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LOT CAM POAN

Toi, Ping Piang Khoa xin cam doan, luian an Tién sy “Bdnh gid dnh hwong
cua Crom (V1) 18n sy phat trién ciia ca ngwra van (Danio rerio)’” 1a cong trinh nghién
ctru cua tbi cling véi sy hudng dan khoa hoc cua PGS.TS Nguyén Thi Phuong Thao
va TS. Lé Thanh Long.

Céc s6 liéu va tai liéu trong luan an 1a trung thuc va chua dugc cong bd trong
bat ky nghién ciru nao trir cac bai bao tac gia liét ké trong phu luc. Tat ca nhirng tham
khao va ké thira déu duoc trich dan va tham chiéu day du.

Tp. Hé Chi Minh, ngay 14 thang 3 ndam 2024
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Nguyén Thi Phuong Thao va TS. L& Thanh Long, nguoi da ludn hd tro, dong vién,
khich 1& va hudng dan toi tan tinh trong suét thoi gian khi toi bat dau nghién ctu dén
khi hoan thanh luan an.

Xin giri 161 cam on tran trong dén GS.TS Cao Viét Hiéu, Hiéu truong Trudng
Pai hoc Binh Duong d3 hd tro thoi gian cho tdi trong sudt qua trinh hoc tap va hoan
thanh luan an.

Xin gui 161 cam on tran trong dén Hoc Vién Khoa hoc va Cong nghé Viét Nam,
Vién Sinh hoc nhiét dai, Vién Han 1am Khoa hoc va Cong nghé Viét Nam d tao diéu
kién thuan loi cho tdi hoc tap, nghién ciru va hoan thién luan an.

T6i xin giri 10i cam on chan thanh d&én TS. H5 Nguyén Quynh Chi, ThS. Vin
btrc Huy, ThS. Ly Ngoc Cang cung anh, chi, em tai Phong Cong nghé¢ Sinh hoc dong
vat — Vién Sinh hoc nhiét dgi, Vién Han lam Khoa hoc va Cdng nghé Viét Nam da
tan tinh gitp d& va tao diéu kién dé toi hoan thién luan an.

Cubi cuing, toi xin dwoc cam on cha me, anh chi em, cling vo t6i; nhitg nguoi
da di cung toi trong sudt thoi gian qua. T mudn gii 1oi cdm on chan thanh nhat cua
t61 dén cha me tdi vi nhitng loi dong vién cua ho sudt thoi gian toi 1am luan &n. Toi
chan thanh cam on dén vo t8i, ThS Nguyén Thi Yén Liéu, ngudi ma ludn lubn bén

canh t6i, ung ho va dong vién tdi trong sudt thoi gian nghién ctu luan an.
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XI

TOM TAT

Trong nghién ciru ndy, ca ngua van duoc st dung dé danh gia anh huong cua
Crom (V1) 1én su phat trién cta ca ngua van (Danio rerio). Phoi ca ngua van (Danio
rerio) sau mot giod thy tinh duoc xir Iy bang dung dich chita Crom (VI) & cac ndng do
khac nhau, bao gém 0,1 pg/L; 1 pg/L; 3,125 pg/L; 6,25 pg/L; 12,5 ug/L; 25 pg/L;
50 pug/L; 100 pg/L va mdi truong 1xE3 lam d6i chimg. Sy tac dong cia Crom (VI)
1én su phat trién ctia phdi va 4u tring c ngua van duoc danh gia bang cach xac dinh
ty 1¢ sbng, nhip tim va do chiéu dai co thé 4u tring c4 ngwa van. Két qua cho thay ty
1¢ sdng cuia phdi va au tring ca ngua van giam co lién quan dén cac néng d6 Crom
(V). Viéc tiép xtic voi ndng d6 Crom (V1) cao hon din dén giam chiéu dai co thé au
tring c4 ngwa van. Ngoai ra, nhip tim ting rd rét di dugc quan sat thay khi tiép xtc
vo1 Crom (VI), dac biét 1a o néng do cao.

Phuong phap Real time RT-PCR va Western blot di dugc sir dung dé dénh gia
su ting hodc giam biéu hién cua cac gene lién quan dén apoptosis va khang oxy hoéa.
Két qua phan tich Real time RT-PCR cho thiy su giam biéu hién cua cac gene lién
quan dén chu trinh té bao (cdk4 va cdk6) va cac gene lién quan dén chat khang oxy
hoa (sod1 va sod2) di dugc diéu hoa qua mirc trong phdi va 4u tring ca ngya van khi
tiép xtic vi Crom (VI). Két qua phan tich Western blot cho thiy sy ting biéu hién
ctia Caspase 3 va Bax, trong khi su biéu hién cta Bcl2 giam. Nhimng két qua nay chi
ra rang Crom (VI) gy ra nhiing thay ddi trong qua trinh phét trién cta phoi va au
tring c4 ngua van bang cach thay d6i su biéu hién cac gene lién quan dén qua trinh

apoptosis va khang oxy hoa.
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ABSTRACT

In this study, the zebrafish model to assess the impact of hexavalent chromium
on the development of zebrafish (Danio rerio). The zebrafish embryos (Danio rerio),
one hour post-fertilization, were treated with solutions containing hexavalent
chromium at different concentrations 0.1 pg/L, 1 pg/L, 3.125 pg/L, 6.25 pg/L, 12.5
Mg/L, 25 pg/L, 50 pg/L, 100 pg/L, and a 1XE3 medium as a control. The influence of
hexavalent chromium on the development of zebrafish embryos and larvae was
assessed by determining survival rates, heart rate, and measuring the body length of
zebrafish larvae. The results demonstrated a concentration-dependent decrease in the
survival rates of zebrafish embryos and larvae exposed to hexavalent chromium.
Exposure to higher hexavalent chromium concentrations resulted in a reduction in the
body length of zebrafish larvae. Additionally, a significant increase in heart rate was
observed upon exposure to hexavalent chromium, especially at higher concentrations.

The Real-time RT-PCR and Western blot methods were employed to assess
the changes in the expression of genes associated with the apoptosis and antioxidative
processes. The real-time RT-PCR analysis showed that the transcript expressions for
cell-cycle-related genes (cdk4 and cdk6) and antioxidant-related genes (sodl and
sod2) were downregulated in the zebrafish embryos treated with hexavalent
chromium. Western blot analysis revealed the upregulation of Caspase 3 and Bax,
while a downregulation was observed in Bcl2. These results indicated that hexavalent
chromium induced changes in zebrafish embryo development by altering apoptosis-

and antioxidant-related genes.



1
MO PAU

1. Tinh cap thiét caa aé tai

O nhi&m kim loai ning trong méi trudong nuéc ludn 1a van dé nan giai va dang
dugc bao dong trén toan thé gigi. Moi trudng nude bi 6 nhiém boi cac kim loai nang
thai ra tir nudc thai sinh hoat, qua trinh san xuat cong nghiép, hoat dong néng nghiép
va khai thac mo thuong chua duoc xir ly hoic xur ly khéng hiéu qua. Trong sb céc
kim loai nang, Crom 1a kim loai duoc sir dung nhiéu trong céc hoat dong san xuat
cdng nghiép. Trong tu nhién, Crom c6 thé dwoc tim thiy dudi dang khoang chét, tiy
thudc vao hoa tri va liéu luong nd co thé 1a tac nhan gy ung thu hodc ciing nhu mot
vi chat dinh dudng quan trong [1]. Co quan Bao vé Moéi trudong Hoa Ky liét ké Crom
la mot trong tdm chat gay 6 nhim kim loai nang phé bién nhat vi né dugce coi la
nguyeén té 6 hai [2]. Crom (111) va Crom (V1) 14 hai trang théi hoa tri chinh caa Crom
trong d6 Crom (I11) it ddc hon nhiéu so véi Crom (V1) [3]. Pong vat thay sinh tiép
xuc véi Crom (V1) trong thai gian ngan hoac thoi gian dai s& giam kha nang sinh san,
di tat, ung thu, giam suc séng, Gc ché sy phat trién cia co thé va c6 thé dan dén tu
vong nghiém trong. Crom (VI) dugc van chuyén vao céc té bao theo gradient nong
do anion hoa tri hai thong qua kénh anion cloruaphosphate néi bao [4]. Crom (IV)
dugc tao ra khi Crom (VI) twong tac vaéi glutathione/glutathione synthetase trong cac
kénh clorua trong té bao chat va mang bao quan. Chang lay lan dén ty thé va nhan,
noi chung cé thé gay ra su roi loan dich ma hay giai ma & DNA [4]. Phoi nhiém Crom
(VI) truéc khi sinh gay ra hién twong 140 hoa sinh san sém ¢ chudt con F1 bang cach
tang cuong qua trinh apoptosis cua té bao mam va ting sy tan ra cua nang té bao mam
[5]. Té bao soma va té bao géc sinh tinh cua chudt dyc trai qua qué trinh chét theo
chuong trinh phu thudc vao ty thé khi tiép xdc véi Crom (V1). Ngoai ra, cac qué trinh
sinh Iy cua té bao TM3 Leydig va TM4 Sertoli cua chudt ciing bi can tré bai Crom
(V1), cht ndy ciing can thiép vao co ché biét hoa va tu doi méi cua té bao gdc sinh
tinh [6]. Crom (V1) gay ra su thay doi trong qua trinh phat trién té bao trimg cua chudt
bang cach tang stress oxy hoa, pha v& chudi kép DNA, pha v cé4c vi 6ng va phan
tach cac nhidm sac thé bat thuong [7]. Crom (VI) tang tc qué trinh apoptosis o té
bao 14 nudi hop bao, ndi md mach mau cua céac tuyén chat béo va biéu mé tdi nodn

hoang thong qua cac con duong phu thudc vao caspase 3 va p53 [8]. Crom (VI) lam
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giam biéu hién cua Bcl2, Bel-XL va XIAP trong nhau thai déng thoi didu chinh ting
qua trinh apoptosis ¢ ving mé cung va viung day [8].

Nhiéu nghién cttu vé& doc tinh cua kim loai nang khac nhau da duoc thuc hién
bang céach sir dung nhiéu mé hinh thir nghiém trén dong vat; tuy nhién, ca ngua van
da tré thanh md hinh chinh cho céc thtr nghiém in vivo [9]. Ché d6 an cua c& ngua
van truéng thanh bi nhidm Crom 1am giam kha ning séng s6t cua c& ngua van con.
Crom gay ra nhiing thay doi trong qua trinh trao d6i chat cta u triing ca ngyua van va
gay nhidm doc than kinh; hon nita, Crom ciing 1am thay d6i hé vi sinh vat va hé
chuyén hoa cua ca ngua van, c6 lién quan dén nhiém doc than kinh. Tiép xUc voi
Crom anh huéng dén phdi ca ngua van bang cach gay ra sy phat trién bat thuong va
gay di tat, trong d6 qua c6 nhitng biéu hién nghiém trong lién quan dén tim va hé than
kinh. Trong qué trinh phét trién caa phdi ca ngua van, Crom ciing lam ting doc tinh
phét trién caa graphene oxide. Tuy nhién, khong cé sy biéu hién dic trung rd rang
ctia cac gene lién quan dén qua trinh apoptosis va cac gene lién quan dén chat khang
oxy hoa trong phdi ca ngua van khi tiép xtc voi Crom. Trong nghién ciru nay, tac gia
da sir dung c4 ngua van nhu mot moé hinh dé danh gia tac dong cua Crom (VI) ddi
Vi sy phét trién cua ca ngua van ¢ cac giai doan khac nhau, bao gom giai doan phéi,
giai doan 4u trlng va giai doan ca trudng thanh. Tir nhitng 1y do trén, dé tai “Pdnh
gi& dnh hwong cua Crom (VI) 18n sy phét trién cia ca nguwa Van (Danio rerio)” duoc
thuc hién.

2. Muc tiéu cia dé tai

Muc tiéu ciia nghién ciu nay la str dung c& ngua van (Danio rerio) dé danh
gia tac dong cua Crom (V1) 1én qué trinh phét trién caa c& ngua van o cac giai doan
khac nhau, bao gom & giai doan phdi, u trung va ca truéng thanh. Cac muc tiéu cu
thé nhu sau:

- Panh gia duoc tic dong caa Crom (VI) d6i véi su phat trién cua ca ngua van
thong qua ty 18 song, nhip tim va chiéu dai au tring ca.

- X4c dinh duoc su thay ddi biéu hién cua cac gene dap ung stress oxy hda va
apoptosis, cling nhu thay d6i trong cau trdc mot sé ndi quan ¢ ca ngua van khi tiép

xuc véi Crom (V1).
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3. Péi tweng va pham vi nghién ciu

Cé ngya van dugc nudi tai Vién Sinh hoc nhiét d6i dé sir dung lam ddi tuong
nghién ctu trong dé tai. Ca ngua van dugc dinh danh, danh gia cac thay doi vé hinh
thai hoc, cau tric mé (rudt, gan va budng trang), ty 1 séng, nhip tim, chiéu dai téng
co thé ¢4, tich tu Crom (VI) trong co thé ca va muc do biéu hién mRNA, protein trong
diéu kién in vitro.

4. N¢i dung nghién céu

Céc noi dung cta nghién ctiru bao gom:

- binh danh cé& ngya van bang phwong phap phan tich cac dic diém hinh théi
va cac ky thuat sinh hoc phén tir.

- Panh gia tac dong cua Crom (VI) d6i véi su phét trién cua ca ngua van ¢ cac
giai doan khac nhau, bao gom giai doan phdi, giai doan 4u tring.

- Panh gia su ting hay giam su biéu hién cia cac gene dap tng va cac gene
kiém soat ton thuong cuia ca ngua van khi tiép xtc vai Crom (V1).

- Panh gia sy tac dong caa Crom (V1) dén cau tric cac noi quan (rudt, gan va
buong triing) cua ca ngua van. Pong thoi xac dinh ham lugng tich tu Crom (V1) trong
qua trinh phét trién cua ca ngua van.

5. Nhitng dong gop moi caa luan an

Nhitng déng gop méi cua luan an bao gom:

- Nghién ctru nay da chi ra Crom (V1) c6 kha nang gay wc ché su phat trién va
lam cham qué trinh thoat nang caa phdi c& ngua van & giai doan sém bao gém giam
ty 1é song, su thay doi chiéu dai co thé au tring, nhip tim ting va cac hinh thai di tat
O CA.

- Crom (VI) cling cam @ng su sai hong trong cau tric mot sé ndi quan quan
trong nhu rudt, gan va budng triing cua ca ngua van. Diéu ny 1am ndi bat tac dong
tryc tiép vao sirc khoe nai tiét va hé tiéu hoa cua ca.

- Crom (V1) cam &ng sy thay d6i biéu hién ciia mot s6 gene lién quan qué trinh

apoptosis.
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CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Tong quan vé Crom (VI)

1.1.1. Nguén géc cia kim logi ngng

Céac kim loai nang dong vai tro quan trong trong hé sinh thai va qua trinh dia
chét khéac nhau cua Trai dat, ching ton tai duéi nhiéu dang khéac nhau va thuong xuat
hién trong méi truong tu nhién dudi dang hop chét véi cac nguyén té khac. Trong
l6p vo Trai dat, ching ta thay su hién dién da dang cua cac kim loai niang nhu sit,
asen, chi, crom, k&m, vang bac va niken, mai loai déu c6 vai trd riéng trong qua trinh
dia chat va hda hoc cua hé thong Trai dat. Mot trong nhitng dang phé bién cua céac
kim loai nang la sulfua, trong d6 cac nguyén té duogc lién két véi luu huynh. Sulfua
khdng chi 1a mot chat pho bién ma con thudng ton tai theo cip hoac két hop véi cac
kim loai khac dé tao thanh cac khoang san va tai nguyén thién nhién quan trong. Dién
hinh 1a pyrit (FeSz), mot loai sulfua st thudong dwoc tim thdy kém theo dong
(chalcopyrit, CuFeSy) trong cac mo quing. Cac sunfua ciing c6 thé ton tai dudi dang
nhém nguyén to, trong d6 cac kim loai trong ciing mot nhom thuong xuat hién cing
nhau. Ngoai sulfua, cac kim loai ning ciing c6 thé ton tai & dang oxit nhu nhom,
mangan, selen va antinon [10]. Céc kim loai c6 trong dat thuong truc tiép di vao moi
trrong nudc théng qua cac qué trinh ty nhién nhu sy phong hoéa da, sy bao mon do
nuéc. Ngoai ra, méi trudng nude ¢ pH thap ciing 1a mot nguyén nhan khién mot sé
kim loai nang hoa tan vao nudc. Bac biét, cac hoat dong céng nghiép ciing dong gdp
VAo Viéc gia tang lwong kim loai nang vao méi truong. Trong qua trinh san xuét cong
nghiép, nhiéu loai hoa chat va phan bon duoc st dung va trong sé d6 chira cac kim
loai nang nhu arsenic (As), chi (Pb) va thay ngan (Hg). Phén 1an 1a mét loai phén bon
phd bién, thuong chtra nhitng kim loai ning nay. Hoa chét bao vé thyc vat, dugc sir
dung dé ngan chan sy phat trién ciia con tring va bénh hai trong ndng nghiép ciing
thuong chaa nhidu kim loai nang nhu arsenic (As), chi (Pb) va thay ngan (Hg). Ngoai
ra, cac loai thudc trir sau va thudce bao vé thuc vat khac nhu Macozeb, CuSOa, Zineb,
cling chtra cac kim loai ning nhu mangan (Mn), dong (Cu), va kém (Zn). Khi céc loai
hoa chat va thudc nay duoc sir dung trong néng nghiép, ching c6 thé tan ra vao nuéc
théng qua viéc bon phan hoic phun thubc, 1am ting sy hién dién cua cac kim loai

nang trong moi trudng nudc [11].
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O nhi&m kim loai nang 1a mot trong nhiing van dé méi trudng quan trong nhat
hién nay. Cac nganh cong nghiép khac nhau san xuit va xa thai chta cac kim loai
nang khac nhau vao méi trudng bao gom khai thac va luyén kim, khai thac dau mo,
nganh phan bén va thudc trir sau, ma dién, cong nghiép thudc da, san xuat cac thiét
bi dién tir.... Trong s6 cac thanh phan chinh caa chat thai cong nghiép, cac kim loai
nang va cac chat doc hai chiém mot ty trong quan trong. Do d6, kim loai nhu mot
ngudn tai nguyén dang trd nén khan hiém va ciing gdy 6 nhiém moéi trudng nghiém
trong, de doa dén sirc khoe con ngudi va hé sinh thai. Di liéu tir cac nghién ciru quan
trac va phan tich méi trudng ¢ cac khu vuc ven bién gan céc thi tran va trung tam
cdng nghiép di chi ra rang, tai cac trung thm céng nghiép lén, ham luong dong, chi,
cadmium va coban,... trong nudc thudng cao hon nhiéu so vi mic tu nhién. Ngoai
ra, cac loai khi thai tir cAc nha may nhiét dién, céc 10 hoa tang, va tir cac phuong tién
giao thong ciing chira mot lugng lon kim loai niing, gy ra 6 nhiém khéng khi va sau
d6 1a 6 nhiém moi truong nude. Nudc thai tir nganh khai thac khoang san thuong
chara mot luong 16n kim loai nang, va hau hét dugc xa ra moi truong ma khong qua
cac hé théng xir 1y nudc thai.

1.1.2. Pinh nghia vé Crom

Kim loai Crom tiéng Anh goi l1a Chromium, nhung tén nguyén t6 Crom nay
bat nguén tur tiéng Hy Lap ypdua, chroma, c6 nghia 1a mau sac. Crom trong ty nhién
1a kim loai mau xam c6 &nh bac, cac hop chat caa nd c6 thé thé hién nhiéu mau sac
khac nhau nhu: luc, d6 thim, vang, cam. Trong bang tuan hoan héa hoc, kim loai
Crom dugc biéu thi bang ky hiéu 1a Cr va c6 sé nguyén tir 1a 24. Crom la nguyén t6
dau tién trong nhém VI 1a mot kim loai cing nhat trong tat ca cac kim loai va nhiét
d6ng nong chay khé cao so véi miat bang chung caa kim loai.

Trong tu nhién, kim loai Crom c6 thé duoc tim thdy duéi dang khoang chét,
tly thudc va hoa tri va lidu luong né cé thé duoc coi 1a yéu té gay bénh ung thu hodc
dugce xem nhu mot vi chat dinh dudng quan trong [1]. Mac du Crom ¢ vai tro quan
trong trong méot sé qué trinh sinh hoc, co quan Bao vé Mbi truong Hoa Ky liét ké kim
loai Crom la mot trong tdm chat gay 6 nhidm kim loai nang pho bién nhat vi né duoc
coi 1a nguyén té ¢6 hai [2].

Crom cha yéu ton tai & hai dang, thir nhat 12 dang Crom hda tri ba bat dong, it

hoa tan, Crom (l11) trong diéu kién khir trong khi & dang tht hai 12 Crom hoa tri sau



6

la chét di dong, doc hai va cd kha ning sinh hoc trong diéu kién oxy héa. Trong d6
Crom (1) it doc hon nhiéu so véi Crom (V1) [3]. Viéc phoi nhidm & ndng d6 Crom
thap ciing lam tang su tich tu Crom trong té bao cuia sinh vat va con ngudi, diéu nay
cd thé 1a tc nhan dan dén anh huong tiéu cuc dén st khoe.

Crom (V1) thudng hién dién trong méi truong do chat thai tir cac nganh cong
nghiép nhu luyén quing, san xuat thép va hop kim, ma kim loai, thudc da, bao quan
g6 va nhuom mau [12]. Néng d6 Crom (V1) thap 0,5 mg/L trong dung dich va 5
mg/Kg trong dat c6 thé gay doc cho thyc vat [12]. Su ton tai cua Crom trong moi
truong co thé gay anh huong dén ca dong vat thity sinh va con nguoi. Mac Crom hoa
tan trong nudc ngot thudng nam trong khoang tir 10 dén 50 ng/L, tuy nhién, & ndng
d6 cao hon, vuot qua 1 mg/L cling di duoc ghi nhan & mot sé khu vuc cong nghiép
hoa [13, 14].

Pong vat thiy sinh tiép xtic voi Crom (V1) c6 thé gay e ché sy phét trién,
giam kha ning sinh san va trong truong hop tiép x(c 1au trong moi trudong nay co thé
dan dén chét hang loat gdy mat can bang hé sinh thai [15]. M6 hinh dong vat va con
nguoi da duoc sir dung dé nghién ciru doc tinh va kha ning gy ung thu ctia Crom
(V1), két qua cho thiy cac hop chat Crom (VI) c6 d6 hoa tan trong nudc ¢ nong do
thap va cao c6 thé gay ra ung thu duong ho hap, hé tiéu héa, hé mién dich, gan va
than khi con nguoi va dong vat phoi nhiém véi cac hop chat Crom (VI). Trong nghién
clru gan day chi ra rang Crom (VI) c¢6 cau triic dang hudng voi photphat va sunfat
nén né dé dang dugc hip thu qua dudng tiéu hoa va thim nhdp vao nhiéu mé va co
quan khip co thé. Tl cac nghién ctru dich t& hoc, c6 bang chiing cho rang Crom (VI)
gdy ting nguy co ung thu xuong, tuyén tién liét, u lympho, bénh Hodgkin, bénh bach
cau, ung thu da day, bd phan sinh hoc, than va bang quang [16].

Quan trong hon, cac kim loai nang trong méi trudng nudc ¢ thé duogc tich ty
trong co quan cia dong vt thiy sinh nhu ca ngua van [17]. Cach Crom (V1) duoc
van chuyén vao cac té bao trong co thé 1a théng qua gradient nong d6 anion-2 va céc
kénh anion cloruaphosphate noi bao [4]. Crom (1V) duoc tao ra khi Crom (V1) tuong
tac vai glutathione/glutathione synthetase trong cac kénh clorua trong té bao chat va
mang bao quan. Chung lay lan dén ty thé va nhan, noi ching c6 thé gay ra sy gian
doan DNA [4].
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Nghién ctru trén chudt da cho thay riang phoi nhiém Crom (V1) trudc khi sinh
gay ra hién twong 140 héa sinh san sém & chuét con F1 bing cach ting cudng qué
trinh apoptosis cia té bao mam va ting sy tan ra cua nang té bao mam [5]. Té bao
soma va té bao gdc sinh tinh cua chuét duc trai qua qué trinh apoptosis phu thugc vao
ty thé khi tiép xtic véi Crom (VI). Crom (VI) ciing can thiép vao quéa trinh sinh ly cua
nhiéu loai té bao khac nhau, bao gém té bao TM3 Leydig va TM4 Sertoli caa chudt,
gay can tro co ché biét hoa va ty dong ddi mai cua té bao gdc sinh tinh [6].

Crom (V1) dugc chirng minh 12 gay ra sy thay doi trong qua trinh phat trién té
bao tring cua chudt bang cach ting stress oxy hoa, pha v& chudi kép DNA, phé vo
cau trlic c&c vi dng va phan tach cac nhiém séc thé bat thuong [7]. Crom (111) da duoc
ghi nhan la 1am giam ty 1¢é phdi nang, giam s6 lugng té bao trong phéi, tao ra sy biét
hoa dong ddi bat thudng va ting cudng stress oxy hoa va qué trinh apoptosis [18].

Crom (V1) c6 kha ning ting tbc qua trinh apoptosis ¢ nhiéu loai té bao khac
nhau, bao gom té bao 14 nudi, niém mac mach mau cua cac tuyén chat béo va biéu
mo tai noan hoang thong qua cac con duong phu thuoc vao caspase 3 va p53 [8].
Crom (V1) 1am giam biéu hién cua cac protein Bcl2, Bel-XL va XIAP trong nhau thai
va diéu chinh ting qué trinh apoptosis & viing mé cung va ving day [8].

Trong nghién ciru vé doc tinh cua kim loai Crom, dé c6 nhiéu nghién ctu duoc
tién hanh bang nhiéu md hinh dong vat khac nhau nhu: chudt, thd va cac dong vat co
vU bac cao khéac. Tuy nhién, cho t6i thoi diém hién tai, chua co bat ky nghién ciru ndo
str dung md hinh c& ngya van dé nghién ciru mot cach toan dién va chi tiét vé su anh
huong caa cac nong dd Crom (V1) Ién su phét trién caa loai nay. Sy thiéu hut thdng
tin vé tac dong ciia Crom (V1) ddi voi su phét trién ca ngua van cé thé gay thiéu co
so dit lidu cho cac nghién cau vé doc tinh caa kim loai nang va anh huong cia ching
I&n sttic khoe con nguoi trong tuong lai. Do do, nghién cttu nay, viéc sir dung mo hinh
ca ngua van dé xac dinh cac ndng d6 Crom (V1) anh huong dén su phét trién coa cé
ngua van & cac giai doan phat trién khac nhau, bao gém phéi, 4u tring va truéng
thanh. Sy phan tich trong nghién ctu ndy bao gém viéc quan sat va danh gia hinh
thai, cau trdc md, ty 1¢ séng, nhip tim ciing nhu danh gia su thay doi biéu hién cua
cac gene lién quan dén qua trinh apoptosis va khang oxy héa. Nhitng nghién ctu nay

cd thé cung cap thdng tin quan trong vé tac dong cua Crom (VI) 1én dong vat thay
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sinh va c6 thé ung dung cho cac nghién ciu vé tac dong cua kim loai ning khac ddi
véi stc khoe con nguoi trong trong lai.

1.2. Tong quan vé ca ngwa vin (Danio rerio)

Cé ngua van (Danio rerio) 1a mot trong nhitng lodi c& dwogc sir dung nhu mot
sinh vat mau quan trong trong linh vuc nghién ciru doc chét sinh thai dé danh gid tac
d6ng cua hoa chat va xac dinh rai ro cua chung ddi vi méi treong va ching duoc st
dung rong réi trong nhiéu nghién cau khéc [19, 20]. Bac biét, trong linh vuc nghién
ctru doc tinh thuy sinh caa cac kim loai nang khac nhau da duoc tién hanh trén nhiéu
mé hinh dong vat khac nhau nhu: chudt, éch, tho va cac loai khac. Tuy nhién, ca ngua
van duoc coi 1a mot trong nhitng mé hinh dong vat co xwong sbng thuan loi nhat cho
cac nghién ctiu in vivo vé doc tinh thay sinh [9].

Ca ngua van thudc loai ca nudc ngot ¢d ngudn goc tir Nam A (Nepal, An D).
Chung duoc biét dén bang tén tiéng anh 1a Zebrafish hoiac Zebra danio, thudc ho
Danionidae va b Cypriniformes. Ca ngya van thudng duoc tim thiy & cac ao can,
kénh rach va sudi.

O Viét Nam, ca ngua van thuong duoc nudi 1am cé canh, dic biét 1a duoc sir
dung rong réi trong nghién ctu. Diéu nay 1a do ca ngua van rat dé nudi, véi su thay
d6i ciia moi trudng sinh song cé thich nghi tét, wu diém trong nghién ciru vé doc tinh.
Do ¢6 nhiéu wu diém nén c& ngua van duoc dung trong nghién ctu, cac vu diém bao
gom: ca truong thanh co kich thudc nho, viée cham séc don gian it tén cong suc, phat
trién nhanh, vong doi cua c& ngin. Trong diéu kién thich hop, ca ngya van mai lan
sinh san sé lugng phdi 1on tir 100 phdi dén 150 phdi. Giai doan phoi ca ngua van,
nodn hoang dugc bao boc bai 16p vé trong sudt va ddy ciing 1a giai doan quan trong
va nhay cam trong qua trinh phat trién caa c&. Hon nita, c& ngua van phét trién nhanh
chéng cac co quan nhu: no, tim, tuyén tuy, than, rudt, xuong, co, gan, budng trimng
va céc hé théng cam giac ma tt ca hoat dong ddy du vao ngay tht 3 sau khi thuy tinh
[21].

Hé gene c& ngua van va hé gene con ngudi ¢6 mac do twong dong trén 70%
va sy phét trién ctia ca ngua van va dong vat ¢ va bac cao co sy tuong dong dang ké
V6i qua trinh phat trién [22, 23]. Ca ngua van ¢6 bo gen ludng boi chira 25 cap nhiém
sic thé va diéu na tao ra sy twong ddng voi bd gen cua dong vat c6 va bac cao (chudt,

tho...) dic biét 1a con nguoi (khoang 70% véi bo gen ciia con ngudi). Cac cong cu dé
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nghién ctu vé ciu tric va chic ning gene cd ngua vian dang duoc phat trién. Vao
thang 2/2001, Vién Sanger khoi dong du &n giai trinh tu bo gene ca ngua van. Theo
bao cdo cudi cung cua Ensembl vao thang 7/2009 c6 khoang 26,000 trinh ty tuwong
duong 1,5/2 ty cap nucleotide da duogc giai ma va 14,707 gene da dugc dinh danh
[24]. Hién nay, thu vién cDNA cé ngua van da san sang dé phuc vy céc ky thuat nhu
microarray, ky thuat lai in situ phéi va can thiép biang antisense morpholino
oligonucleotide... Cac phong thi nghiém trén thé gisi dang tap trung vao viéc thiét
lap ban do gene va ban d6 EST cua c& ngua van.

Theo Bradley va cong su (2007), mac du chi mai c6 523 gene va EST ca ngua
van duoc dua lén ban d6 da xac nhan dugc 80% twong dong véi bo gene ngudi [25].
So vé6i danh gia trude day véi 124 gene chiém 64%, diéu nay cho thay rang cang
nhiéu trinh tu cua ca ngua van dugc so sanh, phan trim twong ddng véi bo gene nguoi
sé tang 1én va c6 thé dat t6i 100% trong twong lai. Do d6, ¢4 ngua van dang tro thanh
su lya chon quan trong cho nhiéu mé hinh nghién ciru. Pidu nay dugc thé hién qua
su gia ting dang ké trong s luong bai bao cong b trén Pubmed trong nhitng nam
gan day, tang gap 10 1an so vai cach day mot thap ky. Khoang 50% dén 70% cac chat
hoa hoc tac dong I&n chu ky té bao hiru nhii thi ciing c6 tac dung twong tu trén ca
ngua van [26]. Trong dé, c6 nhitng nghién ciu cho thay két qua gidng nhau lén dén
95%. Pang chu y, khi so sénh trinh tu bo gene ngudi va bo gen ca ngua van, cho thay
c6 su bao ton cua cac gene lién quan dén chu ky té bao, cac gene ting cuong hoic e
ché ung thu va céc gene dot bién gay bénh ung thu (oncogen).

Trong cac nghién ciu y hoc c& ngua van hay duoc st dung, chiing ¢ céc dic
diém nhu yéu t6 vé gene, vong doi ngan, cac dac diém thuan loi vé phéi va au tring
la trong sudt d& quan sat, s luong 16n d& dang b tri thi nghiém. Trong nghién ciu
khoa hoc vé phét trién thudc diéu tri ung thu, u ac tinh va bénh tim mach ca ngya van
duoc st dung. Trong c4c nghién cieu y khoa, nghién ciru anh huéng cua cac loai thude
khang sinh dén cac giai doan phat trién caa phéi c& ngua van la mé hinh hiru ich mo
phong s tiép xtc thu dong cua cac loai thude khang sinh tac dong dén thai nhi. Trong
cac nghién citu sinh hoc, nghién ciru anh huéng cia cac loai hoa chat dong vai tro 1a
phu gia thuyc pham, cac chat chdng oxy hda, cac chat tao mau, chat bao quan thyuc

pham.
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Théng tin tir cac giai doan phat trién khac nhau cua phdi va 4u tring dong vai
trd quan trong va chinh xac trong viéc nghién ciru su phat trién cua loai. Diéu nay boi
vi cac phoi va au tring phaét trién theo cac ty Ié va qué trinh khac nhau. Trong cac thi
nghiém sir dung mé hinh c& ngua van, ¢é nhiéu cip do va tiéu chi dé danh gia. Cach
don gian nhat 1a danh gia cac tac dong cua hoa chat Ién su bién doi vé hinh thai bén
ngoai ciing nhu biéu hién bén trong cua phdi va 4u trang. Khi tiép xic vai cac hoa
chat doc hai dén mot ngudng nhit dinh s& anh huong dén stc séng caa phdi va au
triing c& ngua van, ciing nhu gy di tat, dot bién. Cac tiéu chi quan sat dé so sanh Vi
nhom déi ching rat da dang, bao gom cac yéu té nhu kich thuéc ciia mat, nhip tim,
hoat dong n&o b, su phat trién cua tring, va kich thude co thé. Dir liéu thu thap sau
khi tién hanh phan tich thdng ké va xay dung cac duong cong phan ang véi cac nong
d6 hda chat thir nghiém, tir d6 danh gia cac chi s6 doc hoc nhu gia tri LCso, l1a ndng
d6 cua chat thir gay tir vong cho 50% tong sb phoi trong 16 thi nghiém.

Sau giai doan thy tinh, phéi cua c& ngua van khéng nging trai qua mot chudi
cac giai doan phat trién phirc tap. Giai doan dau tién trong qua trinh nay 1a giai doan
blastula, mot giai doan quyét dinh trong sy phat trién ban dau caa phéi. Trong giai
doan blastula, cac gene cuia phoi duogc kich hoat dé bat dau qua trinh biéu hién gen va
phét trién cau trac. Trude do, cac gene nay da duoc kiém soét thdng qua céc tin hiéu
duoc luu giit trong trieng sudt qué trinh hinh thanh tring, trong 46 mRNA tir me dong
vai tro quan trong. Sy kich hoat cua cac gene trong phoi xay ra khi giai doan blastula
bat dau, dac biét 1a khi 1an phan chia té bao thir 10 xuat hién. O giai doan nay, phoi
c6 hinh dang ctia mot cau va bao gém hang tram té bao, tao diéu kién thuan loi cho
qua trinh phét trién va hinh thanh cau trac. Tiép theo, phéi tién vao giai doan chuyén
giao blastula, mot giai doan quan trong trong su phat trién. Trong giai doan ndy, cac
té bao trong phdi bi bat dau phan biét va ty t6 chirc thanh ba I6p té bao khac nhau.
Lép dau tién, duoc hinh thanh trong 1an phan cit thir 9 va 10, duoc biét dén 1a 16p
hop bao nodn hoang (YSL - yolk syncytial layer), dong vai tro quan trong trong qué
trinh phét trién. Qua trinh bao pha, mot qué trinh quan trong khéc, bat dau xay ra khi
giai doan blastula muon va tiép tuc kéo dai trong giai doan gastrula. Trong giai doan
nay, cac su kién sinh hoc quan trong xay ra, dong vai trd quyét dinh trong viéc hinh

thanh cau tric va chirc ning cua phdi c& ngua van trong tuong lai [27]. Hinh 1.1.
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miéu ta su thay d6i hinh dang phéi ¢ giai doan blastula tai cac mébc thoi gian gidng
véi nghién ctiru cia Kimmel va cong su (1995) [21].

o O Y T2y
i LN F ; :.Msxﬁ‘ i 1{}1, :
e w,/) ‘\\_/ N, v//j ' s
0,2 gio 0,75 gio 1 gioy 1,25 gio

N [ e T I 3 B

5,3 gio 5,7 gio 6 gid 8 gid
Hinh 1.1. Sy thay d6i hinh dang phdi giai doan blastula tai cac méc thoi gian [21].

Giai doan tiép theo trong su phét trién ctia phdi ca ngua van 1a giai doan
gastrula, mot giai doan quan trong danh dau su hinh thanh cac l6p té bao phan biét.
Giai doan nay bat dau khi phéi bi mé rong dat khoang mét nira dién tich cua nodn
hoang, véi mot phan cua bé mat da duoc bao phu bai nodn hoang khoang 50%. Trong
qua trinh nay, cac té bao & ria caa phdi bi bat dau di chuyén tir vi tri ban dau cua minh
va bat dau lan rong trén dinh cia I6p hop bao nodn hoang (YSL), qué trinh nay duoc

goi 12 sy thodi trién. Su thodi trién 12 qua trinh quan trong dinh hinh s phét trién cua
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phdi, khién cho cac té bao bé mit caa phdi bi di chuyén vao bén trong va tao ra hai
16p té bao khac biét. Lép té bao & phia ngoai caa phoi bi s& phat trién thanh 16p ngoai
bi cuia phéi, trong khi 16p té bao & phia bén trong sé& tao thanh I6p noi bi. Lép ngoai
bi, con duoc goi la ectoderm, s& phat trién thanh cac cau tric bén ngodi cua co thé ca
ngua van, bao gom da va hé than kinh. Trong khi d6, 16p noi bi, hay endoderm, s&
tao thanh cac cu tric bén trong cua co thé, bao gom céc co, xwong, hé tuan hoan,
than, hé sinh duc va tuyén sinh duc, ciing véi cac phan néi bi ¢ chirc niang trong hé
tiéu hoa va ruot. Su phat trién cua giai doan gastrula 13 buéc quan trong trong qué
trinh hinh thanh va phat trién cua phdi ca ngua van, tao nén cac nén mong cho viéc
hinh thanh céc bo phan va ciu trac co thé sau nay. Hinh 1.2 miéu ta sy thay ddi hinh
dang qua trinh hinh thanh cdc co quan va thoat nang cua ca ngua van theo mo ta cua
Kimmel va cong su (1995) [21].

42 gid 48 gid 60 gid 72 gid

Hinh 1.2. Sy thay d6i hinh dang qua trinh hinh thanh cac co quan va thoat nang [21]
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Sau 8 gio, sy hinh thanh céc co quan dién ra nhanh chéng, véi hau hét ciu tric
co quan thd so dugc hinh thanh trong vong 24 gio. O giai doan ndy, 4u tring trong
phoi da phat trién du dé c6 30 cip d6t sdng, tim da bat dau dap, nhung cau trdc va sic
t6 & mit va da van chua hoan thién. Cip dbt sdng dau tién hinh thanh sau 10 gid phat
trién, va sau d6 sau mdi 1/2 gid s& hinh thanh thém mot cap méi. Didu nay c6 nghia
la trong vai gio, ta c6 thé quan sat mot sé cip dot séng méi.

Hé than kinh ciing phat trién, dia than kinh xuét hién trong vong 10 gio, gidng
nhu cip dot sdng dau tién. Sau d6, dia than kinh gap lai vao trong tao thanh séng than
kinh (13 gi®) va phat trién duong than kinh (16 gio). Puong than kinh tao 15 dé hinh
thanh nén 4ng than kinh 16m (bat dau luc 18 gio, khi phoi dat 18 d6t séng). Ving ndo
c6 thé bat dau dugc xac dinh 1a cac ving sung phong phan biét goi 1a dét than kinh
(neuromere). Khi dat 18 gio, ¢6 thé xac dinh duge 10 dét than kinh, bao gom 3 dét
dau tién tuong ung vai bd ndo cuing, bo ndo trung gian, bo ndo gitra va 7 dbt cudi
cung tuong tng vai bo ndo sau.

Sau khi trai qua giai doan thy tinh, phdi ciia ca ngua van bat dau mot chudi cac
bién d6i dang ké trong qué trinh phét trién. Khoang sau 24 gio, phoi bat dau phan tng
V61 moi trudng xung quanh va cac yéu té khac nhu sy tiép xic va su hién dién cua
c4c sac t6. Pay la giai doan quan trong khi ma cac bién doi vé hinh dang co thé bat
dau tré nén rd rang, véi viéc hinh thanh tirng phan cua cac bo phan co thé dién ra
dong thoi va dong bo. O giai doan nay, u triing phdi bat dau thyc hién cac hoat dong
cha yéu nhu quay minh, mét hoat d6ng ma chdng tién hanh lién tuc tir giai doan phan
d6t cho dén giai doan hau hong. Pong thoi, co thé cua phdi cling bat dau trai qua sy
phét trién, mot qua trinh quan trong trong viéc 1am rach vo nang cua phéi, gitp cho
phdi cd thé thoat khoi 1op vo nang va tiép tuc phat trién dudi dang 4u trung. Cac bién
d6i va hoat dong tai giai doan nay dong vai trd quan trong trong viéc chuan bi cho sy
phét trién tiép theo cua phdi ca ngua vin, 1a budc quan trong trudce khi ching budc
vao giai doan phat trién va truong thanh tiép theo.

Trong ving hau hong, ham va nip mang duoc tao thanh tir hai vom hau hong
dau tién va sau d6 cac vom hong sau ciing duoc hinh thanh rd rét (con goi la vom
mang tao thanh mang). Hé théng duong vién bén gdm mot loat cac duong dng chia
cau trdc cam @ng goi 1a khéi than kinh giac quan (neuromast), gitp phét hién nhitng

chuyén dong cham trong nudc va cung cap thdng tin cho ca vé méi trudng xung
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quanh. Khi dat dén giai doan 18 cip d6t séng, cac khéi than kinh giac quan bat dau
di chuyén trong biéu bi, mdi gio di chuyén tir mot cip d6t séng sang dbt séng khac
va tiép tuc cho dén dudi dudi vao khoang 40 gio. Au tring phdi thoat nang trong vong
48 — 72 gio. Khi bude vao giai doan ndy, 4u tring ca ngua van hoan thién hau hét quéa
trinh phat trién vé hinh théi va tiép tuc tang treang mot cach nhanh chéng. Trong subt
ngay tiép theo, co sy thay ddi rd rét vé hinh dang cua ching, bao gém bong bong bén
trong co thé cang phong va miéng tiép tuc kéo dai. Trong khi d6, mau sic cta ching
dan tré nén sang hon va kéo dai ra. Cac dng rudt tap trung nhiéu ¢ bung va co thé d&
dang quan sat duoc. Khéc vai giai doan phdi, Au tring giai doan sém bat dau boi mot
cach linh hoat va cir d6ng bang ham miéng, vay nguc va mat. Nhitng phat trién nay
gitip ca dap tmg moi truong xung quanh, hd hap, an trén ké sin moi va tim thie an.
Sau 5 ngay sau khi thu tinh va khi ra khoi mang dém, chiing bat dau ty kiém in mot
cach doc lap.

1.3. Cé4c nghién ctru vé anh hwéng caa kim loai niang 1én ca ngua van

Ca ngya van dang dan thay thé cac dong vat khac nhu: chudt, tho, ... trong viéc
nghién ctiu va thir nghiém doc tinh véi nhitng wu diém nhu sinh san nhanh, sé luong
phdi nhiéu va dé bo tri thi nghiém trong phong thi nghiém.

Nho cac yéu t6 vé hinh thai nhu su trong subt cua phoi va thoi gian ngan dé
hinh thanh dy du cac co quan, ci ngua van da trd thanh mot cdng cu quan trong
trong linh vuc nghién ciru y hoc. Su trong sudt cua phdi cho phép cac nha nghién ctu
quan sat mot cach dé& dang va chi tiét, gidp ho hiéu rd hon vé qué trinh phat trién caa
co thé va co ché cua cac bénh 1y. Pidu nay dac biét quan trong trong viéc phat trién
c4c loai thuéc méi dé phong ngtra va diéu tri ung thu, u 4c tinh va cac bénh tim mach
[28]. Phéi ca ngua van co thé duoc quan sat thong qua mat thuong hoic dudi kinh
hién vi dé nghién ciru su phét trién va cac qua trinh sinh hoc bén trong. Mdi lan sinh
san, mot cip ca duc va cai co thé sinh ra mot luong 16n phoi, thuong tir 100 dén 150
phdi trong mdi lan dé. Piac biét, sy phat trién cua phdi ca ngua van dién ra nhanh
chéng va hiéu qua, véi su hinh thanh cua cac co quan va bo phan co thé sém. Diéu
nay tuong ty nhu qué trinh phét trién ciia cac loai dong vat khac co xwong séng, cho
thdy tinh da dang va quan trong cta loai ca ngua van trong nghién ciu sinh hoc so

sanh.
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Sau ba ngay ké tir qua trinh thu tinh, phoi da phat trién dén giai doan 4u trung.
Trong qué trinh nay, c4c bién ddi quan trong bat dau xuat hién, danh dau su chuyén
tir giai doan phdi sang giai doan phat trién tiép theo cia ca ngua van [29]. Diéu nay
cung cap diéu kién thuan loi cho céc nha nghién ctiu theo ddi va nghién cau sy phat
trién cua ca ngua van tir giai doan phoi dén giai doan au tring trong moéi trudng thi
nghiém, gilp chang ta hidu r& hon vé qua trinh nay va tac dong cua céac yéu té moi
truong d6i véi su phat trién cua lodi ca nay. Dya vao cac tic dong cuia mdi truong 1én
phdi c& ngua van cd thé dua ra du doan cac nguy co ddi véi méi trudong anh huong
dén suc khoe con ngudi [30].

Nghién ciru cua Riggio va cong su (2003) di tim hidu vé su tich liy caa Zn,
Cu trong té bao trizng c& ngua van. Két qua nghién ctru nay cho thay ca Zn va Cu déu
tich Iily trong qua trinh phat trién cua té bao trang ca ngua van va xam nhap vao bén
trong té bao triing [31]. Két qua chitng minh rang ham luong kim loai tich tu trong
nodn bao ting theo thoi gian tiép xuc. Trong qué trinh phét trién caa phdi sau khi thu
tinh giai doan 512 té bao, viéc tiép xuc véi Cu va Zn lam cho ham lugng Cu va Zn
tang, sau do giam ¢ giai doan giira gastrula.

Nghién ciru thuc hién bai Zhao va dong nghiép (2013) di tién hanh mét loat
thi nghiém dé khao sat tac dong cua hat ZnO dén qua trinh phét trién ciia ca ngua van.
[32]. Két qua cua nghién ctu nay cho thay rang hat ZnO khéng chi gay ra su gian
doan trong qua trinh no cia phdi, ma con dan dén viée tang ty 1é phét hién céc di tat
& 4u trung. Dac biét, cac hat ZnO duoc tim thdy c6 kha ning tac dong dén biéu hién
gen trong qua trinh phat trién cua phoi ca ngua van. Su thay doi trong biéu hién gen
nay cd thé 1a nguyén nhan gay ra su gian doan va di tat trong quéa trinh phat trién cua
ca ngua van. Nhitng két qua nay da 1am ndi bat vai trd quan trong cta hat ZnO trong
viéc anh huong dén st khoe sinh san va phat trién cua lodi ca ngua van. Diéu nay
dic biét quan trong trong ngit canh cua bao vé mai truong va quan ly ngudn loi cua
c4c hé sinh thai nudc ngot, noi ma ca ngya van thuong sinh sdng va dong vai trd quan
trong trong chudi thirc an.

Nghién ctru cua Kienle va cong su (2009) khi ca ngua van tiép xtc véi ZnCl;
cho thay phoi phét trién bat thuong, ty 18 nd thap va cham ng ¢ nong d6 ZnCl; cao
[33]. Nghién ciu cua Anandhan va cong su (2013), da chi ra rang Al c6 tac dong

nghiém trong d6i véi su phat trién caa ca ngua van. Két qua nghién ctru nay cho thay
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ngay ca & ndng do thap nhat caa Al ciing ¢ thé gy doc tinh nghiém trong di véi
cac dong vat thi nghiém va tac dong nay khdng thé phuc hdi trong mét thai gian dai.
Tuong ty nhu viéc nghién ciu vé Zn va Cu da dé cap trude do, sy tich lity cta Al
cling c6 thé gay ra sy suy giam trong su phét trién va gay ra cac di tat nhu cong veo
cot sdng ¢ c& ngua van [34]. Piéu nay cho thay tac dong tiéu cuc caa kim loai Al d6i
Vi su sinh trudng va phat trién cua loai ca nay.

Nghién ctru ciia Govind va cong su (2014) chi ra Pb gay doc tinh ddi véi dong
vat va ca. Tiép xtc véi Pb c6 thé gay thiét hai cho san lwgng sinh san caa mot sé dong
vat thay sinh va gy ra cac thay doi trong hé than kinh [35].

Nghién ctu ciia Ansari ciing chi ra rang, & giai doan dau cua ca ngua van rat
nhay cam véi cac kim loai nang (Zn, Ni va Cr) & mic rat thap va tac dong nay cé anh
huong dang ké ty & séng. Nghién ctu nay cho riang cac kim loai cé thé gay ra su tc
ché acetylcholinesterase, gdy anh huong manh dén su ting truéng, ty 1é né va sinh
san cua ca [36].

Nghién ctru cua Zheng va cong su (2016) phat hién ra viéc tiép xic cua ca
ngua van véi Zn va Cd trong thoi gian dai ¢d thé gay ra cac phan ung khac nhau doi
Vvé6i qué trinh oxy hoa trong gan cua ching [37]. Biéu nay cho thiy su da dang trong
cach ma kim loai ning tac dong 1én co thé c& ngua van va cé thé gay ra nhiing hau
qua khac nhau cho stc khoe loai ca nay. Ca ngua van tiép xtc Zn khdng anh hudng
dén khéi luong co thé, chiéu dai va ty 1¢ song. Nguoc lai, tiép xtc vai Cd gay tc ché
khdi lwong co thé va ty 18 song.

Nghién ctru cta Chen va cong su (2021) da danh gia tac dong chung cua hop
chat oxit graphene (GO) va Crom (VI) lién quan dén su phat trién cia ca ngya van &
giai doan phéi [38]. Két qua nghién ctru nay cho thiy tac dong cua GO va Crom (V1)
da duoc danh gia thong qua thir nghiém doc tinh trén phdi ca ngua van. Su phéi hop
cua Crom (V1) (1 mg/L) va GO (0,01 mg/L) da lam &c ché quéa trinh na. So véi viéc
tiép xdc riéng I8 voi GO hoic Crom (V1), viéc tiép xic két hop cua ching (GO va
Crom (V1)) di ting cudng doc tinh hinh thai theo mot mé hinh phu thudc vao nong
d6 va cong cot song da duoc quan sét 1a biéu hién chinh cua sy bién dang. Go va
Crom (V1) da thay d6i cau trdc protein thi cap cua phdi do sy tao ra cia ROS va cing
thang oxy héa. Su suy thoai ciia mang co doc va xuong sun di duoc quan sat trong

nhom tiép xuc két hop, chuang té rang GO va Crom (V1) da gay ra sy rdi loan trong
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qua trinh phat trién cua hé co xwong sun. Cac gen colllala, col2ala va postnb bi
giam biéu hién trong khi cac gen actalb va mmp9 ting biéu hién bgi GO va Crom
(VI1). Céc nhom chira oxi caa GO c6 thé bat giir thém céc cau trac B-sheet, gay ra
cang thang oxy hoa, 1am rdi loan qua trinh phat trién cua co xwong va xwong sun &
au tring c& ngua van. Phat hién nay quan trong dé danh gia rui ro sinh thai cua cac
loai vat liéu nano dan xuat cua graphene trong méi truong tu nhién.

McKim d tién hanh mét nghién ciu tong hop phirc tap, trong d6 tac gia da
t6ng hop va phan tich thong tin tir 150 nghién ciru doc hoc da dang lién quan dén céc
giai doan phat trién khac nhau cua ca. Nghién ciru nay khong chi danh gia tac dong
cua cac chat doc hai vao cac giai doan phat trién cua ca ngwa van ma con tap trung
vao Viéc xac dinh mtrc do du dodn cia cac tac nhan doc hai nay d6i vai két qua doc
tinh dai han. Két qua cua nghién ciru nay da phat hién ra mot khia canh quan trong:
tac dong ddi vai cac giai doan dau cua phat trién ciia ca ngua van co thé dugc sir dung
dé du doan két qua doc tinh anh huong 1au dai véi mot mic d6 chinh xac dang ké,
dat tGi it nhat 80%. Diéu nay cho thay tiém ning cua viéc str dung cac giai doan phat
trién sém cua ca ngua van nhu mot mé hinh hiéu qua dé danh gia tic dong cua céc
chat doc hai va du doan nguy co doc hai trong tuong lai [39].

Theo hudng dan cia T chire OECD (T6 chic Hop tac va Phat trién Kinh té),
dugc cong b trong tai liéu s6 236 vao nam 2013, cac thir nghiém trén phoi ca thuong
chi kéo dai trong khoang tir 4 dén 5 ngay [40]. Trong giai doan nay, au triing ca van
van dang & mac phét trién so khai va chua c6 kha ning ty cung cip dinh dudng cho
ban than, do d6 chiing chua duoc coi 13 co thé dong vat hoan chinh. Piéu nay lam
cho viéc sir dung phdi ca khéng bi rang budc béi cac quy dinh nghiém ngat doi voi
viéc thir nghiém trén dong vat, nhu cac quy dinh ddi véi viéc sir dung dong vat thi
nghiém trong c&c nghién ctru. Thém vao d6, mot con ca céi co kha nang dé mot lugng
I6n trizng mbi 1an phdi, thuong tir 50 dén 200 tring, tiy thudc vao loai. Su kha dung
ciia mot lugng 16n phdi tir mot 1an phdi gidp nang cao kha ning thuc hién céc thi
nghiém lap lai va da dang hda mau, gitip ting tinh dang tin cay va kha ning ap dung
két qua vao cac nghién ctiru vé sinh thai va doc hai. [21]. Mot luong Ion phdi c6 thé
cha dong tao ra trong phong thi nghiém dé str dung gia luong l6n cac thi nghiém. Mo
hinh sir dung phéi c& ngua van ¢ nhiéu cap do va tiéu chi dé danh gia tac dong cua

c4c chat thir nghiém. Cap do danh gia don gian nhét 12 dya trén cac tic dong cua chat
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thir nghiém dén hinh thai bén ngoai cua phdi va 4u tring ca ngua van. Hau hét céc
loai h6a chat cd thé gay doc tiy thudc va lidu lugng va nong do sir dung. Khi chat thir
nghiém vuot qua mot ngudng nao d6, chung s& gay ra cac biéu hién bat thudng nhu
di tat, quai thai hoic anh huong dén strc séng cua phdi hoic 4u tring trong thi nghiém.
C4c tiéu chi quan sat thuong dugc sir dung dé so sanh véi ddi ching 13 rat da dang,
bao gom hinh dang bén ngoai, mét, ving tim, viing nodn hoang va nhiéu yéu téc
khac. Sé liéu thu dugc s& dugc phan tich théng ké dé xay dung duong cong thé hién
su dap (ing cua ca ngua van ddi voi cac ndng do thi nghiém va tinh toan céc chi sé
doc hoc nhu gia tri LCso (Nong do gay chét 50% - Median lethal concentration) hoic
gia tri ECso (Nong do hiéu qua 50% - Median effective concentration). Nhitng nghién
ctru sang loc di truyén quy mo 16n di lam sang to mot su twong dong dang ké giira
cac dot bién gene ¢ c& ngua van va cac bénh di truyén ¢ con ngudi. Diéu nay di gop
phan tao ra mot moi truong nghién ciau phong phi va tiém nang, trong d6 ca ngya
van khéng chi 12 mot loai dong vat thity sinh quan trong ma con 1a mot mé hinh hitu
ich dé hiéu rd hon vé bénh ly di truyén. Vi dy, nhitng nghién ciru da phat hién ra rang
mot s6 dot bién gene & ca ngua van tuong dong hoic gay ra cac biéu hién giéng nhau
Vé6i cac bénh ly té bao trong ngudi. Trong treong hop caa dot bién "sapie”, vi du, sy
suy yéu cia gen dystrophin & ca ngua van tuong duong voi gen bi anh huang trong
hoi ching loan dudng co Duchenne ¢ con ngudi. Diéu ndy cho thay mdi quan hé chit
ché giita cac co ché bénh ly & ca va nguoi, mo ra co hdi méi trong viéc sir dung cé
ngua van lam mot mo hinh dé nghién ciru va phét trién cac phuwong phap diéu tri tiém
nang cho cac bénh di truyén. Sy hiéu biét sau sic vé cac ddi twong nghién ciu nhu
ca ngua van khong chi giip ma rong kién thic vé sinh hoc phéat trién ma con mang
lai hy vong trong viéc tim ra cac giai phap mai cho nhitng véan dé stc khoe con ngudi.
Dong thoi, sy twong dong giira cac mecanisme bénh 1y & cé va nguoi ciing c6 thé dan
dén nhitng co hoi hop tac qudc té trong linh vuc nghién ciu y hoc, tir 46 ning cao
hiéu biét va cai thién sirc khoe cua ca hai loai [41].

Khi tiép xtc vai cing mot loai hda chat, cac dic diém hinh thai quan sat duoc
trén phoi ca ngyua van ciing c6 nhiéu diém tuong dong véi cac bénh trén con ngudi.
Vi du, Ethanol, mét loai hda chat ¢ thé gay ra hién tugng cyclopia trén phoi ca ngua
van. Cyclopia la hién twong mat hinh thanh gan nhau hoic lién ké nhau trén 4u trang

ca ngua van khi tiép xGc tir giai doan phéi vi ciing 1a mét loai kiéu hinh duoc quan
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sat thay & cac em bé tiép xdc véi ndong do cdn cao trong thai gian & trong bung me
[42]. Ethanol ciing gay ra cac khiém khuyét thi giac & 4u thé c& ngua van va sy anh
hudng tuong tu cling dugc ghi nhan & nguoi.

Nghién ciru cia Lammer va ddng nghiép (2009) da sir dung doc té thay sinh
nham so sanh véi két qua tir cac nghién ctu trén cac md hinh phdi cua céc loai ca
khac nhau [43]. Két qua phan tich chi ra ring mé hinh phéi ca ngua van c6 do tuong
d6ng cao vi mé hinh thi nghiém trén ca ngua van trudng thanh, cling nhu véi cac
loai ¢4 n6i chung. Diéu nay ciing chirng té rang phdi ca ngua van 1a mét mé hinh hiéu
qua 6 thé thay thé cho cac phuong phap danh gia st dung dong vat thi nghiém. Trong
qué trinh phét trién cua phéi, tir khoang 30-36 gid sau thu tinh, tim caa phdi bat dau
dap nhitng nhip dau tién. Sau d6, hoat déng cua tim dién ra dan déu va theo mot chu
ky rd rang hon. Viéc tiép xdc véi hda chat ciing co thé anh hudng dén chic ning cua
tim, va diéu nay thuong dugc biéu hién thong qua sé nhip tim trong mot phut. Nhip
tim ciing 14 mot trong nhiing tiéu chi quan trong dé danh gia anh huong chirc ning
tim, cling nhu trong cac nghién ctru sang loc thudc trén ca ngua van [44]. Ngoai chuc
nang cta tim, chirc nang ciia mot sé co quan khac nhu gan, than, mat cling dugc danh
gia trong qué trinh phat trién phdi ca ngua van [44].

Pé nghién ctru sy anh huong cia hoa chat dén hé van dong va than kinh ciing
nhu biéu hién hanh vi cta ¢4, viéc sir dung cac tiéu chi da dang la rat quan trong. Céc
thir nghiém chitc nang co quan va hé co quan, nhu danh gia sy hoat dong cua cac co
quan nhu tim, gan, than, cing nhu sy phan @ng cua hé than kinh, c6 thé cung cap
théng tin cu thé vé tac dong cua hda chat dén cac hé co thé cua ca. Bac biét, viéc theo
ddi biéu hién hanh vi cua cé sau khi tiép xuc voi hoa chat cé thé gitp phat hién cac
thay ddi trong hanh vi tu nhién, nhu thay doi trong cach di chuyén, su tuong tac véi
moi truong xung quanh va hanh vi sdn moi hoic tranh né. Ngoai ra, dé hiéu rd hon
vé co ché anh huéng cua hda chat 18n cau tric va chirc ning cua co thé, cac phuong
phap phan tich gene va protein ciing duoc str dung. Sy biéu hién cia gen va protein
c6 thé duoc danh gid thong qua cac phuong phap nhu RT-PCR (Reverse
Transcription Polymerase Chain Reaction) dé xac dinh mtrc d6 biéu hién cua gen sau
khi phoi nhiém véi hoa chat. Ngoai ra, viéc str dung phuong phap lai tai chd (in situ
hybridization) c6 thé gitip x4c dinh vi trf va mic do biéu hién caa gen trong miu cé.

Déi véi cac nghién ctu tién tién hon, viéc chuyén gen bang cac cong cu hudng dich
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nhu Zinc-finger cd thé duoc ap dung dé thay d6i mirc do biéu hién cua cac gen cu thé
va nghién ciru vé cac co ché phan &ng cua cé khi tiép xic véi hoa chat. Cac phuong
phap nay khéng chi gitp hiéu rd hon vé tac dong cua hda chat 1én co thé cia cA ma
con ¢6 thé mé ra co hoi cho viéc phét trién cac phuong phap chan doan va diéu tri
trong linh vuc y hoc va bao vé méi truong [45]. Crispr ciing ¢ thé duoc sir dung trén
md hinh phdi cia ca ngua vin dé nghién ciru cac thay ddi di truyén va lién quan dén
bénh ung thu [46]. Hon nira, cAc qud trinh sinh hoc nhu su saponis hoa, luu thong
maéu trong mach, va sy hinh thanh xwong trén phoi cua au thé ca ciing dugc nghién
ctru thdng qua viéc st dung céac thudc nhudém dic hiéu dé nhuom mau.

O Viét Nam, ca ngua van ciing 1a mo hinh nghién ctru duoc nhiéu nha khoa
hoc str dung dé danh gia doc tinh, thir nghiém thudc trong y khoa. Nghién ciru caa
Nguyén Thi Thuong Huyén va cong su (2012) da danh gia tic dong cadmium (Cd)
lén qua trinh phat trién phdi ca ngua van [47]. Nghién ctu nay da s dung mot loat
cac nong d6 Cd khac nhau dé danh gia tac dong caa kim loai nay théng qua viéc theo
ddi chirc nang tim va nhip quiy minh caa ca ngua van & cac giai doan phét trién khac
nhau. Cac nong do duoc sir dung trong nghién ciu bao géom: 0,1 pg/L; 1 pg/L; 5
Hg/L; 10 pg/L; 20 pg/L; 50 pg/L va 100pg/L. Két qua nghién ciu nay cho thiy cac
nong d6 nay van chua du dé gay chét phéi ca ngua van. Tuy nhién, nghién ciru da chi
ra rang Cd c6 tac dong dén su phét trién caa phoi ca ngua van bang cach ting nhip
tim va dong thoi 1am giam nhip quay minh [47].

Két qua nghién ctru cua Tran Thi Phuong Dung va cong su (2014) cho thay
c4c nong do Pb dugc khao sét trong nghién ciru nay chua dat ngudng gay chét (LDso)
cho phéi c& ngya van [48]. Ti I¢ séng cua phdi van con cao nam trong khoang 88,28
dén 92,81%. Tuy ty I song van cao, nhung diéu quan trong la nghién cau da xac dinh
duge Pb co tac dong dén qua trinh phat trién cia phoi ca ngua van. Tai cac nong do
chi khao sét, nhip tim ting tuyén tinh theo thir tw cac ndng d6 khao sét, trong khi nhip
quay minh va ti I¢ no giam.

Nghién cau cua Nguyén Thi Thuong Huyén va cong su (2016) da tién hanh
danh gia anh huong cua kém Ién su sdng ca ngua van giai doan au trung (1 - 7 ngay
tudi) [49]. Trong nghién cttu ndy, phdi ca ngua van méi thu tinh di dugc tiép xUc Véi
dung dich mudi kém & mirc d6 khéc nhau, tir 1 d&én 10 mg/L, cting véi mot nhom doi

chang khong chira kém (0 mg/L), trong mdi trudng nudc may. Sau khi no, cac au



21

tring dugc chiam séc trong moi trudng véi cac ndng do kém twong ng. Két qua cho
thiy rang nong d6 1 mg/L 12 ngudng tac dong dén ti 1& sdng caa au trang. Nghién ctu
d3 xay dung mot phuong trinh dy doan ti 16 song cua au tring ca ngua van dya trén
tuong tac gitta ndng do k&m va thoi gian nudi, ciing nhu xac dinh gia tri LCt50 - ndng
d6 gay tar vong cho 50% 4u tring tir ngay thir 1 dén ngay tha 7. Ngoai ra, nhirng biéu
hién nhu nhip tim va kich thudc cua au tring c& ngua van di giam tuyén tinh theo su
tang ciia nong do kém va thoi gian nudi.

Nghién cttu cia Nguyén Thi Thuong Huyén va cong sy (2018) da danh gia
dugc su anh hudng caa asen 1én sy phat trién phoi ca ngua van (Danio rerio) [50].
Nhom nghién ctru da thuc hién mot thir nghiém dé danh gia tac dong cua asen (As)
lén qua trinh phét trién cua phoi ca ngua van & cac giai doan khac nhau, bao gom
phan cit, phdi nang, phdi vi, phan d6t, hinh thanh hau hong va giai doan n¢ (thoat
nang). Phoi ca ngyua van mai thu tinh da duoc tiép xdc voi As & 9 nong do khac nhau
(tir 20 pg/L dén 260 pg/L) va mot nhom déi ching khdng chira As (0 pg/L), trong
moi truong Hank’s phoi. Két qua cho thay rang ty I¢ séng cia phdi giam theo su ting
dan cua nong do As va giai doan phat trién cua phoi. Tuy nhién, ¢ cac nong do As
duoc khao sat, chua c6 nong d6 nao dat ngudng gy chét LCt50 cua phdi c& ngua
van. O cac nong do As khao sat, tan s6 nhip tim ting theo thtr tu cac nong do, Voi
muc cao nhat duoc ghi nhan tai ndng d6 260 pg/L & giai doan nd cua phoi (237,73 +
1,87 nhip/pht so véi 197,60 + 2,20 nhip/phit ¢ 16 dbi ching, p < 0,05). As ciing lam
giam tan suat quay minh ciia mdi giai doan theo sy ting dan ciia nong do, véi mirc
thap nhat ghi nhan dugc & giai doan hau hong (2,53 nhip/phut so véi 5,50 nhip/phut
& 16 d6i chung, p < 0,05). Pong thoi, As ciling 1am cham va giam ty 18 ng caa phai,
Véi ty 18 na chi con 77,78% & ndng d6 260 pg/L so vai 98,86% ¢ 16 dbi chung, sau
72 giér thu tinh (p < 0,05).

Trong nghién ctu cia Ngd Van Tuén (2023) di danh gia duoc sy anh huong
ctia cac ndng do6 Chi khac nhau, bao géom nong do 0,1pg/L, 1ug/L, 10ug/L, 20ug/L
va 100ug/L 1én qua trinh phét trién cua c& ngua van & giai doan 24 gio, 48 gio, 72
gio va 168 gio dong thoi xac dinh ham lugng Chi tich tu trong ndi quan cé& va anh
huong cua Chi 1én ciu tric mo rudt, mé budng tring va sy thay ddi biéu hién céc
gene gadd45a, gadd45g, sod1, sod2 va mt2 [51]. Két qua nghién cau cho thay tat ca

- 9. A A

cac nong d6 Chi déu anh hudng dén sy phét trién cia ca ngua van: ty 1é sbng va nhip
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tim. Ham luong Chi tich tu trong co thé ca ngua van c6 xu hudng ting dan theo nng
d6 tang dong thoi gay ton thuong cho cAu tric ndi quan: md rudt va mé budng trang.
Pic biét 1a, muc do biéu hién cua cac gene c6 sy thay doi sai léch trong qua trinh tiép
xUc voi cac nong do Chi. Trong cac nghién ctu y khoa, nghién ctu anh huéng cua
c4c loai thudc khang sinh dén cac giai doan phat trién phdi ca ngua van 1a mé hinh
hitu ich md phong sy tiép xuc thu dong caa céc loai thude khang sinh tac dong dén
thai nhi [52]. Trong cac nghién ctru sinh hoc, nghién ctu anh huong cua cac loai hoa
chat déng vai tro 1 phu gia thuc pham, cac chat chdng oxy hda, cac chat tao mau,
cac chat diéu vi, cac chat bao quan thyc pham,... nhu: sodium benzoate, propyl
gallate, tartrazine, amaranth, monosodium glutamate va formaldehyde trén md hinh
phat trién phoi ca ngua van.

Tir céc nghién ciru trén thé gioi va tai Viét Nam nhiéu tac gia da danh gia tac
dong cua kim loai nang nhu Chi, Kém, Asen, Cadmium, Crom |én sy phat trién cua
phdi ca ngua van & nhiéu dy nong d6 khac nhau. Nhung hién nay van chua c6 cong
trinh nghién ctru doc hoc ndo nghién ciru day du cac giai doan phat trién cua ca ngua
van dé xac dinh ty 18 song, kha nang tich tu kim loai, sy anh huéng dén nhip tim,
chiéu dai, ciu trdc mé rudt, md gan va budng trang, anh hudng dén su biéu hién cac
gene lién quan dén qué trinh apoptosis va khang oxy héa trén ca ngua van (Danio
rerio). Do do, tic gia da tién hanh thir nghiém dé danh gia anh huong cua Crom (V1)
VGi cac néng d6 khac nhau (0,1; 1; 3,125; 6,25; 12,5; 25; 50 va 100 ug/L) trong qua
trinh phét trién caa ca ngyua van, dong thoi sir dung nuéc khdng chiza Crom (V1) 1am
d6i ching. Pé c6 duge cai nhin rd hon vé anh huong cua Crom (V1) 1én ca ngua van
can c6 nghién ciru vé tac dong caa nd Ién tat ca cac qua trinh phét trién tir phéi cho
dén ca truong thanh nhu: ty 18 séng, nhip tim, chiéu dai co thé, tich tu, ciu trdc md
rudt, mé gan va md budng tring, su thay doi biéu hién cac gene lién quan dén qua
trinh apoptosis va khang oxy hda. Tir d6 rat ra anh huéng cia Crom (VI) 1én co thé
con nguoi.

1.4. Cac gene lién quan dén qua trinh apoptosis va khang oxy hoa

Apoptosis con dugc goi 1a su chét té bao theo chuong trinh dién ra ty nhién
trong co thé. Thuat ngir apoptosis lan dau tién dugc Kerr va cong sy (1972) sir dung
dé mo ta su co rut té bao, chay mau mang, ngung tu hat nhan va phan manh hat nhan

hién duoc céng nhan rong réi 1a dau hiéu dic trung cua cai chét té bao apoptotic [53].
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Apoptosis 1a mot phan quan trong trong sy phét trién binh thudng cua nhiéu hé théng
co quan va mo. Dé duy tri sy phat trién binh thudng cia co thé, qua trinh apoptosis
dugc kich hoat dé loai bo cé4c té bao hu hong, rdi loan chirc ning, khong can thiét va
thay thé bang cac té bao mai khoe manh. Apoptosis ciing duoc kich hoat dé bao vé
cac phan ang mién dich hoic cac té bao bi ton thuong do tiép xUc véi cac chat doc
hai, virut hodc cac bénh xam nhap co thé [54].

Gene gadd45a (Growth Arrest and DNA Damege 45 Alpha) la mot gene quan
trong trong qué trinh ng pho véi ton thuong DNA va kiém soét sy phat trién cua té
bao. Gene nay thuong duoc kich hoat boi cac loai ton thuong giy ra cho DNA, bao
gom tia cuc tim, hoa chat doc hai va stress oxi hda. Nhiém vu chinh cua gene gadd45a
la sira chita DNA. Khi DNA cua té bao bj ton thuong, gene gadd45a hoat dong bang
cach kich hoat céc protein va enzym tham gia vao qué trinh sira chita DNA. Diéu nay
gilp duy tri tinh toan ven cia gennom va ngin chan sy phat trién cua té bao bat
thuong. Ngoai viéc sira chita DNA, gene gadd45a con c6 kha nang kiém soét su phat
trién cua té bao. Khi DNA khdng thé duoc sira chita, nd co thé kich hoat qué trinh tri
hodn hoac qua trinh apoptosis cua té bao dé ngan chan su phat trién caa ching. Mot
tac dong quan trong khéc cua gene gadd45a 1a diéu chinh sy biéu hién cua cac gene
khac. Gene nay cd thé anh hudng dén viéc hoat dong cua nhiéu gene khac trong té
bao, déng vai trd quan trong trong viéc diéu chinh cac phan tng té bao va sy dap ung
cua té bao d6i véi cac tac nhan gay ton thuong. Sy sao chép gay ton thuong DNA cua
gene nay duoc trung gian boi co ché phu thudc p53. Protein duoc ma hoa boi gene
nay phan ang véi cac cang thang méi trudng bang cach trung gian kich hoat con
duong P38/INK thong qua MTK1/MEKK4 Kinase [55]. Thuc té 12 su biéu hién cua
gene nay 1a mot chi sé vé ton thuong DNA di dugc dung lam thir nghiém in vitro cho
tinh dot bién, xét nghiém gadd45a-GFP greenscreen HC. Xét nghiém nay bao gém
mot dong té bao di duoc thiét ké sao cho biéu hién cua gadd45a s& dan dén biéu hién
protein huynh quang mau xanh 14 cy, c6 thé dé dang phét hién. Dé kiém tra mot chat
gy dot bién, no duoc ap dung cho céc té bao nay va do huynh quang [56]. Gadd45a
(Bat giir tang trudng va ton thuong DNA giy ton thuong Alpha) 1a mot gene mé hoa
protein. Cac bénh lién quan dén gadd45a bao gom bénh tuyén tién liét va ung thu
tuyén tuy. Trong sé cac con dudng lién quan cua né 1a ung thu ndi mac tir cung va

phan @ng ton thuong DNA. M6t parolog quan trong cua gene nay la gadd45g.
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Gene gadd45g (Growth Arrest and DNA Damage 45 Gamma) la thanh vién
cuia mot nhom céc gene gadd45, co vai trd qua trong trong qué trinh kiém soat ton
thuong cia DNA va kiém soét sy phat trién cua té bao. Gene gadd45g thuong dugc
kich hoat béi cac tac nhan gy ton thuwong DNA nhu tia cuc tim, hoa chat doc hai va
stress oxi hoa. Tuong tu nhu gene gadd45a, gene gadd45g kich hoat cac protein va
enzym can thiét thuc hién qua trinh stra chita DNA dé gilp duy tri tinh bao ton cua
genom va ngin chin sy phét trién cua té bao bat thuong. Gene gadd45g tham gia vao
nhiéu qua trinh khac nhau, bao gom phét trién sinh duc va phat trién nio dic trung
ctia con ngudi. Ngoai ra, gene nay con co vai trd trong tc ché khdi u va phan tng
cang thang cua té bao [57]. Gene nay dong mot vai trd trong quy dinh chu ky té bao.
gadd45g ngan chan kha nang kinase cua phtrc hop cyclin bl/cdkl theo cach khéng
pha v& phic tap. N6 dong mot vai tro trong su hoat hda cia S va G2/M tram kiém
soat. Trong con dudng phét trién gigi tinh nam, gadd45g rat can thiét dé kich hoat
SRY, dan dén sy hinh thanh thich hop cuaa tuyén sinh duc va xac dinh gidi tinh. Viéc
x0a Mot chat tang cuong gan véi gene gadd45g co lién quan dén su tang sinh ctia cac
té bao than kinh, c6 thé chiém mot phan cua sy khac biét trong sy phat trién than kinh
gitta nguoi va céc loai khac. C6 su biéu hién khéc biét twong dong XENOPUS cua
gadd45g trong phat trién phoi. N6 dong mot vai trd 16n trong su phat trién than kinh
va ndo véi gadd45a. Gene gadd45a va gadd45g co lién quan dén ting truong dau
khiém khuyét, va truc ngan hon. Gadd45a va gadd45g hoat dong du phong dé kiém
Soat su phét trién cua té bao, cho phép cac té bao di chuyén da ning gitp cac té bao
phan biét [58].

Sod (Superoxide Dismutase) la cac enzyme quan trong dugc tim thay trong tat
ca cac sinh vat séng sir dung oxy. Chiing déng vai trd quan trong trong viéc xuc tac
qua trinh bién do6i superoxide thanh oxy va hydrogen peroxide [59]. Biéu can thiét 1a
ngin chin viéc tao ra ROS (Reactive Oxygen Species) 1a mot phan quan trong dé
ngan chan sy tong hop ROS béi cac té bao khoe manh khi tiép xuc vai kim loai nang
[60]. Trong truong hop phoi nhidm kim loai ning trong thoi gian dai c6 thé gay ra
stress oxy hoa, lam ting qua trinh tao ra ROS va gay ra qua trinh apoptosis cua au
triing ca ngua van [61]. Gene sod1 (Superoxide Dismutase 1) m& hoa protein boi gene
nay gan vai cac ion Cu va Zn va 1a mot isozyme dé pha v& cac phan tir oxy tich dién,

tiéu diét goc superoxide tu do. Isozyme duoc ma héa 13 mot protein khong gian lién
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mang té bao va ty thé hoa tan, hoat dong nhu mot chat dong hoa dé chuyén doi cac
g4c superoxide tu nhién, nhung c6 hai thanh oxy phan tir va hydro peroxide.
Hydrogene peroxide sau d6 c6 thé bi pha v boi mot enzyme khac goi la catalase.
Sodl dd dwoc dit ra dé dinh vi vao mang ngoai ty thé (OMM), noi cac anion
superoxide s& duoc tao ra, hoic khong gian gitra cAc mang té bao. Cac co ché chinh
xé&c cho bén trong té bao van chua duogc biét, nhung su két hop ciia né véi mang ngoai
ty thé da cho su lién két ciia nd vai bel2. Sod1 da chang minh tinh chat chéng ung
thu trong nudi cay than kinh, trong khi sod1 dot bién da duoc quan sat thiy dé thic
day apoptosis trong ty thé cia tiy song, nhung khong phai trong ty thé cia gan, mac
du né duge biéu hién nhu nhau & ca hai. Hai mé hinh dé xuét gene sodl @c ché
apoptosis bang cach tuong tac véi protein Bel2 hoic chinh ty thé. Sodl 1a mau chét
trong viéc giai phong cac loai oxy phan tng (ROS) khi bi stress oxy héa do chan
thuong, do thiéu mau cuc b, dic biét & co tim 1a mot phan cua con dau tim. Chuot
thiéu gene sod1 1am giam khdi luong kich thude co bap, phat trién som duc thay tinh
the, thoai hoa diém vang, xam lan tuyén trc, ung thu té bao gan va rat ngan tudi tho.
Nghién ctu cho thay rang mac biéu hién Sod1 ting c6 thé 1a mot dau an sinh hoc cho
doc tinh kim loai niang [62]. C4 ngua van trong giai doan dau phét trién, sy hién dién
cuia gene sod1 dot bién da gay tng ché té bao than kinh, kich thich cac biéu hién cing
thang trén n6 [63]. Mot md hinh di truyén caa bénh xo cting teo co bén trong ca ngua
van hién thi cac dau hiéu kiéu hinh caa bénh motoneuron, sy dot bién qua mac cua
gene sod1 gay motoneuron tay séng bi mat, thoai hoa co, giam sic chiu dung, té liét
mot phan va chét sém, nghién ctiu nay co chi ra sy biéu hién qua muac cua sodl &
dong vat c6 xuwong séng dan dén su phat trién cua cac bénh ly pho bién. O chudt sod1
dot bién, qua trinh oxy hoa mRNA ting d3 duoc quan sat trong té bao than kinh vén
dong tay séng [64].

Gene sod2 la mét thanh vién cua ho superoxide mangutase. NGO mé hda mot
protein ty thé tao thanh mot homotetramer va lién két mot ion mangan trén mai tiéu
don vi. Protein nay lién két véi cac san pham phu superoxide cia qua trinh phosphoryl
oxy hoa va chuyén do6i ching thanh hydro peroxide va oxy diatomic. Sod2 pha hiy
c4c gdc anion superoxide thuong dugc san xuat trong cac té bao va gay doc cho hé
thdng sinh hoc. Dot bién trong gen nay lién quan dén nhiéu bénh nhu co tim vo cin

(IDC), 130 h6a sém, bénh than kinh va ung thu. Gene nay c6 nhiéu bién thé phién ma
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d3 dugc xac dinh trén nhiém sic thé. Superoxide disutase 13 mot loai enzyme gidp
bién ddi gdc superoxide thanh oxy thong thudng hodc hydro peroxide. Superoxide
duoc tao ra nhu mot san pham phu trong qué trinh chuyén hoa oxy va néu khong
duogc diéu tiét s& gay ton thuong té bao, sod2 cé vai trd quan trong trong viéc bao vé
chéng lai stress oxy héa, buc xa ion hoa va cac cytokine gay viém. N6 dugc tim thay
trong ty thé va gitp loai bo cac gbc tu do dugc tao ra bang cach bién doi superoxide
thanh hydro peroxide va oxy it doc hon, bao vé té bao khoi sy chét va cac phan tng
oxy hoa. Chuét thiéu sod2 chét ngay sau khi sinh giira IGc bj stress oxy hoa 16n, tuy
nhién chudt thiéu 50% sod2 cé tudi tho binh thuong va cac khuyét tat téi thiéu nhung
t6n thuong DNA ting va ty 1é mic ung thu ting [65, 66]. O chudt, viéc san xuét qué
muc sod2 da duoc ching minh 1a ting 20% tudi tho. Superoxide c6 mot vai chirc
nang rat tich cuc trong co thé: x6a nhidm tring, giao tiép té bao, tao ra ty thé méi va
tidu diét khi u [66].

Gene mt2 la mot thanh vién caa ho gene metallicothionein. Protein dugc ma
hoa bai ho gene nay co trong luong phén tir thap, giau cystein, thiéu du lwong thom
va lién két céac ion kim loai nang hda tri hai, 1am thay d6i nong d6 noi bao cua cac
kim loai nang trong té bao. Nhitng protein nay hoat dong nhu chat chéng oxy hoa,
bao vé chdng lai céc goc ty do hydroxyl, rat quan trong trong viéc kiém soét can bang
ndi mdi cua kim loai trong té bao va dong vai tro giai doc kim loai nang. Protein duoc
mi héa tuong tac vai protein dugc ma hoa bai homeobox chira 1 gene trong mot s6
loai té bao, kiém soat nong d6 kém noi bao, anh huong dén con dudng apoptotic va
autophagy. Mot s6 da hinh trong gene nay c6 lién quan dén ting nguy co ung thu
[67]. Mt2a (Metallothionein 2A) 1a mot gene ma hoa protein. Cac bénh lién quan dén
mt2a bao gdm Pthirus Pubis Infestation va chay ran. Trong sé cac con dudong lién
quan cta nod 1a tin hiéu Interferon gamma va tin hiéu Cytokine trong hé théng mién
dich. Mot parolog quan trong cua gene nay la M/1G. Metallothionein ¢6 ham lugng
cysteine cao lién két cac kim loai nang khac nhau; nhiing protein nay dugc phién ma
bai ca kim loai nang va glucocorticoids [68].

Cac thanh vién cua ho cdk (cyclin-dependent kinase) dong vai tro quan trong
trong viéc diéu chinh quéa trinh phan chia té bao va diéu chinh quéa trinh phién ma,
lam thay doi qua trinh ting sinh té bao va qua trinh apoptosis [69, 70]. Cu thé, Cdk4

va cdk6 kiém soat qua trinh phan chia té bao bang céch lién két véi Cyclin D. Nhiing
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thay d6i trong cdk4 va cdk6 c6 thé gay ra rdi loan trong diéu hoa qua trinh phan chia
té bao [71]. Viéc giam biéu hién cua cdk4 va cdk6 co thé dan dén viéc kich hoat qué
trinh apoptosis [70]. Nghién ctu vé cac muac do phién ma lién quan dén quéa trinh
apoptosis di cho thiy viéc kich hoat qua trinh apoptosis & ph6i c4 ngua van. Cac
nghién ctru trude ddy da chi ra rang cac kim loai nang tao ra ROS c6 thé 1am thay doi
c4c biéu hién gene lién quan dén qua trinh apoptosis [61, 72].

Caspase dugc coi 12 chi sb cua qua trinh apoptosis do stress oxy hoa dién ra
trong phoi ca ngua van, vi ching la thanh phan quan trong cua qué trinh apoptosis.
Trong d6, Caspase 3 1a mot trong nhitng diém hoi tu ciia nhiéu con duong khéac nhau
diéu chinh qua trinh apoptosis [73]. Céac thanh vién thudc nhém bcl2 déng mét vai
trd quan trong trong viéc lam trung gian cho su can bang giita qua trinh apoptosis va
su sbng s6t trong céac té bao nhan chuan [74]. Su rdi loan cua con dudng truyén tin

hiéu nay c6 thé gay ra nhiéu bénh lién quan dén réi loan phét trién va thoai hoa [75].
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit ligu

2.1.1. Ca ngwa van (Danio rerio)

Ca ngua van nudi tai Vién Sinh hoc nhiét doi duoc st dung trong céc thi
nghiém. Ca duogc duy tri trong chu Ky séng ti (14 gio sang va 10 gio tdi), nhiét do
nuée duoc duy tri & mac 28 + 0.5°C. Ca duogc cho an 2 1an/ngay bang artiemia vao
budi sang va thire an vién cdng nghiép vao budi chiéu.

Cé ngua van truéng thanh c6 05 soc mau chay doc theo than tir sau dau dén
cubi tia vay dudi. Hinh déng co thé ca: ca duc than minh mong trong khi d6 ca cai c¢6
than minh day hon, bung phin to rd rét. Trén vay hau mon cé soc ro rét, co 12-14 tia
vay. Ca truong thanh co chiéu dai 3,82 + 0,08 cm va 1,24 + 0,33 g trong luong. Ca
dugc nudi trong bé thuy tinh, day bé duogc trai bi thay tinh. Nuéc trong bé duy tri ¢
murc 2/3 bé.

Trong qua trinh phat trién cua ca ngua van duoc phan chia gém cac giai doan:
Giai doan ph6i, giai doan 4u tring va giai doan truéng thanh co sic séng tét, dugc st
dung cho céac thi nghiém.

2.1.2. Thiét bj va dung cu can thiét

Thiét bi va dung cu sir dung trong dé tai duoc liét ké ¢ Bang 2.1 va Bang 2.2.

Bang 2.1. Mot sé thiét bi chinh sir dung trong dé tai

STT Tén thiét bi Hang san xuat Nudc san xuat
1 Tu -20°C va -80°C Panasonic Nhat
2 May PCR Agilent M¥$
3 | My Realtime PCR Piko Thermo | Thermo Scientific M¥$
4 Can ky thuat Ohaus M¥
5 May do pH Milwaukee M¥
6 May ly tam Hettich buc
7 May Vortex Labnet burc
8 Hé thdng dién di Western blot GE Healthcare M¥
9 Tu lanh Sanyo Nhat

10 Kinh hién vi Meiji Nhat
11 Bé diéu nhiét Memmert birc
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Bang 2.2. Mot s6 dung cu chinh sir dung trong dé tai

STT Tén thiét bi Hang san xuat Nudc san xuét
1 Eppendorf (1500 va 2000 pl) Eppendorf burc
2 | Dautip 20 pl, 100 pl, 1000 pl) Eppendorf buc
3 Ong ly tam 15 ml Corning Hoa Ky
4 Micropipette (5-50 pl, 10-100 Nychiro Nhat

ul, 100-1000 pl)
5 Binh tam giac thuy tinh erlen Duran buc
(50ml, 100ml)
6 Dia petri thuy tinh (40x12mm, Duran buc
60x15mm, 80x15mm,
100x10mm)
7 Beaker (50 ml, 100 ml) Schott buc
8 Erlen (100 ml, 250 ml) Schott burc
9 Ong dong lanh Corning My
10 Binh tam giac thuy tinh erlen Duran buc

(50ml, 100ml)

Hoa chat dugc sir dung trong dé tai dugc liét ké ¢ Bang 2.3

2.1.3. Méi trwomg va hoa chdt sir dung

Bang 2.3. Hoa chét str dung trong dé tai

STT Tén thiét bi Hang san xuat Nuwéc san xuat

1 [Con Merk buc
2x qPCR SyGreen 1-Step Go Hi- )

2 _ PCRBiosystem Anh
ROX kit

3 | CL-XPosure Film Thermo Scientific M

4 | Precast Gel SDS-PAGE 4-12 % Abcam My
ECL Western Blotting Substrate

5 _ Abcam My
Kit

6 | Mang PVDF Abcam My

7 | AUTOMATIC X-RAY kit Fujifilm Nhat Ban
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STT Tén thiét bi Hang san xuit Nuw6c san xuét
g Giay loc Extra Thick Blot Bi0-Rad M3
Paper
9 | Blocking Buffer Abcam M§
10 | Khéang thé Western Blot Abcam My
11 | Optiblot LDS Sample Buffer Abcam M¥$
12 | Optiblot SDS Run Buffer Abcam My
13 | Potassium Dichromate Merk buc

2.2. Noi dung va phwong phap nghién ctru
So d6 tém céc ndi dung nghién ctru cua dé tai trong Hinh 2.1, Hinh 2.2, Hinh
2.3.

Ca ngua van > Phéi ca (ty 1& 2 duc va 1 cai) Thu phdi

Hinh 2.1. So db tom tat qué trinh phdi va thu phdi ca ngua van

Phéi ca ngura viin
(sau | gio thy tinh)

k.

Cam (mg Crom (VI)

_— — T
_— - — T
— o A — —a
0,1 1,0 25 50 100
pg/L pe/l pe/L ng/L ng/L

l ‘,

. o . . . Danh gid su thay d6i biéu hién cic gene
Panh gia anh huong cia Crom (VI) [én sur , \ - o )
phat trién cuia ca ngua viin giai doan phoi va (( DK4, ¢ I).’&:ﬁ, MI2, f?()i)f,’ soDz,
£l GADD454, GADD45G, BCL2, BAX,
e CASPASE 3)
/ - /// \\\
- 7
‘// \\ - \\\\A
Bap tng stress
G 51 kim loai . R
Chiéu dai :12:1 1"(1!;')‘241 Kiem soét su ton
Ty 1& séng Nhip tim co thé fu (,”'K!; CDKS thuong DNA
tring ca S'(-)DI‘ WHE' (GADD45A,
CASPASE 3, GADDA5G)
BCL2, BAX

Hinh 2.2. So d6 tom tat noi dung nghién ciru phdi va au triing c& ngua van
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Ca ngua vin truong thanh

¥

Cam tmg Crom (VI)

~
S
/' “\\
S
.
S
/ -
S
. ~
e A
Xéc dinh ham Iugng Crom (V1) tich tu trong co thé Panh gia anh huong cia Crom (VI) 1én chu tric ndi quan
ca ngua van ca ngua van
S
// \
™
N
e \\
e .
‘/ v \
PN N M6 budng
Mo ruot Mo gan i ong
trirmg

Hinh 2.3. So dd tdm tat noi dung nghién ciu c& ngua van truong thanh

2.2.1. Pinh danh cé& ngwa van (Danio rerio)

2.2.1.1. Phwong phdp nghién ciru dic diém hinh thai

Trong nghién cttu nay, st dung phuong phap quan sat ghi nhan sé liéu trong
nghién ciu két hop véi phuong phap so sanh, doi chiéu vai cac tai lidu da cong bo.
Dung cu va thiét bi hd trg: May anh, thude do (10cm).

2.2.1.2. Phirong phdp sinh hoc phan ti

Sau khi cac dic diém hinh thai duoc ghi nhan, mau ca ngua vin dwoc cit va
chuyén vao éng eppendorf b6 sung 20 pL dung dich dém Worm Lisis Buffer va
0,45% Tween 20. Tach chiét DNA tong s6, str dung 1 pL protein K thém vao éng
chira mau ca véi dung dich dém, 1 60 phit & nhiét do 70°C. Mau sau dé dugc ly tim
10,000 vong trong 1 phdat.

Khuéch dai DNA bing ki thuat PCR: MyTaqg Mix (BI0-25041, Birc) duoc sir
dung dé khuéch dai trinh tu muyc tiéu, PCR duoc thuc hién, trong thé tich ong MIX
chira 25 pL gom 2,5 uL Master MIX, 1 uL mau DNA, 1 pL Primer, 20,5 pL nudc
cat. Moi khuéch dai Cytochrome b va Cytochrome ¢ dugc liét ké trong Bang 2.4.
PCR duoc thuc hién, chu trinh nhiét caa PCR d6i véi hai cap moi Cytochrome b va
Cytochrome ¢ (Bang 2.5). Sau khi chay PCR, dién di san pham PCR duoc thuc hién

trén gel agarose 1%. Tt ca cac san pham PCR déu duoc chuan bi ky ludng, dan nhan
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va dong goi can than dé ngan ngira mau bi nhiém truéc khi gui dén cong ty TNHH
Dich vu va Thuong mai Nam Khoa dé giai trinh tu.

Phan tich trinh ty gene duoc thuc hién théng qua cac trinh tu phan tich tir két
qua giai trinh tu gene dwoc so sanh véi cac nhém trinh ty gene khéc Iy tir Genbank,
st dung phan mém MEGA v11.0.13. Bé xac minh tinh chinh xac caa céc chudi trinh
tu thu duoc, cac cdy pha hé dugc xay dung bang cach sir dung phan mém MEGA
v11.0.13 va &p dung phuong phap Neighbour-joining tree (NJ) cung véi md hinh
khoang cach so sanh tirng d6i mot (pairwise distance). Bootstrap 1000 duoc sur dung
dé danh gia do tin cay cua sy phan nhanh trén cac cay pha hé NJ. Bé danh giai mic
d6 tuong dong giira trinh ty gene Cytochrome b va Cytochrome ¢ cua ca ngua van
(Danio rerio) trong nghién ctru nay duoc so sanh vai cac nhom cé khac (Bang 2.6)
duogc thuc hién bang phuong phap BLAST. Phuong phap nay gitip xac dinh su twong
dong hozc do khac biét gitra trinh tu gene ctia ca ngua van (Danio rerio) va cac nhom
ca khac trén Genbank.

Bang 2.4. Thdng tin cac cap moi dugc st dung trong nghién ciu

Primer Trinh tw méi (5°-3°) Nguon
Cytochrome | LA-danio GACTYGAARAACCACYGTTG [76]
b HA-danio CTCCGATCTTCGGATTACAAG
COl LCO1490 | GGTCAACAAATCATAAAGATATTGG [76]
HCO02198 | TAAACTTCAGGGTGACCAAAAAATCA

Bdng 2.5. Chu trinh nhiét

Phan w&ng Nhiét do Thai gian
Tach mach 95°C 1 phat
40 chu ki 95°C 15 giady
60°C 30 giay
72°C 30 giay
Trit mau 4°C 30 phat
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Bdng 2.6. Céac loai Cypriniformes trén ngan hang GenBank

Stt Phan loai COl Cytb
1 Crossostoma lacustre NCO001727 NCO001727
2 Lefua echigonia NC004696 NC004696
3 Carpiodes carpio NC005257 NC005257
4 Myxocyprinus asiaticus NC006401 NC006401
5 Cobitis sinensis NCO007229 NC007229
6 Cobitis striata NC004695 NC004695
7 Carassius auratus NC006580 NC006580
8 Carassius carassius NC006291 NC006291
9 Cyprinus carpio NC001606 NC001606
10 Sawbwa resplendens EF452895 N/A
11 Sarcocheilichthys variegatus NC004694 NC004694
12 Campostoma anomalum EF452850 AF452079
13 Hemitremia flammea EF452851 AY281054
14 Luxilus chrysocephalus EF452852 AF117167
15 Nocomis biguttatus EF452853 AY 486057
16 Notemigonus crysoleucas EF452854 U01318
17 Notropis atherinoides EF452855 AY?281062
18 Opsopoeodus emiliae EF452856 u17270
19 Phoxinus erythrogaster EF452857 AY?281055
20 Richardsonius balteatus EF452858 AY096011
21 Boraras maculatus EF452859 N/A
22 Boraras merah EF452884 N/A
23 Boraras sp. cf. micros EF452885 N/A
24 Boraras urophthalmoides EF452886 N/A
25 Chela cachius EF452891 EF452745
26 Chela dadiburjori EF452892 EF452746
27 Danio choprai EF452879 EF452740
28 Danio erythromicron EF452867 EF452737
29 Danio feegradei EF452861 EF452732
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Stt Phén loai COl Cytb
30 Danio kyathit EF452862 EF452733
31 Danio nigrofasciatus EF452863 N/A
32 Danio sp. “‘hikari”’ EF452860 EF452731
33 Danio sp. ““panther’’ EF452864 EF452734
34 Danio rerio NC002333 NC002333
35 Danio roseus EF452865 EF452735
36 Danionella sp. EF452887 EF452741
37 Devario devario EF452866 EF452736
38 Esomus sp. cf. ahli EF452888 EF452742
39 Inlecypris auropurpurea EF452889 EF452743
40 Microrasbora kubotali EF452868 EF452738
41 Microrasbora rubescens EF452890 EF452744
42 Opsaridium sp. EF452893 EF452747
43 Opsariichthys uncirostris EF452894 EF452748
44 Rasbora argyrotaenia EF452880 N/A
45 Rasbora brittani EF452869 N/A
46 Rasbora caudimaculata EF452870 N/A
47 Rasbora cephalotaenia EF452881 N/A
48 Rasbora daniconius EF452872 N/A
49 Rasbora dorsiocellata EF452873 N/A
50 Rasbora rubrodorsalis EF452874 N/A
51 Rasbora sp. cf. bankanensis EF452871 N/A
52 Rasbora sumatrana EF452882 N/A
53 Rasbora trilineata EF452883 N/A
54 Rasbora vaterifloris EF452876 N/A
55 Rasbora vulcanus EF452875 N/A
56 Sundadanio axelrodi N/A EF452739
57 Trigonostigma espei EF452877 N/A
58 Trigonostigma hengeli EF452878 N/A
59 Zacco platypus EF452896 EF452749
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Stt Phan loai o{0]| Cytb
60 Zacco temminckii EF452897 EF452750

2.2.2. Phwong phdp nuéi, phoi va thu phoi ca ngwa van (Danio rerio)

2.2.2.1. Chudn bi méi trirong nudi phdi 1x E3

Moi truong 1x E3 duoc dung dé nudi phodi va au tring ca ngua van [77].

Dé pha dung dich géc 60x E3, can hoa tan 34,89 NaCl; 1,69 KCI; 5,89
CaCl2.2H20; 9,789 MgCl..6H20 trong 1950mL H:0. Piéu chinh pH dén 7,2 bang
NaOH va HCI. Sau d6 thém H20 dé thé tich dung dich bang 2000mL. Nudc sir dung
dé pha méi truong nudi phéi va au tring ca ngua van duoc sir dung tir ngudn nuée
cat khdng chira Crom va nuéc may theo tiéu chuan caa Bo Y té QCVNO1: 2009/BYT.

Pé pha méi truong nudi phodi 1x E3, pha lodng 16,5 mL dung dich 60x E3
trong 1000mL H>O. Thém 100uL Methylen Blue 1%.

2.2.2.2. Phoi ca

Nudi riéng c& ngua van duc va cai dé tdi uvu hoa kha ning sinh san. Tao bé
phdi ca hinh chit nhat ¢ thé tich 1a 1000mL nudc duoc trai bi thay tinh lam gia 4o
cho phéi lang xudng day hop ngan chin ca an phoi sau khi phdi. D6 nude da dugc xur
ly vao 2/3 bé. Cho c4 duc va ca cai theo ti 1& 1 ca duc va 2 ca cai. Tat dén phong toi
dé tao chu ky séng tbi cho ca (14 gio sang va 10 gio toi). Dé thu phéi theo thoi gian
mong mudn, can tao vach ngin bang tam nhya trong dé tach ca duc va cé céi. Loai
bo vach ngin nay vao budi sang dé ca duc va ca céi co thoi gian tiép xdc véi nhau
thu tinh va dé trang. Sau 30 phat loai bo vach ngan, kiém tra so bo bang cach quan
sat dudi day hop dé chac chan cé phoi. Khi da chac chan c6 phéi, tién hanh tach ca
duc, cdi ra riéng va tién hanh thu phoi.

2.2.2.3. Thu phéi

Sau khi ca duc va ca cai dugc céch ly tién hanh st dung mot dng cao su nhé
thong hai dau va chira ddy nudc. Mot dau 6ng ra soat mit day cua bé dé hat phoi ra,
dau kia cho vao mét coc thiy tinh 500mL méi dé dung phoi. Khi dé, phoi sé theo
duong 6ng chay vao cdc thay tinh.

Pé lang khoang 2 — 3 phut, sau d6 dung ong hat chuyén dung dé chia phan
nudc chira phoi vao cac dia petri duong kinh 100mm (100-150 phoi/dia). Loai bo

nuéc con lai trong dia petri va dong thoi thém méi trudng 1x E3 dé rira phdi. Lap lai
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2 dn 3 lan d loai bo cac phoi b hu, cin va phan ca. Cudi cuing 1a thém lai méi trudng
1x E3 dé nudi phdi.

2.2.3. Moéi trwong Crom (V1)

Potassium Dichromate (K2Cr207,d6 tinh khiét N 99%) dwoc mua tir hdng Merc
cua Btc. Bé chuan bi dung dich géc c6 nong d6 1000 pg/L duoc diéu ché bang cach
pha Postassium Dichromate véi dung dich 1xE3 duoc pha ¢ ndi dung 2.2.2.1, sau do
pha lodng dung dich gdc vé cac nong do: 0,1 pg/L; 1 pg/L; 3,125 pg/L; 6,25 ug/L;
12,5 pg/L; 25 pg/L; 50 pg/L va 100 pg/L dé st dung cho cac ndi dung thi nghiém.

2.2.4. Pdnh gid sw anh hweng cua Crom (V1) 1én s phét trién cia phoi va
du triing ca ngeea van (Danio rerio)

2.2.4.1. Xac dinh sy anh hwong cua Crom (V1) I1én ty 1 song cuia phoi va du
tring ca ngua van (Danio rerio)

Trong thi nghiém nay, dé danh gia sy anh huang cua Crom (V1) 1én ty I séng
cuia phdi va au tring c& ngua van tac gia da bd tri thi nghiém nhu sau:

Phoi c& ngua van sau mot gid thu tinh duoc xur ly bang dung dich chita Crom
(V1) & cac nong do lan luot 12: 0,1 pg/L; 1 pg/L; 3,125 pg/L; 6,25 pg/L; 12,5 pg/L;
25 pg/L; 50 pg/L; 100 pg/L va mdi trudng 1x E3 lam d6i chung. G mdi ndng do,
nudi 50 phdi trong dia Petri 100mm. Mdi nong d6 thir nghiém da duoc thyc hién ba
lan dé dam bao tinh chinh xac va do tin cay cua két qua. Cach 24 gio thay méi truong
mot 1an, céc phoi chét duoc loai bo dé khdng lam anh hudng dén cac phdi séng con
lai.

Kinh hién vi soi noi duoc sir dung dé quan sat va ghi nhan sé phoi va au tring
chét, phdi ng, phdi va 4u tring phét trién bat thuong. S6 liéu & ngay thi 1, ngay thi
2, ngay thtr 3, ngay thtr 4, ngay thtr 5, ngay thir 6 va ngay tha 7 duoc ghi nhan. Dua
vao sb liéu da ghi nhan & cac nong do so sanh véi nhom ddi ching dé tinh ty 1¢ phoi
va au tring song s6t & cac nong do Crom (VI).

Chi tiéu danh gia: Ty 1¢ song cta phdi va au tring & cac nong dd Crom (V1)
s0 Vi nhom dbi ching.

2.2.4.2. Xdc dinh su dnh hwong cia Crom (V1) 1én nhip tim cia du tring cé
ngua van

O ngay thr 3, cau trac tim duoc hoan thién, phéi ng thanh 4u tring va duoc

dua vé nhiét do phong dé 6n dinh trong 30 phat. Mdi nong d6 chon 10 au triing ngau
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nhién va quan sat dudi kinh hién vi soi ndi dé ghi nhan lai nhip tim mai lan d&ém nhip
tim trong 15 giay lap lai 3 lan.

S6 lieu & ngay ngay thir 3, ngay thar 4, ngay tht 5, ngay thir 6 va ngay thir 7
dugc ghi nhan. Dya vao s liéu dd ghi nhan ¢ cac ndng do so sanh véi nhom doi
chang dé phan tich mic d6 anh hudng cua cac nong dd Crom (V1) 1én nhip tim au
triing c& ngya van.

Chi tiéu danh gia: Mtc do anh huong caa cac nong d6 Crom (V1) 1én nhip
tim cua au tring ca ngua van so véi nhom déi ching.

2.2.4.3. Xac dinh si anh hwong cia Crom (V1) 1én chiéu dai co thé du tring
ca ngua van

O cac ngay lan luot 12 ngay thir 3, ngay tha 4, ngay thi 5, ngay thir 6 va ngay
tha 7, méi nong do chon 10 4u tring c& ngiu nhién dé do chiéu dai co thé. Str dung
may anh k¥ thuat s6 gan trén kinh hién vi soi noi, au tring ca ngua van dugc chup
hinh sau khi diéu chinh 4u tring c& ngua van nam song song vai thudc ké. Phan mém
Image J 1.53c (Vién Y té Qudc gia, Bethesda, MD, Hoa Ky) duoc sir dung dé do
chiéu dai co thé au tring c& ngua van theo truc co thé. Pé thiét lap thang do, mot
duong thang duoc vé gitra hai diém c6 khoang cach da biét cia thude do trén hinh,
sau d6 toi phan tich va chon dat ty 18 trén phan mém. G khoang cach da biét va don
vi do trong céac 6 thich hop cua cira s6 Set Scal. Pé do chiéu dai co thé au tring cé&
ngua van, mot dudng thang duoc vé doc theo truc co thé sau d6 vao phan tich va chon
do dé chuyén céc gia tri sang cira s6 dir liéu. Nhing dit liéu nay duoc st dung dé uéc
tinh chiéu dai co thé ciia au triing ca ngya van.

Dua vao dir liéu da ghi nhan & cac nong do so sanh voi nhom ddi ching dé
phan tich mirc 6 anh huong cta cac nong do Crom (V1) 18n chiéu dai co thé u tring
ca ngua van.

Chi tiéu danh gia: Mtc do anh huong cua cac ndong d6 Crom (V1) Ién chiéu
dai co thé au triing c& ngya van so v4i nhom dbi chang.

2.2.5. Pdnh gid sw thay déi biéu hién cdc gene ddp ing va cac gene kiém
SOat tén thwong ciia c& nguwa van (Danio rerio) khi tiép xdc véi Crom (V1)

Panh gia biéu hién mizc phién ma cac gene

RNA tong cua ca ngya van (Danio rerio) dugc tach bang kit E.Z.N.A. ® Total
RNA Kit | (R6834-02, Omega Bio-tek, Norcross, GA, USA). Ong eppendorf chira
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phdi va 4u tring ca ngua van sau khi thu hoach dugc gitt lanh & ni to 16ng va duoc
bd sung 350 pL Lysis Buffer (Omega Bio-tek, Inc., Norcross, GA, USA), hat 1én
xudng déu dé ly giai mau. Cho 350 pL ethanol 70% va ly tam ¢ toc d6 t6i da 12,000
vong/phat trong 5 phat. Dung dich thu dugc sau khi ly giai dugc cho vao cot
Minicolumn (Omega Bio-tek, Inc., Norcross, GA, USA) c6 gan mang loc va ly tam
Vvé6i toe do 10,000 vong/phut trong 1 phat. Dich thai ra dng thu dugc loai bo. RNA
thu duogc trén mang loc cta cot Minicolumn duoc rea vai 500 pL dung dich RNA
Wash I. Ly tdm véi téc d6 10,000 vong/phut trong 30 gidy. Dich thai ra dng thu duoc
loai bo. RNA thu duoc trén mang loc cua cdt Minicolumn dugc rira véi 500 pL dung
dich RNA Was II. Tiép tuc ly tdm véi téc d¢6 10,000 vong/phdt trong 1 phit. Dich
thai ra ong thu duoc loai bo. Cot duoc chuyén sang 6ng thu méi, duoc bo sung 500
uL RNA Wash 11 vao cét. Tiép tuc ly thm véi tde do 10,000 vong/phut trong 1 phut.
Cot dugc chuyén sang 6ng eppendorf mai sau d6 bo sung 100 pL nudc cat Nuclease-
Free Water, tiép tuc ly tdm véi téc d6 10,000 vong/phut trong 1 phut dé thu dich
RNA. Cudi cing la tién hanh chay Realtime RT-PCR.

Biéu hién mtc do phién mé cua cac gene cdk4, cdk6, sodl, sod2, mt2,
gadd45a, gadd45g, caspase 3, bax, bcl2 dugc danh gia bang phuong phap Realtime
RT-PCR. Gene ETEF (eukaryotic translation elongation factor 1 alpha 1, like 1) duoc
sir dung dé lam d6i chiing. Realtime RT-PCR dugc chay bang may Real-Time PCR
System (Thermo Scientific, M¥), sir dung kit SuperScript® 111 Platinum® SYBR®
Green One-Step (11736-059, Thermo Fisher Scientific, M§y). Tong thé tich mot phan
g 12 20 pL bao gém 1 pL RNA mau, 2 puL hdn hop méi xudi va moi nguoc, 10 pL
2X Mix Hi-ROX, 1 uL RTAse va 6 pL dung dich H2O. Bat chu trinh nhiét cho phan
g nhu trong Bang 2.7. Céc cap mdi dic trung cho cc gene khao sat duoc tong hop
trong Bang 2.8. Gia tri C; ciia mau dugc tinh bang phuong phap 244¢t [78].

Phuong phap 224¢ (Livak) (Real-time PCR Applications Guide — Biorads)
duogc ap dung dé danh gia mirc d6 biéu hién tuong di su biéu hién gene [78]. Phuong
phép nay gia dinh rang gene dich va gene tham chiéu dugc khuéch dai véi hiéu qua
gan 100% va trong pham vi 5% cua mdi gene. Pé xac dinh sy khac biét twong doi
trong murc d biéu hién cua gene dich & cAc mau khac nhau, phuong phap 224 duoc

thuc hién theo cac budc sau:
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- Chuan hoa gia tri Cr ctia gene muc tiéu voi gene tham khao cho ca mau thi
nghiém va mau hiéu chinh:

ACTt(mau) = Cr(muc tieu, mau) — CT(tham chiéu, miu)

ACt(chuin) = C(muc tiéu, chuan) — CT(tham chiéu, chuan)

- Chuan héa gia tri ACt ctia mau thi nghiém véi ACt ciia mau chuan

AACT = ACt(miu) - ACT(chuin)

- Cudi cuing, ti 18 biéu hién duoc tinh theo cong thic:

Ti 18 biéu hign = 2-4A¢t

Chi tiéu danh gia:

- Su thay ddi biéu hién gene dap tng véi kim loai ning

- Su thay doi biéu hién gene kiém soét ton thuong DNA

Két qua nghién ctru nay 12 sy tang hay giam theo ty Ié cua gene dich trong mau
thi nghiém twong quan véi mau chuan va duoc chuan hoa theo su biéu hién caa gene
tham chiéu. Chuan héa sy biéu hién cua gene dich theo gene tham chiéu bu dap cho
nhitng khac biét vé luong mau. Trong nghién ciru nay, gene ETEF duoc sir dung lam
gene tham chiéu dé danh gia muc d6 biéu hién cua gene cdk4, cdk6, sod1, sod2, mt2,
gadd45a, gadd45g, caspase 3, bax, bcl2.

Bdng 2.7. Chu trinh nhiét ctia phan ttng RT-PCR cho cac gene

Phan @&ng Nhiét do Thai gian
1 chuKki 45°C 15 phat
1 chu ki 95°C 5 phat

40 chu ki °C 15 giay

60°C 30 giay

71 chu ki 60°C 30 giay
Trit mau 4°C 30 phat

Bang 2.8. Trinh ty moi cac gene

STT Gene Trinh tw méi (5’ - 3°) Nguén

1 |cdk4 f-GTATGAGCCAGTAGCAGAGATCG [79]
r-rAGTTGTGGTGGGAAAGAGTGAC

2 | cdk6 f-GTACAAGGCTCGGGATTTG [79]
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STT Gene Trinh tw méi (5’ - 3°) Nguén
r-CTCTGGGGCTCGATACCATA
3 |sodl f-TGAGACACGTCGGAGACC [80]
r-TGCCGATCACTCCACAGG
4 | sod2 f-TTCAGGGCTCAGGCTGG [80]
r-ATGGCTTTAACATAGTCCGGT
5 | mt2 f-CCTGCAAGTGCACTAATTGCCAGT [81]
r-TCTGTTTCAAGAAGCCGAAAGCCC
6 |gadd45a f-AACGTGGTCTTGTGTCTGCT [82]
r-AGGTCCATCGACTCTCCTCC
7 | gadd4sg f-CGCCTTGGATACGTCCGATT [82]
r-CTCTTGACACGCGACCAGTA
8 | caspase 3 f-ATGAACGGAGACTGTGTGGA [69]
r--GTATCTGAAGGCATGGGATTGA
9 | bcl2 f-GGATGACTGACTACCTGAACGG [69]
r-GTATGAAAACGGGTGGAACACA
10 | bax f-TGCCTTTTATTAGAAAGACCTGCAT [69]
r-TCCAGCAAGGAAAACTCCAACT
11 | etef f-GTACTACTCTTCTTGATGCCC [81]
r-GTACAGTTCCAATACCTCCA

Pdnh gid biéu hién mirc dich ma cdc gene diéu hoa chu ky té bao:

Trong nghién ciu ndy, phuong phap Western Blot dé danh gia mic do biéu

hién cua céac protein lién quan dén chu ky té bao nhu Caspase 3, Bcl2 va Bax. Protein

Gapdh duoc sir dung 1am dbi chimg. Cac budc thuc hién Western blot bao gom cac

budc sau:

- Ly giai protein: Phi va 4u tring ca ngua van sau khi thu mau duoc ly giai

bang Optiblot LDS Sample Buffer (ab119196, Abcam, M¥) & bé 6n nhiét 70°C trong
10 phut.

- bién di SDS-PAGE: c4c protein thu duoc tir cdc mau duoc chuyén véi lugng

bang nhau vao céc giéng gel Precast Gel SDS-PAGE 4-12% (ab139596, Abcam, M¥)
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va duoc dién di trong Optiblot SDS Run Buffer (ab119197, Abcam, M¥) trong 2 gio
& 50V. Bé dién di duoc giit lanh bang d4 gel dé tranh sy thodi hoa protein.

- Chuyén mang PVDF: cac protein dd dugc phan tach trong Precast Gel SDS-
PAGE duoc chuyén Ién mang PVDF (ab133411, Abcam, M¥) duoc kep bd mot 16p
gidy loc Extra Thick Blot Paper (1703966, Bio-Rad, M§) va mét 16p bot bién & mdi
bén va dit cd dinh vao cassette. Cassette nay duoc dit vao bé dién di chira buffer
TBST sao cho mit gel nim & phia cuc &m (cathode) va mang PVDF nim phia cuc
duong (anode) va dugc dién di trong 2 gio ¢ 50V.

- Khéa mang: Mang PVDF sau d6 dugc khoa mang qua dém ¢ 4°C trong
Blocking Buffer (ab126587, Abcam, My).

- U khéng thé so cap: Mang PVDF nay tiép tuc dugc u véi khang thé so cap
trong Blocking Buffer qua dém & 4°C. Céc khéang thé duoc str dung bao gdbm khang
thé Caspase 3 (ab44976, Abcam, My), khang thé Bax (ab53154, Abcam, My) va
khang thé Bcl2 (ab196495, Abcam, M¥) duoc pha lodng vai ti 16 1: 5000. Khéang thé
Gapdh (ab181602, Abcam, My) dugc pha lodng véi ti I¢ 1: 10000. Sau khi u qua
khang thé so cap, mang PVDF duoc rira 3 1an, mdi lan 10 phat vai dung dich TBST.

- U khang thé thtr cip: Mang nay sau d6 duoc u voi khang thé thir cip Goat
Anti-Rabbit 1gG (HRP) (ab6721, Abcam, My) va Goat Anti-Mouse 1gG (HRP)
(ab6789, Abcam, My) trong Blocking Buffer ¢ nhiét @6 phong trong 1 gio.

- Hién phim: Céac vach protein dugc hién thi bang ECL Western Blotting
Substrate Kit (ab65623, Abcam, M¥). Mang PVDF dugc ¢b dinh trén casette. Dung
dich A va B duoc tron déu véi ti 18 1:1 va nho truc tiép 18n mang PVDF vai thé tich
0,125 ml/cm? dién tich mang. Mang dugc u trong 1 phit & nhiét @6 phong. Dung dich
hién thi ECL duoc hit bo trude khi tién hanh qua trinh hién phim.

Két qua Western Blot trong nghién ciru nay duoc hién thi bang phuong phap
hién phim s dung kit AUTOMATIC X-RAY (873498, Fujifilm, Nhat Ban). Quéa
trinh hién phim dwgc thao tac trong phong téi. Tam phim CL-Xposure Film (34090,
Thermo Scientific, My) dugc dat 1én mang PVDF va u trong 1 phuat. Sau do, phim
dugc nhing vao dung dich Develop trong 15 gidy va chuyén qua dung dich Fixing
trong 15 gidy. Cudi cung, phim duoc ria bang nuéc cat trong 30 gidy. Cac vach

protein phat huynh quang trén mang PVDF duoc hién thi &m ban trén phim. Phan
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mém ImageJ (National Institutes of Health, Bethesda, M) duoc dung dé do cuong
d6 cac vach protein trong két qua hién phim [83].

2.2.6. Pdnh gid ham Iwong Crom (V1) tich tu trong co thé ca ngua van
(Danio rerio)

Céa ngua van truong thanh duoc nudi trong méi truong nhidm crom (V1) véi
nong do lan luot 12 LCso va LCs25. Thoi gian khao nghiém 1a 30 ngay.

MJi ndéng d6 nudi 300 con ca ngua van trudng thanh. O cac ngay lan luot 12
ngay 5, ngay 10, ngay 20, ngay 30, st dung 50 c& ngua van truéng thanh & mi nong
d6 mang phan tich. Pi chiing 1a c& ngya van trugng thanh khéng tiép xtc véi Crom
(VI).

Mau ca ngua van duoc gui cong ty TNHH phan tich kiém nghiém Viét Tin
phén tich.

Chi tiéu danh gia: Ham lugng Crom (V1) tich ty trong co thé ca ngua van qua
cac ngay: ngay tha 5, ngay thir 10, ngay tha 20, ngay thir 30 so sanh véi dbi chung 1a
ca ngua van khong tiép xuc véi Crom (V1).

Str dung phuong phap do quang phd hap thu nguyén tir sau khi tro hoa kho dé
xéc dinh tich tu Crom (V1) trong ca ngua van:

- Cac mau duoc say khd va tro hoa ¢ nhiét do 450°C. HC1 6M dugc thém vao
va lam bay hoi dung dich dén khé. Phan cin duoc hoa tan trong HNO3 0,1 M va chit
phan tich dugc xac dinh bang ngon lira va quy trinh graphit.

- May do quang phd hip thu nguyén tir: Str dung dén dbt khong khi axetylen
cho ngon hra va 10 nung graphit dé xac dinh nhiét dién, véi hiéu chinh nén (sr® 0,11;
RSDR®: 20; 1% 0,31). Pén phéong dién khong dién cuc cho tat ca cac nguyén t duoc
xéac dinh. Lo d6t & nhiét d6 450°C. Tam gia nhiét c6 diéu khién gia nhiét, dé gia nhiét
1én dén 300°C

- Thudc thr:

HCI: 6M (Pha lodng 500mL HCI (37% w/w) véi H20 thanh 1 lit.

HNO3: 0.1M (Pha lodng 7mL HNO3 (65% w/w) véi H20 thanh 1 lit.

- Dung dich chuan Crom (V1): 1 mg/mL hoa tan 1,000 g Crom (V1) trong 7mL
HNO;s trong binh dinh mirc 1 L. Pha lodng thé tich bang H»O.

- Céch thuc tién hanh
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Str dung thiét bi khong gay nhiém. Kiém tra xem kim loai c6 bi rd ri khong
néu thiét bi phu trg bao gdm céc bo phan bang kim loai.

Trong chén nung, can 10-20 g phan mau thir chinh xac dén 0,01 g. Lam kho
trong ta sy, trén ndi cach thay hoic bép dién & nhiét d6 100°C, néu cé nguy co sbi
manh trong budc tro héa. Piat dia vao 10 nung ¢ nhiét 46 ban dau khong cao hon
100°C. Tang nhiét d6 véi toc do téi da 50°C/h dén 450°C. Dé yén dia trong it nhit 8h
hoac qua dém.

Dit chén nung c6 phan mau thir duoc ddy bang nap thuy tinh 1én dia gdém va
dé khdng khi tinh khiét di qua mot ong thuy tinh quét qua san pham. Pat dén IR xuéng
& nap. Tro trudC MAu san pham bang cach ting nhiét do tir tir v6i dén hong ngoai
bang cach ting dan nhiét d6 trén tam gia nhiét dén ti da. Nhiét d6 cudi cung trén tam
g6ém khi d6 nén vao khoang 300°C. Thai gian can thiét dé tro hoa so bd khac nhau
tly theo san pham. Pat chén nung vao 10 mip & 200-250°C va tir tir ting nhiét do 1én
450°C véi tde do khdng qua 50°C/h

Pé yén it nhat 8h hoic qua dém. Lay chén nung ra khoi 10 va dé ngudi. Lam
uot tro véi 1-3mL nudce va lam bay hoi trén ndi cach thay hozc bép dién. Pat chén
nung tro lai 10 nung & nhiét d6 khong qua 200°C va tang nhiét do (50-100°C/h) Ién
450°C. Tién hanh tro hoa & 450°C trong 1-2h hozc lau hon. Lap lai quy trinh cho dén
khi san pham duoc tro hoa hoan toan, nghia 1a tro phai c6 mau tring/xam hoic hoi
nga mau. S6 1an Iap lai can thiét khac nhau tdy thudc vao loai san pham. Thém 5 mL
HCI 6M, C(b), vao chén nung dé dam bao rang tat ca tro tiép x(c véi axit.

Lam bay hoi axit trén ndi cach thay hosc bép dién. Hoa tan can trong 10,0—
30,0 mL, chinh xac dén 0,1 mL, HNOs 0,1M, C(d). Xoay chén can than dé tat ca tro
tiép xUc voi axit. Day mat kinh dong hd va dé yén trong 1-2h

Phép do quang pho hap thy nguyén ti: Budc song: A=283.3

Tinh toan va danh gia két qua

Gidi han phat hién: DL = 3 x d6 Iénh chuan cua gié tri trung binh cia phép xac
dinh mau

Tinh nong d6 C cua kim loai trong mau cong thic:

(a—Db)V?
c=——"—
m
c: ndng do mau thir (mg/kg)
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a: ndng do dung dich thir (mg/l)

b: ndng d6 trung binh cua dung dich mau (mg/l)

v: thé tich dung dich mau tha (ml)

m: khéi lwong cua phan mau thir

So sanh ham lugng chi trong ¢ ¢ cac ndng do khac nhau tir d6 xac dinh duoc
kha ning chuyén hoa cia Crom (VI) trong co thé ca ngua van

2.2.7. Pdnh gid sw anh hwéng Crom (V1) 18n cdu trdc ngi quan (rugt, gan
va buéng triing) ca ngwa van

Pé danh gia anh huong cia Crom (V1) 18n cau tric mot s6 ndi quan, ca ngua
van & cac nhom thi nghiém xir Iy Crom (V1) véi ndng do LCso tai cac thoi diém ngay
tha 5, ngay thir 10, ngay tha 20, ngay thir 30 va nhém dbi chimg dugc thu nhan va
cb dinh trong paraformaldehyde. Cac miu nay duoc giri dén Pai hoc Y dugc thanh
phd H6 Chi Minh dé thyc hién cat 1at mé. Cac mau mé noi quan ca dugc nhudom véi
HE (Hematoxylin and Eosin) va quan séat dudi kinh hién vi quang hoc ¢ cac do phéng
dai khac nhau. Phuong phap nay dé danh gia dic diém cau tric mau mo dya trén biéu
hién mau cua cac thanh phan khéac nhau trong mau. Hematoxylin s& nhugém céc thanh
phan hat nhan mau tim, trong khi Eosin s& nhuém céc thanh phan cytoplasm va cac
md mém mau hong.

Pham nhuém duoc pha theo cach thic sau:

- Hematoxylin Harris:

+ Hematoxylin (tinh thé): 1 g

+ Con (Etanol) tuyét dbi: 10 mL

+ Alun (ammonium hay potassium): 20 g

+ Nuéc cat: 200 mL

+ Oxit thuy ngén (d6): 0,5 ¢

- Cac budc tién hanh pha:

+ Hoa tan Hematoxylin trong con

+ Hoa tan Alun trong nuéc cit nong. Pua ra khoi ltra va tron hai dung dich véi
nhau.

+ Pun s6i hdn hop, kéo binh dun ra khoi lira va thém vao dan oxit thiy ngan

+ Pun noéng lai, khi hdn hop ¢6 mau tim sdm, tit kra va nhing ngay binh dun

vao nudc lanh
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+ Thém 2 ml acid acetic lanh khi binh dun lanh han dé lam ting tinh nhudn
nhan

+ Eosine Y: 0,5% trong con 95°

- L.G. Koss pha theo c6ng thuc:

+ Eosine Y (CI. No 45830) 169

+ Dichromat Kali 8g

+ Acid picric (nwdc bdo hoa) 160 mL

+ Cdn Etanol 95° 160mL

+ Hoa tan Eosin va Dichromat Kali viao nudc cat, dun nong, sau d6 thém dung
dich Acid Picric, con.

Mau ca dua ngay vao dung dich ¢ dinh (Formol dém trung tinh 10%) véi ty
& thé tich dung dich cb dinh nhiéu gip 20 lan thé tich mau. Thai gian ¢b dinh tur 1-
24 gio thy theo kich ¢& mau.

Sau khi ¢ dinh mau dugc thyc hién qua cac khau k§ thuat sau:

- Chuyén mau

- Vui parafin

- Puc khéi parafin

- Cat va dan manh cat

- Nhuom:

+ Tay parafin trong 3 bé toluen (hoic xylen) trong 5 phit mdi bé

+ Qua bé con 4 1an bao gom 100°, 95°, 80° va 70°. Mdi bé nhing 15 lan.

+ Rira nuéc cat: 15 lan

+ Nhuom nhan bang Hematoxylin Harris: 5 phat

+ Ritra nudc chay: 10 phat

+ Kiém tra mau cua nhan qua kinh hién vi, néu ¢am, tay nhe bang con-acid

+ Rtra nudc chay: 60 giay

+ Nhuém Eosin 1%: 2 phat

+ Rtra nudc chay: 60 giay

+ Biét hoa trong bé con 95° va 100°, mdi bé nhing 15 lan

+ Qua 3 bé toluen, bé 1 va 1l nhang 15 lan, bé 111: 10 phit

+ Gan 14 kinh

Tién hanh quan sat va doc két qua duai kinh hién vi.
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Chi tiéu danh gia: Danh gia cac bién d6i hodc thay ddi cAu tric xay ra trong
mau nhu hinh dang, kich thudc, t6 chtc té bao va cac bién dbi ciu tric khac co thé
duoc ghi nhan va danh gia.

2.2.8. Phuwong phdp théng ké

Trong nghién ciru ndy, cac thi nghiém duoc tién hanh 1ip lai 03 1an va céc két
qua thi nghiém duoc trinh bay ¢ dang x + SD. Str dung phan mém Sigma Plot cua
SYSTAT Software (M) dé xu ly két qua thi nghiém va théng qua phan tich ANOVA

dé danh gia sy khac biét giira cac nghiém thuc p < 0,05.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Pinh danh c& ngwa vin (Danio rerio)

3.1.1. Pinh danh ca ngwa van bang déic diém hinh thai hoc

Ca ngua van sir dung trong nghién ciru nay duoc nudi tai Vién sinh hoc nhiét
d6i. Cac ca duc va ca cai duoc lya chon duya trén hinh dang co thé ca dé dam bao
khoe manh va san sang cho viéc sinh san.

Két qua Hinh 3.1 cho thay, than c& ngua van c6 05 soc mau chay doc tir sau
dau dén cudi tia vay dudi. Khi quan sat hinh déng co thé ca, ching ta thiy c6 su khac
biét gitra ca duc va ca cai. Ca duc thuong cé than minh mong hon, trong khi dé, ca
cai thuong cd than minh I6n hon dac biét trong giai doan mang thai thi bung ca cai
phin to r6 rét do chaa traeng. Trén vay hau mén cé soc rd rét, co 10-12 tia vay. Ca
khong c6 duong bén, & miéng ca co rau nho. Kich thudc trung binh ca trueong thanh
la 3,82 + 0,08 cm. Céc dic diém nay gilp phan biét giira ca duc va ca cai trong loai

c4 va thudng c6 vai tro quan trong trong qué trinh sinh san va giao phdi chang.

b1 e »
Hinh 3.1. Hinh mé ta hinh dang ca ngua van duc va céi
(A: Ca ngua van duc, B: C& ngua van céi)
Viéc nudi riéng ca ngua van duc va ca cai nham téi wu hoa kha ning sinh san,
gilp thuan loi cho viéc quan sat dic tinh sinh san cia cé, ciing nhu dé dang trong viéc

cham so6c va thu phoi ca ¢ giai doan som.
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Viéc st dung bé phdi ca duoc trai bi thay tinh 1am gia d& 1a mét bién phap
quan trong dé dam bao phdi khdng bi c4 an sau khi phdi. Diéu nay dic biét quan trong
trong viéc thu duoc phoi hay khong ddi véi loai ca co tap tinh in tap nhu ca ngua
van, vi chding ¢ thé an phoi néu khdng cd bién phap bao vé. Bién phap nay gitp dam
bao sy thanh cong cua qué trinh phdi c& va nghién ctu dic tinh sinh san caa ching.
Ddng thoi, né ciing tao ra mot moi trudng twong tu nhu trong tw nhién cho ca. Trudc
khi tién hanh phéi ca, mé phong chu ky séng tdi theo ty 1¢ 14 gio sang va 10 gio toi
dé dam bao riang diéu kién anh sang ding tu nhién va thich hop cho qué trinh phéi
ca.

Qua trinh phdi cé cua c& ngua van, dugc thuc hién bang cach thao vach ngin
dé cho phép ca duc va ca céi tiép xdc sau khi bat dén, 1a mot phan quan trong cia
viéc thu phdi theo ¥ mudn trong méi trudng nghién ctu. Qué trinh nay cho phép cé
duc va ca cai tuong tac va thu tinh.

Qua quan séat bé phdi ca cho thiy, trude khi thu tinh ca duc ruot theo ca céi
trude khi ca cai dé triung. Sau khi ca cai d¢é trirg, ca duc s€ rudi tinh trung trong khu
vuc ¢o trang dé thu tinh. M6t l1an giao phdi, trung binh mét cap ca ngua van co thé
dé dugc tir 100 dén 150 phoi.

Két qua cua quan sat nay da xac dinh dugc ca ngua van 1a dong vat co xuong
séng thu tinh ngoai va sinh san sb lugng phdi 16n. Qua trinh giao phéi cua ca thudng
dién ra trong khoang thoi gian tir 30 dén 45 pht. Sau khi giao phdi thanh cong, c&
ngua van thuong co xu hudng tim kiém thirc an dé bé sung chat dinh dudng. Diéu
nay gidp duy tri sic khoe cia ching va chuan bi cho quéa trinh sinh san tiép theo.
Trong vong mot tuan, mot cap ca co thé giao phdi 3 dén 4 lan, cho phép cé sinh san
mét lwong Ion phdi dé duy tri dong gene va thich nghi véi méi truong tu nhién.

Sau khi x4c dinh qua trinh giao phéi cua cé két thic, ca duc va céa cai duoc
tach riéng khoi bé phéi va tién hanh thu phdi. Phoi ca duoc rira ki nhiéu lan dé loai
bo tap chat, phan cé& va phdi chét. Cac phdi c6 stc séng tot dugc nudi trong moi

truong 1x E3 dé tién hanh quan sat.



Hinh 3.2. Phéi c& ngua van

(A — Phoi ca duoc quan sat ¢ diéu kién binh thuong, B — Phéi ca duoc quan sat
bang kinh hién vi soi ndi do phong dai 40X thuéc 100 um)

Phoi ca ngua van (Hinh 3.2) duoc quan sat dudi kinh hién vi soi néi cho thay:
c4u tric phéi trong sudt, khbi nodn hoang déu dac va vi tri nam gitta, dong sinh chat
chay déu trong phoi. Phdi c6 duong kinh 45 + 0,5 pM.

Phoi sau 8 gio thy tinh, qua trinh hinh thanh cac co quan bén trong phoi dién
ra nhanh chong va hau hét ciu trac co quan co ban dugc hinh thanh trong vong 24
gi0. O giai doan ndy, 4u tring trong phoi di phat trién da dé c6 30 cap dét sdng, tim
da bat ddu dap, nhung cau trdc va sic to & mat va da van chua hoan thién. Cap dét
séng dau tién hinh thanh sau 10 gi¢ phét trién va sau d6 sau 30 phat s& hinh thanh
thém mét cap mai. Didu nay c6 nghia 1a trong vai gio, c6 thé quan sat mot s cap dét
séng mai.

Hé than kinh ciing phat trién, dia than kinh xuat hién trong vong 10 gid, gidng
nhu cip dot sdng dau tién. Sau d6, dia than kinh gap lai vao trong tao thanh song than
kinh (13 gi®) va phaét trién duong than kinh (16 gio). Buong than kinh tao 15 dé hinh
thanh nén 6ng than kinh 16m (bat dau IGc 18 gio, khi phoi dat 18 dét song).

Vuing n&o c6 thé bit dau duoc xac dinh 1a cac vung sung phong phan biét goi
1a @6t than kinh (neuromere). Khi dat 18 gid, c6 thé xac dinh dwgc 10 dbt than kinh,
bao gom 3 d6t dau tién twong (ng véi bo ndo cuing, bo ndo trung gian, bd ndo giita va
7 @6t cudi cung twong g VGi bo ndo sau. Sau 24 gio, phdi bat dau phan ang véi su

tiép xUc va sac to tro nén rd rét. Giai doan nay c6 nhiéu bién d6i vé hinh dang co thé,
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vé6i viéc hinh thanh tirng phan cua cac bo phan co thé. Llc ndy, du trung phoi da bat
dau hoat dong quay minh, hoat dong nay kéo dai tir giai doan phan ddt dén giai doan
hau hong, ddng thoi co thé bat dau phat trién gop phan 1am rach 16p vé phdi lam phoi
thoat nang va chuyén sang giai doan 4u tring.

Trong ving hau hong, ham va nip mang duoc tao thanh tir hai vom hau hong
dau tién va sau d6 cac vom hong sau ciing duoc hinh thanh rd rét (con goi 1a vom
mang tao thanh mang). Hé théng duong vién bén gdm mot loat cac duong dng chira
c4u tric cam &ng goi 1a khdi than kinh gi4c quan (neuromast), giGip phét hién nhiing
chuyén dong cham trong nuwdc va cung cap thong tin cho ca vé méi truong xung
quanh.

Khi dat dén giai doan 18 cip dot séng, cac khoi than kinh giac quan bat dau di
chuyén trong biéu bi, mdi gid di chuyén tir mot cap dét sdng sang dét song khac va
tiép tuc cho dén dudi vao khoang 40 gio.

Au triing phdi thoét nang trong vong 48 — 72 gid. Khi budc vao giai doan nay,
au tring c& ngya van hoan thién hau hét qua trinh phat trién vé hinh thai va tiép tuc
tang trudng mot cach nhanh chong. Trong suét ngay tiép theo, cd su thay doi rd rét
vé hinh dang cua ching, bao gém bong bong bén trong co thé ciang phdng va miéng
tiép tuc kéo dai. Trong khi d6, mau sic cua chiing dan tré nén sang hon va kéo dai ra.
Cac 6ng rudt tap trung nhiéu ¢ bung va cé thé dé dang quan sat dugc. Khac voi giai
doan phoi, au tring giai doan sém bt dau boi mot cach linh hoat va cir dong bang
ham miéng, vay nguc va mat.

Nhitng phét trién nay gitp ca dap ing méi trudng xung quanh, hd hap, an tron
ké sin moi va tim thirc dn. Sau 5 ngay sau khi thu tinh va khi ra khoi mang dém,

ching bat dau tu kiém an mot cach doc 1ap.

Hinh 3.3. Hinh c4c co quan 4u tring ca ngua van
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Két qua hinh 3.3 cho thdy chi tiét cac co quan: mit, tai ngoai, tim, co, sic td,

nodn hoang va tuan hoan mau trong co thé ca dugc quan st va ghi nhan. Duéi kinh

hién vi soi ndi, 46 phong dai 40X va thudc 100 pum cho thay kich thudc caa au tring

c4 ngua van tang theo thoi gian (tir ngay 3 dén ngay thir 7) va kich thude do dugc

tang tir 2982 um lén 3461 pm.

3.1.2. Pinh danh ca ngwa van bdng phwong phdp sinh hoc phan ti

3.1.2.1. Phan tich trinh tz gene cytochrome b cia c& nguwa van
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Query

Ibjct
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Gusry

dbjct
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Ibjet
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dbject
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3bict

Hinh 3.4.

15446 RCRGEACTATTTTTAGCARTACACTACACCTCRSACATCTCARCRGCATTTTCATCTGIT 15505
CECEERRETT e e e e e e e e e e e e e e e e e e e e e e e e

1 ACRREACTATTTTTAGCARTACRCTACRCCTCAGACATCTCARCAGCATTTTCATCTGIT &0

15506 GIGCATATITGCCGAGATEIRRATTTCCGCTERCTTATTCRRRGCATCCATGCCARTEEE 15565
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

gl FIGCATATTT GCCGAGRAT CTAARTTTCEECTGACTTATTCORRGCATCCATECCARTEEE 120

15566 GCTTCCTTCTTCTTCATCIGCCTETATATTICACRT GO CRAGGRCTATATTACGGATLT 15625
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

121 GCTTCCTTCTTCTTCATCTGCCTGTATATT CACATCEOCCERGEACTATATTACGEATCT 180

15626 TATCTTTATRRTGARACTTERRR AT CEEAGTRATCCTGTTCTTACTTGTRARATARTARCE 15885
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

181 TATCTTTATARTGAARCTTGRARCATCCCACTACTCCTCTTICTTACTTCTRRTAATARCE 240

15686 GCTTITEIGEGCTACETCCTTCCATGEECCCARATAT CATTCTGRAGEECCACAGTARTT 15745
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

24l GCTTTTGTGEECTACGTCCTTCCAT GEEECCRARATATCATTICTEAGEEECCRCRGTARMTT 200

15746 RCTARCTTATTATCEEICETTCCTTACETEGERAATACCCTAGTGCRATGRATCTRAGEE 15805
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

201 AT TATTATC G CETTCCT TACGTGAGRGATACCCTAGTGCRARTGERTCTGRAGEE 260

15806 GGATTCTCRGTAGACARTECRRCCCTTACRCGRTTCTTCGCATTCCACTTTTTATTACCE 15865
CEPEEEET T e e e e e e e e e e e e e e e e e e e e et

261 GEATTCTCRGTAGRCRATGCRACCCTTACRCGATTCTTCCCATTCCACTITITATTACCE 420

l5Be6 TTTATTATCRTCGCCATAGTTATTCTACACTTGCTATITCTCCACGARRCCGEATCARRT 13025
N RN RN R NN RN AR RN RN ARRRR RN

421 TTTATTGTCATCGCCATAGTTATTCTACRCTTGCTATTICTCCACGARACCEGRTCRARAT 480

15826 ERACCCCCTTGGCCTARACCCCRACATGEATRARATOOOCTTTCATCCTTATTTTTCARRT 15085
RN NN AR NN RN AR RN RN ARARR RN

461 RO TTRGCCTAR RO CCCARCATGERTRRRATCCCCTITCATCCTTATTTTTCARAT 540

L5886 RARGACCTCCTTGETTTTEIRATTATATIATTTTCOCTCTCACTATTAGCRCTATTICTCE 18045
RN NN AR NN RN AR RN RN ARARR RN

541 B e T CCTTGETTTTCTAATTATATTATTTTCCCTCTCACTATTAGCRCTATTCTCR  &00

16046 CCRARCTTCTTAGEAGATCCRERARMTTTCRCCCCTECTARCCCTCTAGTRACACCTCCT 14105
RN NN AR NN RN AR RN RN ARARR RN

anl CCRRRCCTCTTAGGAGRT CCRGRARATTTCRCCCCTEITARCCCTCTAGTRRCRACCTECT 660

16106 CACATTARRCCRGARTEATATTTCCTATTCGCRTACGICATTCTACGATCTATCCCARRC 16165
RN NN AR NN RN AR RN RN ARARR RN

661 CACATTAAKCCRGRATGATATTTCCTATTCGCATACEOCATTCTACEATCTATCCCRRAC 720

16166 RARCTAGERGETGTACTAGCTCTCTTATTITTCCATTTTAGTATTAATAGTRAGTACCARTT 18225
RN NN AR NN RN AR RN RN ARARR RN

T2l AR T AR T GTACTAGCTCTCTTATTTTCCATTTTAGTATTARTACTRCTACCARTT 720D

le22é TTACACACTTCTRARCAGCERCGARTAGCATTCOGOCCACT 16266
CEPEEETTETEE e e e e e e e e e e e e

TB1 TTACRCACTTCTARACRGCGRRGEAATAGCRTTCCGOCCRAGT 221

Trinh tu gene cytchrome b cua mau ¢4 ngua van trong nghién ciu
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AF117167 Luxilus chrysocephalus
AY281062 Natmps aherinoides

U17270 OEU 17270 Op=oposadus emilae
AF452079 Campostona anomaum

AY 486057 Nocomis bigutiastus voucher
AY(0360 11 Richardsonius bateatus

U01318 Natemigonus crysoleucas
AY 281054 Hemitremia fanmea

AY 281055 Phoxnus eryfimgaster
EF452750 Zaxcco temmincki

EF452748 Opsaichhys urncimstas
EF452749 Zacco platypus

NC 0046894 Samocheilichfiys wnegatus
NC 001606 Cyprirus campio

NC 008580 Camissius aurstus aurstus
NC 008291 Camssius crassus

NC 005257 Campiodes capo

NC 008401 Myxocypanus assticus
NC 0046596 Lefus echigonia

NC 007229 Cobitis snenss

NC 004695 Cobitis sthats
EF452738 Sundadanio axdmd

NC 001727 Fomasania lacustis
EF452747 Opsaidum sp.
EF452742 Esomus cf. alks
EF452745 Chada cachius
EF452745 Cheda dadiburjori
EF452738 Micmmshora kubots
EF4527 4 Micmmshora rnubescoens
EF452736 Dewrio dewano

AL BTAT AT ATATA T

EF452743 hilecypns arapupuma
EF452741 Danonela sp.

— EF452740 Dano chogrs
L EF452737 Micmmshora ery fimomicron
EF452732 Dano feegmdei
i EF452731 Dano =sp. hikas
L £F452735 Danio raseus
EF452733 Danio kyahit
_E EF452734 Dano sp. panfheri
e DCB-CYTB Damno rerio VN
L—— NC 002333 Dario revio

Hinh 3.5. So do cay phat sinh loai dugc xay dung dua trén trinh tu gene cytochrome
b cua ca ngua van phan lap duoc véi mot sé loai thudc bo Cypriniformes cong b

trén ngan hang GenBank.
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Cé ngua van duoc nudi tai Vién sinh hoc nhiét doi duoc sir dung dé tach chiét
DNA t6ng sb. Sau khi tach chiét DNA tong s6 va kiém tra d6 tinh sach bang do quang
phd dam bao yéu cau cho thi nghiém nhan ban gene cytochrome b cua ca ngua van
(Danio rerio). Sau khi tién hanh dién di san pham PCR thi thu duoc mot phan doan
DNA c6 kich thuéc khoang 1141 bp c6 tinh dac hiéu. Tién hanh x4c dinh trinh ty tu
d6ng bang may ABI PRIMS®3100 Avant Genetic Analyzer sau d6 str dung cong cu
BLAST cta NCBI dé so sénh céc trinh tu thu duoc véi dit liéu tham chiéu. Két qua
phan doan DNA nhéan ban thu dugc twong (ng véi trinh tu cia doan gene cytochrome
b v4i d6 dai phan tich duoc la 821 nucleotid (Hinh 3.4 va Phu luc 1.1).

3.1.2.2. Phan tich trinh tx gene cytochrome ¢ cua ca ngua van

e iintiticotmmmmmnmiadinimes

Sbjct 1 GATTTGGAAACTGACTTGTGCCACTAATGATTGGGGCCCCCGATATGRMATTTCCCCGAA 6O

ittt i

S5bjct 6l TAAATAATATAAGCTTCTGACTTCTTCCACCCTCATTTCTTCTTCTATTAGCTTCTTCTG 120

Query 6774 GAGTTGAAGCAGGAGCTGGAACAGGATGAACAGTTTATCCACCTCTTGCAGGCAACCTTG 63833

S5bjct 121  GAGTTGAAGCAGGAGCTGGAACAGGATGAACAGTTTATCCACCTCTTGCAGGCAACCTTG 1g@

i ittt

Sbjct 181  CCCATGCAGGAGCATCTGTTGATCTAACAATTTTTTCACTACACTTAGCAGGTGTTTCAT 248

Query 6894 AACATGAAGCCACCAACTATCT 68953

Sbjct 241 CATGAAGCCACCAACTATTT 300

Query 6954 CTCAGTATCAAACTCCATTATTTGTATGAGCTGTCTTAGTTACAGCTGTACTACTTCTTT 7813

S5bjct 381  CTCAGTATCAAACTCCATTATTTGTATGAGCTGTCTTAGTTACAGCTGTACTACTTCTTT 360
Query 7014 TATCTTTACCAGTGTTAGCT 7@33

||||||||||||||||||||
Shjct 361 TTACCAGTGTTAGCT 380

Hinh 3.6. Trinh tu gen cytchrome ¢ ctia mau ca ngua van trong nghién ctu
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EF452852 Luxilus chrysocepiaius
EF452855 Norapis sthesnaodes
EF452856 Op=apocodus emilise
EF452853 Nocomis bguttatus
EF452850 Campostona anomaium
EF452858 Richardsonius baltestus

b

— EF452851 Hemiremia fammess
L =F2452857 Phaxines erytirogas ter

EF452854 Noxemigonus aoysdaeucas

NC 004634 Samocheilichfiys wnegatus microoculus

NC 006580 Gimi=sius aurdus aurstus
NC 006291 CGamissius crassus

NC 001606 Cyprirnus campio
EF452895 Sawhwa meplendaens

NC 005257 Campiodes cxrpo

NC 006401 Myxocypanus asticus
EF452897 Zacoo tenmnckia

EF452894 Opsarnchhys uncirostss
EF452898 Zacco pletypus
EF4523887 Darnondla

EF452893 Op=ariddum

NC 001727 Fomasania lacusris
NC 004696 Lelia echigonia

NC 007229 Cobitis snen==

NC 004635 Cobitis stoats
EF452876 Rashora wsterifloris
EF452859 Bommis macdatus
EF452885 Bomms cf. micros
EF452884 Bommis merah
EF452888 Bomms vapithalmades
EF452863 Rashora brittani
EF452871 Rashora of. bankanensis CTOLS08

B AgagIalr

— EF452881 Rashora cephdotaena
L £F452872 Raszhora daniconus

EF452877 TagonasSgma espei
EF452878 Tagonas$gma hange
EF452883 Rashora rilinesta
EF452880 Rashora argymtaenia
EF452870 Rashora caudimaculata
EF452873 Rashora domsioc it
EF452875 Rashora wicanus
EF452874 Rashora mubtrodaor=alis
EF452882 Rashora sumatirans
EF452866 Dewrio dewano

EF452889 hnlecypas avapurpumea
EF452890 Micmomshora rubescens
EF452868 Micromshara kubots
EF452891 Cheda cachius
EF452892 Cheada dadburjori
EF452888 Esomus cf. alks
EF452861 Dano foagrades

[ Apn

— EF452879 Daro chogras
L £F2452867 Micromshara ery fimmicron

— EF452860 Daro sp. hikans
L £r252865 Danio roseus
EF452863 Dano ngrofsscatus
EF452864 Dano sp. panteri
EF452862 Darmno kyatit
NC 002333 Durnio rerio
DCCCYTC Oanio mrio

]

Hinh 3.7. So do cay phat sinh loai dugc xay dung dwa trén trinh tu gene cytochrome
C cua ca ngua van phan lap dugc vai mot sé loai thuoc b Cypriniformes cong b

trén ngén hang GenBank.
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Tuong tu nhu phan tich trinh ty gene cytochrome b. Mau ca ngua van sau khi
tach chiét DNA tong s6 va kiém tra do tinh sach bang do quang phd dam bao yéu cau
cho thi nghiém nhan ban gene cytochrome ¢ cua c& ngua van. Két qua sau khi tién
hanh dién di san pham PCR thu dugc mot phan doan DNA c6 kich thudc khoang 712
bp, dic hiéu cho gene cytochrome ¢ cua ca ngua van. Tiép theo, tién hanh xac dinh
trinh ty tu dong bang may ABI PRIMS®3100 Avant Genetic Analyzer. Sau do sir
dung cong cu BLAST cua NCBI dé so sanh céc trinh ty thu duoc véi dir liéu tham
chiéu. Két qua phan doan DNA nhan ban thu duoc twong ng véi trinh tu caa doan
gene cytochrome c vai d6 dai phan tich duoc la 380 nucleotid (Hinh 3.6 va Phu luc
1.2).

Nhu vay, két qua dién di PCR cho thay san phan khuéch dai cua 2 gene
cytochrome b va cytochrome ¢ c¢6 kich thudc lan luot 12 1141 bp va 712 bp. San pham
PCR sau khi duogc tinh sach va giai trinh tu sé duoc st dung cho phéan tich phat sinh
loai. Két qua so sanh véi trinh tu cytochrome b caa ca ngua van trong thi nghiém véi
trinh tu cytochrome b cua c& ngua van trén ngan hang gene (NC002333) c¢6 mtrc do
tuong dong 16n hon 99%.

Két qua phan tich cay phat sinh loai cho thay mau ca ngua van st dung trong
thi nghiém nay nam cuing nhdém véi ca ngya van trén ngan hang gene Danio rerio.

Ngoai ra két qua phan tich twong déng cho thiy ca ngua van trong nghién ctu
ndy va ca ngua van trong ngan hang gene c6 mirc d6 twong dong déi véi gene
cytochrome ¢ 16n hon 99%.

Két qua phan tich cay phat sinh loai cho thay mau ca ngua van si dung trong
thi nghiém nay nam cuing nhdém véi ca ngya van trén ngan hang gene Danio rerio.

3.2. Anh hwéng caa Crom (V1) 18n sy phat trién caa phdi va au trung ca
ngwa van (Danio rerio)

3.2.1. Anh hwéng cia Crom (V1) 18n ty 1¢ séng cia phdi va du tring ca ngua
van (Danio rerio)

Trong thi nghiém nay, phéi ca sau mot gio thu tinh dugc cho tiép xic véi dung
dich chita Crom (V1) & céc nong do lan luot 12 0,1 pg/L; 1 pg/L; 3,125 pg/L; 6,25
Hg/L; 12,5 pg/L; 25 pg/L; 50 pg/L; 100 pg/L va nhom ddi chimg duoc nudi trong

moi truong 1x E3. G mdi ndng do, 50 phoi dugce nudi trong dia Petri 100mm. MJi
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nong do thi nghiém 1ap lai 3 1an. Céach 24 gio thay d6i méi truong mét lan, cac phdi
chét duoc loai bo dé khdng anh hudng dén cac phdi séng con lai.

Kinh hién vi soi ndi duoc sir dung dé quan sat va xac dinh su khac biét vé mit
hinh thai va su phét trién gitta nhom ddi chitng va cac nhom thi nghiém con lai.

Két qua nghién ctiu cho thay, trong nhém ddi chang, phdi ca ngua van phat
trién binh thudng véi cau tric phoi trong sudt, khong cé biéu hién bi di dang. Khbi
noan hoang déu dan va nam & vj tri giira phoi, dong sinh chat chay déu trong phoi
(Hinh 3.8 A). Diéu nay chang to ring, trong diéu kién thi nghiém hién tai, phoi ca
ngua van khong bi anh huong xau tir yéu té maoi truong dén su phét trién caa ching
va duy tri cu trac binh thuong.

O ngay tha 3, cac phoi trong nhom dbi chimg da né thanh au tring cé sirc séng
t6t, khdng cé dau hiéu bt thuong va cac co quan phat trién theo mé ta Kimmel (Hinh
3.8 A) [21].

Tuy nhién, trong cac nhom thuc nghiém duoc tiép xuc vai Crom (V1) ¢ giai
doan dau, bén canh nhitng phoi phét trién binh thuong, da xuat hién mot s6 phoi phat
trién bat thuong vé hinh thai va mot sé phdi bi chét (Hinh 3.8 B, 3.8 C). Ty Ié nay

tang theo thoi gian tiép xdc véi Crom (V1) va ting ciing v6i nong do6 Crom (V).

Hinh 3.8. Phéi c& ngua van
A - Phdi phét trién binh thuong; B - Phéi phat trién bat thuong; C - Phdi chét.

O giai doan phdi na thanh 4u tring & ngay tht 3, qua quan sét, cho thay rang
phdi cé trong cac nhom thi nghiém phét trién cham hon, sitc séng yéu hon va xuat
hién nhiéu di tat hoac tham chi bj chét so voi nhom dbi chieng. Tinh trang nay tré nén
rd rét khi sb lugng biéu hién di tat ting theo ndng dd Crom (V1) va theo ca thoi gian
tiép xic véi Crom (VI) (Hinh 3.9 B, 3.9 C, 3.9 D). Trong khi d6, & nhom ddi chtng,
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4u tring ca ngua van phat trién binh thudng bao gdm mat, nodn hoang, cot séng, dong
sinh chat, tim va vay (Hinh 3.9 A).

Hinh 3.9. Au tring phét trién bat thuong khi nhiém Crom (V1)

A — Au triing ca phat trién binh thuong; B — Au tring ca bi di tat & tdi nodn hoang;
C — Au triing ca bj dj tat cot song; D - Au tring ca bi di tat cot sdng, mat, phu tim

va di tat tui nodn hoang
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Hinh 3.10. Thé hién ty 1& % phoi song & cac nong 6 Crom (VI).
**:p<0,01; ***: p<0,001
Co ché tac dong caa Crom (V1) gy di tat cho c& ngua van hién van chua duoc
hidu 16 va chua c6 co ché tic dong cu thé nao dugc cong bd diy du gan day. Tuy
nhién, sy ting ndong do Crom (VI) trong méi trudng gay anh huong dén qua trinh tong
hop DNA, anh huong theo chiéu hudng tich cuc hoic tiéu cuc gay ra cac di tat. Bé

xéac dinh dugc nong do Crom (V1) dan téi su phat trién bat thuong, biéu hién dj tat,
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nd mudn va giam ty & % séng ddi voi phoi va au tring. Phoi va au tring ca ngua van
da duoc tiép xdc voi nhiéu néng do Crom (V1) khac nhau, bao gém néng do: 0,1
ug/L; 1 pg/L; 3,125 pg/L; 6,25 pg/L; 12,5 pg/L; 25 pg/L; 50 pg/L; 100 pg/L va sir
dung moéi truong 1x E3 lam nhom dbi ching. Thi nghiém duoc thyuc hién tai cac méc
thoi gian khac nhau tir ngay tha 1 dén ngay thr 7. Két qua duoc trinh bay trong Hinh
3.10 va dit liéu bo sung ¢ Phu luc 2.1.

Theo két qua nghién ctu, hinh 3.10 cho thiy viéc tiép xuc véi Crom (V1) &
nong do Crom (V1) thap (0,1 pg/L va 1 pg/L), ty 1& song sot khong co su khéc biét
dang ké tir ngay thir 1 dén ngay thar 7 so véi ddi chizng va ty Ié song duoc xéac dinh
lan luot 12 98,8% va 96,4%. Tuy nhién, viéc tiép xtc véi Crom (V1) ¢ néng d6 cao
hon (> 3,125 pg/L) di lam giam ty Ié séng cta phodi ca ngua van tir ngay thar 1 dén
ngay tht 7. O cac ndng do Crom (V1) lan luot 12 3,125 pg/L; 6,25 pg/L va 12,5 pg/L
va giam dan khi nong d6 Crom (V1) tang 1én. Ty 1¢ song s6t ciia phdi va au triing ca
ngua van ¢ nong do 25 pg/L giam xudng con 47,2% vao ngay th 2 va tiép tuc giam
xudng 30,8% vao ngay thir 7. Trong quéa trinh quan sat, qué trinh no cua phdi trong
nhom nay bi tri hodn cho dén ngay thi 5.

O ndng do Crom (V1) 50 pg/L va 100 pg/L, ty 1é séng giam manh trong qué
trinh phat trién phoi va 4u triing ca ngua van. Gia tri ngudng gay chét (LCso) vao ngay
thir 3 va ngay thir 7 lan luot 12 32,3 pug/L va 16,4 ug/L.

Nhém dbi chiing cho thay su phét trién binh thuong theo mo ta cia Kimmel
[21]. Céc két qua nay da chitng minh rang su gia ting nong d6 Crom (V1) ciing nhu
thoi gian tiép xtc vai Crom (V1) trong thoi gian dai dan dén giam ty 18 song cua phoi
va au triing ca ngua van.

Két qua nghién ctu hién tai cho thiy Crom (V1) 25 pg/L 1a ndng d6 cao nhit
ma phoi c& ngua van cd thé phét trién dén ngay thir 7 c6 y nghia quan trong trong
viéc hiéu duoc cach Crom (V1) anh huéng dén su phat trién cua loai ca nay. Ngoai
ra, cho thay ngudng nong d6 cu thé ma Crom (VI) tré nén dic biét doc hai cho qua
trinh phat trién cua phdi va au tring ca ngua van & giai doan ban dau, sau khi thuy tinh,
dic biét nhay cam véi cac tac nhan bén ngoai. Py 1a giai doan ma hau hét céc réi
loan va ty Ié chét cao nhat co thé xay ra. Su tri hodn trong quéa trinh nd cia phéi ca
ngua van khi tiép xtc véi Crom (VI) & ngudng ndng do 25 pg/L dén ngay thi 5 ciing
la mot phat hién quan trong. Piéu nay cho thiy Crom (V1) khong chi anh huong dén
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ty 16 séng cua phdi va au tring ca ngua vin ma con tac dong dén thoi gian phat trién,
anh huong dén sy tri hodn trong qua trinh nay. Qua trinh né 1a su két hop cua nhiéu
yéu t6 khac nhau, bao gém kha ning tham thau, su hién dién cua enzym né duoc tiét
ra va su chuyén dong cua duéi 4u trung ca trong phéi [79]. Crom (V1) c6 trong mdi
truong nudc gay anh huong dén sy phat trién, dan dén giam sb luong va sirc séng cua
au tring va bién dang vé hinh thai ca ngua van. Ngoai ra, Crom (VI) ciing gy ra cac
bién dang co thé, bao gom tén thuong cot séng va hé thong xwong cia 4u tring ca
ngua van.

Céc di tat do Crom (V1) gay ra thuong thay nhu: ton thuong & cot song va hé
théng xwong cia au triing ca ngua van. Nghién ctu cua Sfakianakis va cong su (2006)
cho rang mot sb bién dang phd bién nhat co thé xac dinh & cot séng, trong s cac di
tat gay ra & 4u tring ca ngua van do tiép xdc vai Crom (V1) bao gdm d6 cong cua cot
séng va xuong bién dang rd nhat [84]. Nghién ciu cua Jezierska va cong su (2009)
d3 chimg minh giai doan phat trién cua phdi sau khi thu tinh 13 giai doan nhay cam
nhét cua au trung ca ngua van khi tiép xdc vai kim loai va anh huong dén qué trinh
hinh thanh co quan, gay di tat va tir vong. Pay ciing la nguyén nhan gay giam ty I¢
séng cuia phoi va au tring ca ngua van.

Nghién ctru nay da chizng minh, Crom (V1) tac dong tiéu cuc dén sy phat trién
cua c& ngua van. Tiép xuc vai Crom (V1) trong thoi gian dai s& dan dén cac hau qua
nghiém trong nhu: sy giam ty 1& song va xuat hién céc di tat co thé au tring ca ngua
van va giai doan phoi 1a thoi diém nhay cam nhét d6i véi sy tac dong caa kim loai
nay. Céac két qua nay cung cap thong tin co ban vé cach Crom (VI) c6 thé tac dong
lén su phét trién cia ca ngua van ¢ giai doan phdi, au tring va day 1a nén tang cho
viéc nghién ctru va thuc hién cac bién phap bao vé moi truong va hé sinh thai trong
moi trudng nudc bi 6 nhiém Crom (VI).

3.2.2. Anh hwong ciia Crom (VI) dén chiéu dai co thé du triing ca ngeea van
(Danio rerio)

Ngoai cac tac dong dén ty 1& sbng cua phdi va au tring cua ca ngua van, sy
phét trién vé hinh thai ciing bi anh hudng boi cac nong dd Crom (V1). Muc do phét
trién duoc danh gia bang cach do chiéu dai co thé au tring ca ngua van. Két qua thi

nghiém duoc thé hién & Hinh 3.11, 3.12, 3.13 va bang sé liéu bd sung & Phuy luc 2.2.
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3,125 pg/L

Hinh 3.11. Chiéu dai 4u triing c& ngua van ¢ ngay tht 3 cua cac nhdm thi nghiém

(d6 phong dai 40x va thude do 100 pm).
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Hinh 3.12. Chiéu dai 4u tring c& ngua van & ngay tht 7 cia cac nhdm thi nghiém

(d6 phong dai 40x va thude do 100 pm).
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Hinh 3.13. Anh huong cua Crom (V1) 18n chiéu dai co thé 4u tring ca ngua van.
wexk: 50,01,

Kich thudc co thé ciia au triing ca ngyua van duoc danh gia khi chung tiép xdc
VGi cac nong do khéac nhau caa Crom (V1) (0,1 pg/L; 1 pg/L; 3,125 pg/L; 6,25 pg/L;
12,5 pg/L va 25 pg/L). Két qua thi nghiém thé hién ¢ Hinh 3.13 cho thiy céc nong
d6 Crom (VI) cao di gy ra su giam kich thuéc co thé au tring c& ngua van.

Trong nhom dbi chizng, chiéu dai co thé 4u tring ca ngua van ting tir 2982 um
Ién 3461 pm theo thoi gian tir ngay thir 3 dén ngay thi 7. Trong qué trinh phét trién,
au tring o nong do Crom (VI) tir 0,1 pg/L dén 12,5 pg/L c6 chiéu dai co thé ngan
hon so véi nhom dbi ching.

Sy cham na cua phdi ¢ nong d6 Crom (V1) 25 pg/L dan dén sy ting truong
thip cua 4u trung ca ngwa van tir ngay thir 5 dén ngay thir 7, véi kich thudce thay doi
tir 2898 wm dén 2996 um. Nhitng két qua nay cho thay sy gia ting nong d6 Crom
(VI) di gay ra mirc d6 rc ché dang ké cho sy phaét trién caa au tring ca ngya van.

Nhiing thay d6i vé kich thudc phéi dan dén sy bat thuong trong qua trinh no
[85]. Trong nghién citu hién tai, viéc gia ting ndng do Crom (V1) da tac dong dén
kich thudc co thé 4u triing c& ngua van, cu thé 1a 1am giam chiéu dai 4u trung c& ngua
van tir ngay tha 3 dén ngay thi 7.

Dic biét sy giam kich thudc rd rét nhat duoc quan sat thay xay ra & nhom tiép
xuc Crom (VI) 25 pg/L.
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3.2.3. Anh hwéng ciia Crom (V1) dén nhip tim du tring c& ngea vén

Nhip tim 1a mét chi s6 quan trong trong cac nghién ciru vé sinh ly hoc va sinh
hoc phét trién cua ca [78]. Piéu nay 13 do chiing dic biét nhay cam véi nhitng thay
d6i ciia moi trudng, dic biét 1a phoi nhidm vai kim loai ning [21]. Nhiém doc kim
loai gy ra nhitng bat thuong trong hé thng tim mach caa phdi ca, bao gom thay doi
nhip tim va hoat dong cua tim, ting ty 1& tir vong va bién dang cot séng [21, 85].
Trong qué trinh phat trién caa phdi, tim phat trién hoan chinh & ngay thir 3 sau khi 4u
trung phdi ca thoat nang va nhip tim duoc quan sét thong qua kinh hién vi sdi néi.

Trong thoi gian thi nghiém, két qua quan sat va ghi nhan nhiing thay doi vé
hinh thai caa 4u tring ca ngya van & cac nong do gay nhiém Crom (VI), bao gom
nhitng biéu hién nhu nhip tim nhanh va di tat & tim. Hinh 3.14 va Phu luc 2.3 1a két
qua nhip tim cta c& ngua van sau khi tiép xdc véi crom (V1) & cac ngay khéac nhau tir

ngay thtr 3 dén ngay thi 7.
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Hinh 3.14. Biéu d6 thé hién nhip tim cia au tring ca ngua van tai cac nong do
Crom (V1) ¢ cac ngay.
*: p<0,05; **: p<0,01.
Két qua tir Hinh 3.14 cho thay, nhip tim caa au tring ca ngwa van bi tic dong
boi nong d6 Crom (V1) trong cac nhdm thi nghiém ¢ céc ngay khac nhau.
O ngay tha 3, da quan sat thay su tang nhip tim khi 4u tring ca ngua van tiép

xuc véi Crom (V1) & cac nong do khac nhau so véi nhom ddi chang. Nhip tim ting
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tir 2 dén 89 nhip/phut ¢ cac ndng do Crom (V1) tir 0,1 pg/L dén 25 pg/L so véi nhom
d6i chieng, su khéc biét nay c6 ¥ nghia vé mit thong ké (p < 0,05).

Tur ngay thir 3 dén ngay tht 7, nhip tim trung binh cua au tring ca ngua van
tiép tuc ting theo ndng d6 Crom (V1) twong tu nhu ngay thir 3. Nhip tim cua au tring
ca ngua van tang tir 33 nhip/phat ¢én 193,6 nhip/pht, & cac ndng d6 Crom (VI) tir
0,1 pug/L dén 25 pg/L so véi nhdm ddi ching, su khac biét nay c6 v nghia vé mat
théng ké (p < 0,05).

Crom (VI) di anh huéng dén nhip tim cua 4u tring ca ngua van theo mét cach
dic biét. Sy tang nhip tim c6 thé 1a mot phan ¢ng tam thoi dau tién cua co thé dé thich
nghi véi tac dong caa Crom (V1) [21, 86, 87]. Tuy nhién, khi tiép tuc tiép xuc véi
Crom (V1) trong thoi gian dai, co thé 4u tring ca ngua van di phan tng chong lai su
tac dong Crom (V1) x&m nhap bang cach tang ty 18 trao ddi chat va ting cudng hoat
dong cua tim. Piéu nay gitp co thé au tring ca ngua van thich nghi véi tac dong cua
Crom (VI) trong moi truong nudc.

Mt khac, au tring c& ngua van trong giai sau khi no khéng con su bao boc
cua I6p mang cua phdi nén au tring tiép xuc truc tiép truc tiép véi moi trudng bén
ngoai, bén canh chuyén hoa chat dinh dudng tir nodn hoan con phai tim ngudn thirc
an nén dan dén ting qua trinh trao d6i chat kéo theo sy tiang nhip tim. Au tring cé
ngua van tiép xtc Crom (V1) trong thoi gian dai 1am ting su cing thang cho ca dan
dén su gia ting cuong do trao d6i chat va ting cuong hoat dong cua tim ca. Bé thich
nghi véi méi truong, co thé du tring c6 nhitng phan tmg nhu gia ting ty 18 trao doi
chat dan dén su gia tang nhip tim [88]. Co ché gay doc chii yéu caa Crom (V1) la 1am
gian doan cac qua trinh ion hoa, dién hinh Ia su &c ché Na, K-ATPase (protein mang
khong thé thiéu trong viéc van chuyén Na+ va K+ qua mang sinh chat dé tham thau
va khuéch tan qua mang) [89-91].

Tir két qua cho thiy, au tring c& ngua van tiép xac Crom (V1) ngay tir giai
doan phoi, Crom (V1) da xam nhap vao céc cau tric bén trong phdi va tich liiy trong
c4c noi quan cua au tring ca ngua van. Crom (V1) duoc van chuyén dén cac co quan,
tich lily va gay rdi loan hoat dong cac co quan, trong d6 c6 tim. Sau khi thoat nang,
au tring ca ngua van hap thy Crom (V1) tryc tiép qua mang, qua da, qua miéng dan
t6i ham Iuwong Crom (V1) Xam nhap vao co thé 4u tring ca ngay cang ting gay cing

thang cho sy phét trién cua 4u tring va lam tang nhip tim cia ching.
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3.3. Crom (VI) anh hwéng dén su thay déi biéu hién cac gene dap wng va
cac gene kiém soat tén thwong |én sy phat trién cia ca ngwa van (Danio rerio)
3.3.1. Gene gadd45a va gadd45g
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Hinh 3.15. Mtc d6 biéu hién mRNA cua gene gadd45a va gadd45g theo etef
(A- gene gadd45a, B- gene gadd45g)

Két qua phan tich Real time RT-PCR (Hinh 3.15 A) cho thiy su biéu hién
MRNA cua gene gadd45a khdng co su khac biét gitra cac nhdm thi nghiém va nhom
d6i chung. Piéu nay chung to rang trude khi tiép xdc voi Crom (V1), mic biéu hién
cua gene gadd45a la 6n dinh va khong bi anh huang boi Crom (V1) ¢ thoi diém nay.

O ngay thtr 3, su biéu hién cua gene gadd45a giam manh ¢ tat ca cac nhom thi

nghiém khi tiép xtc vai Crom (V1). Sy biéu hién cia gene nay tiép tuc duy tri & mic
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thip ¢ ngay thir 5 va ngay thir 7 va khéng c6 su khéc biét gitra cac nhom thi nghiém.
Diéu nay chirng t6 rang Crom (VI) da giy anh huong dén biéu hién cua gene gadd45a
trong thoi gian thai nghiém.

Két qua nghién ctu cho thiy ndng d6 Crom (V1) cang cao dd anh hudng xau
dén biéu hién gene gadd45a gay ra su giam biéu hién cua gene nay. Su giam biéu
hién nay do sy anh huéng caa Crom (VI) dén qua trinh diéu tiét gene cua té bao, dan
dén giam di su phan ang cia té bao trudc su ton thuong gene va kha ning sira chira
t6n thuong do Crom (V1) gay ra.

Két qua phan tich Real time RT-PCR (Hinh 3.15 B) cho thay su biéu hién
MRNA cua gene gadd45g khéng c6 su khac biét gitra cAc nhom thi nghiém va nhém
d6i chung. Piéu nay chung to rang trude khi tiép xdc voi Crom (V1), mic biéu hién
cua gene gadd45g la 6n dinh va khong bi anh huang boi Crom (V1) ¢ thoi diém nay.

O ngay tha 3, sy biéu hien mRNA cua gene gadd45g da ting ¢ tat ca cac nhom
thi nghiém trong qua trinh tiép xtc véi Crom (VI). Su ting biéu hién nay 1a mot phan
g cua té bao trudc tac dong cua Crom (VI) va lién quan dén viéc té bao phan ng
Vi su ton thuong do Crom (VI) gy ra.

O ngay thtr 5, su biéu hién cua gene gadd45g tiép tuc ting so véi ngay thir 3
va nhom ddi chiing & tat ca cac nhoém thi nghiém, nhung khong c6 sy khac biét dang
ké giira cac nhom thi nghiém. Biéu nay chung to rang tac dong caa Crom (V1) van
tiép tuc gay ton thuong va gene gadd45g van duoc kich hoat dé chong lai ton thuong
do Crom (VI) gay ra.

O ngay thtr 7, su biéu hién cua gene gadd45g tiép tuc ting manh so véi ngay
5 tir ndng d6 Crom (VI) 0,1 pug/L dén 6,25 ug/L. Tuy nhién, & nong d6 25 pg/L sy
biéu hién mRNA ciia gene nay giam so véi ngay 5 & cac nhom thi nghiém, trong khi
d6 cac nhom thi nghiém xir Iy Crom (V1) nhan thay sy ting manh trong biéu hién cua
gene nay.

Két qua nghién ctiu cho thay rang nong ¢6 Crom (VI) cao 1am ting su biéu
hién gene gadd45g, dic biét vao ngay thir 7. C6 thé thay gene gadd45g thuong lién
quan dén phan ng cua té bao dé chéng lai sy t6n thuong va stress trong té bao.

Sy tang manh trong biéu hién gene nay 1a mot phan tng bao vé cua té bao
trude tac dong cua Crom (VI) dé ¢ gang chdng lai va khic phuc ton thuong giy ra
bai Crom (VI).
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3.3.2. Gene sod1 va sod?
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Hinh 3.16. Anh huéng cua Crom (V1) 1&n su biéu hién phién ma cua gen sod1
(A) va sod2 (B) trén phoi c4 ngua van
Két qua phan tich Real time RT-PCR (Hinh 3.16 A) cho thiy su biéu hién
mRNA cua gene sod1 khdng c6 su khac biét gitra cac nhdm thi nghiém va nhom dbi
chung. Didu nay ching to rang trude khi tiép xac véi Crom (VI), mac do biéu hién

ctia gene sod1 1a 6n dinh va khong bi anh huang boi Crom (V1) & thoi diém nay.
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O ngay tht 3, su biéu hien mRNA cua gene sod1 giam & ndng d6 Crom (V1)
0,1 pg/L so véi nhom ddi chang. Tuy nhién, ¢ cac néng d6 Crom (VI) cao hon (1
Hg/L; 3,125 ug/L; 6,25 pg/L va 25 pg/L) khong co su khéc biét dang ké trong biéu
hién mRNA cuta gene nay.

O Ngay th 5, su biéu hién mRNA cuaa gene sod1 ting manh & ndng do Crom
(V1) 6,25 pg/L va 25 ug/L, trong khi cac nhém con lai khdng cé su khéc biét dang ké
trong biéu hién mRNA cua gene nay.

Mic du vay, su biéu hien mRNA cua gene sod1 ting manh & ndng dd Crom
(V1) 6,25 pg/L va 25 pg/L & ngay thir 5 lai giam manh & ngay thir 7, trong khi d6 cac
nhém con lai déu nhan thy su tang biéu hién cua gene nay ¢ ngay thi 7.

Két qua nay cho thay rang Crom (VI) c6 tac dong biéu hién cua gene sodl &
mot s6 ndng do va thoi diém khéc nhau. Sy biéu hién cua gene sod1 cd thé duoc ting
Ién hoac giam xudng tiy thudc vao néng do Crom (V1) va thai gian tiép xuc.

Két qua phan tich Real time RT-PCR (Hinh 3.16 B) ciing cho thay ¢ nhom dbi
chang su biéu hién cua gene sod2 nay khdng c6 su khac biét gitra cac nhom thi
nghiém. Piéu nay chiing to rang trude khi tiép xic vai Crom (VI), mice do biéu hién
cua gene sod2 1a 6n dinh va khéng bi anh huong bai Crom (V1) ¢ thoi diém nay.

O ngay tha 3, su biéu hien mRNA cuaa gene sod2 déu giam o tat ca cac nhom
thi nghiém so véi nhom dbi ching. Tuy nhién, khdng c6 sy khéc biét trong biéu hién
cua gene nay gitra cac nhoém thi nghiém.

O ngay thir 5, cho thay sy biéu hién cua gene nay ting so v6i ngay thir 3. Trong
d6, su biéu hien mRNA cua gene sod2 cia nong do Crom (V1) 6,25 ug/L va 25 pg/L
cao hon 3 nhém thi nghiém con lai.

Sy khac biét trong biéu hién mRNA cua gene sod2 giira cac nhom thi nghiém
va nhoém dbi chuang thé hién rd ¢ ngay thir 7. O ngay tha 7, sy biéu hién mRNA cua
gene sod2 tang so véi cdc nhdm thi nghiém ¢ ngay thir 5.

Két qua nay cho thay rang Crom (VI) c¢é tac dong biéu hien mRNA cua gene
sod2 & c4c nong do6 va thoi diém khac nhau. Sw biéu hién mRNA cua gene sod2 c6
thé tang 1én & mot s6 nong do Crom (V1) va giam xudng & cac nong do khac va diéu
nay co thé lién quan dén cach Crom (V1) tac dong dén qua trinh diéu tiét cua gene

nay trong té bao.
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Két qua nghién ctru nay cho thay sy anh huong cua Crom (VI) di véi su phat
trién cua au tring ca ngua van co tac dong truc tiép dén biéu hién gene sod1 va sod2,
hai gene nay quan trong tham gia vao qua trinh khéang oxi héa trong co thé au tring
Ca ngya van.

O ngay thir 3, cho thdy mic d6 biéu hién mRNA cua gene sod1 va sod2 déu
giam trong co thé au tring c& ngua van khi tiép xdc véi Crom (V1) trong cac nhém
thi nghiém. Piéu nay ching té Crom (VI) da giy ra su giam biéu hién cua hai gene
nay, anh huong dén kha ning loai bo céc géc tu do va khang oxy hoa trong co thé au
triing ca ngua van.

Tuy nhién, chi c6 biéu hién phién ma cua gene sod2 dugc duy tri & muc thap
la dau hiéu cua sy anh huong Crom (V1) gy kéo dai hodc kho khan trong viéc phuc
hdi hé thong khang oxy hoa. Nguoc lai gene sod1 da phuc hoi va ting biéu hién vao
ngay tht 7. Sy tang biéu hién cua gene sod1 chi ra mot phan ang phuc hoi cia co thé
au triing c& ngua van sau khi tiép xtc vai Crom (V1) trong thoi gian 7 ngay.

Piéu nay cho thay, Crom (VI) di anh huéng dén qua trinh khang oxy hoa cua
au tring ca ngua van, lam thay doi biéu hién ciia gene sod1 va sod2, anh huéng nay
gay ra su suy yéu cua kha ning khang oxy hoa trong co thé au triing ca ngya van.

3.3.3. Gene mt2
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Két qua phan tich RT-PCR (Hinh 3.17) cho thay su biéu hién mRNA cua gene
mt2. Sy biéu hién mRNA cua gene mt2 khdng co sy khac biét gitra cac nhém thi
nghiém va nhom dbi chang.

Sy biéu hién mRNA cua gene nay duy tri khong ddi & cac nhom thi nghiém.
Diéu nay chtng to rang trudc khi tiép xtc vai Crom (VI), mie d6 biéu hién cua gene
mt2 12 6n dinh va khéng bi anh huéng boi Crom (V1) & thoi diém nay.

O ngay thir 3, sau khi tiép xdc vai Crom (V1), sy biéu hién mRNA cua gene
mt2 duy tri khong d6i & cac nhdm thi nghiém. Tuy nhién, khdng cé su khac biét trong
biéu hién ctia gene nay trong cac nhom. Biéu nay ching té Crom (VI) chua c¢é anh
hudng dang ké dén biéu hien mRNA ciia gene mt2 tai thoi diém nay.

O ngay tha 5, sy biéu hien mRNA cua gene mt2 déu ting & cac nhom thi
nghiém, nhung khong cd su khéc biét trong biéu hién mRNA ctia gene mt2 trong cac
nhém thi nghiém.

Sy tang biéu hién nay c6 thé lién quan dén mot phan tng tu bao vé cua co thé
au tring ca ngua van dé chong lai sy tic dong ciia Crom (VI) da xam nhap vao co thé
au tring ca ngua van tir ngay thir 3. Gene mt2 dugc kich hoat dé tham gia vao qué
trinh loai bé hoic kiém soat doc tinh ctia Crom (VI) trong co thé au tring ca ngua
van.

O ngay tha 7, sy biéu hien mRNA caa gene mt2 ting so véi ngay thir 5 va cé
su khac biét trong biéu hién mMRNA ctia gene mt2 giira cac nhom thi nghiém va nhém
d6i ching. Biéu nay chang to rang Crom (VI) ¢ anh huong dén biéu hién mRNA
ctia gene mt2 sau maot thoi gian tiép x(c va sy ting biéu hién nay c6 thé dong vai tro
quan trong trong co ché ty bao vé cia co thé dé chdng lai doc tinh ciia Crom (V1).

Két qua nghién ctru nay dua ra nhitng théng tin quan trong vé vai tro cia gene
mt2 trong co ché bao vé cua co thé du tring ca ngua van chéng lai doc tinh ciia Crom
(VI), mét chét gay hai phd bién trong méi truong 6 nhiém ngay nay. Su gia tang biéu
hién ciia gene nay theo thoi gian va dudi sy anh huang cua nong d6 Crom (V1) 1a mot
diém dang chu ¥, dic biét 1a co ché tu vé cua sinh vat trong méi truong 6 nhiém. Gene
mt2 dugc tim thdy dong vai trd quan trong trong viéc bao vé au tring ca ngya van
khoi tac dong doc hai cia Crom (VI). Sy ting biéu hién cua gene nay theo thoi gian
cho thdy mét co ché diéu chinh dang ké trong phan ¢ng caa co thé 4u trung ddi voi

moi truong 6 nhidém. Su gia ting nay c6 thé duoc hiéu 1a mot co ché phan ang ty
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nhién caa co thé sinh vat dé déi pho voi tac dong tiém an caa Crom (VI), mot chat
doc hai ma ching c6 thé gap phai trong méi trudng sdng cia minh.

Piéu nay cung cap thém thong tin rong hon vé co ché tu vé cua sinh vat doi
Vvé6i céc tac nhan 6 nhiém trong moi trudng, dic biét 1a trong bdi canh cua su ting
cudng 6 nhiém moi truong hién nay. Hiéu biét vé co ché nay cd thé dong vai trd quan
trong trong viéc phat trién cac bién phap bao vé méi truong hiéu qua va bén viing,
cling nhu trong viéc nghién ctu va phat trién cac phuong phap méi dé d6i pho véi 6
nhiém kim loai ning trong mai trudng tu nhién.

3.3.4. Biéu hign phién ma ciia cdc gene lién quan dén chu ky té bao, #c ché

oxy héa va qua trinh apoptosis
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Hinh 3.18. Su biéu hién phién mi cac gene lién quan dén chu trinh té bao (cdk4 va
cdk6), khang oxy hoa (sod1 va sod2) va apoptosis (caspase 3, bcl2, bax).

Pé kiém tra cac nguyén nhan tiém an gy ra tac dong co6 hai cua Crom (VI),
ki thuat Real time RT-PCR duoc sir dung dé danh gia biéu hién phién ma cua cac
gene lién quan dén chu trinh té bao, gen lién quan dén stress oxy hda va gen lién quan
dén qua trinh apoptosis ¢ ca ngua van giai doan phoi va au tring & ngay thir 1 va ngay
thir 3.

Két qua da chung minh rang, sau khi tiép xuc vai Crom (V1) & ndng d6 bang
hodc cao hon 1 pg/L (Hinh 3.18), sy biéu hién cta cac ban phién ma cdk4 giam khi
s0 sanh v&i nhoém ddi chang. Tuy nhién, tat ca cac nhém thi nghiém tiép xdc Véi

Crom (VI) déu cho thay biéu hién cdk4 thap hon so v6i nhom dbi ching & ngay 3.
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Tuong tu, biéu hién caa cdk6 ciing giam rd rét & nhitng nhom thi nghiém tiép
xtc véi Crom (V1) & cac ndng do 12,5 pg/L crom va 25 pg/L ¢ ngay tht 1. Tuy nhién,
& ngay thir 3, da co su phuc hdi trong biéu hién cdk6 trong cac nhom nay.

Céac nhém thi nghiém tiép xuc vai Crom (V1) ciing cho thay biéu hién cua cdk4
thip hon so v&i nhém d6i chieng & ngay thir 3.

Céac nhom thi nghiém tiép xdc vai Crom (V1) c6 mirc do biéu hién cua sod1
da tang 1én & ngay thir 3 sau khi bién hién giam vao ngay thu 1.

Biéu hién phién ma sod2 & cac nhom thi nghiép tiép xuc véi Crom (V1) lai
thip hon so v6i nhém chitng & ngay thir 1 va ngay thir 3.

Ky thuat Real-time RT-PCR ciing di cho thay rang biéu hién phién ma cua
caspase 3 va bax ting 1én & phdi ca ngua van tiép xdc vai Crom (V1) vao ngay thi 1
(Hinh 3.18 C). Tuy nhién, khdng c6 su khéc biét dang ké vé biéu hién phién ma cua
bcl2 gitra nhom d6i chimng va cac nhém tiép xtc véi Crom (V1).

Sy tang biéu hién cua caspase 3 va bax ¢ phoi ca ngua van da tiép xdc voi
Crom (VI) trong 3 ngay va su diéu chinh giam biéu hién cua bcl2 ciing duge xac dinh
trong cac phéi nay (Hinh 3.18 D).

3.3.5. Anh hwéng cizia Crom (V1) 18n sw biéu hién mét sé gene lién quan dén

apoptosis va khang oxy hoéa trén ca ngwa véin
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Hinh 3.19. Su biéu hién cuia c4c protein lién quan dén qué trinh apoptosis theo
Gapdh ¢ ngay thir 1 va ngay thir 3. A: ngay thu 1; B: ngay tha 3.
Phuong phap Western blot dugc ap dung dé phan tich sy biéu hién caa protein

Bax giira cac nhom thi nghiém. Két qua phan tich cho thiy phéi c& ngua van & ngay
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th 1 (Hinh 3.19) ¢ nhdm ndng d6 Crom (V1) 0.1pg/L biéu hién ting Bax so V&i
nhoém ddi ching, biéu hién ting nay tiép tuc nhan thiy & ndng 6 Crom (V1) 1ug/L,
nong d6 Crom (V1) 3,125ug/L va ndng d6 Crom (V1) 6,25ug/L.

Sy biéu hién cua protein nay khdng cé su khac biét vé mat thdng ké d6i chiing
va nong d6 Crom (V1) 0,1pg/L. Hon nita trong ngay thir 1, sy biéu hién trong mot s6
protein lién quan dén qué trinh apoptosis ciing dugc danh gia bang phuwong phap
Western blot.

Phuong phap Western blot dugc ap dung dé phan tich sy biéu hién caa protein
Bcl2 giita cac nhom thi nghiém. Két qua phan tich cho thay phdi ca ¢ ngay thir 1
(hinh 3.19 A) ¢ nong d6 Crom (VI) 0,1ug/L biéu hién ting Bcl2 so véi nhom di
chang, biéu hién tang nay tiép tuc nhan thay & nong do Crom (V1) 1 pg/L, nong do
Crom (V1) 3,125ug/L va néng do Crom (V1) 6,25ug/L.

Su biéu hién cua protein nay khong cé su khac biét vé mat thong ké nong do
Crom (VI) 1 pg/L va 3,125 pg/L. Su biéu hién cua protein Bcl2 trong phdi ca ¢ nong
dd 6,25 pg/L c6 xu huéng giam so vé6i cac nhdm thi nghiém, tuy nhién van cao hon
s0 v&i nhoém d6i chimg. Hon nira trong ngay thi 1, sy biéu hién trong mot sb protein
lién quan dén qué trinh apoptosis ciing dugc danh gia bang phuong phap Western
blot.

Phuong phap Western blot duoc ap dung dé phan tich sy biéu hién caa protein
Caspase 3 giita cac nhom thi nghiém. Két qua phan tich cho thay phdi ca & ngay thi
1 (hinh 3.19 A) cho thay & néng do Crom (V1) 0,1 pg/L biéu hién ting Caspase 3 so
v6i nhom ddi chiing, biéu hién ting nay tiép tuc nhan thay ¢ nong ¢6 Crom (VI) 1
Mg/L va 3,125 pg/L. Su biéu hién caa protein nay khdng cé su khac biét vé mat thong
ké néng do Crom (V1) lan luot 14 0,1 pug/L, 1 pg/L va 3,125 pg/L.

Sy biéu hién cua protein Caspase 3 trong phoi ca & nong do 6,25ug/L c6 xu
huéng giam so véi cac nhom thi nghiém, tuy nhién van cao hon so v6i nhom dbi
chang. Hon nira trong Ngay thir 1, su biéu hién trong mot sé protein lién quan dén su
chét theo chuong trinh ciing dugc danh gia bang phuong phap Western blot.

Phuong phap western blot duoc 4p dung dé phan tich sy biéu hién cua protein
Bax giita cac nhom thi nghiém. Két qua phan tich cho thay phéi ca ¢ ngay thir 3 (hinh
3.19 B) ¢ nhdm ndng do Crom (VI) 0,1 pg/L biéu hién ting Bax so véi nhom déi
chang, biéu hién ting nay tiép tuc nhan thiy ¢ nhdm nong d¢6 Crom (V1) 1 pg/L,
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nhém nong d6 Crom (V1) 3,125 pg/L va nhém ndéng do Crom (V1) 6,25 pg/L. Su
biéu hién cua protein nay khong co su khéc biét vé mat théng ké nhém ndng do Crom
(V1) 1 pg/L va nhém nong d6 Crom (V1) 6,25 pg/L. Hon nita trong ngay tha 3, su
biéu hién trong mot sb protein lién quan dén su chét theo chwong trinh ciing duoc
danh gia bang phuong phap Western blot.

Phuong phap Western blot dugc ap dung dé phan tich sy biéu hién caa protein
Bcl2 giira cac nhom thi nghiém. Két qua phan tich cho thay phdi c& & ngay 3 (Hinh
3.19 B) cho thdy ¢ nhém néng d6 Crom (VI) 0.1 pg/L va nhém di ching su biéu
hién caa protein nay khong cé sy khéc biét vé mat thong ké, biéu hién ting nhan thay
& nhom ndéng d6 Crom (V1) 1 pg/L, nhdm néng d¢6 Crom (V1) 3.125 ug/L va nhém
nong do Crom (V1) 6.25 ug/L so vai d6i chimg. Hon nita trong ngay tha 3, su biéu
hién trong mot sé protein lién quan dén sy chét theo chuong trinh ciing dugc danh
gia bang phuong phap Western blot.

Phuong phap western blot duoc &4p dung dé phan tich sy biéu hién cua protein
caspase 3 gitta cac nhom thi nghiém. Két qua phan tich cho thay phdi ca ¢ ngay 3
(hinh 3.19 B) cho thay nhém nong do Crom (V1) 0,1 pg/L va nhom ddi chieng sy biéu
hién caa protein ndy khong c6 su khac biét vé mit thong k&, nhém ndéng do Crom
(V1) 1 pg/L biéu hién tang Caspase 3 so véi nhom dbi ching, biéu hién ting nay tiép
tuc nhan thay nhém ndng do Crom (V1) 3,125 ug/L va nhém nong d¢6 Crom (V1) 6,25
Hg/L. Su biéu hién cua protein Caspase 3 trong phdi c& & nhdm néng d6 Crom (V1)
6,25 Hg/L c6 xu hudng tang manh so véi cdc nhom thi nghiém. Hon nita trong ngay
thi 3, sy biéu hién trong mot sb protein lién quan dén sy chét theo chuong trinh ciing

dugc danh gia bang phuong phap western blot.
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3.4. Anh hwéng ciaa Crom (V1) 1&n sy phét trién cia c& ngwa van truéng
thanh
3.4.1. Swtich tu Crom (VI) trong co thé c& ngwa van (Danio rerio)
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Hinh 3.20. Ham luong Crom (V1) tich tu trong co thé ca ngua van trudng thanh

Ham lugng Crom (V1) tich tu trong co thé ca ngua van trong hai nhom thi
nghiém duoc tinh toan va thé hién ¢ Hinh 3.20. Két qua ching minh rang ca ngua
van tiép xtic cang 1au trong moi truong nudc ¢6 chira Crom (VI) thi ham lwgng Crom
(V1) tich tu trong toan bo co thé ca ngua van ngdy cang ting.

Nhom thi nghiém thir nhat: O ciing nong do LCso, két qua phan tich cho thay
ham luong tich tu Crom (VI) ting theo thdi gian, véi mic cao nhét do duoc & ngay
30 (23,9+1,0 mg/kg), ham lwong Crom (V1) nay cao gap 4 1an so véi ngay 5 (6,1+0,4
mg/kg), cao gap 2.5 lan so véi ngay 10 (9,3+0,6 mg/kg) va cao gap 1,5 lan so véi
ngay 20 (17+0,8 mg/kg). Trong nhém ddi chiing ty 18 Crom (V1) tich lity trong co thé
ca 1a 0%, chitng té lwong Crom (V1) khong tich tu trong co thé c& ngya van.

Nhom thi nghiém thi hai: O ciing nong d6 LCs 25, lugng Crom (V1) tich tu &
ngay 5, ngay 10 va ngay 20 lan luot 1a 1,7+0,1mg/kg; 2,5+0,1 mg/kg; 3,7+0,0 mg/kg.
Tuy nhién khdng c6 su khac biét thdng ké giita cac nghiém thire trén. Két qua phan
tich cho thay ham luong tich tu Crom (VI) ting theo thoi gian tiép x(c cao nhat &
ngay 30 (10,1+0,9 mg/kg) va cao gap 5,9 1an so véi ngay 5 (1,7+0,1mg/kg), cao gap
4,1 1an so véi ngay 10 (2,5+0,1 mg/kg) va cao gap 2,7 lan so véi ngay 20 (3,7+0,0
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mg/kg). Ddi véi 16 d6i ching ty 18 13 0%, chiing to lugng Crom (V1) khéng tich tu
trong co thé c& ngua van.

Bén canh nghién ctu vé sy tich tu Crom (VI) trong co thé ca ngua van, c6
nhiéu nghién ciru khac da danh gia su tich tu kim loai nang khéc nhau trong co thé ca
séng trong ving nudc bi & nhidm kim loai nang cho thady mét lugng céac kim loai niang
khac nhau c6 thé tich tu trong cac bd phan khac nhau cua c& ma khong gay tir vong
[92]. Sinh vat thay sinh tich liiy Crom (V1) trong co thé thdng qua chudi thirc 4n ciing
nhu bj anh huéng bai méi treong nude sinh séng bi 6 nhidm [93]. Theo khao sat kha
nang tich tu Cadmium trén ca ngua van - Danio rerio (Hamilton, 1822) dugc trinh
bay boi Nguyén Thi Thuong Huyén giai thich rang, noi quan 1a noi hap thu nhanh va
manh kim loai Cd?* nhat; Su canh tranh giita Cd?** va Ca2* ¢6 trong xuong 1a 2 dai
luong ty 1€ nghich véi nhau 1am cho ham lugng Cd?* tich tu trong xwong ngay cang
tang dan din dén su ton thuong xuwong dot séng nhu loing xwong , cong xuong song;
Sy tich tu Cd?* trong co 1a thap nhit so véi ndi quan va xuong [94]. Theo két qua
nghién ciu cia M.N.R Rosli (2018) vé Phan tich tich lity kim loai niang trong cé tir
viing bién ven bo Terengganu, Malaysia , su tich lity kim loai cao xay ra & gan va mo
mang so véi mod co cua ca, nghién ciru nay da cho thay rang murc do tich liy kim
loai khong doc hai hoac thiét yéu (Cu, Mn va Zn) trong ca cao hon so véi kim loai
doc hai hodc khong thiét yéu (Cd) [95]. Theo Tulasi et al., 1992, Sy phoi nhiém cua
mot s6 lodi c4 nudc ngot voi mot so ndng do chi tich liy dang ké trong mau, than,
gan va ndo, tich lity twong ddi it trong cidc md co va budng trang [96].

3.4.2. Pdnh gid danh hwéng cua Crom (V1) 1én cdu trdc md c& ngua van
(Danio rerio)

Sy tich tu ciia Crom (VI) trong co thé ca ngua van khdng chi gay ra cac ton
thuong doi véi cac mo té bao ma con gay ra sy thay doi dang ké trong cau tric cua
ching. Nghién ciru da chi ra rang viéc tiép xuc vai Crom (V1) ¢6 thé dan dén su bién
d6i cua cac mo quan trong nhu mé rudt, md gan va md budng trang. Piéu nay cé thé
cd nhitng hau qua dang lo ngai vé suc khoe cia ca ngua van va c6 thé anh huong dén
Ca CAU tric va chirc nang cua cac co quan va mo trong co thé ching.

Sy thay dbi cau trdc ciia md rudt ¢d thé anh huong dén kha nang hap thu chat
dinh dudng va qua trinh trao doi chat ctia c& ngua van, c6 thé dan dén sy suy giam vé

sirc khoe tong thé. Sy ton thuong mé gan c6 thé gay ra cac van dé vé chirc ning gan
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va qué trinh loai bo chit doc hai khoi co thé. Ngoai ra, sy bién ddi caa md budng
trang c6 thé gay ra cac van dé vé sinh san va sinh san, anh huéng dén su phat trién

Va ton tai ctia cac thé hé tuong lai cua loai.

Hinh 3.21. Hinh cit I6p md rudt ca ngya van sau khi tiép xdc véi ndng do Crom

(VI), @6 phong dai 200, thuéc do 100pum. A: Hinh cat I6p mé nhom ddi chiang; B,
C, D, E: Hinh cit Iép mé rudt ca ngua van lan luot cua cac ngay 5, 10, 20 va 30.
Két qua cit 1at md rudt Hinh 3.21 duoc quan sat dudi kinh hién vi cho thiy
c4u tric mo rudt cua c& ngua van cd sy thay doi hinh dang va ciu tric cua vi lng
nhung ting theo thoi gian tiép xic vai Crom (V1) 6 ndng d6 LCso. O ngay 5 dén ngay
20 (Hinh 3.21 B, 3.21 C, 3.21 D) 16ng nhung ting so v&i nhom dbi ching va day dac
nhét & ngay 30 (Hinh 3.21 E). Ngoai ra, cdc md m& trong mo rudt giam theo thoi gian

tiép xtc véi Crom (VI).



Hinh 3.22. Hinh cit I6p md budng tring ca ngua van khi tiép xdc véi ndng
d6 Crom (VI), d6 phong dai 200, thudc do 100um.
A: Hinh cit 16p md budng tring ciia nhom ddi ching; B, C, D, E: Hinh cét 16p md
budng trang lan luot cua cac ngay 5, 10, 20 va 30
Két qua cit 1at md budng trang (Hinh 3.22) duoc quan sét bang kinh hién vi
cho thay cau trdc mé budng tring ca ngua van cé sy thay doi khi tiép xic véi Crom
(VI) & ndng d6 LDso. Thoi gian tiép xdc cang lau thi ty 18 céc hat lipid cang giam. O

ngdy 5 dén ngay 30 ty I¢& cac hat lipid giam déu so véi nhom déi ching.

Hinh 3.23. Hinh cit I6p m6 gan ca ngua van khi tiép xuc véi crom (VI) 6 phong
dai 100, thude do 100pum.
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A: Hinh cit 16p md gan cua nhom déi ching; B, C, D, E: Hinh cit I16p md gan lan
lrot cua cac ngay 5, 10, 20 va 30

Két qua cit 1at mé gan (Hinh 3.23) duoc quan st bang kinh hién vi cho thiy
c4u tric md gan c& ngua van co su thay di khi tiép xtc voi Crom (V1) ¢ ndng do
LDso. O ngay 5 dén ngay 30 xuat hién cac 6 viém va 6 viém cang ning theo thoi gian
tiép xuc véi Crom (VI).

Nghién ciru ndy cho thidy Crom (VI) tac dong Ién céc cau trdc noi quan, bao
gom nhirng thay d6i mé rudt, gan va md budng tring cua c& ngua van khi cé bi phoi
nhiém véi Crom (VI).

Két qua quan sat cho thay rd su tac dong caa Crom (V1) 18n cau tric md cé
ngua van, bao gém su thay doi trong cau tric 16ng nhung rudt, su hinh thanh cac 6
viém trong gan va su bién ddi cua lipid trong budng trirng. Theo Tulasi. Al, 1992, sy
phoi nhiém c4 nudc ngot Anabas testudineus dén muc giam (5 ppm) nong do
Pb(NO3)2 trong khoang thoi gian 30 ngdy trong giai doan chuan bi chu ky sinh san
hang nam 1am giam tong luong lipid, phospholipid va murc cholesterol trong md gan
va budng trimg trong khi nong d6 axit béo tu do ting 1én va hoat dong cua lipase 1a
cao. Bién dong theo mua trong ham lugng lipid cua budng trimg va gan va ham luong
cholesterol ciia budng trizng, gan va huyét thanh lién quan dén chu ky sinh san hang
nam & H. fossilis da duoc thuc hién, giam ham lwong lipid cua gan c6 lién quan dén
viéc giam chi s6 gan (HSI) trong cac giai doan sinh san va sinh san nhung ¢ su gia
tang rd rét muc do6 lipid cua budng trimg trong cac giai doan trén tring khop vai hd
so chi s6 gonadosomatic (GSI) ting cuong. Huyét thanh va buong trang cho thay sy
sut giam trong ham lugng cholesterol cua ho trong qué trinh sinh san trudce khi tang
mtc d6 trong thoi gian sinh san. Sy phan hay cholesterol trong gan bét dau tir trudc
Vva tiép tuc cho dén giai doan sinh san va sau d6 13y lai xu hudng ting [96]. Theo
nghién ciru caa Jinling Cao (2019), da chang minh rang kim loai ning c6 thé ngan
chan sy phat trién ciia ca ngua van va anh huong dang ké dén sinh san & ca hai gioi
bang céch 1am hong céu trdc cua tuyén sinh duc, 1am thay ddi nong do hormone
steroid va biéu hién cua cac gen lién quan dén noi tiét trong HPG cua c& ngua van,
nghién cttu ndy cho thay kim loai nang anh hudng xau dén hé théng nai tiét sinh san
& c& ngua van va cd thé 13 méi de doa tiém tang ddi voi quan thé cé sbng & ving nudc

bi nhiém kim loai [97]. Nhitng thay d6i gay ra boi cac chat 6 nhiém kim loai ning
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trong qua trinh trueéng thanh té bao trang cé c6 thé lién quan dén nhidm doc tring,
tich lity kim loai trong tring hoic anh huéng truc tiép cua kim loai dén qua trinh tao
gen. Sy trudng thanh té bao tring 1a nhay cam nhat véi nhiém doc kim loai [87]. Do
d6, cac réi loan khac nhau gay ra bai cac chat 6 nhidm kim loai ning trong qua trinh
phét trién té bao tring dan dén giam s luong va chat lugng trang.

Theo két qua nghién ciru, 16ng nhung trong rudt ting 1én va mé mé& giam dan
theo thoi gian tiép xac crom (VI1). Trong nghién ciru cia Chhaya Bhatnagar va cong
su (2007), tac dong thodi hoa la r6 rang trong niém mac va nhung mao cua ruét [98].
Nhiing thay d6i siéu nho trong md rudt biéu hién nhiéu vi khuan thoai hda bén trong
long rudt vai tdi da bon chudi OMV gan vao biéu md rudt, su gan két nay co lién
quan dén sy suy giam cua cé4c té bao rudt va microvilli ciia n6 véi su tich tu cua biéu
mo bi bong troc trong rudt, sy xam nhap cua thoai héa EGC va DC-Like da dugc
quan sat thay trong biéu mé ruot hoai tir [99]. Theo El-Sayed Mohamed Younis va
cong su (2013), nhitng thay d6i mé bénh hoc quan sat thay trong rudt cua ca hai loai
ca: Oreochromis niloticus va Lates niloticus cho thay nhitng thay d6i nghiém trong
vé thoai hoa va hoai tir & niém mac rudt [100]. Phu gitra niém mac va niém mac c6
thé 1a két qua cua sy hap thu kim loai doc hai [101].

Sy anh huong cua Crom (V1) 1én sirc khoe con nguoi va sinh vat khong thé
doan trudc dugc. Crom (VI) di vao co thé qua nhiéu con duong khac nhau, kha ning
hap thu cua tiéu hoa da phat tan cac chat doc hai dén toan bo phan trong co thé, anh
huong dén stic khoe cua con ngudi va sinh vat. Nghién ctiru nay da xac dinh sy hién
dién caa kim loai niang va tac dong tiéu cuc cua chung ddi voi co thé c& ngua van,
chang to mdi de doa dang ké dbi vai ca sinh vat va stic khoe cia con ngudi. Két qua
thu duoc tir nghién ctiru ndy sé 1a co so dé dong gop cho cac nghién ciru tiép theo theo

huéng cai thién moi trudng nham bao vé sicc khoe con nguoi va dong vat.
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KET LUAN VA KIEN NGHI

Két luan

Anh huéng cua Crom (V1) 18n sy phét trién cua ca ngua van bao gom ty 18
séng cua phoi, nhip tim, ham lwgng Crom (V1) tich tu trong co thé ca, su tac dong
cua Crom (V1) 1én cau tric noi quan, ciing nhu su thay d6i biéu hién cac gene lién
quan dén qué trinh stress oxy héa va apoptosis duoc thé hién cu thé nhu sau:

Theo két qua nghién ciru, ddi véi viéc tiép xdc véi Crom (V1) & ndng d6 thap
(0,1 ug/L va 1 pg/L), khong c6 tac dong dang ké ndo anh hudng dén sy sdng st cua
phdi trong sudt qué trinh phat trién phdi. Tuy nhién, viéc tiép xtc véi Crom (VI) &
nong d6 cao hon (>3,125 pg/L) da lam giam ty Ié sbng caa phoi ca ngya van tir ngay
thar 1 dén ngay tha 7. Nhitng phat hién nay gop phan hiéu biét cua ching ta vé cach
Crom (VI) anh hudng dén sy phéat trién caa phdi va au tring c& ngya van. Tai nong
d6 Crom (V1) 25 pg/L l1a nong d6 cao nhat ma phéi ca ngua van co thé phat trién (dén
ngay thir 7). Tiép xtc Crom (VI) & ndng do thap hon, qua trinh nd cua phéi dién ra
vao ngay thir 3, trong khi qua trinh no cia phdi ¢ nong do 25 pg/L vao ngay thi 5.
Sy gia ting ndng d6 Crom (V1) c6 lién quan dén viéc giam chiéu dai co thé cua au
triing ca ngua van tir ngay thir 3 dén ngay thr 7; diéu nay dic biét xay ra ¢ nong do
Crom (VI) 25 pg/L. Két qua nay cho thay nong do Crom (V1) cao gay ra su tri hodn
trong qua trinh né phdi cua ca ngua van. Ngoai ra, nhip tim ting rd rét di dwoc quan
st thay khi phoi nhiém véi Crom (VI), dic biét 12 & nong do cao.

Viéc tiép xuc véi Crom (VI) trong thoi ngan hoic dai 1am thay doi biéu hién
ciia mot s6 gene lién quan dén qua trinh apoptosis va cac gene dap ung khang oxy
hoa. Nhitng két qua cho thay rang viéc tiép xdc véi Crom (V1) 1am thay doi cac biéu
hién phién ma, diéu nay pha v& hé thong chdng oxy hoa trong au tring ca ngua van.
Crom (V1) 1am suy yéu cac biéu hién phién ma, do d6 dan dén sy cham phét trién cua
phdi c& ngua van. Cac phan tich Realtime RT-PCR va Western blot da ching minh
rang viéc tiép xuc vai Crom (V1) gay ra sy diéu chinh ting cua Caspase 3 va Bax, va
su diéu chinh giam Bcl2. Ngoai ra, ph6i tiép xuc véi Crom (V1) cho thiy qua trinh
diéu hoa tang Bax va diéu hoa giam Bcl2. Nhitng két qua nay chi ra rang sy gia ting
qua trinh apoptosis xay ra & phoi va au tring khi tiép xtc véi Crom (VI1), chinh diéu

nay da lam giam su phat trién cta ching.
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Cé ngua van tiép xtc véi Crom (V1) ¢6 kha ning tich tu Crom (V1) trong co
thé va ting theo thoi gian tiép xtc. Sy tich tu Crom (VI) trong co thé ca ngua van gay
anh huong dén cau tric noi quan dan dén viém gan, ting 16ng nhung trong rudt lam
cho 16ng nhung tro nén day dic hon va giam cac hat lipid trong mé budng tring.

Kién nghi

Phan tich sy biéu hién cac gene lién quan dén qua trinh apoptosis va khang
oxy hoa trén ca ngua van (Danio rerio) truéng thanh.

Danh gia Crom (VI) 1én c4u tric va chirc ning mé khac nhu than, tinh hoan.



82

CAC CONG TRINH CONG BO CUA TAC GIA

Dang, K. D., Ho, C. N. Q., Van, H. D., Dinh, S. T., Nguyen, Q. T. T., Nguyen,
T.T.T, .. &Le, L. T. (2023). Hexavalent Chromium Inhibited Zebrafish Embryo
Development by Altering Apoptosis-and Antioxidant-Related Genes. Current Issues
in Molecular Biology, 45(8), 6916-6926. (SCI, Q2)

Dang Dang Khoa, Nguyen Thi Phuong Thao, Le Thanh Long. Effects of
hexavalent chromium on structure of liver, intestine and ovary of Zebra fish.
International Journal of Biosciences. 2023, 23 (3): pp 164-169.



10.

11.

12.

13.

14.

83

TAI LIEU THAM KHAO

Sanchez-Olivares, M.A., J.C. Gaytan-Oyarzun, A.J. Gordillo-Martinez, F.
Prieto-Garcia, R.B.E. Cabrera-Cruz, Toxicity and teratogenicity in zebrafish
Danio rerio embryos exposed to chromium. Latin american journal of aquatic
research, 2021. 49(2): p. 289-298.

Grevatt, P., US Environmental Protection Agency, Toxicological review of
hexavalent chromium. National Center for Environmental Assessments,
Office of Research and Development, Washington, DC, 1998.

Dhal, B., H. Thatoi, N. Das, B. Pandey, Chemical and microbial remediation
of hexavalent chromium from contaminated soil and mining/metallurgical
solid waste: a review. Journal of hazardous materials, 2013. 250: p. 272-291.
Chiu, A., X. Shi, W. Lee, R. Hill, T. Wakeman, A. Katz, B. Xu, N. Dalal, J.
Robertson, C. Chen, Review of chromium (VI) apoptosis, cell-cycle-arrest,
and carcinogenesis. Journal of Environmental Science and Health, Part C,
2010. 28(3): p. 188-230.

Sivakumar, K.K., J.A. Stanley, J.A. Arosh, M.E. Pepling, R.C. Burghardt,
S.K. Banu, Prenatal exposure to chromium induces early reproductive
senescence by increasing germ cell apoptosis and advancing germ cell cyst
breakdown in the F1 offspring. Developmental biology, 2014. 388(1): p. 22-
34.

Das, J., M.-H. Kang, E. Kim, D.-N. Kwon, Y.-J. Choi, J.-H. Kim, Hexavalent
chromium induces apoptosis in male somatic and spermatogonial stem cells
via redox imbalance. Scientific reports, 2015. 5(1): p. 13921.

Wuri, L., R.C. Burghardt, J.A. Arosh, C.R. Long, S.K. Banu, Hexavalent
Chromium Disrupts Oocyte Development in Rats by Elevating Oxidative
Stress, DNA Double-Strand Breaks, Microtubule Disruption, and Aberrant
Segregation of Chromosomes. International Journal of Molecular Sciences,
2023. 24(12): p. 10003.

Banu, S.K., J.A. Stanley, K.K. Sivakumar, J.A. Arosh, R.J. Taylor, R.C.
Burghardt, Chromium VI— Induced developmental toxicity of placenta is
mediated through spatiotemporal dysregulation of cell survival and apoptotic
proteins. Reproductive Toxicology, 2017. 68: p. 171-190.

Bambino, K. J. Chu, Zebrafish in Toxicology and Environmental Health. Curr
Top Dev Biol, 2017. 124: p. 331-367.

Duruibe, Ogwuegbu, Egwurugwu, Heavy metal pollution and human biotoxic
effects. International Journal of physical sciences, 2007. 2(5): p. 112-118.
Ziemacki, G., G. Viviano, F. Merli, Heavy metals: sources and environmental
presence. Annali dell'lstituto superiore di sanita, 1989. 25(3): p. 531-535.
Chai, L., S. Huang, Z. Yang, B. Peng, Y. Huang, Y. Chen, Cr (VI) remediation
by indigenous bacteria in soils contaminated by chromium-containing slag. J
Hazard Mater, 2009. 167(1-3): p. 516-22.

Jones, 1., P. Kille, G. Sweeney, Cadmium delays growth hormone expression
during rainbow trout development. Journal of Fish Biology, 2001. 59(4): p.
1015-1022.

Ma, W., L. Wang, Y. He, Y. Yan, Tissue-specific cadmium and
metallothionein levels in freshwater crab Sinopotamon henanense during



15.

16.

17.

18.

19.

20.

21.

22.

23.

84

acute exposure to waterborne cadmium. Environmental Toxicology: An
International Journal, 2008. 23(3): p. 393-400.

Kim, B.-M., B. Kim, S.-E. Nam, H.-J. Eom, S. Lee, K. Kim, J.-S. Rhee,
Reductive transformation of hexavalent chromium in ice decreases chromium
toxicity in aquatic animals. Environmental Science & Technology, 2022.
56(6): p. 3503-3513.

Costa, M., Toxicity and carcinogenicity of Cr (VI) in animal models and
humans. Critical reviews in toxicology, 1997. 27(5): p. 431-442.

Matz, C.J., R.G. Treble, P.H. Krone, Accumulation and elimination of
cadmium in larval stage zebrafish following acute exposure. Ecotoxicology
and environmental safety, 2007. 66(1): p. 44-48.

Tian, Y., Q. Zhu, J. Yuan, R. Kneepkens, Y. Yue, C. Zhang, Direct
embryotoxicity of chromium (Il1) exposure during preimplantation
development. Journal of Reproduction and Development, 2021. 67(4): p. 283-
290.

Kimmel, C.B., R.M. Warga, T.F. Schilling, Origin and organization of the
zebrafish fate map. Development, 1990. 108(4): p. 581-594.

Domingues, I., R. Oliveira, J. Lourengo, C.K. Grisolia, S. Mendo, A. Soares,
Biomarkers as a tool to assess effects of chromium (VI): comparison of
responses in zebrafish early life stages and adults. Comparative Biochemistry
and Physiology Part C: Toxicology & Pharmacology, 2010. 152(3): p. 338-
345.

Kimmel, C.B., W.W. Ballard, S.R. Kimmel, B. Ullmann, T.F. Schilling,
Stages of embryonic development of the zebrafish. Developmental dynamics,
1995. 203(3): p. 253-310.

Driessen, M., A.S. Kienhuis, J.L. Pennings, T.E. Pronk, E.-J. van de Brandhof,
M. Roodbergen, H.P. Spaink, B. van de Water, L.T. van der Ven, Exploring
the zebrafish embryo as an alternative model for the evaluation of liver toxicity
by histopathology and expression profiling. Archives of toxicology, 2013. 87:
p. 807-823.

Howe, K., M.D. Clark, C.F. Torroja, J. Torrance, C. Berthelot, M. Muffato,
J.E. Collins, S. Humphray, K. McLaren, L. Matthews, S. McLaren, I. Sealy,
M. Caccamo, C. Churcher, C. Scott, J.C. Barrett, R. Koch, G.J. Rauch, S.
White, W. Chow, B. Kilian, L.T. Quintais, J.A. Guerra-Assuncao, Y. Zhou,
Y. Gu,J. Yen, J.H. Vogel, T. Eyre, S. Redmond, R. Banerjee, J. Chi, B. Fu, E.
Langley, S.F. Maguire, G.K. Laird, D. Lloyd, E. Kenyon, S. Donaldson, H.
Sehra, J. Almeida-King, J. Loveland, S. Trevanion, M. Jones, M. Quail, D.
Willey, A. Hunt, J. Burton, S. Sims, K. McLay, B. Plumb, J. Davis, C. Clee,
K. Oliver, R. Clark, C. Riddle, D. Elliot, G. Threadgold, G. Harden, D. Ware,
S. Begum, B. Mortimore, G. Kerry, P. Heath, B. Phillimore, A. Tracey, N.
Corby, M. Dunn, C. Johnson, J. Wood, S. Clark, S. Pelan, G. Griffiths, M.
Smith, R. Glithero, P. Howden, N. Barker, C. Lloyd, C. Stevens, J. Harley, K.
Holt, G. Panagiotidis, J. Lovell, H. Beasley, C. Henderson, D. Gordon, K.
Auger, D. Wright, J. Collins, C. Raisen, L. Dyer, K. Leung, L. Robertson, K.
Ambridge, D. Leongamornlert, S. McGuire, R. Gilderthorp, C. Griffiths, D.
Manthravadi, S. Nichol, G. Barker, S. Whitehead, M. Kay, J. Brown, C.
Murnane, E. Gray, M. Humphries, N. Sycamore, D. Barker, D. Saunders, J.



24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

85

Wallis, A. Babbage, S. Hammond, M. Mashreghi-Mohammadi, L. Barr, S.
Martin, P. Wray, A. Ellington, N. Matthews, M. Ellwood, R. Woodmansey,
G. Clark, J. Cooper, A. Tromans, D. Grafham, C. Skuce, R. Pandian, R.
Andrews, E. Harrison, A. Kimberley, J. Garnett, N. Fosker, R. Hall, P. Garner,
D. Kelly, C. Bird, S. Palmer, I. Gehring, A. Berger, C.M. Dooley, Z. Ersan-
Urun, C. Eser, H. Geiger, M. Geisler, L. Karotki, A. Kirn, J. Konantz, M.
Konantz, M. Oberlander, S. Rudolph-Geiger, M. Teucke, C. Lanz, G. Raddatz,
K. Osoegawa, B. Zhu, A. Rapp, S. Widaa, C. Langford, F. Yang, S.C.
Schuster, N.P. Carter, J. Harrow, Z. Ning, J. Herrero, S.M. Searle, A. Enright,
R. Geisler, R.H. Plasterk, C. Lee, M. Westerfield, P.J. de Jong, L.I. Zon, J.H.
Postlethwait, C. Nusslein-Volhard, T.J. Hubbard, H. Roest Crollius, J. Rogers
D.L. Stemple, The zebrafish reference genome sequence and its relationship
to the human genome. Nature, 2013. 496(7446): p. 498-503.

Hubbard, T.J., B.L. Aken, S. Ayling, B. Ballester, K. Beal, E. Bragin, S. Brent,
Y. Chen, P. Clapham, L. Clarke, Ensembl 2009. Nucleic acids research, 2009.
37(suppl_1): p. D690-D697.

Bradley, K.M., J.B. Elmore, J.P. Breyer, B.L. Yaspan, J.R. Jessen, E.W.
Knapik, J.R. Smith, A major zebrafish polymorphism resource for genetic
mapping. Genome biology, 2007. 8(4): p. 1-10.

Murphey, R.D., H.M. Stern, C.T. Straub, L.1.J.C.b. Zon, d. design, A chemical
genetic screen for cell cycle inhibitors in zebrafish embryos. 2006. 68(4): p.
213-219.

Kimmel, Stages of embryonic development of the zebrafish. 1995. 203(3): p.
253-310.

Modarresi Chahardehi, A., H. Arsad, V. Lim, Zebrafish as a successful animal
model for screening toxicity of medicinal plants. Plants, 2020. 9(10): p. 1345.
Avanesov, A. J. Malicki, Analysis of the retina in the zebrafish model, in
Methods in cell biology. 2010, Elsevier. p. 153-204.

Scholz, S., S. Fischer, U. Giindel, E. Kuster, T. Luckenbach, D. Voelker, The
zebrafish embryo model in environmental risk assessment—applications
beyond acute toxicity testing. Environmental science and pollution research,
2008. 15: p. 394-404.

Riggio, M., S. Filosa, E. Parisi, R. Scudiero, Changes in zinc, copper and
metallothionein contents during oocyte growth and early development of the
teleost Danio rerio (zebrafish). Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology, 2003. 135(2): p. 191-196.

Zhao, X., S. Wang, Y. Wu, H. You, L. Lv, Acute ZnO nanoparticles exposure
induces developmental toxicity, oxidative stress and DNA damage in embryo-
larval zebrafish. Aquatic toxicology, 2013. 136: p. 49-59.

Kienle, C., H.-R. Kdhler, A. Gerhardt, Behavioural and developmental toxicity
of chlorpyrifos and nickel chloride to zebrafish (Danio rerio) embryos and
larvae. Ecotoxicology and Environmental Safety, 2009. 72(6): p. 1740-1747.
Anandhan, R., S. Hemalatha, V. Kavitha, G. Bhuyan, Effect of aluminium on
development of Zebrafish, Brachydanio rerio (Ham.). International Journal of
Pharmacy & Life Sciences, 2013. 4(4).



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

86

Pandey, G. S. Madhuri, Heavy metals causing toxicity in animals and fishes.
Research Journal of Animal, Veterinary and Fishery Sciences, 2014. 2(2): p.
17-23.

Ansari, S., B. Ansari, B. Ansari, Effects of heavy metals on the embryo and
larvae of Zebrafish, Danio rerio (Cyprinidae). Scholars Academic Journal of
Biosciences, 2015. 3(1b): p. 52-56.

Zheng, J.-L., S.-S. Yuan, C.-W. Wu, W.-Y. Li, Chronic waterborne zinc and
cadmium exposures induced different responses towards oxidative stress in
the liver of zebrafish. Aquatic Toxicology, 2016. 177: p. 261-268.

Chen, Y., J. Li, Q. Zhou, Z. Liu, Q. Li, Hexavalent chromium amplifies the
developmental toxicity of graphene oxide during zebrafish embryogenesis.
Ecotoxicology and Environmental Safety, 2021. 208: p. 111487.

McKim, J.M., Evaluation of tests with early life stages of fish for predicting
long-term toxicity. Journal of the Fisheries Board of Canada, 1977. 34(8): p.
1148-1154.

Strahle, U., S. Scholz, R. Geisler, P. Greiner, H. Hollert, S. Rastegar, A.
Schumacher, 1. Selderslaghs, C. Weiss, H. Witters, Zebrafish embryos as an
alternative to animal experiments—a commentary on the definition of the
onset of protected life stages in animal welfare regulations. Reproductive
Toxicology, 2012. 33(2): p. 128-132.

Berger, J. P.D. Currie, Zebrafish models flex their muscles to shed light on
muscular dystrophies. Disease models & mechanisms, 2012. 5(6): p. 726-732.
Zhang, C., J.M. Frazier, H. Chen, Y. Liu, J.-A. Lee, G.J. Cole, Molecular and
morphological changes in zebrafish following transient ethanol exposure
during defined developmental stages. Neurotoxicology and teratology, 2014.
44: p. 70-80.

Lammer, E., G. Carr, K. Wendler, J. Rawlings, S. Belanger, T. Braunbeck, Is
the fish embryo toxicity test (FET) with the zebrafish (Danio rerio) a potential
alternative for the fish acute toxicity test? Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2009. 149(2): p. 196-209.
Rottbauer, W., K. Baker, Z.G. Wo, M.-A.P. Mohideen, H.F. Cantiello, M.C.
Fishman, Growth and function of the embryonic heart depend upon the
cardiac-specific L-type calcium channel al subunit. Developmental cell,
2001. 1(2): p. 265-275.

Armstrong, F. L. Que Jr, Current opinion in chemical biology. 2012. p. 1-2.
Hwang, W.Y., Y. Fu, D. Reyon, M.L. Maeder, S.Q. Tsai, J.D. Sander, R.T.
Peterson, J.J. Yeh, J.K. Joung, Efficient genome editing in zebrafish using a
CRISPR-Cas system. Nature biotechnology, 2013. 31(3): p. 227-229.

Nguyén Thi Thuong Huyén, Phan Thanh Huy, Tran Anh Huy, Nguyén Thi
Thu Giang, Lé Thanh Long, Nguyen Tuong Anh, Danh gia tac dong cua
cadmium (Cd) Ién qué trinh phét trién cia phdi ca ngwa van - Danio rerio
(Hamilton, 1822). Tap chi Khoa hoc Pai hoc Su pham TPHCM, 2012. 40: p.
123-131.

Tran Thi Phuong Dung, Nguyen Hiéu, Nguyen Thi Thuorng Huyen Danh gid
s tde dong cua chi Ién qua trinh phét trién phdi ca ngwa van - Danio rerio
(Hamilton,1822). Tap chi Khoa hoc Bai hoc Su pham TPHCM, 2014. 61: p.
122-131.



49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

87

Nguyén Thi Thuong Huyen DBoan Lé Minh Hién, Pdnh gid anh hwong cua
kém 18n sir song cé nguwa van giai doan au tring (1-7 ngdy tudi). Tap chi Khoa
hoc Pai hoc Su pham TPHCM, 2016. 6(84): p. 103-116.

Nguyén Thi Thuong Huyén, Tran Thi Trac Pao, Hoang Nghia Son, Pdnh gid
dnh hwong cua asen 18n sy phat trién phoi ca nguwra van (Danio rerio). Tap chi
sinh hoc, 2018. 40(1): p. 51-61.

Ng6 Van Tuén, Nghién ciru su anh huong cua Chi (Pb) doi véi qua trinh phat
trién cua ca ngwa van (Danio rerio). Luan an tién sy Sinh thai hoc. 2023, Hoc
vién Khoa hoc va Cong nghé.

Duong Thuy Linh, Hoang Thi My Hanh, Nguyén Lai Thanh, Pdnh gid tdic
dong cua Acetaminophen Ién sy phét trién phdi ca ngwa van (Danio rerio).
VNU Journal of Science: Medical and Pharmaceutical Sciences, 2016. 32(1).
Kerr, JF., AH. Wyllie, AR. Currie, Apoptosis: a basic biological
phenomenon with wideranging implications in tissue kinetics. British journal
of cancer, 1972. 26(4): p. 239-257.

Norbury, C.J. I.D. Hickson, Cellular responses to DNA damage. Annual
review of pharmacology and toxicology, 2001. 41(1): p. 367-401.

Schafer, A., Gadd45 proteins: key players of repair-mediated DNA
demethylation. Gadd45 Stress Sensor Genes, 2013: p. 35-50.

Walmsley, R.M. M. Tate, The GADD45a-GFP GreenScreen HC assay.
Genetic Toxicology: Principles and Methods, 2012: p. 231-250.

Hollander, M., I. Alamo, J. Jackman, M. Wang, O. McBride, A. Fornace Jr,
Analysis of the mammalian gadd45 gene and its response to DNA damage.
Journal of Biological Chemistry, 1993. 268(32): p. 24385-24393.

Ishida, K., Y. Yuge, M. Hanaoka, M. Yasukawa, Y. Minami, M. Ogawa, K.h.
Masumoto, Y. Shigeyoshi, M. Saito, T. Tsuji, Gadd45g regulates dental
epithelial cell proliferation through p38 MAPK-mediated p21 expression.
Genes to Cells, 2013. 18(8): p. 660-671.

Gierten, J., C. Pylatiuk, O.T. Hammouda, C. Schock, J. Stegmaier, J.
Wittbrodt, J. Gehrig, F. Loosli, Automated high-throughput heartbeat
quantification in medaka and zebrafish embryos under physiological
conditions. Scientific Reports, 2020. 10(1): p. 2046.

Taslima, K., M. Al-Emran, M.S. Rahman, J. Hasan, Z. Ferdous, M.F. Rohani,
M. Shahjahan, Impacts of heavy metals on early development, growth and
reproduction of fish—A review. Toxicology Reports, 2022. 9: p. 858-868.
Johnson, A., E. Carew, K. Sloman, The effects of copper on the morphological
and functional development of zebrafish embryos. Aquatic Toxicology, 2007.
84(4): p. 431-438.

Shefner, J., A. Reaume, D. Flood, R. Scott, N. Kowall, R. Ferrante, D. Siwek,
M. Upton—Rice, R. Brown, Mice lacking cytosolic copper/zinc superoxide
dismutase display a distinctive motor axonopathy. Neurology, 1999. 53(6): p.
1239-1239.

Wang, J. H. Cao, Zebrafish and medaka: Important animal models for human
neurodegenerative diseases. International journal of molecular sciences, 2021.
22(19): p. 10766.

Ramesh, T., A.N. Lyon, R.H. Pineda, C. Wang, P.M. Janssen, B.D. Canan,
A.H. Burghes, C.E. Beattie, A genetic model of amyotrophic lateral sclerosis



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

88

in zebrafish displays phenotypic hallmarks of motoneuron disease. Disease
models & mechanisms, 2010. 3(9-10): p. 652-662.

Liu, X,, L. Zhang, P. Wang, X. Li, D. Qiu, L. Li, J. Zhang, X. Hou, L. Han, J.
Ge, Sirt3-dependent deacetylation of SOD2 plays a protective role against
oxidative stress in oocytes from diabetic mice. Cell cycle, 2017. 16(13): p.
1302-1308.

Sharma, S., S. Bhattarai, H. Ara, G. Sun, D.K. St Clair, M.S. Bhuiyan, C.
Kevil, M.N. Watts, P. Dominic, T. Shimizu, SOD2 deficiency in
cardiomyocytes defines defective mitochondrial bioenergetics as a cause of
lethal dilated cardiomyopathy. Redox biology, 2020. 37: p. 101740.

Rice, J.M., A. Zweifach, M.A. Lynes, Metallothionein regulates intracellular
zinc signaling during CD4+ T cell activation. BMC immunology, 2016. 17:
p. 1-14.

Liu, X,, J. Quan, Z. Shen, Z. Zhang, Z. Chen, L. Li, X. Li, G. Hu, X. Deng,
Metallothionein 2A (MT2A) controls cell proliferation and liver metastasis by
controlling the MST1/LATS2/YAP1 signaling pathway in colorectal cancer.
Cancer Cell International, 2022. 22(1): p. 1-13.

Wang, R.-F., L.-M. Zhu, J. Zhang, X.-P. An, Y.-P. Yang, M. Song, L. Zhang,
Developmental toxicity of copper in marine medaka (Oryzias melastigma)
embryos and larvae. Chemosphere, 2020. 247: p. 125923.

Wang, Y., R. Branicky, A. Nog, S. Hekimi, Superoxide dismutases: Dual roles
in controlling ROS damage and regulating ROS signaling. Journal of Cell
Biology, 2018. 217(6): p. 1915-1928.

Maurya, R. M. Namdeo, Superoxide dismutase: a key enzyme for the survival
of intracellular pathogens in host. Reactive Oxygen Species, 2021.

Di Paola, D., F. Capparucci, G. Lanteri, M. Cordaro, R. Crupi, R. Siracusa, R.
D’Amico, R. Fusco, D. Impellizzeri, S. Cuzzocrea, Combined toxicity of
xenobiotics Bisphenol A and heavy metals on zebrafish embryos (Danio rerio).
Toxics, 2021. 9(12): p. 344.

Malumbres, M., Cyclin-dependent kinases. Genome biology, 2014. 15(6): p.
1-10.

Zhang, L., Y. Li, C. Hu, Y. Chen, Z. Chen, Z.-S. Chen, J.-Y. Zhang, S. Fang,
CDK®6-PI3K signaling axis is an efficient target for attenuating ABCB1/P-gp
mediated multi-drug resistance (MDR) in cancer cells. Molecular Cancer,
2022. 21(1): p. 1-26.

Topacio, B.R., E. Zatulovskiy, S. Cristea, S. Xie, C.S. Tambo, S.M. Rubin, J.
Sage, M. Kdivomdgi, J.M. Skotheim, Cyclin D-Cdk4, 6 drives cell-cycle
progression via the retinoblastoma protein’s C-terminal helix. Molecular cell,
2019. 74(4): p. 758-770. e4.

Mayden, R.L., K.L. Tang, K.W. Conway, J. Freyhof, S. Chamberlain, M.
Haskins, L. Schneider, M. Sudkamp, R.M. Wood, M. Agnew, Phylogenetic
relationships of Danio within the order Cypriniformes: a framework for
comparative and evolutionary studies of a model species. Journal of
Experimental Zoology Part B: Molecular and Developmental Evolution, 2007.
308(5): p. 642-654.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

89

Williams, S.Y. B.J. Renquist, High throughput Danio rerio energy
expenditure assay. JOVE (Journal of Visualized Experiments), 2016(107): p.
e53297.

Livak, K.J. T.D. Schmittgen, Analysis of relative gene expression data using
real-time quantitative PCR and the 2— AACT method. methods, 2001. 25(4):
p. 402-408.

Webster, K.A., K. Henke, D.M. Ingalls, A. Nahrin, M.P. Harris, K.R.
Siegfried, Cyclin-dependent kinase 21 is a novel regulator of proliferation and
meiosis in the male germline of zebrafish. Reproduction, 2019. 157(4): p. 383-
398.

Sakthivel, S., A.R. Dhanapal, V.S. Munisamy, M.P. Nasirudeen, V. Selvaraj,
V. Velu, A. Gurusamy, Molecular characterization and expression profiling
of arsenic mediated stress-responsive genes in Dawkinsia tambraparniei
(Silas, 1954). Journal of Applied Biology and Biotechnology, 2023. 11(3): p.
193-199.

NEGRAO, D., M.Z. NIEGOWSKA, C.L. GOMEZ, T. LETTIERI, Testing
comparability of existing and innovative bioassays for water quality
assessment.

Huang, W., S. Zheng, X. Wang, Z. Cai, J. Xiao, C. Liu, K. Wu, A
transcriptomics-based analysis of toxicity mechanisms of zebrafish embryos
and larvae following parental Bisphenol A exposure. Ecotoxicology and
Environmental Safety, 2020. 205: p. 111165.

Schneider, C.A., W.S. Rasband, K.W. Eliceiri, NIH Image to ImageJ: 25 years
of image analysis. Nature methods, 2012. 9(7): p. 671-675.

Sfakianakis, D., E. Georgakopoulou, I. Papadakis, P. Divanach, M. Kentouri,
G. Koumoundouros, Environmental determinants of haemal lordosis in
European sea bass, Dicentrarchus labrax (Linnaeus, 1758). Aquaculture,
2006. 254(1-4): p. 54-64.

Papasani, M.R., B.D. Robison, R.W. Hardy, R.A. Hill, Early developmental
expression of two insulins in zebrafish (Danio rerio). Physiological genomics,
2006. 27(1): p. 79-85.

Yamagami, K., W. Hoar, D. Randall, Mechanisms of hatching in fish, fish
physiology (Vol. XI, pp. 447-499). 1988, San Diego, CA: Academic Press.
Jezierska, B., K. Lugowska, M. Witeska, The effects of heavy metals on
embryonic development of fish (a review). Fish physiology and biochemistry,
2009. 35: p. 625-640.

Barton, B., Stress in Finfish: Past, Present and Future-a Historical
Prespective, in G. Fish stress and health in aquaculture, 1997: p. 1-33.
Chang, L.W., L. Magos, T. Suzuki, Toxicology of metals. 1996: CRC Boca
Raton, FL.

Skou, J.C. M. Esmann, The na, k-atpase. Journal of bioenergetics and
biomembranes, 1992. 24: p. 249-261.

Lyon, G.R., J.M. Fletcher, S.E. Shaywitz, B.A. Shaywitz, J.K. Torgesen, F.B.
Wood, A. Schulte, R. Olson, Rethinking learning disabilities. Rethinking
special education for a new century, 2001: p. 259-287.



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

90

Jezierska, B. M. Witeska. The metal uptake and accumulation in fish living in
polluted waters. in Soil and water pollution monitoring, protection and
remediation. 2006. Springer.

Creti, P., F. Trinchella, R. Scudiero, Heavy metal bioaccumulation and
metallothionein content in tissues of the sea bream Sparus aurata from three
different fish farming systems. Environmental monitoring and assessment,
2010. 165: p. 321-329.

Nguyén Thi Thuong Huyén, Tran Anh Huy, Nguyén Thi Thu Giang, Tran Thi
Phuong Dung, Khdo sét kha ndng tich tu Cadmium trén co thé c& Ngua van-
Danio rerio (Hamilton, 1822). 2013.

Rosli, M., S. Samat, M. Yasir, M. Yusof, Analysis of heavy metal
accumulation in fish at Terengganu coastal area, Malaysia. Sains Malaysiana,
2018. 47(6): p. 1277-1283.

Tulasi, S., P. Reddy, J.R. Rao, Accumulation of lead and effects on total lipids
and lipid derivatives in the freshwater fish Anabas testudineus (Bloch).
Ecotoxicology and environmental safety, 1992. 23(1): p. 33-38.

Cao, J., G. Wang, T. Wang, J. Chen, G. Wenjing, P. Wu, X. He, L. Xie, Copper
caused reproductive endocrine disruption in zebrafish (Danio rerio). Aquatic
Toxicology, 2019. 211: p. 124-136.

Bhatnagar, C., M. Bhatnagar, B.C. Regar, Fluoride-induced histopathological
changes in gill, kidney, and intestine of fresh water teleost, Labeo rohita.
Fluoride, 2007. 40(1): p. 55-61.

Abdelhamed, H., I. Ibrahim, W. Baumgartner, M.L. Lawrence, A. Karsi,
Characterization of histopathological and ultrastructural changes in channel
catfish experimentally infected with virulent Aeromonas hydrophila. Frontiers
in microbiology, 2017. 8: p. 1519.

Younis, M.S., AM.S.-E. Elhamshary, A.l. Abd-Elmaboud, N.M. El-Sayed,
S.M. Kishik, Diagnosis of Acanthamoeba keratitis in clinically suspected
cases and its correlation with some risk factors. Egypt J Med Sci, 2013. 34(2):
p. 527-540.

Hanna, M., I. Shaheed, N. Elias, A contribution on chromium and lead toxicity
in cultured Oreochromis niloticus. Egyptian Journal of Aquatic Biology and
Fisheries, 2005. 9: p. 177-209.



PHU LUC

1. Pinh danh ca ngwa vin (Danio rerio)
1.1. Gene cytochrome b
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1.2. Gene cytochrome ¢
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2. Anh hwéng cisa Crom (V1) Ién sw phat trién ciia phoi va au tring ca ngwa

van

2.1. Ty & séng

Ty 1 séng ngay thee 1

C4c nong @ Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 125 25 50 100
1 100 100 100 94 94 92 92 88 84
2 100 100 98 96 88 92 92 90 88
3 100 100 96 94 96 92 92 80 94
4 100 100 94 96 98 88 90 80 82
5 100 100 98 98 98 94 86 94 98

Ty 1é song ngay tha 2
Cac nong d6 Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 | 125 25 50 100
1 100 94.0 98 88 90 88 42 68 84
2 100 100 98 90 76 90 52 84 88
3 100 100 96 90 94 86 54 22 84
4 100 100 94 92 96 84 42 36 78
5 100 100 96 96 92 94 46 66 96

Ty 1é song ngay thir 3
Céc néng dd Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 12.5 25 50 100
1 100 94 98 88 84 88 40 58 0
2 100 100 98 90 72 90 52 60 0
3 100 100 96 90 94 86 52 12 0
4 100 100 94 92 96 84 40 16 0
5 100 100 96 96 92 94 46 4 0
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Ty 16 séng ngay thir 4

C4c nong @ Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 12.5 25 50 100
1 100 94 98 88 80 86 36 0 0
2 100 100 98 84 72 88 46 0 0
3 100 100 96 80 80 82 48 0 0
4 100 100 94 72 72 78 34 0 0
5 100 100 96 78 78 90 38 0 0

Ty |é séng ngay thi# 5
Céc nong d6 Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 | 125 25 50 100
1 100 94 98 88 80 86 28 0 0
2 100 100 98 84 72 84 38 0 0
3 100 100 96 80 80 78 40 0 0
4 100 100 94 12 12 66 30 0 0
5 100 100 96 78 78 90 18 0 0

Ty 1é song ngay thir 6
Céc néng dd Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 12.5 25 50 100
1 100 94 98 88 78 76 28 0 0
2 100 100 98 76 72 72 38 0 0
3 100 100 96 80 80 48 38 0 0
4 100 100 94 72 72 32 30 0 0
5 100 100 96 78 76 46 18 0 0

Ty 1 séng ngay thee 7
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C4c nong dd Crom (V1) (ug/L)

Stt bC 0.1 1 3.125 | 6.25 | 125 25 50 100
1 100 94 98 88 78 76 28 0 0
2 100 100 98 76 72 72 38 0 0
3 100 100 96 80 80 48 38 0 0
4 100 100 94 72 72 32 30 0 0
5 100 100 96 78 76 46 18 0 0
2.2. Chiéu dai 4u tring c& ngwa van
Chiéu dai du tring ca ngwa van ngay thi 3
Crom (V1) (ng/L)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 2974 2933 3039 2921 2918 2731
2 2969 2922 2842 2927 2915 2737
3 2987 2988 2994 2857 2842 2844
4 2978 2973 2874 2872 2915 2914
5 3005 2956 2969 2932 2821 2803
Chiéu dai du tring c& ngwa van ngay thi 4
Crom (V1) (ng/L)
Stt bC 0.1 1 3.125 6.25 125 25
1 3185 3134 3092 3215 2964 2955
2 3176 3081 3172 3161 3122 2847
3 3188 3275 3147 2998 3000 3009
4 3164 3163 3056 3064 2920 3013
5 3146 3139 3167 3066 3022 3083

Chiéu dai du triing ca ngwa van ngay the 5
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Crom (VI) (ug/L)

Stt bC 0.1 1 3.125 6.25 12.5 25
1 3283 3229 3111 3077 3135 2906 2987
2 3246 3200 3323 3007 3105 3013 2923
3 3223 3196 3231 3311 3122 3207 2906
4 3253 3273 3301 3222 3158 3139 2859
5 3218 3257 3129 3247 3135 2925 2816
Chiéu dai du triing c& ngea van ngay the 6
Crom (V1) (ug/L)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 3371 3270 3212 3191 3156 3081 2964
2 3336 3339 3246 3203 3157 3092 2920
3 3328 3188 3239 3203 3152 3056 2955
4 3340 3302 3203 3179 3158 3064 3009
5 3292 3223 3275 3138 3077 3066 3013
Chiéu dai du triing ca ngwa van ngay the 7
Crom (V1) (ug/L)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 3490 3336 3294 3215 3167 3077 3049
2 3500 3328 3264 3269 3156 3148 2973
3 3470 3340 3239 3207 3157 3077 2989
4 3475 3393 3269 3224 3152 3148 2973
5 3371 3314 3212 3214 3158 3184 2994
2.3. Nhip tim 4u triing c& ngwa vin
Nhip tim au trung cé& ngwa van ngay thi 3
Nhip tim (Nhip/phit)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 233 255 266 270 278 280 300
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Nhip tim (Nhip/phit)

Stt bC 0.1 1 3.125 6.25 12.5 25
2 226 253 263 266 284 290 303
3 220 250 270 275 275 290 302
4 230 246 246 256 276 280 300
5 244 252 262 262 275 280 300
Nhjp tim du tring c& ngua van ngay thi 4
Nhip tim (Nhip/phut)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 280 297 297 300 330 370 389
2 278 300 298 305 330 380 390
3 268 302 306 310 328 384 405
4 272 304 314 320 326 382 403
5 276 295 305 310 328 385 395
Nhjp tim du tring c& ngwa vin ngay thiz 5
Nhip tim (Nhip/phut)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 255 260 270 276 278 360 370
2 240 262 266 270 286 340 360
3 244 266 259 265 266 345 350
4 256 256 256 260 265 344 348
5 233 258 258 268 271 348 350
Nhjp tim du tring c& ngwa vin ngay thir 6
Nhip tim (Nhip/phut)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 226 242 264 270 270 279 290
2 220 256 258 260 267 270 280
3 237 263 248 255 257 260 280
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4 230 250 244 254 257 260 285
5 224 247 247 257 260 275 290
Nhip tim 4u trung ca ngwa van ngay thir 7
Nhip tim (Nhip/phut)
Stt bC 0.1 1 3.125 6.25 12.5 25
1 211 232 230 240 250 260 270
2 216 222 234 244 255 260 270
3 219 238 244 245 255 260 270
4 224 228 228 230 240 250 270
5 220 223 233 235 245 250 260
3. Anh hwéng ciia Crom (VI) dén su thay déi biéu hién cac gene
Gene gadd45a
Nong do Poi chirng Ngay 3 Ngay 5 Ngay 7
0,1 pg/L 1.002605 0.040565 0.00746 0.015598
1 pg/L 1.002605 0.066663 0.004564 0.006963
3,125 ug/L 1.002605 0.011348 0.008169 0.011255
6,25 ug/L 1.002605 0.05286 0.024995 0.004982
25 pg/L 1.002605 0.089572 0.012848 0.008142
Gene gadd45g
Nong do Doi chirng Ngay 3 Ngay 5 Ngay 7
0,1 pg/L 1.004716327 8.010802 33.38024 285.2882
1 pg/L 1.004716327 10.22241 22.71755 134.7154
3,125 ug/L 1.004716327 11.7606 40.00242 150.5993
6,25 ug/L 1.004716327 11.88743 40.61662 58.69348
25 pg/L 1.004716327 7.662773 36.24395 18.30792
Gene sod 1
Nong do Poi chirng Ngay 3 Ngay 5 Ngay 7
0,1 pg/L 1.001773173 0.64882 0.747532359 2.488918
1 po/L 1.001773173 0.81066 0.721968455 1.117127
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3,125 pg/L 1.001773173 0.966494 0.778857841 1.439805
6,25 pg/L 1.001773173 0.825691 1.835595329 0.489499
25 pg/L 1.001773173 1.083585 3.456573893 0.319461
Gene sod 2

Nong do Poi chirng Ngay 3 Ngay 5 Ngay 7
0,1 pg/L 1.000165 0.360914 1.394339 4.387415
1 po/L 1.000165 0.300324 1.219075 3.107049
3,125 pg/L 1.000165 0.293483 1.414412 2.953898
6,25 pg/L 1.000165 0.452143 2.194908 2.307129
25 pg/L 1.000165 0.484389 2.696559 6.578682
Gene mt2

Nong do Péi chieng Ngay 3 Ngay 5 Ngay 7
0,1 pg/L 1.00337 0.51566 3.279179 79.9397
1 ug/L 1.00337 0.331348 2.934664 30.59284
3,125 ug/L 1.00337 0.36598 7.553858 58.66968
6,25 ng/L 1.00337 0.242802 4.628304 36.89436
25 pg/L 1.00337 0.964471 4.328095 85.31603
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