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Abstract: Samples of wastewater or effluent discharge  were  collected  from  sugarcane  begass  cellulose
wood-mill. Phenol compounds were the main pollutants of the wastewater. The discharge samples were used
for the preparation of biological diets. Five experimental groups, of 10 mice each were used. The first group was
fed a normal diet (N diet) and used as a control. The second group was fed the same normal diet mixed with
manufactory discharge (ND diet). The third, fourth and fifth groups were fed ND diet treated with marine
(Asperigllus oryzae) fungus (NDA diet), earth (Trichoderma reesei) fungus (NDT diet) and mixture of marine
and earth fungi (NDAT diet), respectively. The animals of the five groups were fed the corresponding
mentioned diets for three weeks. After that, mice were inspected for gene expression of mdr1b and CYP1A2
genes, comet assay of DNA, biochemical parameters and histopathological examination. The administration of
ND diet alone induced over expression levels of mdr1b and CYP1A2 genes, significantly (P<0.05) higher DNA
damage, elevation of ALT, AST, uric acid, creatinine and MDA levels and significant (P<0.05) augmentation
of haematological parameters (TEC, TLC and Hb(g/d1)) as well as severe damage in liver and kidney tissues.
However,  the use of NDA or NDT or NDAT bioremediation diets diminished most of the deleterious effects
of ND diet alone and significantly (P<0.05) ameliorated all above measurements of molecular genetics,
biochemistry  and histopathology. Moreover, the ability to induce the improvements of such measurements
was more effective in treatment with mixture of A. oryzae plus T. reesei, than neither A. oryzae nor T. reesei
treatment alone. The expression level of CYP1A2, activity of some liver enzymes and some haematological
parameters in mice treated with the mixture treatment (NDAT diet) was similar  to  that  of  the  untreated
negative control. Furthermore, the biochemical analysis showed that the NDAT treatment restored the kidney
function to the level of the control. Also, the histopathological examination proved that the treatment with
combination  of  the  two  types  of  fungi  enhanced  the ameliorating effect of both giving nearly normal
hepatic and  renal  tissues. In conclusion, the present study added evidence that the fungal strains (A. oryzea
plus T. reesei) have an important bioremediation role and can be able to clean up the Egyptian  environment
from industrial-wastewater pollution.
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INTRODUCTION process. The disposal of phenol-containing wastewater

Extraction and characterization of cellulose from the environment, since phenols (or phenolic compounds)
sugarcane begasse have become an important source of are defined as one of the priority pollutant and is not
wood industry in Egypt. The wastewater from this easily degradable [1]. Efforts are now being made to
industrial unit contains phenol or phenolic compounds, as remove organic contaminants, as much as possible,
phenol is involved in some stages of the manufacturing without  external   resources   of  energy.  Various

without proper  treatment  causes  negative  effects on
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physico-chemical treatment methods such as flotation, begass cellulose wood (SBCW-mill) by marine
sedimentation, use of selected membranes, oxidation by (Aspergillus oryzae) and earth (Trichoderma reesei)
O3 and Fenton reagent have already been used [2, 3]. fungi. Molecular genetic, biochemical and
However, these methods are too expensive for wide histopathological studies were investigated in mice as
application. parameters for this purpose.

The  use   of   few   biological  methods  has  also
been  investigated.  Degradation  of pentachlorophenol MATERIALS AND METHODS
by  Naylor's  Run   Creek   (NC   strain)   of  bacteria
(genus Arthrobacter) was established by [4]. Also, the Wastewater Samples Collection: Samples of wastewater
use of  microbial  flora  obtained  from  the  sewage were collected  from  a  sugarcane  begass  cellulose
sludge could be adapted to degradation of phenols [1]. wood-mill (SBCW-mill). This manufactory is located at
However,  the  bacterial treatments were not stable and one of the Governorates of Upper Egypt. Samples were
the effectiveness of these methods had been limited collected in plastic vessels, transported to the laboratory
especially in high total phenol concentration. This is immediately after sampling and stored at 4°C. The phenol
because  the phenol is one of recalcitrant compound compounds were the main pollutants in the wastewater
which has antibacterial activity [3, 5]. Moreover, phenol samples. The concentrations of phenol compounds
is bactericidal to the bacterial populations which are not (Table, 1) were determined by the Water Pollution
adapted to it [1, 6]. Department, National Research Centre, Egypt, according

Fungal strains are playing a very important role in the to the standard method [16].
degradation of organic compounds. Most decolorization
studies have been demonstrated using the white rot fungi, Microorganisms: Asperigllus oryzae (marine fungus) and
which were able to degrade a broad spectrum of dyes [7]. Trichoderma reesei F=418 (earth fungus) were obtained
Fifteen fungal strains was isolated from arsenic from the Microbial Chemistry Department, N.R.C., Egypt.
contaminated agricultural soils from the state of West
Bengal, India and it was reported that the most effective Diets: 12.5 kg of the basal diet were obtained from the
removal of arsenic was observed in the fungal strains, Animal House, N.R.C., Egypt. This diet meets the mice
Trichoderma sp. and it was recommended that these nutrient requirements according to the National Research
fungal strains can be effectively used for the Council [17].
bioremediation of arsenic-contaminated agricultural soils
[8]. In addition, A. oryzae is a safe well defined Normal diet: A quantity (2.5 kg) of basal diet was used as
aspergillum, because it is capable of converting complex normal diet (N diet) or control.
organic molecules to simple one and increasing the
bioavailability of phosphate, as energy source, into the Discharge Diet: The remaining quantity (10kg) of basal
surrounding environment [9, 10]. On the other hand, diet was mixed with 5 liters wastewater discharge (ND)
Aspergillus oryzae (marine fungus) and Tichoderma from  SBCW-mill  (50% W/W diet). So, the concentration
ressei (earth fungus) could be considered as a safe strains of   phenol compounds  was  considered  to  be  about
lineage used in biological testes. These fungi have not 890 ug/ kg diet or (8.9ug/10 gm diet).
been pathogenic or toxic  for  plants  or  animals  [11-14].
A. oryzae has been  an  essential  part  of  the  oriental
food  production  such  as  soy sauce, sake kji and miso
[9, 10, 15]. As well as it is used to produce livestock
probiotic feed supplements [9, 10]. Moreover, T. ressei
enzyme preparations have a history of safe use in many
industries including starch and animal feed processing,
grain alcohol fermentation, malting and brewing,
extraction of fruit and vegetable juices, pulp and paper
and textiles [10, 11].

Therefore, the present study was designed to
evaluate the bioremediation of contaminated diets with
wastewater-phenols compounds derived from sugarcane

Table 1: Concentrations of the phenol compounds in the wastewater
samples derived from SBCW-mill.

Phenol compounds Concentration (ug/L)
2- Chlorophenol Nd
2- Nitrophenol Nd
2,4- Dichlorophenol 460.82
2,4-Dimethylphenol Nd
2,4- Dinitrophenol 129.74
2,4,6- Trichlorophenol 624.87
4- Nitrophenol Nd
Pentachlorophenol 564.94
Phenol Nd
Total phenol compounds 1779.87 ug/L = 1.78mg/L
Nd= not detected 
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Biological Diets: Discharge diet (ND) was divided into At the end of the treatment period, blood samples
four equal section (2.5 kg each). The first section was
used as positive control. The second, third and fourth
sections were treated with Asperigllus oryzae (NDA diet),
Trichoderma reesei F-418 (NDT diet) and a mixture of
Asperigllus oryzae plus Trichoderma  reesei  F-418
(NDAT diet), respectively. The treatment with fungi was
according to Farag et al. [13] and the preparation of
biological diets can be shown as follows:

Asperigllus oryzae or Trichoderma reesie F-418 were
cultured, separately, in PDA (potato dextrose agar)
medium for 3 days. After that they were separatelly
crushed in 15ml of sterilized water with 0.01 Tween 80 and
shaked for 10 minutes. Fungus spores from the two above
fungi were used separately or in combination as an
inoculum at 10% (v/w) to inoculate separately cooled
sterilized (autoclaved at 121°C for 30 minutes) three
conical flasks. The capacity of each flask was 250ml. Also
each flask contained 10 g of mice diet (mixed with disharge
of manufactory) which was moistend with water to be
about 65% humidity. The inoculated flasks were
incubated  at   room  temperature  28°C  ±2  for  5 days.
The obtained growth was used to treat mice diets 10%
(w/w), then incubated for 5 days. At the end of incubation
period, the treated mice diets were air dried, then used in
the formula diets.

Experimental Animals: Fifty male Swiss Albino mice
(Mus musculus) weighing 25-30 grams were obtained from
the Animal House at the National Research Centre, Giza,
Egypt. They were kept in an ambient temperature of
25±3.2°C on light/dark cycle of 12/12 hours and supplied
with fresh water ad-libitum.

Experimental Design: Mice were randomly divided into
five groups (10 mice for each). The first group  was  fed
a  normal  diet  and used as a negative control (N diet).
The second group was fed normal diet mixed with
manufactory effluent discharge (ND diet) a positive
control. The third, fourth and fifth groups were fed normal
diet mixed with manufactory effluent discharge and
treated with marine fungus (NDA diet), earth fungus
(NDT diet) and mixture of  marine  and  earth  fungi,
(NDAT diet), respectively.

The animals of all groups were fed the
corresponding, previously mentioned, diets for 3 weeks
(about 10 gm diet daily /animal). After that mice were
tested for gene expression of mdr1b and CYP1A2 genes,
comet assay, biochemical analysis and histopathological
examination.

were collected from the retro-orbital venous plexus under
diethyl ether anesthesia. The blood samples were used for
comet assay of the DNA, liver and kidney functions and
haematological examination.

Immediately after blood sampling, all animals were
killed and the liver and kidney tissues were dissected.
Liver tissue was used for estimation of malondialdehyde
(MDA). Also, kidney and liver tissues were used for
evaluation the expression of multidrug resistance (mdr1b)
and cytochrome P1A2 (CYP1A2) genes.

Gene Expression Assay
Semi-Quantitative RT-PCR
Extraction of total RNA: Liver and kidney tissues of mice,
within all groups, were used to extract total RNA using
TRlzol® Reagent (cat# 15596-026, Invitrogn, Germany).
Total RNA was treated with 1 U of RQ1 RNAse-free
DNAse (Invitrogen, Germany) to digest DNA  residues,
re-suspended in DEPC-treated water and
photospectrometrically quantified at A . Purity of total260

RNA was assessed by the 260/280 nm ratio (between 1.8
and 2.1) [18]. Additionally, integrity was assured with
ethidium bromide-stain analysis of 28S and 18S bands by
formaldehyde-containing agarose gel electrophoresis.
Aliquots were used immediately for reverse transcription
(RT), otherwise stored at-80°C.

Synthesis of the cDNA Using Reverse Transcription
(RT)  Reaction:  The  complete  Poly  (A)   RNA  isolated+

from mice tissues was reverse  transcribed  into  cDNA in
a total volume of 20µl using RevertAid  First StrandTM

cDNA Synthesis Kit (MBI Fermentas, Germany). An
amount of total RNA (5µg) was used with a reaction
mixture, termed as master mix (MM). The MM was
consisted  of  50  mM  MgCl ,  5x reverse transcription2

(RT)  buffer  (50  mM   Kcl;  10  mM  Tris-HCl;  pH  8.3),
10mM of each dNTP, 50µM oligo-dT primer, 20U
ribonuclease inhibitor (50 kDa recombinant enzyme to
inhibit RNase activity) and 50 U M-MuLV reverse
transcriptase.  The  mixture  of  each  sample  was
centrifuged for 30 sec at 1000 g and transferred to the
thermocycler (Biometra GmbH, Göttingen, Germany). The
RT reaction was carried out at 25°C for  10  min,  followed
by  1h  at  42°C  and  finished with a denaturation step at
99°C for 5 min.   Afterwards the reaction tubes containing
RT  preparations  were flash-cooled in an ice chamber
until being used for DNA amplification through semi-
quantitative RT-PCR.
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Table 2: Primers used for RT-PCR.

Genes Primer sequence Ann. temp. (°C) Cycles of PCR Frag. Size (bp)

upper primer 

mdr1b 5`- GAAATAATGCTTATGAAT CCCAAA-3` 54 35 325
Lower primer 
5`-GGTTCATGGTCGTCGTCTCTTGA-3`
Upper primer 

CYP1A2 5`-GGACCCTGGGGCTTGCCCTTC-3` 60 33 243
lower primer 
5`-AGCCTCTTTGCTCAGCTC-3`

-Action upper primer 57 35 189
5`-CCCCATCGAGCACGGTATTG-3`
lower primer 
5`-ATGGCGGGGGTGTTGAAGGTC-3`

Polymerase Chain Reaction (PCR): The first strand fluorescence microscope (Nikon Tokyo, Japan) connected
cDNA from different mice samples was used as templates to a COHU 4910 video camera (Cohu, Inc., San Diego, CA,
for RT-PCR with a pair of specific primers. The sequences USA) equipped with a UV filter block consisting an
of specific primers and product  sizes  were  listed in excitation filter (359 nm) and barrier filter (461nm) and
Table (2). The reaction mixture for RT-PCR was consisted connected to a personal computer-based image analysis
of 10 mM dNTP's, 50 mM MgCl , 1U/ µl taq polymerase, system, Lucia-Comet v.4.51. Fifty images were randomly2

10x PCR buffer (50 mM Kcl; 20 mM Tris-HCl; pH 8.3; selected from each sample and the comet tial DNA was
Gibco BRL, Eggenstein, Germany) and autoclaved water. measured [19].  Endogenous  DNA  damage  was

The PCR cycling parameters were one cycle at 95°C measured  as  the mean comet tail DNA of peripheral
for 4 min, 33-35 cycles at 94°C for 30s, 54 to 60°C for 30s, blood lymphocytes of five mice groups (10 mice each).
72°C for 60s and a final cycle at 72°C for 7 min. The PCR The number of cells scored for each animal was 100 [19].
products were then loaded onto 2.0% agarose gel, with
PCR products derived from -action of the different mice Assay of Liver and Kidney Functions: The sera were
samples [18]. separated from blood samples using cooling

Comet Assay: Peripheral blood lymphocytes  were The  above   collected   serum  was  used  for  the  assay
isolated by centrifugation (15min, 280g) in a density of marker enzymes of liver function; ALT and AST [20].
gradient  of  Gradisol  L  (Aqua Medica, Lodz, Poland). As well as the markers of kidney function (uric acid and
The concentration of the cells was adjusted to (1-3) x 10 creatinine) were carried out [21].5

cells/ ml by adding  RPMI  1640   without  glutamine  to
the  single cell suspension. A freshly prepared Measurement of Lipid Peroxidation: Liver tissues were
suspension of cells in 0.75% low melting point agarose homogenized in 20mm Tris-HCl (pH 7.4). Homogenates
(Sigma Chemicals) dissolved in phosphate buffer saline were centrifuged at 6000g for 30 min. Malondialdehyde
(PBS; sigma chemicals) was cast onto microscope slides (MDA) levels in the supernatants were determined using
precoated with 0.5% normal melting agarose. The cells a spectrophotometric assay kit according to the
were then lysed for 1h at 4°C in a buffer consisting of manufacturer's instructions. The absorbance of the
2.5M NaCl, 100 mMEDTA, 1% Triton X-100 and 10mM resultant pink product was  measured  at  534  nm  [22].
Tris, pH 10. After the lysis, DNA was allowed to unwind The lipid peroxidation values were expressed as nm
for 40 min in electrophoretic solution consisting of 300mM MDA/mg tissue.
NaOH, 1mM EDTA, pH>13. Electrophoresis was
conducted at 4°C for 30 min at  electric   field  strength Haematological Examination: Blood samples with anti-
0.73 V/cm (30mA). The slides were then neutralized with coagulant EDTA were analyzed for haematological
0.4M Tris, pH  7.5,  stained  with  2ug/ml  ethidium parameters; total erythrocyte count (TEC), total leucocytic
bromide (Sigma Chemicals) and covered with cover slips. count (TLC) in cells/cu.mm and hemoglobin (Hb) (g/dl),
The slides were examined at 200 x magnification according to standard techniques [23].

centrifugation  and   stored   at-20°C    until    analysis.
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Histopathological Examination: Specimens of liver and
kidney, were dissected from all animals immediately after
killing, washed thoroughly with formal saline and then
fixed in 10% neutral-buffered formal saline for 72 hours at
least. All the specimens were washed in  tap  water  for
half an hour, dehydrated in ascending grades of alcohol
(70-90-95% absolute), cleared in xylene and then
embedded in paraffin wax. Serial sections of 6 um thick Fig. 1: Expression of mdr1b gene in the kidney of mice,
were cut and stained with Haematoxylin and  eosin  [24] determined by semi-quantitative RT-PCR. The
for histopathological investigation. Images were captured RNA recovery rate was estimated as the ratio
and processed using Adobe photoshop version 8.0. between  the  intensity  of  mdr1b  gene  and  the

Statistical Analyses: Gene expression data were analyzed
using the General Liner Models (GLM) procedure of
Statistical Analysis System [25] followed by Scheffe-test
to assess significant difference between groups.

Data of DNA damage were analyzed using
STATISTICA (Stat Soft, Tulsa, OK, USA) statistical
package.

Statistical analyses for biochemical parameters were
performed by one-way ANOVA followed by Tuckey's test
or by two-way ANOVA followed by Bonferroni's test
comparing all group. Analysis was conducted with Graph
Pad Prism software V.5.0.3 (Inc., San Diego, CA, USA).
The significance of the differences among treatment
groups was determined [26].

All statements of significance were based on Fig. 2: mdr1b-mRNA expression in the kidney of mice
probability of (P< 0.05). determined by semiquantitative RT-PCR. a,b,c,

RESULTS different (P<0.05).

Gene Expression Assay: Expression of multidrug
resistance (mdr1b) and cytochrome p 1A2 (CYP1A2)
genes in kidney and liver tissues of mice was summarized
in Figures 1-4, respectively. The expression level of mdr1b
gene was significantly higher in the kidney tissues of
mice fed ND diet in comparison to negative control mice
(Fig. 1-2). Furthermore, the expression level of mdr1b gene
was significantly (P<0.05) decreased in mice
supplemented with ND diet treated with Aspergillus Fig. 3: Expression of cytochrome p1A2 (CYP1A2) gene in
oryzae, Trichoderma reesei or a mixture of Aspergillus the liver of mice, determined by semi-quantitative
oryzae plus Trichoderma reesei. However, the level of the RT-PCR. The RNA recovery rate was estimated as
expression of mdr1b gene was still significantly higher the ratio between the intensity of CYP1A2 gene
compared to the negative control mice (Fig. 1&-2). and the -actin gene. 

Regarding the CYP1A2 gene, the current results
revealed over-expression of this gene in liver tissues of However, the treatment of ND diet with Aspergillus
mice fed ND diet as compared to control mice, where the oryzae (NDA diet) or Trichoderma reesei (NDT diet) or a
expression level in mice  of  ND  group   was   significantly mixture of Aspergillus oryzae plus Trichoderma reesei
(P<0.05) higher compared to the negative control mice (NDAT diet) caused a significant (P< 0.05) reduction in
(Fig. 3&4). the   expression    level    of    CYP1A2   gene   (Fig.  3&4).

-action gene.

means with different letters are significantly
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Fig. 4: CYP1A2-mRNA expression in the liver of mice
determined by semi-quantitative RT-PCR. a,b,c,
means with different letters are significantly
different (P< 0.05).

Furthermore, the ability to decrease the expression of
CYP1A2 gene in mice liver tissues was more effective in
the mixture of Aspergillus oryzae plus Trichoderma reesei
than Aspergillus oryzae or Trichoderma reesei  alone
(Fig. 3&4). Where, the expression level of CYP1A2 gene
in mice fed diet treated with the mixture of Aspergillus
oryzae plus Trichoderma reesei was  not  significantly
(P> 0.05)   different  from  the  untreated  control  mice
(Fig. 3&4).

DNA Damage: The treatment with ND diet (positive
control)  resulted  in   a   significantly   (P< 0.05)  higher
DNA damage as compared to treatment with N diet
(negative control). However, DNA damage was
significantly (P< 0.05) reduced in mice fed NDA or NDT
diets. This reduction was ever more pronounced in the
NDT group than in mice fed NDA diet.

The present results also indicated that the mixture of
Aspergillus oryzae plus Trichoderma reesi (NDAT diet)
was more effective in decreasing the DNA damage than
neither Aspergillus oryzae nor Trichoderma reesei alone.
However, the damage observed in the NDAT group was
still significantly (P<0.05) higher than the negative control
group.

Biochemical Studies 
Serum Biochemical Parameters: The effect of different
diets (N, ND, NDA, NDT and NDAT) ALT, AST, uric acid
and creatinine levels in mice was presented in table (4).
The results showed high significant increases in all of
these levels in mice fed discharge diet, positive control
(ND  diet)  compared  to  the  negative  control (N diet).
On the other hand, the mice fed NDA, NDT or NDAT
diets showed significant decreases in activities of ALT,
AST, uric acid and creatinine as compared to mice fed ND
diet alone. The results also revealed that the treatment
with the mixture of Aspergillus oryzae plus Trichoderma
reesei to discharge diet (NDAT diet) was more effective
to ameliorate the activities of ALT, AST, uric acid and
creatinine levels, than the treatment with Aperigllus
oryzae (NDA diet) or Trichoderma reesei (NDT diet)
alone. Whereas, the level of activity of liver enzyme (ALT)
in mice treated with mixture of Aspergillus oryzae plus
Trichoderma reesei was close to that of the untreated
negative control mice (N diet group). Moreover, the
NDAT treatment restored the kidney function (uric acid
and creatinine levels) to the level of the negative control
group.

Effect    on     Lipid     Peroxidation     (MDA   Content):
ND-treatment (positive control) elevated the level of
MDA   in   liver  tissue;  this  increase  was  statistically
(P< 0.05) significant as compared to the negative control
(Table 5). Feeding mice on NDA or NDT or  NDAT  diets

Table 3: DNA damage in lymphocytes of mice fed different diets.

Treatment No.of animals DNA damage (comet assay)%.

Negative Control (N diet) 10 4.60±0.89e

Positive Control (ND diet) 10 62.60±0.54a

NDA diet 10 40.60±0.54b

NDT diet 10 31.80±2.16c

NDAT diet 10 16.80±1.64d

N= Normal diet (negative control)
ND= Discharge diet: Normal diet mixed with wastewater of SBCW-mill (positive control).
NDA= ND diet treated with A. oryzae
NDT= ND diet treated with T. reesei
NDAT= ND diet treated with both A. oryzae and T. reesei.
a,b,c,d,e means with different letters are significantly different (P< 0.05). 
All data are expressed as mean±SEM. 
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Table 4: Effect of different diet treatments on serum AST, ALT, uric and creatinine levels of male mice. 
Treatment AST (U/L) ALT (U/L) Uric Acid (mg/dl) Creatinine (mg/dl)
Negative Control (N diet) 77.20±1.09 18.20 ±1.09 3.0±0.1 0.45 ±0.01 e e c d

Positive Control (ND diet) 148.20±1.09 56.20±0.83 9.40±0.89 1.87±0.1 a a a a

NDA diet 125.20±1.09 36.0±1.00 5.60±1.14 0.82±0.42 b b b b

NDT diet 112.20±1.09 27.80± 1.09 4.0±1.0 0.69±0.30 c c b c

NDAT diet 99.20±1.78 21.60±0.54 3.80±0.83 0.49±0.02 d d c d

N= Normal diet (negative control)
ND= Discharge diet: Normal diet mixed with wastewater of SBCW-mill (positive control).
NDA= ND diet treated with A. oryzae
NDT= ND diet treated with T. reesei
NDAT= ND diet treated with both A. oryzae and T. reesei.
a,b,c,d,e means with different letters are significantly different (P< 0.05). 
All data are expressed as mean±SEM.

Table 5: Effect of different diets on lipid peroxidation in liver tissues of male mice.
Treatment No. of animals Malondialdehyde (MDA) nM/mg protein
Negative Control (N diet) 10 2.10±0.73e

Positive Control (ND diet) 10 92.5±1.50a

NDA diet 10 72.5±1.50b

NDT diet 10 51.8±1.22c

NDAT diet 10 8.0±1.49d

N= Normal diet (negative control)
ND= Discharge diet: Normal diet mixed with wastewater of SBCW-mill (positive control).
NDA= ND diet treated with A. oryzae
NDT= ND diet treated with T. reesei
NDAT= ND diet treated with both A. oryzae and T. reesei.
a,b,c,d,e means with different letters are significantly different (P< 0.05). 
All data are expressed as mean±SEM. 

Table 6: Effect of different diets on hematological parameters of male mice. 
Hematological parameters 
----------------------------------------------------------------------------------------------------------------------------

Treatment TLC (cu.mm) TEC (cu.mm) Hb (g/d1)
Negative Control (N diet) 4.80±0.83 4.60±25.40 13.60±0.89e e d

Positive Control (ND diet) 56.60±1.14 37.60±2.50 59.40±0.89a a a

NDA diet 36.60±3.20 22.0±2.73 47.0±2.73b b b

NDT diet 22.40±2.50 11.80±2.09 32.60±2.50c c c

NDAT diet 10.80±0.83 8.20±1.30 15.20±3.27d d d

N= Normal diet (negative control)
ND= Discharge diet: Normal diet mixed with wastewater of SBCW-mill (positive control).
NDA= ND diet treated with A. oryzae
NDT= ND diet treated with T. reesei
NDAT= ND diet treated with both A. oryzae and T. reesei.
a,b,c,d,e means with different letters are significantly different (P< 0.05). 
All data are expressed as mean±SEM. 

significantly decreased the levels of MDA in liver tissue Haematological Parameters: The results of the present
compared to those fed ND diet (positive control) alone.
The results indicated that the treatment with the mixture
of Aspergillus oryzae plus Trichoderma reesei comparing
to the positive control (ND diet) was more effective in
significantly (P< 0.05) decreasing the level of MDA in
liver tissue than the treatment with neither Asperigllus
oryzae nor Trichoderma reesei alone.

study (Table 6) revealed significant (P< 0.05) increases in
TLC (Total Leucocytic Count), TEC (Total Erythocyte
Count) and Hb (Haemoglobin) values for the ND (positive
control) group of mice as compared to the N group
(negative control). However, the TLC, TEC and Hb levels
were significantly (P< 0.05) decreased in the NDA, NDT
and  NDAT  groups of mice as compared to the ND group.
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Fig. 5: Photomicrograph of sections from control mice showing the normal structure of liver tissue (A) and kidney tissue
(B). (Hx. & E. X 100 & 200)

Fig. 6: (A) Photomicrograph of section of liver tissue from mice received phenolic compounds (ND group) showing
dilatation of main blood vessels and blood sinusoids. Some hepatocytes suffer from varying degree of vacuolar
degeneration (arrow). (B) Photomicrograph of a section of kidney tissue from mice of the same (ND) group
showing dilated lumen of some tubules with decrease in lining epithelium height (arrow). The main blood vessels
show dilatation and congestion with fibrosis and hyaline degeneration around (arrow head). Wide areas of
interstitial hemorrhage are noticed in the middle of the figure. (Hx. & E. X100 & 200)

It was also observed that the treatment with the  mixture significantly (p>0.05) different than the  untreated
of  Aspergillus oryzae plus Trichoderma reesei negative control mice.
comparing to ND diet was more effective in decreasing
these blood parameters than the treatment with Histopathological Examination: Histopathological
Asperigllus  oryzae or Trichoderma reesei each alone. examination of liver tissue sections from the control mice
The  Hb concentration level of mice treated with mixture showed normal hepatic cells with well preserved
of Aspergillus oryzae plus Trichoderma reesei was not cytoplasm, prominent nucleus and central vein (Fig.5, A).
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Fig. 7: (A) Photomicrograph of a section of liver tissue from mice received phenolic compounds(ND) plus Asperigellus
oryzae fungus (NDA) showing very slight cellular infiltration around the central vein (arrow head). Most of cells
show normal acidophilic cytoplasm and nuclei (arrow), although some of them show karyolysis (white arrow).
(B) Photomicrograph of a section of kidney tissue from mice of the same group (NDA) showing marked reduction
of interstitial hemorrhage (arrow head) but some tubules are still dilated (arrow). 

Fig. 8: (A) Photomicrograph of a section of liver tissue from mice received phenolic compounds (ND) plus Trichoderma
reesei (NDT) showing very slight dilatation & congestion of main blood vessels with slight cellular infiltration
around (arrow). The hepatocytes appear normal in shape and size. (B) Photomicrograph of a section of kidney
tissue from mice of the same group (NDT) showing very slight interstitial hemorrhage with normally-appeared
glomeruli and tubules (arrow). 

Liver sections from mice received phenolic (Fig. 6, A). By adding Aspergillus oryzae fungus to
compounds, through wastewater treated diet (ND) phenolic compounds (NDA) these changes were
showed a damaging effect of these compounds in the restricted to slight cellular infiltration around the central
form of dilatation of main blood vessels and blood vein, while the hepatocytes are normal  except for a few
sinusoids and vacuolar degeneration in most hepatocytes cells that showed karyolysis (Fig. 7, A). The Trichoderma
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Fig. 9: (A) Photomicrograph of a section of liver tissue from mice received phenolic compounds (ND) plus a combination
of the two types of fungi (NDAT) showing more or less normal hepatic tissue except for slight dilatation and
congestion of blood sinusoids. (B) Photomicrograph of a section of renal tissue from mice of the same group
(NDAT) showing no interstitial hemorrhage and normal glomeruli and tubules.

reesei fungus  when  added  in  combination  with was about 1780 ug/L. Five liters of this wastewater were
phenolic  compounds  (NDT)  led  to a slightly better used to prepare 10 kg of biological diets. So, the
result (Fig. 8, A). However, a combination of the two concentration  of  phenolic  compounds was considered
types of fungi (NDAT) and phenolic compounds to  be about 890 ug/kg diet (or 8.9 ug/10 gm diet). The
enhanced the ameliorating effect of both giving nearly daily intake from the diets for each animal was about
normal hepatic tissue (Fig. 9, A). 10gm/mouse. So, the daily intake from the phenolic

Histopathological examination of kidney tissue compounds for each animal was considered to be about
sections of the negative control mice showed normal 8.9 ug/ about 30 gm of body weight. According to the
appearance of glomeruli, bowman capsule, proximal and National Recommended Water Quality Criteria, phenols
distal tubules (Fig. 5, B). have been listed as a priority pollutant with an

Kidney tissue showed dilated tubules with organoleptic effect criterion of 300 ug/L [27].
compressing signs in lining epithelium in group of rat So they are very toxic to animals if present or
treated with phenolic compounds denoting increased exposed in marine or earth environments to such
volume of filtrate. These compounds also caused damage concentration   of   phenols   or   phenolic compounds
in the structure of renal tissue in the form of dilatation and [28].
congestion of main blood vessels with fibrosis and Also, the strong toxicity of cholorophenols is
hyaline degeneration around and wide areas of interstitial expressed by very low, acceptable daily intake (ADI) for
hemorrhage (Fig. 6, B). Using either types of the fungi pentachlorophenol that was established as 16 ug for a
with phenolic compounds separately (NDA or NDT) led man of 70 kg of body weight [29, 30]. 
to marked reduction of interstitial hemorrhage and Phenol toxicity is associated with two main
normally-appeared glomeurli and tubules (Fig. 7, B & 8, B). processes-unspecified toxicity related to hydrophobocity
These ameliorating effects were exaggerated by using a of the individual compound and formation  of  free
combination of the two fungi with the phenolic radicals [31]. Hydrophobocity affects the solubility of
compounds (NDAT) (Fig. 9, B). phenol in cells’ fractions  and  thus  possibility of

DISCUSSION structures. For example, the increase of hydrophobocity

In the present study the concentration of phenolic chlorine atoms that enhances toxicity of the individual
compounds in the wastewater derived from SBCW-mill compound [32].

interaction  of the compound with specified cell and tissue

of chlorophenols is related to the increasing number of
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In this study, we have focused our attention on some compared   to   control,   CYP1A2,  CYP2B1,
genes related to pollution such as multidrug resistance CYP3A1/CYP3A23 and CYP3A2. In mouse livers,
(mdr1b) gene in kidney tissues and cytochrome p1A2 propiconazole produced mRNA over-expression of
(CYP1A2) genes in liver tissues of mice. The expression CYP2b10 and CYP3a11. Also, propiconazole significantly
level of mdr1b gene was significantly higher in the kidney induced both pentoxyresorufin O-dealkylation (PROD)
tissues of mice fed the phenolic compounds found in the and methoxyresorufin O-dealkylation (MROD) activities
wastewater (ND) diet in comparison to untreated negative in both rat and mouse livers.
control (N) animals. Our findings are similar to those Concerning the DNA damage, the present study
reported by Brady et al. [33]. They reported that mdr1a showed that the treatment with discharge diet (ND)
and mdr1b mRNA levels increase in kidney and liver when resulted in significantly (P<0.05) higher DNA damage as
some cancer chemotherapeutic drugs and efflux of compared to the negative control. Other investigations
xenobiotics are administered to rats. It was found that the reported that phenols or phenol compounds inhibite
administration of phenol compounds to rats causes synthesis and replication of DNA in each of Hela cells
changes in the activity of the immunological system, the [44] and diploid human fibroblasts [45]. Phenols also
mechanism of action is related to modulation of gene inhibit the enzyme activity of ribonucleotide reductase
expression that is responsible for mRNA synthesis in that participates in DNA synthesis [46]. These phenol
thymocytes [34]. compounds are capable of interacting with genetic

Also, over-expression of imprinted genes was material causing damage to the DNA structure of mouse
observed in human placenta during phenol exposure [35]. and human lymphocytes [47].
Moreover, two genes, a putative pirin protein and a As for the biochemical parameters, data present here
putative inner membrane protein were up-regulated in showed significant biochemical changes in kidney and
ammonia-oxidizing bacterium Nitrosomonas europaea liver functions in mice fed diet contaminated with
during phenol exposure [36]. Multiple drug resistance is wastewater phenol compounds (ND diet). Very great
a condition enabling a disease-causing organism to resist elevation in serum ALT and AST activity was observed
distinct drugs or chemicals of a wide variety of structure as a result of the wastewater treatment. The activity of
and function targeted at eradicating the organism. ALT and AST is a sensitive indicator of acute hepatic
Organisms that display multidrug resistance can be necrosis and hepatobiliary disease; and increase in AST
pathological cells, including bacterial and neoplastic and ALT activity indicates initial hepatocellular damage
(tumor) cells. Multidrug resistance (MDR)-associated [30, 48]. Similar to our results, on the effect of water
genes are known to be inducible by heat and drugs. MDR contaminated with  phenol  on  liver  and  kidney
induction was reported for a variety of drugs/chemicals functions of rats, it was found that the enzyme activity of
and radiation in vitro systems, but exposure to increased the serum is significantly (P<0.05) higher than control [49].
temperatures (mostly approximately 42°C to 43°C) also led In  another  study,  aflatoxin  B  significantly  increased
to enhanced MDR1 levels, whether they followed single the activities of all serum ALT and AST of  mice  [48].
or repeated heat treatments [37, 38]. MDR over-expression Also, significant elevations in ALT and AST were
was reported for human sarcoma and melanoma cell lines observed in rats treated with carbon tetrachloride [50].
and for human tumors [39, 40]. Such increases can be attributed to cell necrosis, changes

The cytochromes P450 constitute a multigene family in cell membrane permeability or  impairment  of  biliary
of enzymes involved in the oxidation of many excretion [48].
endogenous and xenobiotics substrates [41]. CYP450 is The present study also showed that feeding mice on
widely used as biomarker when assessing exposure to ND contaminated diet, results in significant increases
contaminants in environmental system [42]. In the present (P<0.05) in serum uric acid and creatinine concentrations.
study, we have observed an over-expression of its These results suggest that phenol compounds cause
messenger in the analyzed tissues exposed to industrial adverse changes in kidney cells. It is well established that
wastewater-phenols compared to the control group. any changes of creatinine and uric acid levels in serum are
Similarly, the effects of-propiconazole (as a fungicide) on indicative of an impairment of kidney function [30, 49].
the expression of hepatic cytochrome P450 genes and on Some investigations showed that phenols (or phenol
the activities of P450 enzymes in male rats and mice were compounds) mainly accumulate in brain, kidneys, liver
examined by Sun et al. [43]. Quantitative real time RT-PCR and muscles leading to pathological changes [30, 51].
assays of rat hepatic RNA samples revealed significant Also, in another studies, the  administration of
mRNA over-expression of the followed genes as Aflatoxins-to mice resulted in significant increases in
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serum uric acid and creatinine concentrations  [48,  52]. Concerning, the histopathological changes, the
The increased levels of uric acid may indicate protein results of the present study revealed that phenolic
catabolism and/or kidney dysfunction [30]. These results compounds caused vacuolar degeneration in  hepatic
clearly showed that phenol compounds have a harmful cells and compression of renal tubular epithelium through
and stressful influence on the hepatic and renal tissues increased filtrate volume, dilatation with congestion of
and they are consistent with the results reported by blood vessels and interstitial hemorrhage, which can be
Michalowicz and Duda [30] and Adeyemi et al. [49]. explained by Michalowicz and Duda [30]. They also stated

Malondialdehyde (MDA) is an end product of lipid that phenols, after penetration of the cells, undergo active
peroxidation (LPO) and it is considered a late biomarker of transformation, mainly at the participation of oxidases
oxidative stress and cellular damage [48]. In the present within cytochrome P450. This transformation processes
study, we observed that MDA level in animals fed ND sometimes lead to increase of the toxicity of individual
diet was significantly (P<0.05) increased indicating compounds by the formation of electrophilic metabolites
generation of free radicals and increase oxidative damage that may bind and damage DNA or enzymes [30].
in liver. These results confirm and extend previous data The noxious influence of phenols and their
which have demonstrated that the phenol compounds derivatives, causes acute toxicity and histopathological
induce a significant increase in LPO under in vivo changes [31, 32]. These effects may be due to the
condition [30]. The accumulation of phenols or phenol accumulation of phenols or phenol compounds in liver,
compounds in many animal organs leads to lipid per kidneys, brain and muscles leading to pathological
oxidation that is responsible for damage and finally changes [30].
degradation of cell's membrane [51].

Hematological parameters may be considered useful The Bioremediation with Fungi: In the  present  study,
as health indicators of animals during changing the treatment with Asperigllus oryzae or Trichoderma
environmental conditions. Indiscriminate dumping of reesei or a mixture of A.oryzae plus T.reesei was observed
phenolic  industrial  wastes  generated  from SBCW-mill to be able to reduce each of the  over-expression of
into rivers  pose  serious  threats  to  aquatic  life [53]. mdr1b and cyp1A2 genes and DNA damage. Also, the
The obtained results on this case clearly depict that the bioremediation  treatment  decreased the elevation of
animal exposed to phenols or phenol compound treatment AST, ALT, uric acid, creatinine and MDA levels as  well
showed a tendency to adapt to changing environmental as reduced augmentation of TEC, TLC and Hb (g/dl).
condition  by   a  highly  significant  augmentation in Moreover, the fungi treatment diminished the severe
TEC (8 folds), TLC (14  folds)  and  hemoglobin  content damage in liver and kidney tissues in mice fed diets
(4 folds). Our results on this case clearly depict that the contaminated with industrial wastewater-phenolic
animal exposed to phenols or phenol compound treatment compounds. Furthermore, the ability to ameliorate all the
showed a tendency to adapt to changing environmental above  parameters was more effective in the treatment
condition by a highly significant augmentation in TEC, with the mixture of A. oryzae plus T. reesei, than A. oryzae
TLC and g/d1 hemoglobin. The increase in the number of or T. reesei treatment alone.
circulating RBC in mice in the present work is comparable To our knowledge there are no published data
to observation made on fish by Mishra and Niyogi[53], It concerning the bioremediation treatment of contaminated
may be hypothesized that increased RBC count probably diets with industrial wastewater-phenols using marine
reflects hypoxic stress exposure of the animals resulting (Aspergillus oryzae) and earth (Trichoderma reesei)
in secondary polycythaemia. fungi. However, some fungal strains are playing a very

Also, the increase in WBC count or leucocytosis in important role in the degradation of organic compounds.
ND treated animals probably reflects increased demand Most decolorization studies have been demonstrated
for WBC for the removal of cellular debris at a faster rate. using a number of fungal species such as Aspergillus
The increase in concentration of the stressor probably niger [54], Aspergillus fumigatus [55], Aspergillus sp. [56]
puts a greater demand for phagocytic cells [53]. and Cerrena unicolor [57].

Similar changes were also seen in case of hemoglobin Furthermore, the  presence  of  essential  heavy
(Hb) content. Our results are in agreement  with studies metals in the environment are necessary for the fungal
on  fish  by Mishra and Niyogi [53]. They reported that growth and development and can lead to changes in the
the increase in Hb content reflects an adaptive response structure and function of the fungi to be more active in
by animals attempting to increase oxygen transport in the the treatment or removing the excess of these elements
face of hypoxic stress. [58].
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Recently, it was demonstrated that some strains of 4. Stanlake, G.J. and R.K. Finn, 1982. Isolation and
fungi may be unexpected allies in our efforts to keep
hazardous lead under control [59]. That's based on the
unexpected discovery that fungi can transform lead in
polluted environment into its most stable mineral form.
These findings suggested that this interaction between
fungi and lead may be occurring in nature anywhere the
two are found together. It also suggested that
introduction or encouragement of fungi may be a useful
treatment strategy for environmental pollutions.

Moreover, Aspergillus oryzae is a safe well defined
aspergillum. It has the capability of converting complex
organic molecules to simple ones increasing the
bioavailability of phosphate as energy source to the
surrounding environment [9, 10].

On the other hand, it was reported that the
biologically treated diets with Trichoderma reesei fungus
did not have any genotoxic activity on somatic and germ
cells in rats by Shoman and Fadel [14]. They can be added
in the ration of farm animals without any hazardous
effects. Previous study by Farag, et al. [13] who observed
a pronounced improvement of the genetic material in
animals fed diet treated with the fungus Trichoderma
reesei.

In conclusion, the present study added evidence that
fungal strains (A. oryzae plus T. reesei) have an important
bioremediation role and can be able to clean up the
Egyptian environment from industrial-wastewater
pollution.
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