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Abstract. Nowadays, nanoparticles (NPs) have a great potential application in different industries. Titanium dioxide
NPs cause the biggest eco-toxicological and eco-physiological concerns due to the increase of anthropogenic input into
the aquatic ecosystems, compared with other NPs. In this study, the impact of yeast enriched with titanium dioxide NPs
on the growth, survival, digestive enzyme activity and lipid metabolism in Artemia urmiana (AU) and Artemia
franciscana (AF) is investigated. The experiment was designed in two treatments (control and enriched yeast with
titanium dioxide NPs) and each with four replicates for both Artemia species. The investigation indicated that titanium
dioxide nanoparticles did not affect the Artemia species growth but increased AF survival significantly. However, No
significant difference was observed in AU survival. Also, the results showed that NPs decreased AU digestive enzyme
activity significantly and the reverse pattern was observed for AF. The impact of NPs on the body lipid content was
investigated in Artemia species and the results revealed that using this NPs decrease this parameter in AU but did not
affect on AF lipid body content. The results obtained in this experiment suggest that the eco-physiological effects of
titanium dioxide NPs differ in Artemia urmiana and Artemia franciscana.
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Fig. 1. The effects of titanium dioxide nanoparticles on growth rate of A. urmiana (Left) and A. franciscana (Right)

after 15 days experiment period.
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Fig. 2. The effects of titanium dioxide nanoparticles on survival percentage of A. urmiana (left) and A. franciscana

(right) after 15 days experiment period.

9 Jb.a u,:au BE AauL? (PSOOS) Méu.d Uﬁ&lf b [f{.‘ajj/

S35 L edd b jadee Sl eslitul &S o Ol

Uil bois T Ol 1 S imn 36 psilisdnS


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

53/

Asgari et al. Effects of nanoparticles enriched yeast on Artemi

LaisT 5 O3l Lok 2o jades 56 .01 5 Kue

2 Gk e WIS e 25 b Ens 4 s L
Uyl sbeail 51 (S e @) 05T K550 5 Sas
(opmiy AT A A5 @) Lol roman 5 (g8 5 i
S5 el gbadle js o opl sl (Ates et al., 2013) w4
dge ) aas ol SISeS 5 5 SIS Sa5 4
SLI> «65T (T dlie & Lai,T ol il 2ol 53l
L5 gm0l Sl 3 e S8 28 (gl IS
5 s L 05 S B Sl Se S ST Sl el
s U ys alies ol (Ates et al., 2013) wS” eslizal
Sl 3 Sl Je 5w 1y 0T ke, T o S5

Ll o3 S Jd $59550 SV 5 SIS 5 4 bs e

LT 6585 55 03 O ladal Ly, A5 o)lsl Lgdy,
WL 3 LT A lie Ol s plail 1SS S L O
@il o gladesl Olpe 03 (gusmame RIS (s
Lai T8 55 o 5o S gt ol 5 &Sl ) ol gLt
51 eslizal ( WoSo g alin Ol i (6, 5 Ad edalie
33 A 0 1 o Sladl Ol ppilis ST D1)3 50
G S50l VU ity Kol o5 sy palS 68

RC
g Grimpar 5 035 Jlw 4 a5k (T bl

=

asl ST 0T 55 Dly3 el a8 L bl Al 31 5 2

A. franciscana , A. urmiana i,/ £ Sl 3T Clab oyl ST 805 5 350 ) oslizal 5B -V Uy

Table 1.The effects of titanium dioxide nanoparticles on A. urmiana and A. franciscana digestive enzymes activity

Control TiO;
A. urmiana
Protease 6.942.0° 46.4+15.12
Pepsin 43.317.4 36.318.1
Amylase 0.005+0.02 0.0011+0.0 ®
Lipase 0.51+0.08 2 0.24+0.03"
Alkaline Phosphatase 0.055+0.02 @ 0.022+0.0 ®
A. franciscana
Protease 0.23#0.1° 168.1+15.02
Pepsin 22.1+6.0 ° 224.1+22.02
Amylase 0.0004+0.0 ® 0.0035+0.0 @
Lipase 0.009+0.0° 0.58+0.1°
Alkaline Phosphatase 0.017+0.0° 0.07+0.0

mg starch ;3.7 mmol of tyrosine released / min/ mg protein .ol cows 5 3Ws, Jb5 ulul, 515 Sl 5T 535 cdlab

mmol substrate ;uli.s - JIT mmole of substrate hydrolyzed / minute / mg protein ;L3 dydrolyzed / min /mg protein

Slaigme Ml (glols sy pa ps Caltbes (o5 b gleesls 5 Ui 3518 Mean £ SD L, esls™ released / min / mg protein at 37° C

s Lz 5380 Ol cla..n 33

Specific enzymes activity: Total protease and pepsin, mmol of tyrosine released / min/ mg protein; Amylase, mg

starch hydrolyzed / min /mg protein; Lipase, mmole of substrate hydrolyzed / minute / mg protein; Alkaline
phosphatase, mmol substrate released / min / mg protein at 37° C *Data are presented as mean + SD and means with
the same superscript letters suggest no significant differences, while different letters significant differences

(P<0.05).
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Fig. 3. The effects of titanium dioxide nanoparticles on A. urmiana and A. franciscana lipid percentage at the end

of the experiment.
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Table 2. The effects of titanium dioxide nanoparticles on A. urmiana and A. franciscana fatty acids profiles.

Control TiO2
A. urmiana
Total saturated 16.2 22.5
Total monoensaturated 14.7 39.7
C18:2n6 7.8 114
C18:3n3 10.3 145
C20:4n6 0.7 0
C20:5n3(EPA) 16.5 0
C22:6n3(DHA) 0.25 0.12
A. franciscana
Total saturated 21.8 19.4
Total monoensaturated 36.4 44
C18:2n6 9.3 11.6
C18:3n3 10.8 13.9
C20:4n6 0 0.11
C20:5n3(EPA) 47 0
C22:6n3(DHA) 14 0

30l &S sl Ol Q)Lnf&:ij) YU Olabean lis
Gl san abear 31 LOE I (51 53 4 olmsdh g O i plas
S Olabeass diy Gla el 5> HIb fme i 54 0ol
Chle 1) i opl s LT i odalie 555, 5595 ples!
& 5,2 5 (Sub-lethal toxic) e siksanses ol
Olse chle ol b Olsbeass (58 5l ams 5 5 YTJ 55
RIFI GRS Eb wlie LT Slalas mb S
Lo YoO) (oin 5 sla 5 VeV OLSn 5 Jgn 1444

J)\fﬁj‘t%l:-wb@bca-b)&&uw)ﬂ“.!%j

O3l b Olys Sladlls 0,5 sla g 5 4 455 b
BB Ao 5 Sl spdee sl OL3T )3 psiliianSTe
SadnST s ol (CBle 3 s p 4 3
ol al@ﬂj@qd;.g}(ajsyug);ﬁ 0355) gk
0L 5T (S35 58 el Sl (5 rioead 5 0351 (o
Federici et al., 2007; Chen et al., ) .l asls
5 Odewaly Olallas mb (2011; Ates et al., 2013
ms Shydgb Sl eslimal 3G sLys (Yerq) nLSas
S 53 (48 p SIS 53 p F e Ver 510) psiliss]


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

55/b

Asgari et al. Effects of nanoparticles enriched yeast on Artemi

LaisT 5 O3l Lok 2o jades 56 .01 5 Kue

A e Sl 5T Clad (s (36 a0 s emes
ST Sl s EalS ol gl iliee B A8 e iy
A U el & L8l e Wi o (B)1S sl
3,5 oslal b 5T ol e ol 55 (55 Glals e
b 4 eoes (Dedourge-Geffard et al., 2009)
SIS sln kS ST 5 e S, ol el dtes 5
35 Ll Olg e 2l s ol D e SPAl anzys
358 IS ST mis palf Eol ful (Sen
Maltby & Crane, 1994; Sunde et al., 2001; Suzer )

(et al., 2006

Ller 2SSl iT hbyy b (il Sl
Olis Sl g1l b Sopslme Sltm 1) 5L 5 3T ¢ 5
cJs si3 (Fouqueray et al, 2013) sas .
b Ssbme Shn 5L 5 ST (o 5 (1S Sl 5T
ol i)l 8l dhasm 3l )5S ale 53 535 5 AT I3k
&S 5 sl rule G s oves (LING et al., 2010)
A 5 ey 5T Cl 2151 AAVE Dl s 0L
2 55 ¥ Dt ppedlS G pane Slim |y jllaud o 5T
b 5,18 (5 ol 1aSTlss Olys ol Ol paleay 8
LS o 31 eslizal Slam 1y 5,18 Sl 5T ol jrals
" (Dedourge-Geffard et al., 2009) wss o olis sk
S i 55 o dST| el e 2B sa Sl S
il b 5T s 5 Sl s it 3B L Il gledis
Laiy T 55 S Gaw T Sl ol Adles o
S 5 8L Sl 1 I3 b ! Sl eslinal jlde (1K 5
Sles Sl eslizal 5 A oalive bloag/ Laiy T Sbys alies ol
A EE 1 S e sT Sl ek 1S
Aoy O YU SIS @ a5 b by 2alST (gylsline ) sbas
o By 3t Sb e s LT L0850l
O3 b a8 i ol ESKSE pl ol L CEIL 35 s Il
5 AU L e sT e 5 Sl 56 2, el
2O W 5 )18 sl 5T Sl (sladis
LIS 5 B,y 53 W8S Gl dey e b4 s

N3 Jelse B B st ST felse alea )

5 Sloekis cliy y pasles AnSTes D3 L3 A
LaiyT 5 blasy LaisT 53 58 cbp T
2Ol 56 ol 5B a5 b3S sl s s Ul 5
caadlas ol 55 Ll g.w;,/”&s,? 95 & 5 S S
(S JS) pasles AnST3 SIS0 L ok 28 jona
5;\;ow@w,.\.‘;uu@1\,¢ﬂzf,>ﬁz¢a <l
5 Ulog )l Loy Ty ol gme 5,56 SIy3 b ol 31 ealinul
3l 5l eslital day o 5 4 5, Gl 8 Loy
)rﬂwmb;; ceaum;)y;«ubﬁr,:;t;w\@
Fre s Al il 1 blei)T s di, el s s
el 4 S plosl s Jamme 53 S350l b <8l
r}:;l:.:?wl L) Q‘J)};L l; o..«L&L;.Q JW )‘ oalaww! ComaR
Ol Jo CBlb Sls gme 30 Loyl LaiyT Sle o)
Sl il Bl gobslas ysbay |y UK s Laiy T Sleodi
Loy T dryoon iy Jy s aintin Gids ol ol s
Sl &S gyl Aoy Lol lld a4 ar g L ULy
ol e Sl B laulST C\y\ S eVL sl
3yl 68 Canbar s Slydgl pmen 5 O340
QT J:Ajéfjﬂ Q‘j:e 4>=::; )29 (\Mf 4(}\)&&& 9 ‘5‘)§mp)
l{ (:}:;t:}'u\:mf|6.> Q\)J}:L J;LE.A BERE] sl LERY @:.19
JU S sT Casls 0ol Ol dhex)l St Ol
sd>= 4 (Brunet et al., 2009; Visai et al., 2011)
b oS 1y LSl Loty T Slaodi 013 0554 slacs STt
Col e 1S B3 & 5 IS Cabe 4 ar g
Ja._:u &lﬁf{b )jlé J)}A ).\ &bﬁ g:,..w‘ aJ‘J J:".’.‘Js‘

A Ll oSS 4 5 ) Sl 4 5 e s

4 5 G 5 5T Gl (218 sl 5T b
A3l e OL T 53 iy OMestl 5 1e o a5 L ) 30
(Sunde et al., 2001; Gomez-Requeni et al., 2013)
Sl 5T b S350 5 eslizad b 4 & e L2
33 ALK 5 Kty anlllas ol aitls , 0L T 53 &,18
Os cwomed 3 e S350 3l eslizal 3T 5,0 53 Y40 JL
BRSSPI, WY1 PUMRGIN [P SRV PRRLIS W
.4zl (Epinephelus coioides) i b 58 Olsless
e 3t Bl 551 48 sl 0l T Slalas gl


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

56/0%

Nova Biologica Reperta 3 (1): 48-60 (2016)

FAF ) 5ylad X aly i pole 53 cng slaaiily

o gl T s plald S opiomen gLl
sg=15a 5| my (EPA, DHA, AA) PUFA 2155l 5 asllas
S Ser 5 LST6 oS glandllan 55 ee Caliies glacLile L
i N S sy s Sos 51 00l plnil YAY JLu s
Elil e ST gLl o r Sladl Ol ol ddlllas o
D 5o LT85 53 ja s St 5 oK sl
S Jlss 05 ISl 5l iy el LuSTs 85350
s 1, EPA, DHA sk C}:’t:; LSl 5,5 U 31 eslazal
Bl rals d}f))ﬁ

(FA7) 0,0 5 &Ky andllae gl alie G ol il
Gladel 215l & Sl (YA 0Ses 5 ghsibe s
bagrlge Slom b 8 (oale o gLl & 5 Ll o
sls 5 1 e S35 30 s e 50 slaD s

6T @b K5 5l b 0 53 EPA, DHA pslie el
23 (Al gl b Slx ) 6l BT Nzl by
b a,l,s aés kil ¢l (Wang et al., 2014) .
2 Js slag 5T G S o310l (s sladnST | azws
So3r2 D Skl SNAS 5 8 5 o e sl
b aie ol 3 (6,503 dalllas L Wil e ST S

Lok 28 pedne I oalizul o sls Ol Lol dallls il
2 S S3b (BN pasls wnSTs 34t
Ol L5 5 5,10 LT G55 55 8 53 ddy sla esls
Cou 3 Jy s o il il 1) U5 Loy T Sleods
3gh o adsd @u BENUEIE NS VRGP F ‘u;fe)\}f ‘5"‘V’JJ
by iy T8 53 S5 g5 Sl & Ly o o

Al

ol 02 oiTiss ol b S 5 5 50 Ol s
JYs o ol e 0L 5T K30k s mls (S p b Gokos
B a5 i dalas 4 5 s jasia OT Jdies 5 G35
25 LT LUl immen 5 0L T pus il ey 53 Sl)3 50

Sl 55 1) 58 SbanST b b8 6,8l das

35 Sisalp il L Olylsa b s s S5

S o gl Jbyy 5 o e sle )3 Sl
S AL Gl 5 o slite sla S5 4 Sl S
@A e e 5 o gladel Ly p e b L
illas 5 (FoKina et al., 2013) sl of e ol 393 50
b3 e Llossf bais TS5 53 0 (0 Ao ol
7 (d5 03l Al s LS O3 SE L e (5 e
23 i ol Ul 8 Loy | o o Ao yd 33 (G415 sre
3L Sl eslizal FoNY Jle 3 01, Ken 5 Ol y dnlllas
55 (e ¢SS 53 o S e Vor 5 10) oS dSTies
A Lol 0LS oK, GVTUS Olaboe gME &

A QL:ALM\’__U)J U;"J’-'. M))

23t ol 8 S pde b g deys 2l oyl
Odeasly s ool el 553 &7 355 ol o Olaslodony | A3
03 sl Bas 3l eslinel b sy b o35l 51K
Lim (sl smse e Bl ) 03 S e 1) s
O 53 s g 255 805 Sl i el b agrlpe 3 55 )
LS e 0slinal

S8 S b bl L] Caslis dep e L
Wi Ul Loy T4 OT ol 1 2y p 5l S
R P N N
Casos b ablis gl 555 o pU3 31 bleagyf Loi s Teoy3 50
W 03,87 a3zl p 5sls uSTl(55 8,5 5L

O Sl S i 55 (556 et Sl eslizal LG
5 e adlas 53wl oks 1S Calisee Slalas s
bagrlge 53 o sladenl by Sl uis (Y0VF) O,
Lol ale 5 (Lo Slsw) s Caliee glacble
@ 5 <88 i3 adles s (Gambusia holbrooki)
S a2l 0l ale pl 531y Jbs s opl Hls e i pde
aox IPUFA G > sladl ususe J2alS s abis ol
OLes 5 ol S cladles 45 (EPA, DHA, AA)
o Skl ke 2alS s 18 sl plol (Y0 A)


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

57,6v

Asgari et al. Effects of nanoparticles enriched yeast on Artemi

LaisT 5 O3l Lok 2o jades 56 .01 5 Kue

References

AOAC. 2000. Official Methods of Analysisl6th
edn. — AOAC International Washington, DC, USA.

Ates, M.,Daniels, J., Arslan, Z. and Farah, O.I.
2013. Effects of aqueous suspensions of titanium
dioxide nanoparticles on Artemia salina: assessment
of nanoparticle aggregation, ac- cumulation, and
toxicity. — Environ. Monit. Assess. 185: 3339-3348.

Bermudez, E., Mangum, J.B., Asgharian, B.,
Wong, B.A., Reverdy, E.E., Janszen, D.B., Hext,
P.M., Warheit, D.B. and Everitt, J.1. 2002. Long-
term pulmonary responses of three laboratory rodent
species to subchronic inhalation of pigmentary
titanium dioxide particles. — Toxicol. Sci. 70: 86-97.

Bermudez, E., Mangum, J.B., Wong, B.A.,
Asgharian, B., Hext, P.M., Warheit, D.B. and
Everitt, J.I. 2004. Pulmonary responses of mice,
rats, and hamsters to subchronic inhalation of
ultrafine titanium dioxide particles. — Toxicol. Sci.
77: 347-357.

Bessey, O.A., Lowry, O.H. and Brock, M.J. 1946.
Rapid coloric method for determination of alkaline
phosphatase in five cubic millimeters of serum. — J.
Biol. Chem. 164: 321-329.

Bradford, M. 1976. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein dye binding.
— Analytical Biochem. 72: 248-254.

Browne, R.A., Davis, L.E. and Sallee, S.E. 1988.
Temperature effects on life history traits and relative
fitness of sexual and asexual Artemia. — J.
Experimental Marine Boil. Ecol. 124: 1-20.

Brunet, L., Lyon, D.Y., Hotze, E.M., Alvarez,
P.JJ. and Wiesner, M.R. 2009. Comparative
photoactivity and antibacterial properties of C-60
fullerenes and titanium dioxide nanoparticles. —
Environmental Sci. Technol. 43(12): 4355-4360.

Chen, T.H., Lin, C.Y. and Tseng, M.C. 2011.
Behavioral effects of titanium dioxide nanoparticles
on larval zebrafish (Danio rerio). —Marine Pollut.

Bulletin 63(5): 303-308.

Chojnackim M. and Sliwinskim J. 2013. The
effects of exposure of ide’s larvae and juvenile
Leuciscus idus (L.) to silver nanoparticles via the
digestive tract. — Annales XXXI (4): 1-13.

Dedourge-Geffard, O., Palais, F., Biagianti-
Risbourg, S., Geffard, O. and Geffard, A. 20009.
Effects of metals on feeding rate and digestive
enzymes in  Gammarus fossarum:an in situ
experiment. — Chemosphere 77: 1569-1576.

Federici, G., Shaw, B.J. and Handy, R.D., 2007.
Toxicity of titanium dioxide nanoparticles to
rainbow trout (Oncorhynchus mykiss): gill injury,
oxidative stress, and other physiological effects. —
Aquat. Toxicol. 84: 415-430.

Finkel, T. and Holbrook, N.J. 2000. Oxidants,
oxidative stress and the nature of ageing. — Nature
408: 239-247.

Fokina, N.N., Ruokolainen, T.R., Nemova, N.N.
and Bakhmet, I.N. 2013. Changes of blue mussels
Mytilus edulis L. lipid composition under cadmium
and copper toxic effect. — Biol. Trace Elem. Res.
154: 217-225.

Folch, J., Lees, M. and Sloane-Stanley, G. 1957. A
simple method for the isolation and purification of
total lipids from animal tissues. — J. Biol. Chem.
226: 497-500.

Fouqueray, M., Noury, P., Dherret, L.,
Chaurand, P., Abbaci, K., Labille, J., Rose, J.
and Garric, J. 2013. Exposure of juvenile Danio
rerio to aged TiO2 nanomaterial from sunscreen. —
Environ. Sci. Pollut. Res. 20(5): 3340-3350.

Gomez-Requeni, P., Bedolla-C ~ azares, F. and
Montecchia, C., 2013. Effects of increasing the
dietary lipid levels on the growth performance, body
composition and digestive enzyme activities of the
teleost pejerrey (Odontesthes bonariensis).  —
Aquaculture 416-417: 15-22.

Handy, R.D., Sims, D.W., Giles, A., Campbell,
H.A. and Musonda, M.M. 1999. Metabolic trade-
off between locomotion and detoxification for
maintenance of blood chemistry and growth
parameters by rain- bow trout (Oncorhynchus


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

58/0A

Nova Biologica Reperta 3 (1): 48-60 (2016)

FAFe o) b)lets X iy ) pole 53 g slaazil

mykiss) during chronic dietary exposure to copper. —
Agquat. Toxicol 47(1): 23-41.

Handy, R.D., Henry, T.B., Scown, T.M,
Johnston, B.D. and Tyler, C.R. 2008.
Manufactured nanoparticles: their uptake and effects
on fish: a mechanistic analysis. —Ecotoxicology 17:
396-409.

Holman, M.W. and Lackner, D.l. 2006. The
Nanotech Report, fourth ed. Lux Research, New
York. 1-25.

Hoyle, 1., Shaw, B.J. and Handy, R.D., 2007.
Dietary copper exposure in African walking catfish,
Clarias gariepinus: transient osmoregulatory
disturbances and oxidative stress. — Aquat. Toxicol.
83: 62-72.

Hsin, Y.H., Chena, C.F., Huang, S., Shih, T.S,,
Lai, P.S. and Chueh, P.J. 2008. The apoptotic
effect of nanosilver is mediated by a ROS and JNK-
dependent mechanism involving the mitochondrial
pathway in NIH3T3 cells. — Toxicol. Lett. 179: 130-
139.

lijima, N., Tanaka, S. and Ota, Y. 1998.
Purification and characterization of bile salt-
activated lipase from the hepatopancreas of red sea
bream (Pagrus major). — Fish Physiol. Biochem. 18:
59-69.

Jovanovic, B. 2011. Immunotoxicology of titanium
dioxide and hydroxylated fullerenes engineered
nanoparticles in fish models. PhD Thesis. lowa State
University.

Klaper, R., Crago, J., Barr, J.,, Arndt, D,
Setyowati, K. and Chen, J. 2009. Toxicity
biomarker expression in daphnids exposed to
manufactured nanoparticles: Changes in toxicity
with functionalization. — Environ. Pollut. 157(4):
1152-1156

Kaegi, R., Ulrich, A., Sinnet, B., Vonbank, R.,
Wichser, A., Zuleeg, S., Simmler, H., Brunner, S.,
Vonmont, H., Burkhardt, M. and Boller, M.
2008. Synthetic TiO, nanoparticle emission from
exterior facades into the aquatic environment. —
Environ. Pollut. 156: 233-239.

Kim, J., Lee, N., Kim, B., Rhee, W., Yoon, S.,
Hyeon, T. and Park, T. 2011. Enhancement of

neurite outgrowth in PC12 cells by iron oxide
nanoparticles. — Biomaterials 32: 2871-2877

Lepage, G. and Roy, C.C. 1984. Improved
recovery of fatty acids through direct
transesterification without prior extraction or
purification. — J. Lipid Res. 25: 1391-1396.

Ling, J., Feng, L., Liu, Y., Jiang, J., Jiang, W.D.,
Hu, K., Li, S.H. and Zhou, X.Q. 2010. Effect of
dietary iron levels on growth, body composition and
intestinal enzyme activities of juvenile Jian carp
(Cyprinus carpio var. Jian). — Aquacult. Nutr. 16(6):
616-624.

Luft, J.R., Furlani, N.M., NeMoyer, R.E., Penna,
E.J., Wolfley, J.R., Snell, M.E., Potter, S.A. and
Snell, E.H. 2010. Crystal cookery - using high-
throughput technologies and the grocery store as a
teaching tool. — J. Appl. Crystal. 43: 1189-1207.

Maazouzi, C. Masson, G.; lzquierdo, M. S. and
Pihan, J. C. 2008. Chronic copper exposure and
fatty acid composition of the amphipod
Dikerogammarus villosus: results from a field study.
— Environ. Pollut. 156: 221-226.

Maltby, L. and Crane, M. 1994. Responses of
Gammarus pulex (amphipoda, crustacea) to
metalliferous effluents: identification of toxic
components and the importnace of interpopulation
variation. — Environ. Pollut. 84; 45-52.

Martin, C.R. 1994. Nanomaterials: a membrane-
based synthetic approach. — Science 266: 1961-
1966.

Melquiades, F.L., Ferreira, D.D., Appoloni, C.R.,
Lopes, F., Lonni, A.G., Oliveira, F.M. and
Duarte, J.C. 2008. Titanium dioxide determination
in sunscreen by energy dispersive X-ray
fluorescence methodology. — Anal. Chem. Acta 613:
135-143.

Métais, P. and Bieth, J. 1968. Détermination de
I’amylase par une microtechnique. — Ann. Biol Clin.
26: 133-142.

Mueller, N.C. and Nowack, B. 2008. Exposure
modeling of engineered nanoparticles in the
environment. — Environ. Sci. Technol. 42: 4447-
4453,


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

59/64

Asgari et al. Effects of nanoparticles enriched yeast on Artemi

LaisT 5 O3l Lok 2o jades 56 .01 5 Kue

Nel, A.E., Madler, L., Velegol, D., Xia, T., Hoek,
E.M.V., Somosundaran, P., Klaessig, F.,
Castranova, V. and Thomson, M. 2009.
Understanding biophysicochemical interactions at
the nano-bio interface. — Nature Materials J. 8: 543-
557.

Ortlieb, M. 2010. White giant or white dwarf?
Particle size distribution measurements of TiO,. —
Laboratory Journal Europe 14: 42-43.

Pérez, S., Farré, M. I. and Barcel6, D. 2009.
Analysis, behavior and ecotoxicity of carbon-based
nanomaterials in the aquatic environment. TrAC. —
Trends Anal. Chem. 28: 820-832.

Ramsden, C., Smith, T., Shaw, B. and Handy, R.
2009. Dietary exposure to titanium dioxide
nanoparticles in rainbow trout, (Oncorhynchus
mykiss): no effect on growth, but subtle biochemical
disturbances in the brain. — Ecotoxicology 18: 939-
951.

Ramsden, C.R., Henry, T.B. and Handy, R.D.
2012. Sub-lethal effects of titanium dioxide
nanoparticles on the physiology and reproduction of
zebrafish. — Aquat. Toxicol. 126: 404-413.

Saez, MLI., Garcia-Mesa, S. and Casas J.J. 2013.
Effect of sublethal concentrations of waterborne
copper on lipid peroxidation and enzymatic
antioxidant response in Gambusia holbrooki. —
Environ. Toxicol. Pharmacol. 36: 125-134.

Sharma, V.K., Yngard, R.A. and Lin, Y. 2009.
Silver nanoparticles: Green synthesis and their
antimicrobial activities. — Adv. Colloid. Interfac.
145: 83-96.

Shaw, B.J. and Handy, R.D. 2011. Physiological
effects of nanoparticles on fish: a comparison of
nanometals versus metal ions. — Environ. Int. 37
(6): 1083-1097.

Smith, A.M., Duan, HW., Moh, A.M. and Nie,
S.M. 2008. Bioconjugated quantum dots for in vivo
molecular and cellular imaging. — Adv. Drug Deliv.
Rev. 60: 1226-1240.

Sorgeloos, P., Coutteau, P., Dhert, P., Merchie, G.
and Lavens, P. 1998. Use of brine shrimp Artemia
sp. in larval crustacean nutrition: a review. — Rev.
Fish. Sci. 6: 55- 68.

Sastry, K.V. and Gupta, P.K. 1979. The effect of
cadmium on the digestive system of the teleost fish,
Heteropneustes fossilis. — Environ. Res. 19(2): 221-
230.

Sunde, J., Taranger, G.L. and Rungruangsak-
Torrissen K.2001. Digestive protease activities and
free amino acids in white muscle as indicators for
feed conversion efficiency and growth rate in
Atlantic salmon (Salmo salar L.). — Fish Physiol.
Biochem. 25: 335- 345.

Suzer, C,, Firat, K. and Saka, S. 2006. Ontogenic
development of the digestive enzymes in common
pandora, Pagellus erythrinus, L. larvae. — Aquacult.
Res. 37: 1565-1571.

Tiede, K., Hasselly, M., Breitbarth, E.,
Chaudhry, Q. and Boxall, AB.A. 2009.
Considerations  for environmental fate and
ecotoxicity testing to support environmental risk
assessments for engineered nanoparticles. — J.
Chromatogr. A 1216: 503-5009.

Triantaphyllidis, G.V., Poulopoulou, K,
Abatzopoulos, T.J., Pinto Pérez; C.A. and
Sorgeloos, P. 1995. International study on Artemia
XLIX. Salinity effects on survival, maturity, growth,
biometrics, reproductive and lifespan characteristics
of a bisexual and a parthenogenetic population of
Artemia. —Hydrobiologia 302: 215-227.

Visai, L., Nardo, L.D., Punta, C., Melone, L.,
Cigada, A. and Imbriani, M. 2011. Titanium oxide
antibacterial surfaces in biomedical devices. — Int. J.
Aurtif. Organs 34: 929-46.

Walter, H. 1984. Proteinases: methods with
hemoglobin, casein and azocoll as substrates. In:
Bergmeyer, H.U. (Ed.), Methods of Enzymatic
Analysis, Vol. V. Verlag Chemie, Weinheim, 270-
277.

Wang, Y., Li, L., Cui, W., Xu, S., Shen, W. and
Wang, R. 2012. Hydrogen sulfide enhances alfalfa
(Medicago sativa) tolerance against salinity during
seed germination by nitric oxide pathway. — Plant
Soil 351: 107-1109.

Wang, J., Carlos S. and Cooper, P. 2013. The
spatial distribution of galactic satellites in the A cold


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1395.3.1.5.9]

[ DOI: 10.21859/acadpub.nbr.3.1.48 ]

60/%+

Nova Biologica Reperta 3 (1): 48-60 (2016)

FA-F-0) 6 Ll Y ul> () ‘a5l.c JERRTY slasl

dark matter cosmology. — Mon. Not. R. Astron. Soc.
429: 1502-1513.

Wang, T., Long, X., Yongzhou, Ch., Liu, Zh. and
Shaohua, Y. 2015. A Comparison Effect of Copper
Nanoparticles versus Copper Sulphate on Juvenile
Epinephelus coioides: Growth Parameters, Digestive
Enzymes, Body Composition, and Histology as
Biomarkers. — Int. J. Genomics: 1-10.

Warheit, D.B., Brock, W.J., Lee, W.J., Webb,
K.P. and Reed, K.L. 2005. Comparative pulmonary
toxicity inhalation and instillation studies with
different TiO, particle formulations: impact of
surface treatments on particle toxicity. — Toxicol.
Sci. 88: 514-524.

Warheit, D.B., Webb, T.R., Sayes, C.M., Colvin,
V.L. and Reed, K.L. 2006. Pulmonary instillation
studies with nanoscaleTiO2 rods and dots in rats:
toxicity is not dependent upon particle size and
surface area. — Toxicol. Sci. 91: 227-236.

Ways, P. and Hanahan, D. 1964. Characterizations
and quantification of red cell lipids in normal man. —
J. Lipid Res. 5: 318-328.

Winterbourn, C. 2008. Reconciling the chemistry
and biology of reactive oxygen species. — Nat.
Chem. Biol. 4: 278-286.

Xia, T., Kovochich, M., Brant, J., Hotze, M.,
Sempf, J., Oberley, T., Sioutas, C., Yeh, J.I,
Wiesner, M.R. and Nel, A.E. 2006. Comparison of
the abilities of ambient and engineered nanoparticles
to induce cellular toxicity according to an oxidative
stress paradigm. — Nano Lett. 6: 1794-1807.

Xiong, D., Fang,T., Yu, L., Sima, X. and Zhu, W.
2011. Effects of nano-scale TiO2, ZnO and their
bulk counterparts on zebrafish: Acute toxicity,
oxidative stress and oxidative damage. — Sci. Total
Environ. 409(8): 1444-1452.

Zambonino, J.L. and Cahu, C.L. 1994. Influence
of diet on pepsin and some pancreatic enzymes in
sea bass (Dicentrarchus labrax) larvae. -
Comparative Biochem. Physiol. 109: 209-212.

Zhang, Y. and Sun, J.A. 2007. Study on the bio-
safety for nano-silver as anti-bacterial materials. —
Zhongguo Yi Liao Qi Xie Za Zhi 31: 35-38.

Asgari, S., Najdegerami, E.H., Zare, S. and Manaffar, R. 2016. The effect of titanium dioxide nanoparticles
enriched yeast on the growth performance, digestive enzymes activity and lipid metabolism in two Artemia

species. — Nova Biol. Rep. 3: 48-60.

s ) Gl il e kI STI6s S S L adks b pedne 3B A0 L B0k 5 o gl el el S e (D o S

SA-F- :v&mijC"lﬁ‘).ﬁd_};&hd\i_.‘:ﬁ)']‘x;})).ﬁ&ﬁHﬁb}@)‘;&hr{;"’


http://dx.doi.org/10.21859/acadpub.nbr.3.1.48
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.1.5.9
https://c4i2016.khu.ac.ir/nbr/article-1-2573-fa.html
http://www.tcpdf.org

