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ABSTRACT 

Adriamycin (ADR) is an efficient chemotherapeutic agent used against several types of tumors; however, its use is limited due to 
severe cardiotoxicity. Since it is accepted that ADR induced myocardiopathy is the consequence of oxidative stress through the 
mediation of free radicals, antioxidant agents have been used to attenuate its side effects. The aim of this study was to investigate 
the effect of Globularia alypum butanolic extract (GABE) on the acute cardiac toxicity induced by ADR in rats. The phytochemical 
analysis carried out on the GABE showed the presence of flavonoids. ADR toxicity was evaluated biochemically by measuring the 
serum concentration of Lactate Dehydrogenase (LDH), Creatinine Phospho Kinase (CPK) and Aspartate Amino Transferase (AST). 
Oxidative stress in the heart tissue was estimated by measuring the glutathione (GSH) levels and malondialdehyde (MDA) in the 
homogenate. The pretreatment of rats with the GABE orally at a dose of 100mg/kg for a month resulted in a decrease in the plasma 
enzymatic cardiac injury (CPK, LDH and AST), reduction in cardiac cytosolic MDA and maintenance of cardiac cytosolic GSH level as 
compared to ADR treated animals at a dose of 20 mg/kg intraperitoneally. Cardiac histopathological changes were observed in the 
ADR group as compared to the control group. In contrast, these histopathological changes appeared nearly normal in the group 
pretreated with GABE. These findings suggest that the butanolic extract of this plant has protective effects against ADR induced 
cardiotoxicity and may be a useful agent in the combination therapy with ADR to limit free-radical-mediated cardiac injury. 
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INTRODUCTION 

lobularia alypum, L. (G.alypum) is a wild plant 
belonging to Globulariaceae family. It is a 
perennial shrub which is found throughout the 

Mediterranean area1. G.alypum is commonly used in 
North African (Tunisia, Morocco, Libya and Algeria) folk 
medicine2. Its leaves are reported to be used in the 
treatment of diabetes and in renal and cardiovascular 
diseases. They are also used as laxative, cholagogue, 
stomachic, purgative, sudorific, antihypertensive, and 
hypoglycemic3. The infusion of G.alypum, exhibiting no 
toxicological effects, was thus shown to produce a 
significant hypoglycaemic in rats both by oral and 
intraperitoneal administration4. A significant antileukemic 
activity of an aqueous extract of G.alypum was also 
reported5. Recently, methanol and dichloromethane 
extracts of G.alypum were also shown to reduce 
histamine and serotonin contraction in vitro6. The hydro-
methanolic extract of G. alypum aerial parts showed 
significant antioxidant effect, based on the scavenging 
activity of the stable 2, 2-dipenyl-1-picrylhydrazyl (DPPH) 
free radical. The antioxidant activity of the G.alypum 
phytochemicals (flavonoids, phenylethanoids, iridoids) 
were also evaluated for their capacity to scavenge DPPH 
and some structure–activity relationships were obtained7. 
As a consequence of these properties, G.alypum can have 
immense potential in preventing the oxidative damage to 
the heart caused by anticancer drugs such as ADR. 

ADR, an anthracycline glycoside antibiotic originally 

produced by Steptomyces peucetius var. caesius8-9, is a 
potent chemotherapeutic agent, often used in the 
treatment of solid tumors, especially breast and ovarian 
cancer10. However, its use is limited by high incidence of 
cardiac toxicity10-11. Great efforts have been made to 
understand the mechanism responsible for ADR anti-
tumor and cardiotoxic effects. The non-radical-dependent 
mechanisms such as, blocking the DNA polymerase 
enzyme, intercalation of the drug between DNA base 
pairs, DNA topoisomerase II inhibition12-13, and tumor cell 
apoptosis14 may explain its anti-tumor action. Several 
hypotheses have been postulated to explain the 
mechanism of ADR-induced cardiotoxicity, including the 
generation of reactive oxygen species (ROS)15, decrease in 
calcium channel level16 and decrease in energy 
production in myocardium17-18. Ample evidence is now 
available supporting the view that increased oxidative 
stress, because of the ADR induced increase in production 
of free radicals during its intracellular metabolism play an 
important role in the development of cardiomyopathy 
and congestive failure19-20. ADR is known to generate free 
radicals either by redox cycling between a semiquinone 
form and a quinone form or by forming a ADR-Fe+3 
complex (7). In both pathways, molecular oxygen Is 
reduced to superoxide anion (O2

-), which is converted to 
other forms of reactive oxygen species such as hydrogen 
peroxide (H2O2) and hydroxyl radical (OH)21. These Free 
radicals cause diverse oxidative damage on critical cellular 
components and membranes in heart tissue22. Moreover, 
the heart is a very sensitive tissue to oxidative stresses 
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because of its highly oxidative metabolism combined with 
the fact that it has a lower level of antioxidant defense 
compared with other metabolic organs such as liver or 
kidney11-22. Due to the successful action of ADR as a 
chemotherapic agent, several strategies have been tried 
to prevent/attenuate the cardiac toxicity of ADR without 
affecting their therapeutic efficacy23. 

Assuming that oxidative stress is an important 
mechanism for explaining the cardiotoxicity caused by 
ADR, it seems relevant to develop therapeutic strategies 
using antioxidants to prevent or to attenuate this side 
effect of the drug24. Different antioxidants such as 
vitamins A, E, and C, probucol or N-acetylcystein, and S-
allylcystein do not interfere with anthracycline activity in 
tumor cells but their cardioprotective efficacy was 
limited. The iron chelator IRCF-187 was found to be 
effective against ADR cardiotoxicity but its use is limited 
by an hematological toxicity10. 

Over the last few years, considerable attention has been 
paid to investigating naturally occurring agents for their 
capability to stimulate defense mechanisms. Plants have 
limitless ability to synthesize aromatic substances such as 
polyphenols, mainly flavonoids and phenolic acids, which 
exhibit antioxidant properties due to their hydrogen 
donating and metal-chelating capacities25. In the present 
study butanolic fraction of G.alypum was extracted and 
its efficacy to prevent ADR induced cardiotoxicity was 
studied. 

MATERIALS AND METHODS 

Chemicals 

The chemicals were purchased from Sigma (USA) and 
Fluka Chemie (Buchs, Switzerland). 

Plant material 

Fresh G.alypum was collected during February 2008 from 
the region of El Milia, Algeria. Taxonomic identification 
was perfomed by Pr. N.Khallafalah (Laboratory of 
Genetics, plants biochemistry and Biotechnologies, 
Faculty of Sciences, University Mentouri - Constantine, 
Algeria). 

Preparation of plant extract 

Fresh aerial parts (stems, leaves and flowers) were air-
dried in shade at room temperature for a period of 2 
weeks. They were then mechanically powdered and 
sieved. 1779g of the obtained powder were macerated 
during 48 h at room temperature with mixture of distilled 
water–methanol (3/7 V/V). 

The obtained crude preparation was filtered and 
concentrated under reduced pressure by rotary 
evaporator at 47 °C to give the crude methanolic extract. 
Procedure of extraction and evaporation was repeated 
three times. 

This crude extract was dissolved in water and the 
obtained aqueous phase was successively extracted with 

petroleum ether to remove lipids, ethyl acetate and 
butanol respectively. All the fractions were dried under 
reduced pressure26. 

Phytochemical analysis 

Phytochemical screening was performed on butanol 
extract (BE) to test the presence of flavonoids. Two 
methods were used to determine the presence of 
flavonoids in the GABE27. 5 ml of dilute ammonia solution 
were added to a portion of the aqueous filtrate of plant 
extract followed by addition of concentrated H2S04. A 
yellow coloration observed in each extract indicated the 
presence of flavonoids. The yellow coloration 
disappeared on standing. 

Few drops of 1% aluminium solution were added to a 
portion of each filtrate. A yellow coloration was observed 
indicating the presence of flavonoids. 

UV-vis spectra of flavonoids in methanol of the GABE 

The UV-vis spectra of flavonoids and related glycosides 
show two strong absorption peaks commonly referred to 
as band I (300-380 nm) and band II (240-280 nm). Band I 
is associated with the presence of a B-ring cinnamoyl 
system of flavonoids. Band II absorption is due to A-ring 
benzoyl system flavonoids28. 

Total flavonoids determination 

The flavonoids content in GABE was determined 
spectrophotometrically using a method based on the 
formation of a complex flavonoid–aluminium29, having 
the absorbtivity maximum at 430 nm. 1ml of diluted 
GABE was mixed with 1 ml of 2% aluminum chloride 
methanolic solution. After incubation at room 
temperature for 10 min, the absorbance of the reaction 
mixture was measured at 430 nm. The calibration curve 
was prepared by preparing quercetin solutions at 
concentrations 0 to 40 µg /ml in methanol. And the 
flavonoids content was expressed in mg per g of 
quercetin equivalent (QE). 

Determination of Total polyphenols content 

Total polyphenols were measured using Prussian blue 
assay method described by Price & Bulter and modified 
by Graham30. Phenolic contents were expressed as gallic 
acid equivalents. Briefly, 0.1 ml of GABE was dissolved in 
methanol and 3 ml distilled water were added and mixed 
up. One ml of K3Fe (CN)6 (0.016 M) was added to the 
sample followed by the addition of 1 ml of FeCl3 (0.02 M 
dissolved in 0.1 M HCl) and immediately mixed up using a 
vortex. After the addition of the reagents to the sample, 
5ml stabilizer (30 ml of 1% gum Arabic, 30 ml of 85% 
H3PO4 and 90 ml distilled water) were added to the 
sample and mixed up. 

The absorbance was measured at 700 nm using a 
spectrophotometer. The amount of total polyphenols in 
the extract was determined from a standard curve of 
gallic acid ranging from 0.00 to 200 µg/ml. 
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Assessment of cardiotoxicity 

Experimental animals and treatment protocol 

In this investigation, 24 healthy adult male Wistar albino 
rats (8-week-old weighing 160 –180 g) were used. The 
animals were obtained from the Pasteur institute, Algeria. 
The animals were kept under standard laboratory 
conditions (12 h light :12 h dark and 25±5 ◦C). The rats 
were fed standard commercial laboratory chow. The 
animals were allowed to adapt to the new housing 
environment for 1 week before the experiment. 

To study the effect of chronic administration of GABE on 
ADR induced cardiotoxicity, four Groups of six animals 
each were taken and treated as follows: 

Group I: Control group received a saline (5ml/Kg b.w), 
orally for 4 weeks. 

Group II: received GABE in dose of 100 mg. kg-1 p.o daily 
for 4 weeks. 

Group III: received a Saline 5 ml/Kg p.o daily for 4 weeks + 
ADR 20 mg/kg, single Intraperitoneal injection, which is 
well documented to induce cardiotoxicity31-32 after 4 
weeks. 

Group IV: received GABE in dose of 100 mg.kg-1 p.o. + 
ADR (20 mg/kg) single Intraperitoneal injection after 4 
weeks. 

Sample collection 

Twenty-four hours after the administration of ADR, blood 
samples were collected by orbital sinus puncture into 
tubes containing anticoagulant. The samples were 
centrifuged at 6000t/min for 15 min, and then the plasma 
was removed immediately and stored at−20 ◦C until 
biochemical analyses, then The animals were sacrificed by 
cervical dislocation and the heart of each animal was 
rapidly dissected and washed to remove excess blood and 
cut into two pieces; The first piece was fixed in formalin 
for histological analysis and the second was homogenized 
in a Teflon-glass homogenizer with a buffer containing 
1.15% KCl to obtain 1:10(w/v) whole homogenate. The 
homogenates were centrifuged at 4000 t/min (+4 ◦C) for 
10 min to determine malondialdehyde (MDA) and 
reduced glutathione (GSH) concentrations33. 

Determination of plasma biochemical parameters 

Lactate dehydrogenase (LDH; EC: 1.1.1.27), creatine 
phosphokinase (CK; EC: 2.7.3.2), aspartate 
aminotransferase (AST; EC: 2.6.1.1) were determined 
from the plasma that have been obtained by enzymatic 
colorimetric methods with an auto-analyzer (Technicon 
RA, opera systems Reference-Number. T01-2801-56). 

Determination of reduced glutathione (GSH) 

Levels of GSH were assessed only in the cytosol using 
Ellman assay. Then, 50µl of the cytosol fraction were 
diluted in 10 ml of phosphate buffer (0.1M, pH 8.0). 
Twenty microliter of 5,5’-dithiobis 2-nitro-benzoic acid 

(0.01M) (DTNB) were added to 3 ml of the mixture 
dilution. After 15 min, the absorbance of thionitrobenzoic 
acid (TNB) produced after oxidation of GSH by DTNB was 
evaluated at 412 nm against a blank prepared by TCA 
(5%) under the same conditions. The GSH amounts were 
calculated using a standard curve of GSH, and were 
expressed in µmole/g34. 

Determination of lipid peroxidation (MDA) 

The concentrations of MDA as a marker of lipid 
peroxidation were determined according to the method 
of Ohkawa and Ohishi35 based on a colorimetric reaction 
with thiobarbituric acid, and were expressed as nmol /g 
of heart tissue. Briefly, in a teflon-stoppered test tube, 
0.5 ml of 20% trichloroacetic acid solution and 1ml of 1% 
thiobarbituric acid solution were added to the 0.5 ml of 
homogenate. The color of thiobarbituric acid pigment 
was developed in a water bath at 100°C for 15 min. after 
cooling with tap water to room temperature; 4ml n-
butanol was added and shaken vigorously. After 
centrifugation at 3000 rpm for 15 min, the color of 
butanol layer was measured at 535 nm. The absorbance 
values obtained were compared against a standard curve 
of known concentrations of 1,1,3,3-tetraethoxypropane. 

Histopathological examinations 

Hearts tissues from all the four treated groups were fixed 
in 10 % formalin and embedded in paraffin wax. Sections 
at 5µm were stained with hemotoxylin and eosin. The 
sections were then viewed under light microscope for 
histopathological changes36. 

Statistical analysis 

Results were expressed as mean ± SD of three 
measurements. The significance difference among the 
four groups was assessed using one-way ANOVA followed 
by the Tukey test to identify differences between the 
groups. Statistical significance was acceptable to a level of 
p<0.05. 

RESULTS 

Phytochemical investigation 

The extract fraction for each solvent was obtained by 
concentrating under reduced pressure by using rotary 
evaporator. 

Table 1 provides the yield of each extract fraction. The 
Phytochemical analysis in the methanolic solution carried 
out on the butanolic extract of this plant showed the 
presence of flavonoids. 

Table 1: The yield of the organic extracts from Globularia 
alypum 

Shade plant 
weight (g) 

Extract fraction Weight 
(g) 

Yield (%) 

1779 

Petroleum ether 2 0.11 

Ethyl acetat 5.56 0.31 

butanol 238.31 13.39 
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UV-vis spectra of flavonoids in methanol of the GABE 

The UV-vis absorbance spectrum of GABE (Fig.1) exhibits 
two absorption peaks at 371 nm corresponding to bands I 
(Cinnamoyl) and 260 nm corresponding to bands II 
(Benzoyl) of flavonoids. 

 
Figure 1: The UV-vis absorbance spectrum of GABE 

Total phenol and Flavonoid contents of the GABE 

Total phenolic and flavonoid content in vitro of butanolic 
extract of the plant are shown in table 2. The total 
phenolic content in the extract was estimated by the 
price and bulter method30. Total phenol content was 
expressed in mg Gallic acid equivalents per gram of dry 
extract according to the formula that was obtained from 
standard Gallic acid graph (y = 0.004X + 0.108, R2 = 0.971). 
Results of the research showed that the phenolic 
compound of the tested extract was 103.81 ± 3.65 mg of 
Gallic acid equivalent per g dry extract, while the 
concentration of flavonoids in GABE was estimated by 
using spectrophotometric method with aluminum 
chloride29. The total flavonoid content in the extract was 
determined as mg of quercetin equivalent per gram of 
dry extract according to the formula that was obtained 
from standard quercetin graph (y = 0.016x + 0.238, R2 = 
0.959). As shown in the Table 2, the flavonoid content 
was 21.5±1.51mg of quercetin equivalent per g dry 
extract. The results of this study show that GABE 
represents a significant source of phenols and 
polyphenolic compounds, such as flavonoids. 

Table 2: Total polyphenol and flavonoid contents of 
Globularia alypum butanolic extract 

G.alypum 
butanolic extract 

Total polyphenol and Flavonoids (mg) 

mg equivalent 
Gallic acid / g dry 

weight 

mg equivalent 
quercetin / g dry 

weight 

103.81±3.65 mg 
GAE/ g dry weight 

21.5±1.51mg QE/ g dry 
weight 

Effect of GABE on ADR-induced changes in serum 
biochemical parameters 

Table 3 demonstrates the effect of GABE (100 mg.kg-1, 
p.o) on the acute toxicity induced by single injection of 
ADR (20 mg. kg-1, i.p). Intraperitoneal administration of 
ADR caused cardiotoxicity in all rats. Single i.p. injection 
of ADR significantly elevated serum LDH, CPK and AST 
levels reaching 522.16 ± 35.4 U.L-1, 603.5 ± 48.77 U.L-1 
and 184 ± 56.88 U.L-1 as compared with the control 
group. Pretreatment of the animals with GABE (100 
mg.kg-1, p.o) reduced significantly the rise in the level of 
serum LDH, CPK and AST enzyme activities by 400.16 ± 
43.65 U.L-1, 444.66 ± 53.51 U.L-1 and 114.16 ± 7.57 U.L-1, 
respectively, compared with ADR receiving group. 

Effect of GABE on ADR -induced changes in GSH contents 
and lipid peroxides in heart tissues 

Table 4 shows the effect of GABE pretreatment on ADR-
induced changes in lipid peroxides measured as MDA and 
reduced GSH levels. MDA in heart tissue was significantly 
higher in ADR–treated group (146.98 ± 10.57 nmole/g of 
heart tissue) compared to control (128.95 ± 8.07 nmole/g 
of heart tissue). Pretreatment of the animals with GABE 
(100 mg.kg-1, p.o) produced a significant decrease in MDA 
(130.84 ± 5.12 nmole/g of heart tissue) compared to ADR 
treated group (146.98 ± 10.57 nmole/g of heart tissue). In 
addition, there was a high significant decrease in GHS in 
ADR–treated group (1.63 ± 0.16 µmole/g of heart tissue) 
compared to control (2.5 ± 0.19 µmole/g of heart tissue). 
Pretreatment of the animals with GABE (100 mg.kg-1, p.o) 
ameliorated the depletion of GSH content, there was a 
high significant increase in GHS in GABE - ADR treated 
group (2.02 ± 0.13 µmole/g of heart tissue) compared to 
ADR treated group (1.63 ± 0.16 nmole/g of heart tissue). 

Table 3: Effect of GABE (100mg kg-1 p.o daily for 4 weeks), on ADR (20mg kg-1, i.p)-induced elevated serum levels of lactic 
dehydrogenase (LDH), creatine phosphokinase (CPK) and aspartate aminotransferase (AST) activities 

Parameters groups LDH (U.L-1) CPK (U.L-1) AST (U.L-1) 

Control group 389.66 ± 24.96 361.16 ± 28.35 122 ± 18.80 

GABE group  306.83 ± 41.90 336.66 ± 20.33 122.66 ± 31.91 

DXR treated group 522.16 ± 35.40** 603.5 ± 48.77*** 184 ± 56.88* 

GABE + DXR treated group 400.16 ± 43.65## 444.66 ± 53.51## 114.16 ± 7.57# 

The results are expressed as mean ± S.E.M. of six rats per group.* P < 0.05 (significant difference), ** P < 0.01 (highly significant difference),*** P<0.001 
(very highly significant difference) compared with control; # P < 0.05(significant difference), ## P < 0.01 (highly significant difference) compared with ADR 
treated group. 
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Table 4: Effects of GABE (100mg kg-1 p.o daily for 4 weeks) on changes of heart lipid peroxides and reduced glutathione 
levels induced by ADR (20 mg kg-1, i.p) 

Parameters groups MDA (nmole/g of heart tissue) GSH (µmole/g of heart tissue) 

Control group 128.95 ± 8.07 2.5 ± 0.19 

GABE group 116.51 ± 14.30 2.54 ± 0.11 

DXR treated group 146.98 ± 10.57* 1.63 ± 0.16** 

GABE + DXR treated group 130.84 ± 5.12# 2.02 ± 0.13## 

The results are expressed as mean ± S.E.M. of six rats per group. * P < 0.05 (significant difference), ** P < 0.01 (highly significant difference) compared 
with control; # P < 0.05 (significant difference), ## P < 0.01 (highly significant difference) compared with ADR treated group. 

Effects of GABE on myocardial histological change 
detected by H&E stain 

 
Figure 2: Light photomicrographs of paraffin-embedded 
H&E-stained rat heart sections. (A) Representative rat heart 
section (100×) from control animals, no pathologic changes 
present. Figure 2(B) Representative heart section (100×) from 
GABE-treated animals (100 mg/kg, p.o. for 4 weeks) no 
pathologic features present. Figure 2 (C1, C2) Representative 
heart section (100×) from animals treated with ADR (20 mg/kg, 
i.p. for 48 h) showing myofibril loss - intracellular space- (IS), 
partial necrosis (PN), condensed nuclei (CN), deformed 
myocytes (DM), nuclear pyknosis (NP), infiltration of 
inflammatory cells – mononuclear cell- (IC). Figure 2 (D) 
Representative heart section (100×) from rat treated with GABE 
(100 mg/kg, p.o. for 4 weeks) and ADR (20 mg/kg, i.p. for 48 h). 
Near complete protection was observed by GABE on ADR-
induced changes. 

Histological changes in heart were evaluated as described 
in section 2 and the results are presented in figure 3. The 
histology of hearts from control and GABE treated 
animal’s displayed near–normal morphological 
appearance (figure 2A, 2B). On the other hand, there 
were histological changes in the ADR group (figure2 2C1, 
2C2). Qualitatively, ADR - induced cardiac damage was 
recognized by the presence of marked intercellular space, 
partial necrosis, condensed nuclei, deformed myocyte, 
nuclear pyknosis and infiltration of inflammatory cells. 
The lesions were significantly reduced in the group 
pretreated with GABE compared to ADR group (figure 
2D). 

DISCUSSION 

The present study was undertaken to look for the 
protective effect of GABE on ADR induced cardiotoxicity 
in male Wistar rats for the first time. G.alypum is a plant, 
well known for its treatment properties in the traditional 
North African system of medicine2. Its leaves are reported 
to be benefit in the treatment of cardiovascular diseases3, 
but there are no reports about G.alypum phytochemicals 
on cardiomyopathy induced by ADR in animal model. 

Adriamycin is a broad spectrum antibiotic used as a 
chemotherapeutic drug for treatment of different forms 
of human neoplastic disease37. However, the clinical use 
of this anticancer drug is greatly limited by its dose-
dependent cardiotoxicity38. The mechanisms involved in 
such toxicity have been documented by many 
investigators39. The generation of free radicals in the 
heart tissue has been strongly accepted as crucial factors 
in the pathogenesis of ADR -induced cardiac damage40. 
The semiquinone form, produced by the ADR reduction 
by several endogenous enzymes, generates superoxide 
radicals which rapidly generate other ROS species, such as 
hydroxyl radical and hydrogen peroxide; these radicals 
are able to induce apoptosis in cardiomyocytes41. 

The tissue of the heart is very sensitive to free radical 
damage because of its highly oxidative metabolism and 
because its antioxidant defenses-like superoxide 
dismutase, GSH and Catalase- are fewer than those of 
other organs, such as liver42 furthermore, ADR also has 
high affinity for cardiolipin, a phospholipid present mainly 
in membranes of heart mitochondria leading to 
accumulation of ADR in the heart tissue43. Previous 
reports suggest that ADR induces cardiotoxicity by the 
generation of free radicals44. 

Administration of ADR in combination with agents that 
would block its free radical- mediated toxicity without 
affecting its anti-tumor activity, and prevent its oxidative 
stress and tissue injury, might serve as a novel 
combination. 

In fact, a number of studies using antioxidant 
supplements, such as vitamin E and N-acetylcysteine have 
failed to show a protective effect against chronic 
cardiomyopathy. Flavonoids are known to be potent 
antioxidants capable of modulating the activities of 
various enzyme systems, due to their interaction with 
biomolecules. Further, flavonoids have been reported for 
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their chemoprotective potential45, render them 
particularly interesting to investigate them as new 
protective compounds against ADR cardiotoxicity. 

In this study we have investigated the cardioprotective 
effect of butanolic fraction of G.alypum against ADR 
induced acute cardiotoxicity. 

Reported work suggests that the hydro-methanolic 
extract of G.alypum aerial parts showed significant 
antioxidant effect. It has been previously reported that 
the major phytochemicals present in the alcoholic extract 
of G.alypum (flavonoids, phenylethanoids, iridoids) are 
responsible for the potent antioxidant activities7. 

Most probably, this antioxidant effect of G.alypum 
phytochemicals is responsible for the reduction of ADR -
induced toxicity and oxidative stress in our present study. 

Our preliminary phytochemical studies in the methanolic 
solution carried out on the butanolic extract of this plant 
showed the presence of flavonoids in GABE as revealed 
by the UV-vis spectra and by the colorimetric method. 

Most probably, these bioactive compounds of GABE are 
responsible for the reduction of ADR-induced toxicity and 
oxidative stress in our present study. 

Increased activity of serum CPK, AST and LDH is a well-
known diagnostic marker used to evaluate the existence 
and extent of myocyte injury. It has been reported that 
CPK, AST and LDH are released from the heart into blood 
stream, increasing the concentration in serum46. It is 
widely reported that ADR induced free radical generation 
triggers membrane peroxidation and disruption of cardiac 
myocytes, which can lead to increased release of CPK, 
AST and LDH in the serum47. 

In the present study, a marked elevation in the activities 
of CPK, AST and LDH in the serum of ADR-intoxicated rats 
was observed. Pretreatment with GABE resulted in 
significant reduction in the activities of CPK, AST and LDH 
toward near normal as compared with toxic control rats. 
Pretreatment with GABE led to inhibition of CPK, AST and 
LDH release. This result could be due to protective effects 
of GABE on the myocardium, thus restricting the leakage 
of CPK, AST and LDH in to serum. 

Since the role of free radicals in the cardiotoxicity of ADR 
is widely supported, many researchers have tried to use 
the MDA and GSH as biological markers of ADR-induced 
cardiotoxicity48-49. 

ADR is capable of generating oxygen radicals, inhibiting 
GSH synthesis, and increasing MDA levels in humans and 
experimental animals50. In addition, it has been reported 
that severe GSH depletion is known to associate with lipid 
peroxidation51. 

GSH plays a major role in the detoxification of a variety of 
electrophilic compounds and peroxides via catalysis by 
antioxidant enzymes, such as glutathione peroxidase and 
glutathione S-transferase, resulting in the formation of its 
oxidized form, disulfide glutathione52. 

MDA is a major oxidation product of peroxidized 
polyunsatured fatty acids and increased MDA content is 
an important indicator of free radical mediated lipid 
peroxidation injury. 

Lipid peroxydation plays a very important role in 
oxidative injury for three reasons. First, it can amplify the 
number of free radical chain reactions; second, some 
products of lipid peroxidation are toxic; and third, lipid 
peroxidation places a demand on the GSH-dependent 
detoxification system. 

In the present study, the relationship between ADR-
induced oxidative stress and cardiotoxicity is potent. This 
is clearly demonstrated by the fact that the increase in 
lipid peroxides and the decrease in GSH levels are 
positively correlated with biochemical signs characteristic 
of ADR cardiotoxicity, elevated serum CPK, AST and LDH. 

This observation has been supported by the findings of 
Lazzarino53 and Gustafson54 who reported that, the 
cardiac content of MDA was increased and GSH content 
was reduced by administration of ADR acute treatment. 

In the present study photomicroscopic evaluation of the 
rat myocardium revealed that ADR caused myofibril loss - 
intracellular space, partial necrosis, condensed nuclei, 
deformed myocytes, nuclear pyknosis and infiltration of 
inflammatory cells. Similar alterations in ADR treated rats 
have been reported earlier also55. 

Pretreatment with GABE showed increase in endogenous 
antioxidant components GSH. Concomitantly a decrease 
in extent of lipid peroxidation was also observed. This 
cardioprotective activity was further supported by lower 
incidence of fine structural changes in the animals treated 
with GABE plus ADR. 

The results, thus, indicate that GABE possesses marked 
chemoprotective activity via its antioxidant potential and 
may have a promising role to play in the treatment of 
ADR-induced toxicity and oxidative stress. 

The application of GABE as an adjuvant or as a food 
additive during chemotherapy or the treatment of 
diseases linked to oxidative stress should, therefore, be 
beneficial. 

CONCLUSION 

In conclusion, the present result suggests that chronic 
administration of butanolic extract of Globularia alypum 
has cardioprotective potential against ADR induced 
cardiotoxicity. 

The cardio protective effect of GABE could be due to lipid 
lowering and decrease the level of serum biomarkers. 

The identification of molecules with cardioprotective 
potential from this fraction of G.alypum may provide new 
directions for identification of cardioprotectives, which 
could be given concomitantly during ADR treatment. 

Further studies are needed to elucidate the exact 
mechanisms of action of GABE and its clinical application. 
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