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Abstract

Textile industries are one of the major backbones of Indian economy. They are the major reason for
contamination of water bodies and their toxicity to ecosystem is an alarming environmental issue. The
present study was designed to evaluate the hepatotoxic effects of C.I. Direct Green 6 (DG 6), a
commercially used textile azo dye on Labeo rohita fingerlings. For this, L. rohita fingerlings were
exposed to three sublethal concentrations (2.5, 5.0 and 10.0 mg/l) of DG 6 for 15 days. After 15 days
of exposure period, liver tissues were dissected out and processed further for histopathological and
biochemical observations. For biochemical study, liver alanine amino transferase (ALAT; E.C.2.6.1.2)
and aspartate amino transferase (AST; E.C.2.6.1.1) were assayed. Histopathological result showed
mild changes such as disposition of hepatic cords, hemorrhages in sinusoids with focal necrosis,
depletion of cytoplasmic material from the hepatocytes, karyorrhexis etc. A marked decrease was
noticed in ALAT and AST activity in the liver. Present findings revealed that DG 6 exerts toxic effects
even in sublethal concentrations. Hence, histopathological and biochemical parameters of liver proved
to be sensitive biomarkers to evaluate the effect of any xenobiotics such as textile or other industrial
pollutants, on aquatic lives.

Keywords: azo dye toxicity, hepatic histopathology, Labeo rohita fingerlings, alanine amino
transferase (ALAT; E.C.2.6.1.2), aspartate amino transferase (AST; E.C.2.6.1.1)

INTRODUCTION
Colours are a pleasure of eyes and an unavoidable thing to mankind. Many types of dyes are
synthesized and used in textile, cosmetic, food stuff, plastic, paper and pulp and in paint industries.
Indian dyes and pigment industry is a growing sector with approximately 370, 000 metric tons of dye
production in 2019, and holding the third position in Asia [1]. The synthetic azo dyes (-N=N-) have a
great demand (60-70%) in Indian industries owing the properties such as wide ranges of colours, good
fastness and ease of application. Mostly all azo dyes are non-biodegradable and are toxic, carcinogenic
and/mutagenic to aquatic organisms and human too [2-4]. However, indiscriminate use and discharge
of these synthetic azo dyes cause pollution in the aquatic ecosystem and poses a high risk to aquatic
biota [5, 6]. Direct Green 6 (DG 6) is one of the
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Liver is the most important and largest glandular organ in fish body and is the chief target of various
kinds of xenobiotics [9]. When toxics hit on the liver, they may lead to histological alterations and/or
disturbed biochemical functions. Alanine aminotransferase (ALAT) and aspartate aminotransferase
(AST) are liver-specific enzymes that are more sensitive measure of hepatotoxicity and
histopathological changes; they can be assessed within a short time [10-12]. Thus, hepatotoxic changes
are also good indicators of fish health as well as quality of aquatic ecosystem [13-15].

To support the environmental risk assessment and monitoring policies, the present work was designed
to elucidate the hepatotoxic effects of C. I. direct Green 6, azo dye on L.rohita fingerlings using
histopathological and biochemical biomarkers.

MATERIALS AND METHODS
Test Sample and Preparation of Dye Solution

The Direct Green 6 [CssH22NsNa2010S;] dye was obtained and was directly used for the experimental
work. Stock solutions of dyes were prepared using distilled water (50 mg/ml) and were stored at 4 °C.
Required dilutions of dyes were then prepared by adding stock solution to a measured quantity of water
in experimental aquaria [16].

Test Animal and Acclimatization

L. rohita is an Indian major carp and an edible freshwater fish. It has economic importance also. L.
rohita fingerlings were procured from the Government Fish Farm, Valod, Gujarat, (21.04 °N 73.24
°E]), India. They were disinfected with 0.1% KMnQOa, and acclimatized to laboratory conditions in
dechlorinated tap water at room temperature 253 °C for 15 days in 100 | PVVC-lined glass aquaria with
continuous aeration. The physicochemical parameters of water such as temperature, pH, dissolved
oxygen, alkalinity, hardness, etc. were measured and maintained during acclimatization and throughout
the experimental period [16] (Table 1).

Fingerlings were fed with standard fish meal, readily available in the market at the rate of 5% of their
body weight, once a day. Water along with the nitrogenous excreta was changed after every 48 h. After
acclimatization, the healthy fingerlings were selected for exposures.

Table 1. Physicochemical parameters of water and methods used for their estimation.

No.|Physicochemical parameters of water |Method Range (unit)

1. |pH By using digital pH meter  |7.3£0.3

2. |Temperature By using thermometer 25.0+3.0 (°C)

3. |Dissolved oxygen (DO) Winkler’s iodometric method|6.8+0.2 (mg/l)
4. |Total hardness (TH) Complexometric titration 125.0+0.5 (mg/l)
5. |Total alkalinity (TA) Titrimetry method 130.2+0.4 (mg/l)

(All the values shown here are mean * SE)

Sublethal Concentrations of DG 6 and Exposure Details

Mortality tests were carried out for DG 6 following the standard method [17]. Based on the acute
LCsovalues of DG 6 (33.84 mg/l), three different sublethal concentrations (2.5, 5, 10 mg/I) were selected
for the experimental work [18]. About 90 healthy fingerlings were categorized into three groups to
expose them to above mentioned sublethal concentrations (10 in each concentration and in triplicates)
for 15 days. More 10 fingerlings were kept into dye-free dechlorinated tap water as a control group for
the same period of time. All these exposed fingerlings were fed daily. They were starved for 24 h prior
their sacrifice.

Histopathological Method
Microtomy was performed to study the histopathological details of the target organ—Iiver. For that,
after 15 days of exposure time, the liver were dissected out from all the exposed as well as control
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groups and further processed for the microtomy and biochemical assays. The liver were fixed in 10%
formaline, dehydrated and embedded in paraffin wax, sectioned (5 pm) and stained with H & E method
[19]. All the histopathological observations were made using Carl Zeiss Trinocular microscope, Axio
scope Al. Microphotographs were taken and documentation was done. These changes were compared
with those of the control group.

Tissue Homogenate Preparation and Enzyme Assays

Collected liver tissues were used to determine enzyme activity. Liver of the individuals from each
group were homogenized separately in chilled 0.25M sucrose solution (8 ml/g of wet tissue) in Teflon-
coated tissue homogenizer and centrifuged at 15000 g at 4 °C for 20 min. Enzyme activities were
measured from supernatants. Alanine aminotransferase (ALAT; E.C.2.6.1.2) was analyzed with 53.68
g of L-alanine and 0.7734 g a-oxoglutarate, 1.2 U/ml LDH and 0.17 g/l NADH in Tris buffer (pH 7.5)
and estimated at 340 nm for 3 min. Aspartate aminotransferase (AST; E.C.2.6.1.1) was assayed using
41.62 g aspartic acid, 0.7734 g a-oxoglutarate, 0.42 U/ml MDH and 0.17 g/l NADH in Tris buffer (pH
7.5) and estimated at 340 nm for 3 min [20]. ALAT and AST activities were expressed as:
ALAT activity (IU) = AA/ min. X 1015
and
AST activity (IU) = AA/ min. x 1015

All colorimetric assays were carried out using UV-VIS spectrophotometer (Schimadzu, UV-1800).

Statistical Analysis
All enzyme assays were carried out in triplicates. The data were analyzed by using Student’s ¢’ test
and the significance of the data was approved at p < 0.05 level.

RESULTS

No mortality was observed throughout the exposure period in all the exposed groups of fingerlings
including the control one. It showed that three selected sublethal concentrations were sublethal though
create hepatic damages in the DG 6 exposed fingerlings.

Histotoxic Changes

Liver is the largest glandular organ in the fish body. It is the chief target of all kinds of xenobiotics.
A typical arrangement of hepatocytes, central veins, sinusoids etc. were observed in liver sections from
fingerlings of control group. DG 6 exposed fingerlings liver developed some changes which were dose
and time dependent. In 2.5 mg/l concentration of DG 6, liver showed mild changes such as disposition
of hepatic cords and rupture of blood capillaries in sinusoids with focal necrosis after 15 days of
exposure. Vacuolated cytoplasm in cells, haemorrhage and cytolysis accompanied by dilation of
sinusoid, karyorrhexis and complete disintegration of nucleus were seen at some places when
fingerlings were exposed to moderate (5.0 mg/l) concentration of DG 6 after 15 days of exposure. When
fingerlings from the higher (10.0 mg/l) concentration were sacrificed, liver showed drastic
disorganization such as dilated and deformed central vein, necrosis, severe haemorrhage, karyolysis and
karyohexis were seen after the experimental period. The changes seen in liver histology are compiled
in Figure 1.

Toxic Effects on Aminotransferases Activity

The liver showed noticeable decrease in ALAT level in all concentrations of DG 6 as compared to
control that is, 200.2 IU. ALAT activity showed declined trend as the concentration of dye increased.
At 2.5 mg/l concentration of DG 6, the liver ALAT decreased by 32.4 1U after 15 days of exposure.
Whereas, liver ALAT activity showed progressive decline upto163.8 IU and 150.8 1U when exposed to
5.0 mg/l and 10.0 mg/l, respectively after 15 days of experimental period.

The liver showed decreased level of AST activity in fingerlings exposed to all the concentrations of DG
6. Similar to the ALAT activity, AST activity also showed decreasing trend with the increased
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concentration. At 2.5 mg/l concentration of DG 6, the liver AST decreased upto 209.3 1U after 15 days of
exposure as compared to controlled one that is, 250 IU. Whereas, liver AST activity showed significant
progressive decline upto 200.3 1U and 199.1 IU when exposed to 5.0 mg/l and 10.0 mg/I, respectively
after 15 days of experimental period. All these enzymatic changes are represented in Figure 2.

control. (A) Normal histology of liver from the control group of fingerlings; well-arranged hepatocytes
and sinusoids (arrow) with well-defined central canal (*) [H & E; 450X]. (B, C) Liver sections from
fingerlings exposed to 2.5 mg/l of DG 6 showing damaged central canal (*); disoriented sinusoid
(arrow); two hemorrhagic spots (Star) [H &E; 450X]. (D-F) Liver sections from fingerlings exposed
to 5.0 mg/l of DG 6 showing dilated sinusoids with hemorrhage (*); severely damaged central canal
(star); necrosis (arrow) (H & E; 450X; 1000X). (G-1) Liver sections from fingerlings exposed to 10.0
mg/l of DG 6 showing severe necrotic effect including karyolysis and karyorrhexis (Star); severe
hemorrhage in the hepatic tissue (arrow) [H&E; 1000X].

DISCUSSION

The present work suggested that the selected concentrations of DG 6 were sublethal as no mortality
was recorded throughout the experimental period. It was found that the liver of fish had a limited ability
to repair the damages occured due to the DG 6 exposure. But, as all the histological changes were dose
dependent, they lead to disturbed metabolic/enzymatic activities of the liver. Our previous study also
supported the present findings when L. rohita fingerlings were exposed to azo dye Acid Orange 7 [21].
A recent study also documented extensive histopathological lesions in L. rohita fingerlings when
exposed to Malachite Green dye [22].

© STM Journals 2021. All Rights Reserved 4



Research & Reviews: Journal of Veterinary Science and Technology
Volume 10, Issue 2
ISSN: 2319-3441 (Online), ISSN: 2349-3690 (Print)

220

210

200 ‘o] control

190

180

170

2.5 ppm
160 5 ppm

Enzyme activity (1.U.)

150 10 ppm

140

130

0 5 10 15 20
Days of exposure

280

270

260

250

% control

240

230

220

210 2.5 ppm

5 ppm

Enzyme activity (1.U.)

200

10 ppm
190 PP

180

170

0 5 10 15 20
(b) Days of exposure

Figure 2. Effect of three sublethal concentrations of DG 6 on liver enzymes of Labeo rohita fingerlings
(A) decreased ALAT activity at 15 days of exposure; and (B) decreased AST
activity at 15 days of exposure [Results are expressed as mean + SE].

Malachite Green dye and Red 195 dye also induced similar changes such as vacuolation, pyknotic
nuclei, focal necrosis and sinusoidal congestion in Nile tilapia Oreochromis niloticus [23, 24]. Various
environmental stressors were also capable of inducing such types of histological alterations in fishes
[25]. Many pesticides have been reported to trigger analogous characteristic nuclear alterations,
necrosis, erythrocytic congestion in Indian major carp Catla catla, O. niloticus and Clarius gariepinus
[26-28]. Moreover, Oreochromis mossambicus and Onchorynchus mykiss livers showed above
mentioned histological changes induced by silica and cerium dioxide nanoparticles [29, 30].

Liver is considered as an important organ for many metabolic processes. Exposure to xenobiotics
leads to their accumulation in liver and causes pathological alterations. This results in the release of
tissue-specific enzymes. The high level of serum aminotransferases indicates inflammation or death of
hepatocytes and thus acts as sensitive marker [31]. Decreased activities of both transaminases indicated
lesser transamination processes. A declined transamination might affect amino acid input in the
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tricarboxylic acid (TCA) cycle and might lead to energy crisis [32]. With increasing concentration of
DG 6, AST and ALAT activities fell significantly below the control levels, probably related to cytolysis
and enzyme leakage into the blood. Hepatocellular changes and necrosis noticed in the histopathological
sections were in conformity with the present biochemical results [33].

Furthermore, our previous study also supported the present findings when L. rohita fingerlings were
exposed to azo dye Acid Orange 7 [34]. This declined liver AST and ALAT activities were in agreement
with the findings of other workers. Acid black azo dye also has toxic potentials to damage the liver of
L. rohita and showed declined activities of liver-specific enzymes [35]. On the other hand, heavy metals
such as arsenic and chromium greatly increased serum ALAT and AST in L. rohita as compared to
those of the control group [36]. Zebrafish liver showed gradually decreased aminotransferases level on
exposure of acetaminophen [37]. Even seasonal variations also induced such changes in liver enzyme
activities of Tilapia zillii and Mugil capito collected from the Qarun Lake, Egypt [38]. Similar changes
were reported in Channa punctatus following exposure to azo dye Bismark brown and Monocrotophos
[39, 40].

CONCLUSION

The present study concluded that the exposure of azo dye affects the structural, physiological and
biochemical status of the target organ (liver) of the exposed fingerlings as seen by the various
histological changes and significantly decreased levels of ALAT and AST activity. Hence, DG 6 is a
toxic azo dye and is able to disturb the aquatic flora and fauna even at low or sublethal concentrations.
However, the present study suggested that industries can minimize the use of such dyes as well as an
efficient effluent treatment methodology should be implicated to conserve the aquatic ecosystem, food
chain and food web of the nature.

REFERENCES

1. Statista. Dyes and pigments production volume in India 2012-2019. USA: Statista Research
Department; 2019 November 14.

2. Samchetshabam G, Ajmal H, Choudhury TG. Impact of textile dyes waste on aquatic environments
and its treatment. Environ Ecol. 2017; 35(3C): 2349-2353p.

3. Chequer FMD, Angeli JPF, Ferraz ERA, Tsuboy MS, Marcarini JC, Mantovani MS, Oliveira DP.
The azo dyes Disperse Red 1 and Disperse Orange 1 increase the micronuclei frequencies in human
lymphocytes and in HepG2 cells. Mutat Res. 2009; 676 (1-2): 83-86p.

4. Tsuboy MS, Angeli JPF, Mantovani MS, Umbuzeiro GA, Ribeiro LR. Genotoxic, mutagenic and
cytotoxic effects of the commercial dye Cl Disperse Blue 291 in the human hepatic cell line HepG2.
Toxicol in vitro. 2007; 21(8): 1650-1655p.

5. Tippabathani J, Nellore J, Kathirkannam P, Valli Nachiyar C. Developmental effects of three textile
chemicals on locomotor activity, antioxidant markers and acetylcholine esterase activity in
zebrafish. Indian J Exp Biol. 2020; 58 (3): 212-218p.

6. Tkaczyk A, Mitrowska K, Posyniak A. Synthetic organic dyes as contaminants of the aquatic
environment and their implications for ecosystems: A review. Sci Total Environ. 2020; 717:
137222p.

7. Sinha R, Jindal R. Elucidation of malachite green induced behavioural, biochemical and histo-
architectural defects in Cyprinus carpio as piscine model. Environmental and Sustainability
Indicators. 2020; 8: 100055p.

8. Brraich OS, Kaur M. Histopathological alterations in the gills of Labeo rohita (Hamilton-
Buchanan) due to lead toxicity. Indian J Exp Biol. 2017; 55: 576-583p.

9. Stentiford GD, Longshaw M, Lyons BP, Jones GJ, Green M, Feist SW. Histopathological
biomarkers in estuarine fish species for the assessment of biological effects of contaminants. Mar
Environ Res. 2003; 55: 137-159p.

10. Algefare Al, Alfwuaires MA, Badr GM. Baluchistan gerbil hepatotoxicity as a new biomonitor of
heavy metal pollution. Indian J Anim Res. 2020; 54 (2): 222-227p.

© STM Journals 2021. All Rights Reserved 6



Research & Reviews: Journal of Veterinary Science and Technology
Volume 10, Issue 2
ISSN: 2319-3441 (Online), ISSN: 2349-3690 (Print)

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Jaeschke H, McGill MR. Cytochrome P450 derived versus mitochondrial oxidant stress in
acetaminophen hepatotoxicity. Toxicol Lett. 2015; 235: 216-217p.

Jaeschke H, McGill MR, Ramachandran A. Oxidant stress, mitochondria, and cell death
mechanisms in drug induced liver injury: Lessons learned from acetaminophen hepatotoxicity.
Drug Metab Rev. 2012; 44: 88-106p.

Ensibi C, Perez-Lopez M, Soler Rodriguez F, Miguez-Santiyan MP, Daly Yahya MN, Hernandez-
Moreno D. Effects of deltamethrin on biometric parameters and liver biomarkers in common carp
(Cyprinus Carpio L.). Environ Toxicol Pharmacol. 2013; 36(2): 384-391p.

Bhattacharya H, Xiao Q, Lun L. Toxicity studies of nonylphenol on rosy barb (Puntius
conchonious): A biochemical and histopathological evaluation. Tissue Cell. 2008; 40(4): 243-249p.
Rao JV. Biochemical alterations in euryhaline fish, Oreochromis mossambicus exposed to sublethal
concentrations of an organophosphorus insecticide, monocrotophos. Chemosphere. 2006; 65:
1814-1820p.

American Public Health Association. Standard methods for the examination of water and waste
water, 21 Ed. Washington, DC.: APHA,; 2005.

Doudoroff P, Anderson BO, Burdick GE, Galtsoff PS, Hart WB, Parick R, Strong ER, Surber EW,
Vanhorn WM. Bioassay methods for the evaluation of acute toxicity of industrial wastes to fish.
Sewage Industry Wastes.1951; 23: 1380-1397p.

Barot J, Bahadur A. Behavioural and histopathological effects of azo dye on kidney and gills of
Labeo rohita fingerlings. J Environ Biol. 2012; 34: 147-152p.

Roberts RJ. Fish Pathology, 4 th ed. UK: Blackwell Publishing Ltd.; 2012. 462p.

Bergmeyer HU, Schibe P, Wahlefeld AW. Optimization of method for aspartate aminotrasferase
and alanine aminotransferase. Clin Chem.1978; 24: 58-73p.

Barot J, Bahadur A. Histotoxicity of acid orange 7 on organs of freshwater fish Labeo rohita.
RRJoT. 2011; 1(1): 1-9p.

Vigneshpriya D, Krishnaveni N, Renganathan S, Priyadarshini RSS. Impact of untreated and
Sargassum wightii-treated brilliant green dye exposure on Indian major carp, Labeo rohita Ham.:
Hematology, biochemistry, enzymology and histopathology. Int J Phytoremediation. 2020; 22(8):
819-826p.

Seel-Audom M, Krongpong L, Futami K, Goncalves AT, Katagiri T, Areechon N, Endo M, Maita
M. Toxicity and absorption of dietary leucomalachite green in Nile tilapia Oreochromis niloticus.
Fish Sci. 2013; 79 (1): 119-127p.

Ayadi |, Monteiro SM, Regaya |, Coimbra A, Fernandes F, Oliveira MM, Peixoto F, Mnif W.
Biochemical and histological changes in the liver and gill of Nile tilapia Oreochromis niloticus
exposed to Red 195 Dye. RSC Adv. 2015; 5: 87168-87178p.

Burgos-Aceves MA, Lionetti L, Faggio C. Multidisciplinary hematology as prognostic device in
environmental and xenobiotic stress-induced response in fish. Sci Total Environ. 2019; 670: 1170-
1183p.

SharmaR, Jindal R. Assessment of cypermethrin induced hepatic toxicity in Catla catla: A multiple
biomarker approach. Environ Res. 2020; 184: 109359p. DOI: 10.1016/j.envres.
2020.109359

Jiraungkoorskul W, Upatham ES, Kruatrachue M, Sahaphong S, Vichasri-Grams S, Pokethitiyook
P. Biochemical and histopathological effects of glyphosate herbicide on Nile tilapia (Oreochromis
niloticus). Environ Toxicol. 2003; 18 (4): 260-267p.

Velmurugan B, Mathews T, Cengiz EI. Histopathological effects of cypermethrin on gills, liver and
kidney of fresh water fish Clarias gariepinus (Burchell, 1822) and recovery after exposure. Environ
Technol. 2009; 30: 1453-1460p.

Vidya PV, Asifa KP, Chitra KC. Hepatic histopathology in Oreochromis mossambicus (Peters,
1852) under silica nanoparticles toxicity. Indian J Exp Biol. 2019; 57: 293-296p.

Correia AT, Rebelo D, Marques J, Nunes B. Effects of the chronic exposure to cerium dioxide
nanoparticles in Onchorynchus mykiss: Assessment of oxidative stress, neurotoxicity and
histological alterations. Environ Toxicol Pharmacol. 2019; 68: 27-36p.

© STM Journals 2021. All Rights Reserved 7



Assessment of Hepatic Damage in Labeo rohita (Hamilton, 1822) Barot and Bahadur

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Das BK, Mukherjee SC. A histopathological study of carp (Labeo rohita) exposed to
hexachlorocyclohexane. Veterinarski Arhiv. 2000; 70: 169-180p.

Piackova ESV, Pijacek HKM, Svobodova Z. The effect of praziquantel applied per os on selected
haematological and biochemical indices in common carp (Cyprinus carpio L.). Fish Physiol
Biochem. 2009; 35: 599-605p.

Ramaiah SK. A toxicologist guide to the diagnostic interpretation of hepatic biochemical
parameters. Food Chem Toxicol. 2007; 45: 1551-1557p.

Barot J, Bahadur A. Toxic impacts of C.I. acid orange 7 on behavioural, haematological and some
biochemical parameters of Labeo rohita fingerlings. Int J Sci Res in Environ Sci. 2015; 3(8): 0284—
290p.

Kaur S, Kaur A. Variability in antioxidant/detoxification enzymes of Labeo rohita exposed to an
azo dye, acid black (AB). Comp Biochem Physiol Part C: Toxicol Pharmacol. 2015; 167: 108—
116p.

Vutukuru SS, Prabhath NA, Raghavender M, Yerramilli A. Effect of arsenic and chromium on the
serum aminotransferases activity in Indian major carp, Labeo rohita. Int J Environ Res Public
Health. 2007; 4: 224-227p.

Swarnalatha Y. Protective role of heptametoxyflavone against acetaminophen induced
hepatotoxicity in zebrafish. Indian J Exp Biol. 2017; 55: 805-810p.

Mohamed AS, Gad NS, El Desoky MA. Liver Enzyme Activity of Tilapia zillii and Mugil capito
Collected Seasonally from Qarun Lake, Egypt. Fish Aqua J. 2019; 10: 1000265-1000268p.

Garg V. Histopathological and biochemical investigations of a few tissues (liver, kidney and blood)
of Channa punctatus under toxication with bismark brown azodye. Ph.D. Thesis. Meerut, India:
Meerut University; 1981.

Agrahari S, Gopal K. Fluctuations of certain biochemical constituents and markers enzymes as a
consequence of monocrotophos toxicity in the edible freshwater fish, Channa punctatus. Pest
Biochem and Physiol. 2009; 94: 5-9p.

© STM Journals 2021. All Rights Reserved 8



