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ABSTRACT

Thirty six all male Oreochromis niloticus were divided into two groups, using
six glass aquaria. The treated group was fed on a toxic strain of M. aeruginosa, while
the control group was fed on a non toxic strain of M. aeruginosa, in order to measure
their grazing rates from both strains of M. aeruginosa and consequently its effect on
general fish health represented by, clinical signs, hematological changes and
biochemical parameters. Grazing rates and daily intake of M. aeruginosa showed
close grazing rates between the treated and the control groups with slightly higher
intake of non toxic strain than the toxic one were the individual intake was 63,050 and
62,567 cell/ml/fish respectively. Clinical signs in O. niloticus associated with
exposure to toxic cyanobacteria were investigated. The observed clinical signs were
sluggish movement and reduced reflexes during the late stages of exposure period.
Plasma glucose, cortisol, T4, creatinine and AST showed higher concentrations in the
treated group than that in the control, indicating on increased fish stress that was
reflected in its health state and consequently its performance. On the opposite side,
plasma total protein concentration was higher in the control than that in treated group.
The hematocrit, plasma albumin, LDH and Alkaline phosphatase concentrations did
not show any significant difference in both groups. The study concluded that the
uptake of toxic strain of M. aeruginosa via oral route had deleterious effects on some
clinical and biochemical parameters of the blood of Nile tilapia which led finally
affected the fish health. The study recommendations include prevention and
monitoring of organic and inorganic pollution that promote the harmful algal blooms,
and take the early preventive measures to avoid toxic effects of cyanobacteria on fish
and consequently on humans.
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INTRODUCTION

Eutrophication of freshwater lakes and reservoirs leads to water blooms of
cyanobacteria in many countries of the world as cyanobacteria constitute up to 70% of
the total phytoplankton biomass (Araoz et al., 2010).

The ingestion of intact cells as well as the cyclic peptide toxins (microcystins)
can cause illness and death in wild, domestic animals and humans. It is well known
that species within certain genera of cyanobacteria, namely, Anabaena, Hapalosiphon,
Microcystis, Nostoc, and Oscillatoria produce cyclic peptide hepatotoxins called
microcystins (MCs) that cause liver damage in both mammals and fish through
inhibition of protein phosphatase types 1 and 2A. MCs also can be accumulated in the
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bodies of these organisms thus constitutes a risk for human being (Carmichael and
Falconer, 1993).

In aquatic systems, fish stand at the top of the aquatic food chain, and are
possibly affected by exposure to toxic cyanobacteria. Many fish species are imperiled
due to eutrophication (Dodds et al., 2009).

M. aeruginosa is the most common toxic cyanobacterium found worldwide,
producers of MCs. MCs derive their toxicity from inhibition of protein phosphatases,
especially types 1 and 2A, in a manner similar to that of the toxin causing diarrheic
shellfish poisoning and okadaic acid (Krishnamurthy et al., 1986).

Barros et al. (2010) reported that 10 aquaculture production systems were
sampled and found to have MCs-LR concentrations that were highly correlated with
M. aeruginosa biomass so that most of MCs-LR was produced by this species. The
MCs-LR concentrations and M. aeruginosa counting were positively correlated with
nitrogen-to-phosphorus ratios and suggest that water quality parameters may affect
both M. aeruginosa biomass and MCs-LR concentrations.

Grosse et al. (2006) stated that MC is an endotoxin released when the MCs
producing organism dies or is destroyed (In the stomach or after water treatment).

Nyakairu et al. (2010) mentioned that both Oreochromis niloticus and Lates
niloticus harvested from L. Mburo and Murchison Bay of L. Victoria and sold for
local human consumption and for export were analyzed for MCs in their flesh. The
results revealed that the presence of MCs in fish muscle indicated their contamination,
which could be a risk of transferring such toxins to humans who are at the end of the
food chain. Since the MCs are heat stable, there is a high possibility of toxicity even
after heat treatment of fish tissue.

This study was planned to determine the grazing rate of O. niloticus from both
toxic and non toxic strains of Microcystis aeruginosa with its effect on fish health
through study of some clinical signs, hematological and biochemical parameters.

MATERIALS AND METHODS

The present study was conducted in the Department of Fish diseases and
Management, Faculty of Veterinary Medicine, Cairo University, and the Center of
Advanced Research in Environmental Genomics, Faculty of Science, University of
Ottawa, Canada, with the collaboration of the WorldFish center Abbassa, Abou
Hammad — Sharkia - Egypt

Thirty six all male apparently healthy Oreochromis niloticus with an average
body weight of 150 + 20 g were acclimatized in glass aquaria for two weeks, prior to
the experiments. Fish were fed twice daily on a commercial balanced diet and fasted 2
days before start of the experiment according to Dong et al. (2009).

Six Glass aquaria (25x50x30 cm) containing dechlorinated tap water were used
where six fish were kept in each glass aquarium. The aquaria were cleaned and water
was changed every other day for the treated and control groups. Fresh M. aeruginosa
culture was kept to ensure a constant concentration in the water. Each aquarium was
supplied with an electric air pump, where dissolved oxygen was maintained at not less
than 8 mg/l, pH ranged from 7.5 to 8 by regular water change. Water temperature was
adjusted at 25 + 2 °C.

Glass aquaria were kept in incubator to ensure constant water temperature as
well as light intensity of 2000 lux (12 h/ 12 h light dark cycle) and humidity of
60-80%.
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Microcystis areuginosa culture:
Two strains of M. aeruginosa (toxic strain UTCC300 and non-toxic strain
(UTCC632) were grown on Sterile-filtered Cyanobacteria BG-11 Freshwater Solution
medium (Table 1).

Table 1: Composition of BG-11 cyanobacterium medium.

Salt name Concentration
calcium chloride dihydrate (mg/1) 36.7
citric acid (mg/1) 5.6
Dipotassium hydrogen phosphate (mg/1) 31.4
Disodium magnesium EDTA (mg/1) 1
Ferric ammonium citrate (mg/1) 6
Magnesium sulfate (mg/1) 36
Sodium carbonate (mg/1) 20
Sodium nitrate (g/1) 1.5

Instruments and chemicals for M. aeruginosa counting:

Inverted microscope model Zeiss AXIO Al equipped with an Empix camera
and an Eclipse image analysis system, with the use of Paraformaldehyde Solution
(10%) for Picoplankton and Cyanobacteria for fixation of M. aeruginosa. (Bitterlich,
1985).

Haematological examinations and biochemical analysis:

Haematological parameters were measured according to Caldwell et al. (2006),
while plasma glucose was measured according to Young et al. (1975), plasma
Cortisol according to Kaye and Crapo (1990), thyroxine hormone (T4) according to
Schuurs and Van Weeman (1977), plasma AST, plasma alkaline phosphatase, plasma
lactate dehydrogenase (LDH-L) and plasma Creatinine according to Tietz (1976),
plasma total protein according to Doumas et al. (1981) and plasma albumin was
measured according to Jacobs (1984).

Experimental design:

Thirty six O. niloticus were stocked in 6 aerated aquaria and divided into two
groups in order to investigate the effect of M. aeruginosa toxic and non-toxic strains
on such fish throughout the experimental period by observation of grazing rates,
hematological changes and biochemical parameters.

1- The first group (Treated group): included three aquaria each containing six
fish with three rips (total of 18 fish) which were exposed to M. aeruginosa
UTCC300 (toxic strain) with a concentration of 200,000 cell/ml which is
considered moderate risk according to Chorus et al., (2000).

2- The Second group (Control group): included three aquaria each containing six
fish with three rips (total of 18 fish) which were exposed to M. aeruginosa
UTCC632 (non-toxic strain) with a concentration of 200,000 cell/ml.

Fresh M. aeruginosa cells were added daily to the aquaria to ensure constant
concentration of 200,000 cell/ml.

Live Fish were sampled on days 3, 15, 25 and 35 during the exposure period
(sampled fish were excluded and not returned back to the aquarium) where on the 3™
day three fish were sampled from each group, on 15" day five fish where sampled, on
25™ day four Fish were sampled and on 35" day the rest of five fish (where one fish
from each of the treated and control groups was died) were sampled.

Mass cultivation of toxic and non- toxic M. aeruginosa:

Pure stocks of both strains of M. aeruginosa (toxic and non-toxic) were
separately cultured on BG-11 cyanobacteria medium (Table 1). The BG11 medium
was previously autoclaved after the addition of about 20 g/l of agar then poured in
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petri dishes. The two algae types were individually subcultured on a solid BGI11
medium and incubated for 5 weeks in Incubator Conviron® CMP3244 at light
intensity of 85 lux, Humidity 100% and temperature 25°C. Incubated agar cultures
were transferred to the lamina flow and complete aseptic conditions to carry out mass
cultivation process according to Sharaf (2010).

Statistical analysis:

Statistical analysis was performed using Analysis Of Variance (ANOVA) and
Duncan’s multiple Range test to determine differences between treatments, means at
significance level of 0.05. Standard errors of treatment means were also estimated.
Pearson correlation test was performed between parameters to calculate correlation
coefficient (r). All statistics were carried out using Statistical Analysis Systems (SAS)
program (SAS, 2009).

RESULTS

Grazing rate of M. aeruginosa by O. niloticus:
Daily intake of M. aeruginosa UT300 and UT632 by O. niloticus (Table 2)
showed nearly similar grazing rates for the treated and control groups.
Clinical signs
During the experimental period, both treated and control group showed normal
clinical signs but during the last 10 days of the experiment, the treated group showed
sluggish movement and reduced reflexes.

Table 2: Number of fish per aquarium and average cell number of M. aeruginosa toxic (UTCC300) and
nontoxic (UT632) strains after grazing by fish throughout the experimental period*, and
average number of consumed cells for both strains per individual fish.

Number of Number of toxic ~ Number of non- Numb§r of Number Of.
. eaten toxic cells  eaten non-toxic
Day fish per cells after toxic cells after
tank grazing (cell/ml)  grazing (cell/ml) per fish cells per fish
(cell/ml) (cell/ml)
1 6 431 575 33,262 33,238
3 6 333 614 33,278 33,231
5 5 498 916 39,900 39,817
7 5 206 327 39,959 39,935
9 5 304 196 39,939 39,961
11 5 137 90 39,973 39,982
13 5 614 248 39,877 39,950
15 5 176 92 39,965 39,982
17 3 2,782 209 65,739 66,597
19 3 1,567 1,436 66,144 66,188
21 3 705 1,464 66,432 66,179
23 3 8,478 2,508 63,841 65,831
25 3 2,401 1,215 65,866 66,262
27 2 609 877 99,696 99,562
29 2 2,267 757 98,866 99,622
31 2 3,241 1,338 98,380 99,331
33 2 1,655 847 99,173 99,577
35 2 8,179 699 95,911 99,651
Average 62,567 63,050
per fish

*Original concentration of both strains in each aquarium was 200,000 cell/ml.

As shown in Table (3) there was no significant difference (P>0.05) in the
Packed cell volume (PCV) between the treatment group exposed to toxic Microcystis
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and the control group exposed to non-toxic Microcystis. Meanwhile the analyses of
glucose, Cortisol and Thyroxine hormone (T4) showed significantly higher (P<0.05)
concentrations in the treated group than that in the control group.

Table 3: Mean percentage of PCV with mean concentrations of glucose, cortisol and thyroxine (T4) in
plasma of Nile Tilapia exposed to toxic (treated) and non toxic (control) M. aeruginosa,
throughout the experimental period. (Mean + SE).

Day Treatment PCV Glucose (g/dl)  Cortisol (pg/dl) T4 (ng/dl)
3 Control 2233%+£2.60 62.87°+10.30  10684.22°+9.40 423*+0.95
Treated 29.67°+1.86  61.60°+ 6.38 10769.51°+ 12.56  2.50°+0.62
15 Control 22.80°+0.97 42.52*+5.01 10627.19°+47.45  2.17°+0.27
Treated 21.80°+2.08 58.82°+13.30  10665.47°+25.51  3.20°+0.32
25 Control 22.00°+1.08  30.17°+8.00 10310.89°+ 85.87  2.67°+0.48
Treated 2225*+1.03 52.07%°+8.90 10459.71°+ 56.61  5.55°+0.81
35 Control 23.67°+£233  30.14°+ 137 10423.73°+51.30  1.90°+0.01
Treated 22.40°+0.81  46.23°+3.39 10648.03°+24.29  7.57°+1.07
General  Control 22.67°+0.72  30.14°+1.37 10502.99°+37.34  2.65°+0.28
mean Treated 2347°+1.00 46.23°+3.39 10627.92°+26.77  4.91°+0.51

Means with different superscripts are significantly different (P<0.05).

The results of plasma total protein analysis showed significantly (P<0.05)
decreased levels (Hypoproteinemia) in the treated group than that in the control.
Albumin concentrations showed no significant difference (P>0.05) between the two
groups, while creatinine levels were significantly (P<0.05) higher in the treated group
than that in the control, (Table 4).

Table 4: Mean concentrations of total protein, albumin and creatinine in plasma of Nile Tilapia exposed
to toxic (treated) and non toxic (control) M. aeruginosa, throughout the experimental period.

(Mean = SE).
Day Treatment Total Protein (g/dl) Albumin (g/dl) Creatinine (mg/dl)
3 Control 2.43*+0.05 1.22*+0.01 0.68*+0.10
Treated 2.20°+0.01 1.26*+0.02 0.82*+0.07
15 Control 1.95*+0.06 1.13*£0.03 0.72%+0.05
Treated 2.01*£0.07 1.13*£0.03 0.78%+ 0.04
25 Control 2.07°+0.02 1.04°+0.03 0.74°+0.13
Treated 1.74°+0.07 1.09*+ 0.02 0.73*+0.05
35 Control 2.05*+0.07 1.05%+0.03 0.71°+0.03
Treated 1.80°+ 0.08 1.09°+0.07 1.04*+0.02
General Control 2.09*+0.04 1.11°£0.02 0.71°+ 0.04
mean Treated 1.93+ 0.05 1.13%+0.02 0.85*+0.03

Means with different superscripts are significantly different (P<0.05).

As shown in Table (5), AST analyses showed significantly higher (P<0.05)
concentrations in plasma of O. niloticus in the treated group than that in the control,
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while LDH and alkaline phosphatase concentrations were not significantly different
(P>0.05) in both groups.

Table 5: Mean concentrations of Aspartate amino transferase (AST), lactate dehydrogenase (LDH) and
alkaline phosphatase in plasma of Nile Tilapia O .niloticus exposed to toxic (treated) and non
toxic (control) M. aeruginosa, throughout the experimental period. (Mean = SE).

Day Treatment AST (IU/L) LDH (U/L) Alkaline P. (IU/L)
3 Control 34.58°+2.55 756.83"+ 96.22 104.00° + 14.74
Treated 51.98%+1.93 614.337+188.16 111.41°+£12.97
15 Control 55.87"+5.24 936.70%+ 148.27 97.83%+ 38.86
Treated 63.88"+9.86 1261.60°+ 156.85 78.53%+ 14.83
25 Control 98.67°+11.85 1707.63+ 399.59 47.73%+9.46
Treated 130.34°+ 18.33 1275.38*+£283.61 41.83*+2.66
35 Control 59.42°+ 4.99 1608.67*+ 302.12 64.50*+ 9.04
Treated 106.22°+10.78 1852.50°+ 278.11 98.51%+ 15.04
Control 63.74°+ 5.56 1240.70% + 147.09 81.28%+ 14.63
General
mean Treated 89.87°+ 7.8 1324.41°+ 135.55 81.57°+7.70

Means with different superscripts are significantly different (P<0.05).
DISCUSSION

Fish were reared during the experimental period on a sole diet of either M.
aeruginosa UTCC300 (Toxic strain) for treated group or M. aeruginosa UTCC632
(non-toxic strain) for control group.

For investigation of different harmful effects of Microcystis, it was important to
measure the grazing rate of M. aeruginosa by O. niloticus, so M. aeruginosa from
toxic and non toxic strains were added to the water after which samples from the
aquaria were taken on the next day for counting of the remaining cells in water.
Measuring of the grazing rate was carried out by calculation of the difference between
the original concentration (200X10°cells/ml) and the counted samples one-day after
the addition of algae.

Results of measuring the grazing rates of O. niloticus on Microcystis aeruginosa
showed slightly higher grazing rate (63,050 cell/ml/fish) on non-toxic than toxic strain
(62,567 cell/ml/fish) which was not significantly different. This may be due to the
higher nutritive value for both strains (more than 65% of protein) in their vegetative
stage (de la Fuente et al., 1977; Aliger et al., 2010 & Sharma et al., 2011).

The present results disagreed with those of Beveridge et al. (1993) and
Keshavanath et al. (1994) who noticed that the grazing rates on toxic M. aeruginosa
were significantly lower in comparison with that non-toxic strain.

Clinical signs in O. niloticus associated with exposure to toxic cyanobacteria
were investigated, and the only observed clinical signs were sluggish movement and
reduced reflexes during late stages of exposure period.
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Some biochemical parameters were measured and the following investigations
were observed:

Blood glucose is considered an indicator of stress response in fish (Abdel-Baky,
2001). Glucose analyses showed elevated glucose levels in treated group than in
control (Table 3). These results agreed with that of Zikova et al. (2010) who found a
mild to moderate increase in glucose levels indicating mild to moderate stress, while it
disagreed with Carbis et al. (1996) who found no changes in glucose levels in the
common carp Cyprinus carpio exposed to toxic Microcystis and Kopp et al. (2010)
who stated that the glucose levels were decreased in carp exposed to toxic
Microcystis.

The increase in glucose levels in the present experiment indicated that fish in
the treated group were stressed by the exposure to microcystin producing Microcystis
aeruginosa. In this aspect, hyperglaeccemia can be viewed as a physiological response
of the fish to meet the critical needs for energy under toxic stress. This need may be
met by increased break down of liver and muscle glycogen as described by Ferrando
& Andreu-Moliner (1991).

Blood cortisol is the major corticosteroid hormone in fish and may have a
significant effect on its dynamics (Wendelaar Bonga, 1997 & Mommsen et al., 1999).
The results of Cortisol analysis (Table 3) shows that the treated group had higher
Cortisol levels than control group. The present result agrees with Zikova et al. (2010)
who found mild to moderate increase in Cortisol levels indicating mild to moderate
stress. The above data may be explained by the activation of hypothalamo—pituitary -
inter renal axis with their release of steroid cortisol in blood stream due to stress
(Ibrahim 1992, and Reddy & Leatherland, 1998).

As illustrated in Figure (1) there is a strong relationship (r = 0.82) between
glucose and cortisol levels in plasma of O. niloticus, since their levels are influenced
by fish stress.
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Fig. 1: Regression analysis between glucose and cortisol levels in plasma of O. niloticus.

Treated group exposed to toxic Microcystis showed higher concentrations of
Thyroxin hormone levels than control group, indicating increased metabolic activity
causing decreased fish performance. This result disagreed with Li et al. (2008) and
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Brar et al. (2010) who found that injection of microcystin decreases the thyroid
hormones levels in plasma and. Such differences in T3 and T3/T4 ratio may point to
environment-related alterations in the peripheral conversion of T4 into T3. The
disagreement in results may be due to fish species difference.

Proteins are the most important and abundant macromolecules in living beings,
which play a vital role in architecture and physiology of the cell and in cellular
metabolism (Mommsen & Walsh, 1992), in addition to the regulation of water
balance (Heath, 1995).

As shown in Table (4), total protein levels were decreased in the treated group
(Hypoproteinemia) compared to control group, as was found by Kopp et al. (2010)
who treated carp with Microcystis. The decreased levels of total protein in the present
study could be due to the increase of cortisol in the blood of stressed fish (Figs. 2&3)
which suppresses the immunoglobulin function (Wedemeyer 1996; Reddy &
Leatherland 1998). Furthermore, under stress conditions, the protein consumed by
fishes is not stored in the body tissue (Baskaran & Palanichamy, 1990) and hence, the
stressed fish meet their extra energy requirements from body proteins, which are
mobilized to produce glucose, that is made available for fishes by the process of
gluconeogenesis (Vasanthi et al., 1990) .So, this depletion of the protein levels may
have been due to its utilization for metabolic purposes.

Treated
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Fig. 2: Cortisol concentration throughout the experimental period.
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Fig. 3: total protein concentration throughout the experimental period
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No significant difference between the treated and control groups in the
concentrations of albumin (Table 4). Similar findings were obtained by Carbis et al.
(1996). However this result disagrees with Kopp et al. (2010) who noticed decreased
albumin levels in silver carp hypophthalmichthys molitrix exposed to toxic
Microcystis bloom.

Creatinine analyses indicated elevated levels in the treated group than that in the
control (Table 4), in contrary with the results of Kopp et al. (2010) who stated that the
Creatinine levels of the common carp Cyprinus carpio exposed to toxic Microcystis
were decreased, while Carbis et al. (1996) found no changes in Creatinine levels in
that exposed carp. The increase in creatinine level in the present experiment may
indicate kidney damage or malfunction.

Average results of Alanine Aspartate-Transferase (AST) analysis (Table 5)
showed higher concentrations in the treated group than that in the control. Liver of
vertebrates generally and fish particularly is the principal organ of detoxification
(Freeman et al., 1983). So, the increase in AST might be attributed to tissue damage,
particularly liver (Gupta & Paul, 1978 and Palanivelu et al., 2005). The elevation of
these enzymes in the extracellular fluid or plasma is a sensitive indicator of cellular
damage (Van der Oost et al., 2003 and Palanivelu et al., 2005). Thus, the
measurement of transaminase and phosphatases activities in blood plasma of fish can
be used as indicator for pesticide toxicity (Agrahari et al., 2007).

Lactate Dehydrogenase (LDH) concentrations were slightly higher in the treated
group compared to the control though not significant (Table 5). This means that the
toxic strain of Microcystis has almost the same effect of non toxic strain on the LDH
enzyme in blood plasma of Nile tilapia.

The results of Alkaline phosphatase analysis (Table 5) show no significant
difference between the treated and control groups. Similar results were obtained by
Carbis et al. (1996) who mentioned that there was no change in Alkaline Phosphatase
levels in toxic Microcystis exposed carp fish but disagree with Kopp et al. (2010) who
reported that the Alkaline Phosphatase levels were decreased in toxic Microcystis
exposed carp fish.

The difference in fish response between the current study and other studies in
some blood parameters may due be to different fish species susceptibility, strain of
algae, toxins produced and their congeners, dose and duration of exposure.

As shown in (Tables 6&7) the consumption of toxic algae by treated fish
changed the linear relationship between some parameters. The positive correlation of
glucose with the eaten algae was increased from r = 0.597 for non toxic algae to 0.922
for toxic algae, while the most affected parameter was the thyroxin hormone (T4),
since it was markedly changed in a reverse order for all parameters (e.g. positive
correlations of all parameters with toxic algae became negative with non toxic algae
and vice versa).
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Table 6 Pearson correlation matrix for non toxic eaten algae and some blood parameters of Nile tilapia
in the control group.

Non

Variables toxic  Gluc.  Cor. T4 IT)?(‘[;:.I Albu. Creat. AST LDH Alk.P.
algae (g/dl) (pg/dl) (ug/dl) (g/dl) (mg/dl) (IU/L) (U/L) (IU/L)
caten (g/dl)

Non toxic algae eaten 1

Glucose (g/dl) 0597 1

Cortisol (ng/dl) 0.909 0.877 1

T4 (png/dl) 0.109 0.862 0.512 1

Total Protein (g/dl) 0.057 0.803 0.456 0.946 1

Albumin (g/dl) 0.690 0.992 0.928 0.795 0.729 1

Creatinine (mg/dl) -0.541 -0.838 -0.768 -0.672 -0.797 -0.829 1

AST (IU/L) -0.805 -0.791 -0.900 -0.452 -0.542 -0.828 0.928 1

LDH (U/L) -0.854 -0913 -0.983 -0.598 -0.493 -0.955 0.711 0.821 1

Alkaline P. (IU/L) 0921 0.861 0999 0487 0422 0917 -0.742 -0.887 -0.983 1

Values in bold are different from 0 with a significance level alpha=0.05

Table 7: Pearson correlation matrix for toxic eaten algae and some blood parameters of Nile tilapia in
the treated group.

Varishlos Elog’;‘g Gle. Cor. T4 1% Albu Creat AST LDH Alk.P.
o (@) (ugd) (ug/d) 97 (@A) (mgid) (UL) (UL) (UML)
Toxic algae eaten 1
Glucose (g/dl) 0.922 1
Cortisol (ug/dl) 0.726 0526 1
T4 (ug/dl) -0.924 -0.999 -0.507 1
Total Protein (g/dl) 0916 0.872 0.867 -0.858 1
Albumin (g/dl) 0.743 0.803 0.770 -0.778 0.937 1
Creatinine (mg/dl) -0.361 -0.631 0.328 0.648 -0.179 -0.191 1
AST (IU/L) 20951 -0.810 -0.903 0.804 -0.960 -0.805 0077 1
LDH (U/L) -0.707 -0.907 -0.419 0.892 -0.797 -0.882 0.625 0.625 1
Alkaline P. (IU/L) 0.465 0.246 0.946 -0.220 0.688 0.646 0.589 -0.714 -0.213 1

Values in bold are different from 0 with a significance level alpha=0.05

Based on the present results, the study concluded that the uptake of toxic strain
of M. aeruginosa via oral route has deleterious effects on some clinical and
biochemical parameters of blood of the Nile tilapia which led to stress that finally
affected the fish health.

The general recommendations accrued from this study are the prevention and
monitoring of organic and inorganic pollution which have a significant flourishing
effect on harmful algal blooms, and periodical monitoring of phytoplankton
population in water to avoid the toxic effects of such algae on fish and consequently
humans.
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