoan thanh trong thoi gian t61 hoc nghién ctru sinh tai Vién Sinh
hoc Nhiét déi, Hoc vién Khoa hoc Cong ngh¢, Vién Han lam Khoa hoc va Cong nghé
Viét Nam. Luan 4n duoc hoan thanh khong chi 1a cong strc ¢4 nhan ma con c6 su hd
tro tir rat nhiéu ca nhan, don vi. Ti xin gui 101 cam on cua minh téi:

- Thay huéng dan PGS. TS. BS. Tran Cong Toai. Cam on thay vi luén quan tam,
huéng dan, dc thuc em hoan thanh coéng viéc va cam on nhiing 10i day cia
thy trong cong viéc 1an trong cudc song.

- Thay huéng din TS. Nguyén Hoang Diing. Cam on thiy vi di huéng dan em
rat nhiét tinh va gop y vé mit khoa hoc dé em chinh sira dé tai theo huéng cang
hoan thi€n hon.

- TS. Lé Thanh Long. Cam on anh vi d3 hd tro em vé khoa hoc, vat chat, tinh
than dé em c6 thé hoan thanh luan an. Cam on nhimng 101 dong vién kip thoi cia
anh.

- Céam on nhiing em, ban trong nhém di hd trg toi hoan thanh dé tai: Uyén, Khai,
Loan, Tram, Trinh, Nhan, Diéu.

- Cam on cac thay c6 dong nghiép trong bé mén Sinh 1y hoc va Cong nghé Sinh
hoc Pong vat, truong Pai hoc Khoa hoc Ty nhién da tao diéu kién dé toi thuc
hién dé tai nay.

- Cam on vién Sinh hoc Nhiét déi, Hoc vién Khoa hoc Cong ngh¢, Vién Han 1am
Khoa hoc va Céng nghé Vi¢t Nam da dao tao to6i trong thoi gian qua va da tao
diéu kién cho t6i hoan thanh luan an. Kién thirc tir cac thay co ciia vién Sinh
hoc Nhiét déi, ctia Hoc vién Khoa hoc Cong nghé da ho tro rat 16m cho toi trong
qua trinh thyc hién luén an.

- Ba, me va em trai. Cam on gia dinh vi lu6n 13 nguoi dimg sau 4m tham hd trg

t6i sudt thoi gian qua.
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TOM TAT

Astaxanthin (AST) 12 mot chat thuéc nhom carotenoid véi cong thirc hoa hoc 1a
3,3"-dihydroxy-B-carotene-4,4'-dione c¢6 hoat tinh chong oxy hoa hang dau. Ngudn
AST tu nhién tét nhét hién nay 1a tir tao Haematococcus pluvialis (H. pluvialis). Trong
nghién ctru ndy, chiing t6i str dung ngudn H. pluvialis phan 1ap trong nuéc (ching LC,
HP-C) dé thu nhan dich chiét tio H. pluvialis giau AST (AST-EX) va danh gia hiéu
qua ctia AST-EX trong viéc bao vé té bao nguyén bao sgi (hF) khoi hydrogen peroxide
(H202) in vitro va bao vé da chudt khoi tia UVB. Té bao hF dugc xir Iy trude véi AST-
EX 0.5-10 pg/ml, sau d6 xu 1y v6i 150 uM H2O» trong 90 phit. AST-EX 1 pg/ml la
ndéng do toi wu han ché tac hai ciia HoO» d6i v6i hF: gifip té bao duy tri sy ting sinh
(thoi gian nhan d6i thé hé 198,57 + 46,68 gio), giam su gia ting kich thudc té bao
(3102,7 £ 1172,2, 255,4 + 42,0 um?), giam sy biéu hién cua B-galactosidase 1ao hoa
(37,19 £ 5,67%), giam su biéu hién cac marker 130 hoa p21, pl6 (gép 1,8§+0,2,19 +
0,3 so v&i d6i chimg), giam sy biéu hién cac enzyme phan hiy protein MMP1, MMP3
(gap 1,7+ 0.2, 2,1 + 0,4 so voi ddi chimg), giam su biéu hién cyclin D1 (gap 1,5 + 0,3
s0 voi ddi chimg) so véi té bao xtr Iy H.O» va phuc hoi sy biéu hién collagen, elastin
(gap 1,7 £ 0,4, 1,2 + 0,3 so voi ddi ching). Da chudt dugc thoa véi AST-EX 5-200
ng/ml 4 gio trude khi chiéu UVB theo quy trinh giy 140 hoa. AST-EX 20 pg/ml han
ché sy biéu hién cta cac diu hiéu 130 hoa: giam murc d§ nhan da va nhao da (2,5 £ 0,5,
1,0 + 0,7), giam d6 day biéu bi (33,5 + 9,6 um), giam biéu hién collagen bat thudng.
Két luan: AST-EX han ché tac hai cta cac tac nhan HO», tia UV trén mo hinh té bao

va da chudt.
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ABSTRACT

Astaxanthin (AST) is a highly antioxidant carotenoid with the formulation of 3,3'-
dihydroxy-B-carotene-4,4'-dione. Haematococcus pluvialis algae (H. pluvialis) is the
best natural source of AST. In this research, the ability of AST-rich extract from a
Vietnamese H. pluvialis strain (AST-EX) to alleviate danger effects of HO2 on human
fibroblast (hF) and ultraviolet radiation (UV) on mouse skin. The hF was pretreated
with AST-EX 0.5-10 pg/ml and then treated with 150 pM H2O> for 90 minutes. The
results showed that AST-EX 1 pg/ml was the optimal concentration for relieving
H>0O2-induced damage: maintaining cell proliferation (doubling time 198.57 + 46.68
hours), reducing senescence-associated B-galactosidase (37.19 £+ 5.67%), reducing the
expression of mRNA of p21, p16, MMP1, MMP3 (1.8 £0.2,1.9+0.3, 1.7+ 0.2, 2.1 £
0.4), reducing the expression of protein cyclin DI and restoring the expression of
mRNA of collagen, elastin (1.7 £ 0.4, 1.2 + 0.3). The mouse skin was topically applied
with AST-EX 5-200 pg/ml 4 hours before UVB radiation. AST-EX 20 pg/ml relieved
skin senescence: decreasing wrinkle score (2.5 = 0.5, 1.0 £ 0.7), epidermal layer (33.5
+ 9.6 um) and abnormal collagen fibers. Conclusion: AST-EX alleviated the harmful
effects of H>O» and UVB radiation.
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Tir viét tit

Thuat ngir

Giai thich thuit ngir

hF

Human fibroblast

Nguyén bao s¢i nguoi

AST

Astaxanthin

Chat astaxanthin nguyén chat

AST-EX

Astaxanthin-rich

Haematococcus pluvialis
extract

Dich chiét tao
Haematococcus pluvialis
giau astaxanthin.

AST-EX 0,5
pg/ml, AST-EX 1
pg/ml, AST-EX 5
ng/ml, AST-EX
10 pg/ml

Dich chiét giau astaxanthin
tu tao Haematococcus
pluvialis c6 ndng do AST
tong 14 0,5 pg/ml. Tuong tu
cac thuat ngit con lai 1a nong
d6 AST tong 1a 1 ug/ml, 5
ug/ml, 10 pg/ml

AST-EXO0,5, AST-

Nhoém té bao hodc chudt xur
ly véi AST-EX 0,5 pg/ml,

EX1, AST-EXS,
AST-EX10 AST-EX 1 pg/ml, AST-EX 5
png/ml, AST-EX 10 pg/ml
MMP Matrix metallproteinases Enzyme matrix

metallproteinase

Nrf-2 factor

Nuclear factor erythroid 2-
related factor

Doubling time

Thoi gian nhan doi thé hé

DT
qPCR (realtime- | Quantitative polymerase chain PCR dinh lugng
PCR) reaction
SA-gal Senescence-associated [3- Marker dac trung cho su lao
galactosidase hoa té bao enescence-
associated b-galactosidase
Cell cycle arrest Sy dimng chu ky té bao
HP-C Tao Haematococcus pluvialis

chung LC
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dichlo/met Dichloromethane/methanol
(ti 1€ 1:3 v/v)
UVB Ultraviolet B radiation Tia UVB

H. pluvialis

Haematococus pluvialis

Tao Haematococcus pluvialis

CDK Cyclin-dependent kinase
ATM Ataxia telangiectasia mutated
MTCB Moi trudng nudi cdy co ban:
89% DMEM/F12, 10%FBS,
1% penicillin/streptomycin
ROS Reactive Oxygen Species Gbc oxy hoat dong
Té bao dang cyst Nang bao tir truémng thanh

tong hop luong 16n AST khi
gip diéu kién bat 1oi kéo dai

Té bao pamelloid

Tao ¢ trang thai hinh cau sinh

dudng bat dong
HPLC High Performance Liquid Sac ky 16ng hiéu nang cao
Chromatography
MTT 3-[4,5-dimethylthiazole-2-yl]- Hoa chat MTT
2,5-diphenyltetrazolium
bromide
KHV Kinh hién vi
ABTS assay 2,2'-azino-bis (3 Phuong phap ABTS
ethylbenzothiazoline-6-
sulfonic acid
FRAP assay Ferric Reducing Antioxidant Phuong phép danh gid kha

Power

nang khir Fe**
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MO DAU

Astaxanthin (AST) 1a mot chat thuéc nhém carotenoid véi cong thirc hoa hoc 3,3'-
dihydroxy-p-carotene-4,4'-dione. AST c6 hoat tinh chdng oxy hoa hang dau hién nay
va duoc tng dung rat nhiéu trong y hoc dé chita tri cac bénh c6 nguyén nhan 1a cac
géc oxy hoat dong (ROS): tim mach, khop, tiéu duong, ... Hién nay, AST duoc thu
nhan tr nhiéu nguén khac nhau nhu thit c4 hdi, vo tdm, cua, vi nim (Phaffia
rhodozyma) [1, 2]. Trong nhitng nguén AST tu nhién, tio Haematococcus pluvialis
(H. pluvialis) dugc xem la ngudn AST tot nhat hién nay. Nong d6 AST cao nhat trong
tao H. pluvialis c6 thé c6 thé dat dén 13 5% khéi luong kho, cao gap 33 lan so v6i AST
tir tom, gan 1000 1an so véi thit ca hoi [3]. Pong thoi, AST tir tao H. pluvialis ton tai &
dang d6ng phan co hoat tinh cao, tét cho strc khoe (3S,3°S) [4].

Ddi v6i linh vue thAm my, AST thuong dugc st dung dé chéng lai 130 hoa da. Hién
tugng 140 hoa da co nguyén nhan tir bén trong va bén ngoai co thé. Cac gdc oxy hoa
hoat dong (ROS) 1a mot trong nhiing nguyén nhan chinh gay ra qua trinh lao hoa da
[5]. ROS duoc sinh ra lién tuc trong qué trinh sinh 1y binh thuong trong suét chu ky
song clia té bao nhu ROS duoc sinh ra trong chudi truyén dién tir trong ty thé. Khi
dugc sinh ra, ROS ¢6 kha ning pha hity cac phan tir DNA, protein, lipid ma ROS tiép
xuc. Luong ROS c6 kha nang gia tang theo qué trinh 1ao hoa sinh 1y cling nhu bi tac
dong bdi cac tac nhan bén ngoai nhu tia cuc tim (tia UV), khoi bui, 6 nhiém [6]. Tia
UV trong anh sang mit troi khong chi pha hiy té bao da ma con sinh ra luong 16n
ROS giy ton hai 1én t& bao da (nguyén bao soi, té bao simg) va nhiing protein chinh
trong chat nén da nhu collagen, elastin, dong thoi ngin can sy tong hop méi nhiing
protein néi trén [6]. Do d6, khi tiép xuc véi tia UV trong thoi gian dai, da s& xuét hién
nhimg d4u hiéu 1d0 héa: xuat hién vét nhan, da trd nén nhao, kém dan hoi... AST la
chat chdng oxy héa manh c6 kha ning hap thu nhitng gdc tu do nay nén cé kha ning
{rc ché qua trinh 140 héa da do ROS sinh ra trong qu4 trinh sinh Iy hodc do tia UV [7].

Hién nay cac nghién ctru img dung AST trong thim my trén d6i twong dong vat va
nhirng thir nghiém 1am sang trén nguoi tap trung vao AST dang udng [8, 9]. Gia thanh
hién nay ctia AST van con cao (gia thanh bot tdo gidu AST duogc ban khoang 400
USD/kg trén cac trang mang online, gia AST dang bot cé thé 1én ti 10.000 USD/kg),
viéc sir dung AST dang thoa c6 thé 1am ting hiéu qua chong 130 hoa va giam gia thanh

st dung, diéu nay gitip nhi€u nguoi c6 di€u kién tiép can dugc voi san pham c6 chat
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luong tot. Tuy nhién, hién nay van chua cé nghién ciru danh gia hiéu qua cia AST
trong viéc bao v€ nguyén bao sgi chéng lai tac hai cac ROS truc tiép o cép do té bao,
ndi phan tir ciing nhu chua c6 nghién ctru xac dinh ndng d6 hiéu qua cua AST dang
thoa. Pong thoi ngudn tio Haematococcus pluvialis trong nude rat it (hién chi co
chung HB va chung LC cua vién Coéng nghé Sinh hoc dugc cong bd rong rai) va
nhimng khao sat tién hanh tap trung vao qua trinh nuéi ciy tao dé thu AST, chua tap
trung vao ting dung ctia AST [10]. Do d6, trong nghién ctru nay chung t6i tién hanh
danh gia hiéu qua cam tmg AST trén mot ching tao trong nudc (chung LC) dé cung
cap thém thong tin vé kha nang thuong mai hoa ngudn tao dia phuong.

Nghién ctru dugc tién hanh véi muc dich danh gia hiéu qua cua dich chiét tao H.
pluvialis giau AST trong bao vé nguyén bao soi khoi tic nhan ROS truc tiép in vitro

va bao v¢ da khi sir dung dang thoa trén mé hinh dong vat bi 1ao hoa do tia UVB.

Muc tiéu tong quat:

- Danh gia hiéu qua chong ldo hoa cua dich chiét thio Haematococcus pluvialis

giau astaxanthin trén mo hinh t€ bao va chudt.

Muc tiéu cu thé:
- Cam ung thanh cong AST tur vi tdo Haematococcus pluvialis
- Panh gia duoc hiéu qua cia dich chiét tao Haematococcus pluvialis gidu
astaxanthin trong viéc bao v¢ nguyén bao sg¢i khdi tdc nhan hydrogen peroxide
trong diéu kién in vitro.
- banh gid dugc hi€u qua bao vé da chudt cua dich chiét tao giau AST khoi tia
UVB.
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Chuwong 1. TONG QUAN TAI LIEU

1.1. Tong quan veé vi tao Haematococcus pluvialis

Hinh 1. 1. Té bao vi tao Haematococcus pluvialis [11].

A: Nang bao tur sinh dudng, B: Nang bao tir cam ung truong thanh
Tén khoa hoc: Haematococcus pluvialis.
Phan loai khoa hoc:
Gioi  Eukaryote
Nganh Chlorophyta

Lop Chlorophyceae

Bo Volvocales
Ho Haematococcaceae
Chi Haematococcus

H. pluvialis 13 mot loai vi tao luc don bao co roi, co ving phan bd rong & cac ving
6n d6i va da duoc phan 1ap tir Chau Au, Chau Phi, Bic My va Himachal Pradeslv An
bo [12].

1.1.1. Pic diém hinh thai

Hinh thai té bao ctia H. pluvialis c6 sy bién doi khac nhau trong chu trinh séng cua
chung. Té bao c6 2 dang, twong tmg véi dic diém sinh truong: té bao sinh dudng va
nang bao tur (cyst). Trong do:

- Té bao sinh dudng: mau xanh, dang cau hoic elip véi duong kinh khoang 10 —
20 pum, c6 thé chuyén dong nhanh nho 2 roi. Trong diéu kién thuan loi, phan 16n céc té

bao tao ton tai & dang sinh dudng, c6 ham luong chlorophyll a, b va tién chat
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carotenoid cao, nhan ndm & trung tdm té bao v4i diép luc vay quanh, co rat it hat chira
AST nam xung quanh nhan. Cac té bao sinh dudng c6 thé phan chia tao thanh 2-32 té
bao con. Khi diéu kién tré nén bat lgi (can ki¢t dinh dudng, cuong dd anh sang cao,
nhiét do cao, stress mudi, ...), cac té bao sinh dudng bat dau mat roi, phinh to. Trong
giai doan nay, tao & trang thai té bao sinh dudng hinh cau bat dong (pamelloid).

- Nang bao tir: Khi diéu kién bat loi tiép tuc dién ra, té bao sinh dudng sé& bat
dau tich lily AST dé hinh thanh nang bao tir. Trong sudt qua trinh hinh thanh nang bao
tir, H. pluvialis chuyén tir mau xanh luc sang té bao c¢6 mau xanh 13n cam, day 13 giai
doan trung gian cua giai doan sinh dudng va nang bao tir truong thanh. Mot sb tac gia
goi giai doan nay 13 giai doan nang bao tr non hoic té bao trung gian. Trong giai doan
nay céc tai tinh bt c6 thé thay ré cung véi nhimng hat dau véi nhiéu kich thude chira
AST nim xung quanh nhan. Bi cung véi sy tich [y AST, diép luc giam vé thé tich
nhung qua trinh quang hop van con xdy ra cho dén khi giai doan bao nang bat dau.
Luc nay diép luc bi phan huy hoan toan va thay thé boi nhimg hat dau chita AST. Khi
diéu kién bat loi tiép tuc dién ra, té bao tong tich liiy luong 16n AST va chuyén thanh
nang bao tir trudng thanh (giai doan cyst hodc con goi 1a aplanopspore). Té bao c6
hinh cau, khong con kha ning di dong mau d6 sam. Thanh té bao day 1én, duong kinh
tang 40 — 50 um. Tdc do sinh truong cua té bao giam va té bao tich luy mot lugng 16n
astaxanthin [13, 14], [15].

(A) (B)

Hinh 1. 2. Céc chu ky té bao cta H. pluvialis trong chu ky séng [12].
(A): Té bao sinh dudng thé di dong; (B): Té bao sinh dudng hinh cau bat dong; (C):
AST bat dau dugc tich liy trong té bao sinh dudng hinh cau, (D): Nang bao tir trudng
thanh tich litly day du AST.
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Hinh 1. 3. Vong d6i tu nhién cda vi tdo [12].
- Giai doan nay mam: Khi diéu kién tré nén thuén loi, nang bao tu truong thanh
nay mam thanh té bao sinh dudng c6 roi di dong dé bat dau chu ky phat trién tiép theo.
Trong giai doan ndy, mot té bao cyst c6 kha ning tao thanh 64 té bao con véi kich

thude nho (<10 pm).
1.2. Gi6i thiéu vé astaxanthin

Astaxanthin 12 mot xanthophyll carotenoid c6 tén cong thirc khoa hoc 1a 3,3'-
dihydroxy-B-carotene-4,4'-dione. AST ¢ ciu tric mach thang véi 2 dau 1a 2 vong
ionone c6 nhom lién két hydroxyl va keto. Hai ddu dugc ndi voi nhau bang mot chudi
polyene bao gdm cac lién két C-C voi cac lién két d6i va don xen k& 13n nhau (Hinh
1.5) [16].

Do céu tric dic trung: dang thang, gdm 3 phan phan cuc — khong cuc — phin
cuc nén da giup cho astaxanthin c6 tinh chat doc ddo 14 xen giita mang té bao (Hinh 2).
Piéu nay tao nén tinh chat chdng oxy hoa doc dao cia astaxanthin:

o Vong ionone ¢ hai dau gitip chong oxy héa trong va ngoai mang sinh
hoc (mang té bao, mang nhan, mang ty thé...)
o Chudi C-C giup chéng oxy gilta mang sinh hoc (mang té bao, mang

nhan, mang ty thé...)



all-trans astaxanthin

Hinh 1. 4. Céu tric astaxanthin [17].

Ngoai ra, mot tinh chat quan trong khic ciia astaxanthin 13 astaxanthin khong bi
bién d6i thanh chét pro-oxidant (chat gy oxy hoa) khi bi kich thich nhu cac chat p-
carotene, vitamin C. Py cling chinh 1a mdt trong nhitrng nguyén nhan tao nén tinh an
toan cao cua astaxanthin. Thuc té, astaxanthin c6 kha ning khang oxy héa cao hon o-
tocopherol 100 1dn va cao hon cac hop chat zeaxanthin, lutein, canthaxanthin, p-

carotene 10 1an [3].

Vitamin C

Khéng gian 35, 35’ Astaxanthin OH .
20 (e phospholipid
Pesaibie / g0 @ ”’Sf?.o bi oxi héa
°°o§ oS
OH

4 L o Vi
Pau phan cye ‘-

(wra nuédrc) ‘ ' '

(o) (e ] Lép
\1‘ / ] mang
Pudi fatty acid @ “o dai
(ky nudrc) ‘ ‘

Pau phan cyc ‘
(ura nudrc) \j —
[e) ROS

Cytoplasm
o’. 3S, 35’ Astaxanthin

Hinh 1. 5. Vi tri chéng oxy héa ctia AST [17]

Véi kha nang chdng oxy héa hiéu qua nhu trén, hién nay AST duoc sir dung trén
toan thé gii dé chdng lai cac cin bénh co lién quan dén cac gdc oxy hoa nhu bénh tim
mach, viém khép, tiéu duong, ung thu ... dic biét 1a dung dé chéng ldo0 hoa.

AST c6 tinh an toan cao, mét sd nghién ctru ghi nhan liéu dung AST c6 thé 1én t6i
40 mg/ngay [3]. Do d6, AST dugc sir dung trén thé giéi nhu 1 loai thuc pham chiic
ning hing ngiy dé chéng lai cac gbc oxy hoa hodc chéng ldo héa nhung cic nghién

ctru 1am sang trén AST van chua duoc tién hanh & quy mé 16n ma chi ¢ nhitng quy mo
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nho (khoang 50 ngudi) [18]. Pa phan ngudi sir dung déu cam nhan rd rang su phuc hoi
strc khoe.
1.3. Nguon thu nhian AST

Hién nay trén thi truong c6 2 loai AST dang luu hanh: AST ty nhién va AST
tong hop. AST tu nhién 1a AST dugc chiét xuat tir nhitng nguén ty nhién nhu tao,
nam, thit ca hoi, tom cua. AST tong hop 14 AST duoc tong hop bang nhitng phan tng
hoa hoc tir ddu mo. Tuy nhién, dang AST tong hop khong ¢ nhiéu dong phan 38, 3°S
nhu AST tu nhién va chi duoc dung trong nudi trong thiy san dé tao mau cho vét nudi.
Duy nhit AST ty nhién duoc cip phép sir dung cho ngudi [17], [19]. Hién nay, gia
thanh 1 kg AST tu nhién chiét xuat tir taio H. pluvialis 1a 10.000 USD, trong khi gia
thanh 1 kg AST tong hop 1a 2.000 USD.

AST 1a chit tao mau do trong thit ca, vo cua, vo tom. Giai doan dau, AST duoc
chiét xuét tir vo tom, cua, hodc thit ca hoi. Sau do, mot sb nghién curu cho théy AST
xuat hién & mot sb loai vi ndm (Phaffia rhodozyma), vi tao. Nhitng nghién ctru hién
nay déu chimg to rang nguén AST co chét luong t6t nhat va nhiéu nhat 13 vi tao
Haematococcus pluvialis (H. pluvialis). Ngudn AST tir tio H. pluvialis (38 g/kg) cao
gap 1000 14n so voi thit ca hoi (38 mg/kg) [3]. H. pluvialis 1a mot ho vi tao luc, nudce
ngot, don bao, hinh elip dudong kinh khoang 10-20 pm, sinh san v tinh bang cach
nhan d6i, c¢6 thé di chuyén bang hai roi, phan bb chu yéu & ving 6n déi. Khi bi kich
thich béi moi truong, tao H. pluvialis tong hop AST dé chéng lai su thay doi tir moi
truong bén ngoai (Hinh 3) [3, 12].
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Bang 1. 1. Ham luong AST tir cac ngudn khac nhau [1, 3].

Ngudn AST Luwong AST
C4 hoi Coho 26-38 mg/kg
Tom (P. borealis) 150 mg/kg
N4m men 1700 mg/kg
H. pluvialis 36000-38000 mg/kg

Ti I¢ céc loai astaxanthin (%)

100
BTy do B Monoester Diester
80 -
60 -
40
20 4 I I ‘
0 A - - _

Tom krill Chankiém  Tom Vo cua Tao NAm men do

Hinh 1. 6. AST va cac dan xuét ester tir nhiéu ngudn khac nhau [20, 21].
1.3.1. Qua trinh hinh thanh astaxanthin & Haematococcus pluvialis

AST duge chua trong cac giot lipid nim quanh nhan. Trong giai doan sinh
dudng, té bao tao rat it tong hop AST. Khi diéu kién moi trudng trd nén khong thuan
loi, (bao gdm nhiing yéu té anh sang, nhiét do, pH, chat dinh dudng) tao chuyén sang
giai doan nang bao. Trong giai doan nay, nhiéu hat dau véi nhiéu kich thudc khac
nhau ding dé chira AST xuat hién xung quanh nhan. Diép luc té bi thay thé dan dan
bang AST [22]. Qué trinh tong hop AST trong tiao H. pluvialis dugce bat dau tir p-
carotene. Sy oxy hoa [B-carotene tai 4 vi tri boi carotence ketolase (BKT). Khi tdo gap
diéu kién moi truong bt loi, mRNA cua ketolase dugc tong hop vuot ngudng va tao
bat dau tong hop AST. p-carotene sau d6 duoc chuyén thanh echinenone va thanh
canthaxanthin nho tic dung ciia enzyme BKT. Canthaxanthin tiép dén duoc gan thém

gbc -OH dé tao thanh AST nho enzyme CrtR-b [23].



B-Carotene
BKT CrtR-b
Echinenone p-Cryptoxanthin
BKT l l(‘rlR-b
Canthaxanthin Zeaxanthin
CrtR-b lBKT
v
Adonirubin Adonixanthin
CrtR-b BKT
Astaxanthin

Hinh 1. 7. Qua trinh tong hop AST tir B-carotene [23]
1.3.2. Piéu Kkién nudi cay va cam wng AST & Haematococcus pluvialis

Piéu kién nudi cdy AST bao gom 2 giai doan: nudi cdy tich lily sinh khbi va
nuoi céy tich iy astaxantin. Nhiing yéu td nhu thanh phﬁn moi truong, pH, nhiét do,
anh sang, déu anh huéng téi qua trinh nudi cdy va khong gidng nhau giira cac ching
va cac giai doan mong mudn. Giai doan tich lily sinh khdi can tao diéu kién moi
truong thuan loi. Nhidu loai méi truong nudi cdy duoc dung trong nudi cdy H.
pluvialis nhu BG-11, BBM, OHM, KM1, RM va nhiing bién thé cua chung. bPéi voi
giai doan cam tng sinh tong hop AST, tdo dugc nudi trong mdi truong gay stress. Mot
sO yéu t6 anh hudng toi qué trinh tong hop AST.

— Mudi natri nitrate: Mubi nitrate 1a nguon dinh dudng v6 co cho tio. Khi thiéu
nitrate dan t6i thiéu ngudn nitrogen cho cac hoat dong cua tao, c6 thé dan téi
thodi hoa diép luc td. Do do, thiéu nitrogen dan téi hinh thanh AST. Tac gia
Boussiba cho rang thiéu hyt nguén nitrogen va phospho dan téi tong hop AST
[24, 25].

- Néng do mudi cao (0.25-0.5%), nhiét d6 cao (trén 30°C), pH thép cling c6 anh
hudng dén téng hop carotenoid. Piéu kién tdi vu cho su tang trudng 1a nhiét 4o
25-28°C, pH 7-7.85.

— Anh sang: cudong do anh sang cao 70-177 pumol photons/m?/s kich thich sy hinh

thanh AST va cuong d6 anh sang rat khac nhau & cac gidng tao khac nhau. Thoi



10

gian chiéu sang duoc ap dung khi nuoi sinh khéi 1a 12:12 hodc 16:8, thoi gian

cam tng sinh tong hop AST thuong 13 chiéu sang lién tuc. Vé ngudn sang, dén

LED d6 thich hop cho tiang sinh khéi trong khi LED trang xanh thich hop cho

tong hop AST. Cuong d6 chiéu sang nén ting dan dé tao co thoi gian thich nghi

dé tao nang bao tir [26].

1.4. Co ché chong ldo héa ciia AST
1.4.1. Hoat tinh chdng oxy héa

ROS 12 mdt nhom cac gde oxy hoa hoat dong, ROS bao gém cac gdc oxy tu do,
nhu superoxide anion (O27), gbc hydroxyl (HO) va mot sd phan tir khong phai gbc
oxy tu do nhu hydrogen peroxide (H>0:). Cac gbc superoxide phan ung dé tao thanh
cac ROS khéc, cu thé 1a cac géc H,0: va hydroxyl, dong thoi chuyén doi xen k& véi
cac géc chura nitrogen hoat tinh (RNS), tao ra cac hiéu ing tuong tu nhu ROS [27]. Su
chuyén dién tir khong hiéu qua trong chudi ho hap cua ty thé dugc cho 1a ngudn ROS
chinh, trong s6 cac ngudn enzyme va khong enzyme khac nhau [28]. Sy biéu hién gia
tang cua cac phan tr catalase va peroxiredoxin-1 dugc coi la cdc marker stress oxy
hoa. Ho nay bao gdm bay thanh vién protein xuyén mang, cu thé 1a Nox1-5 va Duox|-
2 [29-31], [32]. ROS duoc tao ra boi qué trinh chuyén héa oxy trong qua trinh ho hép
té bao ¢ sinh vat hiéu khi va c6 thé bat ngudn tir nguyén nhan bén ngoai nhu cic hop
chét oxy hoa khur, birc xa, tac nhan hoa tri li¢u, chit gay ung thu (phan tor oncogen),
ché d6 an hay tir tia UV [33]. Su cin bang giita cic co ché oxy hoa-chéng oxy héa din
dén su diéu bién lién tuc cta qué trinh san Xuat, vi tri va bat hoat ROS, trong ca diéu
kién sinh 1y va bénh ly. Céc chat chéng oxy hoa ngi sinh, nhu cac enzyme thudc ho
catalase, nhom glutathione, nhém lién quan dén thioredoxin va superoxide dismutase
[34], chét chéng oxy hoa ngoai sinh nhu glutathione, carotenoid, vitamin C va E, tao
thanh hé thong chdng lai cac ROS [35]. Tuy nhién, su mat can bang can bang oxy hoa
khtr lubn c6 thé xay ra va thuong theo hudng cé gia ting cac ROS, do d6 ROS chuyén
tir mirc sinh 1y sang mirc ¢6 hai, diéu nay dan t6i hién tuong stress oxy hoa va nitro
hoa (OS/NS). Su biéu hién gia ting ciia cac phan tir catalase va peroxiredoxin-1 duoc

coi la marker stress oxy hoé [36, 37].
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Hinh 1. 8. Sy bién doi gbc oxy hoa trong co thé [38].

Y&u 18 ting trurémg/Cytokine/
Chemokine

Enginesred NPs. tia UV ¢
Mcrobes

Khong gian
ngoai bao

Hinh 1. 9. Sy hinh thanh ROS trong té bao [39].

AST c6 nhiéu dic tinh t6t trong chong oxy hoa bao vé té bao. Nhiéu nghién ctiru

da chimg minh AST c6 tac dung tot trong phong chéng oxy hoéa.

— AST tc ché sy hinh thanh ROS va kich hoat con dudng chong oxy hoa

Nrf2/HO-1 [7].

— AST kich thich tong hop cic yéu to chéng oxy héa nodi bao nhu superoxide
dismutase 2 (SOD2), catalase (CAT) va glutathione peroxidase 1 (GPX1) [40].

Do d6, AST c6 tac dung chong oxy hoéa khong chi thong qua viée truc tiép hap

thu ROS ma con kich hoat hé thong chong oxy hoa ndi bao théng qua viée diéu

hoa con duong Nrf2.



12
1.4.2. Hoat tinh khang viém

Céc yéu to stress oxy hoa nhu cac goc tu do din t6i sy viém nhiém man tinh.
Déi voi da, té bao simg co kha niang cam tmg tong hop nhiing tic nhan gay viém lién
quan téi enzyme tong hop nitric oxide cam ung (iNOS), cyclooxygenase (COX)-2.
AST gitip hip thu cac gdc tu do nén giam tac hai cua tia UV [20]. Pong thoi, AST tc
ché sy biéu hién cta cic phan tir gdy viém nhu interleukin-1p (IL-1p), interleukin-6
(IL-6) .

Nji bao

hin

o
= (S (3 s o

L/;\% phin (i giy v

/7 - L v 'j’

e AR YN NN %) 7 ™ , ’ T~
/ (*k y l;.’f '.».j Lku,q:b.j' ;.‘-”n_u’q:u

Nucleus

Hinh 1. 10. Céc co ché chong oxy hoa ctia AST trong té bao [7].
1.4.3. Hoat tinh ting cwdng mién dich
Hé mién dich dong vai trd quan trong trong viéc bao vé co thé chéng lai cac
nguyén nhan giy bénh tir bén ngoai, chéng ung thu va ldo héa. AST kich thich su san
xuat immunoglobulin trén t& bao lympho. Pong thoi, AST ting cudng hoat tinh ciia té
bao giét tu nhién (NK) [41].
1.4.4. Hoat tinh diéu hoa sira chira ton thwong té bao va DNA

Collagen, elastin, glycosaminoglycan 1a nhitng phan tir ciu tric quan trong
trong chit nén ngoai bao da. Pdi véi ca hai loai 140 hoa nodi sinh va 130 hoa ngoai sinh
déu cho thiy c6 su thay ddi tiéu cuc & cac cau tric nay. Nhitng hé qua cia su thay doi
cAu trac trén bao gém su mat di do cang, do dan hoi, kha nang gilr nudc va sua chira
ton thuong ciia da dan dén ting su hinh thanh nép nhan. Thém vao d6 cac gbc tu do
kich thich sy sinh tong hop enzyme MMP-1 chiu trach nhiém cho viéc phan huy chét
nén ngoai bao, cu thé 1a giy tiéu huy collagen. Trong in vitro, AST tc ché cac ton

thuong té bao gay ra bdi cac goc tu do dan dén lam giam sy san xuat MMP-1 ¢ da.
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Nho sy ¢ ché sy biéu hién MMP ma AST lam tang luong collagen tong hop boi
nguyén bao soi cta da. Ngoai ra, sy hity hoai chat nén ngoai bao con giy anh huong
Xau toi chirc ning ciia t& bao nhu sy bam dinh, ting sinh va kha ning biét héa. Tuy
vay, MMP ciing déng vai tro quan trong trong viéc duy tri tinh 6n dinh va chirc ning
ctia chat nén ngoai bao do su phan huy cac cau tric collagen bi hu hong tao didu kién
cho sy tai tao collagen moi. Trong sudt qué trinh hdi phuc vét thuong, chat nén ngoai
bao trai qua sy tai cAu trac manh, sy phan huy va tai tao chit nén ngoai bao déu dién ra
dong thoi. Khi da bi ton thuong, AST thiic ddy qua trinh lanh vét thuong ¢ da thong
qua viéc lam ting biéu hién collagen loai I va cac yéu tb ting trudéng nguyén bao soi

(bFGF) thé hién trén mé hinh chudt [20].

Hinh 1. 11. Su twong tdc DNA va AST [42].

T6n thuong DNA da c6 thé dén tir tia UV hodc gbc oxy hoa. Cac tic nhin nay
c6 thé ton thuong DNA va dan toi 18i trong qua trinh sao chép. Diéu nay dan téi hang
loat con dudng truyén tin hiéu dé stra chita DNA. Nucleotide excision repair (NER) 14
co ché chinh stra chita DNA ¢ dong vat co vil. AST c6 kha ning ting cuong chirc ning
stra chita DNA cia té bao sau tiép xuc véi tia UV. Ngoai ra, AST c6 kha ning lam
giam ton thuong DNA do cyclophosphamide. Pong thoi, AST c6 thé da tham gia vao
viéc diéu hoa con dudng AKT gay ra tac dong cong hop véi cac con dudng stra chira
DNA khéc va gitp duy tri tinh 6n dinh ctia bd gene va chdng lai su ton thuong DNA
[42].

1.5. Cau tric da

Da la co quan quan trong doi vdi co thé con nguoi va dong vat, chiém khoang

15% trong lugng co thé. Chirc ning chinh cua da 1a bao boc toan bd co thé va 1a 16p
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ngoai bao v€ chong lai cac tdc nhan gy hai bén ngoai, ngan ngra mat d am tur bén

trong co thé thoat ra ngoai moi trudng va diéu tiét nhiét do co thé [5].

Lép simg hoa Ong tict Dy than  Tyyén ba Long
kinh
Lép hat 7
 Biéubi
Lop gai
Trung bi
Lop day
Hé mach
Tuyén md héi . Habi
Nang long Co dung 16ng

Hinh 1. 12. Céu trtc da [43].
Da bao gom 3 16p: 16p biéu bi, trung bi va ha bi
— Biéu bi: 1a 16p trén cung cua da, 1a 16p biéu mo 1at ting sing hoa chta cac té
bao biéu bi. Ngoai ra, biéu bi con chita cac té bao: té bao tao sic td, té bao trinh
dién khang nguyén Langerhans, t& bao biéu mé xuc giac Merkel. Biéu bi duoc
chia thanh cac 16p: 16p day, 16p gai, 16p hat va 16p sung.

o Lép day: 1a 16p dudi cung cua biéu bi, nam trén mang day, bao gdm
nhirng té bao hinh tru hay vudng. Cac té bao 16p day c6 kha ning nguyén
phan va tao ra toan bo té bao biéu bi bén trén.

o Lop gai: nam trén 16p day, 14 16p day nhat ctia biéu bi, bao gdm nhiing té
bao da dién voi nhan trung tim. Trong 16p gai van c6 mot it t& bao c6
kha nang nguyén phan.

o Lop hat: khoang 3-5 16p té bao da dién det, bao twong chtra ddy cac hat
keratohyalin bat mau kiém.

o Ldp stmg hoa: chira 15-20 16p té bao simg det, mat nhan, bao tuong chira
cac so1 keratin

— Trung bi: mo lién két nang d& biéu bi va lién két voi ha bi. Trung bi tiép xuc
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v6i biéu bi théng qua 10p mang day va c6 nhiéu nhu trung bi dan xen voi go
biéu bi. Thanh phan khu6n nén ngoai bao chinh ciia trung bi 1a collagen, elastin
va céac glycosaminoglycan nhu hyaluronic acid, proteoglycan, glycoprotein.
Nguyén bao soi 1a thanh phan té bao chinh trong trung bi, vai trd clia nguyén
bao soi 1a tong hop cac soi collagen, soi dan hdi dé duy tri chtic ning cua trung
bi. Ngoai ra, trong da con bao gém mét it dai thuc bao, t& bao mast va té bao
m& dé duy tri chtrc ning trung bi.

— Ha bi: nam dudi 16p trung bi, 1a 16p mo lién két 1ong 1éo két hop da véi cac co
quan bén duoi.

1.6. Lao hoa da

Lo hoa da 1a qué trinh sinh hoc phirc tap chiu anh huong boi su két hop cia
cac nhan to ndi sinh (di truyén, qué trinh trao d6i chat, hormone) va ngoai sinh (tiép
xuc véi anh nang trong thoi gian dai, 6 nhiém, hoa chét). Nhimng nhan t nay din dén
viéc tich luy nhitng ton thuong dbi v6i cau tric va sinh 1y ciing nhu hinh thai cua da.
Trai ngugc véi cac vung da 13o hoa do tudi thc voi cac biéu hién teo lai, xuat hién cac
nép nhin nong kém theo hién twong da kho thi 130 hoa sém & cac ving da tiép xuc véi
anh sang v6i dau hiéu 1a ting biéu bi day 1én, xuat hién cic ddm nau den, cac nép nhin
sau, da nhdo, tring xudng va tré nén thd rap. Tinh dan hoi ctia da mat dan theo thoi
gian dan t6i hién tuong bi tring xudng. Tdc do tai sinh cia ting biéu bi cham lai xay
ra ddng thoi véi sy lanh vét thuong cham dan ciing véi sy tiy da chét khong hiéu qua
& nguoi gia [5].

Lan da 130 héa do tiép xtc v6i anh nang dic trung boi su thoai hda mé dan hoi.
Dbi voi quang ldo héa, sy xuat hién cta nhiéu loai enzyme phan hiy chit nén lam
giam bot luong collagen. Soi collagen co cdu triic bat thudng va lién két bat thuong va
suy giam ham lugng collagen tong dang ké. Trong d6 ti 18 Col-3 ting 1én so v6i Col-1.
Nhin chung ham luong collagen trén mot don vi dién tich bé mit da giam 1% moi
nam. Glycosaminoglycan (GAG) mét trong nhimng thanh phan c4u thanh nén chat nén
trung bi giup gitt nudc cho da. O 1an da 40 hoa, GAG c6 lién quan toi su bat thuong
ciia cac chat dan hoi trong da, do d6 khong thuc hién chirc ning hiéu qua. Axit
hyaluronic trong trung bi tuy duoc duy tri mic 6n dinh ¢ da 1io hoa nhung lai giam 6

rét & tang biéu bi [7].



16
Ba thanh phén cau trac chinh ctia khudén nén ngoai bao 16p trung bi 1a collagen,
elastin va GAG. Pay ciing 1a d6i twong chinh cua cac nghién ctru chong 130 hoa va cai
thién ngoai hinh cua da bi 130 hoa béng cac loai kem chéng 130 hoa va chit 1am dﬁy

[44].

Tia UV phé4 hay cic soi collagen trong 16p trung bi va dan dén hinh thanh nép
nhin. Ngoai ra, tia UV con goép phan hinh thanh nép nhin thong qua viéc kich thich sy
tao ra cac enzyme phan hily protein ngoai bao & nguyén bao sgi do tin hi¢u cytokine gay
viém duoc giai phong bai cac té bao keratinocyte tiép xtic voi UV nhu: IL-1a, IL-6 va
TFN- o. Tién trinh nay 1am hinh thanh nép gap trén bé mat cua da, d6 1a két qua cua
viéc té bao bi ton thuong va céc soi lién két bi hu hai. Mot s6 tac nhan day nhanh qua

trinh 130 hoa da d6 1a: khong khi 6 nhiém, khéi thudc va sy cang thang [9], [45] .

A
S~
v, .'y Q&
D V Q guyén bao sgi/

DA Té bao sirng

Vv LAO HOA DO TIA UV

gia tang sy phan hay collagen
giam sy téng hop collagen

L 7
) [ 2
v
[ Con dudng tin hiéu MAPK ]

v

Kich hoat c-Fos/c-Jun —_—

Gia tang MMP
Ngén doan telomere

AP-1

Nhan

Hinh 1. 13. Co ché gay ldo hoa da do tia anh sang mit trdi [46].
1.7. Lo héa té bao

Nam 1961, Hayflick va cac dong nghiép dd mo ta nguyén bao soi co kha ning
tang sinh trong moi truong nudi cay nhung chi trong mot khoang thoi gian hiru han,
thuong 13 sau khoang 40-60 1an phan chia. Nudi cdy nguyén bao sgi ctia con nguoi
trong thoi gian dai khién cac té bao nging tang sinh. Tuy nhién, cac té bao ndy van
thuc hién hoat dong trao doi chit va try thanh té bao ldo héa. Lio hoa sém c6 thé c6
loi cho viéc trc ché viéc hinh thanh khi u, nhung diéu nay lam mat kha ning tai sinh
té bao, tir d6 dan t6i su 130 hoa & cép dd mo va co thé. Cac té bao 130 hoa di duogc

chung minh tich Iy trong cdc mo khi con nguoi 16n 1€n va lién quan dén mot s6 qua
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trinh sinh hoc, bao gém phat trién phéi, chita lanh vét thuong, sira chita mo va viém
nhiém do tudi tac [47].

Sy cay chuyén lién tuc ciia cac té bao trong nudi cdy giy ra su 1o hoa sao chép,
c6 lién quan dén sy ngan dan cua telomere va sy mét on dinh gene. Cac yéu t6 giy
stress bao gdm nhiing chat gay t6n thuong DNA va chét gy ung thu, cling ¢ thé giy
ra l3o héa. Cac yéu té nay thudng khong lién quan téi telomere ma chiing thuong phy
thudc vao con dudng pl6™K4*A/Rb5. Trong khi cac té bao van con kha ning ting sinh,
c6 dang hinh thoi thi cac té bao 130 hoa c6 thé duge xac dinh & mot sé dic diém nhat
dinh nhu té bao trai rong, dién tich té bao chit ting cung véi hoat dong cia
galactosidase lién quan t6i 130 hoa (SA-gal). Té bao 130 héa ciing tich lity cac dau hiéu
hu hai DNA bao gom H2AX, foci nhiém sic thé do 130 hoa (SAHF). Té bao 3o hoa
cling biéu hién muc protein diéu hoa chu ky té bao cao hon, nhu pl6 (pl6™K»)
va/hodc p21 va p53. Hon nita, cac té bao 130 hoa con giy anh huong dén cac té bao
xung quanh bang céach tiét ra mot sd cytokine va chemokine gay viém duoc goi 1a kiéu
hinh tiét lién quan t¢i 130 hoa (SASP). Mic du hién tuong SASP nay c6 thé khac nhau
& mdi loai t& bao nhung hau hét déu c6 su gia tang interleukin-6 (IL-6), IL-8, yéu t6
kich thich nhém bach cau hat (GM-CSF), yéu t6 diéu hoa ting trudng lién quan t6i
gene ung thu o (GRO-a) va GRO- [48, 49].

Hién nay, hi¢én tugng lao hoa dugc xem nhu la qua trinh dung tdng sinh vinh
vién khi té bao dap g v&i nhiéu tac nhan kich thich té bao, bao gdm nhiing chét kich
thich ung thu, cytokine, ROS, chat giy t6n thuong DNA hodc mét nucleotide. Dang
130 hoa nay duge goi 14 130 hoa cam Gng boi stress (SIPS) va gay nhiéu tac hai 1én stic
khoe [50].

Con dwong tin hiéu p53/p21

Nhiéu nghién ctru tap trung vao vai tro cta p53 trong viéc diéu hoa hoat dong té
bao bi tdc dong boi céac tin hi€u gdy ung thu va stress do tang sinh. Khi bi kich thich,
p53 diéu hoa hoat dong cua lugng 16n gene lién quan t6i viéc ding chu ky té bao, sira
chita DNA, 130 héa té bao va apoptosis. Nhiéu nghién ctru da ching minh rang p53
dong vai trd duy tri sy toan ven cta bd gene khi dap tmg voi ton thuong DNA [51].

Lo hoéa té bao duogc dinh nghia la tinh trang té bao co chu ky kéo dai vinh vién,

di€u nay kem theo nhi€u su bién doi nhu bién doi hinh dang té bao, tai cau truc nhieém
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sic thé, tai chuong trinh qué trinh trao d6i chét va tiét nhitng nhan t6 gay viém lién
quan toi qué trinh 130 hoa. Nhitng hién tuong nay thudng biéu hién trong té bao ldo
hoa va t6n thuong. Trong diéu kién sinh 1y binh thuong, té bao ting sinh nam trong
chu ky té bao. Hién tugng doan telomere giam dan va stress man tinh gy mat on dinh
cAu trac va sy toan ven bod gene déu c6 thé dan t6i hoat hoa con duong 1ao hoa té bao.
Do d6, 130 hoa 1a dap tng thich nghi cua té bao khi tiép xuc voi diéu kién méi truong
bat loi. Nhitng tic nhan gy stress bao gdm tac nhan noi sinh va ngoai sinh nhu su
tang sinh qua murc, chat hoat hoa ung thu, tia UV, tia gamma, thudc. .. Nhitng tac nhan
nay kich thich ton thuong DNA, diéu nay dan téi nhiéu hau qua khic nhau tuy thudc
cuong do, thoi gian tiép xic. Ton thuong trung tinh thuong gy dimg chu ky té bao
tam thoi trong khi nhiing ton thuong 16n c6 thé hoat héa qua trinh 1i0 héa hodc giy

chét té bao thong qua co ché apoptosis, hoai tir [52].

pS53 dong vai tro quan trong trong xac dinh sb phan té bao, dbi v4i hién tuong
130 hoa té bao, p53 co thé duoc hoat hoa thong qua con dudng DDR hoic khong thong
qua con dudng trén. Trong trudng hop thong qua con dudng DDR, hién tugng mat
telomere, t6n thuong DNA, sy ting sinh qua mic hodc bat hoat cic chét (rc ché ung
thu dan t6i ton thuong DNA, diéu nay dan t6i hoat héa dap ung sira chita DNA
(DDR). DDR hoat hoéa thu thé nhan biét telangiectasia-muted (ATM) hodc ataxia
telangiectasia and Rad3-related (ATR) kinase. ATM/ATR hoat hoa p53/p21 bang cach
phospho hoa p53 va ligase Mdm2, diéu nay dan t6i 6n dinh mac do p53. Sau d6 p53
duoc phospho hda tai vi tri Ser-15 va Ser-20 thong qua Chk1/2 [53]. Con duong thur 2
dé hoat héa p53 1a thong qua NOREAI kich thich sy acetyl hoa p53 dé tao con duong
130 hoa va trc ché su hoat hoa p53 theo con dudng apoptosis.

Con duong 140 hoa té bao dugc nghién ctru nhiéu nhat 12 con dudng p53/p21 va
con duong pl6™K4A/Rb. Ton thuong DNA va dép tng DDR 1a nhitng kiém soat quan
trong d6i voi ca 2 con duong trén. Nhirg nhan t6 dan téi ton thuong DNA va dap tng
DDR déu c6 thé khai dong sy 130 hoa té bao [54].

p53 1a nhan td phién ma, diéu hoa tang hodc giam su biéu hién cua gene muc
tiéu bang cach lién két vao ving promoter hodc twong tic voi dong phién ma nhu
protein lién két TATA. Fisher va dong nghiép da cho rang p53 c¢6 3661 san pham dich.
Nhiéu gene trong do lién quan tdi cac hién tugng trao ddi chat, tu thuc bao, stra chita

DNA, dimg chu ky té bao. Ddi voi qué trinh 140 hoa té bao, cac yéu t6 kich thich quan
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trong 1a cuong do va thoi gian. Kich thich bén vimg méi cé thé tao ra ldo hoa té bao
trong khi kich thich ngén han c¢6 thé dan t6i dung chu ky tam thoi, sau mét thoi gian,
té bao s& quay lai chu ky té bao. Kich thich qua manh s& dan t6i apoptosis [55].

Chen va Liu dd xtr 1y té bao nguyén bao soi v6i nong do H.0: ting dan va ho
xéac dinh néng @6 HO» thap hon cuong do gay chét c¢6 thé cam tng cho sy dimg chu
ky té bao. Trong tinh trang apoptosis, mtc dd p53 cua té bao biéu hién gip d6i so véi
p53 trong té bao bi dimng chu ky ting sinh. Ngudng ndng do chat gy stress té bao giita
apoptosis va 140 hoa thi khac nhau giita cac dang té bao, dong thoi, nhiéu dong té bao
c6 thién hudng cam mg 13o hoa véi mot chat gay stress nhat dinh. Mot sd chat nhu
busulfan va nhém alkyl ¢6 xu huéng cam tng 130 hoa thay vi apoptosis ddi véi té bao
nguyén bao soi WI38. Nong do cua p53 khong phai 1 yéu t6 quyét dinh hoat tinh ma
con qua trinh bién d6i sau dich ma. Acetyl hoa 13 bién d6i sau dich ma dugc nghién
ctru k§ cang nhat. Su acetyl hda & mot s6 vi tri nhat dinh ngin chin sy phospho hoa &
mot vai serin trong vung tan cung -NH2, cho phép hoat héa nhiing gene c6 ai lyc cao
v6i p53 nhu CDKNIA, gene nay c6 chirc ning ma hoa p21 ¢ vai tro tiép tuc con
duong 130 hoa té bao. Acetyl hoa xay ra o nhirng vi tri khac co thé dan téi sy phospho
hoa qua mirc, diéu nay 1am cho p53 twong tic vdi cac gene co 4i luc yéu, din téi hién
tuong apoptosis [56].

Mot s yéu té tir moi truong kich thich con duong 130 héa té bao nhu IL-6. IL-6
can thiét cho su bat dau va duy tri con dudng l3o héa trong nguyén bao soi trung bi da
nguol.

p53 diéu hoa nhiéu nhan t6 khac dé khoi dau dong thac 1do hoa va wc ché
apoptosis va im ling té bao. Trong nhitng nhan té dugc diéu hoa béi p53 thi p21 1a yéu
t6 quan trong dé hinh thanh qu4 trinh 130 héa té bao. p21 1a mdt thanh vién cua ho cac
chit (rc ché CDK, vi vay no can thiét cho sy bét té bao tai budc chuyén tiép G1/S hoac
G2/M. Mot khi dugc hoat hoa, p21 tao thanh nhiéu chirc nang bao g@)m vai tro bién doi
biéu hién gene cta nhiéu gene dich nhu CDC25C, CDC25B, and survivin. Tuy nhién,
vai trd quan trong ciia p21 1a kich thich ld0 héa té bao thong qua wc ché hién tuong
apoptosis. p21 c6 kha nang bam vao cac tac nhan gay apoptosis nhu la cidc enzyme
caspases. Su bat hoat p21 trén té bao s& dan t6i kich thich apoptosis thong qua con
duong caspases. Té bao ung thu tuyén tién liét khi xir Iy véi adenovirus c6 trinh tir anti

p21 dan t6i hién tugng apoptosis khi xir Iy thude lidu thap. Ngoai ra, p21 ciing c6 kha
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ning duoc cam tng khong can qua p53. Hién twong nay phat hién khi Chk2 c6 kha
ning cam tng su biéu hién p21 trong dong té bao dot bién khong c6 p53 [57].
Con dwong tin hi¢u p16/retinoblastoma

Trong khi con dudng p53/p21 ddng vai trd quan trong trong khéi dau qua trinh
130 hoa té bao thi con duong pl6 va retinoblastoma (ho Rb) déng vai trd quan trong
trong viéc duy tri qua trinh 130 hoa té bao. Sau giai doan dau, muc d6 p53 giam xudng
trong khi pl6 van duy tri & mic cao. Trong té bao biéu hién thap p16, té bao thanh
cong quay lai qua trinh ting sinh nhung & diéu kién mirc 46 p16 cao thi hién tuong nay
khong dién ra. Do d6, su hinh thanh p16 chinh 1a ranh gi6i gita 2 giai doan qua trinh
130 hoa 1a giai doan som duoc khoi dau bai p53 (chu ky té bao c¢6 thé phuc hoi) va giai
doan chu ky té bao khong thé phuc hdi, khdi dau boi p16. Con dudng p16 lién quan t6i
ho protein Rb nhu 105, p107, p130 [58].

Con duodng p53/p21 va con duong pl6/Rb c6 sy tuong tac va anh hudng qua
lai. Sy 130 hoa c6 thé cham dit khi bat hoat pS53 ¢ giai doan pl6 chua dugc bat hoat.
Tuy nhién khi p16 da dugc hoat hoa thi bat hoat p53 ciing khong con tac dung trc ché
lio hoa. Hién nay, qua trinh 1io hoa t& bao dugc xem 1a qué trinh chuyén dbi nhiéu
budc. Trong giai doan dau, qua trinh 130 hoa duoc goi 13 130 hoa so cip, nhitng té bao
bi stress van c6 kha ning phuc hoi va tiép tuc chu ky té bao khi tic nhan giy stress bi
loai bé. Khi trc ché p53, mot s6 luong nho té bao cé thé phuc hoi chu ky té bao. Nhiing
két qua quan st cho thay nhiing té bao phuc hdi ban dau 14 nhiing té bao l3o hoa. Tuy
nhién hién tuong nay chi xay ra ¢ giai doan dau, khi tac nhan kich thich kéo dai, té bao
chuyén sang giai doan 130 hoa phat trién [59].

Néu diéu kién gay 1o hoa tiép tuc kéo dai, té bao tién vao giai doan tha 3: 130
héa muodn, té bao biéu hién dﬁy du céc tinh chét cua 130 hoa. Nhiing bién d6i vé tinh
chat té bao thuong thdy nhur té bao 16n hon, dep hon, liposome nhiéu, gia ting trao doi
chat, san xuat ROS, ... Trong nhiéu nghién ctru, p53 biéu hién & giai doan som va
giam dan theo thoi gian, do d6, p53 dugc xem 1a yéu t quan trong khoi dau cho qua
trinh 130 hoa va trong giai doan nay, qua trinh 130 hdéa con c6 kha nang dao ngugc. p16

hoat hoa su 130 héa hoan toan va quy trinh 130 héa luc nay khong thé dao nguogc [60].
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Lio hoa té bao

Hinh 1. 14. Con dudng tin hiéu lién quan téi qua trinh 130 hoa té bao [49].
1.8. Lao hoa do ROS
1.8.1. Chirc nang cua ROS.

Nhitng nghién ciru gan ddy xac dinh ROS khong chi 1a san pham phu cua qua
trinh trao d6i chat ma con déng vai trd phan tir tin hiéu. ROS tham gia nhiéu con
duong truyén tin hiéu trong co thé va dugc van chuyén trung gian boi cac hormone, vi
du nhu tir qua trinh phospho hoa protein dén cac hé théng van chuyén trong té bao.
Tuy thudc vao néng dd ROS, loai phan tur va vi tri xuét hién cua ROS, cac thanh phén
té bao va duong truyén tin hi¢u bi anh huong tich cuc hodc ti€u cuc. Muc ROS duoc
cho 1a mot “yéu t6 oxy hoa khir sinh hoc” diéu chinh cac chirc ning sinh 1y, bao gom
truyén tin hiéu, biéu hién gene va tang sinh [61]. Protein 1a myc tiéu chinh cua tin hiéu
ROS/RNS. Nhimng ton thuong do ROS gay ra c6 thé dugc phuc hdi hoic khong thé
phuc hoi chirc ning ciia chung, diéu nay dan téi té bao ton thuong, nging ting trudng,
lio hoa hodc chét. Viéc diéu chinh qua trinh oxy hoa thuan nghich clia cac protein
nhay cam véi oxy hoa khir dong vai tro co ban trong viéc thu nhan va truyén tin hiéu.

ROS dugc kich thich ting sinh trong diéu kién in vitro khi té bao tiép xtc voi

cac tac nhan bén trong va ngoai t€ bao nhu cac yeu to ting trudng, cytokine, sy thiéu
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hut chét dinh dudng va tinh trang thiéu oxy. Tu do, ROS diéu chinh su tang sinh, biét
hoa va chét theo chuong trinh cta té bao cing v6i cac dau hiéu quan trong ban dau cia
ung thu [62]. Cac yéu t6 bén trong va bén ngoai kiém soat vai trd cia ROS ddi v6i qua
trinh tu d6i mai, nging hoat dong, 130 hoa va chét theo chuong trinh cia té bao, trong
qua trinh stra chita va can bang ndéi moi ciia mo in vivo [63]. ROS hoat dong nhu mot
bo bién trd, cam bién va dich cac diu hiéu moi truong trong phan ing cia té bao géc,
do d6 can bang chirc ning cia té bao voi chat dinh dudng, cytokine. Cac té bao gbc co
thé can kiét tiy thudc vao mic do ROS [64].

ROS ctia ty thé cé thé kich hoat phan ung thich tng cta té bio nham phong
ngira va tri hodn bénh tat, ddy 1a nhu mot co ché ting cuong sirc khoe dé kéo dai tudi
tho [65, 66]. ROS khong thé thiéu trong qua trinh phat trién cac sy kién sinh 1y bénh
nhu béo hiéu cai chét cua ty thé va tu thuc bao, tinh trang viém va nhiém trung [67-
69]. Mitc ROS cao dugc tao ra boi cac té bao mién dich (té bao lympho, bach cau hat
va thyc bao) dé chdng lai vi khuan [70, 71]. Mat khac, bat ky su kién nao goép phan
gay ra ROS hodc RNS man tinh s¢ lam roi loan hé théng dan truyén tin hi€u, lam thay
d6i cau trac lipid, protein va nucleic acid, dong thoi kich hoat cac phan tng phuc hoi
d6i voi nhitng thay d6i. Ngoai ra, viéc san xuit qua mirc ROS can trd qua trinh sta
chira DNA trong nhan va ty thé bi hu hong, diéu nay gép phan lam mat on dinh bo
gene cua té bao [72]. ROS dong vai trd quan trong trong diéu bién cic qua trinh tich tu
cac phan tir bi oxy hoa trong thoi gian dai trong bénh tiéu duong, bénh tim mach, xo
vira dong mach, tang huyét ap, thiéu mau cuc b, tén thuong tai tudi méu, thoai hoa
than kinh va thap khép [33]. Ngoai ra, ROS tham gia vao qua trinh phat trién ung thu
thong qua tac dong ciia chiing ddi voi su ting sinh té bao, gdy dot bién va e ché qua
trinh chét theo chuong trinh [73]. Tuong tac giita ROS, p53 va NF-«kB dong vai tro
quan trong trong qué trinh hinh thanh khéi u [74-76]. Con dudng tao thanh ROS bi
loai bo trong cac té bao ung thu va tir d6 stress oxy hoa c6 thé gay ra kiéu hinh xam
lan té bao [77]. Mic du cac chirc ning ciia ROS van kho diéu tra, nhung nhiéu nghién
ctru duoc 1y dang dugce tién hanh dé duy tri can bang ndéi méi cuia ROS [78, 79].

1.8.2. ROS trong ldo héa va cac bénh lién quan dén tudi tac

Hiéu biét vé& qua trinh 130 hoa van chua dugc rd rang, diéu ndy can trd cac bién

phap can thiép dé ngin ngira hoic tri hodn cac bénh 1y lién quan dén tudi tac, nhu bénh

tiéu duong, roi loan tim mach, rdi loan thoai héa than kinh va ung thu, do d6 anh
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hudng dén strc khoe con ngudi va xuat hién bénh tat [80-82]. Gan ddy, su quan tim da
tap trung vao cac té bao gdc, boi vi su suy giam cua ching lam suy yéu kha ning duy
tri can bang ndi moi ciia mo, dan dén su suy yéu cia co thé va cac bénh lién quan dén
tudi tac [64]. Co ché 130 hoa da duoc thu thap thanh hai loai. Loai thir nhat 1a qua trinh
130 hoa nhu duge 1ap trinh boi cac qua trinh phat trién nhu su gia di cia té bao, nhimg
thay d6i vé than kinh noi tiét va nhiing thay d6i vé mién dich. Loai thir hai thé hién sy
130 hoa do sy tich lily cac ton thwong ngau nhién, nghia 1a tich liiy cac dot bién va
stress oxy hod. Sy tach biét gitra cac loai khong con duoc coi 1a rd rang, boi vi cac con
duong lién quan dén 130 hoa thudng lién quan dén ca 2 con dudng va timg bénh cu thé
d6i véi timg co quan [83]. Di truyén dong gop khong qua 3% vao qua trinh 130 hoa va
toc d6 13o hoa khac nhau dang ké gitra cac ca thé trong quan thé ciing nhu giita cac
mod, co quan cua mot ca thé. Khi bat dau ldo0 hoa, hién tuong x61 mon cac doan
telomere, stress oxy hoa va 13o hoa té bao 1a nhitng sy kién quan trong bat ngudn tir su
mat cin bang ndi mdi ctia qua trinh chuyén héa cua té bao. Vi du, sy twong tac giita ty
thé voi nhan va sy thay doi cAn bang ndi moi cia ty thé dan dén nhiing thay doi lién
quan tdi tudi tac [84-86]. Viéc kiém soat ROS khong hiéu qua ddi véi cac phirc hop ty
thé gy ra su thay d6i tin hiéu ROS, do d6 1am trung gian cho cic phan tng stress cila
té bao ddi véi ton thuong lién quan dén tudi tac [87]. Pong thoi, tat ca cic phuong
phap duoc dé xuit dé kéo dai tudi tho, nhu han ché lugng calo va tang hoat dong cua
SIRT1, déu c6 tac dung giam stress oxy hod [88]. Cac nghién ctru cho rang viéc tap
luyén co bap trong thoi gian dai bao vé ngudi 16n tudi khoi tac hai do stress oxy hoa
gay ra va cing cd kha ning phong vé cta ho chdng lai ROS. ROS ty thé cao gop phan
lam cho dong vat bién doi gene bi 130 hoa. Pong vat thiéu superoxide dismutase, dong
vat thiéu SOD-1 [89] va SOD-3 [90], va dong vat thiéu p66SHC biéu hién rdi loan
chirc ning ty thé tao ra ton thuong oxy hoa va cac kiéu hinh lién quan, giéng nhu cac
dic diém 130 hoa sém. Tuong tu nhu vay, nhitng con chudt biéu hién qué muc catalase
ty thé s& chéng lai qua trinh stress oxy hoa va séng lau hon. Ti 1¢ mac cac bénh va
bénh ly li€n quan dén tudi tac trong cac mo hinh dong vat, sau khi chung dugc gui dén
cac mau khac nhau, cho thay stress oxy hoa anh huéng dang ké dén cac khia canh cia
tudi gia [91].

Tom lai, ROS ¢6 lién quan dén cac tén thuong & nguoi cao tudi lién quan dén

(I) ton thuong DNA, nguyén nhan mot phan dan dén 130 hoa sém va chét theo chuong
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trinh [92]; (ii) RNA lién quan dén sy khoi ddu ciia cac bénh thoai hda man tinh [93];
(iii) cac lamin nhan tham gia vao qua trinh ting sinh va kéo dai tudi tho cua té bao
[94]. Sy thay ddi vé toc d6 va chat luong trong qua trinh 130 hoa cua timg sinh vat co
thé phan anh nhiing thay d6i dic biét di duogc tich liy trong DNA, protein va lipid
[95], sau khi sinh vat tiép xic Vi cac tac nhan gdy stress man tinh. Mic ROS thép cai
thién cac co ché bao vé bang cach tao ra cic phan Gng thich tng, gop phan chéng lai
cing thang va kéo dai tudi tho, trong khi mtrc ROS cao gy ra cac phan tng thich tng
khong du, c6 thé gop phan khdi phat va tién trién 130 hoa [96].

Do d6, cac dot bién tich lity, giam chuyén héa ning lugng cua ty thé va ting
stress oxy hoa co thé gop phan déng ké vao qua trinh ldo hoa ciia con ngudi va cac

bénh lién quan.
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Chwong 2. VAT LIEU - PHUONG PHAP

2.1. Phuwong phap nghién ciru:

Phuong phéap nghién ctru: phuong phap thuc nghiém mo ta véi thi nghiém lap
lai toi thiéu 3 1an.

2.2. Péi twong nghién ciru

Tao Haematococcus pluvialis ching LC (HP-C) dugc cung cap boi Vién Cong
nghé Sinh hoc, truc thudéc Vién Han Lam Khoa hoc Viét Nam. Chung HP-C
duoc phan 14p tai tinh Lao Cai, Vié¢t Nam.

Té bao nguyén bao sgi nguoi (hF): té bao hF duoc phan 1ap tir da nguoi, dugce
dong lanh ¢ thé hé P8 trong nitrogen 16ng ¢ -196°C. Trudc khi sir dung, té bao
dugc rd dong trong moi truong DMEM/F12 chita 20% huyét thanh bo (FBS),
1% penicillin va streptomycin va dugc nuoi ¢ 37°C, 5%CO, trong cho téi khi
day chai nudi.

Chudt nhét trang (Mus musculus var. Albino): cung gi6i tinh cai, khoe manh,
can niang tir 20-25 g, khoang 4-6 tuan tudi, dugc cung cip baoi vién Pasteur TP.
HCM. Chudt duge nudi on dinh tai phong thi nghiém truong DPai hoc Khoa hoc
Tu nhién trong vong 1 tuan trude khi tién hanh thi nghiém. Chudt dugc nudi
trong diéu kién mo, thoang gio, trung binh 28°C, thirc dn dugc cung cap boi

vién Pasteur (5 g/thtic an/ngay/con).

2.3. Héa chat

2.3.1. Moi trwong nudi tdo

Bang 2. 1. Thanh phan méi trudng nudi tao BG-11 (don vi mg/L) [97]

Thanh phin BG-11 | Neuon
goc
MgS04.7H,0O 75 Merck
EDTA-Na; 1 Merck
H3BO; 2.86 Merck
MnCl, 1.15 Merck
ZnS04.7H>0 0.222 Merck
CoCl2.6H,O 50 Merck
B12 0.015 Merck
Biotin 0.025 Merck
K>HPO4.3H,O 40 Merck
CaCl, 27.18 Merck
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MoO;3 0.08 Merck
CuS04.5H,0 0.05 Merck
Ferric aminium citrate 6 Merck
Acid citric 6 Merck
NaMo04.2H>0 0.39 Merck
NaxCO3 20 Merck
NaNO; 1500 Merck

2.3.2. Héa chat, thiét bi trong danh gia té bao

- Dung dich muéi sinh Iy PBS 1X rira miu
Pha PBS 1X 1000ml, pH 7,4

NaCl (Sigma) 8¢g

KCI (Sigma) 0,2g
Na,HPO4.12H,0 (Sigma) 2,9384 g
KH>PO4 (Sigma) 02¢g

Hoa tan trong 1 lit nudc cat vo tring

Hap v6 triung ¢ 121°C

Béo quén trong tu lanh 4°C.
- Dung dich PBS 1X sir dung cho nudi ciy té bao (Sigma)
- MJbi trwong nudi té bao co ban (MTCB)

Moéi truong DMEM/F12 (Sigma): 89%
Huyét thanh (FBS) (Sigma): 10%
Penicillin/streptomycin (Sigma): 1%

- MBbi trudng nudi té bao co ban bd sung 0.2% DMSO

Moéi truong DMEM/F-12 (Sigma): 89%
Huyét thanh (FBS) (Sigma): 10%
Penicillin/streptomycin (Sigma): 1%
DMSO (99,5%, Sigma) 0.2%
- MBbi trudng nudi bé sung AST-EX
Moi truong DMEM/F-12 (Sigma): 89%
Huyét thanh (FBS) (Sigma): 10%
Penicillin/streptomycin (Sigma): 1%
DMSO (99.5%, Sigma) 0.2%

AST-EX tiy theo ndng do
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MBobi trudng giy ldo héa té bao

Moi truong DMEM/F-12 (Sigma): 96%

Huyét thanh (FBS) (Sigma): 3%

Penicillin/streptomycin (Sigma): 1%

H>0,(30%) (Merck): tiy theo ndong d6 mong mudn

Thudc nhuém Giemsa nhudm té bao (Merck)
B¢ kit nhudm senescence-associate f-galactosidase (Abcam)
Thudc nhuém Hoechst staining (Abcam)
Thudc nhudm phalloidine (Abcam)
Diu Sacha Inchi hitu co ép lanh nguyén chit (Mekong Megumi)
B¢ kit thyc hién phan ng realtime-PCR
o Tach chiét RNA: Total RNA Purification Kit
o Phan tng realtime PCR: SyGreen 1-Step Lo-ROX kit
Hé théng realtime-PCR: Thermo Scientific™ PikoReal™ Real-Time PCR
System
B¢ kit thuc hién WESTERN BLOT
o Optiblot LDS Sample Buffer (Abcam, USA).
o Gel di¢n di: Precast Gel SDS-PAGE 4-12% (Abcam, USA)
o Mang PVDF (Abcam, USA)
o Khang thé bat Cdk4, Cdk6, GAPDH (Abcam, USA)
Thiét bi danh gia té bao: Cytell™ Cell Image System (GE Healthcare, Life

Sciences)
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2.4. So @0 thi nghiém tong quat

Tao Haematococcus pluvialis

\ 4

Cam (ng tong hop AST va thu nhan dich

chiét tao giau astaxanthin (AST-EX)

! |

Khao sat hoat tinh bat Kha nang bao vé Khao sat bao vé da chuot
gbc tu do ciia AST- nguyén bao sgi chéng lai hién tuong 130
EX chéng lai H,O» hoéa da do tia UV
\4 \l/
Phuong phap FRAP, Dién tich té bao bénh gia nhuém
ABTS Su biédu hién SA-gal HE va soi da

Tang sinh té bao
Su biéu hién p53, p21,
pl6, cyclin D1, CDK4/6

Hinh 2. 1. So d6 thi nghiém tong quat.
2.5. Phuong phap nghién ciru
2.5.1. Thiét ké h¢ thong nudi tao
Muc dich: Tao diéu kién cho tao HP-C phat trién

Nguyén tic: Tao HP-C phat trién dugc trong moi trudng nhiét do 25°C, diéu kién

anh sang thap va suc khi nhe
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Thao tac:

Hu6ng di chuyén dong khi: —> Van diéu tiét: @
(1): Chai dyng bong gon loc bui, (2): Chai dung KMnOs, (3): Chai nudi tao
Hinh 2. 2. So d6 hé thdng nuoi tao.

- Hé thdng nudi tao dugc lap dit theo so d6 hinh 2.2. Dong khi tir may bom sé& di
ngay bo loc bui, sau do di vao bd loc dung dich trudc khi di toi tirng chai nudi
tao. Sau khi vao chai nuéi thi khi s& di ra ngoai khong khi. Hé thong khi dugc
diéu tiét bang van cho timg binh. Van tdc suc khi duge do bang may dém giot
dé udc tinh tbc d6 dong khi. Thoi gian suc khi twong tmg voi thoi gian chiéu
sang. Mdi ngay lic binh nuéi tao 3 1an: 9 gid sang, 12 gid trua va 4 gio chiéu,
mdi lan 5 phut.

- Nhiét do phong dugc duy tri & 25°C bang may lanh dugc mé 24/24 gid. Nhiét
dd nude do dugce thuong dao dong gitra 23-24°C.

- Anh sang str dung 1a anh sang dén LED bong dai 4nh sang tring, cudng d6 anh
sang & bé mat chai nudi tao duge do bang thiét bj do cuong d6 va diéu chinh
cuong do bang cach diéu chinh khoang cach gitta bong dén va bé mit chai nudi.
Thoi gian chiéu sang duoc kiém soat bang thiét bi hen gio dién tir. Chu ky anh
sang dugc diéu chinh sang:tdi 12h:12h cho giai doan tang sinh tao va 24/0 cho
giai doan cam tng tong hop AST.

2.5.2. Phwong phap nuéi tdo trong chai nuéi 1000 ml

Muc dich: ting sinh khdi tao dé phuc vu thi nghiém.

Nguyén tic: Tao HP-C c6 kha ning ting sinh dugc trong méi truong BG11 trong
diéu kién nuodi cdy thich hop.
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Thao tac: Quy trinh dugc tién hanh dua theo quy trinh ctia Pang Diém Hong va

cong sy [10, 98]

Tao HP-C gidng duoc cung cap trong chai 500ml. Sau khi nudi on dinh 2-3
ngay trong hé thong da thiét ké, tao duoc thu nhan tir binh tao giéng, dém mat
d6 té bao bang budng dém hong cau.

Sau d6, tao dugc cdy vao chai thuy tinh 1000 ml chtra sin 500 ml méi truong
BG-11 véi mat d¢ ban dau 5x10* té€ bao/ml.

Téo duoc nudi & nhiét d6 25°C, diéu kién anh sang 3000 lux (3 klux), chu ky
séng:téi 12h:12h, diéu kién suc khi nhe 2L/phut, lac nhe 3 lﬁn/ngéy nhu trong
phan thiét ké.

Sau 15 ngay nudi cdy, st dung tao trong erlen dé thyc hién nhimng nghién ctru

sau

2.5.3. Phuong phap cam tng tio HP-C tong hop AST bang cwong do anh

sang manh.

Muc dich: Kich thich tao tong hop astxanthin bang anh sang cudng do cao.

Nguyén tic: Tao HP-C c6 kha ning tong hop AST khi dugc chiéu sang cuong do

cao

Thao tac: Thi nghiém duoc tién hanh dwa theo quy trinh ctia Luu Thi TAm va cong

su [99]

Tao dugc cay vao chai nudi 500 ml ¢é chira 250 ml mdi truong BG-11 véi mat
do ban dau 50x10* t bao/ml.

Chai nuéi dugc nudi trong hé thong twong ty nhu hé théng tang sinh nhung diéu
chinh vé cudng do anh sang 10 klux, chu ky sang/tdi 1a 24/0 gio.

Sau 24 ngay, tién hanh thu tao va danh gia nong do carotenoid tong va AST
tong. Toan bd tao trong mdi chai nudi duge chia vao cac éng ly tam 50 ml, ly
tam van toc 6000 vong/phut trong 10 phut dé thu cin. Lap lai budc ly tam 3 lan
dé thu cin va ria sach can. Tiép theo, dong kho va tach tao béng may déng hoa
khudy co hoc téc do cao 10000 rpm trong dung méi dichloromethane/methanol
(1:3 vé thé tich) trong 10 phut. Sau d6, ly tim thu dich tao va tiép tuc tach cin
bang may dong hoa va ly tam thu can, 1ap lai budc nay 3 lan. Nong do AST
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dugc danh gia bang phuong phap HPLC sau khi da xa phong hoa (phuong phap
2.5.5).
2.5.4. Panh gia phwong phap thu nhén dich chiét AST.
Muc dich: Xac dinh quy trinh hi¢u qua trong viéc thu nhan AST tur tdio HP-C
Nguyén tic: AST 1a thanh phan chinh trong tio HP-C trong giai doan nang bao tir,
AST tan t6t trong dung méi hitu co do d6 AST dugc tach chiét trong dung mdi hitu co
dichloromethane/methanol ti 1€ 1:3 v/v (dichlo/met). Do v6 tdo trong giai doan nang
bao tir trong d6i diy nén qua trinh pha vo té bao can duoc hd trg bang luc co hoc
(may dong hoa, qua trinh déng kho) hodc hoa chat (HCI).
B4 tri thi nghiém:
- Thi nghiém dugc chia thanh 3 nhém nhu bang bén dudi véi cac bién khao sat:
Pong kho, xir Iy HC1 2N, ddng héa trong dung méi dichlo/met

Bang 2. 2. B6 tri thi nghiém tach chiét AST tir tao HP-C

Say lanh bong kho Dong kho
co co co

- Panh gia: dua vao nong do AST thu dugc va quan sat sinh khéi tao sau mdi chu
ky tach chiét

Thao téc:

- Pbi v6i phuong phap dong kho, tao duoc dong khod qua dém theo quy trinh nhu
sau: lam lanh -50°C trong 2 gid, -40°C trong 1 gio, -30°C trong 1 gio, -20°C
trong 1 giod, -10°C trong 1 gio, 0°C trong 1 gio, 10°C trong 1 gid, 20°C trong 2
gio, 30°C trong 3 giod, 40°C trong 9 gio.

- Dbi véi quy trinh sdy kho, tao duoc 1am sdy lanh & 4°C trong 1 ngay.

- Budc xir Iy HCI 2N: 50 mg sinh khéi duoc dé trong 5 ml dung dich HCI 2N
trong 10 phut & 70°C. Tiép theo, tién hanh ly tim 4000 vong/phit trong 10 phut
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dé thu can. Bo sung nudc cat va lap lai budc ly tdm thu can 3 lan dé loai bo
hoan toan HC. Sau d6 sinh khdi dugc lam khé lanh ¢ 4°C trong 1 ngay [100].

- Budc tiép theo, can 50 mg sinh khdi tao trong mdi nhém cho vao 10 ml dung
dich dichlo/met trong chai dyng 40 ml, tién hanh dong hoéa bang may dong hoa
co hoc ¢ véan téc quay 10000 vong/phut trong 10 phut. Sau 10 phut, ly tim dé
thu dich, cin tao tiép tuc dugc dong hoa trong dichlo/met va ly tim dé thu cin.
Budc dong hoa, ly tdm thu can duoc tién hanh 13p lai lién tuc cho dén khi dich
chiét trong subt.

- Nbng d6 AST duoc danh gia bang phwong phap HPLC theo quy trinh 2.5.5.

2.5.5. Phuong phap dinh lwgng AST.
Muc dich: Dinh lugng AST bang phuong phdp HPLC

Nguyén tic: AST trong tao ton tai chu yéu ¢ dang ester. Trudc khi dinh luong,
AST duogc xa phong hoa bang NaOH trong methanol dé tré vé dang ty do (duoc goi 1a
AST tong). AST tong duoc dinh lugng bang phuong phap High-performance Liquid
Chromatography (HPLC). Phuong phap HPLC la phuong phap phan tach cac hop
chit dua trén 4i luc cta cac chat dbi véi cot. AST thuvong mai (Sigma) dugc sir dung
1am chuan dé do thoi gian luu va dung duong tuyén tinh lién quan giira nong do va gia
tri OD budc song 480 nm. Dya trén duong chuan va gia tri OD thu duoc, tinh néng do
AST tong c6 trong mau.

Thao tac:

- Quy trinh xa phong hoa Yuan va cong su [101]:

o Dich chiét tio dugc 1am kho bang phuong phap coway chan khong. Sau
d6 bo sung methanol dé hoa tan bot AST.

o Pha dung dich NaOH 0,107 M trong methanol tuyét dbi, b6 sung dung
dich nay véi ti 1 thé tich 1 ml NaOH: 5 ml dich chiét tao HP-C.

o Tién hanh day nip, suc khi nitrogen dé bay hoi dung dich dé dung dich
trg vé thé tich ban dau (5 ml).

o U trong tdi, & 4°C, trong 6 gio dé qua trinh xa phong hoéa dién ra hoan
toan.

- Quy trinh HPLC:
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o HPLC duoc tién hanh theo phuong phap ctia Yuan va cong su [101], sir

dung AST tinh chét (Sigma) lam chuén.
2.5.6. Phuong phap thu nhan dich chiét tao Haematococcus pluvialis giau
AST (AST-EX) dugc sir dung trong nghién ciru
Muc dich: Thu nhéan dich chiét tao HP-C
Nguyén tic: Quy trinh thu nhan dich chiét duoc xac dinh theo quy trinh tdi wu
duoc danh gia & muc 2.5.4.
Dich chiét taio Haematococcus pluvialis giau AST duge ky hiéu 1a ASX-EX va
di kém voi néng do AST tong. Vi du: ASX-EX 5 pg/ml 1a dich chiét tao
Haematococcus pluvialis ¢ ndng dd AST tong 1a 5 pg/ml.
Thao tac:

- Thu nhén sinh khdi nang tao va dong kho: lam lanh -40°C va thing hoa hoi
nudc qua dém cho téi khi kho hoan toan.

- Budc tiép theo, can 50 mg sinh khéi tao cho vao 10 ml dung dich dichlo/met
trong chai dung 40 ml, tién hanh d6ng hoa bang may dong héa co hoc & vén tdc
quay 10000 vong/phut trong 10 phut.

- Sau 10 phut, ly tam dé thu dich, cin tao tiép tuc duoc déng hoéa trong
dichlo/met va ly tam dé thu cin. Budc dong hoa, ly tAm thu cin duoc tién hanh
lap lai lién tuc thém 3 lan.

- Nong d6 AST tong bang phuong phap xa phong hoa va HPLC truéc khi st
dung (phuong phép 2.5.5).

2.5.7. Phuong phap FRAP

Muc dich: Danh gid kha ning khir ion Fe** cua AST thong qua phan mg oxy
hoéa/khur.

Nguyén tic: Phuong phap FRAP dya trén sy khir phitc hop Fe -TPTZ boi cac chat
chéng oxy hoéa & diéu kién pH thdp dé tao thanh phirc hop Fe»-TPTZ c6 mau
xanh. Sy thay doi vé mau sic c6 thé do quang phd & bude song 593 nm. Két qua tinh
toan dua trén dung dich chuan 1a FeSO.. So sanh kha ning chdng oxy héa bang
Trolox, duoc sir dung dé lam chat chuan dé so sanh kha ning chong oxy hoa cua céac
hop chat.

Thiét ké thi nghiém:
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AST-EX duogc pha loang voi ethanol ¢ cac néng do khac nhau: 0; 12,5; 25; 50;
100; 150 (pg/ml).
Trolox s€ dugc pha loang thanh céc néng do 0; 0,01; 0,05; 0,1; 0,5; 0,15; 0,2
uM. Pem cac dung dich va dich chiét pha loang u t6i véi dung dich FRAP

trong 2 gi0. Sau d6 do mat do quang voi bude song 593 nm.

Thao tac: Phuong phédp FRAP dugc thyc hién dya trén quy trinh cia Benzie va

Strain c6 chinh stra [2].

Chuén bi dung dich FRAP: dém acetate 300 mmol/l, pH béng 3,6. TPTZ 10
mmol/l pha trong HCl 40 mmol/l. FeCl; 20 mmol/l. Dung dich FRAP dugc
pha bang cach cho 10ml dém acetate 300 mmol vao 1ml TPTZ 10 mmol/l va
1 ml FeCl3 20 mmol/l (ti I¢ 10:1:1).
Pbi v6i AST-EX: 190 pl dung dich FRAP cho vao giéng dia 96, thém 10 ul
dich chiét AST-EX & cac néng do (0 — 150 pg/ml), mdi néng do duoc 1ap lai 8
lan. Hon hop duoc 1 tranh sang trong 2 gio, va do hap thu dugc do & budce song
593 nm.
DBdi véi trolox, trolox & cac néng doé (0 — 0,2 mM) dugc dung dé so sanh kha
nang oxy hoa — khtr véi AST-EX.
Str dung FeSO, 1000 umol/l lam dung dich chuan. Kha ning oxy hoa cua AST
s€ dugc tinh toan theo gié tri FRAP:
Gid tri FRAP = A0/Al < &V

Trong do6:

AO: gia tri OD ctia mau & bude séng 593 nm.

Al: gi tri OD cua FeSO4 ¢ budce song 593 nm.

N: ndng d6 cta dung dich chuan FeSO4

2.5.8. Phuwong phap ABTS

Muc tiéu: Panh gia kha nang chéng oxy hoa ctia AST.

Nguyén tac: ABTS™ 1a mot gdc tu do mau xanh lam, c6 budc song hap thu cuc

dai 12 753 nm trong dung méi ethanol va dugc tao ra khi ABTS tac dung véi chat oxy

hoa manh, dién hinh 1a kali persulfate (K2S20s). Khi phan ting v&i chat chéng oxy hoéa,
ABTS" s& bi khir vé dang khong mau, dan dén d6 hap thu OD budc song 753 nm
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giam. Dich chiét AST-EX duoc st dung 1am mau thi nghiém va Trolox 0,05-0,3 mM

dugc dung lam déi chimg.

B4 tri thi nghiém: Thi nghiém chia thanh 3 nhom, mdi nhom lip lai 8 lan:

Nhom dbi chimg: ethanol

Nhom thi nghiém AST-EX: AST-EX cac néng do 12,5; 25, 50, 100 va 150
pg/ml.

Nhom thi nghiém trolox: trolox cac néng do 0,05; 0,1; 0,15; 0,2 va 0,3 mM

Thao tac: Quy trinh dya trén nghién ctru ctua Jianwei Dong va cOng su (2014) véi

mot so stra doi [11]:

Chuan bi dung dich ABTS*": tron dung dich ABTS 7 mM va dung dich K»S>0s
2,45 mM (ti 1é 1:1). Sau d6, dung dich dugc 0 t6i khoang 16 — 18 gidr & nhiét do
phong.
Pha loang dung dich da u b?mg ethanol 30 — 50 1an sao cho OD7s3 ¢ mat do
quang 1a 0,70 + 0,02.
Chuan bi dung dich mau: pha loang dich chiét AST-EX bang ethanol thanh cac
néng dé 12,5; 25; 50; 100 va 150 pg/ml. Tuong tu, pha loang trolox 1 mM
thanh day néng do6 0,05; 0,1; 0,15; 0,2 va 0,3 mM.
Tron hdn hop mau va dung dich ABTS™ theo ti 1& 1:24. U tranh sang 60 phut va
do OD budc séng 753 nm.
Kha ning chdng oxy hoa duoc tinh toan dya trén phan trim e ché ABTS theo
cong thuce sau [18]:
% Uc ché = [(A0 - Am)/A0] x 100%
IC50 = (50 - b)/a
Trong do,
A0 la gia tri OD7s3 cua dich ABTS™
Am la gia tri OD753 cua AST-EX
Ning luc chéng oxy héa twong duong trolox (TEAC) duoc xac dinh theo cong
thirc sau:
TEAC (mmol/g) = (IC50troiox/ IC50asT)
Trong do6:
IC507r0lox (MM) va IC50ast (ng/ml) 1an luot 12 ham lugng tc ché 50% ABTS

cta trolox va dich chiét AST.
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2.5.9. Phuong phap danh gia dgc tinh ciia AST-EX trén nguyén bao s¢i

Nguyén tic:

AST-EX tir tao s& duoc cho tiép xuc véi té bao vdi cac ndng do dugc khao sat 0

ng/ml - 10 pg/ml. Poc tinh (néu c6) lam té bao giam strc song, tham chi chét, bong ra

khoi chai nudi. Sau 1, 2 ngay quan sat hinh dang té bao va dénh gia strc song té bao

bang MTT.

B6 tri thi nghiém: Thi nghiém duoc chia thanh 6 nhom véi 2 bién: nong do

AST-EX va thoi gian 1.

- Nbng do
o) Néng do AST-EX 0,5, 1, 5, 10 ug/ml va AST thuong mai TM 10 pg/ml
o Pbi ching am: Mbi trudng nudi co ban (MTCB) chia 0.2% DMSO
o Pbi ching duong: Méi trudng nudi co ban (MTCB) chia 10% DMSO
- Thoi gian u AST-EX: 1 ngay hodc 2 ngay
Thao tac:
- Té bao hF duoc cdy lén dia 96 giéng v4i mat d6 ban dau 10x10° té
bao/giéng.
- Sau 1 ngay, thay méi trudng nudi cdy bang mdi trudng theo nhu cac nhom
thi nghiém. Mdi ndng d¢ tién hanh véi 5 giéng.
- U 1 hoic 2 ngay tiy theo nhém thi nghiém.
- Sau thoi gian U, quan sat hinh dang té bao bang kinh hién vi va tién hanh
phuong phap MTT dé danh gia doc tinh té bao.
- Tilé té bao séng duoc danh gia theo cong thirc sau:
% té bao séng = ODseTN/ODseoPC am x 100
Trong do6:
ODs90TN, ODsooPC am: Gia tri OD do dugc ¢ bude song 590 nm trong
phuong phap MTT.

2.5.10. Phwong phap danh gia su tang sinh ctia nguyén bao s¢i trong méi

truong AST-EX

Nguyén tic:
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Panh gia sy ting mat do té bao trong méi trudng c6 AST-EX & cac néng dod
khac nhau qua cac mc thoi gian dé danh gia tac dong cua AST-EX Ién su tang sinh té
bao
B6 tri thi nghiém: Thi nghiém dugc chia thanh 6 nhém lién quan toi néng do
AST-EX trong moi truong.
- Nbng d6 AST-EX
o Nong do AST-EX: 0,5, 1, 1.5, 5, 10 pg/ml
o Pbi ching am: Mbi trudng nudi chira 0.2% DMSO
- Thoi gian thi nghiém 1 t&i 13 ngay. Sau cac mdc thoi gian danh gia MTT.

Thao tac:

- Té bao hF duoc ciy lén dia 96 giéng véi mat do ban dau 1x10° té bao/giéng.
- Sau 1 ngay, thay moi trudng nudi cdy bang moéi truong theo nhu cac nhom thi
nghiém. M&i ndng do tién hanh véi 5 giéng.
- Saukhinudi 1,3, 5, 7,9, 11, 13 ngay, tién hanh phuong phap MTT dé danh gia
su gia tdng gid tri OD budc song 590 nm.
Cong thirc tinh thoi gian nhan d6i thé hé (DT) = (T2 — T1). [In(2)/In(Q2/Q1)]. Trong
d6, Q2 1a gia tri ODsgo & ngay dat dinh T2, Q2 1a gia tri ODseo & ngay bat dau ting
sinh T1

2.5.11. Phuwong phap danh gia su di cu té bao theo phwong phap Scratch-
wound assay
Nguyén tic: Tao vét rach giita 16p té bao hop dong. Sau d6 quan sat su di cu cua té
bao vao vét rach.
B6 tri thi nghiém: Thi nghiém dugc chia thanh 6 nhém lién quan toi néng do
AST-EX trong moi truong.
- Nbng d6 AST-EX
o Nong do AST-EX: 0,5, 1, 1.5, 5, 10 pg/ml
o Pbi ching am: M6i trudng nudi chira 0.2% DMSO
- Thoi gian thi nghiém: 3, 12, 24 gi¢ sau khi rach. Di¢n tich bao phu dugc xéc

dinh bang phan mém Image].

Thao tac:
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- Té bao hF duoc ciy Ién dia 96 giéng véi mat do ban dau 10x103 té bao/giéng.
- Sau 1 ngay, sir dung dau tip trang dé tao vét rach giira 16p té bao va thay méi
truong theo thiét ké thi nghiém
- Ghi nhén hinh 4nh té bao di chuyén sau 3 gio, 12 gid va 24 gio, xu 1y hinh anh

bang phan mém Image J.

2.5.12. Phwong phap MTT dé d4anh gia sirc song té bao

Muc tiéu: Xac dinh ti 1¢ té bao séng trong thi nghiém doc tinh va ting sinh.

Nguyén tac: Thir nghiém MTT dua trén sy khir mudi tetrazolium mau vang thanh
tinh thé formazan mau tim. Céc té bao séng chira enzyme oxidoreductase phan tng véi
MTT tao thanh formazan, dang két tia khong hoa tan bén trong té bao. Céc tinh thé
formazan dugc hoa tan bang cach st dung dung dich hoa tan (MTT Solvent) va dung
dich dugc dinh luong dwa vao gia tri ODsco. Dung dich cang sim mau cho thiy s6

luong té bao con sdng va hoat dong trao d6i chit cang 16n.

NADH NAD*
B8
N-N N-NH
N S N S
N CH v H
A N
CH, CH
MTT Formazan

Hinh 2.3. Sy chuyén héavMTT thanh tinh thé formazan.

Thao tac

- Quy trinh duogc thyc hién trong dia 96 giéng theo quy trinh cta bo kit MTT
(SigmaAlrich, My).

- Té bao hF duogc cy vao dia 96 voi mat do phu hop cho thi nghiém va  trong
diéu kién 37°C, 5% CO..

- Hut bo méi trudng cil, bd sung 50 pl MTT Reagent va 50 pl méi trudng nudi
cdy vao mdi giéng, i & 37°C trong 3 giod. Sau d6, hoa tan tinh thé bang 50 ul
MTT Solvent, lic déu dia trong 15 phut ¢ diéu kién tranh sang. Do mat do
quang ¢ budc song 590 nm [50]

2.5.13. Phuong phap tao mé hinh ldo héa bang hydrogen peroxide (H202)

Nguyén tic:
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Hydrogen peroxide (H20,) 1a mot chit giy oxy hoa manh, c6 kha niang giy ton
thuong nhan va té bao chit cia té bao. Trong thi nghiém nay, nguyén bao soi s& dugc
gy 140 hoa bang H.02 100-200 pM trong thoi gian 60-120 phat nham tao ra mé hinh

gdy 130 hoa hiéu qua voi ti 18 té bao 1o hoa nhiéu nhung it gay nén sy chét té bao nht.

>
N-1 NO NI N4 N7

a

Hinh 2. 4. So d6 thi nghiém tao mé hinh I0 hoa.

B6 tri thi nghi¢m: Thi nghiém duoc bd tri dé khao sat 2 bién: ndng do H.0» va

thoi gian xtr Iy H20», tong cong 6 nhom:

- Nong do H20,: 100, 150, 200 pM.

- Thoi gian xur ly: 90, 120 phat.

Ngoai ra, nhom ddi chirng 12 nhém té bao nudi trong moi trudng

- Sau d6 danh gi4 hiéu qua l3o hoa bang MTT va nhudm SA-gal

Thao tic gy ldo hoa té bao bang H;0::

- Tach té bao tir binh nudi bang Trypsin, sau d6 thu cum té bao nho ly tam.

- Tai huyén phu vién té bao bang mdi trudng mdi va trai 1én dia 24 giéng véi mat
d6 4x10* té bao/giéng va duoc U véi moi trudng nudi bo sung 0,2% DMSO
trong 24 gio. Sau 24 gio, té bao co thé dat dén d6 phu khoang 80-90%.

- Tiép theo, loai bo mdi truong, rira bang PBS, xtr Iy cac giéng té bao voi méi
truong nudi bd sung H.0» ndng d6 100, 150, 200 pM trong cac khoang thoi
gian 90 phut, 120 phut tiy theo thi nghiém. Té bao nhom dbi chung tiép tuc
dugc nudi trong moi truong nudi co ban.

- Sau thoi gian xir 1y v6i H202, tién hanh loai bo H»O» va tién hanh cay chuyén té

bao. T¢€ bao sau d6 duogc ti€p tuc nudi trong mdi trudng co ban.
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o Su ting trudng té bao tir ngay 1 toi ngdy 7 bang phuong phap MTT (mat do té
bao ban dau 10° té bao/giéng).
o Nhudm Giemsa danh gia hinh dang té bao sau 4 ngdy cay (mat do 10* té
bao/giéng).
o Su biéu hién senescence-asociated B-galatosidase (SA-gal) sau 4 ngdy cdy

(mat d6 10* té bao/giéng).
2.5.14. Phwong phap nhudm senescence —associated f-galactosidase
Nguyén tic:
Mot trong sb nhitng d4u 4n sinh hoc cua té bao 130 hoa 1a su tich iy lugng lon
enzyme SA-gal. Béng viéc st dung dung dich X-Gal, ta c6 thé nhan dién té bao bi 130
hoa bang sy tao tiia xanh lam do sy phén cit co chat X-Gal boi galactosidase [26].

Cl
B a
r N
Br O N O
H Br
o]

(-Galactosidase

2/ zZT

X-Gal HO
0 (o)
How A H Cl &
HO OH
OH 1 2
Hinh 2. 5. Enzyme SA-gal xuc tac phan ung véi X-Gal.
Thao tac:

Hoat dong cua SA-gal s€ dugc phat hi¢n béng bo kit nhuom (ab102534, Abcam,
uUs).

- Loai bé méi truong tang trudng.

- Rura t€ bao voi PBS 2 lan.

- Thém 0,5 ml dung dich ¢6 dinh 1x mdi dia. Cho té bao cb dinh 10-15 phat ¢
nhiét 0 phong.

- Rura t€ bao voi PBS 2 lan.

- Thém 1 ml dung dich nhuém p-Gal mdi giéng. Luu y: Bit kin dia lai bang
parafin dé ngan sy bay hoi vi sy bay hoi s& dan téi sy hinh thanh tinh thé.

- U dia 6 37°C qua dém trong ti 0 nhiét khong chira CO»

- Sau d6, kiém tra té bao dudi kinh hién vi d¢ x4c dinh sy hinh thanh mau xanh &

té bao 1o hoa.
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2.5.15. Phuwong phap danh gia kha ning ciia AST-EX trong viéc bao vé té bao
truée yéu té gay ldo hoa H,0;
Nguyén tic:

AST c6 kha ning xam nhap va duy tri trong mang té bao, mang cac loai bao
quan trong té bao, mang nhan nén viéc xu 1y trudc té bao dbi voi AST-EX c¢6 thé han
ché tac dong ctiia Ho0: 1én té bao. Trude khi tién hanh gy 130 hoa té bao, nudi té bao
trong moi truong chira AST & cac ndng do khac nhau trong 24 gio. Sau d6 té bao dugc

gay ldo hoéa bang H»O, theo nhu quy trinh da xac dinh.

Hinh 2. 6. So dd thi nghiém kha ning bao vé té bao ctia astaxanthin

B tri thi nghiém:
Thi nghi¢m dugc chia thanh téng cong 8 nhom dua vao n6ng do AST-EX

- Nhom xu 1y véi AST-EX ndng d6 0,5, 1, 1,5, 5, 10 pg/ml, trudce khi xt& 1y véi
H>0: 150 uM trong 90 phit (ky hiéu lan luot 1a AST-EXO0,5, AST-EX1, AST-
EX1,5, AST-EX5, AST-EX 10) va nhom xt Iy véi AST thwong mai ndng d6 10
pug/ml (ky hi¢u TM10).

- Nhém ddi chimg (PC): té bao duoc nudi trong moi truong bd sung DMSO
0.2% va khong xur Iy voi H2Oo

- Nhom xir Iy H20», té bao duoc nudi trong moi trudng bd sung DMSO 0.2% va

xur 1y véi H2O2 150 uM trong 90 phut.
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Bang 2. 3. Bang bd tri thi nghiém kha ning bao vé té bao trudc yéu td gay ldo

hoa H,Oz cua AST
AST- AST- | TM10
AST- | AST- AST-
Nhém bC H,0; EX EX 10
EX0,5 EX1 EXS
1.5
Xir ly voi 10 10
AST-EX khong| khong 0,5 1 1,5 5 (thuong
(ng/ml) mai)
Xir ly H,O; | khong co cod co co co co co

Thao tac:

Té bao hF dugc cy 1én dia 24 giéng vi mat d6 4x10* té bao/giéng
Sau 1 ngdy, thay moi trudng nudi bang moi truong c6 AST-EX hodc moi
truong bd sung 0.2% DMSO tiy theo thi nghiém.
Sau 1 ngay, rira sach moi trudng, rira bang PBS 2 14n, bd sung méi trudng giy
l1ao hoa (H202 150 pg/ml) trong 90 phut.
Sau 90 phut, ciy té bao ra dia nudi méi dé tién hanh danh gia hiéu qua bao vé
cua AST-EX
Nhiing chi tiéu danh gia:
o Hinh dang va dién tich té bao.
o Sy tang sinh té bao bang phuong phap MTT.
o Su biéu hién SA-gal.
o Su biéu hién marker p53, p21, 16.
o Su biéu hién enzyme MMP1, MMP3, collagen, elastin.
o Su biéu hién cyclin D1, CDK4, CDKG6.
2.5.16. Phuwong phap nhudm Hoestch va phalloidin dé danh gia hinh dang té

bao

Muc dich: Xéc dinh sy bién doi hinh dang té bao trong cac nhém nghién ciru

Nguyén ly: Thudc nhuém Hoechst va phalloidin 14 2 thuéc nhuém huynh quang dé

nhudm lan luot nhan t& bao va té bao chit. Hoechst 13 mot chat nhuom DNA dang

huynh quang c6 thé thaim vao trong té bao. Hoestch ¢ ai luc cao v4i phan tir DNA

trén

vung trinh tu gidu A-T. Khi Hoechst tham thau vao té bao va lién két véi DNA
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trong cac té bao séng hodc cac té bao da duge cb dinh, phtrc hop nay co thé duoc kich
thich boi ngudn anh sang cyc tim va phét ra anh sang huynh quang mau xanh. Cudong
d6 cao nhat cua anh sang huynh quang c6 thé duoc thu nhan & budc sang 461
nm. Hoechst co tinh thAm tt nén c6 thé thim vao va nhudém nhan giai doan dau cia
appotosis [25].
Thao tac:
- Té bao duoc ¢ dinh bang paraformaldehyde va nhuém véi Hoestch, phalloidin
theo hudng dan ciia nha san xudt
- Hinh dang nhan va dién tich nhan s& dugc xir Iy bang may Cytel. Sau khi xir 1y,
hinh dang nhan, dién tich nhan duoc xac dinh bang phin mém cua may
- Hinh dang té bao thi duoc danh gi bang kinh hién vi huynh quang va xu ly
bang phan mém Image]

2.5.17. Phuwong phap danh gia sy biéu hién mRNA té bao bang phwong phap

realtime PCR

Muc dich: Panh gia su biéu hién mRNA cac marker té bao p53, p21, p16, MMP1,
MMP3, collagen, elastin.

Nguyén tic: mRNA dugc reverse va khéch dai trong phan tng qPCR, dua trén
gia tri Ct, tinh dugc biéu hién tuong doi so voi gene chung, tir d6 so sanh mtrc do biéu
hién cua cac gene.

Thao tac:

Luong RNA tong duoc chiét xuat bang bo kit Total RNA Purification Kit. Phan
mg PCR dugc tién hanh béi bo kit SyGreen 1-Step Lo-ROX kit bang hé thong
may PikoReal 96 Real-Time PCR System.
- Phan trng PCR bao gém 20 ul cho mdi phan tng:
o lulRNA
o 2 ul primer (forward va reverse)
o 10ul 2X Mix Ro-Lox
o 1ul RTase
o 6ul dH20.
- Chu trinh realtime PCR tién hanh nhu sau:
o 1 chuky 45°C trong 15 phut
o 1 chuky 95°C trong 2 phut
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o 40 chu ky: 95°C trong 10 gidy, 60°C trong 15 giay
o 71 chu ky 60°C trong 15 gidy
- Ap dung phuong thirc 2-22Ct dé tinh sy biéu hién twong dbi ciia cac gene muc
tiéu

Bang 2. 4. Trinh ty primer

San pham | TLTK
Tén Trinh ty primer khéch dai
MMP1-F CAGAGATGAAGTCCGGTTTTTC 76 [102]
MMP1-R GGGGTATCCGTGTAGCACAT
MMP3-F | CAAAACATATTTCTTTGTAGAGGACAA 91 [103]
MMP3-R TTCAGCTATTTGCTTGGGAA
ple™NK4a _F TGAGCACTCACGCCCTAAGC 144 [104]
ple™NK4aR TAGCAGTGTGACTCAAGAGAAGCC
p53-F GAGCACTGCCCAACAACAC 224 [105]
p53-R ATGGCGGGAGGTAGACTGA
p21-F TGGAGACTCTCAGGGTCGAAA 65
p21-R GGCGTTTGGAGTGGTAGAAATC [106]
COLI1AI1-F AGCAGGCAAACCTGGTGAAC 80
COL1AI-R AACCTCTCTCGCCTCTTGCT [107]
Elastin-F TGTCCATCCTCCACCCCTCT 64
Elastin-R CCAGGAACTCCACCAGGAAT
GAPDH-F GAAGGTGAAGGTCGGAGT 172
GAPDH-R GAAGATGGTGATGGGATTTC

2.5.18. Phuwong phap WESTERN BLOT danh gia su bi¢u hién CDK4, CDK6

va cyclin D1

Muc dich: Kiém tra biéu hién mirc protein ciia CDK4, CDK6 va cyclin D1

Nguyén tac: Thanh phﬁn protein trong té bao duoc thu nhén, dién di, lai mang va
nhudém voéi khang thé dic trung cho timg loai protein, dua trén cudng do biéu hién
hinh anh tinh dugc sy biéu hién twong ddi cta protein ddi chimg ndi. Tir d6 danh gia

duoc muc dd bi€u hién twong doi protein muc tiéu gitra cac t€ bao.
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Thao tac:

Té bao di trai qua thi nghiém bao vé té bao boi AST dugc thu nhan tir chai nuoi
T25 va ly giai trong Optiblot LDS Sample Buffer.

Luong tuong duong 10 pg/ml duoc dua vao giéng dugc dd bang Precast Gel
SDS-PAGE 4-12%.

Gel dugc chay trong buffer Optiblot SDS Run Buffer trong 2 gi¢ tai 50V. Sau 2
gio, protein dugc chuyén qua mang PVDF va mang dugc block qua dém & 4°C
trong blocking buffer.

Mang dugc U voi nhiing khang thé so cap qua dém & 4°C. Khang thé dugc sir
dung bao g@)m anti-CDK4, anti-CDK®6, anti-cyclin D1, anti-actin. Mang duoc
rira véi TBST 3 lan trong 10 phat mdi lan. Mang duoc U voi khang thé thtr cap
tai nhiét do phong trong 1 gio. Khang thé cua dé khang IgG chudt va khang thé
ctia dé khang IgG thé duoc sir dung dé nhan dién khang thé so cap. Nhiing band
duoc nhan dién bﬁng bd kit ECL Western Blotting Substrate Kit. Hinh anh

dugc chup bang film X-ray.

2.5.19. Phwong phap tao moé minh chugt lao hoa da

Muc dich: Panh gia hiéu qua bao v¢ da cia dich chiét giau AST-EX khoi tac hai

cua tia UV.

Nguyén tic: AST c6 kha ning thdm vao 16p da chudt va chdng loai cac tac hai do

ROS sinh ra bai tia UV.

Poi twong: Chudt duoc cung cap bdi vién Pasteur TP. HCM. Chudt dugc nudi 6n

dinh trong 3 ngay trudc khi tién hanh thi nghiém.

Thao tac:

Hé thong chiéu chudt bao gdm: Pén UVB, 16ng chiéu chudt va 1ong chan sang.
Chudt dugc cao ving da gitta lung kich thudce 2x2 cm?.
Chudt dugc cao 16ng hang tudn (2 1an/tuan) va tién hanh chiéu dudi dén UV.
Liéu chiéu UV duoc tién hanh nhu sau:

Tuén 1-2: 100 mJ/cm?/14n, tudn chiéu 3 1an

Tuén 3-4: 200 mJ/cm?/14n, tudn chiéu 3 1an

Tuén 5-8: 300 mJ/cm?/14n, tudn chiéu 3 1an

Danh gia
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o Su thay d6i vé mit hinh thai trén da chudt duoc ghi nhan hang tuan va
ghi nhan bang binh anh.

o Su thay d6i cdu trac md hoc duoc danh gia dya trén phuong phap nhuom

Masson’s Trichrome.

2.5.20. Phwong phap danh gia kha nang bao vé da chuot khéi tia UVB

Nguyén tic: AST c6 kha ning thim vao da va hap thu goc oxy hoa do tia UV

2
Tul-2: 100 mJ/em’ Tu3-4: 200 mJ/em’  Tu5-8: 300 mJ/cm

N-2 NI N14 N28 N56

e

Soi da

Nhudm Trichrome

Hinh 2. 7. So d0 thi nghiém bao vé da chudt cia AST
B tri thi nghiém: Chuot duoc chia thanh 6 nhém nhur trong bang 2.5. Mdi thi

nghiém dugc tién hanh véi 4 con chudt

Pbi ching: Chudt chiéu UVB theo quy trinh 2.5.20 trong 8 tun

B6i dau Sacha Inchi (ky hi¢u Sacha): Chudt dugc thoa dau Sacha Inchi 4 gio
trude mdi lan UVB, quy trinh chiéu twong tw nhuw nhém ddi ching.

Bo6i AST-EX 5 pm/ml (ky thi€u la AST-EXS), boi AST-EX 10 pm/ml (ky hi¢u
la AST-EX 10), boi AST-EX 20 pm/ml (ky hi¢u 1a AST-EX20), béi AST-EX
200 um/ml (ky hi¢u 1a AST-EX200). Tat ca AST duoc hoa trong dung mai 1a
dau Sacha Inchi.

Thao tac:

Chudt thi nghi¢ém duoc cao 16ng trén lung véi viung dién tich tdi thiéu 4cm?,
trung binh cao 16ng 2 1an/ tuan.

AST thu nhan duogc boi truc tiép vao vung da lung chudt da cao sach long
luong 50 ul/lan/con/lan chiéu UVB.

Céc chi tiéu danh gia trén ddi twong nghién ciru:
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- Dua trén danh gia mé hoc, danh gia do day 16p biéu bi, cdu trac da
- Danh gia cam quan bén ngoai bé mit da bang mat thuong va méy soi da:
o Vét nit 16n hodc da bi chay xé dugc quan sat bang mat thuong theo tiéu
chuan Agrawal va Bisset (Bang 2.6 va 2.7)
o Vét nit nho trén da

Bang 2. 5. B tri thi nghiém tac dong ctia AST 1én da chudt

Ky S6 lwong Phuwong phap xur ly Thoi gian
hi¢u 16

pC 4 Chiéu UV theo quy trinh 130 h6a 2.5.19 | 8 tuan
Sacha |4 Boi dau sacha inchi trudc mdi lan chiéu | 8 tudn

UVB theo quy trinh 2.5.19

AST- |4 Boi AST-EX 5 pg/ml (dich chiét tao c6 | 8 tudn
EXS5 ndéng do AST tong 1a 5 pg/ml) trudc mdi
1an chiéu UVB theo quy trinh 2.5.19

AST- |4 Boi AST-EX 10 pg/ml (dich chiét tao c6 | 8 tuan
EX10 ndéng do AST tong 1a 10 pg/ml) trude mdi
1an chiéu UVB theo quy trinh 2.5.19

AST- |4 Boi AST-EX 20 pg/ml (dich chiét tao c6 | 8 tuan
EX20 ndéng do AST tong 1a 20 pg/ml) trude mdi
1an chiéu UVB theo quy trinh 2.5.19

AST- |4 Boi AST-EX 200 pg/ml (dich chiét tao c6 | 8 tudn
EX200 néng d6 AST tong 1a 200 pg/ml) trude
mdi 1an chiéu UVB theo quy trinh 2.5.19
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Bang 2. 6. Mirc d6 nhin da theo tiéu chuan Agrawal [108]

Diém Giai thich
0 Khéng c6 vét nhin hodc nhdo, nhitng vét nit nho chay
doc theo xurong séng.
1 Xuat hién nhitng nép nhan nho theo truc vudng goc véi
co the
2 Bién mat cta nhiing nép nhan nho
3 Xuat hién nép nhin ndng trén lung theo truc vudng goc
véi co the.
4 Xuat hién mot it nép nhian nong va bat dau c6 dau hién
nhdo da
5 Nhiéu vét nhin sau vinh vién
6 Nhiéu vét nhin sau, phat trién khdi u/ton thuong da
Bang 2. 7. Mirc 6 nhdo da theo tiéu chuan Bisset [109]
Diém Giai thich
0 Xuat hién nhitng vét niit nho trén co thé, nhitng vét nit nho
doc theo truc séng lung va bién mét khi di chuyén
1 Tat ca nhitng vét nit doc theo co thé bién mat, xuat hién
nhitng nép nhin néng vudng goéc voi truc co thé, nhitng nép
nhan nay c6 thé xuit hién hodc bién mat khi di chuyén.
2 Tat ca vét nit bién mat, nhitng nép nhan tré thanh vinh vién.
3 Nhiéu nép nhan sau xuat hién vinh vién trén da
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2.5.21. Phuwong phap xir ly thong ké

S liéu dugc xir 1y thong ké bang phan mém SigmaPlot v&i d6 tin cdy 95%.
S liéu duoc trinh bay dudi dang: A + SD, trong d6 A 1a gia tri trung binh, SD

1a d6 1éch chuan.
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Chuwong 3. KET QUA - BIEN LUAN
3.1. Nudi cdy ting sinh HP-C va cam rng AST

Hinh dang té bao chung tio HP-C dugc ghi nhan qua thoi gian thi nghiém nhu
sau (Hinh 3.1). Giai doan sinh truong: trong diéu kién moi truong thuan loi, tdo HP-C
c6 mau luc, than hinh cau hodc elip, duong kinh trung binh 20 + 3 pum va di chuyén
trong dung dich béng 2 roi. Giai doan nang trudng thanh: khi diéu kién bat lgi duogc
kéo dai (trong nghién ciru 13 30 ngay) tao bat dau tong hop AST va cac loai carotenoid
khac. Vi tri xuét hién dau tién 1a vung trung tam nang va khéch dai toan b té bao tao,
khi d6, tio chuyén sang mau d6 hoan toan. Puong kinh trung binh trong giai doan nay
la 32,61 + 14,57 pm va néng dod AST ti da thu nhan dugc trong nghién ctru 1a 3,09%
sinh khdi khé (Hinh 3. 1).

A FEN a - ’.—\ .

Hinh 3. 1. Chu ky vong do1 tdo HP-C sur dung trong nghién ctru (x40).
A: Giai doan sinh truong, B: Nang trudng thanh. Scale bar: 50 pm.

Trong diéu kién nudi céy tang sinh, mat do té bao tao cao nhit dat duogc trong
moi truong BG-11 14 63,9 + 5,8 (x10%) té bao/ml sau 26 ngay nudi cay va thoi gian
tang sinh thé hé 1a 6,28 + 0,23 ngay. Két qua ting sinh tao trong moi trudng BG-11
tuong tu voi két qua ciia Imamoglu va cong su. Imamoglu va cong su di xac dinh thoi
gian nhan do6i thé hé trong nghién ctru trén trong moi truong BG-11 13 144 gio [98].

AST duoc cam ung tong hop trong diéu kién anh sang manh 10 klux theo quy
trinh cua tac gia Pang Thi Diém Hong [10]. Mai truong nudi cay xuat hién mau do tix
ngay thir 8-10 sau khi nudi cdy. Sau 24 ngay, dich nudi cdy hoan toan chuyén thanh
mau dé, cac cum tido mau do co6 xu hudng lién két voi nhau va lang xubng day chai

nudi. Quan sat hinh dang tao trong chai nudi ngdy 24 cho thay té bao nang truong
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thanh chiém ti 1¢ 16n trong chai nudi 89,86 + 10,07% sd luong té bao quan sat. Nong
d6 AST tong danh gia ngay 24 13 3,09 + 0,19% (hinh 3. 2).

Y bl | B J
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Hinh 3. 2. Két qua nuéi ciy HP-C.
A: Nubi cdy tang sinh trong méi truong BG-11 sau 26 ngay, B: Cam tng tong hop AST trong
diéu kién anh sang manh 10 klux, C: Tao HP-C trong diéu kién nudi cdy ting sinh, D: Tao
HP-C trong diéu kién cam ung tong hop AST

3.2. Tach chiét AST

Trong nghién ctru nay, AST dugc tach chiét trong dung méi dichlo/met (ti 1& 1:3). Quy
trinh tach chiét duogc chia thanh 3 nhom:
- TNI: Tao duoc lam kho bang nhiét, sau d6 tach trong dung moi bang may dong
hoéa tdc do cao dé pha v vach tao.
- TN2: Tao duoc lam khd bang phuong phap dong kho, tach trong dung méi
bang may dong hoa
- TN3: Tao dugc lam kho bang phuong phap dong kho, xtr 1y trudc bang HCI,
tach trong dung moi bang may dong hoa.
Dung méi sau d6 dugc ly tam dé thu nhan dich, cin tiép tuc dugc tach trong
dung moi méi bang may dong hoa. Lip lai cac budc téi khi ndo dung mdi tring hoan

toan.
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Hinh 3. 3. Két qua chay HPLC mau dich chiét tao H. pluviais.
A: AST thuong mai, B: Dich chiét tao HP-C trudc khi xa phong héa, C: sau khi xa phong héa.
Mui tén: AST tu do.

Nong @6 AST dugc dinh lugng bang phuong phap HPLC theo quy trinh cua tac
gia Yuan va cong su, bude song hap thu duoc sir dung 12 480 nm [110]. AST trong tao
ton tai dang AST tu do (0.7-5%) va phan 16n 1a dang ester (95-99.3%) [111, 112].
Tru6e khi dinh lwong bang HPLC, dich tio dugc tién hanh xa phong hoa dé tach cac
phan to AST dang ester thanh dang ty do. Quy trinh xa phong hoa dugc thuc hién theo
tac gia [110]. Pdi chimg trong thi nghiém nay 1a AST dang tu do thuong mai (d9 tinh
khiét 98,5%) dé ghi nhan thoi gian luu cua AST tu do va dyng duong thang tuyén tinh
tuong quan gitta mAU va ndng do AST tu do. Dya vao dudng thang trén dé tinh ndng

do AST tu do trong mau nghién ctru (hinh 3. 3).

Két qua cho thiy thoi gian luu trung binh cia AST tu do theo quy trinh 14 3,14
+ 0,03 phiit. Poi v6i mau AST chiét xuat truc tiép tir tao, biéu d6 HPLC xuét hién
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nhiéu dinh, trong d6 c6 dinh twong tmg voi AST tu do, nhitng dinh con lai khong duoc
xac dinh trong nghién ciru. Tuy nhién, dya vao biéu d6 HPLC cua cac nghién ctru
khéc, nhiing dinh nay twong duong véi dinh ctia AST dang ester [110, 113]. Sau khi
xa phong hoa, tit ca cac dinh nghi ngd 1a AST dang ester bién mat va dinh twong tng
v6i AST tu do ting cao (Hinh 3.3). Liic nay biéu d6 thu nhan dugc giéng voi biéu do
sau khi xa phong héa cta tic gia Yuan va cong su [101, 110]. Dua trén két qua HPLC
mAu trude va sau khi xa phong héa, ndng do AST tu do (do trong mau trudc xa phong

hoa) va AST tong (do trong mau sau xa phong héa) dugc ghi nhan.

Hinh 3. 4. Két qua tach chiét AST tir vi tdo.

A: Dich ni, B: TN 1, C: TN 2, D: TN 3. Scale bar: 50 um. Miii tén den: xac tdo con AST,
miii tén trang: xac tdo da chiét hoan toan.

Két qua quan sat cho thay khi tiép xtic v6i tio, dung mdi chuyén tir mau tring
sang mau d6 dam. Sau mdi chu ky dong héa trong dichlo/met va ly tdm, dich ndi tro
nén trang hon. Két qua quan sat bang KHV xac tao cho thay xac tao v& thanh nhiéu
manh nho trong qua trinh tach chiét. Tuy nhién, trong d6 van ton tai nang truéng thanh
nguyén ven. Sau mdi chu ky dong hoa trong dichlo/met va ly tam, ti 1¢ nang tao do
giam dan va khong phat hién & chu ky thir 5 trong TN2, TN3. D6i véi TN1, chu ky thi
8 van phat hién nang tao truéng thanh mic du dich ly tim da trong sudt. Két qua nay

cho thidy TN2, TN3 tach chiét AST hiéu qua hon TN1 (hinh 3. 4, bang 3. 1).
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Bang 3. 1. Két qua tom tat chiét xuat AST theo quy trinh TN1, TN2, TN3.

(*®: si khac biét vé thong ké trong cung hang (p<0.05)

1,73 +£0,13*  3,09+0,19° 3,01 +0,25°

4,50 +0,27* 4,43 +£0,40* 4,37+ 0,50*

Két qua dinh luong AST bang HPLC thé hién trén Bang 3.1. Dya trén két qua
nay, qua trinh chiét xuat AST TN2 va TN3 cao hon TN1 (p<0.05). So sanh giita TN3
va TN cho thdy phuong phap dong kho c6 hiéu qua tbt trong hd tro tach chiét AST tir
tao. Khi so sanh giita TN2 va TN3, két qua cho thdy hiéu qua gitra 2 phuong phap
tuong ty nhau. Két qua nay cho thdy HCI 2N khong hiéu qua trong hd tro tach chiét
AST.

Mot trong nhing kho khan chinh trong qua trinh tach chiét hop chét tir tao 1a
qua trinh pha vach té bao. Diéu nay dic biét quan trong ddi véi tao H. pluvialis boi vi
khi chuyén thanh dang nang truéng thanh, vach té bao sé& trd nén day hon, cimg hon
(khoang 2 pm) [114]. Qu4 trinh nay nham bao vé tao khoi cac tac nhan bat loi tir méi
truong. Do d6 hd tro pha véach té bao 1a bude quan trong trong tach chiét AST tir vi tao
[115]. Phuong phap dong hoa co hoc trong dung mai sir dung luc khudy cua thiét bi
ddng hoa dé hd tro sy xAm nhap ciia dung méi vao trong nang tao va pha v vach nang
tao. Trong nghién ciru nay chiing t6i tién hanh danh gia anh hudng cta 2 phuong phap
xtr 1y: dong kho va HCI 2N 1én hiéu qua tach chiét AST tir vi tao. Phuong phap dong
khé 1a mot trong nhitng phuong phap thuong duoc sir dung nhim bao quan tao [116].
Phuong phép nay rit todn bd nudc khoi vi tdo bang cic budc: dong lanh dung dich,
thang hoa nudc. Do do, day la phuong phép 1am khé cé hi¢u qua cao, bao quan dugc
hoat chat t&t nén thuong dugc st dung trong bao quan nhiéu loai san pham co gia tri
cao. P6i véi tach chiét AST, qué trinh 1am lanh trong dong kho c6 thé hd trg hiéu qua
tach chiét AST. Cac phan tir nudc lién két v6i nhau tao thanh tinh thé trong qua lam
lanh ¢ nhiét d6 am (-50°C). Nhiing tinh thé nay c6 kha niang pha v& ciu trac vach

nang. Phuong phap str dung tinh thé nude duge st dung dé tach chiét cac thanh phan
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ndi bao nhu phycocyanin trong tao Spirulina [117]. Két qua danh gia cho thiy phuong
phap dong kho c6 hiéu qua hd trg tach chiét AST tir vi tao. Phuong phap thir 2 dugc six
dung 1a HCI 2N. HCI 1a mét acid manh, c¢6 kha nang lam mém vo vi tao. Tac gia
Sarada da danh gia hiéu qua xir Iy vi tdo voi HCI ¢ cac nong d6 1-10 N va thoi gian
khac nhau 5-10 phut. Két qua cho thdy HCI 1-2N hiéu qua trong viéc hd trg tach chiét
AST, thoi gian t6i wu 1a 5-10 phat [100]. Tuy nhién, trong nghién ctru cta ching toi,
quy trinh HCI 2N khong hd tro t6t qua trinh tach chiét AST. Diéu nay c6 thé giai thich
1a khi d4 trai qua qua trinh déng kho, vach nang tao di trd nén mém, dé v& nén khi xir
ly tiép bang HCI1 2N thi hi¢u qua HCI 2N khong duoc thé hién rd rang. Ngoai ra, HCI
13 mot acid manh, c6 kha niang gdy nguy hiém trong qua trinh thao tac va c6 thé giy
tac dong khong t6t 1én hoat chat. Do d6, trong nhitng thi nghiém sau, HCI khong sir
dung trong qué trinh tach chiét. Pong kho mic du 1a quy trinh thudng quy sir dung dé
bao quan tao tuy nhién quy trinh dong khé sir dung nhiéu ning lugng va thoi gian xir
Iy 1au dai (khoang 22 gid) nén chi phi cho qua trinh déng kho twong ddi 16n. Tuy
nhién, trong nghién ctru nay, ching t6i dua ra thém 1 1y do dé sir dung qua trinh dong
khé dé bao quan vi tao HP-C 1a qua trinh dong kho hd trg tot qua trinh tach chiét AST.
Quy trinh tach chiét bang cach két hop dong kho va dong hoa trong dung méi
dichlo/met dugc st dung cho tat ca cac thi nghiém sau.

3.3. Chong oxy h6a FRAP

Hinh 3. 5. Két qua thir nghiém FRAP ciia AST-EX.
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Hinh 3. 6. Biéu d biéu thi gia tri FRAP.

D6 thi bén trai: Gia tri FRAP ciia AST-EX. D0 thi bén phai: Gia tri FRAP ciia Trolox
Két qua cho thay c6 sy chuyén mau xanh trong dia thi nghiém voi AST-EX va dia ddi
ching Trolox. Piéu nay ching t6 AST-EX c6 kha ning khir Fe**-TPTZ thanh Fe**-
TPTZ. Két qua thu dugc 1a cong thirc hap thy electron tinh dugc trong trudng hop
AST-EX la'y =3,4581x + 12,171 va Trolox la y = 1383,4x + 1,9957. Dya trén két qua
trén, gid tri TEAC 1a 2,76 mmol TE/g AST-EX (hinh 3. 5, 3. 6).

3.4. Chong oxy hoa ABTS

Hinh 3. 7. Két qua thir nghiém ABTS ctia AST-EX.



Ti 1¢ bat hoat ABTS (%)

100 - <70
y = 0,5316x + 5,0258 > 60 - y= 1?}'_33"9’;;'74102
80 1 R2 = 0,9905 e oy =9
60 - % 40 -
ol
40 - 2 30 -
& 20 -
20 - @ g
0 T T 1 F 0 T T 1
0 50 100 150 0 0,1 0,2 0,3
Nong do AST-EX Nong d6 Trolox (mM)

(ug/ml AST tong)

Hinh 3. 8. Biéu d biéu thi két qua thir nghiém ABTS™.
D6 thi bén trai: ti 16 tc ché ABTS* ctia AST-EX, do thi bén phai: ti 1& trc ché ABTS* cuia cua

Trolox
Két qua thi nghiém cho thay dung dich ABTS* mat dan mau xanh cung vdi su

gia tang nong d6 AST-EX va Trolox. Két qua nay cho thdy AST-EX c6 kha ning hap
thu electron ty do. Pudng hip thu ABTS cia AST-EX ¢6 cong thirc 1a y=0,5316x +
5,0258 véi ICso 1a 84,6 pg/ml, duong hap thu ABTS cia Trolox cé cong thirc 1a
y=191,32 x + 3,4102 v61 ICso 1a 0,24 mM (hinh 3. 7, 3. 8).

Duya trén két qua nay, TEAC ctia AST-EX 1a 0.38 mmol TE/g bot chiét tao. Két
qua ndy tuong tu voi két qua cta Jaime khi tién hanh véi gidng tio BN 10/024, gia tri
TEAC trong nghién ctru trén tir 0,19-0,42 mmol/g AST-EX [118].

3.5. Pgc tinh in vitro

Poc tinh in vitro ciia AST-EX dugc danh gia theo tiéu chuan ISO 10993-5. Té
bao nguyén bao soi dugc nudi trong moi trudng bod sung AST-EX theo cac nong do
0,5 - 10 pg/ml. Thoi gian U té bao trong AST-EX 13 1 hodc 2 ngay. Sau d6 danh gia ti
1¢ séng cua té bao trong timg néng do bang phuwong phap MTT. Trong nghién ciru niy,
d6i chimg am st dung 1a méi truong nudi bd sung 0,2% DMSO bai vi AST-EX duoc
hoa tan trong méi trudng nudi bo sung 0,2% DMSO. Diy nong do sir dung trong thi
nghiém doc tinh tir 0,5-10 pg/ml béi vi diy ndong do nay bao gdm diy nong do can sir
dung trong nghién ctru. Pbi ching duong sir dung 1a DMSO 10%, day 1a dbi ching
duong theo tiéu chudn ISO 10993-5.
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Gia tri OD

PCam AST-EX0.5 AST-EX1 AST-EX5 AST-EX10 BC duong
Hinh 3. 9. D6 thi biéu dién gia tri ODsoo thu duoc tir thi nghiém danh gia doc tinh cua
AST-EX.
(*P: sy khac biét vé mat thong ké gia tri ODse gitta cac nhom va cac ngay)
Béang 3. 2. Ti 1€ RBG cua AST-EX ¢ cac néng do khac nhau

(*P: sy khac biét vé mit thong ké trong giita cic nhom thi nghém va giira cac ngay
danh gia, p<0.05)

100% 100%

104,27 + 7,64%* 95,45 + 7,87%*

97,16 + 7,49%* 94,09 + 11,91%*

95,73 £ 7,12%* 97,27 £ 6,00%*
97,16 + 6,87%* 93,64 £+ 8,79%?*
15,64 + 5,73%" 8,53 +£2,42%"

Pbi vi té bao trong nhom ddi chimg am, té bao hF c6 dang thon dai, khong cd
hién tuong bong troc té bao khoi bé mit nudi cay. Pbi véi té bao trong nhom ddi
ching duong, phan 16n té bao co tron va bong ra khoi bé mit nudi ciy, nhimng té bao
bam trén bé mit nudi thi co su bién doi vé hinh dang té bao nhu té bao bi thu nho. Poi
v6i té bao trong cac nhom AST-EX 0,5-10 pg/ml, té bao van duy tri hinh dang thon

dai dac trung, khong c6 dau hi¢u t€ bao bong troc khoi bé mat nudi.
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Két qua danh gia bang MTT cho thay ti 1¢ té bao séng trong cac nhom AST-EX
0,5-10 pg/ml dao dong trong khoang 93,64 + 8,79% tdi 104,27 £ 7,64% va khong co
su khac biét ti 18 té bao sdng giita cac nhom thi nghiém va giita 0 AST-EX 1 ngay
hodc 2 ngay. Két qua nay phu hop voi két qua quan sat bang kinh hién vi. Dya theo
tiéu chuan ISO 10993-5, ti 16 RBG 16n hon 70% 1a dung dich khong gay doc voi té bao
(hinh 3. 9, bang 3. 2). Do d6, AST-EX ndng d¢ 0,5-10 pg/ml khong gay doc cho té
bao. Két qua nay twong tu nhu két qua caa Chintong va cong su. Chintong va cong su
d3 xac dinh AST nong do dudi 160 pg/ml khong gay doc cho té bao [119].

3.6. Tang sinh

Té bao nguyén bao soi ngudi (hF) duoc nudi trong mdi trudng bd sung AST-
EX 0,5-10 pg/ml dé danh gia tic dong cta hF 1én sy ting trudng té bao. Péi ching 4m
sir dung 12 méi truong co ban bd sung 0,2% DMSO.

Két qua do ODsoo cho thay té bao trong nhém ddi ching 4m ting sinh manh
trong giai doan tir ngay 1 téi ngay 9, dat dinh trong ngay 9 va duy tri t6i ngay 11, sau
d6 suy giam ¢ ngay 13. Thoi gian ting sinh thé hé (doubling time, DT) 14 49,3 + 3,1
gio. Két qua nay tuong tu voi két qua ctia Moulin va cong sy, thoi gian ting sinh thé
hé nguyén bao sgi nguoi tir 32-68 gid, trung binh 1a 47 gid va thay ddi tiy theo nguoi
hién [120].

Té bao trong nhém xtr Iy AST-EX 0.5-10 pg/ml déu dat mat do dinh vao ngay
11, tuy nhién, c6 su khac biét vé thoi gian ting sinh thé hé giira té bao nudi trong nong
d6 0,5, 1, 1,5, 5 pg/ml so voi néng dd 10 pg/ml (hinh 3.10). Té bao trong nhom xu 1y
AST-EX 0,5, 1, 1,5, 5 pg/ml c6 mat do tdi da va thoi gian tang sinh thé hé tuong tu
nhu té bao trong moi truong ddi chung. Trong khi d6, té bao trong nhém xir 1y voi
AST-EX 10 pg/ml c6 thoi gian tdng sinh chdm hon (bang 3.3).

Khi so sanh gitra té bao trong nhom AST-EXO0,5, AST-EX1, AST-EX1,5, AST-
EX5 va nhom DC am thi thay rang té bio trong nhitng nhom nay tuong ty nhau vé mat
do téi da, toc do tang sinh. Tuy nhién, té bao nguyén bao soi nguoi hF trong nhém BC
am c6 xu huéng giam dan sau ngay 13. Trong giéng nudi té bao, nhiing té bao bat dau
bong 1én khoi bé mit nudi cdy ¢ ngay nay. Diéu nay c6 thé 1a do hién twong apoptosis
xay ra trong nudi cdy té bao khi mat do té bao dat dinh ting truéng. Dbi véi té bao

trong nhom AST-EXO0,5, AST-EX1, AST-EX1,5 va AST-EXS thi hién tugng nay
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khong duoc phat hién. Gié tri ODs9g gitra cdc nhom trén trong ngay 9, 11, 13 khong c6
su khéc biét vé mit thong ké. Diéu nay co thé giai thich 1a hién tuong apoptosis dugc
tién hanh theo nhiéu co ché, trong d6 c6 con dudng theo gdc oxy hoa va AST-EX c6
kha niang hap thu cic gdc oxy hoa nay nén thoi gian ton tai khi mat d6 100% dai hon
s0 v6i nhom d6i chimg.

Két qua nay khang dinh AST-EX 0,5-5 pg/ml khong gy tac dong bat loi 1én sy
tang sinh té bao hF.

0,6 - ns

0,5
oy = Doi chimg 4m
& m AST-EX0.5
0,3
= AST-EX1
]
50,2 m AST-EX5

®m AST-EX10

1 3 5 7 9 11 13
Ngay

Hinh 3. 10. Biéu d6 biéu thi sy ting trudng té bao hF trong moi truong bd sung AST-
EX sau 13 ngay nudi cay.

(": Gia tri OD590 giita cac nhém trong ngay 11 13 khong khéc biét vé théng ké (p>0.05))
Bang 3. 3. Thoi gian tang sinh thé hé té bao hF trong cac nhém thi nghiém

(*®: sir khac biét vé& mit thong ké, p<0.05)

DT (gio)
Poi chirng am | 49,3 £ 3,1°
AST-EX0,5 478 +2,5
AST-EX1 492 + 320
AST-EX1,5 50,2 + 3,3°
AST-EX5 55,2 +2,1%®
AST-EX10 58,8 +4,7°

3.7. Dicw

Tac dong cia AST-EX Ién su di cu cia nguyén bao soi dugc danh gia dya trén

mo hinh Wound-Scratch Assay. Té bao nguyén bao sgi ngudi hF dugc nuoi dat mat do
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100% dién tich bé mat nudi céy, sau do tao vét rach trén bé mat dia nuoi dé té bao di
chuyén vao vét rach. Xéc dinh ti 1& dién tich bao phu cua té bao s& danh gia dugc hi¢u

qua ctia AST-EX trong viéc hd tro té bao di chuyén.

Hinh 3. 11. Két qua thir nghiém di cu cta hF dudi tic dong ciia AST-EX 0,5-10 pg/ml.

A: \{ét rach té bao ban dau, B: Té bao di cu sau 12 gio mau AST-EX1, C, D, E, F, G, H: Su di
cu t€ bao sau 24 gid ¢ cac nhom doi ching va AST-EXO0,5, 1, 1,5, 5, 10. Nét @it mau xanh 1a:
Vi tri vét rach t€ bao ban dau.

Két qua quan sat di cu té bao cho thiy té bao bat dau di chuyén vao bén trong
vét rach sau 3 gid nudi cdy. Hién tuong nay xuét hién trong tat ca cic nhém bao gom
nhom ddi ching 4m va nhém thi nghiém AST-EXO0,5-AST-EX10. Sau 12 gio, té bao
xam nhap nhiéu hon va sau hon vao vi tri vét rach va chiém khoang 40-50% dién tich
vét rach. Sau 24 gio, té bao tiép tuc di chuyén vao vi tri vét rach, dién tich bao phu

tang 1én khoang 71-79% dién tich vét rach (hinh 3. 11, 3. 12 va bang 3. 4).
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Két qua xir 1y thong ké cho thdy khong c6 sy khac biét giita cac nhém trong
cung thoi diém 3 gio, 12 gio hoidc 24 gio. Két qua trén cho thdy AST-EX 0,5-10
pum/ml khong anh hudng téi qua trinh di cu té bao.

ns

07, | | | | | |

)
0,6 -
g
0,5 -
“5 ’
=
2 04 m3gio
2
o 03+ w12 gioy
<
CER 24 gio
iy
= 01 -
©
A 0 -

DCAm AST-EX0.5 AST-EX1 AST-EX1.5 AST-EX5 AST-EX10
Hinh 3. 12. Biéu d6 biéu thi dién tich bao phu1 boi té bao trong thi nghiém di cu.
(*: dién tich bao phu cac nhom sau 24 gio khong khac biét vé mit thong ké (p>0.05))

Bang 3. 4. Két qua danh gia hiéu qua hd trg hF di cu sau 24 gio (% dién tich so
véi dién tich vung rach)

(": su khac biét vé mat théng ké trong cung 1 cot, (p<0.05))

I -
- 16,3 + 3,11 44,9 + 6,0 72,3 + 8,91
- 20,8 + 4,50 51.5+5,1m 74,8 + 7,9
- 21,9 + 5,9 51,1 +7,3" 77,9 + 6,4
- 19,7 + 3,5 44,1 +3,5m 79,2 + 7,6™
- 18,4 + 6,51 42,8 + 6,5m 75,2 + 4,3
- 24,8 + 4,1 452 + 4,17 712+ 11,2

3.8. Khio sat quy trinh giy ldo héa té bao bang H,O:
Hydrogen peroxide 14 chat c6 kha ning gy oxy hoa manh thuong duge sir dung
dé tao mo hinh 10 hoa té bao. Mic du néng d6 200 uM, thoi gian xir Iy 120 phut
thuong duoc sir dung dé tao mo hinh 130 héa trén té bao nhung quy trinh giy ldo hoa

té bao bang H0: ciing bién ddi tiry theo dong té bao nguyén bao soi [121, 122]. Do d6
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budc ndy dugc tién hanh nham tim quy trinh gy 130 hoa phi hop vai té bao hién dang
sir dung bang cach bién ddi quy trinh thudng sir dung.

Té bao duoc cfiy vao dia nudi céy dat mat do bao phu 80-85%. Sau 24 gio,
chuyén thanh méi trudng nudi cay bd sung 0,2% DMSO. Sau 24 gid, thay moi trudng
bd sung DMSO bang méi truong cé bo sung H02 & cac ndng do 100, 150, 200 hoic
250 uM, mdi ndng d6 chia thanh 2 khoang thoi gian xir 1y 1a 90 phut va 120 phat. Sau
thoi gian xir 1y, cdy té bao vao dia 96 giéng dé tién hanh nhitng danh gia tiép theo dé
xéc dinh quy trinh xtr Iy t6i vu. Nhitng danh gia ndy bao gom:

- Su ting trudng té bao trong dia 96 giéng (bang phuwong phap MTT)
- Biéu hién marker 130 hoa té bao senescence-associated p-galactosidase (SA-gal)
3.8.1. Két qua khao sat sy ting truéng té bao

Pé danh gia su ting trudng té bao, té bao sau khi xtr 1y véi H.0, duoc cdy vao
dia nudi méi voi mat do té bao séng chiém 50% dién tich bé mat nudi céy. Sau do, su
tang sinh té bao dugc danh gia bang phuong phap MTT & ngay 1, 4, 7 sau khi cdy.
Pdng thoi, hinh dang té bao duoc ghi nhan bang phuong phap nhuém Giemsa.

0,500 -+

0,400 -

0,300 -

0,200 - 4 Ngay
- g il I I

0,000 -

200- 120 200-90 150 120 150-90 100 120 100- 90

Gia tr1 OD

Nhom
Hinh 3. 13. Biéu d6 biéu thi sy gia ting gia tri OD & cac nhoém thi nghiém sau 7 ngay.
(": khong khac biét vé mit thong ké gia tri ODsoo giita ngdy 1, 4, 7 trong cting 1 nghiém thirc
va gittandng d6 H,O,, p>0.05)
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Hinh 3. 14. Su bién d6i hinh dang té bao hF khi xir Iy v6i HoO2 ngay 4 (x50).

A, B, C, D, E, F, G: t bao cac nhém dbi chimg, 100-90, 100-120, 150-90, 150-120, 200-90,
200-120. Scale bar: 100 um, miii tén: té bao phinh to

Két qua cho thiy sau khi cdy té bao vao dia nudi mdi, té bao hF trong nhom dbi
chtng bam tét vao bé mit nudi cay, té bao trai trong vong 12 gio sau khi cdy va ting
truong. Trong khi do, té bao xtr Iy v&i H2O2 ¢6 ti 1¢ 16n té bao khong bam vao bé mait
nudi cdy. Sau 1 ngay nudi cdy, nhiéu t& bao khong trai trén bé mit nuoi cy. Gia tri
ODs9o ngay 1 khac nhau gitta cac nhom mac du méat do té bao séng ban dau dua 1én la
nhu nhau. Diéu nay cho thdy mot luong 16n té bao khong bam trai dugc trén bé mait
nudi cdy. Sau 4 ngdy, nhiéu té bao hinh dang bat thuong xuat hién trong chai nuéi:
nhan va té bao chat phinh to, nhiéu té bao phinh theo chiéu doc hoic chiéu ngang hoic
ca hai huéng. Pong thoi, mot sb té bao xuat hién nhiéu nhanh, hinh dang nhu té bao
hinh sao (hinh 3.14). Trong tit ca cc giéng té bao thudc nhom xir 1y vi Ho02 déu
xuat hién nhiing té bao hinh dang nhu trén. TUr ngay 4 téi ngay 7, té bao trong nhom
H>0: ndng d6 200 pM gidm dan ddi véi thoi gian xir 1y 120 phat va 90 phit, phan 16n
té bao dang bt thuong vé hinh dang, phan con lai 1a dang co tron. Té bao trong nhém

H>0: ndng d6 150 pM duy tri 6n dinh trong ca 2 nhom thoi gian xir 1y 120 phut va 90
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phut. Trong khi d6, té bao trong nhém xir Iy H,O» nong dd 100 pM c6 sy ting sinh
cham, trong d6 té bao trong nhom xir Iy 90 phut c6 gia tri ODsoo ngdy 7 cao hon so véi
nhom xtr ly 120 phut (hinh 3. 13).
3.8.2. Két qua khio sat sw biéu hi¢n SA-gal

Senescence associated p-galactosidase (SA-gal) 1a marker dic trung cho su biéu
hién cta su 130 hoa té bao. SA-gal biéu hién 6n dinh & pH=6 trong té bao l3o hoa.
Enzyme SA-gal s& bién d6i X-gal (dung dich mau vang) thanh 5,5'-dibromo-4.4'-
dichloro-indigo — 2 dang khong tan mau xanh duong. Do d0, t& bao biéu hién SA-gal
s& c6 mau xanh, trong khi té bao am tinh SA-gal sé& trong su6t khéng mau.

Két qua danh gia cho thay té bao biéu hién SA-gal nhiéu trong nhém té bao xir
1y véi Ho02 & cac nong d6 khac nhau. Pdi véi té bao duong tinh véi SA-gal, ving té
bao chat xung quanh nhan duoc nhudém xanh, mau xanh nay khoéng phét hién trong
nhan va ving khong gian giira cic té bao. Piéu nay phu hop véi tinh chat SA-gal c6
hoat tinh trong té bao chit cua té bao 140 hoa. Pé danh gia tac dong cua H,O» 1én su
biéu hién SA-gal trong té bao, sé luong té bao dwong tinh voi SA-gal duge dém ngiu
nhién trén cic viing trong giéng nudi cdy. Két qua cho thiy té bao trong nhom xir 1y
H>0; 200 uM biéu hién SA-gal cao nhét: 72,03 + 6,73%, 74,99 + 7,29% tuong ung
v6i thoi gian xir 1y 90 phut va 120 phut. Té bao trong nhom xir Iy H0» 150 uM biéu
hi¢én SA-gal twong duwong véi nhom 200 pM (p>0.05), ti 1¢ 65,25 + 8,97%, 70,73 +
8,31% tuong tng v&i thoi gian xtr 1y 90 phit va 120 phut. Nhém biéu hién thap nhat 1a
nhom xur Iy H,O2 100 uM 1a 47,14 + 8,48%, 51,44 + 11,79% tuong tng véi thoi gian
xir Iy 90 phut va 120 phit. Trong khi nhom dbi chimg: té bao dugc nudi trong mai
truong nudi cay biéu hién SA-gal chi 4,60 £ 1,52%.

Két qua nay cho théy H>0, lam gia tang su biéu hién marker dic trung cho su
130 hoa té bao ¢ nguyén bao soi va hiéu qua phu thudc vao néng do sir dung (bang 3.5,

hinh 3.15).
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Bang 3. 5. Ti 1é té bao duong tinh voi SA-gal khi xtr Iy voi Ho0»

(*®<: Sy khac biét vé mat théng ké, p<0.05)

Ti 1&¢ duong4,60 +£47,14 +£51,44 £65,25 +70,73
tinh SA-gal 1,52% 8,48 11,79° 8,97¢ 8,31°¢
A =r] B =z

D 4B

+72,03
6,73¢

+74,99 +
7,29¢

TN |

Hinh 3. 15. Két qua nhuém SA-gal té bao hF xtr Iy véi H20, & cac ndong d6 khac nhau.

(x100).

A, B, C, D, E, F, G: t bao cac nhom: Ddi chimg, 100-90, 100-120, 150-90, 150-120, 200-90,

200-120. Scale bar: 100 pm

Hydroxy peroxide (H20>) 1a chat gay oxy hoa manh, né ¢ thé gay bién tinh cac

thanh phan té bao ma no tiép xtic nhu protein, phospholipid. Khi tiép xtc v6i nhan té

bao, H202 pha huy nhimg ciu traic DNA, giy dot bién té bao. Pdng thoi, H.0: tac

dong Ién t€ bao lam gia tdng nong d) cac goc oxy hoa ndi bao, lam gia tang tac hai cua
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H>0,[123]. Khi bi tac dong bdi cac gbc oxy hoa, té bao sé tién hanh co ché sira sai
nham phuc hdi lai chirc ning té bao. Tuy nhién, khi t6n thuong 16n c6 thé dan t6i hién
tuong 140 hoa té bao hoic apoptosis. Hién tuong 1io hoa trong truong hop nay 1a 1
phan tng cta té biao nham ngin chin tac hai ciia H2O», han ché hinh thanh té bao ung
thu [124]. Tac dong cua H>O; tuy thudc vao néng dg, thoi gian va kha nang chéng
choi ctia té bao. Khi xir Iy v6i H20,, dong nguyén bao soi phdi MRC-5 va nguyén bao
soi da tai H8F2p25LM co gia tri ICso rat khac nhau, 1an luot 13 528 va 33,5 pM
[125]. Pi v6i nguyén bao soi, quy trinh thuong dugc sir dung 1a 200 pM [126]. Tuy
nhién, dé t6i wu cho nghién ctru, chung t6i tién hanh gia giam thoi gian xu 1y dé tao
quy trinh t6i wu d6i voi dong nguyén bao soi dang st dung.

Duya trén 1y thuyét trén, tiéu chi dé chon lwa quy trinh xir Iy H2O» ti wu 1a: té
bao khong tang sinh sau khi xir 1y va ti 1& té bao biéu hién SA-gal cao.

Trong nghién ctru ban dau c6 tién hanh xir Iy hF véi ndng d6 250 uM, ti 18 té
bao bam ngay 1 rat it, sau do té bao khong ting sinh, nhiéu té bao trd nén co tron troc
khoi bé mat nudi cdy. Do d6, thi nghiém nay bi loai ngay tir nhitng khao sat ban dau,
khong tién hanh MTT dé danh gia su ting sinh té bao. Pbi v6i ndng d6 200 pM, sau 7
ngay nudi cdy té bao chét dan. Piéu nay dan toi gia thuyét 1a nong do 250 va 200 pM
cao vuot ngudng chiu dung cia té bao, biéu hién 1a té bao chét ngay sau khi xtr Iy hodc
chét tir tir trong qua trinh nudi cay sau d6. Poi véi nhom té bao xir Iy 100 pM, té bao
sau d6 van tiép tuc ting trudong nhung véi tbe d6 cham, su biéu hién SA-gal thap hon
50 vOi cac nhom con lai. Pidu nay cho thay nong d6 100 uM chua phai 1a nong do tbi
wu trong nghién ctru ndy. Do d6, ndng d6 150 pM, thoi gian xtr 1y 90 phat va 120 phuat
déu phu hop véi tidu chi dé ra. Trong d6, thoi gian xir Iy 90 phut cho két qua tuwong tu
nhu thoi gian xir 1y 120 phat nén nong d6 H20> 150 uM va thdi gian xir 1y 90 phut
duoc chon lam quy trinh gay lao hoa cho cac thi nghiém sau.

3.9. Khao sat kha ning bao vé té bao nguyén bao s¢i ciia AST-EX khéi tac
dong cia H,O;

Pé danh gia hiéu qua cua AST-EX trong viéc bao vé té bao hF khoi tic dong
ctia H,0», té bao hF dugc nudi trong moi trudng bd sung AST-EX & nhidu nong do 24
gio trude khi xir Iy v6i H202 150 pM trong 90 phut. Sau khi xtr Iy véi H20», té bao hF
dugc cdy ra giéng nudi té bao dé tién hanh danh gia qua trinh 130 hoa ¢ timg nhém thi

nghiém. Cac danh gia duoc tién hanh:



68

- Dién tich té bao: d6i voi nong 46 AST-EX 0,5, 1, 1,5, 5, 10 va TM10

- Su biéu hién SA-gal: d6i véi ndong d6 AST-EX 0,5, 1, 1,5, 5, 10 va TM10

- Su tang sinh té bao: ddi v6i ndng do AST-EX 0,5, 1, 1,5, 5, 10 va TM10

- Su biéu hién muc do phién ma p53, p16, p21, MMP1, MMP3, collagen, elastin:
d6i voi nong d6 AST-EX 0,5, 1, 1,5 va TM1.5

- Su biéu hién muc d6 phién ma collagen, elastin: ddi véi néng do AST-EX 0,5,
1, 1,5 va TML,5
Su biéu hién mirc d6 protein CDK, cyclin D1: ddi véi néng do AST-EX 1

3.9.1. Két qué danh gia dién tich té bao

Khi bi tic dong bai H202, té bao 130 hoa c6 xu hudng gia ting dién tich nhan va
té bao chat. Do d6, dién tich té bao 1a mot trong nhimng yéu t6 can khao sat dé danh gia
hiéu qua bao vé té bao. Dién tich té bao dugc danh gia bang phuong phap nhudém kép
Hoechst/phalloidin. Hoechst 1a thudc nhuém nhan phat huynh quang mau xanh.
Phalloidin 14 peptide vong d6i c6 kha ning lién két v6i soi protein actin trong khung té
bao dong vat. Phalloidin dugc c¢b dinh v6i chat phat quanh mau xanh 14 Alexa Flour™
488. Dién tich nhan duoc xac dinh bang thiét bi Cytell, dién tich té bao chat duoc xéac
dinh bang phan mém Image].

Két qua cho thiy té bao nguyén bao soi dudi tac dong cua H.O, tré nén dep
hon, phinh to ra theo 2 chiéu: chiéu doc, chiéu ngang. Su phinh to nay khong chi dién
ra & viing té bao chat ma con xuat hién trong ving nhan té bao, tuy nhién ti 1¢ gia ting
dién tich té bao chét cao hon ti 1é gia tang dién tich nhan, diéu nay dan t6i ti 1& dién
tich té bao cht/nhan ting cao d6i voi té bao bi tac dong bai H.0s. Hién tugng gia ting
dién tich té bao thay rd nhat sau khi xtr Iy H»O» 4 ngay. Dién tich té bao nhom H,0»
tr& nén gap gan 4 lan so v6i nhém ddi chimg. Hién tuong nay dién ra 1a do khi bi H,O»
t6n thuong tdi DNA, té bao ding phan chia nhung van tiép tuc trao doi chat, diéu nay

dan t6i té bao phinh to vé dién tich [127].
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Hinh 3. 16. Két qua nhudém Hoechst/phaloidin té bao xir 1y véi AST-EX va H,0,.

A, B, C,D, E, F, G, H: Lan luot 1a cac nhém Ddi ching, H,02, AST-EXO0,5, 1, 1,5, 5, 10 va
TM10

Ddi véi té bao trong nhom AST-EX, dién tich té bao tang 1&én so voi nhém doi
chtng, tuy nhién dién tich t& bao van thap hon so v&i nhom xur Iy HaO2 (p<0.05).
Dong thoi, té bao xir Iy AST thuong mai (nhém TM) c6 sy suy giam dién tich té bao
chét, dién tich nhan so vi nhém H20», tuy nhién, van cao hon so véi nhom AST-EX
cung nong d 10 pg/ml (hinh 3.16, bang 3.6).

Két qua nay cho thay H,O lam bién d6i hinh dang té bao: té bao dep, phinh to
té bao chat va nhan, trong khi 46 AST-EX 1-10 pg/ml han ¢hé duoc hién tuong nay.



70

Bang 3. 6. Dién tich té bao va dién tich nhan trong nhom xir Iy v6i AST-EX va
H>0;

(= <d: gir khac biét vé mit thong ké trong ciing 1 hang véi p<0.05)

Dién tich
2430,9 +£10527,25 3919,2 +£3102,7 £3065,8 £3193,2 +£3153,1 3868,9 +

té bao
212,68 +£3798,1° 1172,2¢ 1172,2¢ 393,84 393,84 +393,84345,8¢

(um?)
Dién tich
i, 2248 +3833 42939 42554  +2163 42462  +£251,1 +2852 =
nnan
21.4* 93,7 27,1¢ 42,0° 43,5 41,6 38,42 24,5¢
(um?)
Ti 16 té11,8 + 12,8 +13,6 =+
17,1+1,6 132+4,0 123+2,6 149+43 132+2,0
bao/nhan 2.1 1,9 4.4

3.9.2. Két qua danh gia sy ting sinh té bao

Té bao l3o héa bai H,0; sé& bi dimg chu ky té bao, té bao khong ting sinh. Do
d6, kha ning ting sinh chinh 13 mot trong nhitng tiéu chi ddnh gia kha ning bao vé té
bao khoi tac nhan giy oxy hoéa (hinh 3.17 va bang 3.7).

Két qua thir nghiém quy trinh 130 hoa H>0: cho thdy té bao khong ting sinh sau
7 ngay. Trong nghién ciru ndy, té bao duoc nudi trong méi trudng bd sung AST-EX
noéng do 0,5-10 pg/ml trong 1 ngay trude khi xir Iy H20,. Su ting sinh té bao dugc
danh gia bang phuong phap MTT.

Két qua cho thay té bao hF van ting sinh tbt trong maoi truong ddi chimg va dat
dinh & ngay 5. Pdi vé6i té bao trong nhom chi xtr Iy H,0,, té bao dudng nhu khong
tang truong. Doi v6i té bao duoc xur Iy véi AST-EX ndng d6 0,5-10 pg/ml, két qua
cho théy co sy tang truong mat do té bao, dic biét vao ngay cudi cua dot danh gia la
ngay 7. Tuy nhién, gia tri OD cua tit ca cac nhém van thip hon so v6i nhom té bao ddi
chtng va thoi gian nhan d6i cling dai hon (p<0.05). Pong thoi, so sanh giita cac nhom
xir Iy v6i AST-EX va nhém TM cho thay thoi gian nhan d6i ciia nhém AST-EX 1, 1,5,
5, 10 va TM bang nhau, déu thip hon AST-EXO0,5 (p<0.05).
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Piéu nay cho thay H,O, da (rc ché su ting sinh té bao, viéc xir 1y té bao voi
AST-EX trude khi xir Iy véi H,O» da phan nao gitp té bao duy tri kha nang tiang sinh
mic du khong dat duoc mirc ban dau. Té bao trong nhém TM van duy tri duoc kha

ning tang sinh mic du thap hon so véi nhom AST-EX

0,60 -
m DG6i chirng
0,50
m H202
0,40
A m AST-EX0.5
o 0,30
= W AST-EX1
S
= 0.20 m AST-EX1.5
O 0,10 = AST-EX5
0,00 AST-EX10
Ngay 1 Ngay 3 Ngay 5 Ngay 7 ™ 10

Hinh 3. 17. Biéu d6 biéu thi sy ting sinh té bao xt Iy véi AST-EX va H20,.
(®®¢: Sy khac biét vé mat théng ké giira cic nhom trong cling mét ngay véi p<0.05)
Bang 3. 7. Thoi gian nhan d6i ciia té bao xir Iy AST-EX va H,O

(®®-¢: Sy khac biét vé mat thong ké trong cung 1 ¢t v6i p<0.05)

Doubling time
PC dm 68,08 +£2,06*
H,0: Khoéng ting trudng

AST-EX0,5 572,51 £258,18°
AST-EX1.0 198,57 + 46,68°¢
AST-EX1,5 199,88 + 64,36°

AST-EXS 215,09 + 57,29¢
AST-EX10 213,23 +£50,01°¢
TM10 269,53 + 102,78

3.9.3. Két qua danh gia sw biéu hi¢n SA-gal
Két qua cho thdy nhom té bao trong nhém ddi chimg biéu hién ti 1& duong tinh
thap nhat (4,60 + 1,52%), té bao trong nhom xtr 1y véi H>O» biéu hién ti 18 té bao
duong tinh cao nhat (65,25 + 11,70%), két qua nay gan vé6i két qua ciia Varma va cong
su. Ong d3 tién hanh gy 1o hoa bang H>0> 10 uM trong 1 gio, sau 24 gid 80% té bao
biéu hién duong tinh véi SA-gal [128].
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Hinh 3. 19. Két qua biéu hién SA-gal té bao trong nhom thi nghiém (x25).

A, B, C, D, E, F, G, H: 1an luot 12 cac nhém d6i chimg, H.02, AST-EX0,5, 1, 1,5, 5,
10 va TM10, scale bar = 100 um

Két qua nay tuong ty véi két qua thu duoc trong thi nghiém danh gia hiéu qua
H>0: t6i uu. Pbi véi té bao duge 0 trude voi AST-EX 0,5-10 pg/ml va TM10, ti 1¢ té
bao duong tinh cac nhom nay 1an luot 13 45,76 + 7,4%, 37,19 + 5,67%, 30,59 + 5,94%,
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32,39 = 4,1%, 29,35 = 7,50%, 37,2 + 6,2%, céc ti 1¢ nay bang nhau va thap hon so véi
nhom H>0: (p<0.05) (hinh 3.18, 3.19).

Két qua nay cho thdy xur Iy v6i AST-EX d4 lam giam sy biéu hién ciia SA-gal
d6i v6i té bao nguyén bao soi. Két qua ndy phan nao cho thdy kha ning caa AST-EX
trong viéc bao vé té bao khoi tac nhan gay stress oxy hoa H.0»

3.9.4. Két qua danh gia su biéu hién marker ldo héa p53, p21, p16 bing
phuong phap realtime PCR

Tong két cac két qua danh gia ting sinh, dién tich té bao va biéu hién SA-gal
cho thdy AST-EX c6 hiéu qua trong viéc giam biéu hién nhitng dau hiéu ldo hoa dbi
v6i nguyén bao soi. Tuy nhién, trong cic ndong do duoc st dung trong nghién ciru,
AST-EX 0,5 pg/ml chua thé hién rd rang hiéu qua chong HO,, trong khi d6 nong do
AST-EX 1 pg/ml t6i 10 pg/ml cé hi€u qua tuong duwong nhau trong céc thi nghiém da
dugc tién hanh. Ngoai ra, khi so sanh giita nhém AST-EX 10 pg/ml va nhém TM 10
ng/ml cho thay mic du hiéu qua AST-EX 10 pg/ml t6t hon, tuy nhién su khac biét
khong c6 y nghia vé mat théng ké. Do d6, chiing tdi tiép tuc tién hanh danh gia hiéu
qua bao vé té bao cua AST-EX néng dé 0,5, 1, 1,5 pg/ml va so sanh v6i TM 1,5
ng/ml.

Marker 130 hoa té bao duoc danh gia bao gom: p53, p21, pl6. Sy dong biéu
hién p53/p21 1a d4u hiéu cho théy su khai dau cua 130 hoa té bao, sy biéu hién cua pl6
1a du hiéu cho thiy su ldo hoéa vinh vién. Nhiing marker nay duoc danh gia bang
phuong phap realtime PCR. Két qua dinh lwong mRNA bang realtime PCR cho thay
su gia tang lugng mRNA cta p53, p16 va p21 & té bao trong nhém H20: (hinh 3. 20).

Pbi véi p53, té bao trong nhém Ha0: (ting 2,4 + 0,6 1an) va té bao nhom AST-
EX0,5,1, 1,5 (ting 1,8 £ 0,2, 1,6 £ 0,2, 1,5 £ 0,1 1an) va nhém TM1,5 (ting 2,4 + 0,1 lan)
déu c6 su gia tang biéu hién so voi nhom ddi chimg. Mic du biéu hién twong dbi cia
nhém H»0; cao hon nhitng nhém con lai nhung lai khéng c6 su khac biét vé mit thong
ké giita cdc nhom dbi ching va xtr Iy AST-EX, TM (p>0.05) (bang 3. 8).

Doi voi p21, té€ bao trong nhém H>O; biéu hién cao nhat (7,0 + 1,8 1an so véi té
bao trong nhém doi chung) va khéc biét doi voi cac nhom con lai, miac do bi€u hién

tiép theo lan lugt AST-EX0,5 (tang 3,2 + 0,3 lan), TM1,5 (ting 2,1 + 0,4 l4n), AST-EX
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1 (tang 1,8 + 0,2 1an), AST-EX 1,5 (ting 1,8 + 0,3 1in). Tuy nhién sy biéu hién cua 4
nhom nay khong c6 sy khac biét vé mait théng ké (p>0.05).

Pbi v6i pl16, su biéu hién té bao trong nhom H>0, van 13 cao nhét (5,4 + 0,4 1an)

va khac biét thong ké véi cac nhom con lai. Mirc biéu hién tiép theo 1a TM1,5 (4,0 +

0,4 1an), cao hon so voi AST-EXO0,5, 1, 1,5 (2,6 £ 0.4, 1,9 £ 0,3, 2,1 + 0,1 1an) (p<0.05)

va ca 3 déu cao hon so véi té bao d6i chimg (p<0.05).

10 -
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= 8 - H DOi chirng
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S8 5 ; TM1.5

p53

p21 pl6

Hinh 3. 20. Biéu d6 biéu thi sy biéu hién ctia marker 130 héa p53, p16, p21 & cic nhom
té bao xur Iy véi AST-EX va H,0»

Két qua nay cho thay c6 sy gia ting biéu hién p53, p21, pl16 & té bao xir Iy voi
H,0,, tit ca cac maker nay déu biéu hién manh va cao hon so véi ddi chung. Trong
khi d6, nhom té bao xir Iy v6i AST-EX va TM c6 su gia ting p53 twong dong voi
H>0: va giam biéu hién marker p21, p16. Trong d6, cac té bao trong nhém AST-
EX0.5, 1, 1.5 déu biéu hién mRNA nhu nhau, t& bao nhém TM biéu hién pl6 manh

hon cac nhém con lai.

Bang 3. 8. Tom tat sy biéu hién twong déi mRNA ciia cac gene p53, p21, pl6
trong thi nghiém bao v¢ té bao cia AST-EX

(< 4: 13 sy khac biét vé mat thong ké trong cung 1 dong, p<0.05)

Péi chirng H,0; AST-EX0,5 | AST-EX1 | AST-EX1,5 | TM1,5
pS3 | 1,0+0,1*| 24+0,6° 1,8+02°| 1,6+0,2° 1,5+0,1°| 2,4+0,1°
p21 1,0£02*| 7,0+1,8 32+03°| 1,8+0,2° 1,8+0,3°| 2,1 +0,4¢
pl6 1,0+£0,12 | 54+0,4° 2,6 +0,4¢ 1,9+0,3¢ 2,1+0,1¢| 4,0+0,49

pS53 1a nhan t6 phién ma, diéu hoa tang hoac gidm sy bi€u hién ctia gene muc

tiéu bang cach lién két vao vung promoter hoac twong tic vdi cac nhan t6 phién ma

khac nhu protein lién két TATA. Fisher va dong nghiép da cho rang p53 co téi 3661
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gene dich. Nhiéu gene trong do6 lién quan toi cac hién tugng trao ddi chat, tu thuc bao,
sira chita DNA, dirng chu ky té bao. p53 diéu hoa nhiéu nhén t6 khac dé khoi dau dong
thac tin hiéu 130 hoa va e ché chwong trinh apoptosis. Trong nhitng nhéan t6 duoc diéu
hoa béi p53 thi p21 1a yéu td quan trong dé hinh thanh qua trinh ld0 hoa té bio. Nhan
t6 phién ma p21 1a mot thanh vién cua ho cac chat e ché CDK, vi vay no can thiét cho
su dung chu ky té bao. Mot khi dugc hoat hoa, p21 tao thanh nhiéu chirc nang bao
gdm vai trd bién ddi biéu hién gene cia nhiéu gene dich nhu CDC25C, CDC25B. Tuy
nhién, vai trd quan trong ctia p21 1a kich thich 130 hoa té bao thong qua trc ché hién
tuong apoptosis. p21 c¢6 kha niang bam vao cac tac nhan gy apoptosis nhu la cac
enzyme caspases. Nhiing t& bao bat hoat p21 dan t&i kich thich apoptosis thong qua
con dudng caspases.

Trong khi con dudng p53/p21 déng vai trd quan trong trong khéi dau qua trinh
130 hoa té bao thi con duong pl6 va retinoblastoma (ho Rb) déng vai trd quan trong
trong viéc duy tri qua trinh 130 hoa té bao. Sau giai doan dau, muc d6 p53 giam xudng
trong khi p16 van duy tri & mic cao. Trong té bao biéu hién thap p16, té bao cé thé
quay lai qua trinh ting sinh, nhung & diéu kién mirc do pl6 cao thi hién tuong nay
khong xdy ra. Do d6, su hinh thanh p16 chinh la ranh giéi gitra 2 giai doan qué trinh
130 hoa 1a giai doan som duoc khoi dau bai p53 (chu ky té bao c¢6 thé phuc hoi) va giai
doan chu ky té bao khong thé phuc hoi, khoi dau boi p16.

Mic du phuong phap realtime-PCR chi danh gia biéu hién ¢ mirc d6 mRNA,
tuy nhién, day la nhitng marker diéu hoa cac con duong tin hiéu cua té bao nén sy biéu
hién cta marker nay phan nao cho thiy dugc té bao biéu hién nhitng marker nay cip
d6 protein va 3 marker ciing biéu hién cho thdy c6 su 13o hoa té bao vinh vién trong
chai nuoi.

3.9.5. Két qua danh gia sy biéu hién MMP3, MMP1, collagen, elastin [129]

Pbi v6i MMP3, té bao trong nhom H»O» biéu hién manh mRNA so voi d6i
ching va cao hon tat ca ciac nhom con lai (p<0.05). Mtc do biéu hién lan lugt 13
TM1.5, tiép theo 1a nhém AST-EXO0,5, AST-EX1, AST-EX1,5 (p<0.05).

Déi véi MMPI, té bao trong nhém H>O biéu hién mirc d6 cao mRNA so véi
nhom d6i chimg (gap 5,0 1an) va cao hon tat ca cac nhém con lai (p<0.05). Muc do

biéu hién & nhom AST-EXO0,5 va TM1,5 cao hon so v6i nhém AST-EX1, AST-EX1,5.
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Hinh 3. 21. Biéu d6 biéu thi sy biéu hién hMMP3, hMMP1, collagen, elastin té bao xir
Iy v6i AST-EX
(*><4: sy khac biét vé mat thong ké trong cting 1 gene dénh gia)

Bang 3. 9. Sy biéu hién twong d6i mRNA MMP3, MMP1, collagen I, elastin
trong thi nghiém bao v¢ té bao.

(b d: Sir khac biét vé& mit théng ké trong cung 1 gene danh gid)
g g glg g

AST-
Poi chimg H20; AST-EX0,5 | AST-EX1 EX1,5 TM1.5

MMP3 | 1.0+02* |47+1,0° [23+03% [21+04° |1,6+0,1¢ |2,8+0,4

MMP1 | 10+02* |50+04> |3,3+0,3¢ 1,7+02¢ | 1240,12 |3,0+0,2°
COLIAT |1,0+03* |0,3+0,1> |0,7+0,3° 1,7+0,4* | 12+04* |1,4+0,5

Elastin | ,0+0,1®® |0,1+0,0° |0,1+0,0° 1,2+0,3* [08+0,1° |[1,0+0,12%

Pbi vai collagen type 1A1, mutc d6 biéu hién cao nhat 1a ¢ cac nhém AST-EX1,
AST-EX1,5, TM1.5. Su biéu hién & cac nhom nay twong tu nhu voi nhom d6i ching
(p>0.05). Hai nhom c6 biéu hién giéng nhau va thap 1a nhom H,0, va AST-EXO0,5.

Ddi véi elastin, mirc d6 biéu hién cao nhat & nhom AST-EXI, giam dan ¢ nhom
TM, d6i chimg va AST-EX1,5 trong d6 AST-EX1 khéac biét vé mat thong ké so véi
AST-EX1,5. Té bao 2 nhém H202 va AST-EXO0,5 biéu hién thdp nhét, bang 1/10 so
v6i dbi chung (p<0.05) (hinh 3. 21, bang 3. 9).

Enzyme MMP-3 c6 tén khéc stromelysin-1. Chuc nang cua MMP3 1a phan huy
protein khudn nén trong qua trinh sinh 1y binh thudong nhu elastin, collagen II,
proteoglycan, fibronectin, laminin. Enzme MMP-1 hay con dugc goi 1a fibroblast
collagenase. Ca 2 déu dugc tong hop bai nguyén bao soi va tham gia qua trinh tai cdu
trac md. MMP3, MMP1 tong hop ting cudng bdi nguyén bao soi da bi chiéu tia UV

hoic gip truong hop gbc oxy héa. Nam 1997, Brenneisen va cong sy da chirng minh
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H>0: tir 25 pM — 500 pM cam tng su tong hop mRNA MMP-1 sau 1 gio tiép xtc, va
su tong hop ndy van con dugc phat hién sau d6 1 ngdy, cao nhét 1a gip 2,6 1an so véi
d6i chtng [130]. Thi nghiém véi cac chat gy stress oxy hoa khac trén nguyén bao soi
cling phat hién hién tuong nay. Claudila va cong su da chimng H.O; tac dong 1én té bao
biéu bi va lam gia tang tong hop mRNA MMP3, MMP1 [131]. Trong nghién ciru nay,
mirc d6 biéu hién mRNA MMP1 cao hon so véi két qua ciia Brenneisen, su khac biét
c¢6 thé nam & chd 1a thoi gian xir Iy 14 2 gid so v6i Brenneisen va Brenneisen chi kiém
tra sy biéu hién sau 1 ngay. Két qua cho thiy nhom AST-EX lam giam su biéu hién

mirc mRNA & trong tit ca cac nhom, trong d6 AST-EX1 va 1,5 cho két qua tot nhét.

Collagen type 1A1 va elastin 1 nhiing protein chinh trong khudn nén ngoai bao
ctia da. Nguge voi sy biéu hién on dinh ciaa MMP1, MMP3 trong té bao xu 1y véi
H>0», su biéu hién collagen va elastin bién dbi theo thi nghiém. Galicka nam 2014 da
chtng minh xir Iy nguyén bao soi bang 300 uM sé& 1am giam tong hop collagen 56%
[132]. Két qua cho thdy xtr Iy H205 lam té bao giam tong hop mRNA cua collagen va
elastin, dic biét 1a mRNA elastin giam gan 10 1an. Két qua té bao dugc xir 1y trude véi
AST-EX sau d6 mdi tiép xtc véi HoO2 c6 kha nang duy tri sy biéu hién mRNA ctia ca
2 loai protein trén va nong d6 1 pg/ml cho két qua tot nhat.

3.9.6. Két qua danh gia su biéu hién CDK4, CDKG, cyclin D1

Téng két két qua biéu hién MMP3, MMP]1, collagen va elastin trong té bao xir
Iy véi AST-EX va H>0; cho thdy H,O» 1am gia ting sy biéu hién MMP1, MMP3 va
giam sy biéu hién collagen, elastin. AST-EX lam giam sy biéu hién MMP1, MMP3 va
phuc hdi su biéu hién collagen, elastin. Tuy nhién, AST-EX 1 va 1,5 pg/ml l1a néng do
t6t nhat trong thi nghiém nay. Dé tiép tuc danh gia sy biéu hién cia cyclin D1, CDK4,
CDK6, AST-EX 1 pg/ml dugc st dung 1am ndng do nghién ctu.

Két qua WESTERN BLOT cho thay su biéu hién CDK4, CDK6 trong giita cac
nhém bang nhau (p>0.05). Riéng ddi v6i su biéu hién cyclin D1, cylin D1 trong té bao
xir 1y H>O» gia ting manh (gap 4,7 lan so véi ddi chung) va trong té bao xir 1y trudce
v6i AST-EX1, su biéu hién cyclin D1 van cao nhung khong khac biét vé mat thong ke.

Su biéu hién cua cyclin D1 dugc danh gia bang phuong phap WESTERN
BLOT. Két qua cho thiy té bao xtr ly v6i H,0; gia tang su biéu hién cta cyclin D1

(gia tang 4,76 1an so v&i té bao trong nhom ddi chimg). Trong khi @6, té bao trong
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nhom AST-EX1 biéu hién gia tang cylin D1 (gap 1,5 lan so voi d6i ching) va giam so
v6i nhom té bao trong H20; (hinh 3. 22, bang 3. 10).

1pg/ml H,0, Control

- -

CycdinD

cdie R e

b
5_
4_
3_
2 A s a
|
— a
G""""'_ 1'-* iT

cdke cdk4

m DGi chirng

m H202

AST-EX1

cyclin D

Hinh 3. 22. Biéu d6 biéu thi sy biéu hién CDK4, CDKG6, cyclin D1 cta té bao hF
(*®: su khac biét vé& mit thong ké ndng d6 cyclin D1 giita cac nhom thi nghiém (p<0,05), ns:
khong khac biét vé mat théng ké néng dé CDK4, CDK6 giira cac nhom thi nghiém (p>0,05))

Cylin D1 va CDK4/6 tao thanh phtrc hop protein ¢6 chtic ning gitip té bao vuot
qua chu ky G1 dé tién vao chu ky S. Trong té bao 130 héa do ting sinh, cyclin D1 1a
marker dac trung cho sy hoat dong qua muc cua té bao, cyclin D1 biéu hién vuot trdi
trong té bao 140 hoa do ting sinh. Két qua cho thdy AST-EX 1 pg/ml da han ché su

biéu hién cyclin D1 trong té bao.

Bang 3. 10. Két qua biéu hién twong ddi protein CDK4, CDK6 va cyclin D1

(*>: sy khac biét vé mit thdng ké trong cung 1 cot, p<0.05)

CDK6 CDK4 cyclin D
Poi chirng 1£0,2°| 10,1 1+0,12
H,0; 1,1£02°| 1,3£02%| 4,7+04
AST-EX1 09+0,2* 1,2+0,2*| 1,5+0,3°

Ldo hoa té bao 1a qua trinh khong thé dao nguoc bi tac dong boi cac nhan td
bén trong va bén ngoai té bao. Khi vao qua trinh 130 hoa, té bao khong ting sinh,
khong thyc hién chirc nang. Pay 1 phan tng bao vé ctia co thé nham muc dich han

ché hién tuong ung thu trong té bao. Hién twong ldo hoa do tac nhan tic dong lén
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DNA té bao, diéu niy dan t6i co ché bao vé clia co thé 1a kich hoat 130 héa. Hydrogen
peroxide 13 tic nhan thuong dugc st dung dé gy 3o hoa té bao. Pic diém té bao bi
lao hoéa: sy gia tang dién tich té bao, su biéu hién SA-gal, té bao dung tang sinh, biéu
hién nhimg marker dic trung nhu p53, p21, p16 va sy gia ting cyclin D1. DPong thoi,
té bao suy giam cac chuc ning, ddi v6i nguyén bao soi, té bao gia ting sy biéu hién
MMP1, MMP2 va suy giam sy biéu hién collagen va elastin

Két qua cho thdy H,O, ndng d6 150 pg/ml thoi gian xu 1y 90 phut da gay ldo
hoéa té bao: té bao dung tang sinh, biéu hién néng dd cao SA-gal, té bao phinh to, biéu
hién suy chirc nang: tong hop nhiéu MMP1, MMP3 va giam tong hop collagen,
elastin, dong thoi té bao biéu hién manh cyclin D1.

AST 1a chét chdng oxy hoa manh hién nay, AST c6 kha ning xam nhap vao bén
trong mang té bao va bao vé té bao khoi cac tic nhan gay oxy hoa. Vi nhitng tinh chat
trén, cach sir dung AST t6t nhat 1a i té bao voi AST trude khi xir Iy véi H2Oz vi AST
c¢6 thé duoc luu trir trong céc loai mang trong té bao, bao gbm mang té bao, mang
nhan, mang ty thé... va bao vé cac bao quan nay khoi tac hai cua gdc oxy héa xam
nhap vao té bao hodc méi hinh thanh do bi H,O; kich thich. Trong nghién ciru nay,
chung t6i sir dung AST tir tao Haematococcus pluvialis boi vi day 1a ngudn giau AST
va dong thoi AST ton tai chu yéu 1a dang ester, gia thanh twong d6i ré hon so voi AST
tinh khiét. Do vy trong nghién ctru nay chiing t6i so sanh kha ning bao vé té bao cta
AST tinh khiét va dich chiét giau AST (AST-EX), tir d6, cung cap thém cin ctr dé sir
dung AST-EX thay thé AST trong cic (mg dung nhu my pham boi vi AST-EX c6 gia
thanh ré hon va c6 hoat tinh chdng 130 hoa tot hon AST.

AST-EX va AST duoc sir dung dé tién xu 1y té bao trudc khi té bao xir Iy véi
H20». Két qua cho thiy so voi té bao xur Iy H2Oa, té bao tién xur Iy véi AST-EX van bi
su tac dong cia H»O;, tuy nhién c6 sy cai thién tinh chét té bao: té bao van duy tri su
tang sinh nhung véi téc do cham, té bao van phinh to, biéu hién SA-gal v6i muc thap,
biéu hién cé chirc nang: tong hop mRNA collagen, elastin va giam su biéu hién cta
MMP1, MMP3.

Két qua cho thady AST-EX giam tac hai cia H,O» tac dong 1én té bao nguyén
bao so1, néng dé 1 pg/ml la néng d6 t6i thiéu thé hién duoc hiéu qua bao vé té bao. So

v6i AST tinh khiét & cing nong d6, AST-EX dich chiét tir tao cho hiéu qua tac dong
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ngang bang (cing ndng d6 AST 10 pg/ml) hoic t6t hon (cing nong do AST 1,5
pug/ml).
3.10. Két qua danh gia kha ning bao vé da chudt lio héa do tia UV

3.10.1. M6 hinh lao héa da do tia UV

Hinh 3. 23. Hinh chyp bén ngoai chudt sau khi chiéu UV.

A: Chudt nhom dbi chimg, B: Sau khi chiéu UV 3 tuan, C: Chiéu UV 5 tuan, D: Chiéu
UV 8 tuan. Miii tén: VEét nut trén lung, miii té€n dat quang: Vung da nhao.

Trong nghién ctru nay, tia UVB dugc sir dung lam tadc nhan gay lao hoa da
chudt. UVB la mot trong nhiing tia UV c6 trong dnh sang mat troi c6 kha nang xuyén
qua ting ozone tiép xtic voi mat dat. Budc song tia UVB nam trong khoang 280-320
nm. Trong nghién ctru nay tia UVB dugc phat tir dén chi c6 budc soéng tia UVB va
budc song dinh 14 311 nm. Cuong d6 chiéu sang dugc do bang may do UV meter va
khoang cach duoc diéu chinh dé co liéu lugng phu hop (35 cm tir dén toi lung chudt).
Chuét dugc cao 1ong trudce khi chiéu UVB va di chuyén tu do trong 10ng chiéu trong
thoi gian chiéu. Liéu chiéu UVB duoc tang 1én theo tuan dé dat dugc mé hinh 130 hoa.
Tiéu chuan danh trong truong hop nay 1a hién tugng nhin va nhio da, su day 1én 16p
biéu bi. Day la nhiing dAu hiéu rd rang cua hién tugng 13o hoda da do tia UVB [109].
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Hinh 3. 24. Két qua soi da chudt sau khi chiéu UVB.
A: Nhom ddi ching, B: Sau khi chiéu UVB 8 tuan

Két qua quan sat duoc cho thay tia UV anh huong tdi cdu trac bé mat da chudt:
lam da tré nén tréng hon, san sui, két vay, xudt hién nhiéu nép nhan 16n va nhao da
trong giai doan sau cua qua trinh chiéu UVB. Sau khi chiéu chudt 1 tuan, da chuét tr&
nén kho, tho rap khi cam nhan bang tay trong qué trinh thao tac. Sau 2-3 tuan, da chudt
bat dau xuat hién nép nhan néng trén bé mat da, nhitng vét nhan nay tuong d6i nho,
min. Sau d6, nhitng vét nit sdu dan va lién két v6i nhau hinh thanh mang luéi chang
chit. Tuan thi 5, nhimg vét nit 16n xuét hién, vi tri thuong xuat hién dau tién 1a ving
da lung 2 bén suon. Tiép theo, vét nit trd nén nhidu hon va xuét hién & vi tri khac nhu
ving da lung gan véi mong chudt, ving co. Tuan thir 6 try di, vét nit lan toi ving giita
lung. Tuan 7-8, hién tuong nhao da chudt tr¢ nén rd rang hon, dac biét khu vyc vung
mong, ¢b va ving 2 bén cua lung tiép xtic véi bung. Trong giai doan nay, da tré nén
long 1éo khi tiép xtic bang tay (hinh 3. 23, 3. 24). Dua theo thang do d6 nhin da cia
Agrawal thi d§ nhan da cia nhom doi chung va chiéu tia UVB lan luot nhu sau: 0,5 +
0,5, 4,67 £ 0,47 (p<0.05), muc do lao hoa da cia 2 nhém trén lan luot 1a 0,25 + 0,43,
2,5+ 0,5 (p<0.05).
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Két qua nhudém Trichrome cho thdy da c6 sy bién ddi cau tric sau 8 tuan chiéu
boi tia UVB. Pau tién, 16p té biao biéu bi tré nén day hon, xut hién thém nhiéu 16p té
bao va nhiéu khuoén nén tré nén day hon. Két qua nhuém Trichrome miu ddi ching
cho thiy ring 16p té bao biéu bi chudt chira khoang 3-5 16p té bao biéu bi, d6 day trung
binh 21,3 £ 0,8 um. Trong d6 16p té bao ddy c6 nhan ddm mau, ving tiép xuc giira 16p
trung bi va biéu bi theo hinh luon séng. P6i véi da chudt chiéu UV, 16p biéu bi day
hon, do day trung binh 65,8 + 2,7 um (p<0.05), chira khoang 4-6 16p té bao biéu bi,
trong d6 nhiéu té bao c6 nhan phinh to, ving tiép xtic giita biéu bi va trung bi thuong
1a dudng nam ngang (hinh 3. 25).

Déi véi 16p trung bi, két qua Trichrome da chudt d6i chimg cho thiy trung bi da
chudt chia thanh 2 16p: 16p mo lién két thua va 16p mo lién két dic. Trong 16p trung bi
c¢6 nhiéu té bao nguyén bao soi phan bd thua va dong déu. Soi collagen bat mau xanh
dwong hién rd va 1a thanh phan chinh cta 16p protein trung bi. Trong 16p ludi, cac soi
collagen manh, ngan dan xen 13n nhau, trong 16p day, cac soi collagen bén thanh timg
nhiéu bo 16n. Ngoai ra, trong 16p trung bi xuat hién nhing phan phy nhu tuyén ba,
tuyén mo hoi, 16ng.

Pbi v6i da chiéu UV, ngoai té bao nguyén bao soi, 10p trung bi xuat hién nhiéu
té bao viém va xuét hién nhitng ciu tric collagen bat thudng sim mau. Hién tuong nay
1a do tia tac dong Ién cac bo soi collagen lam xuat hién nhiing lién két méi giita cac bo
s0i va tao thanh nhimng ciu tric collagen bat thuong. Piéu nay giai thich cho sy hinh

thanh nép nhin va da tré nén 16ng 1éo hon.

Nguyén nhan chinh cta hién tuong 1ao hoa da do anh sang la do tia UV c6
trong anh sdng mat troi. Trong anh sdng mat troi co tia UVA (320-400 nm), UVB
(280-320 nm), UVC (250-280 nm), trong d6 tia UVA va UVB c¢6 kha nang xam nhap
qua tang khi quyén va tiép xtc truc tiép 1én da, tia UVB mang ning luong cao nén dé
gay ra cac hau qua l3o hoa da. Nhiéu tac gia da thanh cong trong viéc gy mé hinh ldo
hoa da bang tia UVB nhu Hwang, Sung H. Lim, Ha Nui Kim v&i céc liéu lugng khac
nhau [133-135]. So voi tia UVA, tia UVB thuong dugc su dung trong viéc tao mod
hinh 130 héa da chuét. Liéu tia UVB thuong duoc st dung trong 130 hoa da khong
ddng nhat giita cac nhom tac gia. Lidu luong dugc st dung thuong 90 mJ/cm? — 180
mJ/cm? trong 1 tuan, thoi gian xir Iy 8 — 20 tuan. Trong nghién ciru nay, ching t6i tién

hanh chiéu tia UVB theo quy trinh ctia Ha Nui Kim nam 2016 c6 diéu chinh [135].
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Quy trinh Ha Nui Kim str dung tia UVB: tuan 1-2: 100 mJ/cm? (3 1an 1 tuan), tuan 3-4:
200 mJ/cm? (3 lan 1 tudn), tudn 5-6: 300 mJ/cm? (2 1an/1 tuan), tuan 7-8: 400 mJ/cm>
(2 lan 1 tuan). Tuy nhién, trong qua trinh khao sat ban dau, két qua thu duoc chua dat
nhu mong mudn, diéu nay co thé giai thich 1a do d6i tugng nghién ctru trong nghién
ctru nay 1a chudt Mus musculus var. Albino, chudt c6 kha nang moc 16ng lién tuc, khac
voi dbi tuong nghién ctru cua Ha 1a chudt HR-1 khong c6 16ng. Do do, dé tao duoc mod
hinh chudt bi 130 héa do tia UVB, liéu lugng chiéu duoc gia tang tu tuan tht 5 tro di,
két hop véi quan sat hinh dang ngoai da chudt dé dua ra quy trinh hiéu qua.

Biéu hién 1am sang cua hi¢n tugng nay la xudt hién cac viét nhin da, da san sui,
gian mach,... [6]. Do d6, da chudt dugc danh gia theo cac ti€u chi 130 hoa da 1a su Xuét
hién nép nhan va nhio da. Hién nay céc tiéu chi vé nhin da va nhdo da thuong duoc
danh gia dya trén quan sat bén ngoai. Pé két qua danh gia rd rang va dé so sanh hon,
muc d6 nhin va nhdo da duoc dua ra dua theo tiéu chuén cia Bisset va Agrawal [108,
109]. Tiéu chuan vé danh gia da chudt dé ra 1a cua Bisset nim 1987, hién nay tiéu
chuan nay va nhiing bién thé ctia né van dugc st dung nhiéu trong nghién ciru. Tiéu
chuan cuia Bisset chia thanh 2 yéu t6 riéng biét 13 hién twong nhin va nhdo da, mdi yéu
t6 c6 4 mirc 46 tir 0 t&i 3 v6i mire d6 140 hoa nghiém trong ting dan. Tiéu chuan cia
Agrawal xudt hién sau (ndm 2010) ciing twong tuy nhu cia Bisset nhung tap trung vao
yéu t6 nhan da va tién hanh chia nho thém thang diém dé gia ting mic do phan biét
bita (7 mirc d6 tir 0 t&i 6). Pong thoi, muc chia diém duoc tién hanh dua trén chudt
Mus musculus toong ty nhu trong thi nghiém dang dugc tién hanh. Do d6, muc d6
nhan da dugc danh gia theo ti€u chi cia Agrawal va mic d¢ nhao da dugc danh gia
theo tiéu chudn Bisset. Két qua cho thdy tia UVB 1a gia ting mc d6 nhan da tir 0,5 +
0,5 t61 4,67 + 0,47 va gia tang muc do 130 hoa da tr 0,25 + 0,43 t6i 2,5 £ 0,5 (bang 3.
11).
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Hinh 3. 25. Két qua nhudém Trichrome mau da chudt.

A: Mau da chudt d6i chimg, B: Mau da chudt chiéu UV 8 tuan. (1): Lép biéu bi, (2): Lép
trung bi, (3): Cau tric collagen bat thuong, (4): té bao viém.

Sau d6, cdu tric md hoc cua da dugc xac dinh bang phuong phap nhudém
Trichrome. Ciu tric md hoc cta da chudt 130 hoa do tia UV dugc danh gia boi nhiéu
tac gia, ddc diém chung ctia da chudt 130 hoa do tia UVB 14 16p biéu bi day 1én, su xam
nhap té bao viém, su gia ting mat do té bao, xuat hién nhitng bo soi collagen co ciu

tric bat thuong. Két qua nhuém mo hoc da chudt cho sau khi chiéu UVB 8 tuan, d6
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day biéu bi ting cao 65,8 + 2,7 um, dong thoi co sy xuat hién cac té bao viém va xut
hién nhiéu ciu trac collagen bat mau bat thuong voi thude nhuém Trichrome. Két qua
nay tuong ty voi két qua cta nhirng tac gia Kang [136], Bisset [109].

T6ng hop nhiing két qua trén cho thay rang sau 8 tuan chiéu UVB, da chuot da
xuét hién nhitng d4u hiéu cua 3o hoa da do anh sang: da xuat hién nhiéu nép nhin, da
kém dan hoi, 10p biéu bi day, thanh phan collagen giam di va xuat hién cu trac
collagen bat thuong. Nhitng két qua nay cho thay quy trinh chiéu UVB 8 tuan da tao
thanh cong mo hinh 130 héa & chuét.

Bang 3. 11. Bang tong két két qua tao mo hinh chudt 130 héa da do tia UVB.

@b gir khac biét vé mit thong ké gid tri trong cung 1 hang, p<0.05)

Nhém ddi chirng Nhém chiéu tia UVB
Piém nhin da 0,5+0,5° 4,67 + 0,47°
Diém nhio da 0,25 + 0,43 2,5+0,5°
Po day biéu bi (um) 21,3 +0,8° 65,8 +2,7°
Sw xAm nhép té bao viém Khoéng phat hién Co
Sw xuat hién cac cau triic Khong phat hién Co
collagen bat thwong

3.10.2. Két qua kha niing bio vé da ciia AST-EX khéi tac hai tia UV

Thi nghiém duogc tién hanh bang cach thoa AST-EX 5-200 pg/ml 4 gid trude mdi
lan chiéu UVB, quy trinh chiéu UVB twong ty nhu trong quy trinh gay ldo hoa. Két
qua quan sat bén ngoai cho thay c6 hién twong nhin da trén cac nhoém thi nghiém va
nhom chiéu tia UV & nhitng muc do khéac nhau. P6i véi nhéom chiéu tia UVB, muc do
nhin da va nhio da tuong tu nhu khi trong thi nghiém dénh gia ldo héa. Déi véi nhom
thoa dau Sacha Inchi, mic d6 nhan da va nhéo da giam so voi nhom chiéu tia UVB,
mot it nép nhan su xuét hién ving da lung va mong chudt, nhitng nép nhin nay co thé
quan sat bang mat thuong, da van con cam gic thd rap khi cham bang tay. Poi véi da
thoa v6i AST-EX ndng d6 5-200 ug/ml, muic d6 thd rap va nhin da giam dan. Cac vét
nhin tré nén mo hon khi quan sat bang mat va thudng xuat hién trén ving da lung gan

sat ving mong, da chudt trong nhoém nay mém, min, tuy nhién van xuat hi€n mot it vét
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stmg trén da lung. D4i véi chudt trong nhom thoa 20-200 pg/ml, da van cé nhiing nép
nhin ndéng, xuat hién khi chudt di chuyén, tuy nhién bé mit da mém, min khi tiép xuc

bang tay (hinh 3.26, bang 3.12).

Hinh 3. 26. Két qua quan sat da chudt & cac nhom thoa AST-EX.

A: Chuot nhém chiéu UVB, B: Chuot thudc nhom thoa dau Sacha Inchi, C, D, E, F: Chuot
thoa AST-EX 5, 10, 20, 200 pg/ml

Két qua soi da cho thay, da chudt trong nhém chiéu tia UV bao gdm nhiéu vét
16m sau dan xen va lién két v6i nhau. Da chudt trong nhom thoa dau Sacha Inchi ¢o
nhiéu nép nhin siu gidng nhu chudt nhom chiéu tia UV. Pbi v6i chudt thoa AST-EX
5-200 pg/ml, muac do nhan da giam dan, nhoém xur ly AST-EX 0,5 bé mit da chudt co
vét niit min lién két v6i nhau, trong nhom xtr Iy AST-EX 10, 20, 200, bé mit da lang,
xuat hién vét nhian noéng sap xép theo cung 1 hudng. Két qua soi da cho thdy AST-EX

10, 20, 20 c6 hiéu qua tbt trong viéc bao vé bé mit da chuot.
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Hinh 3. 27. Két qua soi da chudt sau 8 tuan chiéu UVB.

A: Chuot nhom chiéu UVB, B: Chuot thudc thoa dau Sacha Inchi, C, D, E, F: Chuot
thoa AST-EX 5, 10, 20, 200 pg/ml
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Hinh 3. 28. Két qua nhuém Trichrome mau da chudt sau khi chiéu UVB 8 tuan.

A: Chuot nhém chiéu UVB, B: Chuot thudc nhom thoa dau Sacha Inchi, C, D, E, F: Chuot
thoa AST-EX 5, 10, 20, 200 pg/ml

Két qua nhuom Trichrome cho théy, da chuot sau 8 tuan chiéu UV c6 su gia
tang vé do day lop biéu bi, su xAm nhép cua té bao viém, sy hinh thanh nhiing cAu trac

collagen bat thudng (hinh 3.28, 3.29).
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Hinh 3. 29. Biéu d6 biéu thi két qua thi nghiém chdong 130 hoa da chudt ctia AST-EX.
A: Biéu d6 thé hién su nhin da, B: Biéu d thé hién sy nhio da, C: Biéu do thé hién do day
biéu bi

Da chudt trong nhom xir Iy voi dau Sacha Inchi cho thiy ¢ su suy giam vé do
day biéu bi so v6i nhoém chudt chiéu tia UVB (58,9 £ 20,9 pm). Trong mau mo hoc it
nhan thay té bao viém, tuy nhién trong mau van xuat hién nhitng cu tric collagen bat
thuong. Dbi voi chudt trong nhom xir Iy dau Sacha Inchi va AST-EX 5, 10, 20, 200
ng/ml, do day biéu bi giam khi nong d6 AST-EX gia ting, do day biéu bi trong céc
nhom lan lugt 13: 54,7 + 12,9 um, 47,3 £ 10,0 um, 41,7 + 9,8 um, 33,5 = 9,6 pm, 28,9
+ 7,3 um. Khi quan sat 16p trung bi cho thdy mau da trong nhom xir Iy AST-EX it c6

sy xam nhap té bao viém va it nhan thiy cau tric collagen bat thuong. Mau da nhom
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xtr Iy AST-EX 20 va 200 pg/ml gan nhu twong ty so v6i mau ddi chimg mic du 16p
biéu bi van day hon so v&i mau déi chimg.
Bang 3. 12. Tom tit két qua muc d6 nhin da va do day biéu bi.
(> def gy khac biét vé mat thong ké trong mot dong véi p < 0.05)
AST- AST- AST-
bC UVB Sacha Inchi AST-EXS5S EX10 EX20 EX200
Mure do
nhianda 05+0,5 45+0,5 35+0,5 325+043 3,0+0,7 2,5+0,5 2,25+0,43
Mure do
nhioda 025+043 25+£0,5 225+043 1,75+042 1,5+0,5 1,0+£0,7 0,75+0,43
Do day biéu
bi (um) 21,4+6,7* 58,9+20,9° 54,7+ 12,9° 47,3 £10,0° 41,7+9,833,5+9,6°28,9 +7,3°
Sw xam

nhip té bao

viém
Sw hinh
thanh cac

S il + et e et et ++ ++

collagen bat
thuwong
(+: udc tinh bang mat trén ving thi trudng quan sat, mic dinh ddi chimg 1a: +, chiéu
UVB la: +++++, nhiing thi nghiém thi dva trén quy udc nay dé udc tinh)
Ban luan:

Téng két cac két qua thu duoc tir thi nghiém danh gia cho thiy thoa AST-EX
trudc khi xur 1y té bao véi Ho0, dd han ché duoc tac hai do tia UVB gdy ra trén da
chudt & mirc do quan sat béng mét thuong, soi da va cAu trac mé hoc. Da chudt bi 130
hoa béi tia UV ¢o nhitng dic diém sau:

- Quan sat dai thé: da nhan, nhdo vi tri ving da lung va ving da xung quanh
- Soi da: trén da c6 nhiéu vét nut sau, lién két véi nhau
- Cau trtc: da ting d6 day biéu bi, sy xdm nhép té bao viém, hinh thanh nhimng ciu

tric collagen bat thudng trén da.



91

Trong nghién ctru ndy, ching toi tién hanh hoa dich chiét giau AST trong dung
mo6i 1a diu cua hat Sacha Inchi. Sacha Inchi (Plukenetia voubilis) cta ho
Euphorbiaceae. Sacha Inchi bat ngudn tir khu vuc Amazon cia Nam My. Bo phéan
duogc khai thac cta cay chi yéu 1a hat. Tuy theo gidng va dia diém trong, hat chira 35-
60% chat béo, 25-30% protein, vitamin E, polyphenols, khoang chét va cac thanh phan
khac. Dau Sacha Inchi chira chat béo trung tinh (97,2%), axit béo tu do (1,2%), va
phospholipid (0,8%). Chat béo khong bao hoa chiém ti 1 cao véi chi 6,8 - 9,1% acid
béo bio hoa. Tong luong tocolpherol trong dau Sacha Inchi tir 2,39-3 g/kg dau tiy vao
phuong phap tach chiét [137]. Cac thanh phan khac chira trong dau bao gom
phytosterol, carotenoid va nhiéu loai polyphenol nhu phennyl alcohol, flavonoid,
secoridoid, lignan. Trong linh vyc chim soc da, dau Sachi Inchi kha théng dung nho
kha niang lam mém da, diéu tri vét thuong nhiém tring, lam sin da va chéng lo hoa.
Nhiing thir nghiém st dung dau Sacha Inchi trong thAm my van chua nhiéu. O day,
chung t6i két hop nghién ctru v6i dau Sacha Inchi dé dua ra thém thong s6 vé hiéu qua
ctia dau hat. Két qua cho théy dau Sacha Inchi co tac dung han ché trong viéc bdo vé¢
da khoi tia UVB.

Déi v6i da xir Iy AST-EX, nhimng dau hiéu 40 hoa tuy van ton tai nhung giam
thiéu vé mirc do va biéu hién tuy thudc vao ndong 46 AST-EX. Nong do AST-EX 5
ng/ml bat dau thay co sy thay d6i so véi mau thoa dau Sacha Inchi, tuy nhién sy khac
biét chua rd rang. Thoa AST-EX 20 pg/ml lam da chudt c¢6 su khac biét rd rang so voi
nhom thoa dau Sacha Inchi va két qua twong dong voi nhém thoa AST-EX 200 pg/ml.
Da chudt trong 2 nhom nay déu mém min véi it vét simg trén da mic du van con
nhitng nép nhin nhé xuat hién khi chudt di chuyén (mtc d6 nhin da 2,25-2,5) va c6
hién tuong nhdo. Vé két qua soi da, trén da lung chi ton tai nhimg vét nit nhe. Cau
trac md hoc cho thiy ciu tric da thoa véi AST-EX 20 va 200 pg/ml mic du van ton
tai cdu tric collagen bat thudng nhung nhin chung van tuong tu véi cdu tric da ban
dau. Su khac biét 2 nhom AST-EX20 va AST-EX200 nim & d6 day biéu bi, do day
biéu bi cia nhom thoa AST-EX20 day hon so v&i AST-EX200, tuy nhién sy khac biét
khong c6 ¥ nghia thong ké (p>0.05). Pong thoi nong dd6 AST-EX20 chi bang 1/10 so
v6i nong @6 AST-EX200, do d6 vé mat tng dung AST-EX20 tt hon so voi AST-
EX200. Két qua nay c6 duoc 13 do AST c¢6 kha ning chong oxy hda manh va c6 hoat

tinh khang viém. Mt trong nhirng tac hai chinh ciia tia UVB 14 tao ra cac gbc oxy hoa,
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cac gbe nay pha hiy, gy bién tinh cdu trac té bao va nhiing protein trong da, trong d6
collagen 1a thanh phan chiém da s6. Hau qua ctia qué trinh nay dan phan tng viém &
da. AST duogc thoa trude khi chiéu UVB nén AST c6 kha ning hap thy cac gdc oxy
héa tu do mé&i dugc hinh thanh, do 36 AST han ché duoc tac hai cua tia UVB. Ngoai
ra, AST c6 kha nang khang viém t6t, diéu nay gép phan vao han ché dap ung viém cua
co thé. Hién nay, chi c6 thi nghiém trén ngudi ciia Tominaga c6 s dung AST dang
thoa [9]. Nam 2012, Tominaga va cong sy di tién hanh danh gia tac dung ciia AST
dang vira udng vira thoa va dang uéng. Ba muoi ngudi phu nit khoe manh udng 6 mg
AST mdi ngay va thoa 2 ml dich tao gidu AST nong d6 AST 1a 78,9 uM (47,34 pg/ml
AST téng). Sau 8 tuan thi nhan théiy hién tugng cai thi¢n nép nhan, doi mdi, da tré nén
dan hoi hon. So sanh thi nghiém vira uéng (6 mg) vira thoa (78,9 pM) va thi nghiém
chi uéng dich chiét giau AST cung ndng d6 udng la 6 mg thi thay ca 2 thi nghiém déu
c6 su cai thién, tuy nhién do sy khac biét vé thiét ké thi nghiém nén khong so sanh
dugc nhom nao tot hon. Pong thoi, tic gia khong giai thich tai sao sir dung nong do
4734 pg/ml AST tong dé tién hanh trong thi nghiém. Sau d6 nam 2017, tac gia
Tominaga tién hanh tiép thi nghiém dang uéng mdi ngay 6 mg va 12 mg, tac gia khang
dinh liéu 12 mg AST mdi ngay khong gy doc trong thoi gian dai va co tac dung cai
thién chat lugng da [18].

Két qua thr nghiém cua chung toi cho thdy nong d6 khi thoa chi can 20 pg/ml
AST tong 13 dat duoc hiéu qua mong doi. Mic du nhitng dich chiét tao giau AST c6
néng do 5, 10 ug/ml AST téng cling thé hién duoc hiéu qua han ché tac hai cua tia
UVB nhung ndng d6 phu hop nhat dé han ché tac hai tia UV 1a 20 pg/ml AST tong.
Pay 1a mot két qua dang khich 18 vi day 1a nghién ciru dau tién khao sat cac diy ndng
do dich chiét tao giau AST dang thoa va nf)ng do thu nhan duoc chua béng Y2 so voi

nghién ctru khac va bang 1/600 so v6i dang uéng 12 mg mdi ngay.
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Chuwong 4. KET LUAN- KIEN NGHI

KET LUAN

Cam ung thanh cong AST tir gidng tao HP-C v6i ndong d6 cao nhat 3,09% khoi
luong kho trong diéu kién chiéu sang lién tuc 10 klux trong 24 ngay.

Dich chiét tao Haematococcus pluvialis giau AST han ché dugc tac hai cua gdc
oxy hoa hoat dong H»O, 1én nguyén bao soi va nong d6 AST-EX 1 pg/ml 1a

nong do t6i vu dugce xac dinh trong nghién ctru.

Nhom té bao nguyén bao soi xir Iy v6i H02 ¢6 nhitng déu hiéu 1io hoa
té bao: t& bao dimg tang sinh tir ngdy 1 téi ngdy 7, té bao chat va nhan
phinh to (10527,25 + 3798,10 pm?, 383,3 + 93,7 um?), ti 1¢ té bao duong
tinh cao vdi B-galactosidase 1ao hoa (65,23 = 11,70%)), biéu hién muc d6
cao nhitng nhén té phién ma khoi dong 1o hoa té bao p53 (gap 2,4 + 0,6
so v6i ddi ching), p21 (gap 7,0 + 1,8 so véi d6i chung), pl6 (gap 5.4 +
0,4 so v&i d6i chimg), gia ting su biéu hién enzyme phan huy protein
khuon nén da MMP1 (gap 4,7 + 1,0 so v&i ddi chimg), MMP3 (gip 5,0 £
0,4 so véi dbi chung), giam su biéu hién protein chinh trong da collagen
(gap 0,3 + 0,1 so véi ddi ching), elastin (gip 0,1 £ 0,0 so v&i d6i ching)
va gia ting su biéu hién marker qua trinh 130 hoa cyclin D1(gap 4,7 + 0,4
so voi ddi chimg).

AST-EX 1 pg/ml da han ché tac dong c6 hai ctia H,O»: gitip té bao duy
tri su tang sinh (thoi gian nhan doéi thé hé 198,57 + 46,68 gio), giam sy
gia tang kich thudc té bao (3102,7 + 1172,2, 255,4 + 42,0 pm?), giam su
biéu hién cta b-galactosidase lao hoa (37,19 + 5,67%), giam su biéu hién
cac marker 130 hoéa p21, pl6 (gép 1,8 £0,2, 1,9 + 0,3 so v&i d6i chung),
giam sy biéu hién cic enzyme phan hily protein MMP-1, MMP-3 (gap
1,7+ 0,2, 2,1 = 0,4 so v4i doi chung), phuc hoi su biéu hién collagen,
elastin (gap 1,7 + 0,4, 1,2 + 0,3 so v&i d6i chung), giam sy biéu hién

cyclin D1 (gap 1,5 £ 0,3 so véi ddi ching).

- Dich chiét tio Haematococcus pluvialis giau AST khi str dung & dang thoa da

bao vé€ da chudt khoi tac dong cua tia UV, néng dd 20 pg/ml cho hiéu qua tbt
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Sau 8 tuan chiéu tia UVB chudt c6 nhitng d4u hiéu 130 hoa nhu sau: xuat
hién nhiéu nép nhin va nhio da (4,5 + 0,5, 2,5 + 0,5), do day biéu bi ting
cao (58,9 £ 20,9 um), xuat hién té bao viém trong da, xuat hién nhimng
cau tric collagen bét thuong.
AST-EX 20 pg/ml han ché nhiing biéu hién nhiing ddu hiéu ldo hoéa:
giam mirc d§ nhan da va nhao da (2,5 £0,5, 1,0 £ 0,7), giam d¢ day biéu
bi (33,5 + 9,6 um), giam biéu hién collagen bat thuong, da mém min,

van duy tri dugc do dan hoi tot.
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KIEN NGHI
Panh gia su biéu hién nhimg nhan t6 gy viém do té bao tiét ra khi bi tac dong
boi H20, nhu IL-6, IL-8... Tir d6 xac dinh duoc hiéu qua bao vé té bao cia
AST-EX.
Panh gia ndong d6 cic enzyme ngoai bao MMP1, MMP3 va ndng d6 céc protein
nhu collagen, elastin trong da chut trong nhém xur ly voi tia UVB va AST-EX,

tir d6 xac dinh o hon hi€u qua bao vé protein da chudt cua AST-EX.

Xéac dinh tinh thim cua AST trén da chuot



10.

11.

12.

13.

14.

15.

16.

17.

DANH MUC TAI LIEU THAM KHAO

Brotosudarmo, T.H.P., et al., Structures of Astaxanthin and Their Consequences
for Therapeutic Application. Int J Food Sci, 2020. 2020: p. 1-12.

Bjorklund, G., et al., The Role of Astaxanthin as a Nutraceutical in Health and
Age-Related Conditions. Molecules, 2022. 27(21).

Ambati, R.R., et al., Astaxanthin: sources, extraction, stability, biological
activities and its commercial applications--a review. Mar Drugs, 2014. 12(1): p.
128-52.

Ambati, R.R., et al., Astaxanthin: sources, extraction, stability, biological
activities and its commercial applications—a review. Marine drugs, 2014.
12(1): p. 128-152.

Wong, Q.Y.A. and F.T. Chew, Defining skin aging and its risk factors: a
systematic review and meta-analysis. Scientific Reports, 2021. 11(1): p. 22075.

Huang, A.H. and A.L. Chien, Photoaging: a Review of Current Literature.
Current Dermatology Reports, 2020. 9(1): p. 22-29.

Chang, M.X. and F. Xiong, Astaxanthin and its Effects in Inflammatory
Responses and Inflammation-Associated Diseases: Recent Advances and
Future Directions. Molecules, 2020. 25(22).

Seki, T. and H. Sueki, Effects of astaxanthin from Haematococcus pluvialis on
human skin. Fragrance Journal 2001. 12: p. 98-103.

Tominaga, K. and N. Hongo, Cosmetic benefits of astaxanthin on humans
subjects. ACTA BIOCHIMICA POLONICA, 2012. 59(1): p. 43-47.

Dang Diem Hong, D.T.N.M., Bui Dinh Lam, Luu Thi Tam, Nguyen Thi Thu
Thuy, Nguyen Cam Ha, Le Thi Thom, Dinh Duc Hoang, Hoang Lan Anh, Ngo
Thi Hoai Thu, Combined effects of nitrate concentration and illumination
conditions on the growth of microalga Haematococcus pluvialis. Academia
Joural of Biology, 2012. 34(4): p. 493-499.

Gwak, Y., et al., Comparative analyses of lipidomes and transcriptomes reveal
a concerted action of multiple defensive systems against photooxidative stress
in Haematococcus pluvialis. Journal of Experimental Botany, 2014. 65(15): p.
4317-4334.

Shah, M.M., et al., Astaxanthin-Producing Green Microalga Haematococcus
pluvialis: From Single Cell to High Value Commercial Products. Front Plant
Sci, 2016. 7: p. 531.

Kobayashi, M., et al., Morphological changes in the life cycle of the green alga
Haematococcus pluvialis. Journal of Fermentation and Bioengineering, 1997.
84(1): p. 94-97.

Zhang, C., J. Liu, and L. Zhang, Cell cycles and proliferation patterns in
Haematococcus pluvialis. Chinese Journal of Oceanology and Limnology,
2017. 35(5): p. 1205-1211.

Koller, M., A. Muhr, and G. Braunegg, Microalgae as versatile cellular
factories for valued products. Algal research, 2014. 6: p. 52-63.

Kindlund, P.J., Astaxanthin to delay skin aging. NUTRA foods, 2011. 10(1): p.
27-31.

Kidd, P., Astaxanthin, Cell Membrane Nutrient with Diverse Clinical Benefits
and Anti-Aging Potential. Alternative Medicine Review, 2011. 17(4): p. 355-
364.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tominaga, K., et al., Protective effects of astaxanthin on skin deterioration.
Journal of Clinical Biochemistry and Nutrition, 2017. 61(1): p. 33-39.

Davinelli, S., M. Nielsen, and G. Scapagnini, Astaxanthin in Skin Health,
Repair, and Disease: A Comprehensive Review. Nutrients, 2018. 10(4).

Lorenz, R.T., 4 technical review of Haematococcus algae. NatuRoseTM
Technical Bulletin, 1999. 60: p. 1-12.

Panel, E.F., Opinion of the Scientific Panel on Additives and Products or
Substances used in Animal Feed on the request from the European Commission
on the safety of use of colouring agents in animal nutrition PART I General
Principles and Astaxanthin. EFSA J, 2005. 291: p. 1-40.

Pechinskii, S.V., A.G. Kuregyan, and E.T. Oganesyan, Chapter 1 - Synthesis of
astaxanthin and its esters, in Global Perspectives on Astaxanthin, G.A.
Ravishankar and A. Ranga Rao, Editors. 2021, Academic Press. p. 3-18.

Han, D., Y. Li, and Q. Hu, 4staxanthin in microalgae: pathways, functions and
biotechnological implications. Algae, 2013. 28(2): p. 131-147.

Boussiba, S., Carotenogenesis in the green alga Haematococcus pluvialis:
Cellular physiology and stress response. Physiologia Plantarum, 2000. 108(2):
p. 111-117.

Zhang, W.W., et al., Enhancing Astaxanthin Accumulation in Haematococcus
pluvialis by Coupled Light Intensity and Nitrogen Starvation in Column
Photobioreactors. ] Microbiol Biotechnol, 2018. 28(12): p. 2019-2028.

Wong, Y.-K., et al., Effects of Light Intensity, Illumination Cycles on
Microalgae Haematococcus Pluvialis for Production of Astaxanthin. Journal of
Marine Biology and Aquaculture, 2016. 2.

Hirst, D.G. and T. Robson, Nitric oxide physiology and pathology. Nitric
Oxide: Methods and Protocols, 2011: p. 1-13.

Quinlan, C.L., et al.,, Sites of reactive oxygen species generation by
mitochondria oxidizing different substrates. Redox biology, 2013. 1(1): p. 304-
312.

Fransen, M., et al., Role of peroxisomes in ROS/RNS-metabolism: implications
for human disease. Biochimica et Biophysica Acta (BBA)-Molecular Basis of
Disease, 2012. 1822(9): p. 1363-1373.

Lambeth, J.D. and A.S. Neish, Nox enzymes and new thinking on reactive
oxygen: a double-edged sword revisited. Annual Review of Pathology:
Mechanisms of Disease, 2014. 9: p. 119-145.

Nguyen, M.V.C., et al., Les NADPH oxydases, Nox. médecine/sciences, 2015.
31: p. 43-52.

De Deken, X., et al., Roles of DUOX-mediated hydrogen peroxide in
metabolism, host defense, and signaling. Antioxidants & redox signaling, 2014.
20(17): p. 2776-2793.

Phaniendra, A., D.B. Jestadi, and L. Periyasamy, Free radicals: properties,
sources, targets, and their implication in various diseases. Indian journal of
clinical biochemistry, 2015. 30: p. 11-26.

Bresciani, G., .LB.M. da Cruz, and J. Gonzalez-Gallego, Manganese superoxide
dismutase and oxidative stress modulation. Advances in clinical chemistry,
2015. 68: p. 87-130.

Pompella, A. and A. Corti, The changing faces of glutathione, a cellular
protagonist. 2015, Frontiers Media SA. p. 98.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Halliwell, B., Free radicals and antioxidants: updating a personal view.
Nutrition reviews, 2012. 70(5): p. 257-265.

Rahal, A., et al., Oxidative stress, prooxidants, and antioxidants: the interplay.
BioMed research international, 2014. 2014.

Kayama, Y., et al., Diabetic Cardiovascular Disease Induced by Oxidative
Stress. Int J Mol Sci, 2015. 16(10): p. 25234-63.

Abdal Dayem, A., et al., The Role of Reactive Oxygen Species (ROS) in the
Biological Activities of Metallic Nanoparticles. Int ] Mol Sci, 2017. 18(1).
Xuan, R.R., T.T. Niu, and H.M. Chen, Astaxanthin blocks preeclampsia
progression by suppressing oxidative stress and inflammation. Mol Med Rep,
2016. 14(3): p. 2697-2704.

Pereira, C.P.M., et al., Antioxidant and antiinflammatory mechanisms of action
of astaxanthin in cardiovascular diseases (Review). Int J Mol Med, 2020. 47(1):
p. 37-48.

Sudharshan, S.J. and M. Dyavaiah, Astaxanthin protects oxidative stress
mediated DNA damage and enhances longevity in Saccharomyces cerevisiae.
Biogerontology, 2021. 22(1): p. 81-100.

Voegeli, D., Understanding the main principles of skin care in older adults.
Nursing Standard, 2012. 27(11): p. 59-68.

Gromkowska-Kepka, K.J., et al., The impact of ultraviolet radiation on skin
photoaging — review of in vitro studies. Journal of Cosmetic Dermatology,
2021.20(11): p. 3427-3431.

Guan, L.L., HW. Lim, and T.F. Mohammad, Sunscreens and Photoaging: A
Review of Current Literature. Am J Clin Dermatol, 2021. 22(6): p. 819-828.
Poon, F., S. Kang, and A.L. Chien, Mechanisms and treatments of photoaging.
Photodermatology, Photoimmunology & Photomedicine, 2015. 31(2): p. 65-74.
Hayflick, L., The limited in vitro lifetime of human diploid cell strains.
Experimental Cell Research, 1965. 37(3): p. 614-636.

Di Micco, R., et al., Cellular senescence in ageing: from mechanisms to
therapeutic opportunities. Nature Reviews Molecular Cell Biology, 2021.
22(2): p. 75-95.

Calcinotto, A., et al., Cellular Senescence: Aging, Cancer, and Injury.
Physiological Reviews, 2019. 99(2): p. 1047-1078.

Xiong, Y. and L. Zhou, The signaling of cellular senescence in diabetic
nephropathy. Oxidative medicine and cellular longevity, 2019. 2019.

Williams, A.B. and B. Schumacher, p53 in the DNA-damage-repair process.
Cold Spring Harbor perspectives in medicine, 2016. 6(5): p. a026070.
Lujambio, A., To clear, or not to clear (senescent cells)? That is the question.
Bioessays, 2016. 38: p. S56-S64.

Ali, A.Y., M.R. Abedini, and B.K. Tsang, The oncogenic phosphatase PPM1D
confers cisplatin resistance in ovarian carcinoma cells by attenuating
checkpoint kinase 1 and p53 activation. Oncogene, 2012. 31(17): p. 2175-2186.
Abuetabh, Y., et al., DNA damage response revisited: the p53 family and its
regulators provide endless cancer therapy opportunities. Experimental &
Molecular Medicine, 2022. 54(10): p. 1658-1669.

Purvis, J.E., et al., p53 dynamics control cell fate. Science, 2012. 336(6087): p.
1440-4.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Mijit, M., et al., Role of p53 in the Regulation of Cellular Senescence.
Biomolecules, 2020. 10(3).

Hsu, C.H., S.J. Altschuler, and L.F. Wu, Patterns of Early p2l1 Dynamics
Determine Proliferation-Senescence Cell Fate after Chemotherapy. Cell, 2019.
178(2): p. 361-373.e12.

Helmbold, H., et al., Rb2/p130 is the dominating pocket protein in the p53—p21
DNA damage response pathway leading to senescence. Oncogene, 2009.
28(39): p. 3456-3467.

Dirac, A.M. and R. Bernards, Reversal of senescence in mouse fibroblasts
through lentiviral suppression of p53* 210. Journal of Biological Chemistry,
2003. 278(14): p. 11731-11734.

Nyunoya, T., et al., Cigarette smoke induces cellular senescence. American
journal of respiratory cell and molecular biology, 2006. 35(6): p. 681-688.
Schieber, M. and N.S. Chandel, ROS function in redox signaling and oxidative
stress. Current biology, 2014. 24(10): p. R453-R462.

Coso, S., et al., NADPH oxidases as regulators of tumor angiogenesis: current
and emerging concepts. Antioxidants & redox signaling, 2012. 16(11): p. 1229-
1247.

Maryanovich, M. and A. Gross, 4 ROS rheostat for cell fate regulation. Trends
in cell biology, 2013. 23(3): p. 129-134.

Liang, R. and S. Ghaffari, Stem cells, redox signaling, and stem cell aging.
Antioxidants & redox signaling, 2014. 20(12): p. 1902-1916.

Ristow, M. and S. Schmeisser, Extending life span by increasing oxidative
stress. Free Radical Biology and Medicine, 2011. 51(2): p. 327-336.
Scheibye-Knudsen, M., et al., Protecting the mitochondrial powerhouse. Trends
in cell biology, 2015. 25(3): p. 158-170.

Dixon, S.J. and B.R. Stockwell, The role of iron and reactive oxygen species in
cell death. Nature chemical biology, 2014. 10(1): p. 9-17.

Bakunina, N., C.M. Pariante, and P.A. Zunszain, Immune mechanisms linked to
depression via oxidative stress and neuroprogression. Immunology, 2015.
144(3): p. 365-373.

Lei, Y., et al., Redox regulation of inflammation: old elements, a new story.
Medicinal research reviews, 2015. 35(2): p. 306-340.

Abais, .M., et al., Redox regulation of NLRP3 inflammasomes: ROS as trigger
or effector? Antioxidants & redox signaling, 2015. 22(13): p. 1111-1129.
Cachat, J., et al., Phagocyte NADPH oxidase and specific immunity. Clinical
science, 2015. 128(10): p. 635-648.

Weyemi, U. and C. Dupuy, The emerging role of ROS-generating NADPH
oxidase NOX4 in DNA-damage responses. Mutation Research/Reviews in
Mutation Research, 2012. 751(2): p. 77-81.

Verbon, E.H., J.A. Post, and J. Boonstra, The influence of reactive oxygen
species on cell cycle progression in mammalian cells. Gene, 2012. 511(1): p. 1-
6.

Kang, SW., S. Lee, and E.K. Lee, ROS and energy metabolism in cancer cells:
alliance for fast growth. Archives of pharmacal research, 2015. 38: p. 338-345.
Wu, W.-S., The signaling mechanism of ROS in tumor progression. Cancer and
Metastasis Reviews, 2006. 25: p. 695-705.



76.

77.

78.

79.

80.

1.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Reuter, S., et al., Oxidative stress, inflammation, and cancer: how are they
linked? Free radical biology and medicine, 2010. 49(11): p. 1603-1616.
Chiarugi, P., From anchorage dependent proliferation to survival: lessons from
redox signalling. TUBMB life, 2008. 60(5): p. 301-307.

Davalli, P., et al., Anticancer activity of green tea polyphenols in prostate
gland. Oxidative Medicine and Cellular Longevity, 2012. 2012.

Assuncao, M. and J.P. Andrade, Protective action of green tea catechins in
neuronal mitochondria during aging. Frontiers in Bioscience-Landmark, 2015.
20(2): p. 247-262.

Lopez-Otin, C., et al., The hallmarks of aging. Cell, 2013. 153(6): p. 1194-
1217.

Benz, C.C. and C. Yau, Ageing, oxidative stress and cancer: paradigms in
parallax. Nature Reviews Cancer, 2008. 8(11): p. 875-879.

Bonomini, F., L.F. Rodella, and R. Rezzani, Metabolic syndrome, aging and
involvement of oxidative stress. Aging and disease, 2015. 6(2): p. 109.

Martin, J.E. and M.T. Sheaff, The pathology of ageing: concepts and
mechanisms. The Journal of Pathology: A Journal of the Pathological Society of
Great Britain and Ireland, 2007. 211(2): p. 111-113.

Biala, A.K., R. Dhingra, and L.A. Kirshenbaum, Mitochondrial dynamics:
orchestrating the journey to advanced age. Journal of molecular and cellular
cardiology, 2015. 83: p. 37-43.

Bratic, A. and N.-G. Larsson, The role of mitochondria in aging. The Journal of
clinical investigation, 2013. 123(3): p. 951-957.

Indo, H.P., et al., A mitochondrial superoxide theory for oxidative stress
diseases and aging. Journal of clinical biochemistry and nutrition, 2015. 56(1):
p. 1-7.

Genova, M.L. and G. Lenaz, The interplay between respiratory supercomplexes
and ROS in aging. Antioxidants & redox signaling, 2015. 23(3): p. 208-238.
Fontana, L. and L. Partridge, Promoting health and longevity through diet:
from model organisms to humans. Cell, 2015. 161(1): p. 106-118.

Zhang, Y., et al., Mice deficient in both Mn superoxide dismutase and
glutathione peroxidase-1 have increased oxidative damage and a greater
incidence of pathology but no reduction in longevity. Journals of Gerontology
Series A: Biomedical Sciences and Medical Sciences, 2009. 64(12): p. 1212-
1220.

Kwon, M.-J., et al., SOD3 variant, R213G, altered SOD3 function, leading to
ROS-mediated inflammation and damage in multiple organs of premature
aging mice. Antioxidants & redox signaling, 2015. 23(12): p. 985-999.

Edrey, Y.H. and A.B. Salmon, Revisiting an age-old question regarding
oxidative stress. Free Radical Biology and Medicine, 2014. 71: p. 368-378.
Bertram, C. and R. Hass, Cellular responses to reactive oxygen species-induced
DNA damage and aging. 2008.

Fimognari, C., Role of oxidative RNA damage in chronic-degenerative diseases.
Oxidative medicine and cellular longevity, 2015. 2015.

Shimi, T. and R.D. Goldman, Nuclear lamins and oxidative stress in cell
proliferation and longevity. Cancer Biology and the Nuclear Envelope: Recent
Advances May Elucidate Past Paradoxes, 2014: p. 415-430.



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.

109.

110.

111.

Rinnerthaler, M., et al., Oxidative stress in aging human skin. Biomolecules,
2015. 5(2): p. 545-589.

Yan, L.-J., Positive oxidative stress in aging and aging-related disease
tolerance. Redox Biology, 2014. 2: p. 165-169.

Hong, J.W., et al., Biochemical Composition of a Korean Domestic Microalga
Chlorella vulgaris KNUA(027. Microbiology and Biotechnology Letters, 2016.
44(3): p. 400-407.

Imamoglu, E., F.V. Sukan, and M.C. Dalay. Effect of Different Culture Media
and Light Intensities on Growth of Haematococcus pluvialis. 2007.

Tam, L.T., et al., Cam ung tich liy astaxanthin ¢ vi tao luc Haematococcus
pluvialis dwdi diéu kién thiéu hut nito va anh sdang cao. Proceedings of H0i nghi
KHOA HQC VA CONG NGHE SINH HQC TOAN QUOC 2013, 2013: p.
523-527.

Sarada, R., An Efficient Method for Extraction of Astaxanthin from Green Alga
Haematococcus pluvialis. Journal of Agricultural and Food Chemistry, 2006.
54: p. 7585-7588.

Yuan, J.P. and F. Chen, Hydrolysis kinetics of astaxanthin esters and stability
of astaxanthin of Haematococcus pluvialis during saponification. J Agric Food
Chem, 1999. 47(1): p. 31-5.

Chou, P.-H., et al., Fluid-induced, shear stress-regulated extracellular matrix
and matrix metalloproteinase genes expression on human annulus fibrosus
cells. Stem Cell Research & Therapy, 2016. 7(1): p. 34.

Chou, P.-H., et al., Development of a two-step protocol for culture expansion of
human annulus fibrosus cells with TGF-f1 and FGF-2. Stem Cell Research &
Therapy, 2016. 7(1): p. 89.

Mavrogonatou, E., A. Konstantinou, and D. Kletsas, Long-term exposure to
TNF-a leads human skin fibroblasts to a p38 MAPK- and ROS-mediated
premature senescence. Biogerontology, 2018. 19(3): p. 237-249.

Zhong, G., et al. CSNS5 silencing inhibits invasion and arrests cell cycle
progression in human colorectal cancer SW480 and LS174T cells in vitro.
International journal of clinical and experimental pathology, 2015. 8, 2809-
2815.

Li, C., et al., OPCML is frequently methylated in human colorectal cancer and
its restored expression reverses EMT via downregulation of smad signaling.
Am J Cancer Res, 2015. 5(5): p. 1635-48.

<Biodiversity of H pluvialis by ISSR.pdf>.

Agrawal, R. and L.P. Kaur, Inhibitory Effect of Encapsulated Curcumin on
Ultraviolet-Induced Photoaging in Mice. Rejuvenation research, 2010. 13: p.
397-410.

Bissett, D.L., D.P. Hannon, and T.V. Orr, An animal model of solar-aged skin:
histological, physical, and visible changes in UV-irradiated hairless mouse
skin. Photochem Photobiol, 1987. 46(3): p. 367-78.

Yuan, J.-P. and F. Chen, Purification of trans-astaxanthin from a high-yielding
astaxanthin ester-producing strain of the microalga Haematococcus pluvialis.
Food Chemistry, 2000. 68(4): p. 443-448.

Solovchenko, A.E., Recent breakthroughs in the biology of astaxanthin
accumulation by microalgal cell. Photosynthesis research, 2015. 125: p. 437-
449,



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Todorovic, B., et al., Identification and Content of Astaxanthin and Its Esters
from Microalgae Haematococcus pluvialis by HPLC-DAD and LC-QTOF-MS
after Extraction with Various Solvents. Plants (Basel), 2021. 10(11).

Galarza, J.1., et al., Deesterification of astaxanthin and intermediate esters from
Haematococcus pluvialis subjected to stress. Biotechnol Rep (Amst), 2019. 23:
p. €00351.

Kim, B, et al., Cell disruption and astaxanthin extraction from Haematococcus
pluvialis: Recent advances. Bioresource Technology, 2022. 343: p. 126124.
Irshad, M., et al., Safe and Complete Extraction of Astaxanthin from
Haematococcus pluvialis by Efficient Mechanical Disruption of Cyst Cell Wall.
International Journal of Food Engineering, 2019. 15(10).

Schmid, B., et al., Drying Microalgae Using an Industrial Solar Dryer: A
Biomass Quality Assessment. Foods, 2022. 11(13).

Tan, H.T. and N.M.H. Khong, Optimization of the Freezing-Thawing Method
for Extracting Phycobiliproteins from Arthrospira sp. 2020. 25(17).

Jaime, L., et al., Pressurized liquids as an alternative process to antioxidant
carotenoids' extraction from Haematococcus pluvialis microalgae. LWT - Food
Science and Technology, 2010. 43(1): p. 105-112.

Chintong, S., et al., In Vitro Antioxidant, Antityrosinase, and Cytotoxic
Activities of Astaxanthin from Shrimp Waste. Antioxidants (Basel, Switzerland),
2019. 8(5): p. 1-11.

Vj, M., et al., In Vitro Culture Methods of Skin Cells for Optimal Skin
Reconstruction by Tissue Engineering. 2011.

Kiyoshima, T., et al., Oxidative stress caused by a low concentration of
hydrogen peroxide induces senescence-like changes in mouse gingival
fibroblasts. Int ] Mol Med, 2012. 30(5): p. 1007-12.

Chen, J.H., S.E. Ozanne, and C.N. Hales, Methods of cellular senescence
induction using oxidative stress. Methods Mol Biol, 2007. 371: p. 179-89.
Davalli, P., et al., ROS, Cell Senescence, and Novel Molecular Mechanisms in
Aging and Age-Related Diseases. Oxid Med Cell Longev, 2016. 2016: p.
3565127.

Pole, A., M. Dimri, and G. P. Dimri, Oxidative stress, cellular senescence and
ageing. AIMS Molecular Science, 2016. 3(3): p. 300-324.

Pienkowska, @ N., et al, Effect of antioxidants on  the
H<sub>2</sub>0<sub>2</sub>-induced premature senescence of human
fibroblasts. Aging, 2020. 12(2): p. 1910-1927.

Chen, Q. and B.N. Ames, Senescence-Like Growth Arrest Induced by Hydrogen
Peroxide in Human Diploid Fibroblast F65 Cells. Proceedings of the National
Academy of Sciences of the United States of America, 1994. 91(10): p. 4130-
4134.

Wright, J., et al., 4 growing role for hypertrophy in senescence. FEMS Yeast
Res, 2013. 13(1): p. 2-6.

Varma, S.R., et al., Protective Effects of Triphala on Dermal Fibroblasts and
Human Keratinocytes. PLOS ONE, 2016. 11(1): p. e0145921.

Ezure, T. and S. Amano, Stanniocalcin-1 mediates negative regulatory action
of epidermal layer on expression of matrix-related genes in dermal fibroblasts.
Biofactors, 2019. 45(6): p. 944-949.



130.

131.

132.

133.

134.

135.

136.

137.

Brenneisen, P., et al., Hydrogen peroxide (H202) increases the steady-state
mRNA levels of collagenase/MMP-1 in human dermal fibroblasts. Free Radic
Biol Med, 1997. 22(3): p. 515-24.

Alge-Priglinger, C.S., et al., Oxidative stress-mediated induction of MMP-1 and
MMP-3 in human RPE cells. Invest Ophthalmol Vis Sci, 2009. 50(11): p. 5495-
503.

Galicka, A., et al., Anethole prevents hydrogen peroxide-induced apoptosis and
collagen metabolism alterations in human skin fibroblasts. Molecular and
Cellular Biochemistry, 2014. 394(1): p. 217-224.

Hwang, J.W., et al., Effect of Extracellular Matrix Membrane on Bone
Formation in a Rabbit Tibial Defect Model. Biomed Res Int, 2016. 2016: p.
6715295.

Lim, S.H., et al., Luteolin suppresses UVB-induced photoageing by targeting
JNKI and p90 RSK2. J Cell Mol Med, 2013. 17(5): p. 672-80.

Kim, H.N., et al., Anti-photoaging properties of the phosphodiesterase 3
inhibitor cilostazol in ultraviolet B-irradiated hairless mice. Sci Rep, 2016.
6(1): p. 1-10.

Kang, S.J., et al., Beneficial effects of dried pomegranate juice concentrated
powder on ultraviolet B-induced skin photoaging in hairless mice. Exp Ther
Med, 2017. 14(2): p. 1023-1036.

Xu, Y.K., et al., Chemical composition and oxidative evolution of Sacha Inchi
oil from Xishuangbanna (China). Grasas y Aceites, 2014. 65(1): p. e012.



PHU LUC

Phu lyc 1: hé thong chiéu chudt bang UVB

Phuc Iyc 2: hé thdng nudi tao




Phu lyc 1: So sanh thong ké ABTS AST

Test execution ended by user request, ANOVA on Ranks begun

Kruskal-Wallis One Way Analysis of Variance on RanksThursday, February 02,
2023,9:57:37 AM

Dast-EXa source: ABTS AST in Notebook1

GroupN Missing Median  25% 75%
Coll 8 0 8771 5.166 9.590

Col2 8 0 15.707 14943 17.664
Col3 8 0 36.563 35.165 38.491
Col4 8 0 59.652 55.534 60.544
Col5 8 0 82.872 80.862 84.611
Col6 8 0 90.231 88.592 91.139

H = 44.634 with 5 degrees of freedom. (P =<0.001)

The differences in the median values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001)

To isolast-EXe the group or groups thast-EX differ from the others use a multiple
comparison procedure.

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparison Diff of Ranks ¢ P<0.05

Col 6 vs Col 1305.000  7.702 Yes
Col 6 vs Col 2255.000  6.440 Yes
Col 6 vs Col 3184.000 4.647 Yes
Col 6 vs Col 4120.000  3.030 No
Col 6 vs Col 548.000 1.212 Do Not Test
Col 5 vs Col 1257.000  6.490 Yes
Col 5 vs Col 2207.000  5.228 Yes
Col 5vs Col 3136.000 3.435 No
Col 5 vs Col 472.000 1.818 Do Not Test
Col 4 vs Col 1185.000 4.672 Yes
Col 4 vs Col 2135.000  3.409 No
Col 4 vs Col 364.000 1.616 Do Not Test
Col3vs Col 1121.000 3.056 No

Col 3 vs Col 271.000 1.793 Do Not Test



Col 2 vs Col 150.000 1.263 Do Not Test

Note: The multiple comparisons on ranks do not include an adjustment for ties.

A result of "Do Not Test" occurs for a comparison when no significant difference is
found between the two rank sums thast-EX enclose thast-EX comparison. For
example, if you had four rank sums sorted in order, and found no significant difference
between rank sums 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2, but still test 4
vs. 1 and 3 vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1). Note thast-EX
not testing the enclosed rank sums is a procedural rule, and a result of Do Not Test
should be treast-EXed as if there is no significant difference between the rank sums,
even though one may appear to exist.

Phu luc 2: Xur 1y thong ké ABTS Trolox

Dast-EXa source: Dast-EXa 2 in Notebook1.JNB
Normality Test:  Passed(P = 0.069)
Equal Variance Test: Passed(P =0.918)

Group Name N  Missing Mean Std Dev SEM

Col 1 8 0 15.080 5.897 2.085

Col 2 8 020476 5.075 1.794

Col 3 8 031.724 4944 1.748

Col 4 8 041.125 6.480 2.291

Col 5 8 061.702 3.797 1.342

Source of Variast-EXion = DF SS MS F P
Between Groups 410914.1012728.525 96.506 <0.001

Residual 35989.564  28.273

Total 3911903.665

The differences in the mean values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001).

Power of performed test with alpha = 0.050: 1.000

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05

Comparisons for factor:

Comparison Diff of Means t  Unadjusted P Critical Level Significant?
Col 5 vs. Col 146.623 17.536  <0.001 0.005 Yes



Col 5 vs. Col 241.227 15.507  <0.001 0.006 Yes

Col 5 vs. Col 329.978 11.276 ~ <0.001 0.006 Yes
Col 4 vs. Col 126.046 9.797  <0.001 0.007 Yes
Col 4 vs. Col 220.650 7.767  <0.001 0.009 Yes
Col 5 vs. Col 420.577 7.740  <0.001 0.010 Yes
Col 3 vs. Col 116.645 6.261 <0.001 0.013 Yes
Col 3 vs. Col 211.248 4.231 <0.001 0.017 Yes
Col 4 vs. Col 3 9.401 3.536 0.001 0.025 Yes
Col2vs.Col1 5.396 2.030 0.050 0.050 No

Phu lyc 3: Xir Iy théng ké FRAP AST

Dast-EXa source: Dast-EXa 3 in Notebook1.JNB
Normality Test:  Passed(P =0.130)
Equal Variance Test: Passed(P =0.947)

Group Name N Missing Mean Std Dev SEM

Col 1 8 0 71.336 34.606 12.235

Col 2 8 0 91.627 30.484 10.778

Col 3 8 0160.799 33.216 11.744

Col 4 8 0380.195 26.451 9.352

Col 5 8 0524.005 49.351 17.448

Col 6 8 0784.743 43.521 15.387

Source of Variast-EXion DF SS MS F P
Between Groups 53193028.841638605.768463.912 <0.001
Residual 4257815.799 1376.567

Total 473250844.639

The differences in the mean values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001).

Power of performed test with alpha = 0.050: 1.000
All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05

Comparisons for factor:
Comparison Diff of Means t  Unadjusted P Critical Level Significant?

Col 6 vs. Col 1713.407  38.456  <0.001 0.003 Yes
Col 6 vs. Col 2693.117  37.363 <0.001 0.004 Yes
Col 6 vs. Col 3623.944  33.634  <0.001 0.004 Yes

Col 5 vs. Col 1452.670  24.401 <0.001 0.004 Yes



Col 5vs. Col 2432379 23.308  <0.001 0.005 Yes

Col 6 vs. Col 4404.548  21.807  <0.001 0.005 Yes
Col 5vs. Col 3363.206  19.579  <0.001 0.006 Yes
Col 4 vs. Col 1308.859  16.649  <0.001 0.006 Yes
Col 4 vs. Col 2288.568  15.555 <0.001 0.007 Yes
Col 6 vs. Col 5260.738  14.055 <0.001 0.009 Yes
Col4vs. Col 3219396  11.827  <0.001 0.010 Yes
Col 5 vs. Col 4143.810 7.752  <0.001 0.013 Yes
Col 3 vs. Col 189.463 4.823 <0.001 0.017 Yes
Col 3 vs. Col 269.173 3.729  <0.001 0.025 Yes
Col 2 vs. Col 120.291 1.094 0.280 0.050 No

Phu lyc 4: Xt Iy théng ké FRAP Trolox

Dast-EXa source: FRAP TROLOX in Notebook1.JNB
Normality Test:  Passed(P =0.134)
Equal Variance Test: Passed(P = 0.155)

Group Name N Missing Mean Std Dev SEM

Col 1 8 0 67.063 37.483 13.252

Col 2 8 0141.532 42.177 14912

Col 3 8 0286.564 60.842 21.511

Col 4 8 0412.062 21.367 7.554

Col 5 8 0370.103 38.344 13.557

Col 6 8 0592.208 75.536 26.706

Source of Variast-EXion DF SS MS F P
Between Groups 51452832.198290566.440120.085 <0.001
Residual 42101626.047 2419.668

Total 471554458.244

The differences in the mean values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001).

Power of performed test with alpha = 0.050: 1.000

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05

Comparisons for factor:

Comparison Diff of Means t  Unadjusted P Critical Level Significant?
Col 6 vs. Col 1525.145  21.352  <0.001 0.003 Yes

Col 6 vs. Col 2450.675  18.324  <0.001 0.004 Yes

Col 4 vs. Col 1344.999  14.027  <0.001 0.004 Yes



Col 6 vs. Col 3305.644  12.427 <0.001 0.004 Yes

Col 5vs. Col 1303.040  12.321 <0.001 0.005 Yes
Col 4 vs. Col 2270.529  10.999  <0.001 0.005 Yes
Col 5 vs. Col 2228.571 9.293 <0.001 0.006 Yes
Col 6 vs. Col 5222.104 9.030  <0.001 0.006 Yes
Col 3 vs. Col 1219.501 8.925 <0.001 0.007 Yes
Col 6 vs. Col 4180.146 7.324  <0.001 0.009 Yes
Col 3 vs. Col 2145.031 5.897  <0.001 0.010 Yes
Col 4 vs. Col 3125.498 5.103 <0.001 0.013 Yes
Col 5 vs. Col 383.539 3.397 0.002 0.017 Yes
Col 2 vs. Col 174.469 3.028 0.004 0.025 Yes
Col 4 vs. Col 541.958 1.706 0.095 0.050 No

Phy lyc 5: Xir 1y thong ké ndi dung Poc tinh in vitro
Dast-EXa source: Dast-EXa 5 in Notebook1.JNB
Normality Test:  Passed(P =0.793)

Equal Variance Test: Passed(P = 0.544)

Group Name N  Missing Mean Std Dev SEM

Col 1 5 0 0.422 0.0572 0.0256
Col 2 5 0 0.440 0.0361 0.0161
Col 3 5 0 0.410 0.0354 0.0158
Col 4 5 0 0.404 0.0336 0.0150
Col 5 5 0 0.410 0.0324 0.0145
Col 6 5 00.0660 0.0270 0.0121
Col 7 5 0 0.440 0.0394 0.0176
Col 8 5 0 0.420 0.0387 0.0173
Col 9 5 0 0.414 0.0586 0.0262
Col 10 5 0 0.428 0.0295 0.0132
Col 11 5 0 0.412 0.0432 0.0193
Col 12 5 00.0360 0.0114 0.00510

Source of Variast-EXion DF SS MS F P
Between Groups 111.144 0.104 69.029 <0.001
Residual 480.07230.00151

Total 591.216

The differences in the mean values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001).

Power of performed test with alpha = 0.050: 1.000

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):



Overall significance level = 0.05

Comparisons for factor:
Comparison  Diff of Means t  Unadjusted P Critical Level Significant?

Col 7 vs. Col 120.404 16.457 <0.001 0.001 Yes
Col 2 vs. Col 120.404 16.457 <0.001 0.001 Yes
Col 10 vs. Col 120.392 15.968 <0.001 0.001 Yes
Col 1 vs. Col 120.386 15.723 <0.001 0.001 Yes
Col 8 vs. Col 120.384 15.642 <0.001 0.001 Yes
Col 9 vs. Col 120.378 15.398 <0.001 0.001 Yes
Col 11 vs. Col 120.376 15.316 <0.001 0.001 Yes
Col 7 vs. Col 6 0.374 15.235 <0.001 0.001 Yes
Col 2 vs. Col 6 0.374 15.235 <0.001 0.001 Yes
Col 5 vs. Col 120.374 15.235 <0.001 0.001 Yes
Col 3 vs. Col 120.374 15.235 <0.001 0.001 Yes
Col 4 vs. Col 120.368 14.990 <0.001 0.001 Yes
Col 10 vs. Col 60.362 14.746 <0.001 0.001 Yes
Col 1 vs. Col 6 0.356 14.501 <0.001 0.001 Yes
Col 8 vs. Col 6 0.354 14.420 <0.001 0.001 Yes
Col 9 vs. Col 6 0.348 14.176 <0.001 0.001 Yes
Col 11 vs. Col 60.346 14.094 <0.001 0.001 Yes
Col 3 vs. Col 6 0.344 14.013 <0.001 0.001 Yes
Col 5vs. Col 6 0.344 14.013 <0.001 0.001 Yes
Col 4 vs. Col 6 0.338 13.768 <0.001 0.001 Yes
Col 2 vs. Col 40.0360 1.466 0.149 0.001 No
Col 7 vs. Col 40.0360 1.466 0.149 0.001 No
Col 7 vs. Col 30.0300 1.222 0.228 0.001 No
Col 7 vs. Col 50.0300 1.222 0.228 0.001 No
Col 2 vs. Col 30.0300 1.222 0.228 0.001 No
Col 2 vs. Col 50.0300 1.222 0.228 0.001 No
Col 6 vs. Col 120.0300 1.222 0.228 0.001 No
Col 7 vs. Col 110.0280 1.141 0.260 0.001 No
Col 2 vs. Col 110.0280 1.141 0.260 0.001 No
Col 7 vs. Col 90.0260 1.059 0.295 0.001 No
Col 2 vs. Col 90.0260 1.059 0.295 0.001 No
Col 10 vs. Col 40.0240 0.978 0.333 0.001 No
Col 7 vs. Col 80.0200 0.815 0.419 0.002 No
Col 2 vs. Col 80.0200 0.815 0.419 0.002 No
Col 7 vs. Col 10.0180 0.733 0.467 0.002 No
Col 10 vs. Col 30.0180 0.733 0.467 0.002 No
Col 10 vs. Col 50.0180 0.733 0.467 0.002 No
Col 2 vs. Col 10.0180 0.733 0.467 0.002 No
Col 1 vs. Col 40.0180 0.733 0.467 0.002 No
Col 8 vs. Col 40.0160 0.652 0.518 0.002 No
Col 10 vs. Col 110.0160 0.652 0.518 0.002 No
Col 10 vs. Co0l190.0140 0.570 0.571 0.002 No

Col 1 vs. Col 50.0120 0.489 0.627 0.002 No



Col 1 vs. Col 30.0120
Col 7 vs. Col 100.0120
Col 2 vs. Col 100.0120
Col 8 vs. Col 30.0100
Col 8 vs. Col 50.0100
Col 9 vs. Col 40.01000
Col 1 vs. Col 110.01000
Col 10 vs. Col 80.00800
Col 11 vs. Col 40.00800
Col 1 vs. Col 90.00800
Col 8 vs. Col 110.00800
Col 10 vs. Col 10.00600
Col 5 vs. Col 40.00600
Col 8 vs. Col 90.00600
Col 3 vs. Col 40.00600
Col 9 vs. Col 50.00400
Col 9 vs. Col 30.00400
Col 1 vs. Col 80.00200
Col 9 vs. Col 110.00200
Col 11 vs. Col 30.00200
Col 11 vs. Col 50.00200
Col 7 vs. Col 2 0.000
Col 3 vs. Col 5 0.000

Phu luc 6:

Dast-EXa source: Dast-EXa 6 in Notebook1.JNB

0.489 0.627
0.489 0.627
0.489 0.627
0.407 0.686
0.407 0.686
0.407 0.686
0.407 0.686
0.326 0.746
0.326 0.746
0.326 0.746
0.326 0.746
0.244 0.808
0.244 0.808
0.244 0.808
0.244 0.808
0.163 0.871
0.163 0.871
0.0815 0.935
0.0815 0.935
0.0815 0.935
0.0815 0.935
0.000 1.000
0.000 1.000

Normality Test:  Passed(P = 0.460)

Equal Variance Test:

Group Name
Col 1
Col 2
Col 3
Col 4
Col 5
Col 6
Col 7
Col 8
Col 9
Col 10
Col 11
Col 12
Col 13
Col 14
Col 15

[e)Ne) W) e Nie) o) le)Nie)Ne)le) Ne) Ne ) Ne) Je) o)

Failed (P < 0.050)

N Missing Mean Std Dev

0 0.1740.00742 0.00303
0 0.233 0.0441 0.0180
0 0.4580.00956 0.00390
0 0.4700.00928 0.00379
0 0.151 0.0361 0.0147
0 0.140 0.0451 0.0184
0 0.135 0.0387 0.0158
0 0.141 0.0265 0.0108
0 0.168 0.0191 0.00781
0 0.175 0.0496 0.0202
0 0.187 0.0380 0.0155
0 0.206 0.0484 0.0198
0 0.170 0.0264 0.0108
0 0.181 0.0350 0.0143
0 0.294 0.0579 0.0236

0.002
0.002
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006
0.007
0.009
0.010
0.013
0.017
0.025
0.050

SEM



Col 16 6 0 0.345 0.0399 0.0163
Col 17 6 0 0.1660.00893 0.00365
Col 18 6 0 0.200 0.0320 0.0131
Col 19 6 0 0.316 0.0374 0.0153
Col 20 6 0 0.328 0.0476 0.0194

Source of Variast-EXion DF SS MS F |
Between Groups 191.1920.0627  48.356 <0.001
Residual 1000.1300.00130

Total 1191.322

The differences in the mean values among the treast-EXment groups are greast-EXer
than would be expected by chance; there is a stast-EXistically significant difference
(P =<0.001).

Power of performed test with alpha = 0.050: 1.000

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):

Overall significance level = 0.05

Comparisons for factor:
Comparison  Diff of Means t  Unadjusted P Critical Level Significant?

Col 4 vs. Col 7 0.335 16.110 <0.001 0.000 Yes
Col 4 vs. Col 6 0.330 15.886 <0.001 0.000 Yes
Col 4 vs. Col 8 0.329 15.814 <0.001 0.000 Yes
Col 3 vs. Col 7 0.322 15.501 <0.001 0.000 Yes
Col 4 vs. Col 5 0.320 15.373 <0.001 0.000 Yes
Col 3 vs.Col6 0.318 15.277 <0.001 0.000 Yes
Col 3 vs. Col 8 0.316 15.205 <0.001 0.000 Yes
Col 3 vs. Col 5 0.307 14.764 <0.001 0.000 Yes
Col 4 vs. Col 170.304 14.619 <0.001 0.000 Yes
Col 4 vs. Col9 0.303 14.555 <0.001 0.000 Yes
Col 4 vs. Col 130.301 14.459 <0.001 0.000 Yes
Col4vs.Col 1 0.296 14.259 <0.001 0.000 Yes
Col 4 vs. Col 100.295 14.179 <0.001 0.000 Yes
Col 3 vs. Col 170.291 14.010 <0.001 0.000 Yes
Col 3 vs. Col 9 0.290 13.946 <0.001 0.000 Yes
Col 4 vs. Col 140.289 13914 <0.001 0.000 Yes
Col 3 vs. Col 130.288 13.850 <0.001 0.000 Yes
Col3vs.Coll 0.284 13.650 <0.001 0.000 Yes
Col 4 vs. Col 110.283 13.626 <0.001 0.000 Yes
Col 3 vs. Col 100.282 13.569 <0.001 0.000 Yes
Col 3 vs. Col 140.277 13.305 <0.001 0.000 Yes
Col 3 vs. Col 110.271 13.016 <0.001 0.000 Yes
Col 4 vs. Col 180.270 13.008 <0.001 0.000 Yes

Col 4 vs. Col 120.264 12.696 <0.001 0.000 Yes



Col 3 vs. Col 180.258
Col 3 vs. Col 120.251
Col 4 vs. Col 2 0.237
Col 3 vs.Col2 0.224

Col 16 vs.
Col 16 vs.
Col 16 vs.
Col 16 vs.
Col 20 vs.
Col 20 vs.
Col 20 vs.
Col 19 vs.
Col 16 vs.
Col 20 vs.
Col 16 vs.
Col 19 vs.

Col 4 vs.
Col 16 vs
Col 19 vs
Col 16 vs
Col 16 vs
Col 19 vs
Col 16 vs
Col 3 vs.
Col 20 vs
Col 20 vs
Col 15 vs
Col 20 vs
Col 16 vs
Col 20 vs
Col 15 vs
Col 4 vs.

Col 15 vs.
Col 20 vs.
Col 19 vs.
Col 19 vs.
Col 20 vs.
Col 19 vs.
Col 16 vs.
Col 15 vs.
Col 19 vs.

Col 70.210
Co0l1 60.205
Col 80.204
Col 50.195
Col 70.193
Col 60.188
Col 80.187
Col 70.181
Col 170.179
Col 50.178
Col 90.178
Co0l 60.176
Col 150.176
.Col 130.176
. Col 80.175
.Col 10.171
. Col 100.170
. Col 50.166
. Col 140.164
Col 150.163
.Col 170.162
.Col 90.161
. Col 70.159
. Col 130.159
.Col 110.158
.Col 10.154
. Col 60.154
Col 190.154
Col 80.153
Col 100.153
Col 170.150
Co0190.149
Col 140.147
Col 130.147
Col 180.145
Col 50.144
Col 10.142

Col 4 vs. Col 200.142
Col 3 vs. Col 190.141
Col 20 vs. Col 110.141
Col 19 vs. Col 100.141
Col 16 vs. Col 120.139
Col 19 vs. Col 140.135
Col 3 vs. Col 200.129

12.399
12.087
11.397
10.788
10.091
9.867
9.794
9.354
9.276
9.051
8.979
8.704
8.600
8.538
8.536
8.480
8.464
8.440
8.408
8.239
8.159
7.967
7.895
7.855
7.785
7.721
7.646
7.625
7.606
7.424
7.422
7.406
7.350
7.344
7.214
7.149
7.080
7.053
6.989
6.909
6.853
6.834
6.797
6.791
6.773
6.677
6.508
6.225

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes



Col 19 vs. Col 110.129
Col 20 vs. Col 180.128
Col 15 vs. Col 170.128
Col 15 vs. Col 90.127
Col 4 vs. Col 160.125
Col 15 vs. Col 130.125
Col 20 vs. Col 120.122
Col 15 vs. Col 10.121
Col 15 vs. Col 100.119
Col 19 vs. Col 180.116
Col 15 vs. Col 140.113
Col 3 vs. Col 160.112
Col 16 vs. Col 20.112
Col 19 vs. Col 120.110
Col 15 vs. Col 110.107
Col 2 vs. Col 70.0980
Col 20 vs. Col 20.0949

Col 15 vs. Col 180.0945

Col 2 vs. Col 60.0933
Col 2 vs. Col 80.0918

Col 15 vs. Col 120.0880

Col 19 vs. Col 20.0830
Col 2 vs. Col 50.0827

Col 12 vs. Col 70.0710
Col 2 vs. Col 170.0670
Col 12 vs. Col 60.0663
Col 2 vs. Col 90.0657

Col 12 vs. Col 80.0648
Col 18 vs. Col 70.0645
Col 2 vs. Col 130.0637
Col 15 vs. Col 20.0610
Col 18 vs. Col 60.0598
Col 2 vs. Col 10.0595

Col 18 vs. Col 80.0583
Col 2 vs. Col 100.0578
Col 12 vs. Col 50.0557
Col 2 vs. Col 140.0523
Col 11 vs. Col 70.0517

Col 16 vs. Col 150.0508

Col 18 vs. Col 50.0492
Col 11 vs. Col 60.0470
Col 2 vs. Col 110.0463
Col 14 vs. Col 70.0457
Col 11 vs. Col 80.0455
Col 14 vs. Col 60.0410
Col 10 vs. Col 70.0402

Col 12 vs. Col 170.0400

Col 14 vs. Col 80.0395

6.220
6.174
6.156
6.091
6.019
5.995
5.861
5.795
5.715
5.603
5.450
5.410
5.378
5.290
5.162
4.713
4.563
4.545
4.488
4.416
4.232
3.991
3.975
3.414
3.222
3.190
3.158
3.118
3.102
3.062
2.934
2.877
2.861
2.805
2.781
2.677
2.517
2.485
2.445
2.364
2.260
2.228
2.196
2.188
1.972
1.932
1.924
1.900

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.002
0.002
0.002
0.002
0.002
0.003
0.004
0.005
0.005
0.006
0.006
0.009
0.013
0.015
0.016
0.020
0.026
0.028
0.030
0.031
0.051
0.056
0.057
0.060

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes



Col 12 vs. Co0l1 90.0387
Col 1 vs. Col 70.0385
Col 12 vs. Col 130.0367
Col 11 vs. Col 50.0363
Col 10 vs. Col 60.0355
Col 13 vs. Col 70.0343
Col 10 vs. Col 80.0340
Col 20 vs. Col 150.0339
Col 1 vs. Col 60.0338
Col 18 vs. Col 170.0335
Col 2 vs. Col 180.0335
Col 12 vs. Col 10.0325
Col 1 vs. Col 80.0323
Col 9 vs. Col 70.0323
Col 18 vs. Co0l1 90.0322
Col 17 vs. Col 70.0310
Col 12 vs. Col 100.0308
Col 14 vs. Col 50.0303
Col 18 vs. Col 130.0302
Col 13 vs. Col 60.0297
Col 16 vs. Col 190.0288
Col 13 vs. Col 80.0282
Col 9 vs. Col 60.0277
Col 2 vs. Col 120.0270
Col 17 vs. Col 60.0263
Col 9 vs. Col 80.0262
Col 18 vs. Col 10.0260
Col 12 vs. Col 140.0253
Col 17 vs. Col 80.0248
Col 10 vs. Col 50.0248
Col 18 vs. Col 100.0243
Col 1 vs. Col 50.0232
Col 19 vs. Col 150.0220
Col 11 vs. Col 170.0207
Col 12 vs. Col 110.0193
Col 11 vs. Co0190.0193
Col 13 vs. Col 50.0190
Col 18 vs. Col 140.0188
Col 11 vs. Col 130.0173
Col 9 vs. Col 50.0170
Col 16 vs. Col1200.0170
Col 17 vs. Col 50.0157
Col 5 vs. Col 70.0153
Col 14 vs. Col 170.0147
Col 14 vs. Co0190.0133
Col 11 vs. Col 10.0132
Col 18 vs. Col 110.0128
Col 4 vs. Col 30.0127

1.859
1.851
1.763
1.747
1.707
1.651
1.635
1.629
1.627
1.611
1.611
1.563
1.555
1.555
1.547
1.491
1.483
1.459
1.451
1.427
1.387
1.355
1.330
1.298
1.266
1.258
1.250
1.218
1.194
1.194
1.170
1.114
1.058
0.994
0.930
0.930
0.914
0.906
0.834
0.818
0.815
0.753
0.737
0.705
0.641
0.633
0.617
0.609

0.066
0.067
0.081
0.084
0.091
0.102
0.105
0.106
0.107
0.110
0.110
0.121
0.123
0.123
0.125
0.139
0.141
0.148
0.150
0.157
0.169
0.179
0.186
0.197
0.208
0.211
0.214
0.226
0.235
0.235
0.245
0.268
0.293
0.323
0.355
0.355
0.363
0.367
0.407
0.416
0.417
0.453
0.463
0.482
0.523
0.528
0.539
0.544

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002



Col 20 vs. Col 190.0119
Col 11 vs. Col 100.0115
Col 14 vs. Col 130.0113
Col 5 vs. Col 60.0107
Col 5 vs. Col 80.00917
Col 10 vs. Col 170.00917
Col 10 vs. Col1 90.00783
Col 1 vs. Col 170.00750
Col 14 vs. Col 10.00717
Col 12 vs. Col 180.00650
Col 8 vs. Col 70.00617
Col 1 vs. Col 90.00617
Col 11 vs. Col 140.00600
Col 10 vs. Col 130.00583
Col 14 vs. Col 100.00550
Col 6 vs. Col 70.00467
Col 1 vs. Col 130.00417
Col 13 vs. Col 170.00333
Col 13 vs. Col1 90.00200
Col 10 vs. Col 10.00167
Col 8 vs. Col 60.00150

Col9vs.Col17  0.00133

0.571
0.553
0.545
0.513
0.441
0.441
0.377
0.361
0.345
0.313
0.297
0.297
0.289
0.281
0.264
0.224
0.200
0.160

0.0962
0.0802
0.0721

0.569
0.581
0.587
0.609
0.660
0.660
0.707
0.719
0.731
0.755
0.767
0.767
0.774
0.780
0.792
0.823
0.842
0.873
0.924
0.936
0.943

0.002
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006
0.007
0.009
0.010
0.013
0.017
0.025

0.06410.949 0.050 No



