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SUMMARY

Channa punctatus was exposed to four different concentrations of Rutin, Taraxerol and Apigenin. Changes in some hematological 
parameters of Channa punctatus were assessed to determine the influence of these compounds on test fish. Fish were exposed to sublethal 
concentrations (80% of LC

50
 of 24h) of these compounds for one week. Control fish were also administered for one week. Thereafter, 

blood samples were obtained from the control and experimental fish. Blood was assayed for selected hematological parameters 
(hematocrit, hemoglobin, red blood cell count, white blood cell count total plasma protein and plasma glucose concentration). The 
derived hematological indices of mean corpuscular hemoglobin concentration (MCHC), mean corpuscular hemoglobin (MCH) and 
mean corpuscular volume (MCV) were calculated. Sublethal concentrations of these compounds caused a dose dependent decrease in 
hemoglobin values coupled with a decrease in hematocrit values and red blood cell counts are an obvious indication of anemia. The 
total white blood cell counts and the differential white blood cell counts were decreased except for the lymphocytes, where there was 
a slight increase. Plasma protein and glucose were also lower in exposed fish when compared with control. The hematological indices 
MCH, MCHC, MCV were also lowered. The result from this study reveals high mortality rate and deleterious consequences on the 
health of fish subjected to acute exposure of Rutin, Taraxerol and Apigenin and therefore, should not be used directly in aquaculture 
without having the proper knowledge.
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INTRODUCTION

The intensive use of synthetic pesticides in agricultural fields and 
public health operation systems has resulted in serious environmental 
hazards36,38. With growing awareness of environmental pollution by 
pesticides, efforts are being made to find pesticides from plant origin4,26,35 
because plants are virtually an inexhaustible source of structurally diverse 
and biologically active substances18. Several plants belonging to different 
families, which possess a number of compounds, such as saponins, 
tannins, alkaloids, alkenyl phenols, di- and triterpenoids etc. have 
effective molluscicidal, insecticidal and piscicidal properties2,18,24,37,40. 
Active compound taraxerol and Apigenin extracted from Codium 
variegatum and Jatropha gossypifolia, respectively both belong to 
the family Euphorbiacea. Rutin was (C

27
H

30
O

16
) (EC NO-205-814-1) 

purchased from the Sigma Chemical Company, USA. Hematological 
parameters were tested on freshwater fish Channa punctatus. This is an 
important fish of Indian fishing.

Despite the effectiveness of these compounds, knowing the mode 
of action and long-term effect of pesticides of plant origin on non-
target organism is necessary for their commercial usage. Hematological 

study is important in toxicological research because a hematological 
alteration is a good method for rapid evaluation of the chronic toxicities 
of a compound21. A thin epithelial membrane separates fish blood from 
the water and any unfavorable change in the water body is reflected in 
the blood21.

The deliberate introduction of these plant extracts in the aquatic 
ecosystem could therefore eventually lead to physiological stress in 
aquatic organisms. The physical and chemical changes in the aqueous 
environment often cause some physiological changes in fish, thus, the 
water quality of an aquatic body is highly crucial because it determines 
the productivity and other parameters necessary for fish survival. 
Environmental factors such as pH, turbidity, alkalinity, dissolved oxygen 
and temperature influence the rate of reaction of pollutants entering the 
water or the lethal effects on the aquatic organisms12.

Many factors such as environmental and physiological are known 
to influence fish hematology; these include stress due to the catching, 
transportation, sampling, age and sex. The knowledge of hematological 
characteristics of the fish is important in determining its health status, 
toxicological and parasitological investigations as well as selecting 
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brooders for breeding purposes. The red blood cells count, hematocrit and 
hemoglobin concentration vary with diet and strain as well as temperature, 
season of the year and nutritional status of the fish5.

This study will report on the hematological changes in fish Channa 
punctatus, an important fish of Indian fishing, exposed to sub-lethal 
concentration of Taraxerol, Apigenin and Rutin.

MATERIALS AND METHOD

Collection of experimental animal: Channa punctatus (wt.29.21±1.83 
gm; length 14.5 ± 1.20 cm) were collected from the Ramgarh Lake of 
Gorakhpur district of India. The collected fish were maintained in glass 
aquaria containing 100 L de-chlorinated tap water for acclimatization 
to laboratory conditions for one week. The water in aquaria was aerated 
continuously and changed daily. The fish were fed daily on commercial 
fish food. The dead animals were removed from the aquaria to avoid any 
contamination. The physiochemical properties of experimental water are: 
temperature-15 0C, pH-6.80-7.05, Dissolved oxygen-6.5-7.2 mg/L, Free 
carbon dioxide-4.5-6.5 mg/L, Bicarbonate alkalinity-105-109 mg/L.

Extraction of Taraxerol from Codium variegatum: Pure taraxerol 
was isolated from the stem bark of C. variegatum by the method of 
CHATTERJEE & BANERJEE8. The stem bark of C. variegatum 
was dried in an incubator at about 37 0C and powdered with the help 
of a mechanical device. From 2 kg of dried powdered stem bark, a 
concentrated solution of C. variegatum was extracted with petrol, for 
about 70 hours, in soxhlet apparatus. After evaporation of the solvent 
by vacuum pump, the isolated compound in dried form was obtained. 
Taraxerol is soluble in organic solvents such as CHCl

3
 and CHCl

3 
– 

MeOH. Identification of the Taraxerol (C
32

H
48

O
9
) was confirmed from 

nuclear magnetic resonance (NMR) data of LEE et al.22.

Extraction of Apigenin from Jatropha gossypifolia: Pure apigenin 
was isolated from the leaf of Jatropha gossypifolia by the method of 
SUBRAMANIAN et al.41. Leaf of Jatropha gossypifolia were washed 
properly with the water and dried in an incubator at 37 °C. The dried 
leaves were then powdered. About 50 grams of the leaf powder were 
subjected to extraction in Soxhlet apparatus with about 250-300 mL 
Ethyl alcohol for about 72 hours at 20-40 °C. When extraction was 
completed, a small amount of crude yellow powder was obtained. After 
adding NaOH and HCl, Apigenin was obtained which is crystallized 
by Methanol. Apigenin extracted from Jatropha gossypifolia leaf was 
confirmed by the UV spectral data of DORDEVIC et al.11.

Rutin was (C
27

H
30

O
16

) (EC NO-205-814-1) purchased from the Sigma 
Chemical Company, USA.

Hematological experiments: A total of 40 healthy Channa punctatus 
were used for this study. The fish were acclimatized to laboratory 
conditions for a period of seven days. Ten fish were kept in glass aquaria 
containing 10 Ltrs dechlorinated water; three replicates were set up for 
this experiment. Fish were exposed to different sub-lethal doses (80% 
of LC

50
 of 24h) SHAHI & SINGH33, of Rutin, Taraxerol and Apigenin. 

Control groups are maintained separately. Artificial feeding was carried 
out. The water quality parameters of the water used in the test was 
determined by standard methods of APHA3.

The exposure period lasted for one week, after which blood samples 
were obtained from the control and experimental fish. Approximately 
2 mL of blood was collected from the caudal peduncle using separate 
heparinized disposable syringes containing 0.5 mg ethylene diamine tetra 
acetic acid (EDTA), an anticoagulant; it was properly mixed and used for 
hematological analysis. All hematological parameters such as hematocrit 
value, hemoglobin content, total leukocyte count, erythrocyte count and 
blood biochemistry such as serum glucose, serum protein, serum calcium 
and serum chloride was estimated by an auto analyzer SysmexR fully 
computerized automatic blood cell counter (KX-21).

Results were expressed as mean ± SE of three replicates and 
differences between means were considered to be significant when p 
< 0.05.

RESULTS

Hematological observation: The mean values for the hematological 
parameters of Channa punctatus were studied. The hematological 
parameters for the treated fish and those of the fish from the control tanks 
after one week showed significant difference. Rutin are highly toxic than 
taraxerol and apigenin. There was a significant increase in white blood 
cell count, lymphocyte increased and neutrophils decreased (p < 0.05) as 
compared to the control group (Table 1). Red blood cell counts exhibited 
a decrease in their numbers, mean corpuscular hemoglobin content 
(MCHC), mean corpuscular hemoglobin (MCH) and mean corpuscular 
volume (MCV) were significantly (p < 0.05) decreased than control 
groups. The hemoglobin and hematocrit values decreased significantly 
(Table 2). A significant decrease was observed in serum total protein, 
glucose, calcium and chloride in experimental groups when compared 
to control group (Table 3).

Table 1
Leukocyte and its differential counts of freshwater fish C. punctatus after one week exposure to sub-lethal doses of Rutin, Taraxerol and Apigenin

Parameters Control Rutin Taraxerol Apigenin

Total Leukocyte Count

WBC (103 mm3) 145.5 ± 0.06 189.7 ± 0.09 169.7 ± 0.10 159.1 ± 0.13

Differential Count

Lymphocyte (%) 86.7 ± 0.03 108.2 ± 0.02 98.8 ± 0.13 91.20 ± 0.02

Neutrophils (%) 13.3 ± 0.24 6.1 ± 0.08 8.9 ± 0.06 10.9 ± 0.08

WBC- White blood cells; Significance at 0.05 level
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DISCUSSION

Mortality caused by all the compounds showed a significant positive 
correlation between dose and mortality. This may be due to an increase 
of extract concentration in water which resulted in more intakes of their 
active moieties in fish body. Data also showed a significant negative 
correlation between LC values and exposure periods. It could be due to 
several factors15 which may be acting separately or conjointly. Stability 
(life span) of active moieties in environment and their detoxification 
rate in animal body also alters the relationship of mortality and exposure 
periods25,27.

According to BARTON6 stressors evoke non-specific responses in fish 
which enables the fish to cope with the disturbance and maintenance of 
its homeostatic state. If severe or long lasting, the response then becomes 
maladaptive and threatens the fish health and wellbeing. Therefore, in 
the presence of stressors (contaminants/pollutants), blood parameters 
and blood chemistry can be employed as a standard laboratory test to 
determine diseased conditions and metabolic disturbances in fish7. In 
the present investigation, it has been revealed that low level sublethal 
exposure of these compounds reduced hematological parameters. 
OMOREGIE et al.29 reported that toxicants and pollutants have significant 
effects, which can result in several physiological dysfunctions in fish. 
Dysfunction in the fish induces changes in blood parameters.

In fish, a change of the blood cell distribution also has been correlated 
with the changes in environmental conditions10,14. The exposure of C. 
punctatus to sublethal concentrations of Rutin, Taraxerol and Apigenin 
caused a significant decrease in erythrocyte count, hemoglobin and 

hematocrit of the fish. The decrease in hemoglobin concentration is 
similar to those reported in C. gariepinus exposed to cassava effluents and 
tobacco (Nicotiana tobaccum) leaf extracts1,28. This pattern of response 
may be attributed to hemolysis which results in hemodilution, a means 
of diluting the hemoconcentration of the extracts thus reducing the effect 
of the toxicants/pollutant in its system32,39.

This effect on C. punctatus might have been achieved through failure 
or suppression of normal mechanisms promoting erythropoiesis and/or 
deficiency of some factors required for the maturation of the red cell. 
The causes of leucopenia observed in the present study are supposed to 
be according to the degeneration, depression, depletion and destruction 
of the blood forming materials by these compounds. The observed 
depletion in the hemoglobin and hematocrit values in the fish could also 
be attributed to the lysis of erythrocytes21. Thus, the significant reduction 
in these parameters is an indication of severe anemia. In the values 
obtained in the hematological indices, slight fluctuations were recorded 
in the MCV and MCHC but there was significant change in the MCH, 
due to the reduction in cellular blood iron, resulting in reduced oxygen 
carrying capacity of blood and eventually stimulating erythropoiesis16.

The white blood cells in fish respond to various stressors including 
infections and chemical irritants9. Thus increasing or decreasing numbers 
of white blood cells are a normal reaction on the exposure of toxicants20. 
In the present investigation the increase in WBC (leukocytosis) may have 
resulted from the excitation of defense mechanism of the fish to counter 
the effect of the toxicant13. A sharp decrease was observed in percentage 
neutrophils, this was attributed to tissue damage. Finally, a slight but 
significant increase of lymphocyte was recorded in this investigation. 

Table 3
Levels of non-cellular blood constituents of freshwater fish C. punctatus after one week exposure of sub-lethal doses of Rutin, Taraxerol and Apigenin

Parameter Control Rutin Taraxerol Apigenin

Serum glucose (mg%) 67.4 ± 0.32 51.2 ± 0.11 64.9 ± 0.80 61.4 ± 1.00

Serum protein (gm%) 4.97 ± 1.22 3.2 ± 0.37 4.1 ± 0.32 3.4 ± 0.08

Serum calcium (mg%) 22.7 ± 0.15 10.3 ± 0.18 11.8 ± 0.08 15.3 ± 0.16

Serum chloride (m.eq/L) 137.4 ± 0.18 103.9 ± 0.15 112.6 ± 0.12 117.6 ± 0.08

Table 2
Erythrocyte counts, hemoglobin content and hematocrit value of freshwater fish C. punctatus after one week exposure 

to sub-lethal doses of Rutin, Taraxerol and Apigenin

Parameters Control Rutin Taraxerol Apigenin

Hematocrit (%) 28.1 ± 0.68 17.2 ± 0.02 21.4 ± 0.98 25.1 ± 0.13

Hemoglobin (gdL-1) 12.6 ± 0.81 7.34 ± 0.09 9.1 ± 0.07 10.2 ± 0.06

Erythrocyte Count

RBC (106 mm3) 3.17 ± 0.12 1.92 ± 0.06 2.24 ± 0.08 2.67 ± 0.13

MCHC (g/dL) 34.9 ± 0.37 32.2 ± 0.12 31.8 ± 0.08 33.1 ± 0.14

MCH (Pg) 57.4 ± 0.02 38.4 ± 0.12 39.7 ± 0.05 42.2 ± 0.02

MCV (µg) 135.9 ± 0.80 115.8 ± 0.02 121.1 ± 0.12 128.4 ± 0.06

RBC - Red blood cells; MCHC - Mean corpuscular haemoglobin concentration; MCH - Mean corpuscular hemoglobin (Pg); MCV - Mean cell volume; Significance 
at 0.05 level.
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This is in agreement with the findings of SAMPATH et al.32, when they 
exposed the Nile tilapia O. niloticus to a toxic environment.

Plasma protein were found to decrease, this could be attributed to 
renal excretion or impaired protein synthesis or due to liver disorder19. 
On the other hand, the observed decrease of plasma protein could also 
result from the breakdown of protein into amino acids first and possibly 
into nitrogen and other elementary molecule. Similar reduction in protein 
has also been reported by IBRAHIM et al.17 when brown Hisex chicks 
were fed Azadiracta indica ripe fruit. A change in plasma glucose was 
attributed to the changes in carbohydrate metabolism. Blood glucose has 
been employed as an indicator of environmental stress34. 

It has been observed that plasma osmolarity and monovalent ion 
concentrations remain relatively constant for a variety of teleosts. It is 
generally recognized that sodium, chloride, potassium and calcium are 
primarily for osmoregulation in fish, either by exerting an osmotic effect 
(Sodium and Chloride) or by effective uptake and excretion (calcium 
and potassium). These elements also serve electrochemical, enzymatic 
and structural functions. Calcium serves a number of functions in fish. 
In bony fishes, it combines with phosphorus for the deposition of bone. 
It is possible that bone serves as a reservoir of calcium for plasma and 
tissues. Additionally, calcium appears to be important in reproduction30,31 
and in mitochondrial function23.

The result from this study reveals deleterious consequences on 
the health of fish subjected to acute exposure of Rutin, Taraxerol and 
Apigenin and therefore, should not be used directly in aquaculture without 
having proper knowledge.

RESUMO

Efeito de compostos bioativos extraídos de plantas eufórbicas 
sobre os parâmetros hematológicos e bioquímicos da  

Channa punctatus

Channa punctatus foi exposta a quatro diferentes concentrações 
de Rutina, Taraxerol e Apigenina. Alterações de alguns parâmetros 
hematológicos da Channa punctatus foram acessados para determinar 
a influência destes compostos no peixe teste. Peixes foram expostos 
a concentrações sub-letais (80% 0f LC50 em 24h) destes compostos 
por uma semana. Os peixes controles foram também expostos durante 
uma semana. A seguir, amostras de sangue foram obtidas do peixe 
controle e do experimental. O sangue foi estudado por parâmetros 
hematológicos selecionados (hematócrito, hemoglobina, contagem de 
células vermelhas e brancas, proteína plasmática total e concentração 
de glucose plasmática). Os índices hematológicos derivados da média 
da concentração corpuscular da hemoglobina (MCHC), a média de 
hemoglobina corpuscular (MCH) e a média de volume corpuscular 
(MCV), foram calculados. Concentrações sub-letais destes compostos 
causaram decréscimo dose-dependente dos valores da hemoglobina 
unidos a decréscimo de valores de hematócrito e das contagens de células 
sanguíneas vermelhas o que caracteriza indicação óbvia de anemia. As 
contagens totais de células brancas e a contagem diferencial destas células 
estavam diminuídas exceto pelos linfócitos que mostraram leve aumento. 
A proteína plasmática e a glicose estavam também baixas nos peixes 
expostos quando comparados com o controle. Os índices hematológicos 
MCH, MCHC, MCV estavam também diminuídos. 

Os resultados deste estudo revelam alto percentual de mortalidade e 
conseqüências deletérias à saúde de peixes submetidos à exposição aguda 
de Rutina, Talaxerol e Apigenina e portanto eles não devem ser usados 
diretamente em aquacultura sem conhecimento apropriado. 
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