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Doxorubicin and etoposide are intercalating dealers that inhibit the movement of the 

enzyme topoisomerase ii. Both drugs present healing pastime in numerous human 

neoplasms. Within the present paintings the recombinagenic ability of these pills become 

evaluated by way of ascomycete aspergillus nidulans. Their outcomes on the asexual 

cycle of a. Nidulans was also appraised.. The drugs’ recombinagenic potential changed 

into evaluated by their potential to result in homozygosis of recessive genes from 

heterozygous cells. Both tablets have a recombinagenic impact on diploid cells of a. 

Nidulans. Doxorubicin and etoposide are potentially capable to induce secondary 

malignancies, mediated by the mitotic crossing-over in eukaryotic cells. 

Keywords 

Doxorubicin, nidulans, 

recombinagenic. 

 

 

 

INTRODUCTION 

Doxorubicin and etoposide are antineoplastic tablets 

labeled as intercalating retailers, a cytotoxic institution of 

medicine that, certain to DNA, inhibits the motion of 

topoisomerase ii (11).  

Doxorubicin is an anthracycline antibiotic produced by 

way of fungus streptomyces peucelius var. Caesius; etoposide 

is a semisynthetic glycoside from podophyllotoxin, an lively 

compound extracted from the podophyllum pittatum plant. 

Both capsules present healing hobby in severa human 

neoplasms such as breast cancer, ovary carcinoma, head and 

neck carcinoma, leukemia, lung carcinoma, and testicle 

tumors (5).  

Studies on human fibroblasts confirmed that the 2 

intercalating sellers, doxorubicin and etoposide, block the s 

phase of the cellular cycle after a brief length of cellular 

treatment (15). An induction of breaks in dna double-strands 

with the aid of doxorubicin and etoposide changed into also 

reported in leukemia cells after 3 hrs of exposition to the 

chemotherapic dealers (eight).  

Chromosomic breaks and high frequencies of somatic 

recombination were located in cells of bloom’s syndrome or 

fanconi anemia sufferers whose gift predisposition to most 

cancers improvement. Due to an alternate of segments among 

homologous chromatids, the somatic recombination appears to 

be associated with the excessive cancer prevalence mentioned 

in those sicknesses (7,9,17).  

Two chromosomic events are concerned within the 

improvement of neoplasms: i) a genetic or epigenetic 

alteration that outcomes in a pre-malignant heterozygous 

circumstance (m/+) and ii) a chromosomic rearrangement 

involving the affected locus, which leads to homozygosis 

(m/m) or hemizygosis (m/zero), with the subsequent 

expression of the recessive malign character. Homozygous 

cells (m/m) may also originate from the alternate of segments 

among homologous chromatids, inside the g2 section of the 

mobile cycle, proceeded by the segregation of recombinant 

chromatids to opposite mitotic poles (3,14).  

The ascomycete aspergillus nidulans is an exceptional 

device for the take a look at of mitotic crossing-over. That is 

because of the fact that its cells skip a considerable a part of 

their cellular cycle within the g2 segment at some stage in 

germination. At this segment, the lifestyles of  copies of 

every chromosome blessings mitotic recombination 

activities (12).  

Our research aimed at investigating the roles of 

doxorubicin and etoposide within the homologous 

interchromosomal recombination in heterozygous cells of a. 

Nidulans. Two diploid lines had been used, a faulty to dna 

restore and a regular one. 

 

MATERIALS AND METHODS: 

Strains: 

the a. Nidulans lines were derived from utrecht (ut448) 

and fgsc (a757, a737). The b211 stress became acquired in 

our laboratory (4). Diploid strains (ut448//a757 and 

b211//a837) have been prepared in keeping with roper 

(sixteen). Genotypes of the traces: a) ut448: riboa1, 

pabaa124, bia1, acra1, wa2; b) a757: ya2, metha17, pyroa4; 

c) a837: pabaa1, uvsh77, pyroa4, choa1, chaa1; d) b211: 

ya2, bia1, acra1, wa2, metha17, uvsh77, pyro a4, chaa1.  

 

Tradition media:  

Whole medium (cm) and minimal medium (mm) have 

been prepared as defined through van de vate and jansen 

(19). The selective medium (sm) changed into organized 

with mm supplemented with the nutritional requirements for 

every stress. Stable medium became organized with 1.Five 

% agar and strain growth changed into incubated at 37ºc.  

 

Doxorubicin and etoposide treatment: 

Doxorubicin (icn), dissolved in an aqueous solution, 

and etoposide (icn), dissolved in 10µl dmso, were added to 

molten mm. Solvent turned into per se neither visibly 

poisonous nor recombinagenic for the diploid stress 

(outcomes no longer shown). Doxorubicin awareness that 

caused breaks in dna strand in leukemia cells at 2.Zeroµg/ml 

(8) and etoposide attention with caused cellular cycle 

arrested in regular fibroblast at 1.Zero µg/ml (15) and at 

higher concentrations (4.Zeroµg/ml doxorubicin and 
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three.0µg/ml etoposide) were used in the gift look at. They 

have been final in agar medium.  

 

Assessment of the recombinagenic capacity:  

Conidia of each diploid pressure had been inoculated in 

mm + antineoplastic marketers. Remedy produced seen 

diploid sectors, d1-d32, diagnosed by way of their exclusive 

morphology from the authentic diploid. Diploid sectors have 

been submitted to spontaneous haploidization in cm after 

purification in mm. Best haploid segregants had been decided 

on for recombinagenesis check. Conidia of each haploid zone 

have been transferred to 25 defined positions in cm plates 

(grasp plates). After forty eight hours of incubation at 37ºc, 

colonies were transferred to sm and the phenotypical 

evaluation of the haploid segregants changed into performed.  

The treatment with the medicine in mm will produce best 

heterozygous (+ / - or - /+) or homozygous (+/+) segregants 

due to the fact the recessive ones (-/-) fail to develop in mm. 

After haploidization of diploids d1-d32 the dietary markers 

will segregate most of the haploids in the percentage of 4+: 

four-, if drug fails to set off recombinagenesis; or 4+: 2-, if 

drug induces crossing-over. Values of homozigotization 

indexes (hi) (the ratio among quantity of phototropic and 

auxotrophic segregants) identical or above 2.Zero proof the 

recombinagenic outcomes of the substance underneath 

analysis (2,thirteen). Results had been as compared by using 

yates accurate chi-square take a look at.  

 

Cytological evaluation: 

Colonies of ut448//a757 diploid were cultivated in 

dialysis membranes aseptically placed on the floor of plates 

containing cm and cm + doxorubicin or etoposide. Samples 

had been accumulated after eight, 12, 18 and 24 hours of 

incubation at 37ºc. Membranes have been stained with 

lactophenol cotton blue and tested under an optic microscope.  

 

RESULTS: 

The mycelial boom of ut448//a757 and b211//a837 

diploid lines cultivated in mc + doxorubicin (2.Zero and 

4.Zeroµg/ml) and etoposide (1.0 and three.Zeroµg/ml) was 

everyday when compared with that of controls (outcomes no 

longer shown). Then again, changes in the morphology of the 

conidiophores were discovered inside the cytological 

arrangements of the ut448//a757 diploid, cultivated inside 

the presence of the two antineoplastic dealers. Conidiophore 

is formed with the aid of an aerial hypha, a multinucleated 

vesicle and  tiers of uninucleate cells (metulae and phialides) 

forming the sterigmata (18). Vacuoles inside the stalk and in 

the conidiophore’s vesicle were observed in arrangements 

with 2.0µg/ml and 1.0µg/ ml of doxorubicin and etoposide 

respectively (facts not given). Conidiophores with shortened 

and malformed stalks were determined in better doses of 

each drug (four.Zeroµg/ml of doxorubicin and 3.0µg/ml of 

etoposide) (fig. 1).  

Methodology does now not permit the isolation of 

auxotrophic diploids     on the grounds that they are no 

longer decided on in mm. But, homozygous recessive 

diploids can be acquired for conidia color markers (y, w and 

cha). The remedy of b211//a837 diploid pressure with both 

capsules merely allowed the isolation of prototrophic 

diploids with chartreuse  conidia. Contrastingly the 

treatment with doxorubicin of ut448//a757 diploid 

originated prototrophic diploids with inexperienced (y+//y) 

and yellow (y//y) conidia. Thru the phenotypical analyses of 

d8 (yellow) it changed into viable to determine that it is 

recombinant for the centromere-paba c language. The 

diploid d8 showed hello value better than 2.0 for the meth 

marker (table 1).  

Maximum diploids from ut448//a757 stress exhibited 

his<2.Zero for doxorubicin and etoposide. Hello price of 

only one diploid turned into better than 2.0 for doxorubicin 

(2.Zeroμg/ml) and etoposide (1.Zeroμg/ml), and the markers 

involved were meth and bi respectively. In better 

concentrations the recombinagenic effect was pronounced in 

markers paba and meth for doxorubicin, and in paba and bi 

for etoposide (tables 1 and 2). 

Diploids from b211//a837 pressure exhibited the very 

best sensitivity for antineoplasics. This reality become 

confirmed from high values of hi obtained within the 

recombinagenic test. For each doses of each drug, the 

markers worried inside the recombinagenic effect have been 

paba and bi (tables three and 4). Analyses also decided that 

diploids from b211//a837 stress produced a high range of 

haploid mitotic egregants in mc. 

 

 
Figure 1. Growth of the conidiophore UT448//A757 in MC and in MC + antineoplastics agents. A) normal conidiophore; B) presence of 

vacuole in the conidiophore’s vesicle (doxorubicin 4.0μg/ml); C) shortened and malformed conidiophore stalk (doxorubicin 4.0μg/ml); 

D) presence of vacuole in the vesicle and shortened conidiophore stalk  (doxorubicin 4.0μg/ml); E) presence of vacuole in the vesicle and 
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in the conidiophore stalk (etoposide 3.0μg/ml); F) shortened conidiophore salk (etoposide 3.0μg/ml); V: vesicle; M: metulae; P: 

phialides; C: conidium; S: conidiophore stalk. Diameter of the conidiophore’s vesicle corresponds to 10μm. 

 

DISCUSSION: 

Changes in dna caused by chemical substances may also 

act as starters in a complex carcinogenesis system. The lack 

of heterozygosity in everyday cells, which convey mutations 

in malignant genes, through mitotic recombination, may 

additionally unchain a neoplasic method (14).  

In fanconi’s anemia and in bloom’s syndrome, cells of 

affected individuals gift an better degree of chromosome 

breakage, somatic recombination and an boom in neoplastic 

occurrence. The risk of developing tumors in those 

individuals is almost 15,000-fold greater than that of the 

overall populace. The loss of heterozygosity in specific genes 

through the recombination mechanism in somatic cells might 

also explain the increase of this occurrence. It even 

corroborates the hypothesis that cancer may be a recessive 

sickness at cell level (7,9,17).  

Mycelial boom of ut448//a757 and b211//a837 diploids 

inside the presence of doxorubicin and etoposide was much 

like that of controls (outcomes now not shown). Results 

indicate that doses of the antineoplastic marketers used in 

modern research do now not offer any toxicity to the 

organism beneath analysis, even though changes inside the 

shape of the conidiophore (asexual cycle) had been 

microscopically determined (fig. 1). 

 
Table 1. Homozygotization Index (HI) of UT448//A757 diploid strain exposed to 2.0μg/ml (D1-D4) and to 4.0μg/ml of doxorubicin (D1-D8). nº 

seg.; number of haploid mitotic segregants. C., control. 

 
* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program). 

 

Table 2. Homozygotization Index (HI) of UT448//A757 diploid strain exposed to 1.0μg/ml (D9-D12) and to 3.0μg/ml of etoposide (D13-D16). 

nº seg.; number of haploid mitotic segregants. C., control. 

 
* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program). 

 

Table 3. Homozygotization Index (HI) of the B211//A837 diploid strain exposed to 2.0μg/ml (D17-D20) and to 4.0μg/ml of doxorubicin (D21-

D24). nº seg.; number of haploid mitotic segregants. C., control. 

 
* Significantly different from control, P<0.05 

   

Concerning the recombinagenic potential, results 

obtained indicate that doxorubicin and etoposide were also 

capable of inducing homozygosis. These observations were 

based on the high Homozigotization Indexes values (HI > 

2.0) obtained for diploids treated with the two drugs (Tables 

1-4). The fact that diploids derived from B211//A837 strain 

showed HI values higher than those derived from 

UT448//A757 one is due to the uvs mutation in their genome. 

Homozygous diploid strains for uvsH mutation cause an 

efficient increase in the mitotic crossing-over frequency and 

in chromosome instability (10). 
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