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Abstract: Smoke-dried fish mongers and marketers have adopted the use of organochlorines (OCPs) in the 

preservation of smoke-dried fish especially during storage. Although the OCPs laden fishes appear free from insect 

infestation, the retained residual concentrations in the fish flesh upon consumption possibly causes harm since OCPs can 

absorb and bio-accumulate in the blood stream and fatty tissues. This study therefore seek to quantify the residual 

concentrations of OCPs (DDT, endosulfan and lindane) in smoke-dried fish samples and extrapolate their toxicity effects 

in rabbit samples. The smoke-dried fishes were purchased from vendors, extracted and analyzed using the GCMS for 

OCPs (DDT, endosulfan and lindane). Thirty rabbit samples (1000 g – 1200 g) were divided into four groups (3 rabbits 

[control] and 9 rabbits each for DDT, endosulfan and lindane treatment groups) and three (3) concentration levels (LD50; 

½ of LD50 [LD25] and ¼ of LD50 [LD12.5]) were determined based on the rabbit’s body weight and established OCPs LD50 

values, then subcutaneously administered to the rabbits as a single dose. The OCPs toxicity effects on exposed rabbits 

were determined by analyzing the blood parameters (heamatology and serum biochemistry assay) at exposure periods (1, 

3 and 7 days). The OCPs exposed rabbits exhibited varied clinical signs (itching, restlessness, jerky movements, skin 

scratching, salivation, increased urination and nervous signs) and their blood parameters count were significantly 

different (P<0.05) compared to the control (non-OCPs treated) rabbits. OCPs toxicity constitute real threat to public 

health considering their severe detrimental effects on the blood parameters of exposed rabbits, thus compromising their 

immune system and possibly leading to varied health complications. Therefore, public sensitization especially to fish 

mongers and marketers on the dangers of OCPs and the need to shun their use in smoke-dried fish preservation should be 

intensified and sustained. 

Keywords: Organochlorine, Quantification, Smoke-dried, Toxicity, Rabbit. 

 

INTRODUCTION 
Smoke-dried fish are subjected to losses due to spoilage when not adequately preserved or stored and such 

losses arise from the combined effect of insects and other biological agents that flourish under tropical hot and humid 

conditions [1]. Some fish mongers and marketers have adopted the use of pesticides to preserve smoke-dried fish during 

the channels of packaging, storage and distribution in order to eliminate and halt insect infestation, thereby limiting 

economic losses on the fish mongers [2-4]. The class organochlorine pesticides (OCPs) have been the most detected 

pesticides in preserved smoke-dried fish due to their cheap cost and efficacy to combat insect infestations [5, 6]. OCPs 

are classified Persistent Organic Pollutants (POPs) because they remain in the environment for decades following their 

use and can travel long distances from source through atmospheric or aqueous transport, then accumulate in fatty tissues 

of exposed organisms with varieties of toxic endpoints [7]. Studies have shown that OCPs exposures have detrimental 

health implications on the environment, wildlife and human [8] and the OCPs (DDT, endosulfan and lindane) were the 

most detected pesticides used in smoke-dried fish samples preservation [3]. Although the OCPs laden fishes appear free 

from insect infestation there are however, retained residual concentrations in the fish flesh and tissues that can possibly 

cause harm to animals and human health upon consumption, since OCPs are known to absorb and bio-accumulate in the 
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blood stream and fatty tissues of animals and humans and their prolonged exposures exerts systemic, immunologic, 

teratogenic, and carcinogenic effects [9]. OCPs have resulted in a wide range of adverse effects evident in worldwide 

deaths and chronic diseases such as reproductive failure, immune system malfunction, endocrine disruptions, 

hypertension, cardiovascular disorders and cancers [10, 11]. This study therefore seek to quantify the residual 

concentrations of OCPs (DDT, endosulfan and lindane) in smoke-dried fish samples and extrapolate their toxicity effects 

in exposed rabbit samples. 

 

MATERIALS AND METHODS 
Collection and extraction of the smoke-dried fish samples  

Smoke-dried fish samples were randomly purchased from vendors and taken to University of Benin Pesticide 

Research Laboratory (UBPRL). The fish samples were pulverized and 20 g of each ground sample placed in a thimble 

and extracted using dichloromethane solvent in a Soxhlet apparatus. The extracts were dried over anhydrous sodium 

sulphate, concentrated to about 2 ml under pure stream nitrogen at 40°C, cleaned and reconstituted to 1 ml in 

dichloromethane [12]. The GC-MS-QP 2010 SE Shimadzu, (JAPAN), equipped with an electron capture detector was 

used to analyze and quantify the OCPs (DDT, endosulfan and lindane) in the smoke-dried fish samples.  

 

Animal Experimental Study 

Forty (40) male rabbits weighing about 1kg each were purchased and transported to the Rabbit Unit, University 

of Benin Teaching and Research Farm. The rabbits were housed individually in raised hutches, provided prophylaxis 

treatment, fed ad-libitum and allowed to acclimatize for two weeks. Thirty (30) of the apparently healthy rabbits (1000 g 

– 1200 g) were divided into four groups (3 rabbit samples [control]; 9 rabbit samples each for DDT, endosulfan and 

lindane groups). Based on OCPs (DDT, endosulfan and lindane) established LD50 values and body weight of the rabbit 

samples, 3 treatment levels (LD50; ½ of LD50 [LD25] and ¼ of LD50 [LD12.5]) were determined and administered 

subcutaneously to the rabbit as a single dose and the OCPs toxicity effect on the exposed rabbit blood parameters 

(heamatology and serum biochemical) were determined at 1, 3 and 7 days exposure period.  

 

Collection and Analysis of the Rabbit Blood samples  

Blood samples were collected from the medial peripheral vein of rabbit ear by venepuncture and slowly 

expressed into Ethylene Diamine Tetra Acetic Acid (EDTA), anticoagulant tubes for haematological analysis, floride 

oxalate tubes for glucose estimation and plain tubes for other serum biochemical assays [13]. The automated three parts 

differential full blood count machine (Mythic 22 CT) was used for analysis of the haematological parameters (White 

blood cells count [WBC], Red blood cells count [RBC], Haemoglobin concentration [HC], Packed cell volume [PCV], 

Differential white blood cell count, Red blood cell indices, Platelets count [PC], Mean Corpuscular Haemoglobin 

[MCH], Mean Corpuscular Haemoglobin Concentration [MCHC], Mean Corpuscular Volume [MCV], Mean Platelet 

Volume [MPV], Red cell Distribution Width [RDW] and Platelet Distribution Width [PDW]). The blood serum assays 

(renal function, liver function, protein, fasting blood sugar, and uric acid test) were analyzed using the PRIETEST 

EASYLAB biochemical analyzer.  

 

STATISTICAL ANALYSIS 
Detected OCPs in the smoke-dried fish samples were laid in a completely randomized design (CRD) and 

replicated three (3) times in a one-way analysis of variance (ANOVA). The OCPs toxicity effects on the exposed rabbit 

blood parameters were laid out in 3x3 factorial arrangement in a completely randomized design (CRD), replicated three 

times in a two-way analysis of variance (ANOVA). The arising means were separated by Duncan multiple range test, 

using Genstat 12
th

 edition statistical package [14].  

 

RESULTS 
Physical observations of the OCPs Exposed Rabbits 

The exposed rabbit samples subcutaneously injected OCPs (DDT, lindane and endosulfan) exhibited varied 

clinical signs such as itching, restlessness, jerky movements, skin scratching, salivation, increased urination and nervous 

signs (ataxia, staggering gait and dizziness). The clinical signs were dose dependent and the effects persisted between 10 

to 30 minutes. Endosulfan exposed rabbits exhibited severe signs of nervous disorders than the DDT and lindane exposed 

rabbit samples.  

 

Haematological Samples 

Tables 1 - 9 show OCPs toxicity effects on exposed rabbit samples haematology based on injected dose, 

exposure periods and their interactions (injected dose and exposure periods). The OCPs (DDT, lindane and endosulfan) 

toxicity resulted in significant deviations (P<0.05) in the haematological range indices of exposed rabbit samples 

compared to non-OCPs exposed rabbit samples (control). The OCPs exposed rabbits counts reduced significantly 
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(P<0.05) in white blood cell (2.17 - 4.40), red blood cell (4.71 - 4.94), haemoglobin (10.63 - 11.83), haematocrit (29.40 - 

31.70), mean corpuscular haemoglobin (20.14 - 23.93), platelet counts (115.7 - 269.0), plateletcrit (0.05 - 0.17), mean 

platelet volume (3.70 - 5.12) and platelet distribution width (3.17 - 5.70). While the monocytes (0.43 - 0.56), 

granulocytes (0.37 - 1.77), mean corpuscular volume (67.20 - 74.33) and mean corpuscular haemoglobin concentration 

(35.50 - 40.11) increased significantly (P<0.05) in counts. The OCPs exposed rabbit samples decreased in 

haematological counts with increase in the exposure periods (1, 3 and 7 days) but these were not significantly different 

(P>0.05). The interactions between the OCPs (DDT, lindane and endosulfan) and exposure periods (1, 3 and 7 days) 

resulted in significant decrease (P<0.05) in heamatological parameters with increase in injected doses and exposure time. 

 

Table-1: Effect of DDT on Rabbit Haematology 

Parameters Injected volume  (ml) ±  SEM 

 0 0.38 0.75 1.50  

White blood cell (x10
3
µl) 6.10

a
 4.40

b
 3.13

c
 2.17

d
 0.33 

Lymphocytes (x10
3
µl) 5.10

a
 1.80

b
 1.53

b
 1.30

b
 0.33 

Monocytes (x10
3
µl) 0.40

b
 0.43

a
 0.47

a
 0.49

a
 0.06 

Gr (x10
3
µl) 0.60

c
 0.74

b
 1.30

ab
 1.77

a
 0.28 

Lymphocytes (%) 83.40
a
 70.50

a
 44.50

b
 35.07

b
 9.16 

Monocytes (%) 7.10
c
 8.60

c
 12.90

b
 18.67

a
 1.12 

Gr (%) 9.50
c
 23.77

b
 43.70

a
 49.00

a
 7.33 

Red blood cell (x10
-6

 µl) 6.14
a
 4.94

b
 4.81

b
 4.71

b
 0.17 

Heamoglobin  (g/dL) 14.40
a
 11.83

b
 11.40

b
 10.63

c
 0.27 

HCT (%) 40.70
a
 31.70

b
 30.53

b
 29.40

b
 1.35 

Mean corpuscular volume (fl) 66.20
b
 67.56

a
 68.97

a
 74.33

a
 0.83 

Mean corpuscular  haemoglobin (pg) 23.40
a
 23.93

a
 23.73

a
 23.83

a
 1.01 

Mean corpuscular  heamoglobin concentration (g/dl) 35.30
b
 35.50

b
 35.73

b
 40.11

a
 1.39 

RDW (%) 18.20
a
 17.98

b
 17.87

b
 17.77

b
 0.12 

Platelet count (x10
3
µ) 358.0

a
 225.3

b
 125.3

c
 115.7

d
 12.8 

PCT (%) 0.19
a
 0.13

b
 0.07

c
 0.07

c
 0.01 

MPV (fl) 5.20
c
 4.83

b 
4.87

b
 4.47

a
 0.11 

PDW (fl) 6.60
a
 5.70

a
 5.69

a
 5.93

b
 0.07 

abc
 = Means in a row with different superscripts are significantly different (P<0.05) 

 

Table-2: Effect of DDT on the Exposure Periods 

Parameters Exposure Time ±SEM 

 1 day 3 days 7 days  

White blood cell (x10
3
µl) 4.04

a
 3.94

a
 3.87

a
 0.29 

Lymphocytes (x10
3
µl) 2.60

a
 2.48

a
 2.37

a
 0.28 

Monocytes (x10
3
µl) 0.51

a
 0.44

a
 0.39

a
 0.06 

Gr (x10
3
µl) 1.21

a
 1.10

a
 0.99

a
 0.24 

Lymphocytes (%) 8.96
a
 58.37

a
 57.78

a
 7.93 

Monocytes (%) 11.99
a
 11.82

a
 11.64

a
 0.97 

Gr (%) 31.73
a
 31.49

a
 31.25

a
 6.35 

Red blood cell (x10
-6

 µl) 5.20
a
 5.15

a
 5.09

a
 0.15 

Heamoglobin  (g/dL) 12.23
a
 12.06

a
 11.83

a
 0.23 

HCT (%) 33.34
a
 33.07a 32.84

a
 1.17 

Mean corpuscular volume (fl) 67.97
a
 68.52

a
 68.66

a
 1.59 

Mean corpuscular  haemoglobin (pg) 23.45
a
 23.27

a
 23.10

a
 0.87  

Mean corpuscular  heamoglobin concentration (g/dl) 36.45
a
 36.15

a
 35.88

a
 1.21 

RDW (%) 18.32
a
 18.17

a
 18.07

a
 0.10 

Platelet count(x10
3
µ) 231.0 

a
 212.5 

b
 195.0 

c
 1.10 

PCT (%) 0.13
a
 0.12

b
 0.10

c
 0.001 

MPV (fl) 6.18
a
 5.83

b
 5.53

c
 0.09 

PDW (fl) 6.97
a
 6.08

b
 5.65

c
 0.06 

a
 = Means in a row with similar superscripts are not significantly different (P<0.05) 
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Table-3: Effect of DDT on Interaction (injected dose x exposure periods) 

Concentration Exposure 

Time 

Parameters 

  WBC  LYM MON GR LYM 

(%) 

MON 

(%) 

GR RBC HEA 

M 0 hour 6.10
a
 5.30

a
 0.40

cd
 0.60

a
 83.40

a
 7.10

b
 9.50

a
 6.140

a
 14.40

a
 

M1 1 day 4.53
abc

 1.97
b
 0.90

a
 2.00

a
 72.50

a
 18.93

a
 49.20

a
 4.963

b
 12.27

b
 

 3 days 4.37
abc

 1.80
b
 0.77

ab
 1.77

a
 70.50

a
 18.67

a
 49.00

a
 4.943

b
 11.83

bc
 

 7 days 4.30
bc

 1.63
b
 0.70

abc
 1.53

a
 68.50

a
 18.40

a
 48.80

a
 4.923

b
 11.40

bc
 

M2 1 day 3.23
cd

 1.70
b
 0.57

abc
 1.40

a
 44.67

a
 13.03

ab
 44.13

a
 4.970

b
 11.47

bc
 

 3 days 3.13
cd

 1.53
b
 0.47

bcd
 1.30

a
 44.50

a
 12.90

ab
 43.70

a
 4.810

b
 11.37

bc
 

 7 days 3.03
cd

 1.37
b
 0.37

cd
 1.20

a
 44.33

a
 12.77

ab
 43.27

a
 4.650

b
 11.07

bc
 

M3 1 day 2.30
d
 1.43

b
 0.17

d
 0.83

a
 35.27

a
 8.90

b
 24.10

a
 4.743

b
 10.80

bc
 

 3 days 2.17
d
 1.30

b
 0.13

d
 0.73

a
 35.07

a
 8.60

b
 23.77

a
 4.713

b
 10.63

c
 

 7 days 2.03
d
 1.17

b
 0.10

d
 0.63

a
 34.87

a
 8.30

b
 23.43

a
 4.683

b
 10.47

c
 

±  SEM  0.57 0.57 0.11  0.49 15.86 1.943 12.70 0.2955 0.472 
abcd

 = Means in a column with different superscripts are significantly different (P<0.05) 

 

Table-3: Continued 

Concentration Exposure 

Time  

Parameters 

  HCT MCV MCH MCHC RDW PC PCT MPV PDW 

M 0 hour 40.70
a
 66.20

c
 23.40

a
 35.30

a
 18.20

abc
 385.0

a
 0.19

a
 5.20

e
 6.60

c
 

M1 1 day 32.17
b
 67.33

b
 25.13

a
 40.60

a
 18.83

a
 124.0

d
 0.08

d
 6.10

bc
 7.80

a
 

 3 days 31.70
b
 67.57

b
 24.93

a
 40.07

a
 18.57

ab
 117.0

e
 0.06

e
 6.00

bcd
 6.50

c
 

 7 days 31.23
b
 67.77

b
 24.73

a
 39.67

a
 18.30

abc
 106.0

f
 0.06

e
 5.50

de
 5.80

d
 

M2 1 day 30.83
b
 68.97

b
 24.17

a
 35.83

a
 18.23

abc
 226.0

b
 0.13

b
 6.90

a
 7.17

b
 

 3 days 30.47
b
 68.17

b
 23.93

a
 35.50

a
 18.03

bc
 226.0

b
 0.13

b
 6.40

ab
 6.60

c
 

 7 days 30.30
b
 68.77

b
 23.70

a
 35.17

a
 17.67

c
 224.0

b
 0.13

b
 6.10

bc
 6.30

c
 

M3 1 day 29.67
b
 74.17

a
 21.10

a
 34.07

a
 18.03

bc
 189.0

c
 0.11

c
 6.50

ab
 6.30

c
 

 3 days 29.40
b
 74.33

a
 20.83

a
 33.73

a
 17.87

c
 122.0

de
 0.08

d
 5.70

cde
 4.60

e
 

 7 days 29.13
b
 74.50

a
 20.57

a
 33.40

a
 17.70

c
 65.0

g
 0.03

f
 5.30

e
 3.90

f
 

± SEM  2.34 1.17 1.75 2.42 0.20 2.22 0.002 0.18 0.12 
abcdefg

 = Means in a column with different superscripts are significantly different (P<0.05)  

 

Table-4: Effect of Lindane on Rabbit Haematology 

Parameters Injected volume (ml) ± SEM 

 0 0.38 0.75 1.5  

White blood cell(x10
3
µl) 6.10

a
 4.07

b
 2.63

bc
 2.51

c
 0.51 

Lymphocytes (x10
3
µl) 5.30

a
 1.71

b
 2.08

b
 2.62

b
 0.32 

Monocytes (x10
3
µl) 0.40

c
 0.43

b
 0.48

a
 0.49

a
 0.06 

Gr(x10
3
µl) 0.60

b
 0.61

b
 0.62

b
 0.67

a
 0.06 

Lymphocytes (%) 83.40
a
 82.73

a
 75.43

b
 70.40

b
 2.52 

Monocytes (%) 7.10
c
 7.37

c
 10.03

b
 11.97

a
 0.83 

Gr (%) 9.50
c
 12.18

b
 14.48

b
 18.13

a
 1.33 

Red blood cell (x10
-6

 µl) 6.14
a
 5.82

a
 5.57

b
 5.00

c
 0.19 

Heamoglobin (g/dL) 14.40
a
 13.40

a 
13.36

a
 13.30

a
 0.57 

HCT (%) 40.70
a
 35.60

b
 34.67

b
 34.17

b
 1.92 

Mean corpuscular volume (fl) 66.20
b
 67.73

a
 68.73

a
 69.27

a
 0.90 

Mean corpuscular haemoglobin (pg) 23.40
a
 23.37

a
 23.30

a
 23.17

a
 0.16 

Mean corpuscular heamoglobin concentration(g/dl) 35.30
c
 40.37

b
 43.60

ab
 45.57

a
 2.05 

RDW (%) 18.20
a
 17.60

a
 17.47

a
 17.77

a
 2.91 

Platelet count(x10
3
µl) 358.0

b
 269.0

b
 231.7

a
 238.3

a
 60.8 

PCT (%) 0.19
a
 0.17

a
 0.11

b
 0.08

b
 0.02 

MPV (fl) 5.20
a
 4.50

a
 4.44

a
 3.70

ab
 0.41 

PDW (fl) 6.60
a
 5.27

ab
 5.03

ab
 3.17

b
 0.71 

abc
 = Means in a row with different superscripts are significantly different (P<0.05) 
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Table-5: Effect of Lindane on Exposure Periods 

Parameters Exposure Time ± SEM 

 1 day 3 days 7 days  

White blood cell(x10
3
µl) 3.90

a
 3.74

a
 3.84

a
 0.44 

Lymphocytes (x10
3
µl) 2.96

a
 2.97

a
 2.86

a
 0.28 

Monocytes (x10
3
µl) 0.33

a
 0.33

a
 0.33

a
 0.05 

Gr(x10
3
µl) 0.43

a
 0.43

a
 0.42

a
 0.06 

Lymphocytes (%) 77.99
a
 78.54

a
 77.44

a
 2.19 

Monocytes (%) 9.12
a
 9.20

a
 9.03

a
 0.72 

Gr (%) 13.56
a
 13.48

a
 13.68

a
 1.16 

Red blood cell (x10
-6

 µl) 5.63
a
 5.61

a
 5.67

a
 0.16 

Heamoglobin  (g/dL) 13.57
a
 13.41

a
 13.64

a
 0.49 

HCT (%) 36.28 
a
 36.34 

a
 36.23 

a
 1.67 

Mean corpuscular volume (fl) 69.18
a
 69.21

a
 69.48

a
 0.78 

Mean corpuscular  haemoglobin (pg) 24.31
a
 24.28

a
 24.34

a
 1.0 

Mean corpuscular  heamoglobin concentration(g/dl) 41.21
a
 41.22

a
 41.19

a
 1.78 

RDW (%) 20.76
a
 20.84

a
 20.68

a
 2.52 

Platelet count(x10
3
µl) 406.0

a
 410.7

a
 401.3

a
 52.7 

PCT (%) 0.16
a
 0.16

a
 0.16

a
 0.02 

MPV (fl) 4.46
a
 4.50

a
 4.43

a
 0.35 

PDW (fl) 5.02
a
 4.97

a
 5.07

a
 0.62 

a
 = Means in a row with the similar superscripts are not significantly different (P>0.05) 

 

Table-6: Effect of Lindane on Interaction (injected dose x exposure periods) 

Concentration Exposure 

Time  

Parameters 

  WBC LYM MON GR LYM 

(%) 

MON 

(%) 

GR RBC HEA 

M 0 hour 6.10
a
 5.30

a
 0.40

abc
 0.60

a
 83.40

a
 7.10

c
 9.50

b
 6.14

a
 14.40

a
 

M1 1 day 4.17
ab

 2.73
b
 0.47

ab
 0.53

a
 82.73

a
 11.97

ab
 18.13

a
 5.79

ab
 13.47

a
 

 3 days 4.03
ab

 2.77
b
 0.47

ab
 0.57

a
 83.27

a
 12.13

a
 17.73

a
 5.64

ab
 13.17

a
 

 7 days 4.00
ab

 2.37
b
 0.53

a
 0.50

a
 82.20

a
 11.80

abc
 18.53

a
 6.04

ab
 13.43

a
 

M2 1 day 2.80
b
 2.13

b
 0.30

abc
 0.27

a
 75.43

a
 10.03

abc
 14.43

ab
 5.57

ab
 13.00

a
 

 3 days 2.37
b
 2.10

b
 0.33

abc
 0.23

a
 76.20

a
 10.10

abc
 14.57

ab
 5.65

ab
 12.87

a
 

 7 days 2.37
b
 2.00

b
 0.27

abc
 0.30

a
 74.67

a
 9.97

abc
 14.43

ab
 5.50

ab
 13.13

a
 

M3 1 day 2.53
b
 1.67

b
 0.17

bc
 0.33

a
 70.40

a
 7.37

abc
 12.17

ab
 5.00

b
 13.40

a
 

 3 days 2.47
b
 1.70

b
 0.13

c
 0.33

a
 71.30

a
 7.60

abc
 12.13

ab
 5.02

b
 13.20

a
 

 7 days 2.90
b
 1.77

b
 0.13

c
 0.27

a
 69.50

a
 7.13

c
 12.23

ab
 4.98

b
 13.60

a
 

± SEM  0.88 0.56 0.09 0.11 4.37 1.43 2.31 0.32 0.98 
abc

 = Means in a column with different superscripts are significantly different (P<0.05) 

 

Table-6: Continued 

Concentration Exposure 

Time  

Parameters 

  HCT MCV MCH MCHC RDW PC PCT MPV PDW 

M 0 hour 40.70 
a
 

66.20
b
 23.40

a
 35.30

a
 18.20

a
 385.0

a
 0.19

a
 5.20

a
 6.60

a
 

M1 1 day 35.60
a
 67.63

a
 23.17

a
 40.37

a
 17.60

a
 438.3

a
 0.19

a
 4.50

a
 5.03

a
 

 3 days 35.80
a
 67.67

a
 23.20

a
 39.83

a
 17.73

a
 449.3

a
 0.18

a
 4.57

a
 5.00

a
 

 7 days 35.40
a
 67.83

a
 23.13

a
 40.90

a
 17.47

a
 427.3

a
 0.19

a
 4.43

a
 5.07

a
 

M2 1 day 34.17
a
 68.27

a
 23.37

a
 43.60

a
 29.77

a
 369.0

a
 0.08

a
 3.70

a
 3.17

a
 

 3 days 34.17
a
 68.23

a
 23.27

a
 43.80

a
 29.77

a
 377.0

a
 0.07

a
 3.83

a
 3.10

a
 

 7 days 34.17
a
 68.30

a
 23.47

a
 43.40

a
 29.77

a
 361.0

a
 0.08

a
 3.57

a
 3.23

a
 

M3 1 day 34.67
a
 69.70

a
 27.30

a
 45.57

a
 17.47

a
 431.7

a
 0.17

a
 4.43

a
 5.27

a
 

 3 days 34.70
a
 69.73

a
 27.23

a
 45.97

a
 17.67

a
 431.3

a
 0.18

a
 4.40

a
 5.17

a
 

 7 days 34.63
a
 69.87

a
 27.37

a
 45.17

a
 17.27

a
 432.0

a
 0.17

a
 4.50

a
 5.37

a
 

± SEM  3.33 1.56 2.01 3.55 5.04 105.4 0.04 0.70 1.23 
abc 

= Means in the same column with different superscript are significantly different (P<0.05)  
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Table-7: Effect of Endosulfan on Rabbit Haematology 

Parameters Injected Volume (ml) ± SEM 

 Control 0.18 0.36 0.72  

White blood cell (x10
3
µl) 6.10

a
 4.16

b
 3.82

bc
 3.50

bc
 0.11 

Lymphocytes (x10
3
µl) 6.11

a
 6.05

a
 6.01

a
 5.30

ab
 0.23 

Monocytes (x10
3
µl) 0.40

ab
 0.49

a
 0.52

a
 0.56

a
 0.06 

Gr (x10
3
µl) 0.60

ab
 0.50

b
 0.74

a
 0.37

c
 0.05 

Lymphocytes (%) 98.93
a
 96.89

ab
 92.70

ab
 83.40

c
 2.00 

Monocytes (%) 7.10
b
 10.85

a
 10.92

a
 11.13

a
 0.35 

Gr (%) 9.50
b
 15.84

a
 16.03

a
 16.22

a
 2.60 

Red blood cell (x10
-6

 µl) 6.14
a
 4.83

b
 4.78

b
 4.59

b
 0.35 

Heamoglobin  (g/dL) 14.40
a
 10.88

b
 10.83

b
 10.75

b
 0.37 

HCT (%) 40.70
a
 33.96

b
 32.36

b
 30.06

b
 0.71 

Mean corpuscular volume (fl) 66.20
a
 66.54

a
 67.20

a
 67.65

a
 1.36 

Mean corpuscular  haemoglobin (pg) 23.40
a 

21.34
a 

21.18
a 

20.74
a 

0.47 

Mean corpuscular  heamoglobin concentration (g/dl) 35.30
a
 35.51

a
 37.05

a
 37.56

a
 0.56 

RDW (%) 18.20
a
 17.14

ab
 16.86

ab
 16.44

ab
 0.18 

Platelet count (x10
3
µ) 358.0

a
 147.5

b
 114.7

bc
 94.3

c
 22.6 

PCT (%) 0.19
a
 0.06

b
 0.06

b
 0.05

b
 0.01 

MPV (fl) 5.20
a
 5.12

b
 4.90

bc
 4.35

c
 0.18 

PDW (fl) 6.60
a
 5.91

b
 5.48

c
 5.32

c
 0.18 

abc
 = Means in a row with different superscripts are significantly different (P<0.05) 

 

Table-8: Effect of Endosulfan on Exposure Periods 

Parameters Exposure Time ±SEM 

 1 day 3 days  

White blood cell (x10
3
µl) 4.47

a
 4.31

a
 0.15 

Lymphocytes (x10
3
µl) 5.83

a
 5.83

a
 0.20 

Monocytes (x10
3
µl) 0.50

a
 0.50

a
 0.05 

Gr (x10
3
µl) 0.50

a
 0.48

a
 0.24 

Lymphocytes (%) 58.96
a
 58.37

a
 7.93 

Monocytes (%) 8.52
a
 9.57

a
 1.31 

Gr (%) 31.73
a
 31.49

a
 6.35 

Red blood cell (x10
-6

 µl) 5.22
a
 5.10

a
 0.30 

Heamoglobin  (g/dL) 11.75
a
 11.74

a
 0.32 

HCT (%) 34.72
a
 34.43

a
 0.61 

Mean corpuscular volume (fl) 67.43
a
 66.68

a
 1.18 

Mean corpuscular  haemoglobin (pg) 22.15
a
 21.57

a
 0.41 

Mean corpuscular  heamoglobin concentration(g/dl) 33.24
a
 33.17

a
 0.49 

RDW (%) 17.34
a
 17.17

a
 0.15 

Platelet count (x10
3
µ) 188.5 

a
 188.51

a
 0.15 

PCT (%) 0.10
a
 0.09

a
 0.01 

MPV (fl) 6.22
a
 6.07

a
 6.00

a
 

PDW (fl) 6.13
a
 6.08

a
 6.00

a
 

a
 = Means in a row with the similar superscripts are not significantly different (P>0.05) 

 

 Table-9: Effect of Endosulfan on Interaction (injected dose x exposure periods) 

Concentration Exposure Time Parameters 

  WBC LYM MON GR LYM (%) MON (%) GR RBC HEA 

M 0hours 6.10 5.30 0.40 0.60 83.40 7.10 9.50 6.14 14.40 

M1 1 day 4.50 2.73 0.47 0.53 82.73 11.97 18.13 5.79 13.47 

 3 days 4.16 2.77 0.47 0.57 83.27 12.13 17.73 5.64 13.17 

M2 1 day 2.80 2.13 0.30 0.27 75.43 10.03 14.43 5.57 13.00 

 3 days 2.37 2.10 0.33 0.23 76.20 10.10 14.57 5.65 12.87 

M3 1 day 2.53 1.67 0.17 0.33 70.40 7.37 12.17 5.00 13.40 

 3 days 2.47 1.70 0.13 0.33 71.30 7.60 12.13 5.02 13.20 

± SEM  0.88 0.56 0.09 0.11 4.37 1.43 2.31 0.32 0.98 
abcd

 = Means in a column with different superscripst are significantly different (P<0.05)  
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Biochemical assay 

Tables 10- 18 show OCPs toxicity effects on serum biochemical assay of exposed rabbit samples based on 

injected doses, exposure periods and interactions (dose and exposure periods). Compared to the non-OCPs treated rabbits 

(control samples), the OCPs treated rabbit samples increased significantly (P>0.05) in glucose (85.25 - 90.03), creatinine 

(1.03 - 1.51), total bilirubin (5.28 - 5.66) and urea (39.61 - 41.57) counts while, albumin (4.99 - 6.03) and total protein 

(13.00 - 16.49) counts decreased significantly (P<0.05). The exposure periods (1, 3 and 7 days) showed increases in 

serum glucose (89.26 - 90.46), creatine (1.11 - 1.25), total bilirubin (5.01 - 5.02), urea (39.25 - 41.42) counts and 

decreases in albumin (6.05 - 6.14) and total protein (16.68 - 16.80) counts but these were not significantly different 

(P>0.05). The interaction (dose x exposure periods) showed significant differences (P<0.05) in biochemical parameters 

with increase in concentration and exposure time. 
 

Table-10: Effect of DDT on Rabbit Serum Biochemical 

Parameters Injected Volume (ml)  

 Control 0.38 0.75 1.5 ± SEM 

Glucose 83.55
b
 85.25

a
 88.31

a
  89.92

a 
 15.04 

Creatine 0.65
c
 1.03

b
 1.36

a
 1.50

a
 0.09 

T-bil 4.12
b
 5.28

a
 5.36

a
 5.31

a
 0.09 

Urea 36.75
c
 39.61

b
 40.46

a
 40.75

a
 0.25 

Albumin 7.12
a
 6.09

b
 5.64

c
 5.51

c
 0.14 

Total Protein 18.45
a
 16.49

b
 16.03

c
 16.01

c
 0.18 

abc
 = Means in a row with different superscripts are significantly different (P<0.05) 

 

Table-11: Effect of DDT on Serum Biochemical with respect to Exposure Periods 

Parameters Exposure Time ± SEM 

 1 day 3 days 7 days  

Glucose 89.26
a 

89.28
a 

90.46
a
 13.02 

Creatine 1.11
a
 1.13

a
 1.15

a
 0.08 

T-bilirubin 5.01
a
 5.02

a
 5.02

a
 0.09 

Urea 39.25
a
 39.39

a
 39.74

a
 0.22 

Albumin 6.14
a
 6.08

a
 6.05

a
 0.12 

Total Protein 16.80
a
 16.76

a
 16.68

a
 0.15 

a
 = Means in a row with the similar superscripts are not significantly different (P>0. 

  

Table-12: DDT Effects on Serum Biochemical with Respect to Interactions (injected dose x exposure period) 

Concentration Exposure Time  Parameters 

  Glucose Creatine Total bilirubin Urea Albumin Total Protein 

M 0 hour 83.39
c
 0.68

d
 4.13

c
 37.64

c
 7.13

a
 18.73

a
 

M1 1 day 85.20
bc

 0.69
d
 4.28

b
 39.67

c
 5.24

b
 15.48

b
 

 3 days 88.48
b
 1.19

c
 4.33

b
 39.92

c
 5.14

bc
 15.47

b
 

 7 days 91.10
a
 1.43

b
 5.26

a
 40.81

bc
 4.98

c
 15.45

b
 

M2 1 day 85.26
bc

 1.09
bc

 5.14
ab

 41.50
b
 5.09

c
 13.76

c
 

 3 days 94.96
a
 1.40

b
 5.36

a
 42.69

b
 4.99

c
 13.68

c
 

 7 days 95.53
a
 1.57

a
 5.38

a
 48.19

a
 4.19

b
 13.33

c
 

M3 1 day 86.20
b
 1.28

bc
 5.51

a
 43.25

ab
 5.14

bc
 13.14

c
 

 3 days 97.74
a
 1.47

ab
 5.55

a
 43.87

ab
 5.09

c
 13.02

c
 

 7 days 98.09
a
 1.59

a
 5.93

a
 48.25

a
 4.94

c
 12.88

d
 

± SEM  6.04 0.15 0.17 0.44 0.24 0.31 
abcd

 = Means in a column with different superscripts are significantly different (P<0.05) 
 

 Table-13: Effect of Lindane on Rabbit Serum Biochemical 

Parameters Injected Volume (ml) ± SEM 

 Control 0.38 0.75 1.5  

Glucose (mmol/L) 83.55
c
 85.56

b 
87.54

b
 89.03

a
 0.32 

Creatine (mmol/L) 0.65
c
 1.40

b
 1.41

b 
1.45

a
 0.08 

Total bilirubin (µmol/L) 4.12
c
 4.68

b
 5.59

a
 5.66

a
 0.08 

Urea (mmol/L) 36.75
c
 40.13

b
 40.40

a
 40.45

a
 0.56 

Albumin (g/dL) 7.12
a
 5.12

b
 5.06

b
 4.99

c
 0.27 

Total Protein (g/dL) 18.45
a
 15.47

b
 13.59

c
 13.00

c
 0.32 

abc
 = Means in a row with different superscripts are significantly different (P<0.05) 
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Table-14: Effect of Lindane on Serum Biochemical with respect to Exposure Periods 

Parameters Exposure Time SEM 

 1 day 3 days 7 days  

Glucose 70.46
a
 72.47

a 
77.60

a
 6.71 

Creatine 1.09
a
 1.12

a
 1.25

a
 0.07 

Total bilirubin 4.76
a
 4.84

a
 4.97

a
 0.10 

Urea 40.06
a
 40.81

a
 41.42

a
 0.47 

Albumin 5.61
a
 5.57

a
 5.53

a
 0.23 

Total Protein 15.28
a
 15.10

a
 15.00

a
 0.27 

a = Means in a row with similar superscripts are not significantly different (P>0.05) 
 

Table-15: Effect of Lindane on Serum Biochemical Interactions 

Concentration Exposure  Parameters 

  Glucose Creatine Total  bilirubin Urea Albumin Total Protein 

M 0 hours 83.39
c
 0.68

d
 4.13

c
 37.64

c
 7.13

a
 18.73

a
 

M1 1 day 84.98
c
 0.69

d
 4.28

c
 39.67

c
 5.24

b
 15.48

b
 

 3 days 87.65
bc

 1.00
c
 4.33

c
 39.92

c
 5.14

bc
 15.47

b
 

 7 days 88.56
bc

 1.33
bc

 4.39
c
 40.81

c
 4.98

cd
 15.45

b
 

M2 1 day 90.48
b
 1.17

bc
 5.14

bc
 41.50

b
 5.09

c
 13.76

c
 

 3 days 92.22
ab

 1.60
a
 5.36

bc
 42.69

b
 4.99

cd
 13.68

c
 

 7 days 94.89
a
 1.59

a
 5.38

bc
 48.99

a
 4.91

cd
 13.33

c
 

M3 1 day 91.55
ab

 1.07
c
 5.51

b
 43.25

b
 5.14

bc
 13.14

c
 

 3 days 94.50
a
 1.24

bc
 5.55

b
 43.87

b
 5.09

c
 13.00

c
 

 7 days 94.64
a
 1.40

b
 5.93

a
 46.25

ab
 4.94

cd
 12.88

c
 

SEM  0.55 0.13 0.14 0.95 0.26 0.55 
abcd = Means in a column with different superscripts are significantly different (P<0.05)  

 

Table-16: Effect of Endosulfan on Rabbit Serum Biochemical 

Parameters Injected Volume (ml) ± SEM 

 Control 0.18 0.36 0.72  

Glucose (mmol/L) 83.55
a
 89.54

b
 89.59

b 
90.03

b
 0.32 

Creatine(mmol/L) 0.65
c
 1.21

b
 1.24

b 
1.51

a
 0.08 

Total bilirubin (µmol/L) 4.12
c
 5.44

b
 5.49

b
 5.51

a
 0.08 

Urea (mmol/L) 36.75
c
 41.13

b
 41.40

a
 41.57

a
 0.56 

Albumin (g/dL) 7.12
a
 5.21

b
 5.16

b
 4.73

c
 0.27 

Total Protein (g/dL) 18.45
a
 16.47

b
 14.19

c
 13.59

c
 0.32 

abc = Means in a row with different superscripts are significantly different (P<0.05) 

 

Table-17: Effect of Endosulfan on Serum Biochemical with Respect to Exposure Periods 

Parameters Exposure Time ±SEM 

 1 day 3 days  

Glucose 87.60
a 

89.47
a
 6.71 

Creatine 1.09
a
 1.12

a
 0.07 

Total bilirubin 4.76
a
 4.84

a
 0.10 

Urea 40.06
a
 40.81

a
 0.47 

Albumin 5.61
a
 5.57

a
 0.23 

Total Protein 15.10
a
 15.00

a
 0.27 

a = Means in a row with the similar superscripts are not significantly different (P>0.05) 
 

Table-18: Endosulfan Effect on Serum Biochemical Interactions 

Concentration Exposure Parameters 

  Glucose Creatine Total  bilirubin Urea Albumin Total Protein 

M 0 hours 83.39
c
 0.68

d
 4.13

c
 37.64

c
 7.13

a
 18.73

a
 

M1 1 day 84.98
c
 0.69

d
 4.28

b
 39.67

b
 5.24

b
 15.48

b
 

 3 days 87.65
c
 1.00

c
 4.33

b
 39.92

b
 5.14

bc
 15.47

b
 

M2 1 day 90.48
b
 1.17

bc
 5.14

ab
 41.50

ab
 5.09

c
 13.76

c
 

 3 days 92.22
ab

 1.60
a
 5.36

a
 42.69

ab
 4.99

c
 13.68

c
 

M3 1 day 91.55
ab

 1.07
c
 5.51

a
 43.25

a
 5.14

bc
 13.14

c
 

 3 days 94.50
a
 1.24

b
 5.55

a
 43.87

a
 5.09

c
 13.00

c
 

SEM  0.55 0.13 0.14 0.95 0.26 0.55 
abc = Means in a column with different superscripts are significantly different (P<0.05).  
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DISCUSSION 
The varied clinical signs exhibited by the OCPs (DDT, endosulfan and lindane) subcutaneously injected rabbits 

indicated their physical responses to OCPs toxicity and this agrees with Zorawar et al. [15] on OCPs exposure in rats 

affecting the central nervous system, causing hyper-excitable state in the brain possibly leading to convulsion, tremor, 

hyper-reflexia and ataxia. The significant deviations in blood parameter counts (haematology and serum biochemical) in 

the OCPs exposed rabbits compared to the non-OCPs exposed rabbits (control) indicated the immunological responses to 

OCPs (DDT, endosulfan and lindane) toxicity.  

 

The WBC and differential WBC decrease counts, indicates a probable systemic damage of the rabbit’s immune 

system due to acute stress and infections induced by toxicity and this is in line with Bigoniyaa et al. [16] that decrease in 

white blood cell (leucocytes) indicates the activation of the animal’s defense mechanism against toxic invasion. Kartheek 

and David [17] stated that the variations in leucocytes indices indicate stress conditions arising from OCPs exposures in 

rabbits due to their inability to produce or release antibiotics that are major defensive agents to combat infections. The 

reduction in leucocytes production may result in immunosuppressive effects that could lead to situations of anti-

endomosis and haemodilution challenges in rabbit’s immune system resulting in leucopenia, allergic conditions, 

anaphylactic shock and certain parasitism [18].  

 

The decrease in the RBC (erythrocytes), haemoglobin and hematocrit counts were possibly due to inhibited red 

blood cells production, decrease in number of matured RBCs released into blood circulation and shortened life span of 

circulating erythrocytes [19]. This agrees with Jyostana et al. [20] that pesticides poisoning increases erythrocyte 

destruction as a result of impaired biosynthesis of haeme in the bone marrow resulting in lower levels of erythropoietin, 

haemoglobins and hematocrit destruction. According to Kartheek and David [17], OCPs exposure in rabbit demolishes 

RBC concentrations or erythropoietic mechanism and reduces haemoglobins and hematocrit counts resulting in 

heamolysis and haemorrhagic situations.  

 

OCPs toxicity effects in the red blood cell indices (Mean Corpuscular volume [MCV], Mean Corpuscular 

heamoglobin [MCH], Mean Corpuscular heamoglobin concentration [MCHC] and Red cell distribution width [RDW]) 

counts suggest haemopoietic deficiencies that may subsequently lead to anaemic (normocytic, microcytic, macrocytic, 

hypochronic or normochromic) conditions in exposed rabbits [21].  

 

The deviations in platelet (PCT, MPV and PDW) counts in the exposed rabbits may lead to possible platelet 

diseases and in line with Kanu et al. [22] may result in aplastic anemic conditions (thrombocytopenia) due to the inability 

of blood tissues to retract or cause clot retraction that aids blood coagulation.  

 

Blood serum counts in the OCPs exposed rabbit’s shows toxicant stress and the need for production of extra 

energy by the rabbits to combat such induced stress. In line with Ambali et al. [23], the increase in serum glucose counts 

may lead to possible glucose homeostasis conditions in exposed rabbits, inducing hyperglycemia through reduced insulin 

secretion, hepatic glucogenesis and glycogenolysis stimulation due to damage of the hepatic glycogenesis pathway 

resulting in disease conditions such as diabetes mellitus [24].  The increase in total bilirubin counts suggest conditions of 

hepatotoxicity and may indicate possible liver damage, in line with Uchendu et al. [25]. The increase in urea and creatine 

counts in the exposed rabbits indicates possible kidney impairment and nephrotoxicity, since serum urea and creatine 

counts are reliable indicators of kidney functionality and glomerular filtration damages [26]. The decrease in the serum 

total protein and albumin counts indicates a possible diagnostic symptoms of liver diseases [27] and in line with Khalifa 

et al. [28] the increase in proteolytic activity occasioned by OCPs toxicity causes change in protein and free amino acid 

metabolism synthesized in the liver which results in degradation and renal failures due to increased utilization of albumin 

in the production of antibodies and excretion of albumin (Albumiurea). 

 

CONCLUSION 
OCPs toxicity constitute real threat to public health considering the severe detrimental effects on the blood 

parameters (haematology and serum biochemical assay) of exposed rabbits, thereby compromising their immune system 

to varied health complications. There is the need for serious health concerns especially to avert the consumption of OCPs 

laden smoke-dried fishes, hence the relevant governmental agencies (inspectorate/quality assurance in the Department of 

the Federal and State Fisheries, Ministries of Health, Agriculture, NAFDAC and SON) should ensure strict enforcement 

of enacted laws that ban the use of organochlorine pesticides in food and should engage in the periodic check of smoke-

dried fish quality sold in markets and retail outlets in Nigeria to guide against OCPs usages.  
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