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Abstract

·alplachta  J . ,  Vinkler ,  A. : Lactate Dehydrogenase Pattern in Tissues of Pigs Exposed to
Arsenic and Cadmium. Acta Vet. Brno 2001, 70: 285-290.

The aim of this study was to compare the sensitivity of various tissues of young pigs (Large
White) chronically exposed to low doses of cadmium (Cd) or arsenic (As).

Cadmium experiment: The pigs (n = 4) were given daily 10 mg Cd (Cd as CdSO4)/kg body
weight in food within the interval of 35 to 239 days after birth followed with 20 mg Cd/kg body
weight untill day 443. Arsenic experiment: The pigs (n = 3) were given daily 10 mg As2O3/kg body
weight in food within interval 35 to 186 days followed by 20 mg As2O3/kg body weight within 64
days. The data of experimental and control (n = 3) tissues (myocardial atrium, diaphragm, kidney,
liver, lung, spleen, skeletal muscle) were evaluated using the sum of vectors method (SV).

Cadmium experiment: Significant differences (P < 0.05) were found in lung, diaphragm, spleen
and liver. The relative order of differences between experimental and control tissues (lung <
diaphragm < spleen < liver) indicates different sensitivity of these tissues to damage. 

Arsenic experiment: Significantly different LD pattern (P < 0.05) was only found in liver.
Our data indicate that pig tissues differ in sensitivity to chronic low-level Cd or As load. The

liver was found to be the most sensitive among pig tissues to both elements. A study of tissue LD
pattern may be complementary to functional tests of organs.

Arsenic, cadmium, chronic subtoxic dose, L-lactate dehydrogenase isoenzyme, liver, lung,
diaphragm, spleen

Compounds with arsenic (As) or cadmium (Cd) belong to the group of well-known
carcinogens (Chan 1997; Huff 1998). Substances of metalloid As can uncouple
mitochondrial oxidative phosphorylation (arsenate substitute phosphate), inhibit glycolytic
phosporylation (arsenate replace phosphate), interact with receptors (arsenite inhibit
glucocorticoid receptor-mediated transcription) and can bind to sulfhydryl groups of proteins
(the inhibition of citric cycle enzymes) (Chan 1997; DeSesso 1998; Kaltreider 2001).
Oxidative stress has been recognized as a major mechanism of Cd-induced toxicity (Nigam
1999; Shaikh 1999). Exposure to Cd results in renal, hepatic, pulmonary, gastric, bone and
testicular damage (Corpas 1998; Mitsumori 1998; Nigam 1999; Shaikh 1999; Alfvén
2000; Asar 2000). Long-term administration of 1 mg Cd/kg body weight (b.w.) daily results
in its accumulation in tissues of gilts and cows (Vitásek 2000). The influence on bovine and
porcine sexual functions and quality of gametes at the same dose of Cd is reported (Zajíc 2000).
Long–term administration  of 1 mg Cd/kg b.w. daily results in partly decreased resistance of pig
spermatozoites, differences in concentration of semen fructose and citric acid with no
observable impact on fertility. However, at the same Cd load, no changes in the rate of ovulation
of gilts, fertility of oocytes and early embryo development were found (Jan 1998).

Lactate dehydrogenase (LD, L-lactate:NAD oxidoreductase, EC 1.1.1.27)  consists of
five tetrameric LD isoenzymes: LD1 (H4), LD2 (HM3), LD3 (H2M2), LD4 (H3M) and LD5
(M4). It is known that LD pattern is tissue specific. Though LD isoenzymes  in tissues are
sometimes used as diagnostic aid in some studies, they have not been sufficiently explored
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in experiments with Cd or As as yet. In this study, LD isoenzyms were used as biochemical
markers of changes in pig tissues as consequence of long-term, low-level exposure to Cd
or As. Our goal was to find which of the analysed tissues are sensitive to Cd or As.

Materials and Methods 

The animals were conventionally reared on the Clinic of Obstetrics and Gynecology, University of Veterinary and
Pharmaceutical Sciences Brno. The project was authorized and monitored by the local University Ethical Commitee.

Cadmium experiment: A healthy Large White pregnant sow was given in food 1 mg Cd/kg b.w. daily. After
farrowing, each of 4 littermates (males) was given in food 10 mg Cd/kg b.w. daily from day 35 to 239 after birth
followed with 20 mg Cd/kg b.w. daily until day 443. Cd was administered as CdSO4.

Arsenic experiment: Trial boars (n = 3) were given 10 mg As2O3/kg b.w. in food within interval 35 to 186 days
followed by 20 mg As2O3/kg b.w. within 64 days until the end of experiment.

Control boars (n = 3) were kept and fed (no extra Cd or As in food) under the same conditions as the pigs of trial
groups and were 331-day-old at the end of the experiment. The pigs (Large White) of trial and control groups were
littermates of a healthy sow.

Tissue samples were taken immediately after slaughter and stored in liquid nitrogen pending analysis. LD
pattern in tissue extract was determined by conventional polyacrylamide gel electrophoresis (·a lp lach ta
2000). LD patterns  were converted to the resultant vectors of basic model SV5,LD(1-5) under conditions stated
in (·alplachta  1997 ab). The basic model SV5,LD(1-5) uses a two-dimensional system of rectangular axes
x, y in the plane in which LD isoenzymes are represented with constituent vectors starting in the point of
intersection of axes. By summation of all constituent vectors every resultant vector is determined so that an end
point of resultant vector represents its LD pattern. The end point variables SV5[x;y] of resultant vector were
used to create the graphical presentation of  the results and for statistic evaluation through two-tailed F-test and
Student’s t-test.

Sample LD 1 ± s LD 2 ± s LD 3 ± s LD 4 ± s LD 5 ± s SV[x] ± s SV[y] ± s
ATRIUM 86.2 ± 7.0 8.5 ± 4.6 5.3 ± 2.7 0 0 61.8 ± 9.6 58.7 ± 0.9
atrium Cd 83.6 ± 3.1 9.3 ± 2.1 7.0 ± 1.1 0 0 57.7 ± 4.1 58.0 ± 0.3
atrium As 81.3 ± 1.0 10.9 ± 0.1 7.8 ± 0.9 0 0 54.6 ± 1.7 58.1 ± 0.5

KIDNEY-c 51.0 ± 3.0 36.6 ± 2.2 12.4 ± 1.0 0 0 17.6 ± 4.0 64.7 ± 0.5
kidney Cd 49.2 ± 4.5 28.9 ± 2.0 16.8 ± 1.1 1.7 ± 2.9 3.4 ± 3.4 16.3 ± 2.3 52.8 ± 9.2
kidney As 50.5 ± 4.8 36.8 ± 1.0 12.2 ± 3.4 0.4 ± 0.06 0 17.2 ± 7.7 64.3 ± 2.3

SPLEEN-c 9.3 ± 2.5 15.5 ± 0.7 41.9 ± 2.5 26.5 ± 1.1 6.7 ± 3.4 –41.9 ± 3.5 –9.0 ± 4.1
spleen Cd 7.9 ± 1.6 14.3 ± 0.3 34.1 ± 0.8 24.0 ± 1.0 19.7 ± 2.0 –23.6 ± 1.1 –16.2 ± 1.3
spleen As 8.1 ± 0.7 17.5 ± 0.6 41.7 ± 1.7 26.9 ± 0.5 5.8 ± 1.3 –44.2 ± 3.2 –7.6 ± 0.4

LUNG-c 15.2 ± 4.3 20.3 ± 1.5 31.8 ± 1.8 20.0 ± 3.8 12.8 ± 3.0 –21.6 ± 1.3 1.7 ± 8.3
lung Cd 16.5 ± 2.0 20.0 ± 2.1 30.5 ± 0.5 17.7 ± 1.7 15.2 ± 3.6 –16.5 ± 2.5 2.9 ± 6.2
lung As 19.4 ± 3.7 19.9 ± 1.6 29.4 ± 2.1 21.9 ± 1.3 9.4 ± 2.9 –19.1 ± 5.9 4.0 ± 4.0

LIVER-c 20.6 ± 2.3 36.3 ± 3.3 29.5 ± 1.5 9.2 ± 1.5 4.4 ± 1.7 –23.4 ± 5.1 35.3 ± 4.2
liver Cd 5.6 ± 1.1 17.7 ± 3.5 35.1 ± 4.5 14.8 ± 2.7 26.8 ± 8.6 –18.8 ± 11.6 –9.7 ± 9.0
liver As 12.4 ± 3.2 28.8 ± 4.4 38.7 ± 1.7 13.5 ± 3.7 6.5 ± 2.1 –36.5 ± 3.1 18.0 ± 10.1

DIAPHRAGM-c 3.9 ± 0.1 5.1 ± 0.5 8.8 ± 0.9 10.4 ± 1.7 71.8 ± 2.1 47.7 ± 3.1 –45.0 ± 1.3
diaphragm Cd 8.2 ± 1.3 7.6 ± 2.4 11.0 ± 1.4 10.1 ± 1.4 63.1 ± 4.7 41.1 ± 6.2 –34.7 ± 4.5
diaphragm As 3.1 ± 1.2 3.5 ± 0.8 8.9 ± 1.9 11.1 ± 1.8 73.5 ± 5.5 48.6 ± 6.3 –48.6 ± 2.9

MUSCLE-c 0 0 1.7 ± 1.4 2.0 ± 1.4 96.3 ± 2.6 75.6 ± 3.8 –58.5 ± 0.5
muscle Cd 0 0.1 ± 0.2 4.1 ± 1.9 5.1 ± 1.8 90.7 ± 3.8 67.6 ± 5.5 –58.0 ± 0.8
muscle As 0 0 2.8 ± 1.3 3.7 ± 0.9 93.5 ± 2.1 71.7 ± 3.2 –58.5 ± 0.5

Table 1
Mean L-lactate dehydrogenase pattern in tissues of intact pigs and pigs exposed to chronic

low-level load of cadmium or arsenic

Cd: Mean data of 4 boars exposed to 10 mg CD/kg (b.w.) daily within interval 35 to 239 days followed by 20 mg
Cd/kg b.w. until day 443. Cd was administered as CdSO4
As: The mean data of 3 boars exposed to 10 mg As2O3/kg (b.w.) within interval 35 to 186 days, followed by 20 mg
As2o3/kg b.w. daily within 64 days until the end of experiment.
CONTROL-c represents mean data of 3 intact boars reared under the same conditions. Relative LD isoenzyme acti-
vity is presented. End point of resultant vector is specified co’ordinate variables SV[x], SV[y] of basic model SV5,
LD(1–5)  s = standard deviation
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Results 

Cadmium experiment   
Mean isoenzyme LD patterns of pig tissues are presented in Table 1 and their resultant vectors

are depicted in Fig. 1 to illustrate the distribution of LD patterns. There is a clear decrease of
LD1 (-15 %), LD2 (-18.6 %) activity and corresponding increase of LD3 (+5.6 %), LD4 (+5.6),
LD5 (+22.4 %) activity in liver of trial pigs.  The decrease of  LD3 activity (-7.8 %) and the
increase of LD5 activity (+13 %) in spleen were found, while the increase of LD1 (+4.3 %) and
the decrease of LD5 (-8.7 %) activity in diaphragm of trial pigs were found. A difference of LD
isoenzyme activity was within interval ± 3 % in lung of trial and control pigs. 

Based on two-tailed t-test (P < 0.05) of resultant vectors, we state that there is insufficient
evidence to conclude that the means of LD patterns are not the same in tissues: atrium,
kidney and skeletal muscle. It can be stated that significant differences (P < 0.05)  between
LD patterns of trial and control groups were found in the following tissues: liver, lung,
spleen, and diaphragm.

The relative order of the differences between LD patterns trial and controls follows: 
lung < diaphragm < spleen < liver.

Arsenic  experiment
Mean isoenzyme LD pattern of pig tissues are presented in Table 1 and their resultant

vectors are shown in Fig. 1. The decrease of LD1 (-8.2 %), LD2 (-7.5 %) and the increase
of LD3 (+9.2 %), LD4 (+4.3 %),  activities were determined in liver of trial group. 

ATRIUM-c
KIDNEY-c
SPLEEN-c
LUNG-c
LIVER-c
DIAPHRAGM-c
MUSCLE-c

atrium Cd
kidney Cd
spleen Cd
lung Cd
liver Cd
diaphragm Cd
muscle Cd

atrium As
kidney As
spleen As
lung As
liver As
diaphragm As
muscle As

Fig.1. An end point of resultant vector in basic model SV5,LD(1-5) represents mean L-lactate dehydrogenase
pattern in tissues of intact pig or pig exposed to chronic low-level cadmium or arsenic.
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Based on two-tailed t-test (P < 0.05), we state that there is insufficient evidence to
conclude that the means of LD patterns are not the same in the following tissues: atrium,
kidney, spleen, lung, diaphragm and skeletal muscle. Significant difference (P < 0.05)
between LD isoenzyme patterns of trial and control groups was only found in liver
tissue.

The results of tissue LD patterns indicate the liver to be the most sensitive organ to chronic
low-level administration of  cadmium or arsenic.

Discussion

It is known  that a change of LD pattern develops as a consequence of pathological
process, e.g. characteristic LD pattern alterations  in the brain regions are induced by
insecticides carbofuran and methyl parathion (Gupta  2000). In this feeding Cd/As
study, we attempted to use LD isoenzymes as biochemical marker of tissue damage. With
respect to ethics of animal experimentation, a small number of animals were available
for this preliminary long-lasting study and this affects validity of statistic results. We
stated that LD patterns were altered in some pig tissues of trial groups in our experiments.
Significant diferences (P < 0.05)  between LD patterns were found in tissues of pigs used
in the Cd experiment: lung, diaphragm, spleen, liver and no changes were found in
atrium, kidney and skeletal muscle. We suppose that the relative order of differences
between LD patterns of experimental and control tissues (lung < diaphragm < spleen <
liver) represents the different sensitivity of these tissues to damage at the reported Cd
consumption. Damage to kidney was not detected. This may appear contradictory to the
following data: (Sha ikh  1999) reported that the elevated total LD activity and protein
found in rat serum and urine as well as the elevation of serum alanin amino transferase
originate from liver and kidney damage by chronic Cd exposure. Hepato-renal toxicity
and Cd accumulation in rats were examined in a feeding study (Mi t sumor i  1998) at
concentrations of  8, 40, 200, and 600 ppm Cd for 2, 4 and 8 month from week 5 of age.
Hepato-renal damage was apparent in rats exposed to ≥ 200 ppm Cd after 2 months of
exposure. On the other hand, no renal damage was found in rats fed 8 or 40 ppm Cd after
8 months even though the accumulation of Cd was 91-183 mikrog Cd /g in kidney.
Al fvén  (2000) proved the dose-relation between Cd intake and prevalence of renal
tubular damage by measurements of alfa1-microglobulin and Cd in urine. The foregoing
findings suggest that an explanation may lie in different dose and/or medication of
cadmium and the species of animal under study.

Our data indicate that liver was the only organ affected by arsenic in contrast to other
tissues as found by comparison of LD pattern in tissues between trial and control groups. It
seems likely that sensitivity to damage by arsenite is tissue- and dose-specific. This is
consistent with dose- and time-dependent survival in arsenic-treated leukemia cell lines (Lu
1999) and data summarised in (Can 1997; DeSesso 1998). Arsenite-induced cell death and
cell proliferation display concentration dependence in porcine aortic endothelial cells
at concentrations (arsenite > 5 µmol/l) and (5 > arsenite > 1 µmol/l), respectively
(Barchowsky 1999). 

Arsenic and cadmium are distributed in the enviroment and exposure to them cause
health problems. Identification of sensitive tissues is worthwhile not only with possible
medication of arsenic trioxide to treat acute promyelocytic leukemia (Lu  1999) but also
with increasing As and Cd pollution of enviroment from anthropogenic sources.
Presented data indicate different sensitivities of pig tissues to Cd or As chronic subtoxic
exposure with the liver being the most sensitive from all tested tissues. We therefore
suggest to study tissue LD pattern since it may be of advantage and complementary to
functional organs tests.
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Isoenzymové sloÏení L-laktátdehydrogenasy
ve tkáních kancÛ vystaven˘ch zátûÏi kadmiem a arsenem 

Sledovali jsme sloÏení L-laktátdehydrogenasy (LD) ve tkáních kancÛ (bílé u‰lechtilé)
vystaven˘ch chronické subtoxické zátûÏi kadmiem a arsenem. Pokus s kadmiem: V
experimentální skupinû byl denní pfiíjem kadmia kancem 10 mg Cd (Cd formou CdSO4)/kg
Ïivé hmotnosti v intervalu 35-239 den po narození se zv˘‰ením na 20 mg Cd/kg Ï.h. aÏ do
ukonãení pokusu (443 den). Pokus s arsenem: Denní pfiijem arsenu kancem byl 10 mg
As2O3/kg Ï.h. v intervalu 35-186 den se zv˘‰ením na 20 mg As2O3/kg Ï.h. bûhem
následujících 64 dnÛ. SloÏení LD tkání experimentálních a kontrolních zvífiat atrium,
bránice, ledvina, játra, plíce, slezina a kosterní sval bylo vyhodnoceno pomocí metody
souãtu vektorÛ (SV).

Pokus s kadmiem: Statisticky v˘znamn˘ rozdíl (P < 0,05) byl zji‰tûn u tkání: plíce,
bránice, slezina a játra. Relativní pofiadí rozdílÛ mezi experimentální a kontrolní skupinou
(plíce < bránice < slezina < játra) naznaãuje rozdílnou citlivost tkání k zátûÏi kadmiem. 

Pokus s arsenem: Statisticky v˘znamn˘ rozdíl (P < 0,05) byl zji‰tûn pouze u jater.
V˘sledky naznaãují rozdílnou citlivost tkání pfii chronické subtoxické zátûÏi kadmiem a
arsenem, pfiiãemÏ se játra jeví jako nejcitlivûj‰i. Stanovení isoenzymÛ LD mÛÏe b˘t vhodné
jako doplnûk funkãních testÛ orgánÛ.
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