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Abstract: Relatively recent discoveries of the ecosystem disrupting properties of some fungicides have

raised interest in how contemporary pesticide exposures ,which primarily take the form of low level

environmental or occupational exposures, impact hepatic enzymes and the pathology of the liver and

kidney tissues. The target organism was Ophiocephalus leucopunctatus , a high edible value fish grown

in rice fields. Tricyclazole the speculation fungicide is a moderately toxic triazole fungicide used in the

rice fields to control Rice Blast disease. The LC50 value of the fungicide to the target species was 15ppm

and curiously the fungicide was used at 1000ppm concentration in the fields. This prompted us to review

the effects of the fungicide on the target organism in the fields or as runoff from the fields to nearby

lakes or ponds. The Sub Acute study was designed to study the fungicide effects in field and in runoff

environment. The Biochemical parameters studied were the hepatic enzymes Alkaline phosphatase

(P<0.0001) and with confidence limits 95%  and Alanine Transaminase (P<0.0001) and with confidence

limits 95% which revealed a concentration dependant increase in the values with days of exposure.  ALP

values at Day 3: High Concentration(HC): 38.2±0.456,Control(C):18.62±0.038, Day 6: HC:40.5±0.565,

C:19.32±0.028,   Day 9 :HC:41.6±0.141, C:19.46±0.014. ALT values at Day 3: High Concentration(HC):

61.6±0.554, Control(C):40.3±0.540, Day 6: HC:63.2±0.432,C:41.1±0.489, Day 9 :HC:64.6±0.303,

C:42±0.502.The pathological alterations observed in the liver include melanomacrophage aggregation,

vacuolation of cytoplasm, pyknotic nuclei and severe focal necrosis.The mean DTC value for liver was

72.91±68.75 suggesting the damages were severe. Kidney sections showed Nephrocalcinosis ,cellular

rupture and decrease in Bowmann’s space. The mean DTC for kidney 52.583±46.33indicating the damages

were moderate to severe. A close look at the results of the study at Biochemical and Pathological fronts

suggest that the fungicide has deleterious effects on the fish in field and also as runoff water to adjacent

water bodies. Further insight into the study suggest the accumulation of the fungicide in the fish muscle

and tissues suggesting their accumulation in humans on consumption.
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INTRODUCTION

The release of natural or synthetic substances is

one of the important factors in the degradation of

biosphere by human activities .[2]

Presently there are no ecosystems free from traces

of human activity because even areas of unknown

habitation are contaminated by pollutants carried by

movement of air masses or by marine and oceanic

currents. It has become clear that in the long term the

health of human populations depends to a larger extent

on the quality of their environment .[2]

Agricultural, industrial and domestic effluents

generally contain a wide variety of organic and

inorganic pollutants, such as solvents, oils, heavy

metals, pesticides, fertilizers and suspended solids [10]

and are invariably discharged into small rivers and

streams, without proper treatment. Such contaminants

change water quality and may cause many problems to

fish such as diseases and structurall alterations. .[4]

Tricyclazole is an azole systemic fungicide which

falls under the category of moderately toxic

pesticides.It is used for application in irriagated paddy

fields for control of Rice Blast disease caused by the

Blast fungus Pyricularia grisea.

Symptoms of Tricyclazole poisoning in humans

include  headache,giddiness, nausea,vomiting and

convulsions.
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At present in India, Tricyclazole is sprayed at

1000mg/L to effectively control the Blast disease in

rice fields as given by Agricultural Meteorology

Division, Indian Meteorological Department, Pun, India,

October, 2007.

The Acute Toxicity Study  of Tricyclazole

(75%)on Ophiocephalus leucopunctatus brings to vision

that the fishes can not be raised in ricefield as in

earlier days due to agricultural modernization, it had

been devised that the lethal concentration of the

chemical to the fish is 15mg/L which is very much

below the spraying rate in the fields .[13]

A biomarker is a biological change which can be

observed or measured at molecular biochemical,

cellular,physiological or behavioural level that reveal

it’s present or past exposure to atleast one polluting

chemical substance.

The biomarker’s used in the present study are the

hepatic enzymes Alkaline phosphatase(ALP) and

Alanine transaminase(ALT).Increased serum ALT and

ALP levels can accompany hepatocellular injury or

necrosis. With cell injury or death ALT and ALP (a

“leakage enzyme) escapes from the cytosol.

Determination of their activity is a relatively sensitive

indicator of hepatic damage in fishes.

Biochemical, physiological and histopathological

changes have the potential to act as integrative

measures at suborganismal level to indicate adverse

conditions antecedent to population level effects.

As mentioned earlier the Acute Toxicity Study of

Tricyclazole(75%) on O.leucopunctatus was devised as

15mg/L and the current concentration sprayed in the

fields is 1000mg/L ,this brings to vision the

unsuitability of culture of fishes in rice fields due to

agricultural modernization. Hence the present study was

devised to investigate the effects of sublethal

Tricyclazole concentrations on biochemical and

ultrastructural alterations on the edible fish so that this

evidence could then be used to determine the possible

adverse effects of Tricyclazole on human populations.

Fishes have an important role in the food chain

,therefore investigation of the effects of pesticides on

fish have a diagnostic significance in evaluation of

adverse effect of pesticides on human health.

MATERIALS AND METHODS

Experimental  Animal: Ophiocephalus  leucopunctatus

is  the  largest  of its  family Ophiocephalidae of  the

order  Acanthoptrerygii. The  fishes  weighing  8±2

gms , measuring  6 to 8 cms  in length  and 4 to

6months of age  were   procured  from  the  Pondi 

lake, Chennai , Tamilnadu . The  healthy  and  active 

fishes  were  sorted  into  groups  of  10  each  and 

were  acclimatized  to  laboratory  conditions  for  10 

days. They  were then fed  with  the  market 

available  fish  food  once a day  which  was

dispersed in  the  experimental  water medium. Daily 

change  of  water  and  continous  aeration  were  the 

initiations  to  prevent  hypoxic conditions. After   the

acclimatization period, the fishes were subjected   to

experimentation.

Test  Material: For  the  present  study  Tricyclazole 

was  obtained  from  Jiangsu  Ruidong  Pesticide 

Co.,Ltd.  China  through  Plant  Remedies  Pvt.Ltd. 

Patna .Tricyclazole  is  termed  as  a   Melanin 

Inhibitor  (MBI)  intended to  control    Rice  Blast 

disease  caused  by  the  fungus  Pyricularia  grisea, 

the  disease  is  charecterised  by  large  brown 

lesions  in  the  stem  and  leaves  of  the  rice 

plant.  Tricyclazole    belongs  to  the  azole  group

of  chemicals  with  a  molecular  weight  of  189.4. 

 Tricyclazole  is  the  common  name  and  the 

chemical  name  being  5-methyl-1,2,4-triazolo(3,4-b)-

benzothiazole (CAS,IUPAC) .  It’s  physical  state  is 

crystalline  solid,  It is soluble  in  water  and 

insoluble  in  chloroform, ethanol and  methanol. It has

a validity period of 2 years after the seal removal.

Sub Acute Study: Experimental design for subacute

exposure: Based on the results of the acute toxicity

50 study, doses of 1/10, 1/20 and 1/40  LC values ofth

Tricyclazole (75%) technical were selected for subacute

exposure following the procedure of (Desi et al .,1985).

The experimental set up was kept for 10 days. The

fishes were grouped into 4 batches of 6 each. The first

group served as control which had no chemical

dissolved in the medium and were maintained along

with other three test groups. The chemicals of required

dosage were weighed and mixed directly into the

known quantity of water, into which the fishes were

introduced and maintained. A daily change of water

with respective concentration were made in order to

maintain the fishes in same concentration of chemicals

throughout the treatment period. The photoperiod was

a 14:10 light/ dark cycle. Water temperature ranged

from 23 to 26NC. During the experiment residual food

in the test chambers was removed everyday and 80%

of the volume was renewed once every 2 days. The

test equipment and chambers were cleaned once a

week. The fish tanks were continuously aerated to

relieve oxygen concentration depreciation and the fishes

were fed with pelleted fish feed for nourishment. 

Sampling:

1 .B io c h e m ic a l  A n a ly s i s :  F o r  B io c h e m ic a l

investigations, For Biochemical investigations ,the

caudal peduncle of fish was cut ,blood was collected in

non- heparinised tubes. The blood was immediately
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centrifuged at 1500rpm for 10minutes.Serum was then

removed and stored at 4EC prior to immediate

determination of biochemical parameters. The ALP and

ALT levels were estimated according to the methods of

Reitman and Frankel  .[12]

2.Histopathological Procedures: At the end of the Sub

Acute study the fishes were anaesthetized with

benzocaine (0.1g/L) and then sacrificed by cervical

section. Pieces of liver and kidney were excised, rinsed

in physiological saline and fixed in aqueous Bouin’s

fluid for 8 hours. The tissues were dehydrated in an

ethyl alcohol series of ascending concentrations,

embedded in paraffin and sectioned at 5mm.The tissue

sections were stained with haematoxilin- eosin(HE)

stain.

The presence of histological alterations for each

organ was evaluated semi quantitatively by the Degree

of Tissue Change(DTC)  which is based on the

severity of lesions. For DTC calculation (modified from

Poleksic and Mitrovic Tutundzic  the alterations in[11]

each organ was classified in progressive stages of

damage to the tissue:

Stage1: Alterations which do not alter the normal

functioning of the tissue.

Stage2: Which are more severe and impair the normal

functioning of the tissue.

Stage3: Which are severe and cause irreparable

damage.

A Value of DTC was calculated by the formula:

DTC= (1x S1) + (10xS2) + (100xS3)

where 1,2 and 3 correspond to the number of

alterations of Stages 1,2 and 3 respectively.DTC values

between 0 and 10 indicate normal functioning of the

organ; values between 11  and 20 indicate slight

damage to the organ ; values between 21 and 50

indicate moderate changes in the organ; values between

50 and 100 indicate severe lesions and values above

100 indicate irreversible damage to the organ . [11]

Statistical Analysis: One way Analysis of Variance

was performed based on the methods of Winer  on[14]

the Biochemical parameters.

RESULTS AND DISCUSSON

The study was carried out with the vision of

assessing the toxic effects induced by the fungicide on

the edible fish Ophiocephalus leucopunctatus which is

grown in the rice fields as a method of integrated fish

farming from older days. Tricyclazole (75%) is a

fungicide   used in ricefields to control the Blast

disease in the rice crops Pyricularia grisea .The current

concentration of Tricyclazole used in the fields is

1000mg/L and the 96 hour Acute Toxicity LC50 value

of Tricyclazole for the fish was devised as 15 ppm

(15mg/L) making the culture of this fish in rice fields

unsuitable. This scenario of Agricultural modernization

prompted us to analyze the toxic changes the fish

would possibly undergo in this environment by

studying the Biochemical and Histopathological

alterations .These alterations would probably indicate

their suitability for public consumption and related

complications due to toxin Bioaccumalation and

Biomagnification.

Sub Acute Study: Mortality was not observed in the

Sub Acute Study during the 10 day period. Darkening

of body colour from brown to black was observed in

the test groups.This feature is hypothesized to be due

to skin sensitivity as a result of physiological stress

induced by the chemical in the medium.

Biochemical Analysis: Alkaline Phosphatase (ALP)

and Alanine Transaminase (ALT): Analysis of Variance

(ANOVA) results of sublethal exposure to Tricyclazole

(75%) indicated significant (P<0.0001) and confidence

limits 95% dose dependant elevations in ALP and ALT

levels in serum. The ALP and ALT values were

quantized at time intervals of 3 ,6 and 9 days as

summarized in (Table 1 )and (Table 2) respectively. 

ALP values at Day 3: High Concentration(HC):

38.2±0.456, Control (C): 18.62±0.038, Day 6:

HC:40.5±0.565,C:19.32±0.028, Day 9 :HC:41.6±0.141,

C:19.46±0.014.

ALT values at Day 3: High Concentration(HC):

61.6±0.554, Contro l(C): 40 .3±0.540 , Day 6:

HC:63.2±0.432,C:41.1±0.489,   Day 9 :HC:64.6±0.303,

C:42±0.502.

The results of Biochemical estimation of ALP and

ALT enzymes in Liver sections of the test species

display a consistent increase in their values in the days

of observation, but there is a wide difference in the

values between the test groups and the control

especially the high dose and control. This parameter of

observation brings to light the toxic influence of the

fungicide on the fish is high as the values of both ALP

and ALT enzymes doubles with respect to control

groups.

Atef  reported significant elevations of ALP after[3]

exposure to cadmium and attributed the increase to

liver dysfunction.ALP is made in the liver, membrane

bound close to the biliary canaliculus, secreted into the

bile and and it’s increase principally indicates

cholestasis. The increased activity of ALP in fish is

linked to the increased catabolic tissue breakdown in

melanomacrophage centres .[1]
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Table 1: Effect of Sublethal concentrations of Tricyclazole on ALP enzyme  content in liver  tissue of O. leucopunctatus

Exposure Treatment M ean ± SD Standard Upper Confidence Lower Confidence F-Value P-Value

Period (days) Groups (ppm) Error (SE) Limits(ppm) Limits(ppm)

9 Control 19.46±0.014 0.005 19.469 19.451 22996.4 < 0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low 24.3±0.228       0.632 24.482 24.118

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate 33.2 ± 0.141 1.272 33.311 33.089

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 41.6 ± 0.141 0.003 41.711 41.489

6 Control 19.32 ± 0.028 0.011 19.34 19.30 3460.27 <0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low   23.2± 0.26 0.106 23.4 23.0

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate 29.2± 0.456 0.186 29.56 28.84

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 40.5 ± 0.565 0.230 40.95 40.05

3 Control 18.62± 0.038 0.015 18.64 18.60 3853.24 <0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low    22 ± 0.34 0.138 22.27 21.73

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate 28.4 ± 0.376 0.153 28.69 28.11

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 38.2 ± 0.456 0.186 38.56 37.84

Table 2: Effect of Sublethal concentrations of Tricyclazole on ALT enzyme  content in liver  tissue of O. leucopunctatus

Exposure Treatment M ean ± SD Standard Upper Confidence Lower Confidence F-Value P-Value

Period (days) Groups (ppm) Error (SE) Limits(ppm) Limits(ppm)

9 Control    42±0.502 0.204 42.399 41.601 3261.05 < 0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low 44.1±0.554      0.226 44.542 43.658

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate 54.6 ± 0.404 0.164 54.921 54.279

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 64.6 ± 0.303 0.123 64.841 64.359

6 Control 41.1 ± 0..489 0.199 41.49 40.71 2441.27 <0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low  43.3± 0.469 0.191 43.674 42.926

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate  53± 0.596 0.243 53.476 52.524

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 63.2 ± 0.432 0.176 63.544 62.856

3 Control 40.3± 0.540 0.220 40.731 39.869 2579.11 <0.0001

--------------------------------------------------------------------------------------------------------------------------------------------------------

Low    42 ± 0.493 0.201 42.393 41.607

--------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate 51.6± 0.236 0.096 51.788 51.412

--------------------------------------------------------------------------------------------------------------------------------------------------------

High 61.6 ± 0.554 0.226 62.042 61.158

The study reveals that the duration of exposure of

the fungicide on the fishes does have a very significant
effect as the enzyme value increases with days of

exposure. Moreover the concentration of the fungicide
used also affects the enzyme level .Thus it highlights

the fact that the increase in ALP and ALT enzyme
activities are directly proportional to the experimental

parameters time and fungicide concentration.

Yang and Chen have reported that the increased
ALT activity in common carp exposed to gallium may

reveal possible leakage of enzymes across damaged
plasma membranes and/or the increased synthesis of

enzymes by the liver. Increased activity of
transaminases indicates amplified transamination

process. An increase in transamination occurs due to

aminoacid input into the TCA cycle in order to cope

with the energy crisis during pesticide based stress.
Elevations in ALP levels are attributed to the increased

gene expressions due to long term requirement of
detoxification of pesticides.

Histopathological Studies: Liver  functions in the

digestion of food, the formation of excretory products,
the degeneration of complex cellular materials(e.g.

heamoglob in) , the  d e to x ifica t io n  o f unnatural
compounds, the synthesis of plasma proteins and the

maintenance of energy and vitamin stores. Because of
this functional complexity, and the dependence of liver

function on it’s structure any changes in Liver anatomy
become important consideration in the study of

diseased or abnormal organisms.
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Fig. 1: Liver Control

Fig. 2: Liver - Low

Fig. 3: Liver - Intermediate

The liver sections of control group exhibited

normal architecture and systematic arrangement of
hepatocytes. The alterations found in the tissue sections

of low dose group were melano macrophage
aggregation(Fig.2) which were identified as rounded

aggregates of cells containing dark yellowish granules
of various sizes. The function of melanomacrophages

in the liver of fishes remain uncertain, but some studies
have suggested that it is related to destruction,

detoxification or recycling of endogenous and
exogenous compound . Cytoplasmic vacuolation was[7]

observed as a common feature (Fig.2).
Pacheco and Santos  described increased[9]

vacuolization of the hepatocytes as a signal of
degenerative process that suggests metabolic damage

possibly related to exposure of contaminated water.
It is understood that the vacuoles in the cytoplasm

of the hepatocytes can contain lipids and glycogen

which are related to the normal metabolic function of

the liver. Depletion of glycogen occurs in these
stressed animals and glycogen acts as a glucose reserve

to supply high energy to animals in the toxic
environment. Disruption of the cellular membrane,

congestion of hepatocytes and bile stagnation which
was identified as brownish granules in the cytoplasm

were observed in the liver tissues of intermediate
group(Fig.3). Bile stagnation indicates that the bile is

not being released from the liver and possible damage
to the hepatic metabolism .[6]

Pyknotic nuclei and severe focal necrosis (Fig.4)
were diagnosed in tissues of high dose group which

could be visualized as damage caused by the chemical
to the hepatic tissues causing irrepairable damage and

evidenced as a Stage III lesion.

Fig. 4: Liver- High

Fig. 5: Kidney Control

The majority of alterations found in the Liver

tissues treated with Tricyclazole belonged to stages I
and II, i.e. the tissue was slightly to moderately

damaged and repair was possible if the fungicide was
used in lower concentrations in the medium. Focal

necrosis was recorded in high concentration groups
showing stage III lesion the alteration was severe and

the tissue was damaged beyond repair. The Mean DTC
for Liver from the samples was 72.91±68.75 with

values ranging from 4 to 165 ,indicating in most cases
the damage caused by the chemical to the organ were

severe. The DTC values were very high in the high
dose group owing to focal necrosis causing a high

standard deviation value.
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The alterations found in the kidney sections of the

test groups are tabulated in (Table 3).The most

significant change noticed was the Nephrocalcinosis

which was identified as a brown crystallized hard

tubercle that did not take up any stain, this was seen

in the Intermediate test group (Fig.7).It was considered

that the calcification was the result of deposition of

calcium salts within necrotic tissue and thus dystrophic

rather than metastatic. The severity and prevalence of

nephrocalcinosis is considered to increase with

increasing carbon di oxide levels, overcrowding and

low water flow. An excess of carbon di oxide in the

blood leads to a metabolic acidosis which results in the

precipitation of mainly calcium salts in the urine. The

high dose group (Fig.8) exhibited severe damage of

glomerular apparatus and system degeneration. The

other alterations found in the test groups were cellular

rupture, decrease in Bowmann’s space(Fig.6), tubular

regeneration.

T h e  m e a n  D T C  f o r  k i d n e y  w a s

52.583±46.33.Values ranged from 10 to 120, indicating

that in majority of the animals the damage was from

moderate to severe .The DTC was high in the high

dose group due to complete damage in glomerular

apparatus which also contributed to the high standard

deviation value.

Rice-fish farming offers tremendous potential for

food security and poverty alleviation in rural areas. It

is an efficient way of using the same land resource to

produce both carbohydrate and animal protein

concurrently or serially. Water is similarly used to

simultaneously produce the two basic foodstuffs. Care

should be taken to formulate the quantity that can be

used in the fields and sound knowledge of the non

target organisms that would be exposed to and their

sensitivity the chemical. Alternative methods should be

used to alleviate the use of pesticide and their

accumulation on land, water, Biological organisms and

last but not the least Humans.

Table 3: Histopathological Alterations in kidney and liver of Ophiocephalus leucopunctatus in test samples indicating their respective stages

of damage to the tissue Stage1 : Do not alter the normal functioning of the tissue, Stage 2:M ore severe and impair the normal

functioning of the tissue, Stage 3:Very severe and cause irreparable damage.

STAGE LIVER KIDNEY

I Cytoplasmic Vacuolation Glomerular Expansion

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Irregular shaped nucleus Tubular Regeneration

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M elanomacrophage Aggregates Cytoplasmic  Vacuolation

II Cytoplasmic Degeneration Bowman’s space decrease

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tubular Degeneration

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cellular rupture   Nephrocalcinosis

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Blood Congestion     Decrease of the Tubular Output

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pyknotic   nucleus

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bile Stagnation

III Focal Necrosis Disintegration of Glomerular apparatus

Fig. 6: Kidney - Low Fig. 7: Kidney - Intermediate
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Fig. 8: Kidney - High
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