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Alterations of biochemical parameters in malformed Indian
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Abstract

The purpose of this study is to investigate the factors that cause malformed frogs in upstream Kaoping river

(KP site) and Tungkang river (T site) of Southern Taiwan.  In this experiment, the activities of monooxygenase

(MO), glutathione-S-transferase (GST), acetylcholinesterase (AchE) as well as the concentration of vitellogenin

(Vg) in the liver were measured. Results show that activities of MO, GST and AchE, and Vg levels in normal

frogs (male/female) were 0.09±0.02/0.09±0.01 ∆A min-1 mg-1 protein, 0.12±0.04/0.13±0.04∆A min-1 mg-1

protein, 6.13±2.69/6.01±2.09 U mg-1 protein and 0.87±0.42/2.18±0.50 µg mg-1 protein, respectively. Activities

of MO, GST and AchE, and Vg levels in malformed frogs (male/female) were 0.15±0.04/0.21±0.07∆A min-

1 mg-1 protein, 0.27±0.08/0.30±0.12∆A min-1 mg-1 protein, 4.59±2.71/5.19±3.74 U mg-1 protein and 1.46±0.61/

3.15±0.88µg mg-1 protein, respectively in KP site, and were 0.16±0.69/0.18±0.07∆A min-1 mg-1 protein,

0.21±0.07/0.24±0.08∆A min-1 mg-1 protein, 5.13±4.58/3.94±1.33 U mg-1 protein and 2.23±1.47/4.11±1.63

µg mg-1 protein, respectively in T site. These results indicate that male and female malformed frogs in both

rivers upstream are found with higher activities.  No significant difference in AchE activity was found between

normal and malformed frogs in this investigation. It is therefore reasonable to speculate that the organic chemicals

released from agricultural activities are presumable the main factors that lead to the malformation of frogs.
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Introduction

Since 1990’, discovery of malformed frogs has been

continually reported around the world (Rodriguez-Prieto and

Fernandez-Juricic, 2005).  Anurans complicated life cycle and high

sensitivity to changes of environmental condition make them a good

bio-monitor for environmental contamination (Venturino et al., 2003;

Collins and Storfer, 2003). Thus, the appearance of malformed

frogs in the environment needs to be concerned, not only because

of the existence of potential teratogenic materials in the natural habits

where malformed frogs are observed, but also because of the fact

that  local residents might have been exposed to the teratogenic

materials and are at the risk of malformation (Loman and Andersson,

2007). To date, three hypothetic causes are proposed to explain

the malformation happened to frogs. Firstly, the ozonosphere is

becoming thinner, allowing stronger ultraviolet radiation to reach

the surface of the earth; thus, the radiant energy alters the expression

of genetic materials which control growth and development of

organisms, and consequently resulting in frog malformation (Ankley

et al., 2004; Ankley et al., 2002; Bruner et al., 2002).  Secondly,

many pollutants appeared in the water, such as pesticides

(methoxychlor), xeno-estrogen (diethylene glycol), heavy metal

(copper), and etc., are also believed to cause the formation of
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malformed frogs (Fort et al., 2004c; Fort and Paul, 2002; Fort et al.,

2004b).  Finally, frog malformation was also considered as the

result of parasitic (Ribeiroia ondatrae) infection (Johnson et al.,

2001). However, none of above hypotheses can be conclusively

proven with existing evidence till now (Burkhart et al., 2000; Cohen

Jr, 2001; Blaustein and Johnson, 2003; Budischak et al., 2008).

Stress responses in biological system—the changes of

enzyme activity or protein expression, for example, are innate

mechanism for wildlife to survive in oddest circumstance when facing

xenobiotic contaminants which affect them (Bhattacharya, 2001).

Besides, although the specificity is of concerned, levels of some

detoxication signals correlate to xenobiotics exposure with dose-/

time-dependent manners. For example, when animals expose to

organic pollutants, such as dioxin, PCB and pesticides, increase of

hepatic monooxygenase (MO) and glutathione S-transferase (GST)

activities are observed (Hugla and Tome, 1999; Bhattacharya,

2001; Brogdon et al., 1997; Schulz et al., 2000). Similarly, inhibition

of acetylcholinesterase (AchE) activity is observed in animals

exposed to organophosphates and carbamates pesticides, as well

as elevated level of vitellogenin (Vg) is recorded after exposure to

xeno-estrogen (Bainy, 2000; Rodas-Ortý´z et al., 2008; Kumari

and Sinha, 2006). Thus, these parameters are also generally

accepted as potential biomarkers for the exposure to organic

xenobiotics.

According to Huang et al. (2010), the appearance rate of

malformed frogs in the upstreams of Kaoping river and Tungkang

river, Southern Taiwan, are 1.8 and 2.6%, respectively. Previous

studies have demonstrated that abnormal development or

malformation appeared in fish and frogs when exposed to

organophosphates pesticides, carbamates, and xeno-estrogen

during their developmental stages (Urushitani et al., 2002). The

main purpose of the this study was to measure monooxygenase

(MO), glutathione-S-transferase (GST) and acetylcholinesterase

(AchE) activities, and Vg levels in both normal and malformed frogs.

Materials and Methods

Indian rice frogs, Rana limnocharis, were collected

during September to November, 2008 in the drainage basins of

the upstream Kaoping (KP: 22o42.487N, 120o27.706E) and

Tungkang (T: 22o37.897N 120o36.282E) rivers and an out

group (OG: N22 58.835 E120 30.103) study site where the

natural environment was rarely disturbed by human activity,

in Southern Taiwan (Fig. 1). Per the visual method of amphibian

collection in the night, during19:00 to 21:00 (Lin and Lue, 2004;

Huang et al., 2010). Normal frog samples were collected from

out group (OG) site and from KP+T site (namely, the Kaoping

and Tungkang river upstream), while all of the abnormal frog

samples were only collected from KP site as well as T site.

After sampling, live frogs were immediately moved to the

laboratory for determining the biochemical parameters, including

hepatic MO, GST, AchE activities and Vg levels. The density of

frogs distributed was calculated as numbers of frogs counted

per 100 m2.

Tricaine methanesulfonate (MS-222), 3, 31,5,51 -tetramethyl

benzidine’, sodium acetate, equine 1-chloro-2, 4-dinitrobebzene

(CDNB), reduced glutathione (GSH), and trichloroacetic acid were

purchased from Sigma Chemical Company, USA.

Biochemical examination: After the frogs were anesthetized with

MS-222, liver was dissected out followed by homogenization by a

teflon pestle (Kontes, Vineland, NJ, USA) in ice-cold 25 mM Tris-

HCl containing EDTA (0.5 M, pH 8). The homogenate was then

Fig. 1: Location of study sites in the Kaoping and Tungkang river basins. OG = Out group site; KP = Kaoping river upstream; T = Tungkang river upstream
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centrifuged at 10,000x g for 20 min at 4oC, and the supernatant was

collected and stored at -20oC until analysis.

Determination of monooxygenase (MO) activity:

Monooxygenase activity was measured based on the modified

method previously described by Brogden et al. (1997) and

Hemingway(1998). Briefly, the assay was started by adding 2 µl of

supernantant into 200 µl of work reagent in the microplate. The

working reagent was prepared by dissolving 10 mg 3, 31,5,51 -

tetramethyl benzidine in 5 ml methanol and 15 ml of 0.25 M sodium

acetate. The optical absorbance at 650 nm was recorded by

microplate reader (Power ware 340, BioTek, USA) following further

addition of 25 µl of 3% hydrogen peroxide into the plate. The MO

activity was calculated as ∆A
650mm

 per hour.

Determination of glutathione-S-transferase (GST) activity:

Glutathione-S-transferase activity was assayed by the method
provided by Brogden and Barber (1990), which used 1-chloro-2,

4-dinitrobenzene (CDNB) and reduced glutathione (GSH) as
substrates for the enzyme reaction. When measuring, 20 µl of liver

supernatant was added into 200 µl of work reagent, which was

made by addition of 125 µl of 63 mM CDNB solution into 2.5 ml 10
mM GSH solution. The optical absorbance at 340 nm was recorded

by microplate reader (Power ware 340, BioTek, USA), and the
GST activity was calculated as ∆A

340mm
 per min.

Determination of acetylcholinesterase(AchE) activity:

Acetylcholinesterase activity was determined using MERCK

acetylcholinesterase assays kit (Cat. NO. 1.12131, Germany), based
on an thiocholine produced by the action of AchE forms a yellow

color with 5,5’-dithiobis (2-nitrobenzoic acid) that could be measured
absorbance at 405 nm.  AchE activity was calculated as followed ,

AchE activity (U/l)=(∆A
405mm

/min)×15.2 (Ellman et al., 1961; Brogdon
and Barber, 1987).

Determination of vitellogenin (Vg): Vitellogenin-like protein level

in the liver suppernatant was determined using alkali-labile

phosphate (ALP) measurement assay as previously described by
Huang et al. (2006). Mixture of supernatant (50 µl) and ice-cold

20% trichloroacetic acid (50 µl) was incubated at room temperature
for 15 min, followed by centrifugation at 10,000 × g for 10 min at 4oC.

The protein pellet was resuspended in 200 µl 1 M NaOH and then

heat-treated at 75oC for 60 min before measurement. The level of
free phosphate was determined by the phosphomolybdenum

method (Stanton, 1968), and the optical absorbance at 600 nm was
recorded by microplate reader (Power ware 340, BioTek, USA).

Statistical analysis: Statistic software SPSS ver. 12.0 (SPSS,
2003) was used for the statistical analysis. Hepatic MO activity, GST

activity, AchE activity and level of Vg protein of the frogs collected in
three study sites (KP, T, and OG) were statistically compared by

one-way ANOVA and the post-hoc Duncan’s analysis (p<0.05).

Results and Discussion

In the present study, 3,905 frogs (male/female, 1,686/2,219)

were collected and 108 frogs (male/female, 52/56) among them

were measured for biochemical parameters. The average densities

of R. limnocharis distributed in KP, T, and OG sites were 1.37, 0.87,

and 1.67 individuals m-2, respectively. The malformation rates of

frogs found in these three sites were 1.67 (malformed/total, 22/

1,367), 3.34 (malformed/total, 29/868), and 0.12% (malformed/

total, 2/1,670), respectively. The results off this study were nearly

comparable to those of the previous one, which investigated from

2006 to 2007 (Huang et al., 2010), who reported the existence of

malformed R. limnocharis in KP and T areas.

Embryonic teratogenesis and developmental toxicity after

exposure to pesticide have been demonstrated in aquatic

amphibians- Xenopus species (Fort and Paul, 2002; Fort et al.,

2004a,b). Lands around the upstream regions of KP and T sites

are heavily utilized for agricultural activity (EPB/Pingtung-County,

2006). In this study, we have measured several kinds of response

signals in both normal and malformed frogs collected from our study

sites.

The results of hepatic MO and GST activities in male and

female R. limnocharis collected from study and OG sites are shown

in Fig. 2 and 3. In OG site, the MO activities of female and male frogs

b
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a

Fig. 2: Monooxygenase activity (∆A 30min-1 mg-1 protein) of (a) female

and (b) male frog in liver from different study site. Error bars represent the

S.D. of the mean. Multiple comparisons with different letters are significantly

different (p<0.05). OG = normal individual collected out group site;

KP+T = normal individual collected from KP and T site; KP and T=

malformed individual collected from Kaoping and Tungkang river upstream,

respectively
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were 0.09±0.02 and 0.09±0.01 ∆A min-1 mg-1 protein, respectively,

as wall as the values of GST in male and female were 0.12±0.04

and 0.13±0.04 ∆A min-1 mg-1 protein, respectively.  Both hepatic

MO and GST activities in normal frogs collected from KP+T sites do

not significantly differ from those collected in OG site. However, both

male and female malformed frogs from KP and T sites show

significantly higher MO (KP site— male/female frogs: 0.15±0.04/

0.21±0.07∆A min-1 mg-1 protein, respectively; T site—male/female

frogs: 0.16±0.69/0.18±0.07∆A min-1 mg-1 protein, respectively) and

GST (KP site— male/female frogs: 0.27±0.08/0.30±0.12 ∆A min-1

mg-1 protein, respectively; T site—male/female frogs: 0.21±0.07/

0.24±0.08∆A min-1 mg-1 protein, respectively) activities compared

with those of normal frogs (p<0.05). MO and GST are important

enzymes that play critical roles in detoxification systems of organisms.

Also, the expressions and activities of enzymes have been reported

to be affected by certain xenobiotics, such as pesticides and aflatoxin

in dose- or time-dependent manner (Brogdon et al., 1997; Hugla

and Tome, 1999; Schulz et al., 2000; Bhattacharya, 2001). After

exposure to organic chemicals such as aldicarb (Wang et al., 2001),

carbamate insecticide, DDT (Kupfer et al., 1979), Dioxin (Dragin et

al., 2006), PCB (Stouvenakers et al., 1995), and polycyclic aromatic

hydrocarbons (Marsili et al., 2009), the increase in hepatic MO

activities in animals studies has been observed. Similarly, enhanced

hepatic GST activity has been reported in rainbow trout

(Oncorhynchus mykiss) if exposed to pesticide (Tierney et al.,

2008). Therefore, the elevated MO and GST activities, which are

observed in malformed frogs found in KP and T sites, provide a

clue that these frogs are exposed to organicchemicals not appearing

in OG site.

High levels of anti-cholinesterase toxicants such as

organophosphate and carbamate pesticides cause acute inhibition

of AchE activity, consequently resulting in muscular twitching, extreme

weakness, and paralysis (Klaassen, 2001). These chemicals also

cause damage to nerve cells, leading to abnormal development

and/or paralysis mainly in the legs after chronic exposure (Kumari

and Sinha, 2006). These demonstrations inspired us to examine

the AchE activities in malformed frogs, whose malformation might
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a

Fig. 3: Glutathione-S-transferase activity (∆A min-1mg-1 protein) of (a)

female and (b) male frog in liver from different study site. Error bars

represent the S.D. of the mean. Multiple comparisons with different letters

are significantly different (p<0.05). OG = normal individual collected out

group site; KP+T = normal individual collected from KP and T site; KP and

T= malformed individual collected from Kaoping and Tungkang river

upstream, respectively
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Fig. 4: Acetylcholinesterase activity (U mg-1 protein) of (a) female and (b)

male frog in liver from different study site. Error bars represent the S.D. of

the mean. Multiple comparisons with different letters are significantly different

(p<0.05). OG = normal individual collected out group site; KP+T = normal

individual collected from KP and T site; KP and T = malformed individual

collected from Kaoping and Tungkang river upstream, respectively
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probably result from the toxic effects by anti-cholinesterase pesticides.

However, our results showed that the AchE activities in the normal

and malformed frogs collected from all study sites were not significantly

different, although the average values from malformed frogs were

lower than those from normal frogs, which the AchE activities in male

and female were 6.13±2.69 and 6.01±2.09 U mg-1 protein

respectively (Fig. 4). While further investigation was needed, the

malformation that occurred in R. limnocharis might not be a result of

toxic effects by organophosphate and carbamate pesticides.

The abnormal expression of Vg has been proposed as an

ideal biomarker for monitoring xenoestrogen exposure (Huang et

al., 2006; Rodas-Orti’z et al., 2008; Blaise et al., 1999). In this

study, the Vg levels of normal female and male frogs collected from

OG site were 2.18±0.50 and 0.87±0.42 µg mg-1 protein respectively,

which were very close to those of normal frogs collected from KP+T

a. Female

b
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a
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 OG (Out group)      

 KP+T 

 KP (Kaoping river) 

 T    (Tungkang river)

b. Male

b

ab
abab

 OG (Out group)      
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 KP (Kaoping river) 

 T    (Tungkang river)

Fig. 5: Concentration of vitellogenin in (a) female and (b) male frog liver

from different study site. In box and whisker plot, the bottom of each box is

the 25th percentile, the top is the 75th percentile, the line in the middle is the

mean, as wall as whisker represent the minimum and maximum of the

study population. Multiple comparisons with different letters are significantly

different (p<0.05). OG = normal individual collected out group site; KP+T =

normal individual collected from KP and T site; KP and T = malformed

individual collected from Kaoping and Tungkang river upstream, respectively

sites (Fig 5). We found that, however, the Vg levels in female

malformed frogs collected from KP and T sites, significantly increased

to 3.15±0.88 and 4.11±1.63 µg mg-1 protein, respectively (p<0.05,

Fig. 5a). Similarly, elevations of Vg were also observed in male

malformed frogs collected from KP (1.46±0.61 µg mg-1 protein) and

T (2.23±1.47 µg mg-1 protein) sites (Fig. 5b). From these important

findings, it can be supposed that the malformed frogs we found in KP

and T sites were exposed to chemicals possessing xeno-estrogenic

activity, which was not apparently measured in OG site.

It is reported that livestock, wastewater and agricultural

chemicals constitute the major contamination sources in upstream

regions of Kaoping and Tunkang rivers (EPB/Pingtung-County,

2006). Exposure of organisms to agricultural chemicals such as

insecticide, herbicide and bactericide, has been reported to cause

the induction of hepatic MO and GST activities, and deformation as

well (Tierney et al., 2008). The class of chemicals specifically lead

to the generation of malformation in these frogs is not known.

However, it has been found that malformed frogs performed higher

hepatic MO and GST activities than those of normal frogs collected

in both study sites (KP and T) and OG site, which might be the result

of exposure to xenobiotics. Furthermore, higher Vg levels in

malformed frogs might also be due to exposure of xenoestrogenic

chemicals. High malformation rate has been observed in tortoise,

alligator and fish after exposure to xenoestrogen during their

embryonic and developmental stages (Urushitani et al., 2002;

Bernanke and Kohler, 2009). Hence, malformation that appeared

in R. limnocharis might be possibly due to the effect of some organic

xenobiotics possessing xenoestrogenic activities.

These results provided a possible explanation that some

kinds of xeno-estrogenic materials along with other chemicals might

be the causative factor for the malformation in frog.
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