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Abstract

Profenofos as an organophosphorus insecticide has been used in the agricultural countries as Egypt, may find its way to
water system and adversely effect on aquatic life particularly fish. Nile tilapia, Oreochromis niloticus as a major fish
species in River Nile and one of the major sources of protein for human beings in Egypt, and it can also be a source of
threaten to human health. Transport profenofos directly to tilapia fish may affect their physiological status and then fish
production. The mortality of profenofos toxicity was estimated on tilapia and LC50 was detected as 0.87 mg/l. Also fish
were exposed to 1/2 LC50 for 96 hrs and to 1/10 LC50 for 28 days and lastly were left after the chronic toxicity for
another 28 days as recovery period. The increase of blood glucose was accompanied with decrease in liver and muscles
glycogen throughout the acute and chronic trail periods. Fish showed also highly significant decrease in serum total
protein and globulin with increasing in albumin and A/G ratio. A sharp elevation in serum creatinine, urea and uric acid
with decrease in serum total lipid, triglyceride and cholesterol were also recorded. Lastly gradual and sharp elevation in
the levels of serum enzymes, S-AST, S-ALT and S-ALP was revealed in profenofos-exposed tilapia. Same behavior as
S-AST and S-ALT were in liver transaminases (L-AST & L-ALT). Our study revealed adverse change of metabolism in
tilapia due to profenofos exposure. This may inform about the dangerous use of profenofos and limitations should be
managed.
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1. Introduction

Egypt which is mainly an agricultural country has relied heavily on pesticides to control harmful pests mainly to cotton,
maize, rice, wheat, bean and other cultivations [1]. The monitoring of pesticides residue in River Nile confirmed that
natural fresh water are the ultimate recipients of most toxic substances generated by industrial, agricultural land run-off,
drainage water and domestic activities [2]. Pesticides of interest here is the S-alkyl organophosphorus insecticide
profenofos (selecron) which is moderately severe toxicity [3]. Profenofos has low persistence and are readily
decomposed so it was used extensively during those years for selective control of mites on cotton, maize and other
vegetables in Egypt. Profenofos like other pesticides may find its way to water system and adversely effect on aquatic
life [4]. Consequently, several major fish death has occurred in recent years which have been traced to pesticides use.
Nile tilapia, Oreochromis niloticus as a major fish species in River Nile, well marketable and are one of the major
sources of protein for human beings in Egypt, and it can also be a source of threaten to human health by transporting the
toxic material directly to consumers due to the bioaccumulation of pesticides in its flesh to a level that affects their
physiological status and then fish production [5].

The aim of this study were to show the effects of acute and chronic toxicity of organophosphorus pesticide (profenofos)
on biochemical analysis and enzymatic activities of serum and liver of Nile tilapia, O. niloticus.
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2. Methods

2.1. Pesticide

The pesticide has a common name is Profenofos (72%) and commercial name is Selecron.
2.1.1. Formula

C11H15 BrCIO3PS

2.1.2. Chemical name

O-(4-bromo-2-chlorophenyl) O-ethyl S-propylphosphorothioate

Profenofos has a molecular weight 373.6, Density 1.455 (20°C), Solubility 28 mg/l (25°C), Hydrolysis 14.6 days (pH7)
and Toxicity of Class (II) (MANIUAL PESTICIDE). Insecticide, acaricide profenofos is an organophosphorus
insecticide developed for selective control of mites on cotton, maize, sugar beet, Soya beans, tomatoes, potatoes,
vegetables, tobacco and palms. Insecticide introduced by Syngenta Agro-Pazel Switzerland (C.T.C.).

2.2. Fish

Nile tilapia, Oreochromis niloticus used in present study have average total length 16-18.3 cm and average total weight
80-100g. The fish were collected from Islamic Company for Animal Productions, Alkanater, Egypt and transported to
the laboratory in plastic ice-box containing dechlorinated-oxygenated water. Fish were acclimatized for three weeks in
aerated fiber glass tanks before use. The physico-chemical characteristics of the test water were measured and recorded
as pH 7.9, temperature 25°C and hardness 194.03+1.83 mg/l as CaCO3. Fish were fed on a commercial diet (30%
protein). Aquariums were changed once daily to remove any feces and uneaten food from the previous day. Fish were
transferred randomly into experimental glass aquaria and were acclimatized for one week before starting the exposure
to tested insecticide.

2.3. Determination of profenofos LC50

Nine concentrations (0.7, 0.8, 0.85, 0.87, 0.9, 1, 3, 4 and 5 mg/l) of profenofos were prepared in nine equal-sized
aquaria, in addition to one aquarium for control. Ten fishes were transferred to individual profenofos containing
aquaria. The experiment was continued for 96 hrs of each concentration. Water was changed daily to keep profenofos
concentration constant during 96 hrs. The fish died were watched and removed per day. By the end of the fourth day,
the mortality percentages were then calculated according to probit analysis method [6]. This experiment was repeated
twice and the average of mortality was taken. The LC50 value for profenofos was recorded as 0.87 mg/I.

2.4. Acute experiment for 96 hrs to 1/2 LC50 of profenofos

Fifty fish were transferred to individual aquaria contacting 1/2 LC50 of profenofos (0.435 mg/l) for 96 hrs, in addition
to control one. Then ten fish were sacrificed, 24 hrs interval, during the acute exposure period, in addition to 10 fish for
control group.

2.5. Chronic experiment for 28 days to 1/10 LC50 of profenofos

Ninety fish were transferred to nine individual aquaria (10 fish each) containing 1/10 LC50 of profenofos (0.087 mg/l)
for1,2,3,4,7, 14, 21 and 28 days, in addition to ninety fish as control one. Then ten fish were sacrificed at previously
mentioned intervals of profenofos, during the exposure period, in addition to 10 fish from the control or non-profenofos
aquaria.

2.6. Recovery group experiment

The rest of 10 fish exposed to 1/10 LC50 of profenofos (0.087 mg/l) for 28 days were transferred to dechlorinated and
oxygenated profenofos free water for another 28 days, as one interval, then sacrificed.

2.7. Sample

Blood, liver and muscle tissues were obtained from all sacrificed fish in the current study. Sera were obtained and kept
with liver and muscle tissues at -20°C for biochemical analysis and enzyme activity measurement.
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2.8. Serum and liver metabolites

Serum glucose was determined according to Trinder [7] which based on GOD-PAP method (enzymatic colorimetric
test). Liver and muscle glycogen determined by using the anthrone method according to Trevelyan and Harrison [8].
Total protein was determined based on Biuret method [9]. Determination of serum albumin was done according to
bromocresol green method which described by Doumas [10]. Serum globulin can be calculated by subtracting the
amount of serum albumin from the serum total protein. A/G ratio was calculated by the equation Albumin/globulin
x100. Creatinine was measured by using Kinetic JAFFE method according to Tatzidis [11]. Urea was determined by
urease Berthelot reaction according to Patton & Crouch [12]. Uric acid was determined by Uricase-PAP method
(enzymatic colorimetric test) according to Fossati et al. [13]. Total lipid in fish serum was estimated calorimetrically by
sulfposphovanillic mixture according to Zollner & Kirsch [14]. Estimation of triglyceride was done by GPO-PAP
method according to Fossati & Principe [15]. Serum cholesterol was determined as CHOD-PAP method according to
Allain et al. [16].

2.9. Serum and liver enzymes

Serum aspartate aminotransferase (AST-E.C.2-6-1-1) and Alanine aminotransferase (ALT-E-C-2-6-1.2) activities were
estimated by enzymatic colorimetric test according to Schmidt & Schmidt [17]. Determination of alkaline phosphatase
(ALP-E.C.3-1-3-1) based on phenyl phosphate colorimetric method as described by Belfield & Goldberg [18]. For
determination of liver enzymes 0.5g of liver was taken and homogenized in 4 ml cooled distilled water. Then the
sample was centrifuged at 5000 r.p.m for 15 minutes. The supernatant was kept in dry test tube for determination of the
activities of both transaminases.

2.10. Statistical analysis

The statistical analysis was estimated according to the method of Snedecor & Cochran [19]. Results were expressed as
meanxSE. The intergroup variation was measured by one way analysis of variance (ANOVA) followed by Tukey's LSD
test.

3. Results

3.1. Acute exposure
3.1.1. Serum and liver metabolites

Exposure of Nile tilapia, Oreochromis niloticus to 0.435 mg profenofos/l (1/2 LC50) for 96 hrs showed sharp
significant increase (P<0.05) of blood glucose level where it reached its peak after 96 hrs (Table 1). The exposed tilapia
revealed a highly significant decrease of liver and muscle glycogen (P<0.05) during all the exposure period, where it
reaches less than the half the control mean value after 96 hrs (Table 1). The profenofos-exposed fish showed highly
significant decrease (P<0.05) of total protein and globulin (Table 1). On the other hand, serum albumin of tilapia
significantly increased (P<0.05), A/G ratio of tilapia exposed to the same concentration of profenofos significantly
increased (P<0.05) (Table 1). As serum creatinine, urea and uric acid levels were significantly increased (P<0.05) when
fish were exposed to 0.435 mg profenofos/L for 96 hrs (Table 2). Simultaneously, serum total lipid, triglyceride and
cholesterol levels were decreased significantly in profenofos-exposed fish (P<0.05) (Table 2).

3.1.2. Serum and liver enzymes

Highly elevated levels of serum AST, ALT and ALP were recorded when fish exposed acutely to profenofos (P<0.05)
(Table 3). Liver enzymes, AST and ALT also recorded increased levels in fish of the same exposure (P<0.05) (Table 3).

3.2. Chronic exposure
3.2.1. Serum and liver metabolites

It was observed that whereas levels of glucose increased proportionally with time of chronic exposure, liver and muscle
glycogen decreased dramatically (P<0.05) (Table 4). Levels of serum total protein were decreased during the first two
weeks (P<0.05) while the effect was reversed to significant increase during the last two weeks (P<0.05) (Table 4).
Serum albumin levels were significantly increased gradually (P<0.05) by increasing the exposure period to fish, while
serum globulin showed the opposite behavior proportionally with the exposure time (Table 4). Concerning the A/G
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ratio, gradual significant elevation (P<0.05) was cleared where it reached its peak within 7 days (Table 4). Serum
creatinine showed highly significant increase (P<0.05) after 7 days till the end of chronic period (Table 5). Similarly,
serum urea and uric acid were started to increase significantly after 4 days of exposure till the end of profenofos
exposure period (Table 5). The present data indicated a gradual decrease in total lipid during the first 7 days (P<0.05) of
profenofos exposure (Table 5). The effect was reversed with a highly significant elevation (P<0.05) after 14 days, 21
days and 28 days of exposure (Table 5). The same effect as total lipid was seen in triglyceride and cholesterol but the
reversed data started after 7 days (Table 5).

Table 1: Changes of Glucose, Liver Glycogen, Muscle Glycogen, Total Protein, Albumin, Globulin and A/G Ratio of Nile Tilapia after Acute
Exposure to 0.435 Mg Profenofos/L.

S g c =
5= g3 £ E.  £o E 2
S5 52 52 53 =3 £ 5
s E = 2 2D =2 22 S (O]
0= SE g E S < S <
5 2 = o
Control  68.3+0.8° 13.4+0.062 7.1+0.06° 6.6+0.04° 1.5+0.1° 5.1+0.1% 30.0+0.2°
24hrs. 92.9+0.4¢ 8.3+0.05" 5.9+0.02° 5.1+0.04° 2.1+0.02° 3.0+0.3 72.5+0.1%
48hrs. 102.5+0.8°¢ 7.5+0.04°¢ 5.240.01°¢ 4.7+0.03° 2.240.03% 2.4+0.08° 94.5+0.3"
72hrs. 113.1+1.0° 6.8+0.04¢ 4.8+0.03¢ 3.9+0.03¢ 2.3+0.01° 1.6+0.07¢ 145.2+0.1°
96hrs. 129.9+0.72 5.6+0.06 ¢ 3.9+0.03° 3.6+0.03%  2.3+0.02% 1.2+0.08%  231.5+0.3°

All data are mean of 10 individuals. Data are expressed as mean + SE. Variation between similar single letters in each component is not significant.

Table 2: Changes of Creatinine, Urea, Uric Acid, Total Lipid, Triglyceride and Cholesterol of Nile Tilapia after Acute Exposure to 0.435 Mg
Profenofos/L.

€S S 83 23 83 23
gE E 5E = =& 2E
- (@]

Control 1.03+0.08° 8.5+0.24° 6.1+0.09¢ 12.8+0.1° 258.6+1.2° 162.1+0.5°
24hrs. 1.2+0.07¢ 12.2+0.09° 8.5+0.03° 9.7+0.08" 194.8+0.3° 137.140.43°
48hrs. 1.9+0.02° 16.1+0.04° 9.1+0.13° 9.0+0.06" 167.3+0.46° 127.440.6°
72hrs. 2.240.01° 17.640.1° 11.1+0.07° 7.4+0.1° 139.3+0.8° 115.2+0.74¢
96hrs. 2.8+0.04° 20.6+0.2 14.5+0.1° 6.7+0.06° 115.3+0.6° 98.1+0.8¢

All data are mean of 10 individuals. Data are expressed as mean + SE. Variation between similar single letters in each component is not significant.

Table 3: Changes of Serum and Liver Enzyme Activities; AST, ALT and ALK of Nile Tilapia after Acute Exposure to 0.435 Mg Profenofos/L

S. AST S.ALT S. ALP L. AST L. ALT
Control 25.740.3° 17.9+0.3° 13.34+0.3° 40.88+0.5° 18.05+0.1°
24 hrs. 56.7+0.4° 30.8+0.2¢ 28.73+0.5° 81.31+0.9° 22.87+0.3°
48hrs. 65.4+0.9° 42.1+0.6" 31.92+0.6° 111.54+0.1° 27.17+0.4°
72hrs. 92.2+0.9° 63.7+1.1° 40.82+0.9° 140.03+1.04° 49.24+0.8°
96hrs. 110.7+1.1° 78.6+0.9% 50.11+0.6° 163.39+1.01° 67.5+0.6%

All data are mean of 10 individuals. Data are expressed as mean + SE. Variation between similar single letters in each component is not significant.
3.2.2. Serum and liver enzymes

Serum AST, ALT and ALP enzymes recorded gradual and significant elevation of activities during the whole exposure
period in acute and chronic experiments (Table 3 & 6). On the other hand only ALT and ALP were returned to the
control values but AST levels were kept higher (Table 6). Parallel to sera enzymes, activities of liver AST and ALT
enzymes revealed gradual increase during the exposure period (P<0.05) (Table 6). Liver ALT cleared no significant
differences at 1, 2 and 7 days in comparison with corresponding controls, beside a sudden drop after 7 days when
compared to the other exposed fish (Table 6). The enzymes' activity decreased significantly (P<0.05) after recovery but
still higher than control values (Table 6).
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Table 4: Changes of Glucose,Liver Glycogen, Muscle Glycogen, Total Protein, Albumin, Globulin and A/G Ratio of Nile Tilapia after Acute
Exposure to 0.087 Mg Profenofos/L.

s g

@~ S S8< £ £ 8

=) 2 =4 $s Es 3% g

2 £ = 2B RS e ° 3 Q

O~ S E 2 E & < o <

z s

Control 68.3+0.8" 13.4+0.1° 7.1+0.06° 6.6+0.04°  15+0.01"  51+0.3*  30.1+0.5™"
1 day 73.0+0.7" 12.0+0.04° 6.9+0.01% 6.3+0.01°  1.7+0.01° 46202  36.5+0.5
Control 68.3+0.8"  13.4+0.06 7.1+0.06° 6.6+0.04  1.5+0.01"  5.1+0.3™  30.1+0.5™"
2 days 78.5+0.6° 10.6+0.04° 6.5+0.03° 6.1+0.01°  1.9+0.01° 4.2+0.2° 43.9+0.45"
Control 68.3+0.8"  13.4+0.06 7.1+0.06° 6.6+0.04  1.5+0.01  5.1+0.3™  30.1+ 0.5
3 days 87.6+0.8"  10.2+0.04 6.2+0.02¢ 55+0.03°  2.0£0.01*  3.5+0.4' 57.6+0.63°
Control 68.3+0.8"  13.4+0.06 7.1+0.06° 6.6+0.04™  1.5+0.01  5.1+0.3™  30.1+ 0.5
4 days 89.1+0.2° 9.781+0.033¢  5.9+0.02¢ 5.1+0.02"  2.0+0.01*°  3.1+0.59 62.9+0.7°
Control 66.1+0.8""  13.07+0.04®  6.9+0.05® 6.840.04  1.4+0.01' 5.3+0.9%  27.5+0.5"
7 days 94.0+0.5° 8.76+0.06" 5.6+0.02° 4.3+0.029  1.9+0.01°  2.4+0.5" 75.8+0.7°
Control 63.1+0.59"  12.8+0.03" 6.9+0.05® 6.7+0.06  1.6+0.02® 52+1.3*  31.4+05%"
14 days 98.7+0.2™  8.2+0.05' 5.2+0.02" 5.740.02°  2.0£0.06®  3.745.2 53.8+0.83°
Control 63.5+0.69"  13.27+0.053"  6.7+0.06™ 6.5+0.06°  1.5+0.01°"  4.9+1.7°  31.6+0.47%
21 days 100.4+0.2°  7.91+0.06' 4.9+0.02° 6.9+0.04®  2.0£0.01° 4.9+0.8°  41.4+0.6°
Control 61.4+0.3" 13.0+0.03* 6.9+0.02% 6.9+0.04®  1.4+0.01f 5.4+0.3" 26.5+ 0.6'
28 days 107.6+0.8*  6.9+0.024/ 4.0+0.03" 7.240.04*  2.1+0.01° 5.1+4.9%°  40.2+0.5%
Control 61.4+0.3" 13.2+0.03* 6.8+0.026™  6.8+0.04™  1.6+0.02®  5.1%+0.3"  31.3+0.5"
Recovery  12.6+0.05°  12.6+0.05° 6.1+0.04° 6.940.02  1.7+0.01° 5.2+41.9%°  32.7+0.83%

All data are mean of 10 individuals. Data are expressed as mean + SE. Variation between similar single letters in each component is not significant.

Table 5: Changes of Creatinine, Urea, Uric Acid, Total Lipid, Triglyceride and Cholesterol of Nile Tilapia after Acute Exposure to 0.087 Mg

Profenofos/L.

35 $3 23 22 83 £5
O S
- (@)

Control 1.0£0.1" 8.5+0.024%" 6.1+0.09%" 12.8+0.1° 258.6+1.2° 162.1+0.5°
1 day 1.0£0.1" 9.4+0.08"" 6.30.05%" 11.5+0.07% 226.6+0.6" 137.0+0.5°
Control 1.0+0.1" 8.5+0.024%" 6.1+0.09%" 12.8+0.1° 258.6+1.2° 162.1+0.5°
2 days 1.1+0.01° 9.60.09°" 6.60.04" 11.3+0.07¢' 189.3+0.9° 131.2+0.35%
Control 1.0+0.08™ 8.5+0.02" 6.1+0.09%" 12.8+0.1° 258.6+1.2° 162.1+0.5°
3 days 1.1+0.01°" 9.9+0.1°" 7.240.04°' 10.7+0.05 176.3+0.4 126.2+0.5°
Control 1.0+0.08™ 8.5+0.029" 6.1+0.09%" 12.840.1° 258.6+1.2° 162.1+0.5°
4 days 1.2+0.02¢ 10.5+0.1* 7.5+0.8° 10.4+0.06" 144.3+0.8° 114.3+0.7"
Control 1.0+0.1% 7.9+0.08' 5.9+0.08%" 12.4+0.1% 257.8+0.5° 162.0+0.5°
7 days 1.3+0.01° 11.1+0.13% 8.60.06" 9.5+0.05° 266.9+0.7° 173.9+0.9
Control 1.01+0.01™ 8.2+0.09" 5.8+0.03%" 12.5+0.1% 253.3+0.8° 156.8+0.7°
14 days 1.81+0.014° 12.740.2° 9.4+0.1° 13.9+0.07° 269.3+0.7° 176.7+1.0°
Control 0.99+0.011™ 7.5+0.09' 5.6+0.06" 12.1+0.1°% 253.0+0.6° 159.5+0.7°
21 days 2.04+0.02° 15.6+0.1° 10.4%0.09" 16.2+0.06° 270.2+0.8" 189.5+0.9°
Control 0.95+0.013¢ 7.440.1' 5.5+0.06" 11.6+0.1% 251.9+0.8° 161.1+0.5°
28 days 3.1+0.04° 17.9+0.1° 13.0+0.2° 17.0+0.1° 287.0+1.0° 191.5+0.8°
Control 1.01+1.01™ 8.2+0.09" 5.3+0.06" 11.6+0.1% 253.5+0.8° 156.8+0.7°
Recovery 1.23+0.03% 10.2+0.1% 6.5+0.04" 12.4+0.1% 256.1+0.6° 159.0+0.5°

All data are mean of 10 individuals. Data are expressed as mean + SE. Variation between similar single letters in each component is not significant.
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Table 6: Changes of Serum and Liver Enzyme Activities; AST, ALT and ALK of Nile Tilapia after Acute Exposure to 0.435 Mg Profenofos/L.

S. AST (u/l) S.ALT (u/l) S. ALP (u/l) L. AST (u/g) L. ALT (u/g)

Control 25.7+0.3¢ 17.9+0.3 13.3+0.3%" 40.9+0.5" 18.05+0.14'
1 day 38.9+0.4 26.1+0.4° 16.1+0.2" 43.940.5" 18.6+0.1"
Control 25.7+0.3° 17.940.3 13.3+0.3%" 40.9+0.5" 18.05+0.14"
2 days 42.0+0.5' 32.0+0.5° 19.0+0.2°" 62.2+0.45 19.9+0.1"
Control 25.7+0.3¢ 17.940.3 13.3+0.3%" 40.9+0.5" 18.1+0.14"
3 days 49.7+0.9° 32.4+0.5¢ 20.5+0.4° 54.9+0.69 24.5+0.3°
Control 25.7+0.3¢ 17.940.3 13.3+0.3%" 40.9+0.5" 18.1+0.14"
4 days 52.8+1.0° 52.0+0.5° 27.1+0.5¢ 90.3+0.7¢ 28.6+0.22°
Control 26.1+3.2¢ 16.3+3.3" 11.940.9" 43.7+0.5" 18.5+0.2"

7 days 69.6+9.6° 63.9+8.9° 35.9+0.5° 90.3+0.7¢ 20.1+0.15°
Control 24.4+3.0° 14.5+2.3 12.2+1.3% 39.7+0.5" 20.040.2"
14 days 87.0+9.9% 76.7+7.6° 39.845.2° 118.4+0.8° 33.3+0.3°
Control 25.0+3.4° 14.9+2.6' 12.4+1.7%" 39.240.47" 18.9+0.1"
21 days 80.846.0° 51.9+12.2° 43.6+0.8 131.5+0.6° 36.040.3°
Control 24.5+1.6° 15.3+2.6' 13.0£0.3%" 41.01+0.6" 18.5+0.1"
28 days 62.6+8.6" 48.9+11.3° 33.1+4.9° 141.5+0.5° 41.7+0.42
Control 25.1+3.49 16.3+3.3" 13.3+0.3%" 40.9+0.5" 19.9+0.2"
Recovery 35.9+7.8" 20.345.7" 13.5+1.99" 87.1+0.8° 26.7+0.3°

All data are mean of 10 individuals. Data are expressed as mean £ SE. Variation between similar single letters in each
component is not significant.

4. Discussion

The present study showed hyperglycemia after both acute and chronic exposure to profenofos in Nile tilapia.
Accompanied to hyperglycemia a decrease of both liver and muscle glycogen content were recorded. This may be
attributed to the blocking transfer of glucose into the cells which may lead to increased level of glucose in blood and
decreased glycogenesis in liver and muscle cells. Same result has been mentioned after 24 weeks of exposure to
organophosphate insecticides; malathion and dimethoate and after 28 days to deltamethrin on same fish species [20],
[21]. They added that, hyperglycemia may be due to pesticide stress which leads to an increased secretion of
catecholamines (glycogenolysis) and corticosteroid (gluconeogenesis) hormones. Jyothi & Narayan [22] reported that,
hyperglycemia might be attributed to partial or fully blocking process of glucose transport from blood stream to the
liver by pesticide stress and impaired insulin secretion as result of pesticides toxicity. The exposure of Colisa fasciatus
and O. niloticus to malathion and carbaryl, and deltamethrin, respectively showed same effects [20, 23]. Also, Matos et
al. [24] revealed that such enhancement of glycogen breakdown in the liver of tilapia after carbaryl exposure is probably
due to the toxicity effect of pesticides which caused hyperglycemia and increase of catecholamine secretion and
corticosteroid hormones.

A decline in serum protein levels in Nile tilapia was also observed after acute exposure for 96 hrs to profenofos and
chronically after 4 and 7 days of exposure. Hyperglycemia may impair the other liver function as protein synthesis or
the pesticide stress may cause overuse of proteins. The other thing, liver cells may use much amount of amino acids to
wave the shortage of non-transportable glucose molecules (gluconeogenesis activation). Similar results were also shown
by Dutta et al. [25] after exposure of Indian catfish (Heteropneustes fossilis) to malathion, Kotb [1] after chronic
exposure of O. niloticus to cinmethylin and anilofos and after acute exposure of Clarias gariepinus to both agricon and
vertimic [26]. They could be attributed that decline to several pathological processes including plasma dissolution, renal
damage and elimination in urine, decrease liver protein synthesis, alteration in hepatic blood flow and/or hemorrhage
into peritoneal cavity and intestine. [26] added that direct enhancement use for muscle energy may lead to degradation
of proteins and tissue breakdown as well as inhibition of protein synthesis. Unexpectedly the results were reversed and
serum protein showed raised levels than control group after 21 and 28 days. This increase of protein may reflect the
resistance or adaptation of fish to pesticide stress. Other study observed that reversed behavior. It attributed that
response to increase in liver synthesis, disturbances in liver function or the immune response to pesticide which led to
an increase in the formation of protein-insecticide complex [27]. Acute and chronic exposure of Nile tilapia to
profenofos caused elevation of serum albumin and A/G ratio, while decreased globulin level at all trial periods.
Impairment of kidney functions which were estimated currently may cause albumin level imbalance and failure of
stressed albumin excretion. Exposure of C. carpio and O .niloticus to dithiopyridine and paraquat showed same results
[28], [29]. The increase in serum albumin was attributed to liver reaction, the hepatic cells began to synthesis more
albumins that migrates to the blood for control and bound the pesticide toxic action [30], [31].

Acute and chronic exposure of Nile tilapia to profenofos also caused elevation in serum creatinine, urea and uric acid,
these results were agree with many authors [1, 26, 28]. They revealed these elevations to the disturbances in the kidney
and additionally due to necrosis of endothelial cells and renal hemopoietic tissue that was supported by Fischer-Scherl
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et al. [32]. In our results the increment levels of uric acid have started after 7 days of chronic exposure while creatinine
and urea have started after 21 days, 2 weeks later, that may attributes the role of uric acid to raise the levels of creatinine
and urea as kidney dysfunction indicators.

The present results showed decrease of total lipid content in the fish blood by the acute exposure for 96 hrs and
chronically for 7 days. The reduction in total lipid was explained as a direct effect of the utilization of body fat as
energy supply to meet the increasing physiological demands [33]. However Fayed et al. [34] attributed the serum total
lipid reduction in fish to increase secretion of catecholamines as a result of pollutant stress which enhanced metabolic
rate and in turn reduced metabolic reserves. This may be supported by the current depression of total protein and
glycogen content in muscle and liver. The depression of triglyceride was in agree with Mekkawy et al. [35] after
exposure of O. niloticus and C. auratus to atrazine for 28 days. The decline effect of total lipid was reversed after 14, 21
and 28 days. Such reversal effect was also shown in triglyceride and cholesterol levels but has started as one week
earlier, after 7 days of exposure. This figure may give impression that the change of triglyceride and cholesterol may be
major cause of changing total lipid content. On the other hand, later increase of serum total lipids and triglycerides may
be a result of partial or full inactivation of insulin as responses to pesticide toxicity in blood and the pancreatic tissues
[36]. It promotes fat storage by activation of lipoprotein lipase and supplying breakdown product of glucose, -
glycerophosphate which provides the glycerol portion of newly forming triglycerides [36]. Such irregular changes in the
total lipid content were in agree with Kotb [1] during the exposure of O.niloticus to anilofos and cinmethylin for long
term. Also, EI-Amin [28] suggested the same result after both acute and chronic exposure of Cyprinus carpio to
dithiopyridine. The depression of cholesterol was recorded in other fish by the exposure to diazinon, carbamate and
phorate [33], [37]. They referred that reduction of cholesterol to the liver dysfunction which has an important role in
cholesterol metabolism.

Regarding liver function, a highly significant increase of serum amino transferases; AST and ALT, and serum ALP
were measured after both acute and chronic exposure to profenofos. Same results were also observed by EI-Amin [28]
and Fouda & Azab [38] after exposures of C.carpio to dithiopyridine and Clarias gariepinus to vertemic and agricon.
The increase in the activity of serum enzymes was explained as result of destruction of liver cells and increased cell
permeability leading to a leakage of the enzymes from the damaged liver cells into serum [39]. Parallel to serum
enzymes, both liver transferases levels were elevated as well. This increment of enzymes may be an indicator of liver
damage. Same observations were found after chronic exposure of Tilapia mossambica to hepatachlor and Cyprinus
carpio to ametryne [40], [41]. However authors referred that increase to liver damage, while alteration AST and ALT
activity was correlated with the reduction in protein content in exposed fish.

The study of fish exposure to pesticide profenofos revealed an adverse effect on the metabolic processes and health of
tilapia fish as an economic protein source.
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