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Abstract: Taxol has been approved as a powerful broad
range anticancer drug, however, the accessibility and
pricy of this drug are the main challenges. Thus, fungal
source with feasibility of molecular and nutritional
manipulations could be the alternative promising platform
for bulk production of Taxol. Taxol has been produced by
Aspergillus terreus and its chemical identity has been
validated from our previous work, however, its biological
functionality has not been investigated. Thus, the
objective of the current study was to assess the antitumor
efficiency of A. terreus extracted Taxol (AT-Taxol)
towards EAC solid tumor in male Swiss albino mice.
Ehrlich solid tumor cells were inoculated subcutaneously
into mice, then the animals were injected with AT-Taxol
i.p. and continued for 30 days. AT-Taxol displayed a
significant  cytotoxic  effect  against  breast  cancers
(MCF-7) by inhibiting the expression of Antigen KI-67,
a nuclear protein associated with the cellular proliferation,
comparing to positive controls. As well as, positive
control mice showed a dramatic increase of serum ALT,
AST activities and liver tissue homogenate lipid
peroxidation rate (MDA) accompanied with decline on
the level of serum albumin that were ameliorated with
AT-Taxol treatment. A plausible reduction on the mice
overall body weight, in addition to tumor weight and
volume with AT-Taxol treatment comparing to positive
controls. From the histo-pathological analysis, AT-Taxol
exhibited a significant improvement on different
pathological features induced by EAC solid tumor
oxidative stress, comparing to positive control mice.

INTRODUCTION

Taxol is the most widely chemotherapeutic agent
against different solid tumors[1] via. stabilizing the

polymerization of microtubules that leads to cell cycle
arrest at the mitotic phase and thus apoptosis[2]. Taxol has
been produced by different sources; From the bark of
Taxus brevifolia, however, the yield of Taxol ranged from 
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0.001-0.05%,  thus,  for  producing  of  1  g  it  does  need
8-10 kg of plant bark which collected from 4-5 plants[3, 4]

in addition to vulnerability of this plant to fluctuation with
different ecological and environmental conditions[5] that
make searching for alternative sources of Taxol is an
urgent need. Semisynthetic process using biosynthetic
intermediates of Taxol from the needles of T. baccata is
the current approach for Taxol production[6, 7], however,
the lower yield of these intermediates, unwanted
byproducts, heterogeneity, reproducibility and epigenetic
mutations of T. baccata are the practical hurdles for this
strategy. Alternatively, fungal sources producing Taxol
raise the hope for commercial production of this drug, due
to the feasibility of molecular engineering, fermentation
cultural conditions, short life span and practicability of
Taxol separation from the fungal cultures. Production of
Taxol from various endophytic fungi as well as the
different molecular and nutritional manipulation
techniques to enhance the yield of this compound have
been frequently reported[8]. Taxol has been produced and
chemically characterized from Aspergillus terreus,
endophyte of Podocarpus gracilior[9], however, its
cytotoxicity and antiproliferative activity against tumor
cells had not been assessed. Thus, the objective of the
current was to evaluate the cytotoxic effect and 
anticancer efficiency of Taxol derived from  A. terreus 
against various solid tumors in vivo and in vitro.

MATERIALS AND METHODS

Fungal Taxol and cell lines preparation: Taxol had
been extracted from Aspergillus terreus and chemically
identified using TLC, HPLC and various Spectroscopic
analyses[9].

Human breast cancer cell line (MCF-7) was
purchased from the Egyptian National Cancer Institute.
Standard concentrations of fungal Taxol were prepared in
0.1% DMSO. The MCF-7 cells were seeded in 96 well
plate and incubated for 24 h, then treated with the fungal
Taxol and the plate was further incubated for 72 h. The
media were removed and cell cultures were incubated
with MTT reagent for 4 h at 37°C to form formazon
complex, the absorbance was read at 540 nm and
cytotoxicity percentage was calculated.

In vivo cytotoxicity study
Experimental  animals:  The  30  adult  male  Swiss
albino mice (8 weeks old) were obtained from the
National Cancer Institute, Cairo University, their weight
ranging  from  20-25  g  of  the  same  bred,  acclimated
for 7 days for adaptation before the beginning of
experiment. Experimental design: Group 1; negative
control mice injected with 2.5 mL saline. Group 2;

Positive  control  mice  injected  subcutaneously  by
2×106×2.5 mL EAC solid tumor cells at the right hind
limp cells. Group 3; Positive control mice treated with
Taxol at dose 2 mg kgG1 BW i.p. once daily respectively
for 30 days. By the end of experiment, mice from each
group were weighed then solid form of the tumor were
removed and weighed. All the explained procedures were
carried out according to the Animal Ethics of Faculty of
Medicine, Zagazig University that confirmed to follow
NIH guidelines Committee guidelines (15-08-263
(IACUC)).

Blood analysis: Blood samples for biochemical analysis
were collected into plain tubes, clotting, centrifuged for
15 min at 4000 rpm and the serum were collected and
stored at -20°C till use.

Tissue collection and histopathological examination:
Liver and kidney from each animal group were directly
excised, after the end of the experiment and rinsed in
saline. Kidneys were preserved in 10% buffered formalin,
while liver have been cut into 2 parts one of them kept in
phosphate buffer saline for biochemical analysis while the
other part was preserved in 10% buffered formalin for
histopathological examination. Sections of both liver and
kidney tissues were stained by Hematoxylin and eosin and
examined by microscope[10]. After weighing of the EAC
solid tumor, its volume (mm3) was calculated by the
equation A×B2×0.5 where, A is the longest diameter and
B is the shortest diameter[11]. The EAC solid tumor cells
have been fixed in 10% buffered formalin for immune
histochemical investigation.

Immunohistochemical analysis: The expression of
antigen KI-67 was analyzed Immunohistochemically
according to the protocol of Jakob et al.[12]. The slides of
solid tumor were incubated with the 1ry antibody
(monoclonal Antibody KI-S11) overnight at 4°C in
humidified chamber, then incubated with 2ry antibodies
Bright Vision Horseradish Peroxidase (HRP) conjugated
with anti-mouse IgG polymer (HRP-conjugated secondary
antibodies) at 37°C for 30 min. The reaction development
was visualized with DAB chromagen dye, then stained by
Myers hematoxylin counter stain and examined by
microscope.

Biochemical analysis: Malondialdehyde as the end
product of lipid peroxidation in liver tissue homogenate
was estimated according to Satoh[13] using Biodiagnostic
kit  (Biodiagnostic  Company,  Giza/Egypt).  Serum 
levels of ALT, AST and albumin were determined[14]

using Biodiagnostic  kit  (Biodiagnostic  Company,
Giza/Egypt).
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Statistical analysis: All data are expressed as mean±
Standard Deviation (SD) using one way of variance
(ANOVA) by SPSS 14.0 Version[5]. p<0.05 were
considered as statistically significant.

RESULTS AND DISCUSSION

Taxol has been extracted from A. terreus, chemically
identified using TLC, HPLC, HNMR and CNMR as
previously described from our studies[9].  The  cytotoxic 
activity  of  extracted A. terreus Taxol was assessed
against MCF-7 cells and retina  cell  lines  in  vitro.  From 
the  obtained  results (Table 1), fungal Taxol has a
noticeable cytotoxic effect on MCF-7 cell line with IC50

value about 38.03 μg mLG1, with no remarkable effect on
normal retina cell line as a control, validating the absence
of cytotoxicity of this compound to the normal cells and
thus confirming their applicability in experimental
animals. The efficiency of Paclitaxel of Taxus brevifolia
bark was investigated against different EAC solid tumors
bearing mice and displayed a strong activity against
ovarian, breast and lung cancer via. interfering with their
tubulin proteins, causes selective apoptosis[16].
Interestingly, Taxol of A. terreus showed a dramatic
anticancer activity to the experimental animal tumor
model (Ehrlich solid tumors) and (MCF-7) human breast
cancer cell line in both in vivo and in vitro. Taxol has
been reported to have apoptotic effect on diverse number
of cancer cell lines. Our results of remarked cytotoxic
effect of fungal Taxol on breast cancer cell line (MCF-7)
were coincident with those reported by Kim et al.[17] who
stated that viability of MCF-7 cells was suppressed by
paclitaxel treatment accomplished by AMPK signaling
throughout the regulation of FOXO3a and EF1α.

From the obtained results (Table 2), the tumor
volume has been significantly reduced by about 47.9 % in
response to fungal Taxol treatment (1.5±0.1 mm3),
comparing to the tumor volume of positive control mice
(2.8±0.3 mm3). While, the tumor weight in positive
control mice (1756.4±0.1 mg) was decreased
approximately by 31.7% upon treatment with fungal
Taxol (1164.5±0.2 mg). Overall, the treatment with fungal
Taxol reduced the elevated body weight caused by EAC
solid tumor by 7.5% as the body weight was 27.4±3.2 and
25.3±2.3 in positive control mice and Taxol treated mice,
respectively. Our results demonstrated that fungal Taxol
has a significant reducing effect on tumor volume and
weight while it has a slightly negative effect on the
overall body weight. Consistent results were obtained by
Singh et al.[18] in which the viable cells count, tumor
volume and tumor weight along with the increase in the
life span of animals were fundamental properties of
anticancer compounds. Moreover, the cytotoxic potential
of 2-quinolone derivatives was observed in solid tumor
model   as   the   result   of   immune   system   activation

Table 1: Cytotoxic activity test against human tumor cell line MCF-7
(breast cancer cell line) and normal retina cell line (RPE1)

Cell line MCF-7 RPE1
LC50 (mg mLG1) 38.0 -

Table 2: Effect of fungal taxol on body weight, tumor volume and
tumor weight

Body weight Tumor weight Tumor volume
Groups       (g)         (mg)         (mm3)
Positive control 27.4±3.2 1756.4±0.1 2.8±0.3
Fungal taxol 25.3±2.3 1164.5±0.2* 1.5±0.1*

Change (%) 7.5 31.7 47.9
Negative control 25.9±3.8 - -
n = 10 mice per group and *p<0.01 vs. positive control group

Table 3: Effect of fungal taxol on some biochemical parameters
  ALT   AST Albumin    MDA

Groups (U mLG1) (U mLG1)   (mg dLG1) (nmol gG1)
Negative control 37.3±4.5 99.5±9.7 3.9±0.1 105.0±1.3
Positive control 105±9.3 264.9±3.7 2.7±0.4 208.7±4.1
Fungal taxol 50.8±3* 128.3±6.4* 3.6±0.1* 116.5±1.7*

Change (%) 51.6 51.1 33.3 44.2
n = 10 mice per group and *p<0.01 vs. positive  control group

which  is  verified  by  decrease  in  tumor  volume  and
weight  that may reflected the cell cycle arrest and the
generation of apoptosis or necrosis in cancerous cells
Kumar et al.[19].

From the biochemical analysis, fungal Taxol
treatment showing a plausible improvement on liver
functions  of  positive  control  mice.  From  the  results
(Table 3), Taxol treatment lowered the ALT and AST
activity by 51.6 and 51.1%, respectively, comparing to
control group. The level of albumin was increased by
33.3% in response to Taxol treatment, comparing to
positive control mice. In case of tumor bearing mice,
activities of ALT, AST were found to be increase more
drastically with decline of albumin level due to acute and
permanent toxicities persuaded by EAC cells. After
treatment with Taxol of EAC bearing mice, these values
have been meliorated to normal values. From these
results, treatment with Taxol prevented the damage
generated by EAC. The MDA level in liver tissues
homogenates was decreased by 44.2% homogenate for
Taxol treated mice comparing to positive control ones. To
evaluate the hepatoprotective effects of fungal Taxol,
biochemical parameters was reviewed as well as
histopathological analysis of experimental animals.
Several agents could lead to induction of liver diseases
that can be aggravate into hepatocellular damage as
evidenced by elevation of serum ALT, AST activities and
decreasing on albumin serum level[20].

EAC bearing mice showed cellular degeneration
caused by carcinogenesis, EAC cells causes
hepatotoxicity that was reversed by the protective effect
of fungal taxol to great extent. Similar results were
reported in assessment of the antioxidant effect of grape
seeds against Ehrlich solid tumor induced oxidative stress,
hepatic dysfunction and pathological changes in the liver 
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Fig. 1(a, b): Photomicrograph of mice EAC solid tumor showing, (a) Positive control and (b) Fungal taxol groups,
respectively (Hematoxylin counterstain ×400). Showing that fungal taxol inhibited expression of KI-67 in
tumor tissues as compared topositive control animals

of albino mice as cleared by the increase of ALT and
AST, elevation in MDA level accompanied by a decline
in GSH, SOD and CAT and albumin levels in blood and
liver. Histopathologically and structurally, liver of EAC
bearing group showed hepatic degeneration with
sinusoidal and lymphocytic infiltration, increase of
collagen fibers, irregular nuclei, altered mitochondria and
increase of secondary lysosomes. Therefore,
normalization of liver DNA and protein content along
with reduced MDA level with increase in the antioxidant
parameters accompanied with improvement in
pathological features of examined hepatic lesions,
revealed the potent antioxidant properties of grape seeds
by protecting the liver from the oxidative stress caused by
the introduction of EAC[21]. Distinct correlation was
observed between free radical generation and
development of cancer as excessive free radical
generation in oxidative stress causes damages in
macromolecules[22]. The lipid undergoes peroxidation at
the primary site generating more free radicals which
migrate along with circulation to the other sites[23]. MDA
is one of the well-known markers for carcinogenesis at
elevated levels in liver which is the organ for many
metabolic reactions such as drug activation, detoxification
and lipid peroxidation. In present study, a significant
elevation in liver MDA level was observed in EAC
bearing mice (positive control group) which supports the
role of oxidative stress in cancer progression and
treatment with fungal Taxol reduced this elevation. The
elevated level of MDA was observed in EAC inoculated
mice suggesting the effect of oxidative stress in cancer
progression[19].

From the histological analysis of EAC solid cells, a
significant effect on the expression of KI67 protein was
observed upon treatment with Taxol comparing to
positive controls. Taxol treatment displayed a significant
inhibition on the expression of KI67 of tumor cells as
shown from the few scattered immunostained nuclei with
moderate intensity comparing to positive control mice.

The expression of KI67 was increased by about 10/ HPF
immunostained nuclei with marked intensity as shown in
Fig. 1, approving the potentiality of Taxol to inhibit the
process cellular proliferation and neovascularization of
tumor cells. KI-67 is a nuclear protein appears inside the
nucleus during cell division in all stages of cell cycle
except G0 and considered as a good marker for cell
proliferation[24].  The  fraction  of KI-67-positive tumor
cells is often correlated with the clinical course of
carcinomas of breast, prostate, brain, nephroblastoma
tumors  in  which  the  prognostic  value  for  survival 
and  tumor  recurrence  have  repeatedly  been  proven  in
uni-and multivariate analysis[25]. The data in our
experiment  clearly  show  the  significant  inhibition  of
KI-67   expression   on   tumor   cells   upon   treatment 
with  fungal  Taxol,  comparing  to  positive  control
animals.

From the histological features, a plausible restoring
and protection to the tissues of liver and kidney upon
Taxol treatment was observed, comparing to positive
control ones. Our findings (Fig. 2), revealed that Taxol
treatment exhibited a significant improving to liver and
kidney features as it overwhelms the injurious fluctuations
resulted from the tumor progression. EAC inoculation in
mice showed strong abnormalities in the histology of
nearly all studied organs which were reduced by Taxol
supplementation that indicates its antiproliferative and
hepatoprotective effect. As liver tissue sections showed
normal central vein, sinusoids and hepatic parenchyma in
negative control group while positive control group
showed focal hepatocellular dysplasia with pleomorphic
hyper-chromatic nuclei and frequent mitosis, Taxol
treatment  showed  infiltration  of  hepatic  lobule  with
non-specific inflammatory cells (Fig. 3). For kidney tissue
sections showed normal renal cortex in negative control
while positive control group showed a few scattered
aggregates of inflammatory cells while Taxol treated mice
showed  a  focal  degeneration  of  tubular  epithelium
(Fig. 3).
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Fig. 2(a-c): Photomicrograph of mice liver (H&E×400) showed, (a) Negative control group: showed normal
hepatocytes with normal  nucleus, (b) Positive control group: showed cellular inflammatory infiltration,
haemorrhage and congestion in blood vessel and (c) Fungal taxol group: Where fungal taxol overwhelms
the injurious fluctuations resulted from the tumor progression

Fig. 3(a-c): Photomicrograph of mice kidney (H&E×400) showed, (a) Negative control group: with normal glomeruls,
proximal and distal tubules, (b) Positive control group: with atrophy of renal corpuscle and there was wide
spacing of tubules,  atrophy of the lining epithelium and reticulated casts with inthelumen and (c)Fungal
taxol group: where fungal taxol causes improvement in the kidney as a whole although, proximal tubules
showed histological changes in the form of widening of tubular lumen and vaculation of some of the lining
cells

CONCLUSION

In conclusion, A. terreus Taxol had a significant
antiproliferative effect against EAC solid tumors as
confirmed from the biochemical parameters, histological
and  immunological  properties  with  undetectable
toxicity to the overall physiology of the experimented
mice.
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