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ABSTRACT
The pesticides have different adverse impacts on different life stages of fish
species with attempts to use dietary antioxidants to counteract their effects.
Triclosan (TCS) is commonly used as antimicrobial agent that is incorporated
into dish soap, detergent, toothpaste, mouthwash, shampoo, etc., in addition
to innumerable other personal care and household products. Hence the
current study was carried out to investigated the potential protective
effects of garlic extract and L-Ascorbic acid (Vitamin C) and their
combination  versus triclosan-induced changes in  zebra fish
Brachydaniorerio (Hamilton). The median lethal concentration of triclosan
for 96h is (0.32mg/L). The species were exposed to sub lethal concentration
of triclosan (0.32mg/L) for 7 and 28 days. Triclosan significantly (P<0.05)
increasesthe lipid peroxidation, supperoxide dismutase, enzyme catalase, and
increases the serum glucose level. Addition of garlic extract and/or Vitamin
C to the diet of triclosan-treated fish showed the increase level of the
serum glucose, serum total protein, total lipid, creatinine, sodium,
potassium, calcium, Blood urea nitrogen (BUN), uric acid, albumin and
cholesterol , LPO, SOD, CAT, levels in comparison to control fish. On the
other hand, triclosan significantly (P<0.05) led to negative effect in
serum total protein, total lipid, creatinine, sodium, potassium, calcium,
Blood urea nitrogen (BUN), wuric acid, albumin and cholesterol
levels.However, the fish fed with garlic extract and/or L-Ascorbic acid
(vitamin C) in diets neutralized the toxic effect of triclosan. The result
suggests that, supplemented garlic extract and/or vitamin C can be effectively
used to neutralize the toxic effect of triclosan on zebra fish Brachydaniorerio
(Ham).
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Introduction

The aquatic ecosystems have known to receive a
wide spectrum of pollutants, which may be
introduced to it directly or indirectly. Pesticides are
extensively used to control the pest population in
intensive agricultural production and fish farms, which
could be in the form of insects, weeds, molluscs
including harmful bacteria and viruses. These
pesticides can reach natural waters either via transfer
of the chemicals from soil or directly by spraying
against target organisms! and affects non-target
organisms such as fish and prawn which are of great
economics importance to humanszThe uptake of
chemicals by aquatic organisms may occur from the
water, sediments, suspended particulate matter and
from food.

Triclosan (5-chloro-2-(2,4-dichlorophenoxy)-phenol)
is a widely used broad-spectrum bactericide. Triclosan
can effectively prevent bacterial lipid biosynthesis by
blocking enzyme enoyl-acyl carrier protein reductases.
Due to its effectiveness and thermal stability, triclosan

is widely incorporated into numerous consumer
products, including soaps, toothpastes, disinfectants,
cosmetics, and detergents 4. Disposal and usage of the
triclosan-containing products result in continuous
release of triclosan from these products into
wastewater. It was estimated that triclosan-containing
products account for~ 96 % of triclosan in wastewater
s.Triclosan and its metabolites are not only detected in
rivers, lakes, soils, and sediments, but also in human
urine, blood, and breast milk samples 6. The molecular
structure of triclosan has shown in Figure-1.
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Figure-1:-Molecular structure of Triclosan.
Garlic is probably one of the earliest known medicinal
plants 7. Its bulbs (cloves) had been used as a cure-all
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in ancient Egypt and are mentioned in the Ebers
papyrus, one of the earliest treaties on medicinal
plants. Garlic contains sulfur containing compounds.
Alliin is converted to the anti-microbial active alliin
when the bulb is cut or bruised. Ajoene which is
secondary degradation product of alliin, is presumably
the most active compound responsible for the anti-
thrombotic activity of garlic 8. Garlic has also been
shown to have a productive nature against
gastrointestinal neoplasias, against blood clots (anti-
platelet action) due to part to the compounds alliin and
ajoene, which have fibrinolytic activity.

Antioxidants are known as potential scavengers of
ROS, so they protect biological membranes from
oxidants. However, the balance between free
radicals and synthesis of antioxidant defense scan
be broken by chemicals. Vitamin C is a water-
soluble antioxidant found in the cytosol and
extracellular fluid that can interact directly with
free radicals, thus preventing oxidative and DNA
damage 9. Vitamin C is a powerful antioxidant andfree
radical scavenger!?. Furthermore, results showa
strong relationship between low vitamin C levels
and cardiovascular diseases?!!.

Most fish species cannot synthesize vitamin C, and
have to depend on external sources to meet their
needs 12. The vitamin C requirement for normal growth
and survival is quite low 13; however, a higher level is
required to improve the stress resistance of fish 14
Fishes are used as an excellent indicator of aquatic
pollution due to their high sensitivity to environmental
contaminants which may affect certain physiological
and biochemical processes 15. Indeed, fish blood is
widely used in toxicological research and
environmental monitoring as a promising indicator of
physiological and pathological changes 1¢.

Several studies have been carried out on the effect of
different pesticides on biochemical aspects of fish and
other aquatic animals, but very few on its productive
role of garlic and vitamin C. Especially, there is lack of
data on this topic in relation to =zebra fish
Brachydaniorerio (Hamilton) species. It is necessary to
obtain scientific information about the effect of
triclosan on zebra fish improve risk-assessment
studies and its productive with the help of garlic and
Vitamin C. The main objective of this study was to
assess the effect of sub-lethal concentration of
triclosan exposure period on biochemical parameters
of zebra fish Brachydaniorerio (Ham) and its
productive role of two natural products garlic extract
and Vitamin C.

Materials and Methods

Collection of fish

The healthy, zebra fish Brachydaniorerio (Hamilton)
were purchased from the friend’s aquarium, Kolathur,
Chennai, having mean weight 3 to 5 g and length 4 to
6cm. Fishes were immediately transported to the fish
laboratory in the Department of Zoology, Faculty of
Science, Annamalai University. The experimental fishes

were reared in glass tanks (100 L capacity) and
acclimatized for one month before being used in the
experimental study. They were given the treatment of
0.1%KMNO, solution for bacterial contamination. Then
they were fed with tubifex warms regularly.

LCso value of Triclosan (TCS)

Technical grade triclosan C12H7Cl30, [5-chloro-2-(2,4-
dichlorophenoxy)phenol]from [The I.L.E.co., Chennai.
India]. The LCso value of triclosan was determined in
the laboratory. Three hundred fishes were randomly
distributed into six aquarium tanks (100L) filled with
different concentration of triclosan (0.15, 0.20, 0.25,
0.30, 0.35mg/L). The mortality was recorded for 96h.
The LCsg of triclosan calculated with the help of probit
analysis using SPSS software. The 96 hr concentration
(0.32mg/L) of calculated LCso was selected.

Sublethal study

LCso values (0.32mg/L) were taken as sub lethal study.
Sixty fishes were selected and divided into six groups
for the experiments. The triclosan was used in this
study and stock solutions were prepared. The
experiment was carried out for a period of 7 and 28
days.

Group-I: Control fish

Group-II:Triclosan exposure (0.32mg/L)
Group-IIL:Triclosan exposure (0.32mg/L) + Garlic
extract (1ml)

Group-IV:Triclosan exposure (0.32mg/L) + L-Ascorbic
acid (Vitamin C-1g)

Group-V: Garlic extract alone (1g)

Group-VI: L-Ascorbic acid alone (Vitamin C 1g)

Garlic extract (GE)

An aqueous extract of whole crude garlic was prepared
as follows: freshly peeled cloves of garlic (A. sativum,
purchased from local market) were sliced into small
pieces and ground in a clean mortar using a mortar
pestle to produce a fine paste. The working solution
was then prepared by dissolving 5 g of the paste in 100
ml of distilled water, where 1 ml of the extract contains
50 mg of crude garlic. Fresh garlic extract was
dissolved in the aquarium tank daily.

L-Ascorbic acid (vitamin C)

A pure form of L-(+) ascorbic acid was supplied as
pure crystals (I.L.E.Co.) Kattangulathur, Chennai. A
freshly prepared aqueous solution of L-ascorbic acid
(1g) was dissolved in to aquarium tank daily
throughout the experiments.

Biochemical parameters

Sodium, potassium, calcium concentrations measured
by flame photometer. The serum total protein and
albumin concentration estimated by Biuret and Dumas
method!’,glucose by glucose oxidase method,
cholesterol by cholesterol dehydrogenase/peroxidase
method, blood urea nitrogen (BUN) by glutamate
dehydrogenase method, creatinine by Jaffe’s kinetic
method, uric acid by enzymatic photometric test by
[FCC method, total lipid level in the fish measured by
the method of 18.

© Asian Journal of Pharmacology and Toxicology, 2015. 6



Thangappan Ramesh Kumar et al.: Asian Journal of Pharmacology and Toxicology, 2015, 03 (10); 5-12.

Enzyme assay

At the end of experiment (7 and 28 days), fishes were
sacrificed for the collection of liver to carry out the
enzyme assay. The activity of SOD, catalase (CAT) was
determined spectrophotometrically at 480nm by the
epinephrine method by 19, Lipid peroxidation was
measured according to the method of 20. 10(w/v)
tissue homogenate from liver was used (this
homogenate contained 1% v/v dimethyl sulfoxide to
prevent further oxidation). 0.2 ml aliquots of tissue
homogenate were added to 0.2 ml sodium dodecyl
sulfate solution (8.1%w/v) and 1.5 ml acetic acid
solution (20% v/v). The mixture was made up to
4.0 ml with distilled water and heated to 95 2C for

spectrophotometer (Ultrospec 3100 pro, Biochrom
Ltd). The results were expressed as
nmolmalondialdehyde formation per g tissue.
Statistical analysis

The basic statistics, means, standard errors and ranges
of the measured parameters were estimated. The
patterns of variation due to triclosan, garlic extract
and vitamin C doses and their combinations were
studied by The data of 7 and 28 days sub-lethal
toxicity test was statistically subjected to one-way
ANOVA analysis by using SPSS version 17.0 Duncan’s
multiple range tests was carried out for post hoc
comparison of mean. A significance level of P<0.05 was
used.

1 h. The samples were cooled, centrifuged at 2000 Results
rpm for 10 min. and measured at 532 nm using
Treatment TCS+Garlic
Control Exposure . Garlic extract .
Biochemical m (i) extr?ch:)(GE) TCS+Vit C (IV) alone(GE) (V) Vit C alone (VI)
parameter
Sodium (mg/dI) 10.43+1.82 12.54+1.32° 12.75+0.78 11.27+0.52¢ 10.48+0.41¢ 10.98+0.71
. 4.00+ 4.60+
bc a abc bc
Potassium(mg/dl) 4.21+1.88 4.43£1.81 2.00¢ 0,849 4.461.01 4.73+0.65
Calcium(mg/dl) 19.80+2.97 10.17+2.60¢ 12.98+1.17¢ 15.48+1.28% 17.61£1.97 18.98+0.58%
Glucose(mg/dl) 25.08+1.75 41.61£3.64¢ 46.98£5.46¢ 38.58+2.88sbc 27.31£0.612b 26.90+0.53
Total protein(mg/dl) 5.43+0.05¢ 4.57+0.45bd 4.59+0.06° 4.27+0.11b« 5.13+0.16¢ 6.4120.01¢
Total lipid(mg/dl) 8.32+0.13¢ 7.08+0.07< 4.590.06° 8.19:0.12¢ 7.10£0.66¢ 8.37+0.274
Albumin(mg/dI) 0.68+0.06" 0.4120.06% 0.37£0.06° 0.23£0.122 0.30£0.12¢ 0.31+0.02¢
Creatinine(mg/dl) 0.493+0.05% 0.363+0.05P 0.515+0.05% 0.525+0.05% 0.415+0.05b 0.425+0.05
Uric acid(mg/dl) 3.68+0.2302 3.82+0.230¢ 2.130.240b¢ 2.25+0.240b 2.81+0.2500 3.81+0.280%

BUN(mg/dI) 8.53+1.830% 9.16+1.830%

10.93+1.8302

8.16+1.8302> 7.81£1.83020 8.13+1.8302bc

Chloesterol(mg/dl) 140.35+0.882 119.53+1.8b

121.45+0.79b

114.96+0.91¢ 118.46£0.792b 120.48+0.89¢

Table-1: Values of biochemical parameters of zebra fish Brachydaniorerio (Ham) exposed to triclosan (0.32mg/L), vitamin C (Vit C), garlic

extract (GE) and their combinations for 7 days.

The data are presented as Means * S.E. Different letters indicate significance at p<0.05

Treatment Control Exposure TCS+Garlic Garlic extract
I pll extract(GE) TCS+VitC (IV) 1 GE Vit C alone (VI)
Biochemical parameter M (m (1) alone(GE) (V)
Sodium 9.78+0.022 8.57+0.024b 10.73+0.75 7.87+0.05¢ 7.89+0.05¢ 10.98+0.05
(mgy/di)
Potassium 2.02+0.05b 1.43+0.814 4.12+0.240 4.90+0.98 3.89+0.322 3.90+0.05
(mg/dD)
Calcium 19.81+2.98 8.18+1.27b 11.89+1.71% 16.48+1.18¢ 18.84+1.27" 19.27+1.78
(mg/dI)
Glucose 26.9+1.052 58.76+.67¢ 30.25£0.792 37.95+1.342b 27.95+0.96° 30.43£1.172
(mg/d])
Total protein 6.06+0.13¢ 4.25+0.15b 5.85+0.10¢% 5.30+0.20cde 7.26+0.40¢ 7.62+0.43¢
(mg/dl)
T("I;agl/l‘dﬁ;d 8.53+0.25¢ 6.07+0.12abe 8.42+0.424 5.03+0.042 8.65+0.044 9.27+0.444
1?11111’;7;1‘13’ 0.82+0.12¢e 0.67+0.12¢ 0.56+0.022 0.42+0.122 0.36+0.122 0.31+0.122
Creatinine(mg/dl) 0.617+0.05 0.542+0.05 0.619+0.05 0.593+0.05 0.527+0.05 0.598+0.05%
lg;i;;‘ggj 2.24+0.230b¢ 2.85+0.2400 1.76+0.230¢ 1.190+0.230¢ 1.860.290° 2.78+0.283b
(n]f’gU/l\éU 9.66+1.830% 6.23+1.8300 10.83+1.830% 12.50+1.830% 10.81+1.201¢ 12.48+2.81b¢
C}ﬁ;tdel;"l 98.32+0.98 83.52+0.81% 81.45+0.78b 92.96+0.98¢ 102.54+0.87b 112.58+0.75¢

Table-2: Values of biochemical parameters of zebra fish Brachydaniorerio (Ham) exposed to triclosan (0.32mg/L), vitamin C (Vit C), garlic
extract (GE) and their combinations for 28 days. The data are presented as Means # S.E. Different letters indicate significance at p<0.05
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Antioxidant Control Exposure

TCS+Garlic extract(GE)

Garlic extract

enzymes (l] () TCS+VitC (IV) alone(GE) (V) Vit C alone (VI)
Lpo(tri‘gs‘g:e/mg) 1.39£0.59ab 4.200.33¢ 6.470.21¢ 2.61+0.18b¢ 1.49+0.19ab 1.13+0.112
SOD(nmol/mg) 255.54+1.92¢ 365.54+1.68b 378.29+2.54¢ 359.29+2.54a 374.28+2.12 368.21+1.63¢
CAT(nmol/mg) 65.35+0.91¢ 75.66+0.87" 89.87+1.33 89.34+1.22 81.32+1.27 90.12+2.18"

Table-3: Values of Antioxidant enzymes of zebra fish Brachydaniorerio (Ham) exposed to triclosan (0.32mg/L), vitamin C (Vit C), garlic

extract (GE) and their combinations for 7 days

The data are presented as Means * S.E. Different letters indicate significance at p<0.05

- + i .

Andosidant Contro Exposure g,ftsr(i%;}f;'éc) reswicqy) SOy cotone v
LPO(nmol/mg) 2.77%0.062 6.73+0.35bd 8.05+0.29 7.71+0.49¢b¢ 6.30+0.44b¢ 6.83+0.05bcd
SOD(nmol/mg) 395.78+1.184 444.65+1.48¢ 450.38+2.242 446.65+2.14> 426.25%2.15b 415.27£2.152
CAT(nmol/mg) 75.33+0.974 85.65+£0.97b 99.48+1.322 99.77+1.322 81.22+1.272 82.72+1.352

Table-4: Values of Antioxidant enzymes of zebra fish Brachydaniorerio (Ham) exposed to triclosan(0.32mg/L), vitamin C (Vit C), garlic
extract (GE) and their combinations for 28 days The data are presented as Means * S.E. Different letters indicate significance at p<0.05

Biochemical parameters

Sodium, potassium, calcium levels.

The sodium, potassium, calcium levels in the 7 and 28
days periods is given in table 1 and 2. Triclosan
reflected high significant decrease in sodium,
potassium, calcium levels at both periods (P<0.05).
The main effect of garlic extract and Vit C in the two
periods was decreased. In garlic and Vit C alone is
highly significant compare to control group.

Glucose level

The normal glucose level of =zebra fish
Brachydaniorerio (Ham) in the 7 and 28 days periods is
given in table 1 and 2. Triclosan main effect was
significantly increase in the both periods (P<0.05). The
main effect of garlic extract and Vit C in the two
periods was (P<0.05) highly significant. Dietary
supplementations with Vit C and/or garlic extract
improved TCS-GE group compare with control group.
Total protein level

The total protein level of zebra fish
Brachydaniorerio(Ham) in the 7 and 28 days periods is
given in table land 2. Triclosan reflected higher
significant decrease in total protein level at both
periods (P<0.05). The main effect of garlic extract and
Vit C In the two periods was not significant. Highly
significant interaction effect between TCS-GE-Vit C was
recorded in 28 days period. The protein level
decreased in the triclosan exposed fish compare to
control group.

Total lipid level

The total lipid level of zebra fish Brachydaniorerio
(Ham) in the 7 and 28 days periods is given in table 1
and 2. Triclosan reflected high significant decrease in
the both periods (P<0.05). The main effect of garlic
extract and Vit C in the two periods was (P<0.05)
significant. Vit C and its interaction with garlic didn’t
show significant interaction between TCS-GE and TCS-
Vit C was recorded in the two periods. Dietary
supplementation with Vit C and/or garlic extract
alleviate the level of total lipids compare that of control
and TCS treated group (P<0.05) especially in the 28
days period.

Albumin level

The albumin level of zebra fish Brachydaniorerio
(Ham) in the 7 and 28 days periods is given in table 1
and 2. Triclosan reflected high significant decrease in
the both periods (P<0.05). The main effect of garlic
extract or Vit C in the two periods not was (P<0.05)

significant. Highly significant interaction effect
between TCS-GE-Vit C was recorded in the 7 and 28
days periods.

Creatinine level

The Creatinine level of zebra fish Brachydaniorerio
(Ham) in the 7 and 28 days periods is given in table 1
and 2. Triclosan reflected high significant decrease in
the both periods (P<0.05). The main effect of TCS-Vit C
in the two period was significant (P<0.05) compare to
control group.

Uric acid level

The uric acid level of zebra fish Brachydaniorerio
(Ham) in the 7 and 28 days periods is given in table
land 2. Triclosan main effect was highly significantly
decrease in the both periods (P<0.05). The main effect
of Vit C in the two periods was (P<0.05) significant. Vit
C did not show significant effect compare to control.
Blood urea nitrogen level (BUN)

The blood wurea nitrogen level of zebra fish
Brachydaniorerio (Ham) in the 7 and 28 days periods is
given in table 1 and 2. Triclosan reflected high
significant decrease in the both periods (P<0.05). The
main effect of garlic extract was (P<0.05) significant in
both period compare to control group.

Cholesterol level

The cholesterol level of zebra fish Brachydaniorerio
(Ham) in the 7 and 28 days periods is given in table
land 2. Triclosan main effect was significantly
decrease in the both periods (P<0.05). The main effect
of garlic extract and Vit C in the two periods was
(P<0.05) significant. Supplementation with Vit C
and/or garlic extract improved the GE and VIT C alone
in the both compare to control group.

Enzyme assay

Lipid peroxidation (LPO)

The liver lipid peroxidation values of zebra fish
Brachydaniorerio (Ham) in the 7 and 28 days periods is
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given in table 3 and 4. Triclosan main effect of TCS-GE-
Vit C and their interaction were highly significant in
the both periods (P<0.05). LPO in the level of TCS
exposer is decreased. Supplementation with Vit C
and/or garlic extract improved especially in the first
period.

Superoxide dismutase (SOD)

The antioxidant enzymes activity in the liver of zebra
fish Brachydaniorerio (Ham) in the 7 and 28 days
periods is given in table 3 and 4. Triclosan main effect
was significantly increase in the both periods (P<0.05).
The supplementation of garlic extract and Vit C
showed in the two periods was (P<0.05) significant
compare to control group.

Enzyme catalase (CAT)

The antioxidant enzymes activity in the liver of zebra
fish Brachydaniorerio (Ham) in the 7 and 28 days
periods is given in table 3 and 4. Triclosan main effect
was significantly increase in the liver homogenate
tissue (P<0.05). Supplementation of garlic extract and
Vit C showed in the two periods was (P<0.05)
significant compare to control group.

Discussion

The results of this study provide further data on long-
term exposure to triclosan for consideration in risk
assessment. The findings contribute to knowledge of
the toxic potential of triclosan to zebra fish
Brachydaniorerio (Ham).

In order to make an accurate assessment of the
hazards that a contaminant may pose in a natural
system, behavioral indices selected for monitoring
must reflect the organism’s behavior in the field 21. On
the other hand, 22 reported accelerated respiration and
loss of movement coordination in rainbow trout and
carp following acute poisoning with metribuzin. These
characteristics have also been reported in
Oreochromisniloticus, and Chrysichthyesauratus?? and
by Saglio and Trijasse?4in Carassiusauratusfollowing
acute poisoning with atrazine. Movement imbalance in
freshwater fish (Labeorohita, Mystusvittatus, and
Cirrhinusmrigala) acutely exposed to simazine and
cyanazine has been reported by 25. Z2éreported
respiratory distress such as rapid ventilation,
increased rate of gill cover movements, or floating at
the surface of water in common carp after exposure to
simazine. The exposure of zebrafish, Brachydaniorerio,
to atrazine caused changes in behavior, such as
significant preference for habitat with a dark
substratum, even at concentrations lower than 6pgl-!
27 Our results differ from these, as, supplementation of
garlic extract and vitamin C improves the biochemical
parameters of zebra fish Brachydaniorerio. A similar
result was observed?2s.

Sodium potassium, calcium levels indicate the
operation of a variety of homeostatic mechanisms in
the body 2°.Calcium levels higher than values reported
30, Garlic extract and/or vitamin C were found to be
valid in counteracting stress-induced changes in
Sodium, potassium, calcium level. In the present study,

triclosan-induced hyperglycemia was revealed in zebra
fish Brachydaniorerio. Similar findings were observed
by 31 and 32 after exposure to different doses of
pesticides. The source of such hyperglycemia seems
to be due to the liver glycogenolysis, resulting from
the increased plasma catecholamines and
corticosteroid hormones 33as well as amino acids
through the activation of gluconeogenesis process 3+
Garlic extract and/or vitamin C reduced triclosan-
induced hyperglycemia revealed in Brachydaniorerio.
Similar results were recorded by 28for 0. niloticus
stressed by cadmium. 35 reported a reduced blood
glucose level after stress in Atlantic halibut
(Hippoglossushippoglossus L) fed vitamin E
supplemented diets.

In the present study, decrease in serum total
protein level (hypoproteinemia) was recorded in
triclosan exposed B. rerio. Similar findings were
recorded by 3637.283132383nd 3%after exposure to
different doses of pesticides and heavy metals. Such
hypoproteinemia may be due to direct effect of the
utilization of body protein as an energy supply to
meet the increasing physiological demands to
overcome the stress in the polluted medium
40hypoproteinemia may also be attributed to several
pathological processes including plasma dissolution,
renal damage and elimination in the urine, decreased
liver protein synthesis, alteration in hepatic blood
flow and / or hemorrhage into the peritoneal cavity
and intestine 1. 42 observed an increase in the stressed
total protein level in male rat fed Tomato-juice as
supplemented diets. “3recorded an increase in total
protein level after Diazinon-induced and Nitrate-
induced stress in male rats fed vitamin E as
supplemented diets.

In the present study, decrease in serum total lipids
level was recorded in triclosan-treated B.rerio.
Similar findings were observed by “tand 32after
exposure to different doses of pesticides and heavy
metals. Such induced decrease in serum total lipids
level may be due to the increase in secretion of
catecholamines and corticosteroids with enhanced
metabolic rate and in turn reduced metabolic
reservestt. 4found that vitamin E as a diet
supplementation improved total lipids level in muscle
and liver tissues of rats. The present results have
clearly demonstrated the ability of sub lethal dose of
triclosan to induce oxidative stress in fish liver as
evidenced by increased thiobarbituric acid reactive
substance.

The albumin has been reported to be an osmoregulator
of blood volume, an easily available protein reserve
and a transport protein 46 47described that
hyperactivity caused by deltamethrin may lead to the
utilization of this easily accessible protein reserve-
fraction containing albumin, resulting in a decreased
quantity. Another possible reason for the lowered
amount of albumin may be a decreased albumin
synthesis in the hepatocytes*8. In the present study,
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similar findings have been noticed when exposed with
triclosan. Improvement in albumin content was
observed with the increased supplementation of garlic
and /or vitamin C compared to treated group.
Biomarkers of renal functions include Blood urea
nitrogen (BUN), creatinine and uric acid. The elevated
level of creatinine is an indicative of kidney
dysfunction. In broilers, uric acid (UA), and not urea, is
the main end product of nitrogen #9. The elevation of
uric acid occurs following significant disease in the
kidneys 50. The present study, have been noticed that,
the improvement in BUN, creatinine,uric acid content
was observed with the increased supplementation of
garlic and /or vitamin C compared to treated group.
Sireported that cholesterol concentrations increase as
the fish size increased. A high blood urea concentration
recorded in M. cephalus is likely to be a sign of stress
associated with the increase in the cortisol level 52. In
the present study, similar findings have been noticed
when exposed with triclosan. Improvement in
cholesterol content was observed with the increased
supplementation of garlic and /or vitamin C compared
to treated group.

The rise in lipid peroxidation level in liver means a
modification in the physical characteristics of cell
membranes3since  lipid peroxidation leads to
hydrolysis of phospholipids into hydroperoxy fatty
acids 5% In the present study, the level of lipid
peroxidation was decreased in liver of triclosan-
exposed fishes fed diets supplemented with vitamin
C and/or garlic extract especially in the first period.
Similar results were recorded by 28 in concern with
cadmium-exposed O. niloticus. The mechanism for
protection of garlic involves scavenging potentially
toxic and mutagenic electrophiles and free radicals and
modification of phase-Il enzymes and the phase-I
profile, which enhances detoxification pathways. The
allyl group of garlic constituents enhances the level of
glutathione-S-transferase (GST) thereby accelerating
the detoxification of mutagens and carcinogens 55.

SOD activity in blood serum and liver tissue
homogenates showed significant increase in fish
groups source fed on diets contained garlic compared
to the control group. This result is similar to results
showed the use of garlic in fish farming enhanced the
activity of non-specific defense systems in  O.
niloticuss6, also its powder increase the antioxidant
capacity in hamsters 57. Garlicoil and its component
enhanced SOD activity in liver 8. Garlic extract exerts
antioxidant action by scavenging reactive oxygen
species, enhancing the cellular antioxidant enzymes
SOD in the cells 5°. On the other hand, effect of garlic oil
on SOD activities was decreasedin tissue homogenates
of liver and kidney aftergarlic treatment ©0.

CAT activity in serum and in liver tissue homogenates
also showed significant increase in fish groups fed on
diets contained garlic compared to control group. This
result is similar to results showed that, the use of garlic
in fish farming enhancing the activity of non-specific

defense systems in O. niloticus56. Garlic oil and its
component enhanced CAT in the cells 5°.0n the other
hand, this study demonstrates that supplementation of
garlic extract and /or L-ascorbic acid (vitamin C) had
the ability to reduce the biochemical effect of triclosan.
Conclusion

To summarize the above findings, biochemical
parameters clearly indicated the triclosan induced
impairment of metabolism as fish were observed to be
under severe metabolic stress. The evaluated
parameters like biochemical alterations and variations
in different enzyme activities.These alterations were
reversed to a great extent with supplementation of
garlic extract and/or vitamin C in their diet. Taking this
into account, fishes can be protected against any
possible pesticide toxicity using natural antioxidants
such as garlic extract and vitamin C by incorporating it
at higher level.

Acknowledgments

The authors are grateful to the UGC (New Delhi) for
provide funding to carrying out the work and also
thankful to our Professor and Head, Department of
Zoology, Annamalai University for providing lab
facilities. The first author is grateful to UGC (New
Delhi) for awarding junior research fellowship.

References.
1. Oruc E.O. Oxidative stress, steroid hormone
concentrations and

acetylcholinesteraseactivityinOreochromisniloticus
exposed to Chlorpyrifos, Pestic. Biochem. Physiol. 2010 ;
96:160-166.

2. Adhikari S, Sarkar B, Chatterjee A,Mahapatra CT,
Ayyappan S.  Effects of  cypermethrin  and
carbofuranhaematological parameters and prediction of
their recovery in a freshwater teleost, Labeorohita
(Hamilton), Ecotoxicol. Environ. Saf. 2004; 58:220-226

3. McMurry LM, Oethinger M, Levy SB. Triclosan targets
lipid synthesis. Nature. 1998; 394:531-532

4. Dann A. and Hontela A.Triclosan: environmental
exposure, toxicity, and mechanisms of action. Journal
ofApplied Toxicology, 2011;31:285-311

5. Ciba  Specialty @ Chemical Irgasant DP 300,
IrgacaretMP.Toxicological and Ecological Data. Official
Registrations.Technical Brochure 2521. Ciba Specialty
Chemical, Basel.1998.

6. Calafat AM, Ye X, Wong LY, Reidy JA, Needham LL.Urinary
concentrations of triclosan in the US population: 2003-
2004. Environ Health Perspect. 2008; 116:303-307

1. 7. Lewis W and Elvin-Lewis M. Medical Botany: Plants
Affecting Human Health. 2003; 2nd Edn. New
York:

7. Wichtl M. 2004. Herbal Drugs and Phytopharmaceuticals.
2004; 3rd Edn. Boca Raton, FL: CRC

8. Padayatty S], Katz A, Wang Y, Eck P, Kwon O, Lee JH,
et al. Vitamin C as an antioxidant: evaluation of its
role in disease prevention. ] Am CollNutr 2003;22:18-
35.

9. Du J, Cullen J], Buettner GR. Ascorbic acid: chemistry,
biology and the treatment of cancer. BBA-Rev Cancer
2012;1826:443-57.

10. Deicher R, Ziai F, Bieglmayer C, Schillinger M, Horl
WH. Low total vitamin C plasma level is a risk factor
for cardiovascular morbidity and mortality in
hemodialysis patients. ] Am SocNephrol 2005;16:1811-
8.

© Asian Journal of Pharmacology and Toxicology, 2015. 10



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Thangappan Ramesh Kumar et al.: Asian Journal of Pharmacology and Toxicology, 2015, 03 (10); 5-12.

Chatterjee 1B, Majunmder AK, Nandi BK, Subramanian N,
Synthesis and major functions of vitamin C in animals,
Ann. NY Acad. Sci. 1975; 258: 24-48.

Blom ], Dabrowski K, Vitamin C requirements of the
angelfish, Pterophylumscalare, ]. World Aquacult. Soc. 31.
2000; 115-118.

Garcia F, Pilarski F, Onaka EM, Moraes FR, Martins ML,
Hematology of Piaractusmesopotamicus fed diets
supplemented with vitamins C and E, challenged by
Aeromonashydrophila, Aquaculture. 2007; 271: 39-46
Mabhttiessen P, Sheahan D, Harrison R, Kirby M, Rycroft R,
Turnbull A, Volkner C, William R. Use of a Gammaruspulex
bioassay to measure the effects of transient carbofuran
run off from farmland, Ecotoxicol. Environ. Saf. 1995; 30:
111-1109.

Mulcahy MF, Fish blood changes associated with disease:
a haematological study of pike lymphoma and salmon
ulcerative dermal necrosis, in: W.E. Rebelin, C. Migaki
Madison (Eds.), The pathology of fishes. University of
Wisconsin, USA, 1975; pp. 925-944.

Varley H, Gowenlock AH, and Bell M. Practical Clinical
Chemistry, 5thedn. William Hienmann Medical Books Ltd,
London. 1980.

Floch ], Lees M, Stanley GHS. A simple method for the
isolation and purification of lipids from animal tissue. In:
J.Biol.Chem., 1957;226;P:497-509.

McCord JM, Fridovich 1. Supperoxide dismutase: the first
twenty years (1968-1988). Free redic.Bio.Med. 1988;5(5-
6):P.363-369

Ohkawa H, Ohisini N, Yagi K. Assay for lipid peroxides in
animal tissue by thiobarbiturric acid reaction.
Anal.Biochem. 1979;8;95,-351

Marigoudar SR, Nazeer AR, David M. Impact of

cypermethrin on behavioural responses in the freshwater
teleost,Labeorohita(Hamilton), World ]. Zool. 2009; 4;19-
23.

Velisek ], Svobodova Z, Piackova V, Novotny L, Blahova ],
Sudova E, Maly V. Effects of metribuzin on rainbow trout
(Oncorhynchusmykiss), Vet. Med. Czech.2008;53; 324-
332

Hussein SY, El-Nasser MA, Ahmed SM. Comparative
studies on the effects of herbicide atrazine on fresh water
fish Oreochromisniloticus and
ChrysichthyesauratusatAssiut, Egypt, Bull. Environ.
Contam. Toxicol. 1996;57; 503-510.

Saglio P, Trijasse S.Behavioural responses to atrazine and
diuron in goldfish, Arch. Environ. Contam. Toxicol.
1998;35; 484-491.

Dad NK, Tripathi PS. Acute toxicity of herbicides to
freshwater fish and midge larvae,Chironomustentans,
Environ. Int. 1980;4; 435-437.

Oropesa AL, Garcia-Cambero JP, Gomez L, Roncero V,
Soler F. Effect of longterm exposure to simazine on
histopathology, = hematological, and  biochemical
parameters in Cyprinuscarpio, Environ. Toxicol. 2009;
24,187-199.

Steinberg CEW, Lorenz R, Spieser OH. Effects of atrazine
on swimming behaviour of zebrafish, Brachydaniorerio,
Water Res. 1995;29,981-985.

Mekkawy IAA, Mahmoud UM, Wassif ET, Naguib M.
Effects of Cadmium on Some Hematological and
Biochemical Characteristics of Oreochromisniloticus
(linnaeus,1758) Dietary Supplemented with Tomato
paste and vitamin E. ]. Fish Physiol. Biochem. 2011.

Clarke F. A Review of the Scientific Justifications for
Maintaining Cetaceans in Captivity. A Report for the
Whale and Dolphin Conservation Society (WDCS), Frances
Clark, Bath, UK. 1998.

Celik ES. Blood Chemistry (Electrolytes, Lipoproteins and
Enzymes) Values of  Black Scorpion Fish
(ScorpaneaprocusLinneaus 1758) in the Dardanelles,
Turkey. Journal of Biological Sciences. 2004; 4, 716-719.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

31. Das BK, Mukherjee S. Toxicity of cypermethrin in
Labeorohita fingerlings: biochemical, enzymatic and
haematological consequences. Comparative
Biochemistry and Physiology. 2003; 134, 109-121.
Fouda FM. Hematological and biochemical studies on the
effects of a biological and chemical pesticides on the
Nile catfish, Clariasgariepinus. J. Egyptian-German Soc.
Zool. 2004; 43,77-97.

Mazeaud MM, Mazeaud F, Donaldson EM. Primary and
secondary effects of stress in fish, some new data
with a general review. Transactions of the American
Fisheries Society. 1997;106, 201-207.

Abo-Hegab S, Hanke W. The significance of cortisol for
osmoregulation in carp (Cyprinuscarpio) and
tilapia(Sarotherodonmossambicus).General and
Comparative Endocrinology.1984; 54,409-417.

Martins DA, Afonso LOB, Hosoya S, Lewis-McCrea
LMP,VLM, Lall SP. Effects of moderately oxidized
dietary lipid and the role of vitamin E on the stress
response in Atlantic halibut (Hippoglossushippoglossus
L.). Aquaculture. 2007; 272, 573-580.

Assem H, Abo-Hegab S, Belal 1. Comparison of
haematological effects of some toxicants on
Clariasgariepinus. Journal of Egyptian German Society of
Zoology. 1992; 9, 33-50.

Mekkawy IAA, Hussein SY, AbdEl-Nasser M, Ahmed
SM. Comparative studies on the effects of herbicide
atrazine on some blood constituents and protein
electrophoretic patterns of Oreochromisniloticus and
Chrysichthyesauratus at Assiut, Egypt. ]. Egyptian-
German Society of Zoology. 1996; 19, 283-319.

Gad NS. Impact of environmental pollution inthe southern
region of Lake Manzalah Egypt on some biochemical
parameters of Tilapia Zilii. ]. Egyptian-German Soc. Zool.
2005; 48, 279-298.

ShalabyAME . Effect of EDTA on reduction of cadmium
toxicity on  growth, some haematological and
biochemical profiles of Nile tilapia
(Oreochromisniloticus). J. Fisheries Aquatic Sci. 2007;
2,100-109.

Fontana L, Moreira E, Torres M, Fernandez I, Rios A,
Sanchez DF, Gil A. Dietary nucleotides correct plasma and
liver microsomal fatty acids alterations in rats with
liver cirrhosis induced by oral intake of thioacetamide.
J. Hepatol. 1998;28, 662-669.

Keith FP, Weber JL. The effect of carbon tetrachloride on
the total plasma protein concentration of rainbow trout,
Salmogairdneri. Comparative Biochemistry = and
Physiology. 1979;63, 37-42

Elkomy MM, Hassan HA. The role of tomato-juice as a
protective agent againstthioacetamide hepatotoxicity in
male rats. Comparative Physiology. 2005; 46, 217-234.
Ogur R, Coskun O, Korkmaz A, Oter S, Yaren H, Hasde M.
High nitrate intake impairs liver functions and
morphology in rats; protective effects of o-tocopherol.
Environmental Toxicology and Pharmacology. 2005; 20,
161-166.

Fayed HM, Zaghloul KH, Abd El-Monem S, Mohamed
HA. Biological responses of the Nile Tilapia,
Oreochromisniloticus and the Nile catfish,
Clariasgariepinus induced by agricultural and industrial
pollutants. J. Union of Arab Biol. 2001;16, 543-568

Yilmaz O, Celik S, Cay M, Naziroglu M. Protective Role
of Intraperitoneally Administrated Vitamin E and
Selenium on the Levels of Total Lipid, Total Cholesterol
and Fatty Acid Composition of Muscle and Liver Tissues
in Rats. J. Cellular Biochem. 1997; 64, 233-241

Anderson DP, Siwicki AK. Basic haematology and serology
for fish health programs, In: Shariff M, Arthur JR,
Subasinghe RP. (Eds.), Diseases in Asian Aquaculture II,
Fish Health Section, Asian Fisheries Society, Manila,
Philippines, 1995, pp. 185-202.

© Asian Journal of Pharmacology and Toxicology, 2015. 11



Thangappan Ramesh Kumar et al.: Asian Journal of Pharmacology and Toxicology, 2015, 03 (10); 5-12.

46. Dutta HM. (Eds.) Fish Morphology: Horizon of New
Research, Lebanon, New Hampshire Science Publishers
Inc. and Oxford IBH, India, 1996, pp. 249-269.

47. Dutta HM, Adhikari S, Singh NK, Roy PK, Munshi
JS.Histopathological changes induced by malathion in the
liver of a freshwater catfish
Heteropneustesfossilis(Bloch), Bull. Environ. Contam.
Toxicol. 1993; 51, 895-900

48. Donsbough AL, Powell S, Waguespack A, Bidner TD and
Southern LL. Uric acid, urea, andammonia concentrations
in serum and uric acid concentration in excreta as
indicators of amino acid utilization in diets for broilers.
Poult. Sci,, 2010; 89,287-294.

49. Fudge A.M. Avian Clinical Pathology, Hematology and
Chemistry, In Altman, Clubb, Dorrestein,
Quesenberry(eds.): Avian Medicine and Surgery, WB
Saunders, Philadelphia, 1997; pp: 142-157.

50. Hill S. A Literature Review of the Blood Chemistry of
Rainbow Trout, Salmogairdneri Rich. Journal of Fish
Biology, 1982; 20, 535-569.

51. Borges A, Siqueira DR, Jurinitz DF, Zanini R, do Amaral F,
Wasswemann GF. Biochemical Composition of Seminal
Plasma and Annual Variations in Semen Characteristics of
JundiaRhamdiaquelen (Quoy and Gaimard, Pimelodidae).
Fish Physiology and Biochemistry, 2007; 31, 45-53.

52. Ursini F, Maiorino M, Sevanian A. Membrane
hydroporoxides in oxidative stress. In: H. Sies, (Ed.),
Oxidants and Antioxidants. Harcort Brace Jovanovich,
London, 1991;pp. 319-336.

53. Salgo MG, Corongiu FP, Sevnian A. Enhanced
interfacial catalysis and hydrolytic specificity of
phospholipase A2 toward
peroxidizedphosphatidylcholine vesicles. Archives of
Biochemistry and Biophysics. 1993; 304, 123-132.

54. Dion ME, Agler M, Milner JA. S-allyl cysteine inhibits
nitrosomorpholine formation and bioactivation, Nutr.
Cancer. 1997;28,1-6.

55. Diab AS, El-Nagar GO and Abd-El-Hady YM. Evaluation of
Nigella sativa L (black seeds; Allium sativum (garlic) and
BIOGEN as feed additives on growth performance and
immunostimulants of O. niloticus fingerlings. Suez Canal
Vet. Med. ]., 2002; pp: 745-75.

56. Yaoling LC, Siunrong S, Men Gsyh S, Mingler YL, Chen
LIR], Shien MS and Shien JM. The effects of garlic powder
on the hypolipidemic function and antioxidative status in
hamsters. Nutr. Sci. J., 1998;23,171-87

57. Lee YS, Chen HW, Kung YL, Liu CT, Lii CK. Effects of Garlic
0il and Its OrganosulfurCompounds on the Activities of
Hepatic Drug Metabolizing and Antioxidant Enzymes in
Rats fed High-and Low-Fat Diets. Nutrition and Cancer,
1999; 35, 160-166.

58. Carmia B. Antioxidant Health Effects of Aged Garlic
Extract. ]. Nutr., 2001; 131,1010S-1015S.

59. Mamdouh MA and Abdel-Raheim MA. Oxidative stress in
streptozotocin-induced diabetic rats: Effects of garlic oil
and melatonin. Comparative Biochemistry and
Physiology. Part A, 2003;135, 539-547.

Cite this article as:

Sekar Sethuraman, Thangappan Ramesh Kumar, Thangarasu
Vivekananthan, Vithiyanathan Iyyappan and Kanagaraj Anandaraj.
Triclosan Induced Alterations of Biochemical Parameters in Zebra
Fish Brachydaniorerio (Ham.) and their Productive Role by Dietary
Supplementation of Garlic Extract and L-Ascorbic acid (Vitamin C),
Asian Journal of Pharmacology and Toxicology 03 (10); 2015; 05-
12.

© Asian Journal of Pharmacology and Toxicology, 2015.



