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Effects of Cadmium Exposure on the Mitochondrion Structure and Energy

Metabolism in Gill of Tilapia Oreochromis niloticus

BAI Shi-jun, XU Zi-rong
(Feed Science Institute of Zhejiang University, Hangzhou 310029, China)

Abstract: To explore the effects of waterborne cadmium (Cd) on the mitochondrion structure and cellular energy metabolism in gills of tilapia
(Oreochromis niloticus ) and possible mechanisms, specimens of tilapias were exposed to different Cd** concentrations (0, 50, 500 pg/L
freshwater) for 7 days under indoor simulate condition. At the end of the experiment, ultrastructure and superoxide dismutase (SOD) activity as
well as malondialdehyde (MDA level of branchial mitochondria were detected, while the phosphofructokinase ( PFK) and ATPase activities and
the contents of lactic acid (LD, ATP, ADP, AMP in gill tissues and osmolality, Na* , K* and Ca’* concentrations in plasma were assayed, and
the energy charge (EC) was also calculated. The results showed that the structure of mitochondria in fish exposed to 50 pg/L Cd** was intact
and there were no significant differences except the significant elevation in SOD activity in all biochemical indicators examined as compared to
the control (p >0.05). However; in fish exposed to 500 pg/L Cd** » mitochondria were damaged severely, SOD and ATPase activities were
decreased significantly whereas the contents of LD, MDA, ADP and AMP as well as concentration of K™ in plasma in comparison with the
control values were enhanced significantly ( p < 0.05), in addition, there was a decreasing trend in PFK activity and plasma osmolality though
the difference was not significant (p > 0.05). The present findings suggested that the short-term exposure to higher concentrations of Cd**
would lead to the obstruction of energy supply and utilization due to inhibited ATPase and PFK activity as well as oxidative damage to
mitochondria resulting from decreased SOD activity, and decrease the ability of gills to regulate the plasma ion composition and osmolality, which
would be one of the possible mechanisms for Cd* toxicity.
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Table 1  Effects of C?* exposure on the content of MDA and the activity of

SOD in mitochondria and mitochondria scoring in gills of tilapias(% + s, n = 6)

C* /pg*L™!  MDA/nmol*mg™!  SOD/U*mg~! o
0 6.49+0.18a  7.58+1.13a 0.25+0.04a
50 6.26+0.38a  8.42+2.09b 0.28 +0.03a
500 10.32+1.27b  5.81+1.02¢ 3.14+0.16b

1) [ 5 B8 1) - BEASAH 7] 25 25 5 {2 2 (p < 0.05), R IF]

< (X 40000)
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Fig.1 Mitochondria in gills under normal condition and after Cd?* exposure
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#2 WMEFFTIFEMEEBRBMEI (z+5,n=6)
Table 2 Effects of Cd?* exposure on the energy metabolism of gills of tilapias(% + s> n = 6)

Cd* /gL ATP/pgeg™! ADP/pgeg™! AMP/pgeg™! EC LD/mmol*g " PFK/U*mg~"
0 32.46+1.47a 26.82+2.34a 7.47+1.83a 0.86+0.07a 0.08 +0.01a 4.96+1.22a
50 36.91 +£2.52a 28.66 + 1.84a 9.43+3.15a 0.68+0.12a 0.10+0.03a 5.85+1.32a
500 17.43 +2.25b 36.42+1.77b 32.67+4.13b 0.52+0.03b 0.41+0.14b 4.12+0.95a
#3 WWEFFTIEALE ATPase. MEBEEMB FRENFI (5 + 5, n=6)
Table 3 Effect of Cd** on the osmolality and ion concentrations in plasma of tilapias(x + s> n = 6)
C+ Na* -K* -ATPase Ca’* -ATPase Bk Na* K* Ca™*
JpgeL! /pmol* (mg*h) ! /pmol* Cmg*h) ~! /mmol * L.~ /mmol* L~ /mmol*L~! /godL™!

0 5.89+0.38a 6.86+0.47a 307.19 +25.73a 162.56 + 8.68a 3.46+0.48a 13.32 +2.46a
50 6.01+0.23a 6.81+0.54a 312.54 +26.58a 160.46 + 9.24a 3.34+0.98a 13.65+3.42a
500 3.72+0.26b 3.41+0.43b 295.82 + 13.46a 147.31 + 10.26b 3.85+0.73a 9.92 +1.06a
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