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CHAPTER 1

GENERAL INTRODUCTION

1.1 Cadmium in the Envi ' oavailability

According to Jamil (2001 Cadmium '_ ent cation reported to be one
of the most toxic
showed remarkable #arjatig wee 1 the  media's concentration. Many

dqﬁ of "tay the aquatic phase because they
q{': i< l 1

pollutants, especially gadr

have high sorption to th

often results in the very lo he pollutant in the liquid phase.
== '“'.—"’-"I"‘i'r

Hence, most of the Sne, the concent enough to produce toxicity

to aquatic organisms/ In water, tF

Liu (2006) stated thauma;nnty of the metals in thﬂadmium laden soil will be

retained in mﬁwwrﬂaﬂ ?w ﬂMTTTTimng. if released into

aquatic ecosysfém cannot reach mncentratlon hrgh enough to prudune toxicity to
w8 e bHELI9H450s Wot §4h Bi cossty o
stream sadrment for cadmium, as predicted by Langmuir isotherm, was reflected
by the small quantities of cadmium mobilized from the metal enriched sediments.
This means that most cadmium in the aquatic ecosystem will be sorbed onto soil

and sediment and not in the dissolved form. Therefore, Chen (2005) stated that



cadmium has the lowest risk onto aquatic species. However high level of
cadmium in freshwater environment may occur as a result of natural weathering
of minerals in sediments and bedrocks or as a result of anthropogenic activities

such as mining (Olsvik et al., 2000)

Cadmium mntamrw : Mr&ported by Simmons et al.

areas along the flow of Mae

Tao Creek which is dmium levels in the creek

alevated levels in the soils

around the creek. Pan reported that the Thailand

background total soil a5 flom 0.002 to 0.141 mg/kg. On the other

hand, the Thai investigation '-; ¢ cadmium in soil is 0.15 mg/kg (Zarcinas et
....—_.,.—‘r --"r"l =i

al., 2003). In the sfiidly By Simmons et al. (2 as found that soil cadmium

4‘-' R

gaested that irrigation waters
il

withdrawn from Mae Tao Creek were the primary source of the observed

elevated Ievﬂ uﬁhﬁﬂu?ﬂ E}-ﬁj Wﬂ 'ﬂrﬁ!‘jhat contamination is

associated wrtl'ﬁllhe deposition of gediments through irrigation waters.

ARIANN I UNNINEA Y

Simmnns et al. (2005) also reported that 85 percent of the rice-fields sampled

ranged from 0.5

produced rice grain that has cadmium level that exceeded the Codex Committee

on Food Additives and Contaminants (CCFAC) draft Maximum Permissible Level



for rice grain of 0.2 mg/kg They also calculated the estimated Weekly Intake (WI)
of cadmium from rice which ranged from 20 to 82 ug Cd per kg body weight. This

posed a significant public health risk to local community.

1.3 The Concept of Sentinel Species

Over the years, m@’% used by scientists as one of the

tools in environmental Monito nt Jamil (2001) stated that

the use of bioindicators™and bioin 5 IS complementary to the more usual

monitoring involving vels of toxicants in the

environment. The bis 2 sentinel species is used in

mental data. Sentinel species

is defined as any biologi < thab.are able to accumulate a pollutant in
tissue without signiﬁcﬂnt (Beeby, 2001). This definition

emphasized that théje dre hna el fal \tifiel species. The first is the

second is its ability to do so
without causing adverse effects. Hmver throughout the years, many other

elements havﬂ% E:r% W W ies. Therefore instead

of limiting to a&umulatnrs only, the concept of a sentinel species now includes
icindicalot| gtk brd bbraeé] ] <o &ﬂuﬂnﬂ Sentinel
Species Data to Address the Potential Human Health Effects of Chemicals in the
Environment”, animal sentinel is defined as any non-human organism that can

react to an environmental contaminant before the contaminant impacts humans



and can offer the possibility of expanding our understanding and response to
environmental health concerns (van der Schalie et al., 1999). Using a sentinel as
an indicator of human health hazard has several advantages: a) a sentinel may
provide early warning of potential risks before disease develops in human

populations; b) for some toxicants, the biomarkers of exposure and toxic effects

the sentinel speci applications, regulatory

compliance, comple ion of treatment efficacy or

restoration success, 4 =cosystem changes and public

The choice of nisms to B‘E)@d P e tinel species is vastly varied. The
orga B Ped y y

range from invertebrates such as eart els to vertebrates such

as amphibians and y and effectiveness vary

from one species to annﬁer The use nf any particular species as a sentinel

species depeﬂ %Itll{%aﬂ EI%H‘E& %@Iﬁ % studied. Choice of a

species also dﬂ:ends on the type of effects_these pollutants and xenobiotics
ever ) A b BIMNRI mmae biomonitors
acting as early alarm signals. Sentinel species should exist on the site under
study, being present either naturally or because they were deliberately

introduced to the site.



Ji et al. (2006) reported that mussels and oysters had been used as sentinel
organisms. Amphibians (Loumbourdis et al., 2007) and their tadpoles
(Loumbourdis et al., 1999) could be considered as good bioindicators for various

xenobiotics, especially sediment-borne pollutants. Loumbourdis & Wray (1998)

ator species for heavy metal poliution.

stated that Rana ridibunda is a goc I ,
Kitana et al. (2007) cited that using
information on exposure ai : I@ on its response to and the

effects of the polluta

There are many ics can interact with the

sentinel species. Bioi of pollutants on the presence

of the species. The e population and organismal

,,x..*,'."a' ;

others are integrators. heu.m.'lflﬂnﬁon m o

31). Biomarker, on the other

pollutant in the sentinel

hand, is defined as func:tmnal measures of exposure to stressors expressed at

s s i AT . ) oo

et al. (2008) sﬂ'lated that biomarkers are seEItwe tools f&, biological effect
mmu&ﬁ%ﬁﬂimu manmﬁr%l use of several
biamarke?sfparameters is important to minimize misinterpretation. According to
Martin-Diaz et al. (2008), ecotoxicological data obtained in laboratory studies is

often difficult to translate into accurate prediction of possible effects in the fields.



To add, Henry (2000) suggested that it may be productive that toxicological
studies evaluate the contaminants’ effects on the organisms and their adaptation
within the environment. Therefore laboratory results are best validated by field
research because overestimation and underestimation of effects may occur in

laboratory oriented studies.

The effectiveness of a sentinel in pr 'onship between the species and

However, Beeby (206

a simple and rapig

responses. Consequently the ability to recu-gnlze and measure these changes

e %f%‘é%ﬂ%f* o
Bumera ﬁﬁ{% meﬁtm“m qgmimﬁﬂm relevant, it

must axhlbrt changes in response to a stressor, but not be so sensitive that
changes occur when there is no cause for concern. The changes should also be

attributable to a particular stressor and be reflective of impairment to other



population or species. Beeby (2001) has listed three desirable attributes for a
species to be an effective sentinel. Firstly, the sentinel should be insensitive to
ambient concentration. Secondly, the sentinel should be able to integrate
pollution signal over area or over time interval. Finally, a good sentinel should
show simple correspondence between tissue and ambient level. Olsvik et al.

e acclimatized to elevated levels, but

(2000) stated that some species

As stated before, r nsé of &/sentingl to 12 ollutant can be seen not

only at the populationand/spegies je ' but also at the suborganismal level. For

some species, there between poliutants and their

response (Burger et al., a different trend. For some

dose, preclinlﬁ u gcﬁg %&l %‘5 wﬂﬂﬂtﬁ example, blood and

tissue r:.ontaml nt concentratiog or metabglites may be ,used to estimate
exposlﬂ. ﬂ%m ﬁiwﬁawmmm&mmib"iw or
pre-clini:al effects while the presence of pathological lesion may indicate adverse
consequences. These endpoints have been incorporated as priority endpoints in

the new OECD test guidelines for environmental monitoring (Hutchinson and



Pickford, 2002) and they include vitellogenin and gonad histology. The choice of
endpoints depends on what level of biological organization a researcher

chooses. These biological organizations are summarized in Table 1.1.

While many species may be able to fulfill all three desirable attributes of a

sentinel species mcluw Ak n%tn identify and large enough

¢ distribution (Ji et al., 2006).

a good sentinel. Ease to
capture is one of thefajd cfitgria Tn falloring a Speciés as a sentinel. The easier

the species is capturéd fhg m Esirabla the ‘Species is to be chosen as

sentinel species. Prior knowledge abc
Jl" :{_F ;- :_..-..
also an advantage. Huweve?'i-mer » tost important criteria that made a

species more favoj_'ﬁbln lhm m: S t venue of exposure to the

- A
contaminant. ' i a
I

v oo 48 3 A i scne o

include Camasiﬂ% auratus, Rana pipiens and )ﬁm)pfems saiﬂpfdes (Francis et

. 1968) Bifo bahnun Pk bia, 09| Rits iz (Loumbauras

and Wray, 1998; Loumbourdis and Vogiatzis, 2002), Gastero aculeatus

(Bervoets and Blust, 2003; Bervoets et al., 2001), Nerodia spp. (Burger et al.,

2007) and Ruditapes philippanarum (Ji et al., 2006).



Table 1.1: Representative indicators which can b:

ious levels of biological organization (Jamil, 2001)

Biochemical Physiological Population Communities
+ Enzymes ¢ Creatinine & ¢ Abundance * [ndex of Biotic
* Metabolites other enzymes e Size & age Integrity
e DNA integrity e Transaminase distribution * Intolerant/resist
e Stress enzymes e Sexratio & ant species
proteins » Cortisol susceptibility e Genotypes
¢ Antioxidant ¢ Triglycerides e Bioenergetic ¢ Locomotive
enzymes HSPs & parameters parameters
Metallothionein : sauaa etc changas m ¢ Reproductive e« Stressed &
o ﬂUﬂ"ﬂ”PTEJ MIwHING neskvpes

hormones anomalies

amaﬁmm 1 Vi6ard] 215 ¢
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1.4 Amphibian as Sentinel Species

One group of animal that has been used widely as sentinel species is the

amphibian. Loumbourdis et al. (1999) reported that amphibians are good

indicators of pollution due to the 2ability of their skin, both in aquatic
and terrestrial. Due to the high llutants are able to be absorbed
into the body dermally. Th mqe usual route of pollutant
exposure which includes. inhalati 1. Therefore, there are more

than one significant wa ; bioligs are able to'enter the body.

Many poliutants, es aquatic phase because

they have high sorption n of the pollutants to the

sediment often results in the ve ration of the pollutant in the liquid
phase. Hence, most oféﬂﬂme. the h enough to produce
- . h

plans this is not the case.

According to Selvi et al. 2003} even amphlhlan eggs and tadpoles have been

used as hmndmﬁ %é’}%ﬁ‘@fﬁoﬂ:@ ﬁ ‘ﬁpemous shell and

the tadpole's skin Igj highly permeable both in water and air. Frangis et al. (1984)
epore ] thlertob W b ogetnbodie Biohe 16 s&ment aver,
thus there is a possible transport of pollutant from the sediment into the embryo
during the pre-hatching period. Even after hatching, the leopard frog's tadpoles

situated themselves onto the sediment hence allowing a possible transfer of
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pollutant from the sediment to the tadpoles. Therefore it is apparent that the
contact between the pollutant and the frog occur during all stages of life cycle,
even during developmental stages. Figure 1.1 illustrates the life stages of a frog
and its main mode of exposure to pollutant, especially cadmium. To add,

Loumbourdis and Wray (1998) reiterated that frogs are able to accumulate
| goncentration. Pérez-Coll (1997) stated

that amphibians, in general age o , & indicators of environmental
pollution. In another paw ) @9} even considered the
suggestion that arnph 58 lsh acreasingly employed in

consideration. This @‘_‘lbamm a0 and (1987) stated that
variability in the toxici e of tadpoles may be

related to the developmental changes assm‘:latﬂd with metamorphosis.

AULINENTNYINT

Initially, Bufo m&nasﬂctus. Microhyla heymougsi, Microhyla, fissipes and
Fafrvarya Wb abd bechishbssrb o acanbateGgitinlfor i
research. However, the first three species has several limitations. While Bufo
melanostictus has a better size for analysis, this species is an explosive breeder.

Because of this, this toad is difficult to be found outside the wet season.
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Microhyla heymonsi and Microhyla fissipes, on the other hand, can be found all
year round. Yet, their small size is a hindrance for them to be used as a sentinel
species. Furthermore, initial sampling yielded more Fejervarya limnocharis
(Figure 1.2) individuals than the other three species. Therefore, in this study, the
rice-field frog, Fejevarya limnocharis has been chosen to be a representative

sentinel species for cadmium contamination. This species falls under the Order

Anura and Family Raniidae
2006). The rice-field frog S aI56-known as JAdiaf Cricket frog, Boie's wart frog,

grass frog, field frog,
Conservation Internati § Sefve;, 21 Aceording to AmphibiaWeb
(2008), this species has#® | beyond the mouth and

a distinct tympanum. has small tubercles,

sometimes with small long

with brown or blackish'w “mark. It has strofigef forelimb with pad-like

subdigital tubercles urider the fi ; _emale frog. The male

throat is also often mottled with dark brown.

AUEINENTNYINT
RIAINTUNNIINYIAE



TADPOLE

P STAGE

.‘.I; Fild

TADPOLE
WITH LEG

Figure 1.1: A diagfam| of & geperalized frog's life stages and thieir main mode of

exposure to cadmium frofn the enviromment

13
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This species has a wide range of distribution, covering Southeast Asia, South
Asia and part of East Asia (Figure 1.3), inhabiting most open wet habitats. Its
distribution range includes Bangladesh, Cambodia, China, Hong Kong, India,
Indonesia, Japan, Laos, Malaysia, Myanmar, Nepal, Pakistan, Philippines,

Singapore, Sri Lanka, Taiwan, Thailand and Vietnam (AmphibiaWeb, 2008).

Under IUCN, the conservation statu ‘ V varya limnocharis is classified as

“Least Concern” or LC (Amphibi __H JCM, Conservation International &
.-J

NatureServe, 2006). It is ai J-th" sted gnde: "-*”ilu! S. The LC status is given

to the species because. g // strik d its tolerance of broad
range of habitats. It is reporiéd fo \\\‘ . ion and the population is

very stable.

According to AmphibiaWeb (2008). this spéties is very common in Southeast

Asia especially in the rice fields. T4 g.of the frog is often triggered by

= "’r‘”‘vr"

rain and it is usually the firs 2 fcalling sites. Fejevarya
; s e = ) ;
limnocharis is also --Thn some  countries (IUCN,

Conservation International '& NatureServe, ZDDE} including Thailand.

ﬂumwﬂmwmm
QW’W&‘I\"IﬂiﬂJ UANINYAY
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Fajarvarys imnocharis
total mnge wea = 8,920,325 km®

mnge ype

(77 Matve Extant

Introsuced

] Matwe Reintroduced v
(7] Possibly Extinct |

2 extina E

Figure 1.3; The Geographie:Distribution nﬁﬁ vaﬁa limnocharis (IUCN,

PMIANTUAMINYAE
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1.5 Research Objectives

General Objective

To study the suitability of using Fejevarya limnocharis as a sentinel species for

cadmium contamination

Specific nhjucﬂvas
ant- \\\L\-’ meters of Fejervarya

y

; \\\\:. reference site.

T \ f Fejervarya limnocharis

. To compare

limnocharis from gont;

. To compare the bic

from contaminated site ce site,

. To compare the morphonie tic and gravimetric indices of Fejervarya
limnocharis from.&c ated site  fropd reference site.

. To compare a;*-'Il"i'u al indicators of Fejervarya
J!-I

limnocharis from mrﬁammated sﬂe those from reference site

ﬂ'lJEl’JﬂEWlﬁWEI']ﬂ‘i
Q‘W’mﬂﬂ‘iﬁu AN Y
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1.6 Research Hypothesis

H1: There are significant differences in the

* contaminant analysis parameters,

| I J
AULINENINYINS
MR TUAMINYAE
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1.7 Research Scopes and Approaches
The approach of the study is outlined as in the flowchart in Figure 1.4 below.

The thesis statement of this study is to determine whether Fejervarya limnocharis

is a good candidate as a sentinel species for cadmium contamination.

In order to address the th %rﬂ of research activities has

been devised (Figure 1 5* Datles ‘ ag- been chosen instead of

concentrating on one speef se Schmitt et al. (2007)

stated that any biomaik€r of séufinel studies rporate a battery of

biomarkers to show Semtipel's | e g oI ‘ ironmental conditions.
Furthermore, a study b Oreochromis niloticus
showed that a multibiomarker pproach was able to reveal the
differences in the health of the sp ference and contaminated sites
Zorita et al. (2008) mﬁﬂﬂm that in anr studies, the use of a

reflect the impairment o u:gamsms health andfnr its adaptation to the impaired

environmental cﬁ:%r&l'q ﬁjw fé% El q ﬂ ﬁ designed around

standardized lahugtnry conditions. Ipstead, this study attempis,to look at the
cranges ik a4 allaby odcbridibing hatira pdpdio o &definel specis
In this case, the sentinel species under scrutiny is the rice frog, Fejervarya

limnocharis. This is because Henry (2000) suggested that it may be productive
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that toxicological studies evaluate the contaminants' effects on the organisms

and their adaptation within the environment.

The first part of the research activities noted above is contaminant analysis. In
this part, cadmium levels in the environmental samples and in tissues were

vere liver, kidney, ovary and testis.

Apart from that whole organismal cadmit ﬁlaﬂm were also compared. At
—
the end of this part tissi€ and orga nia%nnentmﬁnn factors were

‘\ 1 biomarker study where
The third part of the st :u— el ﬂ gravimetric study where

r --" *\ \ ght-length relationship and

determined. The seco

metallothionein, glutathie levels were compared.

morphometric indices

condition factor were also de ied. Theifinal part of this research was the
e

biological and ecological indicators - histopathology and age determination
v- ,.-".l"ﬁqr"

were done.

¥

2
ﬂumwﬂmwmn‘a‘

’Q‘WW&NﬂiﬂJ UANINYAY



PROBLEM STATEMENT

Can Fejervarya limnocharis be used as a sentinel species for cadmium
contamination?

Figure 1.4: Research -'r‘ oft m

AUEINENINYINT
RIAINTUNNIINYIAY

21
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samples
Contaminant Histology &
analysis Skeletochronology
Accumulation Histology study
study
*Histopathology of
*Cd in environment tissue
«Cd iin tissue
+Cd in whole Skeletochronology
organism
*Bloconcentration *Age
Factor (BCF) Determination
Figure 1.5 : Research seor X

]
ﬂ'lJEl’J"lelﬁWEl']ﬂ‘i
Q‘W’Wﬁﬂﬂ‘iﬁu NN Y
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1.8 Introduction to Research Location and Research Timeframe

Samples were collected from Mae Pa and Mae Tao in Mae Sot District, Tak
Province (Figure 1.6). The reference site, Mae Pa, is located at 16°40'43"N;
98°35'36°E and the area is irrigated by Huay Luek Creek. The contaminated site,
nce site at 16°45'13"N; 98°35'25"E.

Mae Tao, is located 8.4 km south

This area is irrigated by the ' et al. (2005) reported that
__.J

idy_soils and rice grain in vicinity of

there were elevated m?in he paddy S0
Mae Tao Creek downs : g "‘“ ‘

iminary analysis showed
that the cadmium con ater) and 0.0988 mgfkg
(sediment) at the 2 contaminated site was

0.0015 mg/L (water) a

Sample collections were done fol staning from November 2007 to

October 2008. Even {hough samples were co dmonthly basis, all data

X )
walVe months were pooled
into four groups based on ’IEPE average total ralnfail of each groups as follows.

+ vy iy e ﬁ%NaEfJ@ﬂ‘ﬁ

e Late d:iieason February 2008 — April 2008
e Late rainy season : August 2008 — October 2008
Seasonal average rainfall was obtained from World Meteorological Association

(2007) and shown in Figure 1.7
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Figure 1.6 mm&&mmﬂflm b) Mae

Sot district; and c) sampling sites of Mae Pa (reference site) and Mae
Tao (contaminated site)



rainfall (mm)

ﬂ‘lJEJ’W]EJWﬁWEJ']ﬂ'ﬁ
awm\ﬂﬂmumqwmaﬂ
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CHAPTER 2

LITERATURE REVIEW

2.1 Contaminant Analysis
2.1.1 Uptake and

Cadmium is not an géseftial/metat for anim: s (Isani et al., 2008) but it
has the ability to be taken and acqu fulate ﬁ & body from the environment.
Bervoets et al. (2001) reporte -  of aceumulated metals in the tissue

were related to metal levels” inSediment and food. This is further

supported by Bervoets Snd Blust {2003 it is more likely that tissue
level reflects enwmnm tev irdtion in tissue follows

concentration in the emrilgme. S s =d by tl'gr&sult of their study on
Gobio gobio that Mﬁvﬂmﬂﬁﬁ ﬁdmium and zinc
followed a clear | {19&4} reported
e R W TN AT S WW YT e e
correlations Between cadmium concentration in water and tissue, sediment and
tissue and water and sediment. A study by Pérez-Coll et al. (1997) found that

cadmium uptake by the Bufo arenarum liver represents about 26% of the total

cadmium administered to the experimental animals. However, it need to be
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emphasized that most results concerning the effect of cadmium accumulation in
animal or tissues are often contradictory and are generally obtained from
experiments performed for short period of time with high concentration of
cadmium (Isani et al., 2008). Studies on wild population of animals naturally

exposed to different levels of environmental cadmium have been quite limited,

especially on frogs.

Cadmium level in the ag Wman{able concentration
variation between the megdia’ \} ts, Speci: mium do not stay in
the aquatic phase becau€e {hey have. ! SOrp city to the sediment.

Sorption of the pollutanfs 6 Ahe, Sgdient  often, results in the very low

concentration of the pollutantiin th y' phase ce, most of the time, the

water, the concentration is usual'};mj' Chen and Liu (2006) stated that

A
...-__.{:,‘:-;J &

majority of the metals in the cadmium laden soil otéined in the soil phase,

e

and the remaining, if releasec eaninot reach concentration

high enough to produce tnx ‘caly to aquatic anlmals Francis et al. (1984) reported

that high mnonﬁ%@ Q Wﬁ ﬁ@ W%ﬂ@ as predicted by

Langmuir :suhenn,qévas reflected by the small quantities of cadmium mobilized
rom the kel bnrlchAdbdimbAtbd Tis/inedns) e} st Gdckium in the
aquatic &ms:slem will be sorbed onto soil and sediment and while only a small
percentage will stay in the dissolved form. Therefore, Chen (2005) stated that

cadmium has the lowest risk onto aquatic species. However high level of
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cadmium in freshwater environment may occur as a result of natural weathering
of minerals in sediments and bedrocks or as a result of anthropogenic activities

such as mining (Olsvik et al., 2000)
Cadmium uptake into the body may follow various routes. Since the

concentration of cadmium in the water i$ | ermal route is often not the most
significant route of exposure ta.cac : )er hand, most cadmium will

enter the body via the oral route_The les o ite include direct ingestion

er, amphibians may
as significant as the

oral route. Loumbourdis” et als (1 orte mphibians have high

the body dermally. This is in aﬁm tion 10 ‘more usual routes of pollutant

- Ay
S ION

exposure which include bral route and in alatio

Soimenibore M@m B SR GINER P Frviconment o e

organism. Francis gil al. (1984) found that the embgyo larval stage of the leopard
fog in thei 4140y shWed & high GURHKA bebirdltt|uinel b, This i
because the :mhryu of leopard frog remained just above the sediment layer, thus
there is a possible transport of pollutant from the sediment into the embryo during

the pre-hatching period. Even after hatching, the leopard frog's tadpoles situated
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themselves onto the sediment hence allowing a possible transfer of pollutant
from the sediment to the tadpoles. Therefore it is apparent that the contact

between the pollutant and the frog occur during all stages of life cycle, even

during developmental stages.

2.1.2 Final Location and Acc: rr/)n Pattern
& /é
According to |““i? \ ""lwmg cadmium are rarely

distributed uniformly in - fere 5 have the ability to

accumulate metals differ on Rana ndibunda

(Loumbourdis and Wray iatzis, 2002), Gastero
aculeatus (Bervoets and et al, 2001), Nerodia spp.
i et al., 2006). Olsvik et al.

(2001) reiterated that tissue a St "dependent on ambient metal

concentrations and speciation and whether the mi effaken up via the water
I ——
) by saying that distribution

or via the diet. Isani et al-' ({2008
b

of metal accumulation in different organs can vary depending on the source of

uptake and also ﬁ ﬂ WW@WI% ﬁl%iun of particular

suitable tissue or ::ﬁ'ban would increase the accuracy of the determination of

et icavalabity i bonarsnatohicvap i 2008 | £ 61 £

Loumbourdis and Vogiatzis (2002) reported that liver is one of the main target

organs of cadmium accumulation in Rana ridibunda and the increase of cadmium
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concentration is distinct and significant. In another study, Loumbourdis and Wray
(1998) found that Rana ridibunda liver has higher cadmium concentration than
carcass. To add, Pérez-Coll et al. (1997) found out that 26% of the cadmium
uptake is deposited into the liver. In another study Foran et al. (2002) stated that

cadmium can accumulate and be retained in the liver. A study by Bervoets et al.

& hiohest in the liver and the lowest in

ium accumulation from fish
r and muscle respectively.
of the major sites for
could be a main
at cadmium may gain

iron binding protein for

Generally, after absurptlon }netal is transferred to liver, then to blood and finally

accumulated in kiﬁ%ﬁ% w WW‘EW Flla term exposure,

renal cadmium will ﬂe higher than hepatic cadmium. Loumbourdis et al. (2007)
stated that ’a“dﬂg alﬁlnrimum thﬂgﬁ %Jct into gut
lumen. Part of cadmium is removed by feces. However, most of the cadmium
enters again into the liver via enterohepatic circulation. Via the blood circulation,

cadmium will be transported to the various target organs. While the liver is one of
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the first sites of metal accumulation, the kidney often showed the higher
accumulation levels. Earlier on it was stated that according to Isani et al. (2008),
following treatment, cadmium accumulation in the liver was more evident only at
longer exposure period. The same was also true to cadmium accumulation in the

kidney. Bervoets and Blust (2003) reported that it is possible to describe variation
re the highest cadmium level is

in metal level in liver, gills and kid

in kidney followed by gills. ﬁ

accumulation of cadmium was highest i

afma trutta revealed that

d liver respectively (Olsvik

et al., 2001). In water snal d that different tissues

accumulated metals dif 5 et al. (2007) found out

that when Rana sp. wa be deposited in liver,

kidney and the gut studied. to be the main site of

accumulation. According to s

rated in the kidneys

and reproductive tissue 1983) supported this

notion by saying that cadmrum directly targets testis. In addition, adult

Chrysemys picta ﬂ’n‘uuﬂ:@ %ﬁﬁf%@%ﬂf}ﬂﬁﬁhhﬂﬂn in liver,

kidneys and gcnads?j(ﬁle 2000) ¢
ARIANN I 1RIINYIRY
The pattern and magnitude of cadmium accumulation also differ depending on
various factors. Ji et al. (2006) studied Ruditapes philippanarium and found that

there was an observable linear increase in cadmium accumulation with body
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size. Therefore they suggested that linear accumulation of cadmium in the
species is an inherent trait. Apart from that, life stage also influences the
magnitude of cadmium accumulation and thus its toxicity to the organism. For
instance, Loumbourdis et al. (1999) found that adult Rana ridibunda accumulated
cadmium differently than their tadpoles. When exposed to 200 ppm cadmium for

thirty days, adult Rana ridibunda 1 t 900 ppm dry weight in their

body. On the other hand, the. fa e species recorded lower

concentration in their hod7
2.1.3 Effects of

The toxicity of vastly according species,

issue affected. A study on

amphibians revealed that lowest non level (NTEL) for amphibians on

this group of an:malsu&ﬂ Hg Gﬂz’ﬂ.. 'f (1991), it was
ig of cadmium at pH

4.0, 45 and 6.0 posed 2,0 serious eﬁect on their embryo. However, the

concentration msﬁ%@ l%ﬂ wﬁaw %ﬁa’]?}:o‘ﬁcluded that Rana

temporaria larvae §‘Ire more susceptible to the toxicity of cadmium than their
embryo. Wl thl Ghnefidon rbd bkl bt i bl tidpoes, ne
toxicity of cadmium also exhibited different trend and effect. Loumbourdis et al.
(1999) reported that tadpoles had better cadmium detoxification mechanism than

adult. After the initial cadmium shock, the tadpoles were able to establish
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effective detoxification mechanism that was capable to neutralize the excess
cadmium. As a result, the tadpoles accumulated less cadmium than adult Rana
ridibunda. Hence, Rana ridibunda tadpoles can withstand higher concentration of
cadmium before it exerts its toxic effect. However, Flament et al. (2003) reported

that metamorphosis is strongly delayed in the presence of 10.9 uM of cadmium.

According to Herkovits et al.
was a rather low uptake of cadmius

developmental stage co

membrane and the exerted by cadmium.

However, as develop reases. In a different

study on Oryzias lattipes, Fo at the early stage eggs
are more sensitive to cadm elopmental stages. A study
on Rana ridibunda revealed that n sub-lethal concentration of
cadmium may mcreasem 6 disease or retard the

growth and metamorphoéis of lar -' 999). In Salmo trutta

Hansen et al. (2006) fnu;xd that :admlum-raslstant fish (fish living in the

cadmium-poliuted ﬂ%}gh'}% zEJn‘iqe‘jnPﬁ fo| atGinuiate lethal levels.

However, it was ;1150 shown that cadmium-resistant fish has, smaller sized
oo, MAARAR 300 HAA LRI O e

and shorter female life expectancy compared to reference fish. These instances
showed how for different organism, the differences in life stage and exposure

could give different toxicity-response outcomes.



Alvarez et al. (2004) reported that cadmium has been classified by the
International Agency for Research on Cancer as category | (human) carcinogen
while Dudley and Klaasen (1984) reported that cadmium is hepatotoxic. This is
apparent when the ability of the liver to sequester free forms of metals is

exceeded. In this case, during chr of with heavy metals, including

2007). Martin et al. (2002)
__;
reported that low concentrafiong of ead @n to mimic the effects of

androgen and stimulate thesproliieration ~_-:*;r'- cpithelial cells. Therefore, the

cadmium, liver damage could

ability of cadmium to mini

of prostate cancer associ

(2002) reported that cadmrum interacts wrth vessels in vertebrate, implicating

pssn s SRR R s o o

small vessels, resuﬂ'ig in discharge ofsred blood cells in the surrounding tissues.
The same sty isd Ghored i et dead s forl obrésion n e
liver. This would exacerbate oxygen to liver cells thus leading to anemia and

tissue iron depletion. Cadmium also affect metabolism in the liver by interfering
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with critical enzymatic reactions and leading to the decrease in liver lipid content

and the increase liver glycogen content.

According to Loumbourdis and Vogiatzis (2002) cadmium accumulation could

result in the depression in the immune system. This leads to massive invasion of

cadmium. Macro-melan Iso be accelerated by

the presence of red bloc bourdis and Vogiatzis

(2002) reported that cadmiun AUSE ‘small vessels that lead to

the discharge of red blood ¢ tissues, consequently, this

would increase the productit slanophage centers. Therefore, it can

be concluded that cadmium-rela
....-'__..a-‘rﬂ'h:l"'"l ?

ad either through the

the tissues can be cause

i of macro-melanophage centers in

od blood cells in the

tissue or via parasitic in = on caused t A Immune system.

Cadmium is a knﬁww ij:% eﬂﬂfﬂﬂ&) reported that

cadmium oould the effect of steroid pathway modification @and potentially
modify diﬂ%ﬂ%ﬁ ﬂﬁa Qrﬁimlﬂtmrgg mﬂ gﬁrﬂ by Foran
et al. (2002) who reported that cadmium has the documented ability to act
centrally to disrupt steroidogenesis at all level of the pituitary gland. This

disruption has the effect of causing alterations in the testis and liver, which can
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lead to impaired reproduction. Cadmium also can reduce liver function and this
reduction may either impair the trafficking, release or production of vitellogenin
and/or the metabolism of estradiol. The study by Foran et al. (2002) also found
that parental or in ovo exposure to cadmium may impact the endocrine function

of the next generation of adults. Apart from that cadmium is also an androgen

mimic (Martin et al., 2002) which ect on the proliferation of prostate
epithelial cells. On the otherh s et al. (1994) stated that
cadmium has an estrogen mimeic effe iGh._cannot be extended to other
heavy metal. These o g N he canclusion that cadmium is one

of the environmental : an cause endocrine disruption.

Cadmium also may exert . on 1hie developmental biology of an individual.
Cervera et al. (2005) summarized that reproductive and developmental disorders
have frequently been assuclated Vi xposure in different organisms

Nevertheless, it strongly ‘)nhlhﬂs metarmrphosis and consequently further

gonadal develnplﬁ w %.I% %W%‘W{}“qlﬂ ‘ﬁahusls is strongly

delayed in the presyrh::e of cadmium. This might be, the effect of gadmium in cell
division viﬂqﬂm ;l]ta:ﬁsm m ;Jtmnl:lllg m ﬂiﬂcﬂeﬁ]ﬁa study
concluded that while there is a lack of evidence on the effect of cadmium on sex

differentiation, cadmium exerts a great inhibitory effect on metamorphosis.
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Canton and Sloof (1982) reported that Xenopus laevis show same sensitivity to

cadmium as Oryzias latipes based on inhibition of the larval development

2.1.4 Bioconcentration Factor

tissue versus in the environment (Herkovild €1 1998; Flament et al., 2003).
However, Olsvik et al. (2001) repasted that bieconcentration factor is expressed

as the ratio of metal co tal concentration in water.

This is confirmed by Ilii EPA (2008) who fine-
tuned the definition by . O bioconcentration factor as the
concentration of substancé ingailjor : an ‘ ic erganism divided by the

concentration of the substanc jistinction is made between

bioconcentration and bioaccum ing to European Center for

= .—.ﬂ'

Ecotoxicology and Tnx@'m of C

as the net result of the tptake, di stribu ation of a substance in an
I| - I

organism due to water—bur:l,e exposure, whereas bioaccumulation includes all

e ot oo 3| 4 409 AP s o

Canton and Slun?'l (1982) on fishgand amphibians found ghat cadmium

) Tod LT T V) 3 A0 E s o

determined. It was also found that although cadmium accumulated more quickly

concentration is defined

to a higher level in Poecilia sp. than in Xenopus sp., the concentration ratios are

in the same order of magnitude. Since cadmium bioconcentration factor is higher
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in larvae exposed to the lower cadmium concentration, Flament et al. (2003)
confirms that amphibians could play an important role in the biomagnification
process even when they are exposed to very low cadmium concentration in the
environment. A bioconcentration value of more than 1000 indicates that the

organism has a very high potential to bioaccumulate pollutants (Jean-Louis,

measurable in a biologica s‘ystem ora sampie According to Zorita et al., (2007),

the measurementﬁfﬂnﬁ@ %Eﬂﬁ @gwqch:‘ilenhfy sources of

pollution and hmloallml effects of a wide range of pollution. Tp,reiterate, the

authors qu,aemmummm&am, o

cellular Ievel, which indicate that the organism has been exposed to pollutants

(biomarker of exposure) and/or the magnitude of the organism’s response to the

pollutants (biomarker of effect).
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Biomarkers can be classified into several groups. According to Monserrat et al.
(2007), biomarkers can be classified as specific and non-specific. Specificity, in
this sense, refers to its response to a specific toxicant. Stress proteins, enzymes
and other bio-molecules have been shown to be affected by metal pollutions and

-specific biomarkers. The use of

. has been widely employed
A —
a tmand. the effect on non-

specific biomarker canno! /. diret " 10 one cause. In most cases, the
0 [

they can be regarded as either

toxicant-specific biomarkers such'as T
to indicate presence of heavy mietal.
effect of a toxicant on = . For example, since
pollutants can directly ordfdiggcty Modify the balanc n the concentration
of pro-oxidants and antieXidahts ,.w"‘f_ ination, of oxidative stress (DNA
antioxidant responses in

damage, protein oxidation,

aquatic species is commonly emp|
aglh
According to Linde-Arias_et al. (2008] are Sensitive tools for the

I
assessment of biological effects of pullutants However,

single biomarker ﬂ bt Wﬁ ‘ﬂ:% §/bécalse $ehmitt et al. (2007)

stated that any hl&lnarker or sentinel studies shaould incorporate a battery of
hinmarkersqv‘owtmfg mm u;m;ﬂ':] mﬂ%ﬁaﬂmmm_

Furthermore, a study by Linde-Arias et al. (2008) on Oreochromis niloticus

' pecific biomarker.

the employment of one

showed that a multibiomarker or multiparameter approach was able to reveal the

differences in the health of the species among reference and contaminated sites.
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Zorita et al. (2007a) reiterated that in any ecotoxicological studies, the use of a
battery of bioresponses is recommended since single biomarker is not able to

reflect the impairment of organism’s health and/or its adaptation to the impaired

environmental condition

2.2.2 Metallothionein , ,
nee mwn is the production of

metallothionein. Metallothi . \ o ein molecules that are
\ ) (Hansen et al., 2006,

One of the direct

induced by free cytosoli Io0Rs espe iall k \ !
Baykan et al., 2007). Th es ha e low molecular weight of about 7 Kd
etallothionein is its high

(Hansen et al., 2006).

cysteine amino acid conten 07 Isani et. al., 2008) and its

lack of aromatic amino acids (St “and Stillman, 2008). According to

chemistry of the thiol ( of the ihin this thiol group, metals

are sequestered and h-uund The metal- thlnlate clusters allow rapid intra-

metallothionein e:ﬁa%f’@%&' iﬂdﬁ %%EJJG}Lﬁ ‘a} well as changes

with other metalln!ﬁl!:nem molecules. The binding, of metallothignein during an

excess of %ﬂmm&u%’mrm&m &Lcl This is

because sequestration of cationic metals by metallothionein limits the availability

of these cations at undesirable sites.
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Binding mechanism of metals to the metallothionein molecules are still being
investigated. However, Sutherland and Stillman (2008) mentioned that there are
two overall mechanisms of cadmium binding to metallothionein. The first
mechanism is through cooperative mechanism in which only metal free
metallothionein or apo-metallothionein (apo-MT) and the metal saturated

metallothionein or hnln—metailnthiq 3 T) are significantly populated in

the tissue. In this mechanis '“ ‘ dd first bind completely to one

saturated, then only the rg e next metallothionein

molecule. Therefore, a n molecules present are

either apo-metallothionei population of partially

metallated metallothionein™ . The second mechanism

suggested that the binding be rE. i metallothionein is non

presence of these paﬂlay metallated speclman could potentially serve a

hmm'f"m"ﬂuﬂ’mﬂmwmﬂ‘i
The functma %’Lﬁmﬁaﬂrﬁm&w@l&%&%ﬁﬂa role as a

metal hlndlng protein. Within this function, metallothionein serves two purposes.
The first one is its essential role in regulation of intracellular essential metal

concentration such as zinc. Therefore, Olsvik et al. (2001) stated that
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metallothioneins are important in metal homeostasis. On the other hand, apart
from regulatory purposes, the role of metallothionein is also on detoxification
(Jamil, 2001). A number of researches found that metallothionein plays a central
role in the detoxication of non-essential metals including cadmium (Pérez-Coll et

al., 1997; Loumbourdis et al., 2007). According to Olsvik et al. (2001),

sssive metals, thus reduces the toxic

metallothioneins are able to sequeste
effect of metals on proteins fid pnzym? progesses. This is confirmed by

Monserrat et al. (2007) by Stafifig-that Wmtaunmmnem during an

excess of harmful metals.prols ) toxicity by limiting the

availability of these calidns désir: uently, Olsvik et al.

(2001) mentioned that metallg med to be acute phase
protein molecules involved i deto: 'j. .. ' n of metal. ©One important statement

that Rosa et al. (2008) made to metallothionein is non-

metallothionein is imporlant ln cadmium acx:hmatlzatmn ansen et al., 2006) and

is predominant i rﬁaﬂ ﬁ WIEJ!W§ w Ej ’q ﬁ@} To summarize,

Isani et al. (2(]0&1" stated that metallothionein _is involved in, accumulation,

cetoitcaidn, Yanspcatand oo eiad 1| £ 61 £

Apart from its role in the metal-binding process, the high cysteine content in

metallothionein allows it to function as anti-oxidant (Hansen et al, 2006).
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Kuroshima (1995) reported that metallothionein synthesis may occur in response
to oxidative stress. Therefore, metallothionein is suggested to play an
antioxidative role to protect cells from radicals in similar fashion to glutathione.
According to Loumbourdis et al. (2007) and Isani et. al. (2008), metallothionein

was shown to play a protective role in radical scavenging and may act as

scavengers of reactive oxygen s@w

In an organism, metallothio ="; (o uw-us tissues. According to

ntified in liver, kidney,

Pérez-Coll et al. (1997)

pancreas and intestine offVert is et al. (2007) stated

that metallothionein congé: , kidney and gut after
exposure to cadmium and’ abbuf | 0 mucosa of the small
intestine are metallothionein-ho :_ | r is often employed in
major protective mechanisms by

_Fe A

Povisen, 1990). A.ccordi@ to Mouchet e

ohein (Pérez-Coll et al., 1997;

sensitivity of different

tissues or cells to least in part, to

metallothionein I:ui::nasqn,,rnthaamal..«:r and expression of metallothionein genes. It is also

appears that the ﬁrﬂﬂuﬁ}%ﬂrﬁgﬂﬁﬂ ﬁj@um accumulation

than any other Iigu-a& This explains the prevalence of higher levels of
metalmmioainWta ﬂ?&lﬁ §mmuﬂam&%asﬂ of hepatic
metallnthinn:in was made by Henry et al. (1994) and it was found that hepatic
metallothionein levels in non-mammals (chicken and frog) were slightly higher

than rodents, while humans and higher mammals had much higher levels of
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metallothionein. Human and higher mammals need higher level of
metallothionein because it plays a role in homeostasis of metals, detoxification of
metals and free radical scavenging. Within one species, metallothionein is also
produced in different stages of life cycle. Pérez-Coll et al. (1997) stated that
cadmium binding fractions of metallothionein are reported in both the adults and

embryos of Bufo arenarum. @" ,///

Metallothionein molecules metal ions. Henry et al.

(1994) reported that me tent allows it to have a

high affinity for metals jum However, aceerding to Baykan et al.
(2007), metallothionein g6 havé figher affinity, to'cadmium as compared
to zinc. Therefore, metal rential tendency of binding

iium is a strong inducer of

metallothionein (Kuroshima, 199%53!11! to be a better inducer of

I p
According to Zorita et al ?2‘003} metallnﬁ'nunain molecules are metal-responsive

protein especially ﬁlw @% E}%Wéq ﬂ@ protein level. The

expression pattern 'ﬂf metallothionein was characterized by an early and strong
ncucton. The Wior i ok um’sfmm niion fevel o
cadmium, and this strong induction can be interpreted as acclimatization (Brulle
et al., 2007). The increased resistance to cadmium the in last embryonic stage of

Xenopus laevis is also attributable to the enhancement of defense mechanism
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via metallothionein induction and expression. However, researches also showed
that an increase in the transcription of metallothionein gene is almost always
followed by the reduction in the expression of other gene. Brulle et al., (2007)
hypothesized that the increase in quantity of transcripts of metallothionein and

decrease in other proteins are due to two factors. Firstly, cadmium has an effect

' ,Wynthasls of metallothionein, which
chelate cadmium could all level. Secondly, there is a

preferential energy alhwaw i _‘9515 to allow a faster and

on the expression of these effectors :

positive one. Urena et al
the best known biochemi:
positive association between meilz

B ?

Metallothionein synthedis is induced unde

concentration (Linde-Arids et.

for metals and ions and thus limiting Iatent damage by the metal. This is

confirmed by Brullﬁru m tFH ﬂﬂﬁ @% ’ﬂaﬁ@mmm would lead

to the deuelopmé‘lt of detoxification mechangn including gproduction of
metallothioini oréy 10 41w talarados bihdiidalé k thetbiidicomaminants
Amlimatizati:n and resistance to metals, especially cadmium has always been
related to metallothionein and Herkovits et al. (1998) stated that a relationship

between metallothionein-cadmium and tissue cadmium has been accepted by
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many researchers. Therefore, higher level of metallothionein and metallothionein-
like protein indicated exposure to cadmium (Kitana et al., 2007). This has been
documented in researches by Baykan et al. (2007) and Hansen et al. (2006) who

found that metal exposed fish and cadmium-acclimatized trout has higher

metallothionein-like protein.

mium is transferred to liver.
J
There, cadmium would induce the synthes wetallathionein. Therefore

According to Isani et al. (2

upon exposure to cadmi

concentration in the live 25 on Rana ridibunda,

(Loumbourdis et al., 200#), Alatich! ) -J.-:: s (Povisen, 1990), Anguilla anguilla
(Bird et al., 2008), XenaPusiiagvis. (Mc ) and Sparus aurata

(Isani et al., 2008).

However, there is a Jblhﬂm to lhn ability : thionein to sequester

cadmium ions and defoify them. Act a ef"al. (2008) when high

concentration of cadmlurn |n tissue are reached the protective effects of

metallothionein aﬂoﬁ%m ﬁ%ﬁﬂ:%ﬁ] ﬂsﬁllw&r where the

overwhelmed defeﬂse capacity would lead to_insufficient gpetallothionein
proucton Nethe saiet caiohimspetaioiahoh ining {Weichet o .
2006). This phenomenon would leave a high concentration of cadmium in its free
from in the tissue. Rosa et al. (2008) stated that these unbound cadmium can

become potentially toxic.
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Nevertheless, a number of studies have indicated that metallothionein is a good
candidate in the study of biomarkers. Martin-Diaz et al. (2008) mentioned that
when assessing exposure to variety of contaminants in the aquatic environment,
biotransformation enzymes and metal-binding proteins such as metallothionein
| r lutant contamination respectively.

%ﬁmem is a good biomarker of

et al. (2007) reiterated that

play an important role in organic and
Loumbourdis et al. (2007) s

exposure for heavy metal

metallothionein may be ssessing metal toxicity

and predicting the metals. The use of

metallothionein as a tosicapt-spegific | arker has n widely employed to
indicate the presence and t I tal pollution (Monserrat et al

2007). Mouchet et al (2006) géported” hat is studies have been carried
out to use metallothionein as blo‘lﬁéﬁi;s mium contamination. A study by

Choi et al. (2006) fouhd that the amoun netaliothionein-like protein in
Laternula elliptica increased linearly 'e and the amount of
cadmium accumulated in tll}e tissue. This su ests that there is a potential utility

of metal!nthmnemﬂ%%l@ % E}m W%}Cq']ﬁ tﬁcadmlum To add,

the quick raspons-e to cadmium, afier only a few days of exposure further
indicates tai:‘ mt:llaﬂﬂeﬁlmuuq ’aonﬂrrlnaﬂg an early
wamning signal. Therefore (Bird et al., 2008) concluded that the strong

relationship between metallothionein and heavy metal concentration
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demonstrates that it is a potentially good biomarker for heavy metal

contamination.

2.2.3 Oxidative Stress and Glutathione-S-Transferase

ive stress refers to the imbalance
&{ms; and the antioxidant

ive oxygen species

According to Valdivia et al. (2

between production of reacti

can be defined as

concentration and the antioxi , favoring the first. In

the body, reactive oxyge iturally during metabolic

processes (Hansen et al es, the negative effects of

reactive oxygen species o = normally prevented from

causing toxic effects by antioxidz 5Vc , when the balance between

-F-i':n‘:_., Fl'.':fl r

reactive oxygen species concentration i intiodidant levels is tipped

Y
towards the reactive o _!“

-%- oxidative stress. This
may eventually lead to nxld.atwe damages and general disturbances of cellular

L Lt YCRa T —

induce several delegnuus effects at cellular level. ~,

ARIANN I ANINYA Y

As stated abuve. the presence of reactive oxygen species in the body is normal.

However in the intracellular environment, the presence of many enzymatic and

non-enzymatic antioxidant defenses keeps reactive oxygen species at a low
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concentration (Monserrat et al., 2007). Valdivia et al. (2006) stated that
superoxide dismutase, catalase and glutathione-S-transferase are some of the
more important and the better studied antioxidants as an indicator of defense
mechanism against reactive oxygen species. To add, Hermes-Lima and
Zenteno-Savin (2002) reiterated that glutathione-S-transferase is one of the key
ainst reactive oxygen species.

Martin-Diaz et al. (2008) repoite h ‘ transferases are a family of
enzymes that utilize glutathione{(GSH) as a s  in reaction which permit
the biotransformation am ,P0352 3 A -range of exogenous compound.
These enzymes are p talyze the synthetic
conjugation reactions of'x their metabolites with
reduced glutathione to “fagilitate, | ont of chemicals. The overall
metabolic pathway and tF ) of * athione transferase is illustrated in

Figure 2.1.

Various studies have lfess and antioxidants.

Hansen et al. (2006) slatefl that cadmium i IS able to generate reactive oxygen

species, merefursﬂc?ﬂ%g’g%%% Wﬁﬁoﬁjmg to Mouchet et

. (2006), cadmlum can increases reactive oxygen speciesqformation and
generate %ﬂﬂ&ﬁ ﬂujvmdujﬂlﬂlg! urﬂ.ﬂﬁ EJd generate
conditions that promote apoptosis and necrosis. To add, cadmium is also known
to promote alterations in proteins, DNA and membrane structure and functions

(Isani et. al., 2008) and generate DNA damage such as DNA breaks via
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production of reactive oxygen species (Mouchet et al., 2006). Alvarez et al.
(2004) stated that the induction of oxidative stress and its resulting increased
level of lipid peroxidation would lead to the modified activity of the enzymes in the
antioxidant defense system. Studies on Salmo ftruffa found that there was a
significant higher superoxide dismutase mRNA levels in the gills and liver of

| to the reference trout. Therefore

cadmium exposed individuals as

aetivityslevels of antioxidant enzymes
m—

, ﬁj@m}ut& Many studies also
would- | to the change in the

orted that a relatively

Hansen et al (2006) concluded that
were higher in metal e
emphasized that ex
concentration of glutaths

high glutathione concentr: ibunda exposed to 200

ppm of cadmium for 30 da / that cadmium caused
NAIEL \ ‘
an increase in glutathione cog ntﬁﬁﬁ Loum dis et al., 2007). Kuroshima
JGEtd -
(1995) explained that the i increase i g ay be a biochemical response

Despite the various studlel? on the effect o cadmlum on oxidative stress, the

mechanism of thiﬂa% ’} %ﬂ %%t%ﬁ}l’}ﬁ? al., 2006). It has

been proposed tha?c&dmium inhibit the complex [l.of electron transport chain in
mitmhundn% mg\&gagtmm&auﬂrﬂdg arﬁll al. (2008)
stated that cadmium does not go to redox cycling and its involvement in lipid
peroxidation is indirect due to displacement of redox metal ions or reduction in

glutathione content. To counteract, reactive oxygen species are detoxified by
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antioxidant enzymes and scavenger molecules, hence explaining the up-
regulation of antioxidant systems as a result of cadmium contamination. The up-
regulation of antioxidant system also include the increase in glutathione-S-
transferase enzyme production and activities. This is confirned by Martin-Diaz et
al. (2008) who reported that glutathione-S-transferase activities in Carcinus

maenas and Ruditapes philippana nd to be significantly induced by

the presence of cadmium.

The instances illustra ination of antioxidant

activities can be used etal pollution, especially

cadmium despite it being a g a biomarker of effect (as

“\

opposed to biomarker of €xp@s ; _‘i U6) stated that the use of

oxidative stress indicators as ' fo assess health status would

I'F 2
be a useful tool, especially whic_b? deteci early exposure to contaminants
and other environmental stressor. This is ag sed by Ldiose et al. (2008) who
. X J
stated that some of the mast sensi -ru effects are alterations

in the activities of blutransf?nnauun Enzym s such as glutathione-S-transferase

and previous mﬂ%g w&%%% %ﬂ@o& glutathione-S-

transferase's actmty

QW?&I\“Iﬂim UANINYAY
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Figure 2.1: Metabolic pathway of glulﬂhmne, Including tba role of glutathione-S-trangferase enzyme (code number
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2.2.4 Vitellogenin

Vitellogenin is the female-specific precursor of vitellin (Cervera et al.,
2005) or yolk protein which is normally synthesized by the liver in female

individuals (Cargouét et al., 2007). According to Bon et al. (1997), the vitellogenin

showed that it was composed of 2

of rainbow trout detected under SDS-P

molecular forms with the sizes o : Kd. The 170 Kd molecule is a

monomeric form while a dimeric form. Goodwin et al.

(1992) stated that a ogenin produced circulates

in the blood stream ivated by the induction of

endogenous esirog e yolk protein (Irwin et al.,

2001) and then incorporafed by endocylosis i growing oocytes (Povisen,

estrogen (lrwin et al-2001). Whil _ khown to be female-specific,
Goodwin et al. (1992) gunh‘adicted tmﬁ by stating that the presence of

s bl b} oo oo

This is based on their study whichéconcluded that the presenge of vitellogenin in
the m;ﬂ‘ wﬁﬂﬁlﬁ ff] mg‘l;matg nﬂg a E;Lsequenoe of
physiologically active level of endogenous or exogenous estrogen. This is also
the same conclusion obtained by Wallace (1970) who stated that vitellogenin can

be induced in males as well. In another study, Fukada et al. (2001) reported that
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male and immature individuals are able to synthesize vitellogenin when they are

exposed to exogenous estrogen or to substances that mimic estrogen.

The level of vitellogenin in the blood is cyclical and seasonal and it is influenced

by the reproductive activities of the females. According to Bon et al. (1997),

during the prewtallogenesm “W a slight increase in vitellogenin levels

in the plasma. Even thn 7) reported that there is a good
‘e ———

ellogenin level during the

gonadosomatic ind
previtellogenesis 2 in gonadosomatic index.
However, during

observed in the plasma. Duding & s efiod, | \are IS a great correlation between

shanging energy allocation,

physiology and egg production.

ﬂ‘iJEJ’WlEJ"r‘]‘ﬁWEJ’]ﬂ‘ﬁ

A number of msaarches have discussed the gelationship between cadmium and
vﬂelloga“im&ag ﬂﬁumﬂma‘lﬂﬂm& revealed that
the levels of ovarian vitellogenin polypeptides, especially vitellogenin 1 (VTG1)
and vitellogenin 2 (VG2), were decreased in cadmium-exposed females (Cervera

et al., 2005). Another study by Haux et al. (1988) showed that fish exposed to
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sub-lethal level of cadmium often demonstrate marked decrease in total plasma
calcium. This hypocalcemic response may impair vitellogenesis. Cadmium
exposure was also found to induce a decrease in plasma vitellogenin. Povisen

(1990) offered an explanation regarding the mechanism on how cadmium could

affect vitellogenesis and vitellogenin level. Cadmium may interfere with protein

affecting its synthesise it isfypothesi at cad inhibits estradiol-induced

mulate the induction of

metallothionein.

72

The use of vitellogenin as a bio¥na

rrrrrr

I
reported that in vivo |r§1uct|nn of vitell mn in juvenile or male fish is widely

used 58 2 senfiivb 184 1A g#,a}q%q.ﬂ; RGOS

Fukada et al. {3"0{11) reiterated that vitellogenin, has been used as biomarker of

eore) B AT ALY AAN TR Y s

estrogens or estrogenic compounds. Furthermore, vitellogenin is proven to be a

studying estrogen-rrj'l ckiny

sensitive and simple biomarker for assessing exposure to environmental stressor

(Bulukin et al., 2007) and it is an established and sensitive endpoint for analysis
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to exposure to (anti-) estrogens and their mimics (Eidem et al., 2006). Therefore
Li et al. (2006) concluded that vitellogenin is an ideal biomarker for screening

estrogenic activity in aquatic environment.

2.3 Morphometric and Gravimetric Study

2.3.1 Morphom

f'
Morphumetric tic data | - ays been a good indicator of

the effect of pollutic nt has a direct effect on

growth of an organism. / *(2007), morphological and

physiological alterations individuals exposed either

naturally or experimentall itana et al. (2007) reported

that morphometric analysis 'j'_n pare site-related differences in body

— . m— _..

_,M

! site was greater than those

size. For instance, a @ study by Nor , it was found that the

hepatosomatic index out I
living in sites mntamman by cadmium and zinc. The same study also reported

o e B} ) g ) 4 i i

hepatosomatic mdex in many fish species.

ARIANN I 1AIINYAY

Larose et al. (2008) reported that hepatosomatic index is a physiological
biomarker that reflects responses following chemical and cellular interactions

hence are indicative of irreversible damage. A study by Norris et al. (2000)
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suggested that excessive lipid peroxidation following exposure to metals may
result in cell membrane damage and cell death in livers. These will then lead to
the reduction of liver weight, hence the reduction in hepatosomatic index. Wolf
and Wolfe (2005) stated that a decrease of liver size as a consequence of a loss

of hepatic glycogen and/or lipid is a common morphologic response of liver to
metal toxicity. Reduced hepatasemalic index may be viewed as liver atrophy
Sl

or nuclear and cyt

which is caused by redu cells, lipid peroxidation/depletion
suggest that reduced
hepatosomatic i er for heavy metal exposure.

Maes et al. (2005) 2 related metal toxicity with
changes in morphometri 2s, especially hepatosomatic index. In a study on

farmed Anguilla angdillaf Ufena et al. (200%) found that the inverse (1/x) of

between metal tuxi'mﬂ' d growi ofia et al. (2007) stated that
growing conditions [foog, il;ld water chen{%tw] may determine metal composition
in eel tissues 8 well 3 the Yaspdnbd thiatliHesd fish/ekiubit to metal toxicity. A
study by Bird 2{ al. (2008) on Anguilla angeilla found that.seven though the
eorossH Ubock bt B bk lerd il el s, cadmi
concentration in the liver were strongly correlated with both length and weight.

Therefore, the significance of assessing biometric response (weight, condition,
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growth) has been suggested as an important measure of pollution impact on an

organism (Van Straalen and Timmermans, 2002)

Not many researches had been focused on what is the effect of cadmium
accumulation on the renosomatic index. However, Barbier et al. (2005) stated

that when the liver's capacity to heavy metal, including cadmium, is

exceeded, the metal-mets

circulated to the kidneyS Whéie it is 1"and accumulated in the renal
epithelium. Most pmh{ adr 5 . ulation on the kidney size

associated with other traits that di __',__a aductive success. Certain
: £ j.t’“*l :
changes in reprodu -‘w € 1 aybe considered to be a

response to enwmnmgntal mntamlnant especially in the site where high

s g 3 ‘V]EJV]‘ﬁ'WEJ’]ﬂ‘ﬁ
The rtatorkh 2880301302 PLLLE b i

mterestlng one. In a study on Oncorhynchus mykiss, Bon et al. (1997) found out
that gonadosomatic indices of individuals remained a minimum of 0.5% during

the pre-vitellogenesis period. On the other hand, during the period of
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endogenous vitellogenesis and exogenous vitellogenesis, there is a great
correlation between vitellogenin levels with female gonadosomatic indices. In the
presence of cadmium, Povisen (1990) stated that vitellogenin production
(vitellogenesis) is inhibited. This is because cadmium treatment and the resulting

metallothionein synthesis compete with vitellogenesis in the liver cells. Apart from

that, Haux et al. (1998) repnrt ' lethal exposure to cadmium is often
demonstirated by a markec sponse (decrease in total blood
plasma calcium) which ' is. Therefore a decline in

vitellogenin level ma vely, to cadmium exposure.

Therefore, if cadmi d there is a great correlation

between vitellogeni indices, it can be inferred

that cadmium e the reduction of female

fficient and Condition

Weightfendi @;@%@W{cﬂﬂ%ﬂaﬁamw been used to

assess the welﬂ:eing of fish specigs. The use.of these paramelers in Fejervarya
Ifmnocﬂq‘im ’r:l\a mm um geq um :Jﬁﬁb&l»s before. The
weight-length relationship can be used to reflect the impact of the environment
on the growth of an organism. This is based on a formula reported by LeCren

(1951), which stated the relationship between weight (W) and length (L) as



W =alb

This relationship can been transformed into its logarithmic mode to obtain linear

graph, hence transforming the equation into

Eastwood and Coutuze P} 4ermned the weiglitlength relationship, b, which is
ich is a descriptor of the

growth pattern of a p@pulatign e : '.- ed from length and weight measurement.
The values of a and b e log-transformed equation
above (Larose et al., 2008 ; »sed that the Scaling coefficient be
used as a bioindicator 1[ Siress in populations subjected to

environmental pollution (Ea: 2002) The use of Scaling

coefficient is not li - *' petween weight and length of an

organism. Provided tha} the b value is cnnstant within one species, the Scaling

coetctent cafielb8d CYAAR ISV B TR foctor s basicaly

gross index tha?"mdlcatad general effect of pgliution on the species (Linde-Arias
o, B oo 4 b e i avane o

this formula

= (W/al®)x 100
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In the formula, W represents the weight of the individual and L refers to the
length. Bervoets and Blust (2003) stated that condition factor is used to express
the overall well being of an individual. According to Linde-Arias et al. (2008),

condition of the whole body or condition factor is a provider of information on the

health status of an organism.

factor may become :

when variation in oth

Bird et al. (2008) stated &

lead to reduction in gro

become apparent until after cﬁ;ﬁﬁ ady occurred at the molecular and

e i

cellular level. It waﬁalao found ﬂlﬂl - etal load, the values of
I roc o -

-u . This suggests that if

metal load is higher thali‘p a specific threshuld level, the weight-length ratio will be

reduced, henﬂhﬁrﬁu@o%ﬂ%ﬁﬁqﬂfm@n Urena et al. (2007)

mentioned that condition factors a@re indicative, of overall health and therefore,
ke i ook it b/ cnitred unde ikl e of mta

exposure. A study by Hansen et al. (2006) on fish revealed that the condition

condition factor are always low (B

factors are lower in metal exposed population as compared to reference

population. This indicates that exposure to metals may affect the fitness and
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condition of the effect of metal exposure on fitness of an individual. To add, Maes
et al. (2005) also stated that there is a clear relationship between increased
heavy metal content with lower condition factor. A study by Norris et al. (2000)
also established similar trend. They reported that female Salmo frutta at

uncontaminated site tend to have a higher condition factor than females at the

add, the use of conc pact assessment is also

favored because of it§'| Furthermore, it was reported

that condition factor of ani aded areas was the lowest

2.4.1 Histology f'ﬂ Hlstopamulfjgy of Cadmium Accumulation

AUEINENINEINT

Histological analysis is onedof the important parameters.often included in
the stuame;]itaﬂalimuugn Jll)ﬂam EJ direct cause-
effect relationship between a pollutant and its histopathological changes,
Hutchinson and Pickford (2002) stated that histology has been included as

priority endpoints in the new OECD test guidelines for environmental monitoring.
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According to van Dyk et al. (2007), often the initial effects of heavy metal
pollution are evident only at the cellular or tissue level thus leading to observable
changes in histological structures. These changes are evident even before
significant changes can be identified at higher levels such as organ, individual,

population, external and behavioral levels. Therefore, histological and
en regarded as one of the early
&nw&uer while histopathological

by a specific agent asfheauy metals, the resuit.should be approached with

histopathological changes in

indicators of change for

changes often offer indire

great care. This is be€ausé, dotrding te Thijssen etal. (2007), histopathological
changes caused by ead | one animal to another and
from one individual c mon observation that can
be seen is that expostre Hc ‘ tally relevant cadmium concentrations
often elicited only minor cha'h_ Y I age become serious after a high

cadmium exposure ver long term cl posure. Rosa et al. (2008)

reported that the toXicity of cadmil ifest iself in many clinical forms.
The same authors al&n ‘J‘epnrted that vﬂth the exception of recent studies, there

e oo ] s 6 AN FpT corcnions

hmtnpathnlogimqll changes. Some of the histological effects ofgcadmium exposure
0 2 b nchld Wolobis) bpdodd/ bl Habdbi et a1, 1958
Thijssen et al., 2007; Rosa et al., 2008), hyalinization, vacuolation, and cellular

swelling (van Dyk et al., 2007) and cadmium deposition (Itokawa et al., 1978).
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One of the most reported effects of cadmium is the development of tumor cells in
tissues. According to Junqueira et al. (1995) tumor refers to localized swelling
caused by inflammation or abnormal cell proliferation. It is synonymous with
neoplasm which is abnormal mass of tissue formed by uncoordinated cell
proliferation. It was found that low concentrations of cadmium were shown to

mimic the effects of androgen. the stimulation of prostate epithelial

ation of tumor and stimulate the
__.#

@;i 2002). With this finding,
j ity of .¢ ium to mimic the effects of

cancer associated with

cells proliferation which

proliferation of prostate ¢
Martin et al. (2002)
androgens may, in
exposure to the metal. Ivare ' et al. | 4) reported that cadmium has
been classified by th on: for Re s&8rch on Cancer as category |

(human) carcinogen.

Cadmium is also

>sponsible for the formatio dro-melanophage centers in
ccording to Loumbourdis and

. I
Vogiatzis (2002) cadmi l'I,Il'I"I am.lmulatmn could result in the depression in the

immune systﬂ %EJ I%W%%W\E}q ﬂ‘iamsﬂes and foreign

materials whlc:l'l results in the prodaction of maero-melanophage centers (MMC).
Apart fr’éylg ::lﬂ-:g ﬂpm Jumlﬂ'gcm%&ﬂ centers, being

originated from Kupffer cells, may also accumulate cadmium and become

various tissues suc

scavenger of cadmium. Macro-melanophage centers production may also be

accelerated by the presence of red blood cells into the tissue. Since Loumbourdis
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and Vogiatzis (2002) reported that cadmium may cause the rupture of small
vessels that lead to the discharge of red blood cells in the surrounding tissues,

this would increase the production of macro-melanophage centers.
According to van Dyk et al. (2007), exposure to heavy metals may cause

histological changes in the livel r’ histological investigation of exposed
specimens may therefore. l%l results. Dudley and Klaasen,

__;

(1984) reported that in the thological changes include

diffused hepatocyte ere is also evidence of
moderate cell swelling"whéretile shape of hepatocyle becomes polygonal. Apart
the area of the hepatocyte

lecrosis is also evident with

most hepatocytes arou 2 swollen and the majority of nuclei
are pyknotic. A study on O “mossambicus revealed that the most
prevalent histological characteristics in ca efppsed individuals include

associated with lipid

acyles, | Dl
YIES, :

accumulation, congestion of blood vessels and cellular swellings (van Dyk et al.,

2007). Hyalirﬁtfﬂ E’a’% W%Hé] %:Wﬂ.ﬂﬁﬁns while vacuolation

refers to exoeaghe accumulation of fat in cytoplasm. On the gther hands cellular
swelioBholop G4generet e 8y Kot bahial and eniargea

cells due to water influx.
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Kidney is one of the main target organs of cadmium toxicity. Alvarez et al. (2004)
reported that DNA fragmentation and histopathologically observed changes
characteristics of apoptosis are found in the kidney, after cadmium exposure.
According to Thijssen et al. (2007), it is known that cadmium exposure may lead

to renal interstitial fibrosis. To add, when the kidney is injured by cadmium,

glomerular or interstitial infiltrated inflammatory cells become activated and
SN g'and inflammatory cytokines. This
in turn stimulates several celluiz ays, Including mesangial and fibroblast
mal transition (EMT) leading
Apart from that an increase

in vacuolization and"a réased amount of lysesomes were observed in

mysticetus kidney tlssges examined and these were found to be cadmium

related. In adcﬁwulﬁ'aw ﬁ%@% %}qeﬁ ‘jndney include tubular

cell degeneratlgh in the initial stages, progressing to interstitial inflammatory

caciortnd oo | 19 6L Al VTIVIE 16 E

Cadmium may also impose its effects on gonad histology. Zorita et al. (2007)

stated that gonad histology was studied as a supporting parameter in order to
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establish the reproductive status of the animals and to detect possible
pathological alterations. The author's study revealed that alterations in gonad
histology were eventually found in specimens although no specific relationship
with sampling station or cruise was observed. Alvarez et al. (2004) reported that
DNA fragmentation and histopathologically observed changes characteristics of

apoptosis are found in the pr al vesicle, testes and epididymis after

cadmium exposure

Ina hiatomthalug |

barbalil rita et al. (2008) found that

the testis showed \ no hage centers (MMC). The
occurrence of these"cepte as as ; “of parasitic infestations. Macro-

melanophage centers, pipgsed i be non-specific indicator of environmental

refers to the pr&aenne of ovarian fnlllcles in the testes; frequencies of the

presence Tmﬁ %%Ju@ ﬁ &W?Fﬁe%ﬁ qﬂ%kgmund levels. While

the origin of THFS is unclear, there are some suggestions that they may be
induceaija(aﬁ\i &imrutmglamﬂ&aﬂg compounds,
and cadmium is one of the endocrine disrupting compounds. Another study by
Mosconi et al. (2005) revealed that histological sections of testis of Rana

lessonae caught from agricultural area showed sections with detectable
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eosinophil leucocytes in the interstitial compartment while vacuolated areas were

present within the tubules.

Cadmium may also exert its effect on the ovary. A study by Paksy et al. (1989)
reported that when cadmium was given to prepubertal or postnatally

esia, inflammation, hemorrhage and

androgenized female rats, folli
necrosis in the ovary we DRI /¥ wWassalso shown that acute cadmium
exposure may interfere \
which may be the
and/or altered sex 3l -in. proestrous. animals. Therefore the study
concludes that it .

at a subcellular level.

Skeletochrondlagy is a hi ' Jue-to determine the age of an

il
individual. The age data ohtamed from skeletummnohgy often provide valuable

information urﬂ %E}e’agﬁ 8 ﬂiww %o’ﬂiﬂ ﬁ Patnaik and Behera,

(1981), bone hlstnlogy has beeh recognized as the mosts meaningful and
practicﬂqeﬁeﬂ:ﬂrﬂ aﬁtmumrgw’lnﬂ lﬂlﬂ the speed of
growth, the age of sexual maturity and the longevity of various species. This is
further confirmed by Kyriakopoulou-Sklavounou et al., (2008) who stated that age

determination in individuals is important in order to obtain information about the
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rate of growth, age and size at sexual maturity and about longevity. The basis of
skeletochronology it's the presence of line of arrested growth in the cross section
of a long bone. According to Tsiora and Kyriakopoulou-Sklavounou (2002)
seasonal climate have a major effect on physiological activities of an individual,
hence affecting bone growth. In long bones, annual growth appears as a broad

ation period is expressed as narrow

layer of periosteal bone whe

haematoxylinophilic line

skeletochronology ha rate species. In temperate

species, it was pre ted growth was laid down
during each hibern ounou et al., 2008). Very

few researches h | speeies including research on

Calotes versicolor (P Be -:;_ 1981).and Rana nigrovittata (Khonsue et

al.,, 2000). It is also kno #_ ation i growth rate may be caused by
QEhn -
fluctuations in the avatlahllﬂyﬁ? food, or related to habitat as well as
el =
= f’
variations in the (Tsjora and Kyriakopoulou-

to be an important fact‘gr in the study of anwmnmental effects on a species. In

many cases lﬁt wae% &ﬂ;ﬁluﬂnﬁ}q tﬂi ‘jeﬁect of heavy metals

manifested in an organ is mainly @ function of-concentrationgand exposure time,
Byl VAN AL A V1L LB L e e
Rosa et al. (2008) stated that age can be an important factor in wildlife toxicology

and cadmium concentration was found to be age related. Therefore, Spear et al.
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(2009) recommended that skeletochronology is used along with morphometric
data to estimate growth as an index of physiological health.

AULINENINYINS
ARIAATAUNINGIAY



CHAPTER 3

CADMIUM ACCUMULATION STUDIES OF TWO POPULATIONS
OF RICE FROG (Fejervarya limnocharis) NATURALLY EXPOSED

TO DIFFERENT ENVIRON TAL CADMIUM LEVELS IN MAE

3.1 Introduction / i 4

a4z =

Cadmium in the B 4c ] be taken and accumulated
into the body. Bervoets e 1 .3-— that the levels of accumulated
metals in the tissue were rel Fl s in sediment, water and food

This is further suppoited by Bervoets & ¢ ) £aying that it is more likely
. use metal concentration in
tissue follow mnoentrah?n in the enwmnment This is shown by the result of their

study on Gabﬁ%&d ’}% %@Wﬁeﬂf}ﬁ tissue cadmium and

zinc followed a clear concentration gradient ef the river. Francis et al. (1984)
repoateﬂq m &aﬁﬂm um ;LQ:MA'EJ :liﬁpﬂ'us salmoides
showed strong correlations between cadmium concentration in water and tissue,

sediment and tissue and water and sediment
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Cadmium level in the aquatic ecosystem showed remarkable concentration
variation between the media. Many pollutants, especially cadmium do not stay in
the aquatic phase because they have high sorption to the sediment. Sorption of
the pollutants to the sediment often results in the very low concentration of the
pollutant in the liquid phase. Hence, most of the time, the concentration is not
high enough to produce toxicity to aquati¢ organisms. In water, the concentration

N
is usually very low. Chen and Lib (2006} £iatedthat majority of the metals in the

cadmium laden soil will be [glained in

remaining, if releas reach concentration high

enough to produce to et al. (1984) reported that

high sorption capae admium, as predicted by
Langmuir isotherm, ities of cadmium mobilized
from the metal enrichec

aquatic ecosystem will be somﬁjgﬁu soif and sediment and not in the dissolved

occur as a result of natuPI weathering of m:nerals in sediments and bedrocks or

as a result of aﬂn%og %%W%}nﬂﬂ@ et al., 2000)
Godmiu ublakd ol mmum:a D ELARE o o o

(1994) stated that according to literature, there are four possible route for
substances such as metals to enter the body. They include food ingestion,

absorption of metal in ionic form through the gills, water drinking and skin
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absorption. Since the concentration of cadmium in the water is low, dermal route
is often not the significant route of exposure to cadmium. Most cadmium will
enter the body via the oral route. However, amphibians may be able to
accumulate cadmium through the dermal route as significant as the oral route.
Loumbourdis et al. (1999) reported that amphibians have high permeability of

ystems, to pollutants. Due to the
&bed into the body dermally. This
. —

their skin, both in aquatic and ter

high permeability, pollutan

hence allowing a posmhls transfer of pﬂllutant from the sediment to the tadpoles.

Therefore it is %@u@%ﬁ @ﬁﬂaﬂﬂﬁ@n and the frog occur

during all sl:ag&s of life cycle, even during develepmental stages.s
ARIANNIUARIINE IR Y

Different tissues have the ability to accumulate metals differently. This is

exhibited in studies by Loumbourdis and Wray (1998), Loumbourdis and

Vogiatzis (2002), Bervoets and Blust (2003), Burger et al. (2007) and Bervoets et
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al. (2001). Loumbourdis and Vogiatzis (2002) reported that liver is one of the
main target organs of cadmium accumulation in Rana ridibunda. In another
study, Loumbourdis & Wray (1998) found that Rana ridibunda liver has higher
cadmium concentration than carcass. Loumbourdis et al. (2007) reported that

Cadmium may gain entry into hepatocytes via endocytosis mediated by Fe-

‘Wa of cadmium-ferritin complex may

liver is then released

binding protein for example

serve an entry route fro

Loumbourdis et al.

through the bile du m is removed by feces.

However, most of he liver via enterohepatic

circulation. Via the bl transported to the various

that different tissues agcumulated ntly.-A study by Loumbourdis et
al. (2007) found out thaj, when Rana sp. waa exposed to cadmium, it started to

be deposited uﬂr%@@ aha &LWWQ{,} r.dhe kidney is found to

be the main sita of accumulation. Flament et al=(2003) reported that cadmium is
also re@qu i Q;ﬁ:ﬂﬂnﬁmﬂmﬂgpﬂﬂg @sﬂ; Lee (1983)
supported this notion by saying that cadmium directly targets testis. In addition,
adult Chrysemys picta from impacted sites has higher cadmium concentration in

liver, kidneys and gonads (Rie, 2000)
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Cd bioconcentration factor (BCF) is the ratio of its concentration in tissue vs in
the environment (Herkovits et al., 1998). However, lllinois General Assembly
(2008) and EPA (2008) fine-tuned the definition by specifically defining
bioconcentration factor as the concentration of substance in all or part of an
aquatic organism divided by the cence n of the substance in the water. A
‘ & bioaccumulation. According to

European Center for E ¢ _~ ogy and-.loxicology of Chemicals (2009),

distinction is made

> uptake, distribution, and

,_ 7L

//k \\

, .‘ ar-borne exposure, whereas
\

i.e. air, water, soil, food). An

bioconcentration is define
elimination of a subs
bioaccumulation inclutes /s

accumulation study de 1982) on fish and amphibians

Qf?!f and
bl

found that cadmium coricerlration atios = i= .r) Of 280 and 130 respectively

T

[
could be determined. It was as6 found that although cadmium accumulated
J:'{‘}E{-’} v "a_.l 'I_r-._,' bl

more quickly to a higher level in Poe p.thap in Xenopus sp., the

Y )
concentration ratios % ' .‘-"“r- . Flament et al. (2003)

confirms that amphihia;}s could play an |mpnrtant role in the biomagnification

process even ﬁ ‘H@ ’}Wﬁeﬂlﬁ aﬁﬁ concentration in the

environment.

QW?&I\“Iﬂim UANINYAY
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3.2 Objective and Sub-objectives

The objective of this part of the research is to compare the contaminant

analysis parameters of Fejervarya limnocharis from contaminated site with those

from reference site. In fulfilling this objective, several sub-objectives have been

identified. They are as fnlluwx. ,\ ' l//_/é

3.21

3.2.2

3.23

3.24

3.25

3.26

To compare the hepalic cadmium concentration of Fejervarya
limnochagisfrogrContaminated site withithose from reference site
To compare centration of Fejervarya
limnochafts fiorg ¢ ad site with those from reference site
ration of Fejervarya
limnocharis fro ed site those from reference site

dmium concentration of Fejervarya

To comp

To compare the. -,

limnochari i hose from reference site

s 7

Nare cadmium concentration of

To co

|
Fejervarya mennchans fmm contaminated site with those from

mﬁ%ﬂﬂ?ﬂﬂﬂﬁwmﬂ‘i

Tu compare the Bigconcentration factors (BGF) of Fejervarya

RS AIAUBILNEINA hrrr



3.3 Hypothesis

3.3.1 There are significant differences in the hepatic, renal, testicular,

ovarian and whole organismal cadmium concentration between

Fejervarya limnocharis from contaminated site with those from

3.3.2

| I J
AULINENINYINg
MR TUAMINYAE
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3.4 Methodology

3.41 Environmental Samples

Water samples (n=48) were collected in plastic bottles and transported back

to the lab on ice. In the lab, water samples were added to the

microwave vessels. Then acud (CARLO ERBA, analysis

grade)) was added into s were then microwaved at 160°C

to 165°C with energy ‘recommended temperature

profile (Figure 3.1) u on Labstation. The digested
samples were coole€ > they were filtered. Then
distilled water was adde ple blank (distilled water)
was also subjected to ave rocedure. Samples were then
analyzed for cadmium co .-H" , - ite furnace atomic absorption
spectrometer (AAS Al r-l--‘ Awith the digested distilled
water acting as blank- Cadmium v .ﬁ- determined by Graphite

furnace atomic ahsurphpn spactrnmeter in the unit of mg/L. concentration of

cnr i i W VA Aot oy o

sample with the?lullnmng transformation.

ARIANN I 191INYAY
Se.-diment samples (n=48) were collected in plastic bags and put on ice before
they were transported to the lab. The sediment samples were dried at room

temperature to a constant mass. The dried sediment was homogenized by hand
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grinding with mortar and pestle. Extraneous organic matter was removed during
grinding and sifting through a 2 mm-mesh size sifter. About 0.5 gram of the dried
and sifted sediment was weighed into each of the microwave vessels. Then
concentrated nitric acid was added to the samples before the vessels were

secured. Samples were then microwaved at 175°C with energy level of 980 kW

following the recommended > profile (Figure 3.2). The digested
sediment samples were coal ure before they were filtered
Then distilled water was ma to volume. Sample blank
(distilled water) was alse"Subj€ated same lefowave procedure. Sediment

samples were then a
absorption spectra
Cadmium concentrations °re, B “Graphite furnace atomic

".I”.I' /

absorption spectrometer in the IJM 9/, The coi centration of cadmium in the

3.42 Biological ?amplas

ﬂ‘iJEJ’WlEJWﬁWEJ’]ﬂ‘ﬁ

Frogs were caught live at night time during.visual encounter survey (Crump
o s8] ) 0921 22 MISAAAILEINA B v e
transported live to the lab. The frogs were individually subjected to cold
anaesthesia procedure before sacrificed by double-pith at brain and spinal cord.

Each frog was autopsied and their livers (n=206), kidneys (n=206), ovaries
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(n=94) and testes (n=111) were removed and weighed. Each tissue was then
oven-dried at 80°C overnight until the weight become constant. The final dry
weight of each organ was recorded. Then a mixture of concentrated nitric acid
and hydrogen peroxide (MERCK, synthesis grade) in the ratio of 7:1 was added

to each sample in microwave vessels. The vessels were secure before they were

microwaved at 200°C and 98¢ kW w the recommended temperature
profile (Figure 3.3). The. digeste mples were cooled to room
e

temperature before they weie hitered. Then disliled water was added to dilute

the samples to volumeas* ' s led water) was also subjected to the
fien analyzed for cadmium

content with Graphite'fi > abserption spectrometer with the digested

distilled water acting ‘as _ , ’3-\\1\\ rations in the tissues were
determined by Graphi a'giomic Absorplion spectrometer in the unit of

mg/L. The concentration of cadsmitm in the lssues was then calculated into the

unit of mg/kg dry weidk
w}. —

Y "

e g
AUEINENINYINT
RINNTUUNININY
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Figure 3.2: Temperature profile for microwave digestion of sediment sample
according to US EPA Method 3051

81



82

250 1
I
= 200 -I
£
B
£ 100
-
H 5@!
0 : :
] 25 30
Figure 3.3: Temperat iero astion of biological tissue
sample
3.43 Dataand
Data on hepatil um, renal m, evarian cadmium, testicular
cadmium and whole V g .:ﬂ"'_l'- led as quarterly average

]
concentration. HEpabc, Epnai ovarian, testlcular and whole organismal cadmium

sorcns| b4 44415 i £44] ) evoen caamun

concentration mq’tha tissue to cadmium concentration in waler samples of the

e BN TUNRINENA Y

All data were statistically analyzed with two-way ANOVA and Student-

Newman Keuls test using the SigmaStat 2.0 program.



3.5 Results and Discussion

A summary of cadmium in the water and sediment samples are presented in
Figures 3.4 and 3.5. The graphs showed that there were no significant

differences of the cadmium in water samples between both Mae Pa and Mae

significant. For both e

n

seasons were not sig ?

Figure 3.6 shows

cadmium in Fejervarya
limnocharis caught in F. limnocharis caught

from Mae Pa ranges ) 044 o 0,592 | g/kg. On the other hand, in F.

limnocharis caught fro ae _T 1'-7: ‘_:_ ' 0.199 mg/kg to 3.543 mg/kg.
The overall average hepatic ¢ B rations are 0.204 mg/kg for frogs
caught from Mae P2 afd 1.939 mglke for frog ight from Mae Tao. Further
analysis showed that hepatic ¢ | .-"l in Mae Tao frogs are

between 4.5 to 32.2 tlmes hlgher than Mae Pa fmgs Frogs in both sites show

similar ﬂuctuaﬁ»ﬂ rEj;ﬁl} ﬁdﬁ%%ﬂaﬂ%&unaﬂy In both sites,

hepatic cadmlu#l concentration ig the highest, during the garly rainy season
o, RIS LA WL BE i

and September)
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Figure 3.4: Quarterly average Gadmium ot ation in water samples in Mae

Pa (n=2 | Mae Tao (n=24). All mean differences between

3
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For cadmium in kidney, the results are shown in Figure 3.7. It is found that renal
cadmium in Fejervarya limnocharis caught from Mae Pa ranges from 0.239
mg/kg to 1.715 mg/kg. In F. limnocharis caught from Mae Tao, the range is from
1.890 mg/kg to 12.175 mg/kg. The overall average renal cadmium concentrations
are 0.786 mg/kg for Mae Pa frogs and 7.253 mg/kg for Mae Tao frogs. The resuit

showed that Mae Tao frogs had renal jum concentration of between 5.5 to

16.2 times higher than Mag Pa “‘ . : fluctuation-wise, renal cadmium

mg/kg while the average ovarian cadmlum concentration in Mae Tao frogs is

0052 mote. ) AT s s compa st

wise, the Mae 1"30 frogs showed gadmium concentration of between 1.2 to 3.9
times ha;m'l’;L aaﬂ IQ rﬁ;mm ael; m:llar&lmt statistically
significant. When season-wise comparisons are made, ovarian cadmium

concentrations in both sites are the highest during the late dry season.
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Figure 3.9 shows the results for quarterly testicular cadmium in Fejervarya
limnocharis caught from Mae Pa and Mae Tao. The graph showed that testicular
cadmium in F. limnocharis caught from Mae Pa ranges from 0.044 mg/kg to

1.089 mg/kg. Meanwhile in F. limnocharis caught from Mae Tao, the range is

from 0.266 mg/kg to 4.626 m & Pa frogs recorded the overall average
testicular cadmium conce gfkg while Mae Tao frogs recorded
the level of 1.462 mg/k shows that testicular cadmium
concentration in Ma 00 1 en 2.2 06,1 times higher than Mae Pa

frogs. For frogs fi s/ the testicular m concentrations are the

shown in Figure 3.10. Wh?% mium concentration in Fejervarya

limnocharis caught fiom Mae Pa ra

the other hand, in

Jog/kg to 0.045 mg/kg. On
A
: u the range is from 0.180

mg/kg to 0.549 mgllgq The overall average whole organismal cadmium

cunnentrahnnﬁ% @M &H&Wrﬂ fﬂlﬁ % and 0.375 mg/kg for

frogs caught in Hae Tao. To compare, whole grganismal cadmium concentration
o i AN DR I DN A e oo

Seasonally, Mae Pa frogs caught during the early dry season showed the highest

whole organismal cadmium concentration. For Mae Tao, the highest whole

organismal cadmium concentration is shown in frogs caught during the late dry
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season. The lowest whole organismal cadmium concentrations for both sites are

recorded in frogs caught during the late rainy season.

Overall comparisons also show that in both sites, renal cadmium concentrations

are higher than hepatic cadmium. Renal cadmium concentration in Mae Pa frogs

are between 2.9 to 6.8 times hig & ‘ an/ hepatic cadmium concentration. In Mae

Tao frogs, the renal cadmiuim ! 3N alic 2 between 2.7 to 9.5 times higher
..-J

than hepatic cadmium concenl issue-Dy-lissue comparison showed that

in both sites, renal cagmium‘Cancentration is i h est while ovarian cadmium

concentration is the | 3 \ result is in line with

bioconcentration facier agalysis where idney showed the highest

cadmium bioconcentratig actor - 12) The average cadmium
bioconcentration factor '

Tao frogs. Ovary showed the .'. * f*' uum bioconcentration factor with the

average values of D.97

ﬂumwﬂmwmm
Q‘W’W&Nﬂim AN Y
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Loumbourdis and Vogiatzis (2002) reported that liver is one of the main target
organs of cadmium accumulation in Rana rndibunda. In another study,
Loumbourdis and Wray 1998 found that Rana ridibunda liver has higher
cadmium concentration than carcass. Pérez-Coll et al. (1997) found out that 26%

of the cadmium uptake is deposited into the liver. Foran et al. (2002) stated that

d in the liver. However, our sets of

cadmium can accumulate and

results showed a different While' mwlation of cadmium in the liver is

This may be becau e 1€ rimary accul ion site while the kidney is

the final accumulati )07) reported that cadmium

may gain entry into ted by Fe binding protein

for example ferritin. Endogyigsis im-feritin complex may serve an entry

while most will enter th% blood stream thrnugh the enterohepatic circulation. Via

the blood cm;ﬂhﬂd Hc@ I?ﬂ ﬂ ﬂ % wmlﬁesannus target organs,

especially I-udney Therefore, throughout the life.span of the freg, cadmium will be
mﬁnu%ﬂulmm ﬁemmnMI]amgtahﬂidney, So far,
there has been no account on whether cadmium in the kidney is excreted or not.
Hence it is assumed that all the cadmium that accumulates in the kidney will be

retained there. High cadmium accumulation in the kidney is also reported by
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various other studies. In a study by Bervoets and Blust (2003), it was found that
the highest accumulation of cadmium in Gobio gobio was in kidney (Bervoets
and Blust 2003). Studies in other species also revealed that the highest cadmium
accumulation was in the kidney. They include Salmo trutta (Olsvik et al., 2001),

Rana ridibunda. (Loumbourdis et al., 2007), Pleurodeles waltl (Flament et al.,

2003) and Gasterosteus mWﬁb et al., 2001).

While kidney showed h imium a on than liver, we also found out

that both are iomonitoring of cadmium
accumulation. This«§ beCalisé/ both. hepati d'renal cadmium levels are
significantly higher in"Fejervarya limr ars cal m the contaminated site
as compared to those I

Among reproductive tissues ﬁ;}ﬁn : .. showed very little accumulation.
Furthermore, the @M#; accumulation between

reference and coniatninated sites | significant. This shows that the

ovary probably is not a sultahle organ tcl be used in biomonitoring of cadmium

accumulation. W\E:I, @sﬁ;ﬂ%ﬂlﬂ Fq;ﬂ:a mium accumulation is

found in the teyls, This is shownby the high testicular cadmium level and high
esicud] Abmis bbb oo ofariayel Bhnidhars om he
impacted site as compared to those from the reference site. This is expected

because Lee (1983) stated that cadmium directly targets testis.
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In this study, all the frogs used for the analysis of whole organismal cadmium
weighed less than two grams. In these frogs, the use of organs, especially kidney
and testis was rather ‘difficult. Therefore, for these small frogs, whole body
cadmium analyses were performed. We have included the use of rather small

frogs in this research because we anticipate in the future, that not all field

sampling activities will be able to. n@d of large frogs. In this case, instead

of determining cadmium mulatic ﬁ and tissues, whole organismal
__.#

cadmium aowmulaﬁuw of analysis. In our study, we

hole organismal cadmium
level and whole orgz factor between Fejervarya
limnocharis caught

from contaminated sité$ ighér wholle organismal cadmium level and whole

whole organismal in si ﬁ@‘ red as suitable indicator

for biomonitoring  accumt ﬂ

hen we corpb LR AL ARG R Fesson, we found

that the highey cadmium accumulation occurred either during the late dry
season 4fing 6 S vt bbb Tk id ot sk o seasons are
the active seasons when reproductive tissues are developing and when
reproduction actually takes place. Zug et al. (2001) stated that rainfall is one of

the major determinants of timing of reproduction. AmphibiaWeb (2008) confirmed



99

this by stating that the breeding of the Fejervarya limnocharis is triggered by rain
and it is usually the first species to come to the calling sites. In order for the rice
frog to be the first species to come to the calling sites during the early rainy
season, their ovaries and testes will have to start developing and maturing during
the late dry season. Reproductive tissues development and maturation requires

se food and water intake during the
@ early rainy season, the actual

breeding occurs, and again lhese efio lot of energy. Zug et al. (2001)

energy, hence the frogs would

late dry season for the

overall energy budget.
vitellogenesis. Therefére jit is d -:__;_= 2 Iwo seasons, more food and water

were consumed. And wilh ificrease ar consumption, there was also

- ““"“'“’ﬁ‘uﬂ 9] ‘V]EW]TWEJ'm'ﬁ
i rﬂ%@ﬂﬂmﬂmlmﬂ%ﬁﬂne had higher

hepatic, renal and testicular cadmium when compared with rice frogs from the
reference site. The results also showed that kidney is the greatest cadmium

accumulating organ. We also found out that rice frogs caught during the late dry
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and early rainy seasons tend to have higher tissue and organismal cadmium than
those caught during late wet and early dry seasons. Therefore, if and when
Fejervarya limnocharis is used in the biomonitoring of cadmium accumulation,
types of tissues used and the season when sampling is performed should be

taken into consideration.

'lii )
AULINENINYINS
RINNTUUNININY



CHAPTER 4

BIOMARKER STUDIES OF TWO POPULATIONS OF RICE FROG
(Fejervarya limnocharis) NATURALLY EXPOSED TO DIFFERENT

ENVIRONMENTAL CADMIUM LEVELS IN MAE SOT, TAK

shown to be affected by

ither specific or non-specific

|
biomarkers. According 1o Linde-Arias et al, (2008), hgmarkers are sensitive tools

e sGNNI 5
o U103 BT, b Ao 0 oo

metallothionein. Metallothionein are low molecular weight protein of about 7 Kd
that bind and are induced by metals especially cadmium (Hansen et al., 2006;

Baykan et al., 2007). Because of this metallothionein production is an important

mechanism in cadmium acclimatization and detoxification. Therefore
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Loumbourdis et al. (2007) suggested that metallothionein is a good biomarker of
exposure for heavy metal pollution. The use of metallothionein as a toxicant-
specific biomarker has been widely employed to indicate the presence and the
effect of heavy metal poliution (Monserrat et al., 2007). In this research, the

traditional method of determining metallothionein concentration is chosen over

H}cﬁun. This is because, Schmitt et al.
ﬁlents cumulative and long term

__.#
exposure history while TREEESA -@Id give an account on the
active or recent meialloihionein s is. Therefore metallothionein MRNA

might not be dete imated to contemporary

exposure conditions

Exposure to metal, especi

responses. One of the main

S =
increased pmduc:tinﬁ!d‘ reactive oxygen spe nécially the superoxide, that
are responsible for G " ative stress i i
of oxidative stress, the body will produce antioxidants such as superoxide

dismutase, caﬁ!la% @|ﬁ@%§%@}e’] (olimbourds et al. (1999)

reported that Rana ridibunda expesed to cadmium have relafively high levels of
gutatidhe/andoh T4 dobbyherbhod Wt ksl Bok broposea a

cadmium inhibit the complex |l of the electron transport chain in mitochondria.

This leads to the facilitation of superoxide production, hence increases the

production of reactive oxygen species. When this occurs, the cell starts the
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detoxification of the reactive oxygen species by antioxidant and scavenger
molecules production (Isani et al., 2008). The up-regulation of this antioxidant
system includes an increase in glutathione-S-transferase enzyme production
(Hemes-Lima and Zenteno-Savin, 2002).

Another biomarker of effect included in this study is vitellogenin.

Vitellogenin (Vtg) is an in normally synthesized by the

liver of female organism el al. w vitellogenin produced will

then be released in b in the growing oocytes after

induction of endoge emales (Povlsen, 1990). A

study on Oncopeltu
polypeptides were d

2005). In the presen ‘cadumic L Pe (1990) stated that vitellogenin

rian levels of vitellogenin

ed females. (Cervera et al.,

production (vitellogenesis) is IMC! ’ because cadmium treatment and

Ay i
-rl" I"‘:_':.‘-_'.':fl

the resulting metallothionein synthesis cor

cells. Apart from thaf,_Hat

' ‘tellagenesis in the liver
A
hat sub-lethal exposure to
cadmium is often denmnstmted by a marked a hypocalcaemic response

(decrease in ﬂaulﬁj’a %ﬂ%@]%ﬂﬂfﬁ?ﬂpﬁlr vitellogenesis.

Therefore a dec%e in vitellogenin level may be.linked, although not exclusively,
o et AR AT DA VRN AL o

has proven to be a sensitive and simple biomarker for assessing exposure to
environmental stressors and immunochemical biosensor could be used for the

analysis of vitellogenin in plasma samples.
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4.2 Objective and Sub-objectives
The objective of this part of the research is to compare the contaminant

analysis parameters of Fejervarya limnocharis from contaminated site with those
from reference site. In fulfilling this objective, several sub-objectives have been

identified. They are as follow W

421 To

=tallothionein concentrations of
""\ R gcd site with those from

\\\

1 Transferase activities of
\\x\\ -
ated site with those from

\\

To compare the ::'—.,::u. : enin concentrations of Fejervarya

422

reference Site

423

limno N8 n contanil lhos e from reference site

W ] Y]

Iﬂ i
ﬂ‘lJEl’J‘VIEWlﬁWEI']ﬂ‘i

’Q‘mﬁﬂﬂ‘im UANINYAY
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4.3 Hypothesis

431 There are significant differences in the hepatic metallothionein
concentration between Fejervarya limnocharis from contaminated
site with those from reference site

432 There are significan

efences in the glutathione-S-transferase
activities bet 1_:_‘:_ srvaivalimnocharis from contaminated site
with those from. ieference si

433 There the plasma vitellogenin

concenifati il Fejervarya limnocharis from contaminated site
than t

4.4 Methodology

4.41

Cadmium Haemsglnbm Affinity Assay was used to determine

metallulhmnelﬂ Wﬂliﬁﬂ%ﬁﬂ ﬂr% pooled according to

sampling statm%ls (Baykan et alg 2007) and.mixed well. 4 The tissues were
sujectét] 1§ nlaibibohdinlepbra i hlriihg & Edidn and Cherir
(1991) with modification by Kuroshima (1995). Tissues were homogenized in
0.03M Tris-HCI buffer (pH 8) before the homogenate was centrifuged at

10,000xg for 15 minutes. The supematant was heated in boiling water bath and
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further centrifuged for another 5 minutes. To 0.5 mL of supernatant, about 0.1 mL
of cadmium solution and 0.5 mL buffer were added. The mixture was incubated
at room temperature before 0.1 mL of 6% bovine hemoglobin solution was
added. Then the mixture was heated in boiling water for 2 minutes, cooled and
centrifuged at 10,000xg for 5 minutes. The steps of heating, cooling and
im Then the cadmium in the supernatant

%mic absorption spectrometer.

lculaled by the assumption that 7g-atoms

was determined with

Metallothionein concentra

of cadmium are bou 1ein, and the molecular weight

of cadmium-metal

4.4.2

Total protein mmnﬂh@?l

-lll"__..l"‘lia__f

sue (n=98) were determined by total

protein assay (Bra was homogenized in 1

mL of extraction b Cl, pH 7.4). Then the

homogenates were oegtnfuges at 12 ﬂﬂﬂxg for 30 minutes at 4°C. The

cpamtnt B8 B A D ) 172 1100

1:1,000 and 1:13’,000 ratios. Samples were loaded onto the 96well protein assay
plate. aﬂdﬂi’lﬁhﬂ (ﬁimu ug gdw E-LMM incubated
for 10 minutes. By using a microplate reader, the absorbance of the sampler
were read at 620 nm with Bovine serum albumin (Sigma) used as standard. A

linear standard curve was plotted where only plots with r* value of more than
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0.95 were used as the standard curve. After protein concentrations in each
sample were obtained, the samples were diluted with phosphate buffer solution
to normalize their total protein concentration at 1 mg/mL. The protein
concentration was used as a tissue dilution guideline for the determination of the
activities of hepatic glutathione-S-transferase. Glutathione-S-transferase

zene and 200 mM glutathione

. n glutathione-S-transferase in
\\» nce at 340 nm at 25°C.
Absorbance was meaSurgd afier, e ag time, at minute 0 and at minute 5.

was determined by the

9 W'lwﬁ‘mwm NYIRE

= The extinction coefficient of CNDB conjugate (9.6 nM™")

Veem = Volume of enzyme (20 pl)
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443 Vitellogenin

Vitellogenin determination in plasma sample (n=206) of the frog was done
by the ELISA (Enzyme Linked Immunosorbent Assay) method (Mylchreest et al.,

2003). Since this method is almost always species specific, this research

enin in plasma sample with readily
\ ies from other species (Elliptio
. —

k). looMjrom Fejervarya limnocharis

0l with 50 mM carbonate-

]

attempted to cross-react rice fro

available anti-vitellogenin
complanata and Chryse

were diluted at the rati

bicarbonate buffer, p ade because one set was

used against the a the other set was used
against the antibody of CA B ,. . The vitellogenin standards used were

known concentration of Vitellogenin that rang 4.88 to 2500 ng/mL (Elliptio

Tween three times be nre lhey were Iuacled with 200 pL of 2% gelatin in PBS

solution and i ﬁ_uiHeEJ &}%W%m ﬂ ’] ﬂ..% to block nonspecific

binding. After Zghours. the washipg steps were repeated apd then 100 pL of
primary Shibec € corapphaas Ehybehyb i d Gbldenin anvody
were added to the wells. The plates were incubated again for 2 hours at 4°C
followed by washing steps. Then 100 pL of secondary antibody (goat anti-rabbit

IgG-alkaline phosphatase conjugate, Sigma) was added to each well and then
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incubated for 2 hours at 4°C. Next, after another washing step, 100 pL of p-
nitrophenyl phosphate solution was added to each well and incubated for 10
minutes at room temperature. After that, absorbance was read at 405 nm. A
semi-log standard curve was generated and the vitellogenin concentration was

read from this standard curve.

444 Dataand StatSHealAN: :
ﬂ

All data are ay ANOVA and Student-

Newman Keuls

Order correlation slation between hepatic

s i."\ \\\\\\ Y

metallothionein concent: u one-S-transferase activities

with hepatic cadmium cohcah

X

2
ﬂ‘lJEl’J‘VIEWlﬁWEI']ﬂ‘i

’Q‘mﬁﬂﬂ‘im UANINYAY
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4.5 Results and Discussion
Hepatic metallothionein levels of Fejervarya limnocharis caught from Mae

Pa range from 1.496 mg/kg wet weight to 2.785 mg/kg wet weight. (Fig 4.1) For

those caught from Mae Tao, the range is from 2.991 mg/kg wet weight to 3.907

mg/kg wet weight. The seasonal ces in hepatic metallothionein levels are
not statistically different ( the differences in hepatic
metallothionein betwee ion arw significant (P=0.048). The
overall average hep aught from Mae Pa is 2.363
mg/kg wet weight w eight for frogs caught from
Mae Tao

Figure 4.2 showed th S-transferase in the livers of
Fejervarya limnocharis caught Pa and Mae Sot. The glutathione-s-
transferase actnwtrW?t_lmaﬁ@ ' nge from 0.154 to 0.159
pmol/min/mg total prétein. The diffe activity between the season is

I
not statistically signi |cant [F- 0.053). Fﬂr Mae Tao, the range extends from

0.199 to naﬂ WW@%@WW of glutathione-s-

transferase actluﬂes between thegseason is statistically significant (P=0.016). In
Mae T2b) tlAlnghob GST abtui i ebtoeh orl rgs capghtduring the early
rainy sea?son. The lowest is found in frogs caught during the early dry season.
The difference of GST activity between the station is statistically significant

(P<0.001). The overall average GST activity for frogs caught from Mae Pa is
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0.157 pymol/min/mg total protein, while for Mae Tao; the overall average value is

pmol/min/mg total protein.

For vitellogenin determination, no cross reaction was detected between the rice
frog plasma samples with the readily available vitellogenin antibody of both

Elliptio complanata and Ch. -a;'« This indicated that interspecific
antibody-antigen cros: ! /y d to detect vitellogenin levels in
Fejervarya limnocharis. Therelore =--~ N _determination in the plasma from
the rice frog was dsemedinsucce ﬁ“‘{"ﬂ antly, the experiment was

terminated.

ﬂ'lJEl’J‘VIEWIﬁWEI']ﬂ‘i
amaﬂnimumawmaﬂ
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Table 4.1 Spearman-Rank Order Correlation showing the correlation coefficient
between hepatic cadmium, hepatic metallothionein concentration and

hepatic glutathione-S-transferase activity

Parameters Correlation P
coefficient
(r)
Hepatic cadmium — Hepatic mets Ic 0.548 0.139
Hepatic cadmium — Hepatic giuiat 0.802 0.0096
Hepatic metallothionein - Hepabt glutall 0.731 0.029
e Z7/ANN
- ég # |
Table 4.1 showed ihe gaéflf‘ } vegen hepatic cadmium with hepatic

metallothionein concerilra glutathione-S-transferase activity.

There was a strong positive 'u 2 10.802) between hepatic cadmium and
hepatic glutathione-S-transferase vity. This correlation was also statistically
significant (P = 0.00¢ : ~or the “T]b ic metallothionein pairing,

there was a modest poa;;we correlation {r = 0.548). However, this correlation was

not stanstmuﬂ%{}ﬁ 6.1%) ‘jnﬂé‘ fdy ihdigate that an increase in

hepatic mdmlmy could result in an‘increase in-hepatic glutathione-S-transferase
adwﬁyq‘;m\ga-mmgm&lamhc cadmium-
hepatic metallothionein interaction. Therefore, it is likely that an increase in
hepatic cadmium will statistically increase hepatic glutathione-S-transferase

activity, but not hepatic metallothionein. Another pairing showed significantly



115

positive correlation. The result showed that the coefficient correlation between

hepatic metallothionein and hepatic glutathione-S-transferase was 0.731 with the

P value of 0.029.

Hansen et al. (2006) reported that in Salmo trutta, metallothionein is an important

have found that org puld be induced to produce

metallothionein. The opus laevis (Mouchet et al.,

2006; Herkovits et _oumbourdis et al.,, 2007),

ichthys flesus (Povisen, 1990),

Laternula elliptica (Choi'et rum (Perez-Coll et al, 1997)
;l.p ..f_, o '_r..
Figure 5.1 of this study confi rﬁ;:ﬁa 5 of the researches mentioned above
B *" =
because the result Showed ﬂ'lat -ejervary 1dris that lived in cadmium

contaminated site ( Ji6thionein concentration as

opposed to those livir g m reference snte (Mae Pa). This indicated that frogs

exposed to hﬂ ﬁﬁl@ W%@WEW@ent would react by

producing metallbthionein as a line of defense.from the toxiceffect of cadmium.
This is m&a&n&munwiMImaMinding sites for
cadmium? hence would limit latent damage (Linde-Arias et al., 2008). Cadmium
would bind to the thiol (-SH) group in the metallothionein molecule to form

cadmium-thiolate clusters (Monserrat et al., 2007). This would limit the availability
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of cationic cadmium from imparting its toxicity against the organ it was

accumulated.

Isani et al. (2008) reported that cadmium that was absorbed from the

environment would be transported to the liver. There it would induce the

production of hepatic metallothi re, it may be inferred that there is a

S
positive correlation b&hhk

amount of metallothionein

of cadmium in the liver and the
__.#

oy ttwrding to Bird et al. (2008),

in a study on Angui .and significant relationship

between hepatic meis concentration. The same
conclusion was also€
positive association bétwgenimetaliothionein levels and cadmium concentration.

However in this research fin spite of oufsassumption, the correlation between

hepatic cadmium and hepatic } ) : ,was not significant despite having
..-.-'__..--‘" E::‘ ""‘1
positive correlation. This may hsaﬂrh!m fficiency of metallothionein

induction due to spill ® or effect (M ). Spillover is defined as the

metals still remalmng gua to uvemhelmed defense capacity of the body to

sequester meﬂ uﬁ%%ﬂ%@ wrﬂnq;ﬂhga positive correlation

between both pararneters However, after a certain threshold evel, the liver is no
longer ﬁqem acalﬁ &imumgrgjl]uﬂ Q&ﬂm increasing
amount of cadmium. Therefore, in Fejervarya limnocharis caught from Mae Sot,
the insignificant, but positive correlation between hepatic cadmium and hepatic

metallothionein may be explained by the overwhelmed defense capacity that
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leads to spillover effect. Due to the overwhelmed accumulation of cadmium,
further increase in cadmium uptake may not result in the increase of cadmium
being assimilated to metallothionein to form the cadmium-thiolate clusters in the

metallothionein-cadmium complex. Instead, this would increase the concentration

of free cadmium in the liver.

From the Figure 5.2, it |®L’

contaminated site (Mae_lag , i hl he

limnocharis caught from the
e-S-transferase activity than

those caught from d, Table 5.1 also showed

that there was a strofc cadmium and the hepatic

glutathione-S-transferase a esults from studies on Rana

ridibunda (Loumbourdis & s et al., 2007), Salmo trutta

(Hansen et al., 2006), ., 2006), Sparus aurata

(Isani et al., 2008), Sander vit flavescens (Larose et al., 2008)
that showed there was a highe .' el of antioxidant enzymes in organisms
exposed to metals. THe higher act S-transferase in Fejervarya
limnocharis caught I’roT Mae Tao tha thnse from Mae Pa and the strong

correlation beﬂeu&t’lg cﬂrﬂ%? %ﬂﬂlﬂl‘@n&-&tfﬂﬂﬁfﬂl‘ﬁﬁ& was

anticipated be::ausa cadmium is kmown to induge oxidative stress (Hansen et al.,

2006; @mlﬂﬂln@mumﬂazmaﬁﬂr 2004). This
is because cadmium causes an increase in glutathione concentration
(Kuroshima, 1995) and reactive oxygen species (Isani et al., 2008) and also

promotes lipid peroxidation (Mouchet et al., 2006) and this would lead to the
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increase in biotransformation enzymes production such as glutathione-S-
transferase. According to Larose et al. (2008), researches have shown that high
activity of glutathione-S-transferase can be induced by exposure to cadmium.
Glutathione-S-transferase is one of the key enzymatic players in the defense

mechanism against reactive oxygen species and oxidative stress (Hermes-Lima

bt zmﬂ§’//(/;‘,_'

46 Conclusions —

taminated site had higher
hepatic metallothio ntralion and hepatie glutathione-S-transferase

activity when compar€d With ricé frog8, from the reference site. On the other

antibody was unsunoﬁ'.sfl.ll Th result was available for vitellogenin

t‘h&rh&

The results also sho&ged that expnsure to cadmlum exposure leads to an

e n 1Pl R RSABHY LTI A Fepstic ghtatione-s-

transferase a::hwly This is exhibited in the sigaificant differences in the levels of
vl A Uk by ochars gt o i Tao and e
Pa. However, only glutathione-S-transferase activity showed significant strong
positive correlation with hepatic cadmium while the correlation between hepatic

cadmium and hepatic metallothionein was moderately positive but insignificant.
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Therefore, in cases where a sentinel was exposed chronically to cadmium, the
stressor-response correlation in the liver is better exhibited by the hepatic

glutathione-S-transferase activities rather than hepatic metallothionein.

AULINENINYINS
ARIAATAUNINGIAY



CHAPTER 5

MORPHOMETRIC AND GRAVIMETRIC STUDIES OF TWO
POPULATIONS OF RICE FROG (Fejervarya limnocharis)
NATURALLY EXPOSED TO DIFFERENT ENVIRONMENTAL

CADMIUM LEVELS IN | \K PROVINCE, THAILAND
J

5.1 Introduction

a good indicator of the

effect of pollution on an organi has a direct effect on growth

that morphometric ana |s was used to campare site-related differences in body

size. For mst%ﬂ @%%‘l %qms Waﬁl@ﬂ i was found that the

hepatosomatic i r%‘lclax of trout living in uncontaminated site was,greater than those
living lr%tm&rﬁlﬂ ;wua&mqguﬂ also reported
that there was an association between high renal cadmium with low
hepatosomatic index in many fish species. Maes et al. (2005) reported that

recent studies have established relationships between metal toxicity with
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changes in gravimetric indices of European eel, especially hepatosomatic index.
Therefore, the significance of assessing biometric response (weight, condition,
growth) has been suggested as an important measure of pollution impact on an
organism (Van Straalen and Timmermans, 2002)

Over the years, weight-length relati nd condition factor has been used to

assess the well-being of -length relationship can be used

to reflect the impact of the gaw Jrowth of an organism. From this
relationship, the valug«¢ be determined. Eastwood

and Couture (2002) =tateg is a descriptor of growth

pattern of a speci

proposed to be used
subjected to environmental | __ - Asffer condition factor (CF), Bervoets and

taling coefficient has been

erm stress in populations

individual. Hence, OF is ful tool effect of pollution on

that condition factors are
indicative of overall heijth and therefore are good candidate to be considered

when studmnﬁ%@@ﬁﬂ %@Wﬂﬂﬂ)ﬁiansen et al. (2006)

revealed that the condition factors are lower-in metal-expesed population as
uompalah m;laag npﬁiu uimiﬂgmgoahﬂﬁect of metal
exposure on fitness of fish. Maes et al. (2005) also stated that there is a clear

relationship between increased heavy metal content with lower condition factor.
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The use of these parameters in Fejervarya limnocharis is novel because it has

never been used in amphibians before

In this study, the morphometric and gravimetric indices studied includes
hepatosomatic index, renosomatic index, gonadosomatic index, weight-length

- epatosomatic, renosomatic and
i ss to total tissue mass (Ji et al.,

2006; Loumbourdis & Voglaias 2: Ma l., 2007). These indices are

relationship and condition

gonadosomatic indices are ik

Hepatosomati H3!) = ((liverwe \ \;-e weight) x 100
: -yw&ight}xmﬂ
| i | \
Gonadosomatic V=" {gonad weight / body weight) x 100

Apart from that, i js also determined in this

)
research. In order +do efalionship is determined by

o
transforming the ¢

AUYINBNINYINT

relationship {Lesren. 1951) into itstlogarithmic.mode to form the
ARIANNIULBLINETR Y

relationship. From this, to Larose et al. (2008) reported that condition factor can

be obtained from this formula
CF =(W/al”)x100
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where W represents the weight and L refers to the snout-vent length of the

individual.

5.2 Objective and Sub-objectives

The objective of this part of the 1 rch is to compare the contaminant

om contaminated site with those

from reference site. In fullilling this objective, 4-,:~1: have been

522 of Fejervarya limnocharis from

contaminated s 1-"“"" reference site

523 To compare the female and male fgonadosomatic index of
N X

[ [,i site with those from
mferenue?‘te

s ] Grbde) 84 BRI G it s

Fe,'ervanra limnochatis from contaminated site /with those from

ARALATUUAINGR Y
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Hypothesis

5.3.1 There are significant differences in the gravimetric indices between
Fejervarya limnocharis from contaminated site with those from

reference site.

5.3.2 There are significant ffefences in the Scaling Coefficients and

condition etwet gjervarya limnocharis  from

nce site

Methodology
541 FieldS
time during visual encounter survey
(Crump and Scott _ The f '_ v placed. in plastic aquariums and
7 ' ‘J
then transpo r : , 4he frogs were individually

subjected to cold %t‘IEESﬂ'IEEIE pmnedure before sacrificed by double-pith at

the hm:nﬂ%&%ﬁ%’}ﬂ@ and their snout-vent

lengths {S$L} were weighed¢Each frog was then autopsied and their livers
(n%m erﬂg)mu mmm 1&] were removed
and weighed. The organs were placed in plastic bags and then frozen until

further analysis (Chapters 3 and 4).
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5.4.2 Data and Statistical Analysis
The weight and the snout-vent length data (n=647) were used to

determine Scaling coefficient and condition factor. Scaling coefficient was

calculated from the extrapolation of the logarithmic transformed weight-

Hepatosomati sourdis & Vogiatzis, 2002), renosomatic index
and both male #nd ferdalé gonadosomatic s (Goodwin et al., 1992;

Tilton et al., 20C lated for each frog. These

indices were based off the.wei :" io of each tissue (liver, kidney, testis
4!!’.;1,_1_'.;_-,.3 ”
and ovary) to the body weighit.

¥ ; . "
In order to conipare coadilion factor, hepatosomatic
index, renosoma c mdex and male and female gonadosomatic indices in

Fejewarﬂf%cﬂ ’% ﬁ;ﬂl‘ﬁaﬁ Wﬁa ﬂl ‘ﬁata were statistically

analyzed \uth two-way ANOVA and Student-Newman Keuls test using the
s@-ﬂﬂﬁ Ms mm Mrngnw&;]' aﬂlso used for

weight-length relationship.
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5.5 Results and Discussion

Figure 5.1 showed the quarterly average Scaling coefficients of Fejervarya
limnocharis caught from the sampling sites in Mae Sot. The Scaling coefficients
of Fejervarya limnocharis caught from Mae Pa range from 2.783 to 3.223. For

Mae Tao, the range extends from 2.762 to 2.978. The result also showed that in

both sites, the highest Scaling oefficients are recorded from frogs caught during

the late rainy season. The iow

| — | ———
season. Figure ﬁ.y- boili Mae Pa and Mae Tao exhibit similar
trend of Scaling e : il _- tion. The overall average Scaling

e for Mae Tao, the overall

ot i rogs caught during the late dry

Coefficient for frogs

average value is 2.8

The quarterly average condition ¥ o Fejarvarya limnocharis caught from

Mae Pa and Mae Tao is showﬁt—‘ The result showed that condition

i o

factm's uf F&Im imnocharis cs rv;;m* l'al'lgE fl'ﬂrl'l g ?31 tﬂ
+ b

11.093 while for thoseja ght fro
Mae Pa, the frogs have ‘th highest con dition factor during the late rainy season

and the lnwesﬂ:uuﬂ ’a;l%] &m@%ﬂ qyaegon However in Mae
Tao, the hi t condition factor is'recorded duting the late eason while the
lowest mﬂﬂjm u ula h :Lis age condition

factor for frogs caught from Mae Pa is 10.296 while the value is 9.720 for frogs

rﬁlsfmmgﬁﬁ to 9.931. In

caught from Mae Tao.
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n=77
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Figure 5.1:

ﬂuEJ’WIEJ‘V]‘ﬁWEJ’]ﬂ'ﬁ
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Figure 5.2: Quarterly average con Fejervarya limnocharis caught
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The differences between the hepatosomatic indices of Fejervarya limnocharis
caught from Mae Pa and Mae Tao is illustrated in Figure 5.3. The graph showed
that hepatosomatic indices of the rice frog caught from Mae Pa range from 1.578
to 2.074. The rice frogs that were caught from Mae Tao showed hepatosomatic
indices that ranged from 1.529 and 2.025. The figure also showed that in both
sites, the highest hepatosomatic i ? s occur during the early rainy season,

while the lowest occur duriag | ' : s also observable that both sites

also show similar trend al fiwetuation of hepatosomatic indices. The

overall average hep G’ ince ice frogs caught from Mae Pa is 1.913

%

For renosomatic indic€s, fhefquariert ge is shown in Figure 5.4. Average

renosomatic indices of Fej Bﬁ caught from Mae Pa ranged from

limnocharis caught fm!}\ Mae Pa was 0413 For Mae Tao, the renosomatic

indices of FBJW%WW@ rW;%lJ qrﬂJ% to 0.411. Just like

Mae Pa, the hnghest renosomatic index of frogs caught from Mae Tao was
reourdeaqdmgla grnﬁmumg&rmmaﬁmmaﬁn index
was recorded during the early rainy season. The overall average of renosomatic

index for Fejervarya limnocharis caught from Mae Tao was 0.380.
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<25 n=28 n=29  n=28

= 9 n=29 n=30 n=17
© n=23 n=p: ”/
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o

o 0
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| differences betweens season are

) bul ____ differences between
Y |
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0.48 - n=28
0.46 -
044
£ 0.42 -
:.E 0.4 - n=29
p 0.38 - n=17
» 0.36
(=]
E 0.34 -
0.32 -
0.3 4
late rainy
Figure 5.4: Quarterly avers a,qglgso_ ati ¢ of Fejervarya limnocharis
ht from Mae Sof, Tak. Allmean di
caug ; ae E@fﬂ _. *P differences betweens season
and stafions are statistically sigr P<0.001)

AUEINENINYINT
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Figure 5.5 exhibits the quarterly average female gonadosomatic indices of
Fejervarya limnocharis caught from Mae Sot, Tak. The graph showed that female
gonadosomatic indices of frogs from Mae Pa ranged from 3.591 to 12.082. On
the other hand, female gonadosomatic indices of Fejervarya limnocharis caught

from Mae Tao was recorded to be in the range of between 2.287 to 7.702. The

atic index was recorded in

2ason while for frogs from

In Mae Pa, the hig
Fejervarya limnochads c
Mae Tao, the highes e caught during the late dry

season. For both stations, & ale gonadosomatic index was

recorded in frogs caught durin w'-'::s*:;;-

L
oo L

Y X

sa

EB iy

ﬂﬂﬁ?ﬂﬂﬂﬁﬂﬂ"lﬂ‘i
QW’W&NﬂiﬂJ AN Y
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Figure 5.5: Quarterly average nadosomatic index of Fejervarya

herg are statlstlcally
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For male gonadosomatic index, the data is illustrated in Figure 5.6. From the
graph, it is shown that male gonadosomatic indices of Fejervarya limnocharis
caught from Mae Pa ranged from 0.109 to 0.249. For those caught from Mae
Tao, the range was recorded to in the range of 0.113 to 0.290. In Mae Pa, the

highest male gonadosomatic index occurred in the frogs caught during the early

AULINENINYINS
RINNTUUNININY
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035 - =11

n=15
n=14

n=14
n=8

| 1

early rainy late rainy

O staallcally significant (P=0.767)

ﬂ‘iJEJ’W]EJ'ﬂ‘ﬁWEJ']ﬂ‘ﬁ
’QW’]ENT]?EN UANINYA Y
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In all the seasons, the differences in the mean values of Scaling coefficient of
Fejervarya limnocharis caught from both Mae Pa and Mae Tao are not
statistically significant. Scaling Coefficient reflects the ratio between logarithmic
modes of weight and length. This means that for a certain snout-vent length, the
difference in body weight of the rice frog may indicate whether the frog is in
” n be inferred that at this instance,
&n affect the ratio between weight
aﬁq from both reference and
\ ot significantly affected by

better condition or not.
cadmium accumulation is"

and length of Fejerva;

contaminated sites.

the stress from livi 2 gadmi ;" mtaminated site

However, even though the

differences are not &lat| - an observable trend that

shows frogs from referenge _ coefficient than Fejervarya
limnocharis caught i€ contdminatéd site, Eastwood and Couture (2002)
l A “‘". o F

suggested that long term éﬁ% ir
.--'_,_.-—:'_.a'-'-;"

dicad weld

‘ lation subjected to environmental

atio, hence reduced Scaling

pollution may lead

i .
coefficient. Thereforé even though _ cant, the results showed

there is a tendency IJ‘Jat stress from cadm:um accumulation in Fejervarya

limnocharis nﬁ %EJQW%W%I%&W Tﬁay eventually lead to

reduced weight‘l'u length ratio. Pethaps, a longer duration of exposure may yield
sgnifcdlt ot ddcdueh Rasarot o, (2000 idd hlagl and exposure

is an important factor in wildlife toxicology.
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While Scaling coefficient values do not show statistically significant differences
between both Mae's Pa and Mae Tao's frogs, condition factor shows a clearer
picture. There are two important premises that can be derived from the result of
the research. Firstly, it is shown that the difference in season plays a statistically
significant role in the change in the condition factors of the frogs. This means that
: ifferent conditions which eventually affect
%ndiﬁon factor is a provider of

., 2008), overall health (Urena

in different seasons, the frogs li

their overall well being.

information on the h?
et al., 2007) and ge

However, a more i

ust, 2003) of an organism.
cond premise derived from
the result of this re is a statistically significant

difference in the co or. :"; n Fejervarya limnocharis caught from the

higher condition factors than

-""_,.--""’ J-""'"l :{J

obtained by other ;&m where metal- ' d/Salmo trutta was found to

2006; Norris et al., EDOJJ} Therefore, just to as many fish species, exposure to

heavy metal ﬂ%ﬁ @%ﬂ%‘j %ﬂ}f} %-Ilty of living condition

which results i mqa'.llrmmrshed condition factor.

ARIANN I IRIINYIRY
Figure 5.3 showed the quarterly average hepatosomatic indices of Fejervarya
limnocharis caught from both reference and contaminated sites. The differences

in the average hepatosomatic indices between the frogs caught from the
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contaminated site and those caught from reference site is not statistically
significant. However, there is a common trend that can be observed despite the
differences being statistically not significant. The data showed that in all the
seasons, the frogs from Mae Pa have higher hepatosomatic indices than frogs

from Mae Tao. According to Hansen et al. (2006), cadmium has the ability to

et al., 2008). Increas wally result in cell membrane

damage and cell deat! is (Norris et al., 2000) what

follows is the red. uently the reduction in

hepatosomatic index: explanation on why Fejervarya

limnocharis caught from gontaminated site tend to have lower hepatosomatic

For renosomatic irdex, the differe alues between rice frogs
caught from Mae Pa aﬁr,ud those caught frnm Mae Tao is statistically significant.

The result shﬂ%ﬁq@vﬁ%ﬁ%’} ﬁc@:um contaminated site

has lower lenusnmahc index thansfrogs from the reference site. There has been
very nmﬁmjsmmﬂg‘mlﬂ auu the reduction
in kidney size, hence the reduction in renosomatic index of an organism. One
possible cause is that the reduction could be attributed to the same mechanism

that causes the reduction in liver weight. Exposure to cadmium leads to
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production of reactive oxygen species which imposes oxidative stress to the
kidney cells. Oxidative stress causes lipid peroxidation which results in cell
membrane destruction and cell death. However more detailed and extensive
studies need to be done in order to explain the mechanism how cadmium

accumulation could lead to reduced kidney weight.

For reproductive tissues, @r&%ﬂ in Figure 5.5 and Figure 5.6.

Differences in the fema SO atr etween Fejervarya limnocharis

caught from cadmi from reference site are

cadmium treatment ang, the resulting metallotl'unnem synthesis compete with

vitellogenesis ﬂl%i&} @n%%‘ﬁu thuﬂlﬂaﬁxpnsure to cadmium

is often damnnqs"mted by a marked hypocalcemic responseg(decrease in total
blood asm 1&&3 ﬂ'll; m);lnwlngllnﬂg (aLE-let al., 1998).
Therefore the disruption of vitellogenesis and the decline in vitellogenin level may
be linked, although not exclusively, to cadmium exposure. Therefore, if cadmium

can impair vitellogenesis and there is a great correlation between vitellogenin
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levels with female gonadosomatic indices, it can be inferred that cadmium
exposure may be able to result in the reduction of female gonadosomatic indices.
This could explain why Fejervarya limnocharis caught from Mae Tao, the
contaminated site, has lower female gonadosomatic index than those caught
from Mae Pa, the reference site. However for male gonadosomatic index, the
result offers no clear explanatic ‘ ’ esult shows that there are no significant
differences in male gone > rice frog caught from both
2 m—

ture of contradicting trend is

also apparent in the s@SL ITing h ea anc dry season, the quarterly
average male gonados ontaminated site is higher
than those from the're 3 both early and late rainy

season, the male génadosbmalic index showed a completely reverse trend

oo confd £ 7911V TN
A BAAND U A NI AL e

contamination with morphometric and gravimetric indices of Fejervarya
limnocharis living in contaminated and reference sites in Mae Sot, Tak. Albeit

being statistically not significant, there is a trend that frogs from contaminated
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site has lower Scaling coefficient and hepatosomatic index than frogs from
reference site. This trend is even more apparent in the differences in condition
factor, renosomatic index and female gonadosomatic index where the differences
are statistically significant. For these parameters, Fejervarya limnocharis caught

from Mae Pa had higher condition factor, renosomatic index and female

gonadosomatic index than thoss ca ’ //, Mae Tao. On the other hand, result

for male gonadosomatic index is rz |th contradicting trend according

to season. However, these differs) -': istically significant.

In conclusion, the ue€e letric indices could give an

idea on what would“be lamination on the rice frog.

Therefore, it is suggeste 10 1-'\1- etric and gravimetric can be

used to determine whethg /a i ' aris is a suitable candidate for

'F-F

sentinel species for mdm (--,T hation. However, it needs to be

i A

rphc > and gravimetnc dala. cannot be used alone in
T )

+# complementary with other

emphasized that e
making the decision.

parameters, especially ?:mbammant ana |s data.

ﬂumwﬂmwmm
QW’W&‘I\"IﬂiﬂJ UANAINYA Y



CHAPTER 6

HISTOLOGICAL AND SKELETOCHRONOLOGIAL STUDIES OF

TWO POPULATIONS OF RICE FROG (Fejervarya limnocharis)

NATURALLY EXPOSED T FFERENT ENVIRONMENTAL

CADMIUM LEVELS PROVINCE, THAILAND

environmental monitoring. Df@}‘e of heavy metal pollution is

e

evident only at the sellular or m ' ng histological changes
be er level (van Dyk et al.,

" .—.ﬂ'

2007). Some of the hlstgloglcal effects of cadmium exposure to a tissue include

o, oG4 B Y B e o 1. 207

Rosa et al., 2 0%}, hyalinization, yacuolationand cellular swelling (van Dyk et

. 2 HARSDIUURIINE A Y

One of the most notorious effects of cadmium toxicity to a tissue is the formation

of tumor cells. According to Alvarez et al. (2004) cadmium has been classified by
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the International Agency for Research on Cancer as category | (human)
carcinogen. This means that cadmium has the ability to induce abnormal and
uncoordinated cell proliferation. A study on prostate epithelial cells by Martin et
al. (2002) revealed that low level of cadmium is enough to mimic the effect of

androgen and stimulate cell proliferation, thus propagating cancer cells.

,%ua is the production of macro-
J

melanophage centers. Macio-melanophage cenlers are produced in response to

Another common effect

the presence of pa in the tissue. Cadmium is

reported to cause tem. (Loumbourdis and

Vogiatzis, 2002). A e lissue is prone to massive

invasion of parasit he production of macro-

melanophage centers. eported to cause the rupture

parasites, red blood cel'ls and other fwelgn materials in the tissue. In addition,

since macmﬁl g@ %&%ﬁ%ﬂﬁﬂ%ls its function also

involves mdmiﬂ!!n accumulation and scavenging (Loumbougdis and Vogiatzis,
2002). o leshiak Wlrladdhbidnbihbod cdnils-fas ot Jepored n e

liver, kidney and testis.
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The effect of cadmium toxicity would result in different histopathological changes
depending on what tissue it exerts its effect on. In the liver, cadmium was found
to induced pathological changes including diffused hepatocyte and eosinophilic
cytoplasm (Dudley and Klaasen, 1984); and hyalinization of hepatocytes,
increased vacuolation associated with lipid accumulation, congestion of blood

vessels and cellular swellings ( l., 2007). In the kidney, cadmium was

known to activate glome ted inflammatory cells, which

would eventually lead o of extracellular matrix component

along with an increa: eased amount of lysosomes

(Thijssen et al., 2004 Ir | fibrosi , ound in tissues suffering the

effect of cadmium to

parameter in order:ﬁ: ‘establish 1the eprc alus of the animals and to
A
detect possible pat .-- ic a ithological observation that

could be attributed to c?dmlum toxicity |s testicular oogenesis that leads to the

formation of ﬂnﬂ% ridf] Ejﬁj%ﬂﬂ@aml et al. (2008),

testicular avansm follicles (TOFs) refer to the presence of ovarian follicles in the
testes. ’Q“ﬂmg’;] a mm u%nm EJ ﬁﬁaﬂ of testicular

ovarian follicle, it was suggested that they may be induced by exposure to

pesticide or estrogenic endocrine disrupting compounds, and cadmium is one of

the endocrine disrupting compounds. Apart from testicular ovarian follicle,
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detectable eosinophilic leucocytes in the interstitial compartment, the presence of
vacuolated areas within the tubules (Mosconi et al.,, 2005) and macro
melanophage centers (Zorita et al., 2008) were also found in the testis. In the
female individuals, cadmium was found to cause follicular atresia, inflammation,

hemorrhage and necrosis in the ovary.

Skeletochronologi | ,A@ed in this study because it may

be used to demonstrate dmium on the population biology of the
species. Skeletoch individual age, speed of
growth, age of sex se of data derived from
skeletochronology factor in the study of
environmental ' that involve heavy metal
pollution, the toxic effeci eavy s manifested in an organ is mainly a

bioaccumulate. Thus in‘a study on Balaer 2 5, Rosa et al. (2008) stated
that age can be ar oxicology and cadmium

concentration was fnm}ﬂ to be age relntad Therefure Spear et al. (2009)

recommendedﬁ u%hﬁ'lﬁl}%l@% &]aq ﬁlﬁnurphnmetnc data to

estimate gmwtl'i as an index of physiological health.

ARIANN I IANINYA Y
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6.2 Objective and Sub-objectives
The objective of this part of the research is to compare the histological and

skeletochronological parameters of Fejervarya limnocharis from contaminated

site with those from reference site. In fulfilling this objective, several sub-

objectives have been identified. T follow
\\\\ /

6.21 To compaie. nistop: ““*t al features of Fejervarya

those from reference site

/ \\\\ .

6.2.2 \\\
limnochari. / E18 ?\\’ ose from reference site
..::.r
Al
6.3 Hypothesis -M:J"j

6.3.1 There. an he! histopathological features
: J

M,

sontaminated site with those

|

from refer?we site

a2 Y I EIETTIL ——

parameters betweendFejervarya limnocharis from.contaminated site

QRSB INGTRE
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6.4 Methodology

6.4.1 Histology

Liver (n=30), kidney (n=30), testis (n=30) and ovary (n=20) tissues were
they were processed. Tissues were

dehydrated and processed. throu changes of 70% ethanol, 90%
__J
lene Deéfore they were embedded in

paraffin wax. Each p | then sections were cut from

the block. The thicks e sections were mounted

onto slides and the ained by Haemotoxylin and

Eosin staining proceddre inv; & ﬁ' ,_,_ yated immersion into xylene, n-butanol,
S el _ _
95% ethanol, 90% elhanol, a?-él ~ethanol, water, haematoxylin solution,
G g

differentiator and eosin solutic uu=' tides were then finally cleaned with xylene
- -'".-"’:-'..f s e
before the sections were mou iting medium (distyrene and

tricresyl phosphate I z B 1pgl
‘I |

2s). The slides were dried

and then observed u e‘n; light mrcmscope

AUIANYNITNYING

6.4.2 Sﬂlatochmnnlngy ¢

ARIANN I 1RIINYIRY

Fnr skeletochronology, the third phalanges of the third digit of the upper
limb of the frog were used. The phalanges were washed in running water for 24

hours before they were subjected to decalcification procedure in 5% nitric acid for
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90 minutes. The decalcified phalanges were then washed under running water
for another 24 hours. Then, the phalanges were sectioned by freezing microtome
to 20-22 ym sections. The sections were transplanted onto the slides with a few
drops of water. Then the sections were stained with Mayer's Haematoxylin
(Mayer's acid hemalum). The sections were observed under a dissection

microscope to select sections tral part of the diaphysis only. The

sections were rinsed in tag . re mounted onto a slide with
__J

and nder light microscope.

glycerine. The slides we

6.4.3 Statis

elanophage center count

was statistically ana . ' ences of tumor-like aggregation,

AUYANYNTNYNS

6.5 Result nna"Discusslon ¢ o Q)
ARIANNIUARIINE IR Y
Figure 6.1 showed the liver sections of Fejervarya limnocharis caught from
Mae Sot, Tak. The sections showed that there was an observable difference in

the number of macro-melanophage centers (MMC) or Kupfer cells in liver
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sections of frog caught from both sites. This observation is further confirmed in

Figure 6.2 that shows average macro-melanophage center count in liver section

from Fejervarya limnocharis caught from Mae Sot, Thailand. It was found that

frogs caught from Mae Pa had an average hepatic MMC count of 0.672 + 0.299

cells/1000pm? (n=15). For Mae Pa, the average hepatic MMC count was 0.949 +

0.267 cells/1000pm? (n=15). The mea %mnm between station is statistically
a

lation were not observed in the

liver sections. However, lhe-hepatocyte: from the contaminated site
showed polygonal ase in the cytoplasmic area.
Figure 6.1(d) also sho lls/necrotic area similar to

those found by Dudley 4 asen |(1984). The liver section also revealed

chromatin margination s a morphologic sign of apoptosis.

For kidney, the section is pf"m?éjq" re 6.3. The sections showed the
at f Fejervarya limnocharis
caught from Mae on had a denser nucleus
with much reduced cytgplasm The prevalenne of this tumor-like aggregation in

the kidneys uﬁﬁufﬁ %%%@PN §rh bbih|M3e Pa and Mae Tao is

presented in thure 6.4. The result of this study. revealed that.the prevalence of
tumor % m-;]m ff]hﬁamml;%n&a aliﬂhe prevalence
in Mae Pa's population was 0% (n=20). Apart from that, the result also showed
that the prevalence of hemorrhage in the kidney of Fejervarya limnocharis caught

from the contaminated site was 5% (n=20), while none were observed in the
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kidney sections of the frogs caught from Mae Pa (n=20). For both observations,
Fisher Exact Test revealed that the proportion of tumor-like cell aggregation and
hemorrhage were not significantly different than were expected from random

occurrences (P=0.112 and P=1.00 respectively)

Figure 6.5 showed sections fro of Fejervarya limnocharis caught from

Mae Pa and Mae Tao. showed that testicular ovarian

aught from the contaminated site,
erence site. Further study
follicle (Figure 6.6) in the

frogs caught from nile the prevalence for frogs

caught from Mae Pa is™ ‘the differences in the proportions

of testicular ovarian foliicle$ were not significantly different than were expected

from random occurrences ; Of ovarian section, there were no

...—_';.rf_,;

discerning differences. in the o\ 5 in the contaminated site

with those caught frc sference 3 ne distinction on the effect of

cadmium to the ovary ian be made. Pghaps th|s observation can be cross-

rss o AABISAT IR B Frosnirtion data. The

data showed that cadmium showed very little ascumulation, hepce have very low
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: =-pm} and 40x (right; bar =

20pum) magpnifications (H&E staining). The sections showed macro-

m%n%emgj m%m&l Quﬂ; (N) and chromatin
RTaITINInINga L
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Kupfer cell count (cells/1000pum ?)

et "

-
Figure 6.2: Mean macro-melanophage center mugﬁrm'i‘}fer section from

e

Fajarvérf:_al limnocharis caught from M: 433 (n=15) and Mae Tao
|I ]
(n=15). Mean differences between station is statistically significant

(PEDD49)
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e TR ST g e

9 b) and Mae Tao (c, d and e) at 10x (bar = 100pm) and 40x (bar =
20pm) magnifications (H&E staining). The sections showed glomerulus

(G), tumor-like cell aggregation (N) and hemorrhage (H).
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2

%

6.4: Prevalence of tumor-ike ,:—:'.:;I;"j__:,:l ation and hemorrhage in the
kidney spcliohs—tioii-—Fejeivania-mmmoenarts caught from Mae Pa

{n=15}and ac ﬁ
AULINENINYINS
RINNTUUNININY
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and Mae}o (c & d) at 10» par = Eum} and 40x (right; bar =

20pm) magnifications (H&E gtaining). The sections showed mature

s%u&ialmmail %&L&ﬂlﬂe (O) in the testis
RTRIT a1 Inga
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valence

o 10% -

pr

Figure 6.6: Prevalence of { arian fallicle in the testis sections from
_— L

Fejervarya limnocharis caught ffem Mae Pa (n=15) and Mae Tao

AUEINENTNYINT
ARIAN TN ING Y
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The presence of macro-melanophage centers in the livers of the frogs in both
reference and contaminated site was expected. This is because frogs living in the
wild are often exposed to parasitic infections. However, this study found that the
macro-melanophage center count of Fejervarya limnocharis caught from the

contaminated site was statistically significantly higher than the macro-

melanophage count of those caug eference site. To explain, there is an

association between cad with the production of macro-
e —

melanophage centers s .."_E_cause a depression in the

immune system (Loumab®Lidisand _: s, 2002).When this occurs, the body
oh would cause a massive
invasion of parasitesdf the Iwef Asa parasitic invasion, the liver
would produce Kupfer'cells { gc?grr 2 pajasites. The presence of Kupfer cells

Nl

that has engulfed the pa snlg_uﬁn

s is also often termed the

The presence of red blgod cells in the tlssue would also trigger the aggregation

of Kupfer ml!ﬁ%@@%ﬂ%@%’]ﬁ@ bodies, forming the

macm-melanap#age centers.

AR ANNIUNAINYIAY
A study by van Dyk et al. (2007) reported that some of the common
manifestations of cadmium toxicity to the microstructure of the liver were

hyalinization, vacuolation and cellular swelling. In this study, however,
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hyalinization and vacuolation were not observed in the liver sections. Yet,
moderate cellular swelling can be observed in the section from frog from Mae
Tao, signified by polygonal-shaped hepatocytes and an increase in the
cytoplasmic area in each hepatocyte (Dudley and Klaasen, 1984). This is

because, van Dyk et al. (2007) stated that cadmium contamination could cause

water influx into the cell, thus causing hydropic degeneration or cellular swelling.

Possible necrotic cell/necroti

(1984) were also fou switudy The liver section also

revealed chromatin ologic sign of apoptosis

(Habebu et al., 1998

In the kidney, the res gregation and inflammation

were found only in the om the contaminated site. A

study by Martin et al. (2002) shs hat ca
_,..___,,x..'-.-#a' L) o

proliferation of epllt@ﬂl cells of the pros adother study, Stoica et al.

easeé the risk of breast cancer

(2000) found that cadmiur
via the activation of estrogen receptors whlie Alvarez et al. (2004) reported that

cadmium hasﬁeqﬂ %e?’]t&l qq ‘ljt%% q chj“ for Research on

Cancer as r.:a nogen. Therefore, cadmium. may be able,to activate the
prnllferﬁlﬁaead}iﬂeﬁ mmmallnm ELl!umur-llke cell
aggregatmn in the kidney of contaminated frogs. However, great care should be
practiced before making the relationship between cadmium and cancer of the

kidney. Since the diagnosis of cancer cells requires more extensive tests,
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therefore this study would only label the finding as tumor-like cell aggregation,
distinguishing them from the actual tumor cells or neoplasm. Also, the presence
of renal hemorrhage can also be attributed, albeit indirectly, to cadmium. As
stated before, cadmium has the ability to cause the rupture of blood vessels,

hence causing hemorrhage in the tissue.

’% testis of Fejervarya limnocharis

d accumulation in the tissue.

The presence of testicula

According to Garcia- | is the new environmental

estrogen that is a in the cell. Since the

oogenesis process is bly cadmium may play a
role in the presence an_follicie in' the testis. McDaniel et al.

(2008) reported that the freguencies of thepresence testicular ovarian follicles of

less than 2% may represen '_ 3 ground levels and there are some
--".'.-'-":-r-“-'-'f) '."": =
suggestions that they may be inducec 2o pesticide or estrogenic
r A
endocrine disrupting Compounds. n s ‘r sidered as an estrogenic

endocrine disrupting gmmlml there mlght be some correlation between

cadmium awﬂ%ﬁ @hﬂﬂw %I’B ’] ﬁ@lar ovarian follicle in

the male Fejervafya limnocharis¢ However, further studiesginto the origin of

esicudofaah ikl b MWL’) L ke L&l ences of s

mndmun in wild frog populations. Furthermore, in a field study, because of the
large variation in environmental and chemical parameters it is difficult to pinpoint

the cause with the effect.
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For skeletochronological analysis, data obtained from this research showed a
very inconsistent trend. Some individuals would show clear lines of arrested
growth and resorption lines, while most other would show very faint lines or no
line at all. Therefore, it was clear that the inconsistency would prevent the

skeletochronological data to be used in this study. Hence, further use of

minated sites had higher

lence of tumor-like cell

found in ovarian sectluns of frogs from the contaminated site with those from

oronce G 19 ARSEAFIN BV Graisere s spcitc

parameter, the}lmight be able to support the potion that cadmium may have an

ot R BAR IS VDL AL e

conclusion should be approached with great caution because any abnormalities

that occur in the tissue most definitely cannot be traced back to cadmium

contamination alone.
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Skeletochronology analysis was considered unsuccessful because the data did
not show consistent presence of line of arrested growth and resorption line.
Therefore the data from this analysis is not used for this research.

AULINENINYINS
ARIAATAUNINGIAY



CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

This research attem whether the rice frog, Fejervarya

limnocharis, is a sui éptinel species for cadmium
contamination. The d{ a study site because of its

history of cadmium co " ‘herefore, the eadmium contamination history
offered a great opporifini fhie '. Y te seed, using one of its native
species. Our prelimin ; P d th > cad ium contamination in the
contaminated sited, M . - dmium in water remains low,

the concentration of cadmiury sorbed 1o thelsediment was high in Mae Tao, as

Both Mae Pa and M distric!mf Mae Sot, in Tak province,

nnrthwas!am EIW mj rneters north of Mae
Pa was chosen@s a reference site because it shared several featur&s Sites with

M LA L L s S

Both site$ are open plain areas used for rice fields and are irrigated by small

ao are lo

creeks. Therefore, similar aquatic habitat feature could be expected between

both sites. Since both of the sampling sites are located within the same district,
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Mae Sot, both also share the same weather fluctuation and climate. This further

helped reduce bias associated with climate and weather.

The amphibian species in concern was the rice frog, Fejervarya limnocharis.

Amphibian species was chosen because previous researches have shown that

ndidate for cadmium contamination.

amphibians would make an excelle

Amphibians are able to upial @ an cadmium via various modes.

Cadmium can get into t ' i

well as through the ibian species are exposed to

cadmium starting s adult life. Therefore, it is

more vulnerable to its life cycle as compared

to other group of ani ns such as eggshell and scales.

The rice frog was chosen veral factors. The main determining factor

was the fact that this species is n: 2xtinction. Being categorized
H? es would not put it under

undue extinction presgure. In addltmn this species has a wide range of

distribution, cﬂ%g@ 9&&%@%% abﬂgst Asia. Therefore its

e S S DR

certain parts of its distribution range, the rice frog is also considered as a food

as LC (Least Cnn' =

source, including at the sampling sites. Thus this species could provide the
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important link between environmental cadmium and the bioavailable cadmium to

human.

In order to determine whether Fejervarya limnocharis is a suitable candidate as a

sentinel species for cadmium contamination, this research had been divided into

four parts, encompassing levels or organization, from
o .

molecular/chemical Ieve& _ i level. A battery of

parameters was chosen beeause ing meter may not be able to

explain the extent oisthe £ffec admium_on the organism. To add, this

research was not d atory conditions. Instead,
this study looked a already occurring in the
natural population of , the sentinel species under
scrutiny was the rice frog, imn 5. This is because Henry (2000)
suggested that it may be p toxicological studies evaluate the
contaminants’ effects on the héir, adaptation within the
V . 3
environment. The ovma 1 Imr summarized results are
exhibited in Table 7.1. ¢a o
4

The first part of this study was theé contaminant analysis. In ahis part, cadmium
mnmﬂﬂﬁl@ jdmmgrj, lﬁg | alajand ovaries of
rice frogs caught from Mae Pa with those caught from Mae Tao. Whole

organismal cadmium was also compared between there two sites. Further

analysis was done by comparing the bioconcentration factors between
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Fejervarya limnocharis caught from the reference site with those from the
contaminated sites. This research found out that rice frog from the Mae Tao had
higher hepatic, renal and testicular cadmium when compared with rice frogs from
the reference site. The same trend was also seen in the ovarian cadmium levels.
However, the differences were not statistically significant. The results also

showed that kidney is the grea yn accumulating organ while the ovary

showed the least accumu in the result where kidney was

A —

.cadmium and the highest

& frogs caught during the late

dry and early rainy s€asphsdand io | and organismal cadmium

taken into consideration. In TS stuid) it was found out that the use of liver,
...-i'__':. .--‘:.f:"- " -

Fejervarya Hmnnd?ﬂ's' an be t'mel species for cadmium

contamination. ¢

AUEINYNINYINT

The next part of this research®is the bionsarker study. 4s this part, three
somarias e 8303 b Akl e Wlhod Rt senne
species for cadmium contamination. The first biomarker used was hepatic
metallothionein. The use of metallothionein was considered as biomarker of

exposure, and a specific biomarker. This is because metallothionein are
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produced in response to exposure to heavy metal contamination. In addition, it is
considered as a specific biomarker because in this study, the level of
metallothionein measured is the metallothionein-cadmium complex, hence
rendered it as specific to cadmium contamination. This research found that frogs

caught from contaminated site had higher hepatic metallothionein than those

from the reference site. This sh , use of hepatic metallothionein as a
is justified. The next biomarker

__.#

narker of effect and a non-specific

vat frogs from Mae Tao had
higher hepatic glutathiongsS fransferase than those Mae Pa. Even though
glutathione-S-transferasesi A > biomarker, this research also found
that it showed significant sfrofg, pos: elati "With hepatic cadmium, hence
The third biomarker

exhibit a strong stressor-rgéponse corréfation in the liver.

unsuccessful. Therefore no result was gailable for vitellogenin levels in the

plasma of mﬁw @%mm&%ﬂaﬁ metallothionein and

hepatic glutathione-S-transferase as parameters indicating’ the rice frog's
s ok sbithobdit s bokadod bttty sigifcan
differences in their levels in the frogs from both sites. However, if the researcher

needs to go one step further, the use of hepatic glutathione-S-transferase would



167

exhibit a better stressor-stress response in the frogs that were exposed to

cadmium chronically, over a long period of time.

The third part of this research was the morphometric and gravimetric study.
Morphometric and gravimetric data has always been a good indicator of the
ile weight-length relationship, Scaling

effect of pollution on an organish
tu assess the well-being of the
species and can be used lo-reflect i ' ' e environment on the growth
of an organism. The dition factor in Fejervarya

limnocharis is novel amphibians before. This

arya limnocharis living in

contaminated and reference sites ae Sot, Tak. Fejervarya limnocharis caught

rac |um contamination, and if

morphometric and gravunemc data are t used, condition factor, renosomatic

index and fenﬁu%}l ’amg'qtﬂ %3% f}ﬂ %rarneters to choose.

A ROATI R R

a trend where frogs from contaminated site had lower values than those from

reference site.



Table 7.1: Summary of the results from this study

Parameter

168

| ::\\\ .l /7 # . Range (low-high) Significant
P Mae Tao difference
Contaminant analysis , \
Environmental ' N
Cd in water . 1 t' 200, 0.0019 - 0.0023 No
Cd in sediment 201018 Qate 2.9260 - 3.2888 Yes
Tissue cadmium / : ‘ \ \
Hepatic Cd 0 0.199 - 3.543 Yes
Renal Cd 1.890 - 12.175 Yes
Ovarian Cd 0.009 - 0.053 No
Testicular Cd 0.266 — 4.626 Yes
Whole organismal Cd 0.180 - 0.549 Yes
Bioconcentration factor (BCF)
BCFiver 84.55 - 1819.80 Yes
BCF uidney 804.56 — 6229.75 Yes
BCFovary 33552226 | 4.47 - 26.95 No
BCF ests ﬂuﬂfa wﬂngmf]ﬂsﬂaaa 2367.47 Yes
BCF whoie 76.71 — 281.30 yes

MNote: BCF = Bioconcentration

’“ﬁ"wmﬂnm URIINYIRY
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Parameter Unit Range (low-high)
Mae Tao
Biomarker study -
Metallothionein  mg/kg W 2,991 -3.907 Yes
Glutathione-S-transferase  pmol/min/mgetaie 0.199 - 0.331 Yes
Vitellogenin pmolfmi .a-: o = ‘ N No result -
Morphometric & gravimetric analysis = r— w
Scaling coefficient 2.762-2.978 No
Condition factor 9.511-9.931 Yes
Hepatosomatic index 1.529-2.205 No
Renosomatic index 0.354 - 0.411 Yes
GS| temaie 2.287 -7.702 Yes
GSlnaie _ vy 0.113-0.29 No
Histological analysis é:
MMC count cells !1§Du ' 0.17 146 m 0.601 - 1.304 Yes
Renal TLA prevalence o UD 15 No
Renal hemorrhage prevalence ﬂ uH q v' EJ w ‘Em EJ"] ﬂ .3 5 No
TOFs prevalence . 21.4 No
Skeletochronology v - ¢

Note: GSI = gonadosomatic index; ThA =
MMC = macro-melanophage centér
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The final part of the research was the biological and ecological study. In this part,
histology analysis and skeletochronology were employed. The result of the
histological study revealed that Fejervarya limnocharis caught from Mae Tao had
higher hepatic macro-melanophage count and higher prevalences of renal tumor-

like aggregation, renal hemorrha

f @slicular ovarian follicle than the rice

frogs caught from Mae Pa. necrotic area and possible

apoptotic cell could also ; /in the liver of contaminated frogs. The
presence of ovarian | > tesles " rogs caught from the
contaminated site may P 1he higher malé'gonadosomatic index in

these frogs as com sference site. The findings

showed that the use of Ristalog o-: ac it the notion that Fejervarya
limnochans is a suitable inel species for cadmium
contamination

7 = X
The skeletucl'tmnningy“ is .Esearch showed very

inconsistent findings. Som? individuals wou haw clear line of arrested growths

wie. the maifly] b ol Mﬁw [hetelofe] further use  of

skeletochrono cal data was termifated. Thisemaybe partly @ftributed to the
v ) T AL 2EHN VAL L o

reduced growth was not observed.
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Overall, the results showed that Fejervarya limnocharis shows a great potential
to be used as a sentinel species for cadmium contamination. However, it needs
to be emphasized that non-specific indicators (glutathione-S-transferase, all
morphometric and gravimefric data, condition factor and histological
observations) should not be used alone in making the decision. These data need

to be used in complementary with inant-specific parameters namely

/N0
As mentioned above, Fay infocha g putential to be used as

, it is also justified that

a sentinel species for

more research should b& dane o) this =p 1‘ h_ Ol »\ lo verify the suitability of
M \
il \
this species. A list of recamme ure/researches involving Fejervarya
JIFF‘{ r L

limnocharis is shown below.
u_pﬁ L

...-_?}E;/w p2
« Controlled-lahtratory experiments for verification of field observation:
This study El-ﬂ.l d -:-]; studied in this
project {mntam t analysis, h arker study, morphometric and
oravimdi %&Q B B AR oo i v

laborato

. mamm’mmmm -

and environmentally relevant cadmium concentration: This study

should include embryology, tissue development and gonad

development and maturation.
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Detailed histological and histopathological studies of tissues of the rice
frog: This study should also include quantification of several
histological features highlighted in the report.

Development and purification of specific vitellogenin antibody for
Fefervarya limnocharis followed by determination of vitellogenin level in

the plasma of rice frog cau \1‘

“\“-

Cadmium I::iurnag‘ é&d with other organisms in
i S

cadmium on igé ffog since these tw s are also found in high
concentration fi
Study on risk assessment assoc -n | eating rice frog: This study

should also include sl

..y
AULINENINYINS
RINNTUUNININY
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tant in the smdy of sentineladThis jestoeh determited | durin g (he late dry and early rainy seasons. If this species s
cadmium accumulation and biocaleenu! Facwors i : fu'cdmhllu:mhlhl.hiﬂm
whole organism, liver, kidr i n, liver, kidney and testis is appropriate.
cadminm levels. Frogs from cofifamigiied sifes had sip ywort. dmium - Environment -
nificantly higher hepatic (1.989 my T 75 arvr lim aris - Sentinel species
kg) and testicular (1462 mgky
from the reference sites (0.20
i the environment has the ability to accumulate in
pets et al. (2001) reponed that levels of
Jaccumul@ied metals in tissue were related 1o metal levels in
-_— water and food. This is further supponed by
= s and Blust (2003) saying that it is more lkely that
AT t Imrnh reflect environmental levels becanse metal
ML 5. Octomen - M. G. Robeco - s in tissue follow concentrations in the envi-
Naioma] Caster of Baceliencs foeiiov2 gl yfet, al. (1984) reported that Carrasius

nﬂmnﬂ]nl . Faculty of & memm
WW.MMW Eﬂlml:ilndw ¢ 1998; Bervoets et al. 2001 ; Loumbourdis
e-mail: plcitana @hotmail com ‘a t,d"u’n;im:!ﬂﬂz Bervoets and Blust 2003 and Burger
o 007);L oqmbonrgisand Vogiatzis (2002) reported tha
s Dﬁmm e i bne of Lhe main targel orpans of cadmiuvm acco-
Sciences, Universiti : : o idibursda. In another stody, Loumbourdis
Mabryna dWm[lBﬁJﬁ-dﬁuthﬂhﬂgm
. ¢ uﬁﬁmmmm A study by Loum-
RN AR e e
The State : ) i . eli the gut of Rana sp.
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G mulation. Flament et al. (2003) reponied that cadmivm is also
Mi'ﬂﬁ'rl ““.Im'l"rin'.qlﬂmu readily incorporated in the kidneys and reproductive tisses.
Environmental and Occupational Health Center, Lee (1983) supporied this notion by saying that cadmium
(hulalongikorn Univensty, Bangiok, Thailand directly targets testis. In addition, adult Chrysemys picta
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from impacted sites has higher cadmium concentration in
liver, kidneys and gonads (Rie 2000).

In this study, the rice frog. Fejervarya limnocharis has
been chosen w0 be & representative sentinel species for
cadmium accumulation, This species is chosen based on a
few criteria. The first and the most important reason for
choosing the species is becanse it is categorized under the
“Least Concern™ or LC category by the TUCN (TUCH,
Conservation Intemational and NamreServe 2006; Am-

becanse of its wide distribution, its tolerans
range of habitats and its large and swb
Therefore, ming this species will not pui

sentinel species. F. [i
food in some countries
and MatureServe 2006), i

:poduplmnhnpuhﬂ '-

in Mas Tao and Mae Pa in Mae

DiSinict, Tak Province.
ik M b akdl) B

The con

16%45' 13" N, 93"’3 i.l

Tao Creek. Te
elevated cadmium lev hhpﬁﬂyﬂjﬂdﬁu
“%’ﬁmﬁﬂ
munﬂ

the potential contaminated plume. Preliminary analysis

w 0.0020 mgd. (water) and 01013 o 0.2206 mg/kg
(sediment).

Frogs were individually subjected to cold anesthesia
before killed by double-pith at brain and spinal cond. The
liver, kidney snd gonad were removed and weighed. Tissue
and whole organism samples were dried in an oven at 80°C
10 a constant weight. The samples were then subjected 1o a
microwave digestion procedure with concentrated mnitric
acid followed by cadmium determination using Graphite
Pumnace Atomic Absorption Spectrometer (AAS ZEEnit

Smdent-Newman Kenls test uwsing the

] ho 1 mnlqushqm‘:nﬂmhnh
v'g,.‘ ht from both sites. Hepatic cadmiom in
sht from Mae Pa ranges from 0.044 1o
the otber hand, in F. limnocharis canght
oy the range is from 0.199 to 3.543 mg/'kg.
o frogs are between 4.5 and 32.2 timea
han Mae Pa frogs. Frogs in both sites show similar
ol of hepatic cadmium when compared seasonally.
h sites, bepatic cadmium concentration is the highest
ing the early rainy sesson (Aprl, May and June).
Or el inﬂuy.thruﬂlmlhﬁrninﬂ;. Ib.
son] cadmium in F. Emnocharis canght
npss from 0239 w 1715 mghkg In
from Mae Tao, the mnge is from
. The result showed that Mae Tao
m concentration of between 5.5 1o
n Mae Pa frogs. Seasonal fuctuation-

16.2 times high

lnﬂnlﬂpuﬂ wise, renal cadmium concentration is the highest during the

riny season for Mae Pa frogs and during the late dry

ovarian cadmium revealed that

by Huay Luek Creek and not on the path of c:dmnn in F. Imm :qh&uu Mae Pa and
Mas Tap. The graph showed that testicular cadmium in

showed that the cadmivm concentrations from the con-  F. limnocharis caught from Mae Pa ranges from 0.044 to

taminated site ranged from 0.0019 to 0.002] mg/L in water
samples, and 2 9260 10 3. 2888 mp/ky in sediment samples.
The concentration ranges at the reference site were 0.0018

€) springer

1.089 mg/kg. Meanwhile in F. imnocharis canght from

Mae Tao, the range is from 0.266 o 4.626 mg/kg. Sie-
related comparison shows that testicular cadmium
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betweens
concentration in Mas Tao frogs are betwes
times higher than Mae Pa frogs. For frogs i
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ed that in both sites, renal cadmivm concentration is
be highest while ovarian cadmium concentration is the
; he result is in line with bioconcentration
nalysis whor: for both sites, kidney showed the

The results for whole offlesma
in Fig. 14 Whole organismal/eadmi
¥ Eshutroute STy
0.045 mg/kg. On the other F. li
from Mae Tao, the range is from 0,180

R L

Renal cadmium concentration in Mae Pa frogs are between
29 and 68 times higher than hepatic cadmium concen-
tration. In Mas Tao frogs, the renal cadmium concentra-
tions are between 2.7 and 9.5 times higher than hepatic
cadmium concentration. Tissue-by-tissue comparison

100549 mghg. To e of the

{bipconcentration factor (Fig. 2b). The
. i oconcentration factor in kidney is
2P frogs and 3,672.32 for Mae Tao frogs.
b Vogiatzis (2002) reported that liver is
target organa of cadmium accumulation in
Louwmbourdis and Wy

apparent. This may be
because the liver is the primary accumulation site while the
kidney is the final accumulation site. Loumbourdis et al.
(2007) reported that cadmivm may gain entry inte hepa-
tocyles via endocylosis mediated by Fe binding protein
such as ferritin, In the liver, cadmiuwm will bind with

€ Springer
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Fig. 2 Comparison of & {a)s- (b} 000 -
average cadmiumn level and b
cacmium boconoentran oo 81 A0
factor in F. lmnocharis cought 20004
from Mas Sof, Tak H

ET]

000

Arers idsey  wvwy baatis  wha'le body

Ligwe
metallothionein or stay as . ce site. This is expected because cadmium
Free cadmium from liver is 310 dcant directly targets testis (Lee 1983),
intestinal lumen by the iy, all the frogs used for the analysis of whole

drmiiurn weighed less than two grams. In these
will enter the blood stream thg of organs, especially kidney and testis was
culation, Cadmium will the: pote ariogs - rah afore, for these small frogs, whole
et orgams, saposkilly Hidnend sfovg ot body dadmiim analyses were performed. We have inch-

duct Some of the cadmium

life span of the frog, cadmiug ‘ % .

mulated in the liver, and then =4 ] icipate that [n the futire, not all field sampling activities
far, there has been no account on #¥het 1o have a yield of large frogs. In this case,
kbidney is excreted or not. Hene .it Lt Joinstead of determining cadmium accumulation in organs
cadmium that accumulates in the kidney = issies, whole organismal cadmium accumulation may
there. High cadmiom accumulation m 1 hetier choice of analysis. In cur stody, we found out

reported by vanous other studies. The b there were significant differences in whole organismal

mium accumulations were found in m level and whole organismal cadmium bioaccu-
and Blust 2003), Saho Etween F. limnocharis canght from con-
ridibunda (Loambourdissgiosl hose from reference site. Frogs from
[ﬁmuﬂ.:nﬂi]uﬂ - bad higher whole organismal cadmium
et al, 2001). organismal cadmium bicaccumulation

While kidney showed ,hmwhmupuuuhﬁunw

than liver, we also found buﬂ:mmnjrmubh Iﬂim erminition in large frogs is not available, the nse
indicators for binmniwﬂn; dmiurn whole organismal cadmium in small frogs is also con-
This is becanse both bep g piu - indigator for biomonitoring of cadmium
o b

site. q 10 season, we found that the highest cadmium accumulation

MmﬁmﬁMMWI‘m mnﬂn&uduﬂn;lhﬂdnrmwhtqm
eTeric e : n thess two seasons are

tiszues are developing
: o y takes place. Zug et al

oVArY }'hnmnm:hluwmhhudmhu— {ZMI}miﬂiurﬂnﬁnhmdme-:jmm
monitoring of cadmium sccumulation. However, this sudy  of timing of reproduction. AmphibiaWeb (2008) confirmed
found out that high cadminm sccummiation is found in the  this by stating that the breeding of the F. limnocharis is
testis. This is shown by the high testicular cadmivm  triggered by rain and it is wsnally the first species to come
and high testicular cadmium bicconcentration factor in 1o the calling sites. In onder for the ree frog 1o be the first
F. limnocharis from the impacted site as compared tothose  species 1o come 1o the calling sites during the early rainy

€ springer
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season, their ovaries and testes will have 1o start develop-
ing and maturing during the late dry season. Reproductive
tissues development and maturation requires energy, hence
the frogs would have o increass food and water intake
during the late dry scason for these purposes. Druring the
carly rainy season, the acteal breeding occurs, and again
these efforts require alot of coergy. Zuog et al. (2001 ) stated
that egg development would constitute a large portion of
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