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Abstract: The paucity of data on the fetal effects of prenatal exposure to chemotherapy prompted us to study 

transplacental transport of chemotherapeutic agents and its effect on liver. The liver was used because of the 

predominantly high penetration of almost all compounds to this organ. Doxorubicin (DOX) an anthracycline 

antibiotic, which is widely used as an antineoplastic drug in the treatment of various solid tumors, has been shown to 

induced hepatotoxicity. The aim of the present study was to investigate the protective efficacy of Alpha- lipoic acid 

(ALA) on DOX-induced hepatotoxicity in female albino rats and their offspring. The pregnant mothers were divided 

into four main groups G1 (control) i.p. injected with distilled water, after delivery divided into four subgroups:G1A 

(one day old offspring) G1B (seven days old offspring), G1C (mothers one day after delivery). G1D (mothers seven 

days after delivery). G2 orally treated with ALA at 1.3mg/kg.b.wt. via gastric tube for four successive days at 11
th

, 

12
th

,13
th

, and 14
th

 day of gestation. After delivery divided to G2A, G2B, G2C, G2D. G3 (DOX treated group) i.p. 

injected with DOX at 1.782mg/kg b.wt. for three successive days at 12
th

, 13
th

, and 14
th

 days of gestation (2
nd

 

trimester). After delivery divided to G3A, G3B, G3C, G3D. G4 (ALA+DOX treated group) i.p. injected with DOX 

at 12
th

, 13
th

, 14
th

days of gestation and were given orally ALA 24h prior to and during treatment with DOX from the 

day11
th

 to 14
th

 day of gestation. After delivery divided to G4A, G4B, G4C, G4D. DOX hepatotoxicity and beneficial 

effects of ALA were monitored by micronucleus and chromosomal aberrations assays in rat liver. DOX –induced a 

highly significant percentage of micronucleated hepatocytes in mothers and offspring one and seven days after 

delivery, and the percentage of chromosomal aberrations reached after excluding gaps 4% and 8.53% for one and 

seven days old albino rats respectively. Groups treated with ALA+DOX showed a significant reduction in the 

frequency of micronuclei formation as well as of chromosomal aberrations. In conclusion, this study shows limited 

fetal exposure after maternal administration of DOX and illustrate the protective efficacy of ALA against 

hepatotoxicity induced by DOX in rat liver. [Researcher. 2012;4(2):25-35]. (ISSN: 1553-9865).   

 

Keywords: Doxorubicin, Alpha-lipoic acid, hepatotoxicity, micronucleus, chromosomal aberrations. 

 

Introduction 
Pregnancy complicated by cancer is 

relatively rare but, there is a growing number of 

women who delay pregnancy to advanced age 

(Fitzgerald et al., 1998). Since older age is associated 

with malignant diseases (Yancik et al., 1994), 

expected that the incidence of cancer in pregnancy 

will rise also. Thus, there is the potential for more 

frequent exposure of women, embryos and fetuses to 

cytotoxic and/or immunosuppressive agents during 

pregnancy. Antineoplastic drugs may affect the 

placenta directly or may cross the placenta to enter 

fetal circulation, carrying a risk for fetal 

maldevelopment and malformations (Zemlickis et al., 

1992; Pacifici et al., 1995). Doxorubicin (DOX) or 

Adramycin (ADR) (Fig.1) is an anthracycline, 

antineoplastic antibiotic. It acts by forming stable 

complexes with DNA and by interfering with the 

synthesis of nucleic acids. DOX displays linear 

pharmacokinetics after intravenous administration. It 

is widely distributed in the plasma and tissues, and 

plasma protein binding ranging from 50 to 85%. The 

drug is extensively metabolized in the liver by aldo-

keto reductase, to yield the dihydrodiol derivative 

doxorubicinol, which retains antitumor activity 

(Danesi et al., 2002). Aldo-keto reductase activity is 

present also in the placenta (Grimshaw and Lai, 

1996). DOX is often administered to patients with 

lymphoma or solid tumors (such as breast cancer), 

which are the leading malignancies in pregnant 

women. (Montvale, 1993; Weisz et al., 2001). DOX 

is teratogenic in laboratory animals, as demonstrated 

by a number of in vivo and in vitro experiments. It 

produced increased malformation rates when tested 

in rats (Menegola et al., 2001; Gillick et al., 2002). 

Hence, it is vital to determine the frequency and 

severity of genotoxicity following treatment with 

chemotherapy and develop strategies to reduce its 

occurrence in normal cells. The measurement of 

micronucleated hepatocytes and analysis of 

chromosomal aberrations in liver are important tools 

in assessment of hepatotoxicity (Injac et al., 2008).  
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Fig(1) Tetracycline ring Daunosamine 

Chemical structure of doxorubicin. 

 

 

 

 

  Alpha-lipoic acide (ALA), a naturally 

occurring nutraceutical, functions as an essential 

cofactor in metabolic reactions involved in energy 

utilization. ALA and its reduced form dihydrolipoic 

acid are effective against conditions in which 

oxidative stress has a role (Packer et al., 1995). It 

shows beneficial effects in oxidative stress 

conditions because of its synergistic action with 

other antioxidants (Suzuki et al., 1993). ALA, 

which is universal antioxidant functions both in 

aqueous and membrane phases. (Kagan et al., 

1992)ALA supplementation has been shown to be 

beneficial in treating a number of clinical disorders 

(Greenamyre et al., 1994; Somani et al., 2000). 

(Fig,2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Redox couple formed by lipoic acid and 

dihydrolipoic acid.  

 

 

The aim of this study was to investigate the 

potential protective efficacy of ALA on DOX –

induced hepatotoxicity using pregnant female and 

their offspring albino rats monitored by 

micronucleus assay in liver hepatocytes in both 

modles and chromosomal aberration assay in liver 

offspring after one and seven days of delivery.  

 

2-Materails and methods: 

2.1. Drugs and chemicals: 

 Doxorubicin was purchased from 

Pharmacia and Upjohn-Milan-Italy (Trade name 

Adriaplastina). Alpha-lipoic acid was purchased from 

Eva-Pharma Cairo, Egypt (Trade name Thiotacid). 

2.2. Animals: 

 Random bred adult albino rats (weighing 

180-200 gm) obtained from the National Research 

Centre, Cairo, Egypt, were used. Animals were 

housed in groups and maintained under standard food 

and water ad libitium. Each adult three females were 

kept overnight in a cage with a single male rat. In the 

next morning, the presence of vaginal plug was 

considered as an evidence of mating, this day was 

considered to be the first day of pregnancy. Each 

pregnant female was kept in a separate cage to be 

observed until delivery. 

 

2.3. Doses and treatments:  

According to Paget and Barnes (1964), the 

dose of doxorubicin per rat: 99x18/1000=1.782mg/kg 

b.wt.Alpha lipoic acid per rat: 

75x18/1000=1.3mg/kg.b.wt. 

 The pregnant mothers were divided into four main 

groups (20 for each). G1(control ) i.p. injected with 

distilled water, after delivery divided into four 

subgroups: G1A (one day old offspring). G1B (seven 

day old offspring) G1C (mothers one day after 

delivery), G1D (mothers seven day after delivery). 

G2 orally treated with ALA via gastric tube for four 

successive days at 11
th

, 12
th

,13
th

, and 14
th

 day of 

gestation. After delivery divided to G2A, G2B, G2C, 

G2D. G3  (DOX treated group) i.p. injected with 

DOX for three successive days at 12
th

, 13
th

, and 14
th

 

days of gestation(2
nd

 trimester). After delivery 

divided to G3A, G3B, G3C, G3D. G4 (DOX with 

ALA treated group) i.p. injected with DOX at 12
th

, 

13
th

, 14
th

days of gestation and were given orally ALA 

24h prior to and during treatment with DOX from the 

day11
th

 to 14
th

 day of gestation. After delivery 

divided to G4A, G4B, G4C, G4D. 
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Table (1) ANOVA test Tukey's test with multiple comparisons between all groups regarding mean % of 

micronucleated hepatocytes (MNHS) in one and seven days old albino rat.  

 

Groups No.Of MNHs Mean%+ S.D. 
ANOVA RMN% 

F P-value  

IA 87 0.58+ 0.20 

33.124 0.001*** 

 

 

0.20% 

IIA 63 0.42+ 0.37 

IIA 462 3.08+ 2.45 

IVA 162 1.08+ 1.15 

IB 93 0.62+ 0.20 

25.431 0.001*** 

 

 

0.19% 

IIB 66 0.44+ 0.22 

IIB 489 3.26+ 2.32 

IVB 168 1.12+ 1.35 

 Tukey's test 

IA&IIA IA&IIIA IA&IVA IIA&IIIA IIA&IVA IIIA&IVA 

0.750 0.001*** 0.05* 0.001*** 0.05* 0.003** 

IB&IIB IB&IIIB IB&IVB IIB&IIIB IIB&IVB IIIB&IVB 

0.632 0.001*** 0.01* 0.001*** 0.01* 0.01** 
Each group consisted of 15 offsprings, 3 offsprings from each mother. The total number of scored cells is 15000 /group. A: one day. B: seven 

days Group IA: control one day. Group IIA: ALA. Group IIIA: DOX Group IVA: ALA+ DOX Group IB: control 7 days Group IIB: ALA. Group 
IIIB: DOX. Group IVB: ALA+DOX. SD: Standard deviation.Significance level: P< 0.05. * P<0.01**. P< 0.001***. RMN: Reduction of 

micronuclus level. 

 

 

 

 

2.4. Cytogenetic studies: 

2.4.1. Micronucleus test in hepatocyte: 

 The liver of mothers and their offspring were used, 

according to Tates et al. (1980) with some 

modifications. Hepatocytes were isolated from 

anaesthetised rats by the collagenase perfusion 

method (collagenase, 45
O
C; room temperature 

~25
o
C), rinsed with 10% neutral formalin three times 

and centrifuged  at  42xg  for  1  min. The  hepatocyte 

pellets were suspended in 10 % neutral buffered 

formalin and stored under refrigeration. 

Approximately 10-20 µl of hepatocyte suspention 

was dropped onto a glass slide, after air-dried, slides 

were rinsed in absolute methanol. After air-dried 

slides stained with May-Grũnwald diluted 1:1 with 

distilled water for 5 min and followed by 7% Giemsa 

stain for 15 min Micronucleated hepatocytes 

(MNHEPs) were scored in 1000 cells for each 

animal. MNs were defined as round, with a diameter 

1/4 or less than that of the nucleus and stained like 

the nucleus. (ValentinSeverin et al., 2003). The 

results were expressed as the percentage of 

micronucleated hepatocytes (%) for micronuclei level  

(RMN) was determined for ALA treatment according 

to Mokrane et al. (1996) as following: 

RMN=(micronuclei of clastogen and anticlastogen - 

micronuclei of negative control) / (micronuclei of 

clastogen -micronuclei of negative control) 

 

 

 

2.4.2. Chromosomal aberrations in hepatocyte: 

Metaphases were prepared according to Yosida and 

Amano (1965) with some modifications. The liver of 

albino rat offspring used only, Chromosomal 

aberrations assay described here utilises the 

autonomous proliferation of hepatocytes of young 

rats. Rat offspring were injected i.p. with colchicines 

at a final concentration of 3mg/kg b. Wt. 2 hrs prior 

to sacrifice. Slides were stained with 7% Giemsa 

stain in phosphate buffer (pH6.8). 100 well spread 

metaphases per animal were analyzed for 

chromosomal aberrations. The types of aberrations in 

hepatocytes included gaps, breaks, fragments and 

deletions. 

 

2.4.3.Statistical analysis:  

The significance of the results from control 

data was calculated using ANOVA and Tukey's test. 

 

3. Results: 

3.1. Micronucleus test: 

 Table (1) represented the number and mean 

% of micronucleus hepatocytes in one and seven days 

old albino rats. ALA (groups IIA & IIB) showed no 

significant elevation in the frequency of MNHS, 

indicating its safety profile. The results revealed that 

DOX (groups IIIA & IIIB) recorded a highly 

significant frequency (p< 0.001) of MNHs in one and 

seven days respectively comparing with control 
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groups (IA & IB). The protective effect of ALA 

administered to the pregnant mothers before and 

during gestation for four successive days reduced 

MN frequency 0.20% and 0.19% one and seven days 

respectively (p<0.05). Fig.4 (a, b, c).  

 Table (2) showed statistical analysis 

between one and seven days after delivery mothers 

groups IC, IIC, IIIC, IVC and ID, IID, IIID, IVD as 

regards means % ± S.D. of MNHs. Groups of DOX 

at 1.782mg/kg b.wt. treated for three successive days 

during second trimester were statistically highly 

significant (p<0.001) at one and seven days and 

declined when treated with ALA at 1.3mg/kg. b.wt. 

before and during DOX treatment to reach low 

significant levels (p<0.025 & 0.011) respectively, 

indicating ALA protective effect and safety for 

pregnant mothers. 

 

3.2. Chromosomal aberrations in hepatocyte 
offsprings:: 

 Table (3) and (4) represented the mean% ± 

SD of the percentage of chromosomal aberrations 

scored in one and seven days old albino rats. Groups 

IIIA & IIIB (their mothers treated with DOX) 

recorded a highly significant percentage of 

aberrations in hepatocytes (p<0.001)***. Groups 

IVA & IVB (their mothers treated with (ALA+DOX) 

recorded a lower significant level, at one day old was 

no significant (p<0.404), at seven days old was 

significant at (p<0.003)** level comparing to treated 

groups IIIA&IIIB respectively. The percentage after 

seven days was more than that of one day indicating 

the accumulative effect of anthracyclines in liver 

cells. (fig3:d, e, f). 

 

 

4. Discussion:  

 Animal and human data suggest that most 

antineoplastic drugs may have deleterious effects on 

the fetus, including increasing incidence of 

prematurity, intrauterine growth retardation and low 

birth weight. Animal models have also show a high 

risk of congenital anomalies, which in human occur 

mainly when the drugs are administered during the 

first trimester (Zemlickis et al., 1993). DOX affect 

pregnancy outcome in human and animals (Gillick et 

al., 2002), the drug may damage DNA structure, 

inhibit proliferation or induce apoptosis of different 

cells that are important during placental and 

embryonic development in the first trimester of 

pregnancy (Matalon et al ., 2004). Anthracycline was 

found in the maternal and fetal parts of the placenta 

of women with lympho-proliferative disorders were 

treated with DOX-containing regimens (Karp et al.,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3): 

a- A mother hepatocyte with multinucleated and micronuclei. 

b- Two offspring hepatocytes with micronuclei. 
c- An offspring hepatocyte with two micronuclei. 

d- A metaphase of offspring hepatocyte with chromosome break. 

e- A metaphase of offspring hepatocyte with fragment. 
f- A metaphase of offspring hepatocyte with chromatid gap and 

chromosome deletion. 

 

 

1983). Moreover, DOX was found in the liver, 

kidney and lung, but not in the amniotic fluid of a 

woman with Hodgkin's lymphoma, who aborted at 

the 17
th

 week of gestation (D' Incalci et al., 1983). 

Those findings suggest that DOX may cross the 

placenta. In a recent study, Van Calsteren et al., 

2010, in a baboon model, a limited fetal exposure 

was found after maternal administration of DOX, 

epirubicin, vinblastine and 4-hydroxy-

cyclophosphamide. The limited transfer and 

undetectable levels in brain and cerebrospinal fluid 

(CSF) are reassuring findings. 

Voulgaris et al., 2011, a comprehensive 

review about cancer and pregnancy illustrated that 

anthracycline antibiotics are agents specific for the 

G2/S phase that interact with the topoisomerase II 

enzyme. No adverse outcomes have been reported for 

the use after the 1
st
 trimester for DOX or 

daunorubicin (Germann et al., 2004; Ring et al., 
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Table (2): ANOVA test and Tukey's test with multiple comparisons between all groups regarding mean %  

of micronucleated hepatocytes (MNHS) of albino rat mothers one and seven days after delivery. 

 

Groups 
NO.of 

MNHs 
Mean%+ S.D. 

ANOVA 
RMN% 

F P-value 

IC 44 0.88+ 0.58 

23.154 0.001*** 

 

 

 

 

0.37% 

IIC 33 0.66+ 0.60 

IIIC 134 2.68+ 0.92 

IVC 77 1.54+ 0.75 

ID 41 0.82+ 0.37 

25.1231 0.001*** 

 

 

 

 

0.19% 

IID 31 0.62+ 0.20 

IIID 154 3.08+ 1.24 

IVD 60 1.20+ 0.95 

Tukey's test 

IC&IIC IC&IIIC IC&IVC IIC&IIIC IIC&IVC IIIC&IVC 

0.215 0.001*** 0.001** 0.001*** 0.001** 0.025* 

ID&IID ID&IIID ID&IVD IID&IIID IID&ID IIID&IVD 

0.351 0.001*** 0.05* 0.001*** 0.05* 0.011** 
Each group consisted of 5 mothers. The total number of scored cells is 5000 /group. C: one day after delivery. D: 7 days after delivery Group IC: 

control group. Group IIC: ALA .Group IIIC: DOX. Group IVC: ALA+DOX .Group ID: control group. Group IID: ALAGroup IIID: DOX. Group 

IVD: ALA+DOX.SD: Standard deviation. Significance level: P< 0.05.* P<0.01** P<0.001. *** RMN: Reduction in micronuclus level. 
 

 

2005; Loibl et al., 2006). DOX and epirubicin seem 

to display similar toxicity profiles and transplacental 

transfer during pregnancy. Peccatori et al., 2009, 

recently reported the feasibility and safety of weekly 

low dose single agent epirubicin after the 1
st
 trimester 

in 20 patients with gestational breast cancer. DOX is 

teratogenic in laboratory animals, as demonstrated by 

a number of in vivo and in vitro experiment, it affects 

almost every organ system in the body, the cell 

populations that typically exhibit rapid cell turnover, 

such as those of the bone marrow and gastrointestinal 

mucosa are the most sensitive to its deleterious side 

effects (Kocak et al., 2004).   

 

The liver micronucleus assay was performed in 

mothers and their offspring to investigate the 

inducibility of micronucleated hepatocyte. The 

present study demonstrated that, DOX gave up to ~ 

2mg/kg b.w. /day,
 
i.p. treatment for three consecutive 

days, cumulative dosage ~ 6 mg/kg b.w. during 

second trimester of gestation
 
produced increased 

frequencies of micronuclei in albino rat hepatocytes 

of offsprings and their mothers. The results recorded 

a significant (p< 0.01) elevation in the percentage of 

micronuclei at seventh day of delivery than the first 

day, for the mothers and offspring. The liver was 

used in this study as it is extremely important for the 

risk assessment of the potential aberrations because 

of the predominantly high penetration of almost all 

compounds to this organ (Igarashi et al., 2007). 

According to the unique nature of hepatocyte 

micronuclei were scored in mono-,bi- and 

multinucleated cells . Since micronuclei are the result 

of either chromosome breaks or disturbances of the 

mitotic spindle (Heddle, 1977). The formation of 

micronuclei is a good example of drug induced 

chromosomal alterations that do not kill the cell. 

Stopper et al., 1999, reported that, topo II inhibitors 

from different chemical classes are able to induce 

micronuclei in concentrations of low toxicity which 

are in the clinically relevant dose range. Micronuclei 

might be induced without apoptosis under certain 

conditions. If the micronucleus containing cells 

survive and divide they may be precursors of 

malignant cells (Stopper and Mũller, 1997). Even if 

they are not precursors themselves they are an 

indication of the amount of genotoxic damage 

induced in healthy tissue by therapy. 

DOX induces mutations and chromosomal 

aberrations in normal and tumor cells.DNA damage 

can have a variety of biological ramifications 

including inhibition of DNA replication and/ or RNA  
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Table (3): ANOVA test and Tukey's test with multiple comparisons between all groups regarding 

chromosomal aberrations in one day old albino rat liver cells. 

Groups (One day) 
Gaps 

Breaks and 

/ or 

fragments 

Deletions 

More than 

one 

aberration 

Total 

aberrations 

with gaps 

Total 

aberrations 

without gaps 

Mean%±SD Mean%±SD Mean% SD Mean%±SD Mean%±SD  Mean%±SD 

Group IA 1.53±1.06 0.53±0.64 0.20±0.41 0.00±0.00 2.27±1.39 0.73±0.88 

Group IIA 1.60±1.06 0.60±0.51 0.53±0.52 0.00±0.00 2.73±0.96 1.13±0.64 

Group IIIA 4.00±1.19 1.80±1.01 1.53±1.36 0.67±0.82 8.00±1.36 4.00±1.60 

Group VIA 3.60±1.59 1.60±1.12 1.00±0.93 0.60±0.51 6.80±2.04 3.20±2.01 

A N O V A
 F 16.33 8.85 6.43 8.73 55.97 19.28 

P-value 0.000*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 

T
u

k
y

's
 t

es
t 

IA&IIA 0.999 0.997 0.732 1 0.826 0.861 

IA&IIIA 0.000*** 0.001*** 0.001*** 0.002** 0.000*** 0.000*** 

IA&IVA 0.000*** 0.007** 0.075 0.006** 0.000*** 0.000*** 

IIA&IIIA 0.000*** 0.002** 0.016** 0.002** 0.000*** 0.000*** 

IIA&IVA 0.000*** 0.012** 0.478 0.006** 0.000*** 0.001*** 

IIIA&IVA 0.816 0.919 0.359 0.981 0.134 0.404 
Each group consisted of 15 offsprings, 3 offsprings from each mother. The total number of scored cells is 1500 /group. Group IA: One day old 

albino rat liver of the control group. Group IIA: One day old albino rat liver of the ALA treated group. Group IIIA: One day old albino rat liver of 
the DOX treated group. Group IVA: One day old albino rat liver of ALA+DOX treated group . significant level: P<0.05, * P<0.01, ** P<0.001. 

***  

 

transcription and ultimately leads to cell death 

(Gewirtz, 1999; Olsen et al.,2005). DOX intercalates 

with DNA and partially uncoils the double-strand 

helix, it has a high affinity for cell nuclei as much as 

60% of the total intracellular amount of DOX found in 

the nucleus. Once binding to DNA occurs several 

consequences may issue. DOX binds to DNA 

polymerase and inhibits nucleic acid synthesis. In 

addition, anthracyclines are known to stabilize the 

otherwise cleavable complex between DNA and 

homodimeric top II enzyme subunits, resulting in 

formation of protein-linked DNA double strand breaks 

(Evert et al., 2001 ), and undergo redox reactions that 

generate reactive oxygen species (ROS). (El-makawy 

and El-Ashmaoui, 2003; Kurz et al.,2004; Pommier et 

al., 2010). ADR induced myocardial, hepatic lipide 

peroxidation and enhanced DNA damage as single 

strand breaks in rat hepatocytes 24h after treatment. 

(Bagchi etal., 1995).  

 

The micronuclei-induction by ADR is mainly 

due to DNA strand breaks and chromosome aberration 

in Hela cells (Jagetia and Nayak,1996) human 

lymphocytes (Amara-Mokrane et al., 1996), and in 

human cancer cells (Dhawan et al.,2003; Tan and 

Porter, 2009). In addition, DOX can also react with 

cellular formaldehyde to form DNA adducts (Swift et 

al., 2006). 

 

     It is believed that oxidative stress and the 

formation of free radicals play a crucial role in the 

mechanism of DOX toxicity in liver. Two different 

mechanisms have been identified. The first implicates 

the formation of semiquinone-type free radical 

molecules, which are produced via the NADPH-

depended reductase enzyme pathway. Derivatives 

originating from DOX give rise to superoxide radicals 

by reacting with oxygen. The second pathway 

includes a non-enzymatic reaction, which involves a 

reaction of DOX with iron. Semiquinone metabolites 

delocalized Fe
2+ 

DOX from ferritin and generate 

H2O2, hence causing hydroxyl radical formation and 

oxidant injury in cellular systems ( Injac et al.,2008). 

 Patel et al., 2010 suggest that DOX 

metabolism triggered production of ROS and reactive 

intermediates in liver resulting in oxidative stress and 

genomic injury followed by cell death. 

 

 Chromosomal aberrations assay described 

here utilises the autonomous proliferation of 

hepatocytes of young rats. DOX induced highly 

significant percentage of structural chromosomal 

aberrations in hepatocytes of one and seven days old 

albino rats. The more frequent aberrations were gaps, 

breaks and /or fragments and deletions..Another 

concern was the presence of high ploidy and two 

nuclei in hepatocyes, i.e. the binucleated tetraploid  
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Table (4): ANOVA test and Tukey's test with multiple comparisons between all groups regarding 

chromosomal aberrations in seven days old albino rat liver cells.  

Groups(seven 

days) 

Gaps 
Breaks and / or 

fragments 
Deletions 

More than one 

aberration 

Total aberrations 

with gaps 

Total aberrations 

without gaps 

Mean%±S

D Mean%±SD 

Mean%±S

D Mean%±SD Mean%±SD Mean%±SD 

Group IB 1.27±1.10 0.67±0.62 0.13±0.35 0.00±0.00 2.07±1.49 0.80±0.86 

Group IIB 2.07±0.88 0.47±0.52 0.53±0.52 0.00±0.00 3.07±1.03 1.00±0.76 

Group IIIB 5.93±1.98 4.27±1.67 2.87±1.25 1.40±1.18 14.47±2.20 8.53±1.88 

Group VIB 3.53±1.30 1.60±1.40 1.00±0.53 0.47±0.52 3.07±1.53 6.47±2.20 

ANOVA 
F 33.13 33.99 39.33 15.68 198.573 94.21 

P-value 0.000*** 0.00*** 0.00*** 0.00*** 0.000*** 0.00*** 

T
u

k
y
's

 t
es

t 

IB&IIB 0.393 0.965 0.464 1 0.337 0.985 

IB&IIIB 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 

IB&IVB 0.000*** 0.136 0.012** 0.208 0.337 0.000*** 

IIB&IIIB 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 

IIB&IVB 0.026* 0.047* 0.327 0.208 1 0.000*** 

IIIB&IVB 0.000*** 0.000*** 0.000*** 0.001*** 0.000*** 0.003** 

Each group consisted of 15 offsprings, 3 offsprings from each mother. The total number of scored cells is 1500 /group. Group IB: Seven days old 

albino rat liver of the control group. Group IIB: Seven days old albino rat liver of the ALA treated group. Group IIIB: Seven days old albino rat 
liver of the DOX treated group. Group IVB: Seven days old albino rat liver of the ALA +DOX treated group. Significant level :. P<0.05, * 

P<0.01**, P<0.001. *** 

 
 

 

and mononucleated triploid seen commonly in mature 

rats (Igarashi et al., 2007). 

 

 In this context, ADR induces cytogenetic damage e.g. 

large deletions as a major type of gene mutation in 

mammalian cells, suggesting the involvement of ROS 

as one mutagenic pathway (Yongjia et al., 1994), 

chromatid breaks are the most frequent aberrations 

induced in rat bone marrow cells (Tohamy et al., 

2003; Gũlkac etal., 2004) chromosomal aberration and 

comet assays in human lymphocytes (Leite-Silva et 

al., 2007). Aly et al. (2009) reported that daunorubicin 

(DOX analogue) produced a significant percentage of 

chromosomal aberrations and sister-chromatid 

exchanges in somatic and germ cells of mice. DOX 

induced cardiotoxicity and genotoxicity in bone 

marrow cells of albino mice (Yalcin et al., 2010). 

 

 The aim of the present study was to investigate the 

protective efficacy of Alpha-lipoic (ALA) acid against 

DOX clastogenicity and hepatotoxicity in liver of 

albino rats (mothers and offspring). The beneficial 

effects of ALA were monitored by the same assays 

micronucleus and chromosomal aberrations in 

hepatocytes after pre- and concurrent  treatment  of 

ALA with DOX in a regimen for four consecutive 

days during second trimester of gestation. The results 

revealed a significant reduction in the frequency of 

micronucleus as well as chromosomal aberrations in 

hepatocytes of mothers after delivery (one and seven 

days) and for one and seven days old albino rats. ALA 

reduced the frequency of aberrant cells to approach 

the control levels.  

 

 AlA a naturally occurring nutraceutical, 

functions as an essential cofactor in metabolic 

reactions involved in energy utilization.ALA and its 

reduced form dihydrolipoic acid (DHALA) are 

effective against conditions in which oxidative stress 

has a role (Packer et al., 1995).So it shows beneficial 

effects in oxidative stress conditions for its synergistic 

action with other antioxidants (Suzuki et al.,1993), 

Dozio et al.,2010 ,reported that ,ALA a naturally 

occurring ROS scavenger, has been shown to possess 

anticancer activity due to its ability to suppress 

proliferation and to induce apoptosis in different 

cancer cell lines.  

 

 The dithiol nature of lipoate renders this 

compound highly reactive against a number of ROS 

and it also has the ability to regenerate oxidized 

antioxidant.ALA and its reduced form have the ability 

to scavenge the singlet oxygen, hydrogen peroxide, 

hydroxyl radicals, superoxide radicals and also chalate 

the ferrous ion involved in the production of hydroxyl 

radical (Navari-Izzo et al., 2002). Specifically, the 

hydroxyl radical react with DNA and cause the 
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hydroxylation of deoxyguanosine at C8 (Palmeira et 

al., 1997). Scavenging of hydroxyl radical prevents 

hydroxylation of deoxyguanosine and thus associated 

DNA damage. Furthermore, Devasagayam et al. 

(1993) reported that ALA exerted effective action 

against singlet oxygen-induced DNA single strand 

breaks and inhibited the site specific degradation of 

deoxyribose by pro-oxidants. ALA and DHALA both 

inhibit the apoptosis of rat thymocytes after exposure 

to either methyl prednisolone or etoposide, this 

inhibition was manifested at an early stage in the 

apoptosis as cell shrinkage, chromatin fragmentation 

(Bustamante et al., 1995). Prahalathan et al., 2005 

have reported the protective role of ALA on ADR –

induced testicular toxicity, Selvakumar et al (2006) 

demonstrated the chemoprotective effect of ALA in 

cyclophosphamide-induced clastogenicity in rat bone 

marrow cells. Prahalathan et al. (2006) investigate the 

protective efficacy of ALA against ADR– induced 

genotoxicity in erythropoietic system of rats. Single 

i.p. of ALA prior to ADR administration showed 

significant reduction in the frequency of chromosomal 

aberrations, DNA strand breaks and apoptosis in bone 

marrow cells as well as decreased the micronuclei 

formation in bone marrow and peripheral blood, 

indicating the dose dependent effect of ALA. The 

protection rendered by ALA in the present study, well 

corroborates with their findings. 

 

 In this concern, Saad et al. (2010) illustrated the 

role of oxidative stress and nitric oxide in the 

protective effect of alpha-lipoic acid and 

aminoguanidine against isoniazid- rifampicin-induced 

hepatotoxicity in rats and Tabassum et al.(2010) 

reported about the protective effect of ALA aganist 

(antitumor drug) methotrexate-induced oxidative 

stress in liver mitochondria. 

 

In conclusion, in the current study a limited 

transplacental transfer of DOX was demonstrated in 

rats hepatocytes and causes liver injury. The 

improvement in liver cytotoxicity of mothers and their 

offspring treated with ALA against DOX 

hepatotoxicity may focus attention on the beneficial 

effect of ALA to overcome one of the most serious 

problems in cancer chemotherapy. ALA was effective 

in reducing DNA damage and may decrease the risk 

of secondary malignancy. 
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