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Fig. 1 Change of lysozyme activity during embryonic devel-
opment of Carassius auratus
The significant differences among different periods are shown
in different letters (P<0.05); the same letter appearing in signs
refers to no significant difference (P>0.05).
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Fig. 2 Change of catalase activity during embryonic develop-
ment of Carassius auratus
The significant differences among different periods are shown
in different letters (P<0.05); the same letter appearing in signs
refers to no significant difference (P>0.05).
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Fig. 3 Changes of MDA content during embryonic develop-
ment of Carassius auratus
The significant differences among different periods are shown
in different letters (p<0.05); the same letter appearing in dif-
ferent signs refers to no significant difference (P>0.05).

3.1 LSZ
LSz N-

LSz , 24h
, LSz ,

[14]



1296 18
[15-18]
, LSZ , ROS ROS
96 144h LSz . MDA ,
, 120h MDA
: Diaz !
, R MDA ,
3.2 CAT ’
(reactive oxygen species, ROS), H,0, > ’ ’
ROS , H,0, , ,
, , , CAT )
) CAT ) )
CAT ,
CAT 1ol
, [19] . .. 4
Diaz (Acipenser naccarii)
CAT , ,
CAT ,
Rudneva®”! ,
CAT ,
, 96 h
’ CAT ,
’ : 96h MDA ,
3.3 MDA 9 h
MDA
( 9 h ), MDA , S% 3K
, 5 [1] Skouras A, Broeg K, Dizer H. The use of innate immune
CAT , MDA responses as biomarkers in a programme of integrated bio-
96 h MDA logical effects monitoring on flounder (Platichthys flesus)
from the southern North Sea[J]. Helgol Mar Res, 2003, 57:
’ 190-198.
ROS , , . - .
[2] Monteiro D A, Rantin F T, Kalinin A L. Inorganic mercury
211 120 h

b

exposure: toxicological effects, oxidative stress biomarkers
and bioaccumulation in the tropical freshwater fish matrinxa,

Brycon amazonicus (Spix and Agassiz, 1829)[J]. Ecotoxi-



1297

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

cology, 2010, 19: 105-123.
Cooper R U, Clough L M, Farwell M N, et al. Hypoxia-
induced metabolic and antioxidant enzymatic activities in the
estuarine fish Leiostomus xanthurus[J]. J Exp Mar Biol Ecol,
2002, 279: 1-20.

, . (M]. : ,
1989: 126-146.
Mendes

R, Cardoso C, Pestana C. Measurement of

malondialdehyde in fish: A comparison study between

HPLC methods and the traditional spectrophotometric test[J].

Food Chem, 2009, 112: 1038-1045.
Brock J A, Bullis R. Disease prevention and control for
gametes and embryos of fish and marine shrimp[J]. Aqua-
culture, 2001, 197: 137-159.
Selman C, Mclaren J S, Himanka M J, et al. Effect of
long-term cold exposure on antioxidant enzyme activities in
a small mammal[J]. Free Radical Biol Med, 2000, 28(8):
1279-1285.
Bradford M M. A rapid and sensitive method for the quanti-
tation of microgram quantities of protein-dye binding[J].
Anal Biochem, 1976, 72: 248-254.
Hultmark D, Steiner H, Rasmuson T, et al. Insect immu-
nity:Purification and properties of three inducible bacter-
icidal proteins from hemolymph of immunized pupae Hya-
lophor acecropia [J]. Eur J Biochem, 1980, 106(1): 7-16.

, , . (a)

fi 1.
, 2006, 45(2): 253-256.
) . [J1.
,1994, 12(1): 6-8.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animals and tissues by thiobarbituric acid reaction[J]. Anal
Biochem, 1979, 95(2): 351-358.
Yazawa R, Hirono I, Aoki T. Transgenic zebrafish express-
ing chicken lysozyme show resistance against bacterial dis-
eases [J]. Transgen Res, 2006, 15: 385-391.

1. , 2010, 29(3): 184-186.
Swain P, Nayak S K. Role of maternally derived immunity in
fish[J]. Fish Shellfish Immunol, 2009, 27: 89-99.
Yousif A N, Albright L J, Evelyn T P T. Occurrence of
lysozyme in the eggs of coho salmon Oncorhynchus
kisutch[J]. Dis Aquat Organ, 1991, 10: 45-49.
Takemura A, Takano K. Lysozyme in the ovary of tilapia
(Oreochromis mossambicus):its purification and some bio-
logical properties[J]. Fish Physiol Biochem ,1995, 14(5):
415-421.
Takemura A. Immunohistochemical localization of lysozyme
in the prelarvae tilapia, Oreochromis mossambicus[J]. Fish
Shellfish Immunol, 1996, 6: 75-77.
Diaz M E, Furné M, Trenzado C E, et al. Antioxidant de-
fences in the first life phases of the sturgeon Acipenser nac-
carii[J].Aquaculture, 2010, 307: 123-129.
Rudneva I 1. Antioxidant system of Black Sea animals in
early development[J]. Comp Biochem Physiol, 1999, 122(C):
265-271.
Franco R Sanchez-Olea R Reyes-Reyes E M et al.
Environmental toxicity, oxidative stress and apoptosis:

Ménage a Trois[J]. Mutation Res, 2009, 674: 3-22.



1298 18

Changes of the activities of enzymes related to immunity and the
content of malondialdehyde during embryonic development of gold-
fish Carassius auratus

KONG Xianghui, WANG Shuping, JIANG Hongxia, NIE Guoxing, LI Xuejun
College of Life Sciences, Henan Normal University, Xinxiang 453007, China

Abstract: Embryonic development is a critical period that determines the quality of juvenile fish. Our objective
was to determine the mechanisms modulating metabolism during embryonic development in goldfish Carassius
auratus. A number of key enzymes play an important role during the process of embryonic development, including
lysozyme (LSZ) and catalase (CAT), both of which are involved in immunity. Similarly, malondialdehyde (MDA)
content reflects the level of lipid peroxidation, which results from the reduction of antioxidant defenses. We col-
lected healthy embryos at several stages following fertilization and measured LSZ and CAT activity and MDA
content. LSZ and CAT activity decreased gradually during development of the embryos. LSZ activity was lowest
after 96 h, i.e. (0.450+0.064) U/mg. Furthermore, LSZ activity was lower at 96, 120, and 144 h than that at 24 h
(P<0.05). CAT activity also decreased significantly after 96, 120, and 144 h (P<0.05), relative to levels in 24 h old
embryos. In contrast, MDA content increased gradually throughout embryonic development, with the largest in-
crease occurring after 96 h. MDA content was significantly higher after 120 and 144 h than after 24 h (P<0.05). In
summary, LSZ and CAT activities gradually decreased during development and were generally significantly lower
than initial levels by 96 h. This decrease is likely due to metabolism of maternal enzymes and the poor ability of
the embryos to synthesize new enzymes. The decrease in CAT activity likely resulted in a surplus of reactive oxy-
gen species, leading to the accumulation of MDA. Our results suggest that the embryos were subject to certain
level of oxidative stress. Furthermore, it appears that the first 96 h of embryonic development is critical in deter-
mining the future of embryonic development. Therefore, goldfish embryos should be handled with care during this
period to minimize stress. The duration of embryonic development should also be maintained within a suitable
range by manipulating temperature because the extension of developmental time will result in oxidative stress and
increase the risk of mortality in the embryos.

Key words: lysozyme; catalase; malondialdehyde; embryonic development; Carassius auratus



