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ABSTRACT

Cadmium is ubiquitous metals in the environment that induces a broad
range of physiological dysfunctions. The purpose of this study was to
investigate the chronic effect of Cadmium (Cd) on body weight, size and
histopathology of the liver of Rana ridibunda ridibunda. Animals were
divided at random groupsinto acontrol and 3 experimental groups exposed
to different concentration of Cadmium chloride (CdCl,) (2.5, 5.0 and 10pg /
L) for (28 days). The animal body weight, total body length and width
were measured before and at the end of experiments,then animals sacrificed.
Liver wasdissected out for histological examination. Cd -exposure had an
obvious negative effect on the rate of overall growth of thetest animals. A
number of morphological change were observed intheliver, including the
disturbed arrangement of the hepatic cords, dilatation of sinusoids, the
presence of binucleated hepatocytes, dissociation of the hepatic cord
and the presence of pigment aggregations aswell swelling of hepatocytes,
crowding of hepatocytes plus the presence of area of necrosis of
hepatocytes at the three cadmium treatments, the more severe was at 10
pg /L cadmium. It can be concluded that the Cd exposure increase tissue
damage in liver. In summary, this study provides data on toxic effect in
amphibian exposed to different concentration sub lethal of heavy metals
in particular cadmium. Rana ridibunda ridibunda Develops regressive
aterationsin theliver when exposed to Cd which may partially be aresult
of the oxidative stress induced by metal toxicant. The frog liver has a
strong regenerative capability but severe liver injury do not develop even
after 28 days of exposure to relatively high doses of Cadmium.
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INTRODUCTION toxic substancethat widdly distributed in theenviron-
ment, withwiderange of organtoxicity, dongdimina

Inrecent years, increasing attention hasbeen drawn
to the effects of heavy metal spresent ubiquitoudy in
the environment, on human and animal health. Heavy
metal sintoxication especia ly by cadmium congtitutes
threat to animal and human heathi¥ Cadmium (Cd) isa

tion haflife, in aquatic environments, Cd is generally
adsorbed to organic materialsand easily accumul ates
inblood and stored primarily intheliver and excreted
through glomerular filtrationin thekidney and may have
toxic effect on several organse.gliver and kidney4.
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Cd has been reported as a possible cause of various
histopathological lesionsintheliver, such asperiporta
liver cell necrosisand bile duct hyperplasiain rats®,
cell death and regeneration'®, dilatation of sinusoids,
and anincreaseinthenumber of Kupffer cells™ aswell
asKupffer cdl enlargement’®¥, Metd toxiccitiesmight
be associated with oxidativetissue damageand hasbeen
shown to stimulatethe production of intracel lular reac-
tion oxygen species (ROS)12Y, Elucidation of Cd effect
isimportant for mechanigticinterpretation of meta toxic
effects. Xenobioticisaninfluential factors, which may
havedirect or indirect effect by generation bioactive
moleculesintracd lularly (freeradicas) causng functiond
and structurdl alteration at tissuelevel$™. Thiswork is
to report thetoxic effects of different chronic dose of
cadmium on the rate of growth and histopathol ogy of
theliver of Rr.r

MATERIALAND METHODS

frogs, Rr.r were collected from Chiraregion North
Mosul / Iraqin June 2012. Twenty adult femalefrogs
(weight rang 26-30g) were placed for 10 days in plas-
ticaguariums(120x65x60 cm) for acclimatization. Frogs
divided randomly to four groups (Fivefrogsfor each
group), thefirst group ascontrols, wereplacedin clean
tap water, and therest of them were the experimental
groups, exposed to different concentrations of Cad-
mium chloride (CdCl,)(2.5,5and 10 pg/L Cd)as for
chronic exposure. Thisexposure concentration based
on preliminary experiments showed that these concen-
trationsareasublethal for R.r.r and on corresponded
previous study!*Z. Thus, to avoided death of animals
dueto Cd, which exposed to rd atively high concentra
tions of Cd, to achieve acute effects. After being as-
signed to arespectivetreatment groups (2.5.5and 10
ug/L),each group of frog was maintained in an individual
container (volume2.0L)for (28 days). Thefrog were
fed boiled spinach throughout the 28-day test. At the
end of 28" day of the exposure experiment, frogswere
anaesthetized. Body weight, total body length and width
were measured before and by end of experiments. Body
length from snout tottip of tail wasrecorded using €l ec-
troniccdipersand va uesrepresented inmillimeters, during
each recording of body weight, thefrogwastaken from
themedia, and excesswater wasremoved using asoft
tissue. therefore, stress(if any) induced by this process
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remained samefor al treated and control frog.

The Body weight increasing percentage was calcu-
lated according to Diniz et a* formulaewith modifica
tion:

Initial body weight was measured using an elec-
tronic balance (Germany ana ytical balance precision
0.001 g).

Somaticindices(SI) = (total body weight/ Initial
body weight) X 100
Anima swerethen sacrificed and liver dissected out for
tissues preparation for light microscopy. Small sections
of liver were collected and werefixed in buffered neu-
tral formalin according Lund'¥ dehydrated in ethanol
seriesand xyleneand saned withhematoxylinandeosin
(H&E). Sections (5-7u thick) were obtained and
stained with hematoxylin-eosinfor light microscopic
examination. Observationsand photogrgphsweremade
using zeils axiophotomi croscope equipped with an au-
tomatic photomcrographic system.

Satistical analysis

Thedatawere checked for norma distribution, and
then significant variationsin Body weight, total body
length and width between treatment and control were
andyzed by andyssof variance (ANOVA) using SPSS
software (version 10.5).

RESULT

Therewere no mortality during the 28" days ex-
periment and no significant differencesin mean body
size (lengths and width) were detected as compared
with control (TABLE and Figure1).

TABLE 1: Effect of Cadmium on body size.

2.5pg/L Spg/L 10 pg /L
Cd-treated Cd-treated Cd-treated

6.840+0.626 6.750+0.880 6.500+0.500 6.100+0.822

size Control

Body
length/cm
Body
width/cm
Theresultsobtained are presented in TABLE 2and
well asin Figure 2and Cd exposure had an obvious
negative effect ontherateof overal growth of thetest
animals. Thefina weight of thefrogtreated withthe
highest Cd dose (10 pg /L /28days) was significantly
lower thaninthoseof control, 2.5and 5 pug /L Cd treated
/ 28days). Therefore, thereisatrend with regard tothe
effect of different dosesof cadmium on growth of the
animals, although it was chronic exposure.

3.900+0.651 3.383+0.873 3.200+0.570 3.100+0.418
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Figurel: Body length and width [cm] of the contr ol animalsand of theanimalstreated with different dosesof cadmium

chloride(2.5,5and 10 pg /L. Cd / 28 days)
TABLE 2: Effect of Cadmium on body weight

Treatments  Initial BW /g Fina BW /g in?j?gq;t(ié)
Control 29.3+2 329+3 (112.2)
gh?g;?dfﬁglg 20.46044.79  20.660:2.96 (70.1)*
Sl CEmIUm 208400480 20.780:1.63 (69.6)*
Lomg Catmium. 67834619 18.833:3.55 (68.3)*

Mean £ SD, N=10, p<0.05 (ANOVA followed by Duncan-
comparison-test)

The impact of Cd chronic exposure on frog, re-
flected deterioration effect of Cd on the liver
histoarchitecturdly and Histopathologicaly. Light micro-
scope observation reveal ed that treatment with 2.5,5
and 10 mg/L Cd induced a gradual morphological
changesin the liver according to dose level. These
changesareat 2.5 pg /L Cd treatment there disturbed
arrangement of the hepatic cords, dilatation of sinuso-
ids, the presence of binucleated hepatocytes. Figure
3b moreover adissociation of the hepatic cords no-

|- Intial body weight CFina Ibody weight O Somatc indices |

120

100 + 951

80 4

g0 4

weight / g

40 4

Control 25ueg /L

ticed and the presence of larger number and densepig-
ment aggregations. Figure 3c, whereasat 5 pg /L. Cd
acute swdling of hepatocytes, crowding of hepatocytes.
dilated s nusoids, and the presenceof multipleand dense
aggregation of pigment were seen Figure 3d plusthe
presence of an area of necrosis of hepatocytes vacu-
olar degeneration. Figure3e. At 10 ug /L Cd, cholangiol
proliferation, and diffuseinfiltration of mononuclear cells
intheinterstitium of theliver aswell within branchesof

Sug/L Cd
Figure?2: Initial and final weightgg] of the control animalsand of theanimalstr eated with differ ent doses of cadmium
chloride(2.5.5and 10 ug /L. Cd /28 days)

10 neg /L Cd

thebileduct. Figure 3f, beside asever hyperplasiaof
hepatocytes and dense aggregations of pigment could
be seen Figure 3g.

DISCUSSION

Themgor chdlengeinexperimenta ecotoxicological
studiesisto copewiththerdativepaucity of literature
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a) histologically normal control I|ver showing hepatocytes with clear cytoplasm H- hepatocytes ,N-nucleus, S-sinousoid, cv-
central vein ,En- Endothelium, K : Kuppfer cell arrow: hepatic cord

(b)&(c) treated with2.5 pg /L Cd , H- hepatocytes arrows — hepahc cords, DS — dilation
sinusoids, BN — binucleated, PA — pigment aggregations, K- kuppfer cell.

(d)&(e) treated wnth S g /L Cd, DS dilation sinusoids, MAP — multiple aggregation of
pigment, SW — swelling, arrows — crowding, N — necrosis, VD — vacuolar degeneration.
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(D&(g) treated with 10 pg /L Cd, arrows — diffuse infiltration of mononuclear cells,

CH - cholangiole, HY — hyperplasia of hepatocytes, DAP — desnse aggregations of pigment.
Figure3: Transversesection of liver frog

ontoxicity induced by environmenta pollutionmay dicit
both adaptiveand adverseresponseinanimalsat dif-
ferent structura levels, i.e, cells, tissuesand organs.
Thesereactionsdepend on avariety of factors, such as
thetypeof contaminant and itsconcentration, therate
of exposureand the susceptibility, of the organismg?®,
The present study investigated the effect of different
subletha doseof Cd ongrowth indicesand liver tissue
architectureof Ranaridibunda Amphibianstypicaly do
not drink water and obtain water through the ventral
skin, but accidenta drinking of water could not be ex-
cluded. Thefrogsin our experiment were constantly
kept in 2-3 cm of water, thusawaysremaining exposed
to cadmium. Test animad scontinuoudy exposed to three
Cd-concentrations (2.5,5and 10 pg /L), It was found
aremarkabledecrease in body weight in comparison
with thecontrol values. Thus, it seemslikely that Cd-
uptaketakesplacefirst acrosstheskin, thisisimplied
by the negative correl ation between Cd- concentration
and growth rate observed in different Cd- exposure.
Results of the present study (TABLE 1 and 2) aswell
(Figureland2), demonstratethe adverseeffect of cad-
mium- treatment. Body weight gain wasatered signifi-
cantly inthethreetreatments and more pronounced at
10 pg /L Cd- treated frogs in comparison to the con-
trol, the deleterious effect of cadmium on the different
body growth indices maybe dueto thetoxic effect of
cadmium itself on specific body, and not to the bad
hedlth of animasaspointed out in previousstudieson
ratg'617, This observation suggeststhat Cd- treatment
induced s gnificant metabolic aterationsin thebody of
frog, Hence, these body weight and size decline ob-

served in the Cd-treated frogs may be due to direct
interaction of ROSwith the body cell membranes. The
present finding isa so cons stent with previous studies
conducted on ratg819,

For up to 28 days Cd exposure devel oped pro-
gressiveliver dterationscharacterized by thedisturbed
arrangement of the hepatic cords, dilatation of sinuso-
ids, the presence of binucleated hepatocytes. Figure
3b moreover adissociation of the hepatic cords no-
ticed and the presence of larger number and dense pig-
ment aggregations. Figure 3c, whereasat 5 ug /L Cd
acuteswelling of hepatocytes, crowding of hepatocytes.
dilated 9 nusoids, and the presence of multipleand dense
aggregation of pigment were seen Figure 3d plusthe
presence of an areaof necrosis of hepatocytes vacu-
olar degeneration. Figure3e. At 10 ug /L Cd, cholangiol
proliferation, and diffuseinfiltration of mononuclear cells
intheinterstitium of theliver aswell within branchesof
thebileduct. Figure 3f, beside asever hyperplasiaof
hepatocytes and dense aggregations of pigment could
be seen Figure 3g, hasbeen noted in surviving animas
givendifferent sublethal dose of Cd.

Cadmiumisan extremely toxic environmenta con-
taminant that causesthe production of reactive oxygen
system (ROS). The oxyradicals such as Superoxide
anionradica (02), hydrogen peroxide (H202) and hy-
droxyl radical (OH). Thus ROS can cause cytotoxic
ateration including enzyme inactivation, lipid
peroxidation and protein degradation aswell asDNA
damage and ultimately cell death??. Liver and kidney
arecritica organs used to describe and document the
effect of pollutants, during exposure, Cd induced tox-
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icity intheliver and kidneysisdependent on hepatic
and renal Cd concentrationg?Y. Based onresultsof this
study and recent experiments (5,24), the selected dose
of Cd (5.98 mg/kg b.w) appeared to betoxictoliver.
Cadmium istransportedintheblood and widely dis-
tributed inthe body but accumulates primarily inthe
liver and kidneys?3. Hepatic and renal toxicity may
occurred if toxic Cd level isattained in these organs
regardless to exposure periods?!. Resultsin Figure
3,b,cand d of the present study demonstratesthat, frog
treated with Cadmium developed progressiveliver d-
teration characterized by obviouslesion. disarrange-
ments and Scattered of hepatocytes, enlargement of
Kuppfer cel, cytoplasmicvacuolation. Multinuclested
hepatocytes,aggregation of pigment, necros's, regen-
erativeand eventuadly followed by cdll death. Liver fi-
brosisand the “cirrhosis”-like morphological picture
observed inthepresent study Figure 3g havea so been
reported in surviving bullfrog exposed to aflatoxing?,
maleratsexposed chronically to cadmium (19) and mice
exposed tolethal dose of cadmium chloride?.

Theliver damage has been reported in other mam-
malian and non mammalian species, in addition necro-
sisstrongly associated with oxidative stress?22, Be-
side direct damage of proteins, another underlying
mechanism for toxicant inducecdl injury may havein-
fluentia factorswhich may havedirect or indirect effect
by generation bioactivemoleculesintracellularly (e.g.
freeradicals), causing functiona and structural ater-
ation at tissuelevelsdueto the ability of oxidant sub-
stancesto cause oxidativestressintheliver™. There-
fore, the present findingsindicate that the susceptibility
of theRanaridibundaliver to Cdissmilar tomost mam-
malian speciesaready studied. Onthe other hand, in-
creased production of reactive oxygen species (ROS)
isone of the responses observed in theliversof wild
frogs exposed to environmental pollution®®. Cd-ex-
posed frogsin the present study could be under some
oxidative stress. The abundance and enlargement of
Pigmented macrophagesaswell Kuppfer cells(Figure
3, b) and (Figure 4, c,d), may be attributable to the
antioxidant gpparatusof theamphibiansliver, whichin-
cludeshepatocytes, Kuppfer celsand the Kuppfer cdls-
derived melanomacrophage centers (MM Cs), al them
interrdated and intensdy involved in xenobiotic detoxifi-
cation through acombination of enzymatic biotransfor-
mation and melanin scavenger activity!5%2,
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In conclusion, asinother mammaian and non-mam-
malian speciesalready studied, RanaridibundaDevel -
opsregressivedterationsin theliver when exposed to
Cdwhichmay partidly bearesult of theoxidative stress
induced by metd toxicant. Thefrog liver hasastrong
regenerative capability but severeliver injury do not
devel op even after 28 days of exposureto relatively
high dosesof Cd (10 ug/L).
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