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ABSTRACT 
 
Despite   The current study aimed to elucidate the antitumor and anticancer effect of  
taxol extracted from Aspergillus terreus against EAC solid tumor  in male Swiss albino  
mice. Ehrlich solid tumor was inoculated subcutaneously by the concentration of(2 × 
10 6)×2.5 ml and after that fungal taxol was injected i.p. by conc. of 2mg/kg BW and 
continued for 30 days. Fungal taxol has a marked cytotoxic effect against MCF-7 cell 
line also inhibit KI67 expression  in comparison with positive control mice which 
showed increase of serum ALT and AST activity accompanied by a decline in 
albumin serum level and also increase in liver tissue homogenate lipid peroxidation 
(MDA) level was observed, fungal taxol leads to reduction in the mice body weight 
and both tumor weight and volume in comparison with positive control group and 
histopathologically fungal taxol has improved the pathological features caused by the 
oxidative stress induced by EAC solid tumor. 
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INTRODUCTION 
 
Clinically, paclitaxel (taxol) is the furthermost anticancer drug 
and it is the most widely chemotherapeutic agent against solid 
tumors1. It is well documented that paclitaxel has a great effect 
in tumor regression as it stabilizes the polymerization of 
microtubules that leads to the cell cycle arrest at the mitotic 
phase and as result of all these progressions DNA fragmentation 
occurs and apoptosis2. However, the exact mechanisms and the 
factors that govern the anticancer function of taxol are not 
completely understood 3. 
Alternative sources of paclitaxel as producing it from fungi has 
been used to solve the problem of being limited supply as it 
requires destruction plenty of Taxus brevifolio bark4. 
Taxol production from Aspergillus terreus which is a taxol 
producing fungi gives a great chance to produce taxol by a great 
scale through fermentation process, thus our work aimed to 
elucidate that taxol extracted fromAspergillus terreus have 
cytotoxic and antitumor activity in vitro and in vivo. 
 

 
MATERIAL AND METHODS 
 
Preparation of Fungal Taxol: 
 Fugal taxol was extracted from Aspergillus terreus as it is 
the highest taxol producing endophytic fungiby the method 
described before5. 
 
In Vitro Cytotoxicity Study: 
 Human breast cancer cell line was used(MCF-7)6, where 
known concentrations of fungal taxol were  prepared in 0.1% 
DEMSO firstly, then for the attachment for the cells, it was 
seeded in 96 well plates for 24 h and later treated with the 
fungal taxol then after 72 h the media were removed and cell 
cultures were incubated with MTT reagent for the formation of 
formazon complex after 4 h at 37Cand absorbance was  read at 
540 nm and cytotoxicity percentage was calculated 
 
 
 
 



                                                              Nabila et al. Int J Res Pharm Sci 2017, 7(3); 31 – 36                                 ISSN 2249-3522 

 

32 

 
 
In Vivo Cytotoxicity Study: 
 Experimental animals: 30 adult male Swiss albino mice (8 
weeks of age) obtained from the National Cancer Institute, 
Cairo University, their weight ranging from 20-25 g. from the 
same bred, supplied by diet and water ad libitum and kept for 7 
days for adaptation before the begging of the experiment. 
Experimental design:Solid tumor induction was made by 
injection the right hind limp subcutaneously by the 
concentration of (2 × 106)×2.5 mlin both group (2) which is the 
positive control group and group (3) which is the taxol treated 
group whilegroup (1) is the negative control group which 
isinjected by 2.5 ml saline only. Treatment with taxol started at 
day 7 of transplantation by taxol by the dose 2mg/kg BW7i.p. 
once daily respectively for 30 days, by the end of experiment 
solid form of the tumor were removed and weighted after 
weighting of mice from each group.All the explained 
procedureswere carried out as per the Faculty of Medicine, 
Zagazig University Animal Ethics and confirmed to follow NIH 
guidelines Committee guidelines (15-08-263 (IACUC)). 
 
Sampling of Blood: 
 Blood samples for biochemical analysis were collected 
into plain tubes and centrifuged for 15 min. at 4000 r.p.m and 
serum then be collected and stored at -20°C till use. 
 
Tissue Collection and Histopathological Examination:  
 After the end of the experiment, liver and kidney from 
each group were directly excised and rinsed in saline where 
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  preserved 
in 10% buffered formalinfor histopathological examination 
where sections of both liver and kidney tissues were stained 
byHematoxylin and eosin staining and examinedby 
microscope8. After weighting of the EAC solid tumor, its 
volume(mm3)be calculated by the equation A × B2× 0.5, where 
A is the longest diameter and B is the shortest diameter9, then  
fixed 10% neutral buffered formalin for immunohistochemical 
investigation. 
 
Immunohistichemical Analysis for KI67 10 

 Slides of solid tumor were incubated with the 1ry 
antibodies against KI67 over night at 4°C in a humidified 
chamber later on, it incubated with 2ry antibodies (HRP-
conjugated secondary antibodies) at 37°C for 30 min., then it 
has been visualized with a chromagen dye (DAB chromagen) 
then stained by Myers hematoxylincounter stain and examined 
by microscope. 
 
Estimation of Biochemical Parameters:  
 Malondialdehyde (end product of lipid peroxidation) in 
liver tissue homogenate was estimated by the method described 
before11 using Biodiagnostic kit (Biodiagnostic Company, 
Giza/Egypt), serum levels of ALT, AST12and albumin13were 
estimated using Biodiagnostic kit (Biodiagnostic Company, 
Giza/Egypt). 
 
 

 
 
STATISTICAL ANALYSIS 
 
 All data are expressed as mean ± standard deviation (SD) 
using one way of variance (ANOVA) by SPSS 14.0 version14, P 
values < 0.05 were considered as statistically significant. 
 
RESULTS 
 
 The extracted Taxol from A. terreus was 20.2 µg/g fungal 
dry weight,it was found that Taxol extracted from Aspergillus 
terreushave a noticeable and remarked  cytotoxic effect on 
MCF-7 cell line with (IC50 value of 38.03 µg/ml) while on 
normal retina cell line as a control, it was found to be a safe 
compoundshowing no cytotoxicity as presented in table (1). 
 Our results in table (2) demonstrated thattumor volume and 
weight have been reduced to great extent by the influence of 
fungal taxol,where the tumor volume appears in positive control 
group by 2.86±0.25 mm3  with reduction  in fungal taxol group 
by  47.90  % as the tumor volume in fungal taxol group was 
1.49±0.11 mm3, also the tumor weight in positive control group  
was 1756.350.13 mg that was clearly reduced in  fungal taxol 
group 1164.50.16mg by 31.69 %, also fugal taxol has reduced 
the elevated body weight caused by EAC solid tumor by 7.45% 
as the body weight was 27.37±3.21 and  25.33±2.33in positive 
control group and fungal taxol group respectively. 
 Our results in table (3) showing that fungal taxol 
treatment lowered the ALT and AST activity by 51.6%  and 
51.1% respectively in f. taxol group in comparison with positive 
control group, albumin level  increased by 33.3%  in f.taxol 
compared to positive control group, also it was observed that 
MDA level lowered  by 44.17% in liver tissue homogenate of 
f.taxol group in comparison with positive group. It was found 
that a significant inhibition observed in the expression of KI67 
as fungal taxol group showed few scattered immunostained 
nuclei with moderate intensity when compared by  positive 
control group which revealed more than  10/ HPF 
immunostained nuclei with marked intensity as presented in fig. 
(1), indicating that fungal taxol is able to inhibit the process of 
more proliferation and neovascularization. 
 Our findings in fig. (2) and fig. (3) revealed thatfungal 
taxol  have an improvement effect onliver and kidney sections 
as it overwhelms the injurious fluctuations resulted from the  
tumor progression.   
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 hyperchromatic nuclei and frequent mitosis 
and the fungal taxol group showed infiltration of hepatic lobule 
with non- specific inflammatory cells fig. (2). 
 For kidney tissue sections showed normal renal cortexin 
negative control group while positive control group showed few 
scattered aggregates of inflammatory cells  while fungal taxol 
group showed focal degeneration of tubular epitheliumfig. (3). 
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Table 1:Cytotoxic activity test against human 
tumor cell line MCF-7 (breast cancer cell line) 
and normal retina cell line (RPE). 
 
Cell line MCF-7 RPE1 
LC50 (g/ml) 38.03 - 
n = 10 mice per group and  *p<0.01 vs. positive  
control group 
Table 2: Effect of fungal taxol on body weight, 
tumor volume & tumor weight. 
 

Groups Body 
weight (g) 

Tumor 
weight (mg) 

Tumor volume 
(mm3) 

Positive 
control  

27.373.21 1756.350.13 2.86±0.25 

Fungal 
taxol  

25.332.33 1164.50.16* 1.490.11* 

Percent 
change 

7.45% 31.69% 47.90% 

Negative 
control  

25.913.76 - - 

n = 10 mice per group and  *p<0.01 vs. positive  
control group 
 

 
 
 
 
 
 
 
 
Table 3: Effect of fungal taxol on some 
biochemical parameters. 
 
Groups ALT 

(U/ml) 
AST (U/ml) Albumin 

(mg/dl) 
MDA 
 (nmol /g) 

Negative 
control 

37.34.5 99.59.7 3.90.08 105.03±1.27 

Positive 
control  

1059.3 264.937 2.7.4 208.684±4.07 

Fungal 
taxol 

50.83* 128.36.4* 3.60.1* 116.49±1.74* 

% 
change 

51.6% 51.1% 33.3% 44.17% 

n = 10 mice per group and  *p<0.01 vs. positive  
control group 

    

 

Figure 1: Photomicrograph of mice EAC solid tumor showing (A) positive control 
and (B) fungal taxol groups respectively (Hematoxylin counter stain x400). Showing 

that fungal taxol  inhibited expression of KI-67 in tumor tissues as compared to 
positive control animals. 

 
 

 
 

Figure 2: Photomicrograph of mice liver showing (a) negative control, (B) positive control and 
(C) fungal taxol groups respectively (H&Ex400). Where fungal taxol overwhelms 

the injurious fluctuations resulted from the tumor progression. 
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Figure 3: Photomicrograph of mice kidney showing (a) negative control, (B) positive 

controland (C) fungal taxol groups respectively (H&Ex400). Where fungal taxol causes 
improvement in  the pathologically of kidney as a whole . 

 
DISCUSSION 
 
 Paclitaxel extracted from the bark ofTaxus 
brevifolio tree was investigated as anticancer agent 
against EAC solid tumor bearing mice and 
paclitaxel was known as effective drug against 
ovarian, breast and lung cancers,which causes 
cytotoxicity to cancerous cells and induces 
apoptosis in it15in consent with this our findings 
indicates that fungal taxol showed to a great extent 
that it have anticancer properties both in vivo and in 
vitro as cleared on experimental animal tumor 
model (Ehrlich solid tumors) and (MCF-7) human 
breast cancer cell line. Taxol have been reported to 
havean apoptotic effects on diverse number of  
cancer cell lines.Our results in showed marked 
cytotoxic effect onbreast cancer cell line (MCF-7) 
which consonantKimet al.16who stated that viability 
of breast tumor MCF-7 cells was suppressedby 
paclitaxeltreatment accomplished by AMPK 
signaling throughout the regulation of FOXO3a 
and EF1α, in another study the cytotoxic and 
anticancer properties  of the venom (A. amoreuxi )  
appeared on cancer cells were demonstrated 
through  the induction of apoptosis in MCF-7 cell 
line which verified its competence to induce 
apoptosis in cancerous cells 17. 
 Our results demonstrated that fungal taxol 
significantly decreased the tumor volume and 
Weight, in addition to the body weight which 
supports the anticancer activity of it. 
 This is at one with Singh et al. 18revealed that 
anticancer activity of Morinda citrifolia 
demonstrated  by the decrease in theviable cells 
count, tumor volume and tumor weight along with 
the increase in the life span of animals. Moreover 
the cytotoxic potential of 2-quinolone derivatives 
was observedin a solid tumor model as a result of 
the immune system activation which is verified by 
the decrease in the tumor volume and weight that 
may reflected the cell cycle arrest and the 
generation of apoptosis or necrosis in cancerous 
cells19.  

 
 
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 proliferation20.The data in our experiment  
clearly indicatedthat fungal taxol  inhibited 
expression of KI-67 in tumor tissues as compared 
to positive control animals. Immunohistochemical 
studies for KI67 experiments revealed the presence 
of it in  positive cells, which are indicative of cell 
proliferation in untreated tumor tissues. However 
upon Extract of Vernonia condensata treatment, a 
significant decrease in tumor cell population 
stained with KI67 was observed that proved it 
Inhibits tumor progression in addition to increasing 
the life span of tumor-allograft bearing mouse 21. 
 A clear correlation was observed between 
free radical generation and the development of 
cancer as excessive free radical generation in 
oxidative stress causes damages in macromolecules 
such as lipids, proteins and carbohydrates22. The 
lipids undergo peroxidation at the primary site and 
the products of lipid peroxidation generate more 
free radicals, which migrate along with circulation 
to the other sites23. One of the well known 
documented markers for carcinogenesis is elevated 
malondialdehyde (MDA) levels. 
 Meanwhile liver is the main organ for many 
metabolic reactions as  drug activation, and 
detoxification, lipid peroxidation determination 
was done with liver homogenates. In the 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 .Consistent with 
our study, using  A. australis venom in the 
treatment of EAC bearing mice showed a 
significant decrease in oxidative stress biomarker 
level achieved in mice liver cells24.Kumeret 
al.19stated that elevated MDA level was observed in 
EAC inoculated mice which supports the role of 
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oxidative stress in cancer progression which is 
suppressed by the treatment with 2-quinolone 
derivatives. 
 To evaluate the hepatoprotective effects of 
fungal taxol biochemical parameters was reviewed 
as well as histopathological analysis of 
experimental animals. It is well known that number 
of agents can lead to the induction of several liver 
diseases which can be aggravate into hepatocellular 
damage evidenced by the elevations in the serum 
activities  of ALT, AST and decrease in Albumin 
serum level25.  
 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  
In case of tumor bearing mice, activities of ALT, 
ASTwere found to be increase more drastically 
with decline of albumin level as a result of acute 
and permanent toxicities persuaded by EAC cells. 
After treatment with fungl taxol in the EAC 
bearing mice these values have been meliorated to 
normal values. From this itfollows thatfungal taxol 
treatment prevented the damage generated by EAC. 
In another study  EAC inoculation in mice showed 
great abnormalities in the histology of nearly all the 
studied organs whichwere reduced  by PEBM 
supplementation that indicates its antiproliferative 
and hepatoprotective effect in addition to the 
histopathology of kidney tissues from PEBM 
treated mice did not show any cellular degeneration 
26.  
 In a study conducted to examine the 
antioxidant effect of grape seeds  against Ehrlich 
solid tumor induced oxidative stress, hepatic 
dysfunction and pathological changes in the liver of 
albino mice were 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 ultrastructurally, 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 alonge withreduced MDA level 
with increase in the  antioxidant parameters 
accompanied with improvement in  the 
pathologically 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 
27. 
 
CONCLUSION 
 
 Paclitaxel is a widespread used chemotherapy 
but unfortunately it requires the devastation of 
enormousnumber of Taxus brevifolio bark and the 

goal is that to explore another way to produce taxol 
which was done by fermentation of Aspergillus 
terreusthat gives taxol by large scale andfungal 
taxol has proved by many ways that it have agreat 
anticancer activity and it may undergo the 
apoptotic pathway and further studies should be 
carried on to elucidate further its mode of action.   
 
 
REFERENCE 
 
1. Van Vlerken LE, Amiji MM. Multi-functional 

polymeric nanoparticles for tumour-targeted 
drug delivery.Expert Opin Drug 
Deliv2006;3:205–216. 

2. Zhou C, Cheng H,Qin W, Zhang Y, Xiong H, 
Yang J, Huang H, Wang Y, Chen XZ, Tang J, 
Pygopus2 inhibits the efficacy of paclitaxel-
induced apoptosis and induces multidrug 
resistance in human glioma cells oncotarget 
2017; 8(17): 27915–27928. 

3. Rohena CC, Mooberry SL. Recent progress 
with microtubule stabilizers: new compounds, 
binding modes and cellular activities.Nat Prod 
Rep2014;31:335–355. 

4. Wani MC, Taylor HL, Wall ME, Coggen P, 
McPhail AT. Plant antitumor agents. VI. The 
isolation and structureof taxol, a novel 
antileukemic and antitumor agent from 
Taxusbrevifolia. J Am Chem Soc 1971; 93: 
2325–2327. 

5. Roopa G,  MadhusudhanMC, SunilKCR, 
LisaN, CalvinR, PoornimaR, ZeinabN, 
KiniKR, PrakashHS, GeethaN. Identification 
of Taxol-producing endophytic fungiisolated 
from Salacia oblongathrough genomicmining 
approach. Journal of Genetic Engineering and 
Biotechnology 2015; 13: 119–127. 

6. Mosmann T. Rapid colorimetric assays for 
cellular growth and survival: Application to 
proliferation and cytotoxicity assays. J 
Immunol Methods1983; 65:55-63. 

7. Badr El-Din NK, Ali DA, El-Dein MA, 
Ghoneum M. Enhancing the Apoptotic Effect 
of a LowDose of Paclitaxel on Tumor Cells in 
Mice byArabinoxylan Rice Bran (MGN-
3/Biobran). Nutrition and Cancer2016; 68: 6: 
27-35. 

8. Culling CF. Handbook of histopathological 
and histochemical techniques. Third Ed.1983. 

9. Orsolic N, Tadic Z, Benkovic V, Horvat A, 
Lisicic D, Basic I. Stimulation 
ofhematopoiesis by a water-soluble derivative 
of propolis in mice. 
Pharmacologyonline2006; 3:698–705. 

10. Jakob C, Liersch T, Meyer W, Becker H, 
Baretton GB, Aust DE. Predictivevalue of 
Ki67 and p53 in locally advanced rectal 
cancer: correlationwith thymidylate synthase 
and histo pathological tumor regression after 



                                                              Nabila et al. Int J Res Pharm Sci 2017, 7(3); 31 – 36                                 ISSN 2249-3522 

 
36 

neo adjuvant 5-FU-based chemoradiotherapy. 
World J Gastroenterol2008; 14:1060–1066. 

11. Satoh K. Serum lipid peroxide in 
cerebrovascular disorders determined by a 
new colorimetric method. Clinic Chimica 
Acta1978; 90: 37-43. 

12. Young DS. Effect of disease on clinical lab. 
Tests, 4th ed. AACC press, 2001. 

13. Varely H. PracticalClinical Biochemistry, 5th 
ed. Vol. I, William Heinemann Medical 
Books Ltd, London, pp. 601, 1994. 

14. Levesque R. SPSS. Programming and Data 
Management: A Guide for SPSS and SAS 
Users, Fourth Edition SPSS Inc.Chicago, 
2007. 

15. Flores ML, Castilla C, Ávila R, Ruiz-Borrego 
M, Sáez C. Paclitaxel sensitivity of breast 
cancer cells requires efficient mitotic 
arrestand disruption of Bcl-xL/Bak 
interaction. Breast Cancer Res Treat2012; 
133: 917–928. 

16. Kim JH, Lee JO, Kim N, Lee HJ, Lee YW, 
Kim HI, Kim SJ, Park SH, Kim HS.Paclitaxel 
suppresses the viability of breast tumor MCF7 
cells through the regulation of EF1α and 
FOXO3a by AMPK signaling. International 
Journal of Oncology 2015; 47: 1874-1880. 

17. Salem ML, Shoukry NM, Teleb WK, Abdel-
Daim MM, Abdel-Rahman MA. The toxicity 
of the venom on cancer cells may be related 
to its capability to induce necrosis or 
apoptosis in cancer cells.SpringerPlus 2016;  
5:570. 

18. Singh H, Banerjee S, Karan S, Chatterjee TK. 
Evaluation of anticancer activity of Andaman 
freeze dried powderedMorinda citrifolia L. 
fruit against Ehrlich Ascites Carcinoma 
(EAC)cell induced liquid and solid tumor in 
Swiss Albino mice.An International Journal 
2013,1(6): 567-573. 

19. Kumar N, Dhamija I, Raj PV, JayashreeBS, 
Parihar V,ManjulaSN, Thomas S, Kutty NG, 
Rao CM. Preliminary investigation of 
cytotoxic potential of 2-quinolone derivatives 
using in vitro and in vivo (solid tumor and 
liquid tumor) models of cancer.  

 
 
 
 
 
 
 
 
 
 
 
 
 
         

       Arabian Journal of Chemistry 2014; 7:  
        409–  417. 
20. Saunders DE,Lawrence WD, Christensen C, 

Wappler NL, Ruan H, Deppe G. Paclitaxel-
induced apoptosis in MCF-7 breast-cancer 
cells.Int J Cancer 1997; l 70: 214–220. 

21. Thomas E,  Gopalakrishnan V,  Somasagara 
RR,  Choudhary B, and Raghavan SC    
Extract of Vernonia condensata, Inhibits 
Tumor Progression and Improves Survival of 
Tumor-allograft Bearing Mouse. Sci Rep. 
2016; 6: 23255. 

22. Rahman K. Studies on free radicals, 
antioxidants, and co-factors. Clin Interv 
Aging. 2007; 2(2): 219–236. 

23. Ayala A, Muñoz MF and Argüelles S.Lipid 
Peroxidation: Production, Metabolism, and 
Signaling Mechanisms of Malondialdehyde 
and 4-Hydroxy-2-Nonenal. Oxidative 
Medicine and Cellular Longevity . 
2014;Review Article ID 360438, 31 pages 

24. Bekkari N, Laraba-Djebari F. Beneficial 
effects of Androctonus australishector venom 
and its non-toxic fraction in the restoration of 
earlyhepatocyte-carcinogenesis induced by 
FB1 mycotoxin: involvement ofoxidative 
biomarkers. Exp Mol Pathol 2015; 99:198–
206. 

25. Muhammad RH,  Muhammad AA, Muhammad 
RK. Inhibition of Ehrlich's ascites carcinoma 
by ethyl acetate extract from the flower of 
Calotropis gigantia L. in mice.J Appl 
Biomed, 2010;8: 47-5. 

26. Islam F, Ghosh S, KhanamJA. 
Antiproliferative and hepatoprotective activity 
of metabolites from Corynebacterium 
xerosis against Ehrlich Ascites Carcinoma 
cells. Asian Pacific J of Tropical 
Biomedicine2014;4: S284-S292. 

27. AliDA,Badr El-DinNK,Abou-El-MagdRF. 
Antioxidant and hepatoprotective activities of 
grape seeds and skin against Ehrlich solid 
tumor induced oxidative stress in mice. 
Egyptian j of basic and applied science2015; 
2: 1-12. 


