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Abstract: Cadmium is known to be an environmental and industrial pollutant. Exposure to cadmium is known to affect various tissues. The

purpose of this study is to determine the toxic effects of cadmium on lactate dehydrogenase (LDH) isoenzymes. Administration of cadmium

chloride (3 mg kg-1) resulted in the reduction of LDH
4
 fraction of liver tissue indicating the inhibitory effect of cadmium. The LDH

1,
 LDH

3
 and

LDH
5
 fractions showed decreasing trend initially but there was a significant increase later.  In contrast the LDH

2
 fraction showed increasing

trend after 24 hr from the last dosage it was elevated after 30 days. The total activity of LDH in liver showed gradual reduction in both

groups. The activity of succinate dehydrogenase (SDH) the mitochondrial enzyme has been observed to be inhibited by cadmium with the

possibility of interfering with energy transport mechanism. Na+- K+ - ATPase activity of liver also showed similar decrease after cadmium

administration which may lead to general deficit in cell membrane transport. As cadmium shows drastic decrease in all the enzymes

studied, the LDH
2
 fraction which sharply rises from the control may be used as a marker enzyme to asses the liver injury.
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Introduction

Cadmium is a non-essential trace element, which is toxic to

many plants and animals. Cadmium is an industrially used substance

with negative long time effects on human health (Godt et al., 2006).

Acute toxicity may result from the ingestion of cadmium through

contaminated foods and beverages (Yoon et al., 2008; Pratap and

Bonga, 2007). Mammalian organisms are exposed to cadmium by

its technological utilization and the epidemiological studies shows

that cadmium is one of the most toxic of the heavy metals to humans

(Shadi et al., 2001). Exposure to sublethal concentration of cadmium

to the fishes leads to haemolysis (Karuppasamy et al., 2005).

Cadmium produces toxic lesions in various tissues (Friberg et

al.,1986) the largest amount of this metal is deposited in the liver and

kidney tissues (Marafante, 1976). It causes morphological and

functional changes in the liver (Kopp et al., 1983; Bomhard et al.,

1984).  Cadmium ingestion causes testicular abnormalities in early

sperm development in mice (Haffor and Abou-Tarboush, 2004).

Cadmium inhibits the activity of enzymes by binding to their sulfhydryl

groups (SH), consequently causing the peroxidative destruction of

cell membranes (Chung and Maines, 1987). Cadmium is also known

to alter several physiological activities such as alteration in

carbohydrate metabolism in rat, mice and rabbit (Ghafghazi and

Mennear, 1973).

Lactate dehydrogenase (LDH) a marker cytoplasmic

enzyme is known to be affected by cadmium (Tanaka, 1982; Stewart

et al., 1984; Itoh,1985; Sugihira et al.,1987; Xu et al., 1989). As the

enzyme appears to be the reliable marker for metabolic abnormalities,

it is not clear whether all the five fractions of LDH isoenzyme are

affected by cadmium or not. Earlier studies revealed that cadmium

affects mitochondrial enzymes especially those of citric acid cycle

and electron transport chain like succinic dehydrogenase(SDH)

(Prasada Rao, 1983; Toury et al., 1985; Weilgus Serefinska et al.,

1989) and enzymes involved in active transport of ions and energy

production like Na+-K+-ATPase of the liver tissues. The most sensitive

cellular targets of cadmium seem to be ion transport and signal

transduction (Rasheed et al., 1984). The present study was

designed to evaluate the toxic effects of cadmium on LDH

isoenzymes. To this end total activity of lactate dehydrogenase

enzyme (1.1.1.27), succinate dehydrogenase (1.3.99.1) and Na+-

K+-ATPase and the amount of deposited cadmium were determined

in the liver tissues of rat following cadmium treatment.

Materials and Methods

Animal treatment: Adult male Wistar rats aged 10-13 weeks,

weighing about 220-250 g were obtained from Kings Institute of

Preventive Medicine, Chennai. They were housed in stainless

steel wire bottom cages at the temperature of 25-28oC and

photoperiod of 12 hr day / 12 hr night. They were fed rat pellet diet

and water ad libitum. Rats were allocated randomly into two groups

of 16 each and received nephrotoxic dose (Katsuta et al., 1993) of

3 mg kg-1 of cadmium chloride by means of subcutaneous injections

on alternative days over a period of 15 days as follows : (I) Control

group, saline solution; (II) Experimental Group I,  cadmium chloride

solution in physiological saline at a dose of 3 mg kg-1 body weight on

alternative days. Twenty four hours after the last dosage a group of

eight animals were anesthetized and sacrificed by cervical dislocation* Corresponding author: dr_jk5@yahoo.com
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and these were treated as experimental Group I animals. Exactly

thirty days after the last dose, a group of eight animals from the

Group II were sacrificed and they were treated as experiment

Group II animals. The excised liver tissues were isolated and cleaned

from adhering matters and washed with ice cold deionized water

and stored at -80oC for the biochemical studies.

Biochemical studies: The biochemical assays of lactate

dehydrogenase, succinic dehydrogenase, and NA+-K+- ATPase

were carried out with these tissues. LDH was assayed

electrophoretically using PAGE (Poly Acrylamide Gel

Electrophoresis) following the method of Dietz (1972). Isoenzyme

bands were estimated densitometrically and their relative contributions

were calculated and expressed as a percentage contributions of

total activity. Specific total activity of LDH (EC 1.1.1.27) was measured

by the method of King (1965) and the units were expressed as

Units g-1 wet tissue. Succinic dehydrogenase activity was determined

by the method of Nichlas et al. (1960) and the activity was expressed

as MI Units g-1 tissue min-1. Activity of Na+-K+-ATPase was determined

employing the method of LeBel et al. (1978) as modified by

Yamaguchi et al. (1979) and the activity was defined as mg pi

liberated µg-1 protein min-1. The cadmium content of liver tissue was

measured by using atomic absorption spectrophotometer (THE

VARION TECHTRON AA-60) and expressed as µg g-1 wet tissue.

Data were analyzed by students “t” test (Zar, 1984) and a value of

p<0.05 was considered significant in all cases.

Results and Discussion

Cadmium, the metallic pollutant, has been found to bring

about changes in all the five fractions of lactate dehydrogenase

isoenzymes. LDH is known to play an important role in several

metabolic pathways and by delicately balancing the equilibrium in

the anabolism and catabolism of carbohydrates. The results show

that LDH
4 
is the main isoenzyme fraction in the fat storing cells of

liver tissue (Kassner et al., 1988). A decline in LDH activity of

mouse pre embryos after cadmium administration cause LDH

degradation and thus interfere in general energy metabolism (Yu

and Chan, 1986). Such reduction may lead to prevention of

regeneration of NAD+ resulting in the inhibition of glycolysis. In the

present study also it is evident that cadmium brings about such an

effect on LDH
4
 fraction as its percent activity significantly  decreased

from 61.05±1.420 to 32.17±1.013 in experimental Group I animals

and it further declines to 25.00%± 0.80 in experimental Group II

animals. It is also significant (p<0.05) to note that only LDH
4
 activity

showed a continuous reduced percent activity, which is reflected in

percent total LDH activity of liver tissue (Table 2). There is a gradual

decrease in the total LDH activity in experiment group I and

experiment Group II   animals suggesting that cadmium plays a

crucial role in preventing the activity of LDH. Such reduction in the

activity of LDH may be due to the interaction of cadmium with free

SH groups of LDH as it is known that the SH groups have strong

affinity towards metallic cadmium (Vallee and Ulmer, 1972). The

interaction of cadmium with SH groups indicates that Cd2+ ions interact

with SH groups that are important for energy linked reactions and

calcium transport resulting in hypertension and related diseases

(Jay and Michel,1986). The percent activity of LDH
1
 fraction

decrease in experiment Group I animals from the control value

indicating the possibility of cadmium interference. However, there is

an increase in its activity in experimental Group II animals suggesting

the induction of this fraction by the prolonged treatment with cadmium.

It is possible that LDH
1
 which showed a tremendous increase in

experiment Group II animals may be related to antioxidant defense

mechanism in the case of liver tissue, as has been suggested by

Buckley and Basset (1987).

It is highly significant to note that there is an increase in

secondary liver neoplasia suggesting that it may be marker for liver

diseases (Castaldo et al., 1991). The present study also supports

such a possibility that the fraction LDH
2
 might be used as a marker

enzyme for the liver injury as it is evidenced from elevated percent

level of 32.67±1.177 compared to the control liver tissue. LDH
3
 and

LDH
5
 fractions respond similarly to cadmium. They show significant

Table - 2: The Liver LDH, SDH, Na+-K+-ATPase activity percentage of the control and cadmium chloride – treated male Wistar rats

Parameters Control
Experiment Percentage Experiment Percentage

Group I change Group II change

LDH 0.491 ± 0.0118 0.453 ± 0.0086 -7.73* 0.386 ± 0.0163 -21.38**

SDH 2.588 ± 0.0298 0.751 ± 0.023 - 70.98*** 1.139 ± 0.0523 -55.98***

Na+-K+-ATPase 0.0309 ± 0.0016 0.0234 ± 0.0014 -24.27** 0.0255 ± 0.0017 -17.47*

Values are given in mean + SE, Values are significant at * = p < 0.05,  ** = p < 0.01,  *** = p < 0.001

Table - 1: The percentage LDH isoenzyme activity in liver tissue of the control and cadmium chloride treated male Wistar rats

Lactate dehydrogenase Control Experiment Experiment

(LDH) isoenzymes Group I Group II

LDH
1

07.88 ± 0.475 02.39 ± 0.287 21.31 ± 0.632*

LDH
2

07.31 ± 0.355 11.74 ± 0.364* 32.67 ± 1.177**

LDH
3

19.26 ± 0.470 25.44 ± 0.992 02.84 ± 0.052

LDH
4

61.05 ± 1.420 32.17 ± 1.013* 25.00 ± 0.801

LDH
5

04.50 ± 0.159 28.26 ±1.510*** 18.18 ± 0.533

Values are given in mean + SE and significant at * = p < 0.05,  ** = p < 0.01,  *** = p < 0.001
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Effect of cadmium on enzymes in liver of rat

increase in their activity in experiment Group I animals but drastic

decrease was observed in experiment Group II animals. The

decrease in the activity of LDH
3
 fraction is so steep that it amounts to

only 02.84 ± 0.052 which is well below the normal level suggesting

complete inactivity of this enzyme because of cadmium interaction. The

decrease in LDH
5
 fraction is not as steep as that of LDH

3
 but still significant

enough to merit our attention in relation to carbohydrate metabolism.

The data given in Table 2 reveals total percent activity of

LDH, SDH and Na+-K+-ATPase. Cadmium has tremendous influence

on SDH enzyme associated with carbohydrate metabolism. The

reduction in SDH activity is so severe that it is 70.98% in experiment

Group I animals and 55.98% in experiment Group II animals. A

similar decrease in the SDH of the liver tissue has been reported by

Prasada Rao (1983) after the intraperitoneal injections of cadmium

with a dosage of 3 mg kg-1body weight. . Bracken and Sharma

(1985) also noticed a decrease of 15% in SDH activity and 47%

cytotoxicity in liver. Wielgus-Serafinska et al. (1989) reported similar

inhibition of SDH activity by cadmium. A progressive slackening of

SDH activity has been observed, Toury et al. (1985) suggested that

this is due to membrane fixation of Cd2+ ions on the  flavoprotein or SH

groups associated with SDH. The reduction on SDH activity is noticed

in liver tissues may be attributed to binding of cadmium to SH groups,

ultimately leading to the interference with energy transport mechanism.

Evidence to such a suggestion is obtained by the inhibition

by cadmium   on the activity of Na+-K+-ATPase which is an integral

part of Na+-K+-pump hydrolyzing ATP molecules which provide

energy needed for active transport of cations. The activity of

Na+-K+-ATPase is reduced by 24.27% in experiment Group I

animals indicating the inhibitory effect of cadmium on this enzyme.

Such inhibition may lead to reduction in the active transport of

Na+-K+-ATPase activity to a maximum extent between 30 min to 2

hr after cadmium administration (Ahammadsahib et al.,1989).

Kramer et al. (1986) also studied in vitro inhibition of Na+-K+-ATPase

by trace metals and suggested that accumulation of cadmium in the

tissue may cause serious health hazards by producing a general

deficit in cell membrane transport.

To conclude, cadmium in the liver inhibits the activity of the

enzymes LDH, SDH and Na+-K+-ATPase. The induced activity of

enzyme which is also exhibited in LDH isoenzyme fraction and the

enhanced activity of LDH
2
 fractions both in experiment Group I and

experiment Group II animals suggests that this fraction may be used

as a marker for the liver injury. Further studies are required to

confirm the role of LDH isoenzymes as the marker enzyme for the

heavy metal toxicity.

Acknowledgments

We thank Dr. S. Kalavathi, Head Department of Zoology,

Pachaiyappa’s College, Chemical for allowing us to carry the

research work.

References

Ahammadsahib, K.I., R.R. Jinna and D. Desaiah: Protection against cadmium

toxicity and enzyme inhibition by dithiotheritol. Cell. Biochem. Funct.,

7, 185-192 (1989).

Bomhard, E.,  D. Maruhn, D. Paar and K. Wehling: Urinary enzyme

measurement  as sensit ive indicators of chronic  cadmium

nephrotoxicity. Contr. Nephrol., 42, 142-147 (1984).

Bracken, J. and R.P. Sharma: Cytotoxicity related changes in biochemical

cell funct ion following in vitro cadmium treatment. Toxicol. , 34,

189-200 (1985).

Buckley, B.J. and D.J.P. Basset: Pulmonary cadmium oxide toxicity in the

rat. J. Toxicol. Environ. Hlth., 21, 233-250 (1987)

Castaldo, G., G. Oriani, L. Cimino, M. Topa, G. Budillon, F. Salvatore and

L. Sacchetti:  Serum lactate dehydrogenase isoenzyme 4/5 rat io

discriminates  between hepatocarc inoma and secondary liver

neoplasia. Clinical Chemistry, 37, 1419-1423 (1991).

Chung,  A.S. and M.D.  Maines:  D if ferent ia l ef fect  o f cadmium on

GSH-peroxidase act ivity in the leyding and sertoli cells of rat

testis: Suppression by selenium and the possible relat ionship

to heme concent rat ion.  Biocem. Pharmacol. ,  36 ,  1367-1372

(1987).

Dietz, A.A.: In standard method in clinical chemistry. Academic Press. Inc.

Newyork and London. p. 19 (1972)

Friberg, L., C.G. Elinder, T. Kjellstrom and G.F. Nordberg: Cadmium and

health: A tox icological  and epidemiolog ical appra isal.  Vol.  I ,

Exposure, Doses and Metabolism. Boca Raton, Fla: CRC Press.

pp. 23-63 (1986).

Godt, J., F. Scheidig, C. Grosse Siestrup, V. Esche, P. Brandenburg,

A.  Reich and D .A. Groneberg:  The toxicit y of cadmium and

resulting hazards for human health. J. Occup. Med. Toxicol.,  1,

22 (2006).

Ghafghazi, T. and J.H. Mennear: Effect of acute and subacute cadmium

administration on carbohydrate metabolism in mice. Toxicol. Appl.

Pharmacol., 26, 231-240 (1973).

Haffor, A. S. and F.M. Abou-Tarboush: Testicular cellular toxicity of cadmium

transmission electron microscopy examination. J. Environ. Biol.,

25, 251-258 (2004).

Itoh, R.: Changes in adenylate energy charge and total adenine,nucleotide

concentration in mouse testis induced by cadmium administration.

Toxicol. Lett., 25, 63-67 (1985).

Jay, B. and B. Michel: Molecular bases of arterial hypertension induced by

cadmium. Arch. Inst. Cardiol. Mex., 56, 205-210 (1986).

Karuppasamy, R., S. Subathra and S. Puvaneswari:  Haematological

responses to exposure to sublethal concentration of cadmium in air

breathing fish, Channa punctatus (Bloch). J. Environ. Biol., 26, 123-128

(2005).

Kassner, G., R. Schoibo, K.W. Wenzel and E. Hofmann: Isoenzyme

patterns of pyruvate kinase, lactate dehydrogenase and alkaline

phosphatase in isolated fat storing cells of rat liver. Biomed. Biochem.

Acta., 47, 551-556(1988).

Katsuta, O., H. Hiratsuka, J. Matsumoto, M. Tsuchitani, T. Umemura and

F.  Marumo: Ovariectomy enhances cadmium – induced

nephrotoxicity and hepatotoxicity in rats. Toxicol. Appl. Pharmacol.,

119,  267-274 (1993).

King, J.: In: Practical clinical enzymology. Von Nostrand D. Company Ltd.

London. pp. 106 (1965).

Kopp,  S.J.,  T.  Glonek, H.M. Perry, M . Erlanger and E.F. Perry:

Cardiovascular actions of cadmium at environmental exposure levels.

Sci., 217, 837-839 (1983).

Kramer, H.J., H.C. Gonick and E. Lu: In vitro inhibition of Na+-K+-ATPase

by trace metals: Relat ion to renal and cardiovascular damage.

Nephron., 44, 329-336 (1986).

Le Bel, D., G.G. Poirier and A.R. Beaudoin: A convenient method for

ATPase assay. Anal. Biochem., 85, 86-89 (1978).

Marafante, E.: Binding of mercury and zinc to cadmium-binding protein in

iver and kidney of gold fish (Carassius auratus L.) Experientia, 32,

149-150 (1976).

Nachlas, M.M., S.I.  Margulius and A.M. Selligmma: Sites of electron

transfer to tetrazolium salt in the succinic oxidase system. J. Biol.

Chem., 235, 2734-2745 (1960).

897



Journal of Environmental Biology  �September, 2009 �

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

Prasada Rao, P.V.V.: Effect of intraperitonial cadmium adminis trat ion

on mitochondria l enzymes in  rat t issues . Tox icol. ,  27,  81-87

(1983).

Pratap, H.B. and S. E. Wendelaar Bonga: Calcium homeostasis in low

and high calcium water acclimatized Oreochromis mossambicus

exposed to ambient and dietary cadmium. J. Environ. Biol.,  28 ,

385-393 (2007).

Rasheed, B.K. J.J. Diwan and D.R. Sanadi: Activation of potassium ion transport

in mitochondria by cadmium ion. Eur. J. Biochem., 144, 643-647 (1984).

Shadi,  A.H., S. Minder, G.J. Keith, M.I.  Ari and T.P. Janet: Cadmium

accumulation in aortas of smokers. Arterioscler. Thromb. Vasc. Biol.,

21, 863-867 (2001).

Stewart, J.L., C.L. New House, M.V. Wagner and W.S. Bradshaw: The

effects of prenatal exposure to structurally diverse chemicals on

the ontogeny of rat dehydrogenase. Biol.  Neonate.,  46,  69-79

(1984).

Sugihira, N., C. Tohyama, M. Murakami and H. Satio: Significance of

increase in urinary metallothionein of rats repeatedly exposed to

cadmium. Toxicol., 41, 1-9 (1987).

Tanaka, K.:  Effects of hepatic disorders on the fate of cadmium in rats. Dev.

Toxicol. Environ. Sci., 9, 237-249 (1982).

Toury, R., M. Stelly, E. Boissonneau and Y. Dupuis: Degenerative process in

skeletal muscle of Cd2+ treated rats and Cd2+ inhibition of mitochondrial

Ca2+ transport. Toxicol. Appl. Pharmacol., 7, 19-35 (1985).

Vallee, B.L. and D.D. Ulmer: Biochemical effects of mercury, cadmium and

lead. Ann. Rev. Biochem., 41, 91-107 (1972).

Weilgus-Serafinska, E., M. Kaminiski and D.G. Nowaczyk: Effect of cadmium

upon the activity of some selected marker enzymes in rat liver. Pol. J.

Occup. Med., 2, 23-31 (1989).

Xu, P.U., B.L. Xizo and Z.Q. Wang: Changes in histopathology and enzyme

histochemistry of thymus in cadmium exposure mice. Hua. His. I.

Ko. Ta. Hsueh. Pao., 20, 429-432 (1989).

Yamaguchi, I., F. Matsumara and A.A. Kadous: Inhibition of synaptic ATPase

by heptachlorepoxide in rat brain. Pestic. Biochem. Physiol., 11, 285-

293 (1979).

Yoon. S., S.S. Han and S.V.S. Rana: Molecular markers of heavy metal

toxicity- A new paradigm for health risk assessment. J. Environ. Biol.,

29 1-14 (2008).

Yu, H.S. and S.T. Chan: Effects of cadmium on lactate dehydrogenase

activities in mouse pre-embryos at various stages. Teratol., 34, 313-

319 (1986).

Zar, H.H.: Biostatistical analysis. Prantice Hall Inc. USA (1984).

J. Karthikeyan and G. Bavani898


