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In order to demonstrate whether the known biological effects 
of Aloe vera (L.) Burm. fil. could correlate with the antioxidant 
activity of the plant, the antioxidant activity of the aqueous 
leaf extract was investigated. The present study demonstrated 
that the aqueous extract from A. vera leaves contained naturally 
occuring antioxidant components, including total phenols, 
flavonoids, ascorbic acid, β-carotene and α-tocopherol. The 
extract exhibited inhibitory capacity against Fe3+/ascorbic acid 
induced phosphatidylcholine liposome oxidation, scavenged 
stable DPPH•, ABTS•+ and superoxide anion radicals, and acted 
as reductant. In contrast, the leaf inner gel did not show any 
antioxidant activity. It was concluded that the known beneficial 
effects of Aloe vera could be attributed to its antioxidant activity 
and could be related to the presence of phenolic compounds and 
antioxidant vitamins.

Introduction

Oxidative stress is an imbalance between the production of 
reactive oxygen species (ROS) and antioxidant defense and may 
lead to oxidative damage. Excess production of ROS, and other 
radicals have been implicated as inducers of tissue injury in several 
pathological conditions including cancer, cardiovascular diseases, 
atherosclerosis, neurodegenerative diseases such as Parkinson 
disease and Alzheimer dementias, diabetes, ischemic reperfusion 

injuries, rheumatoid arthritis and even the process of aging.1 
However, humans have evolved highly complex antioxidant 
protection mechanisms that function interactively and synergically 
to neutralize free radicals. These include antioxidant enzymes that 
catalyse free radical quenching reactions, metal binding proteins 
that sequester free iron and copper ions, capable of catalysing 
oxidative reactions and diet-derived antioxidants like ascorbic 
acid, vitamin E, carotenoids, polyphenols and other low molecular 
weight compounds such as α-lipoic acid.2

Many different plant material have recently become a major 
interest of scientific research as a result of naturally occuring anti-
oxidants, which may protect cell constituents against oxidative 
damage and therefore, limit the risk of various degenerative diseases 
associated to oxidative stress.3 Referred to as a miracoulous plant, 
Aloe vera (L.) Burm. fil., member of Aloaceae family (formerly 
member of Liliaceae), possesses many pharmacological activi-
ties, including antiinflammatory,4-6 immunostimulant,7,8 wound 
healing,9-11 antiulcer,12 antidiabetic13-17 and antitumor,18,19 in 
which the mediation of ROS levels could be involved. The use of 
and research on this plant have been described in well-referenced 
reviews20,21 and books.22,23 The multiplicity of the biological 
activities of A. vera has been attributed to the variety of its chemical 
components including anthraquinones, glycoproteins, polysaccha-
rides, vitamins and enzymes.24,25 The substances responsible for the 
biological and antioxidant activity of the plant are under investiga-
tion although some resarchers claim that the synergistic relationship 
between the elements could be useful for maintaining the integrity 
of the antioxidant status26 or the antitumor effect.27 The extracts 
used in most studies constituted the gel portion of the leaves.

In order to continue on investigating the therapeutic properties 
of the leaves of A. vera, and assuming that its therapeutic benefit 
can be attributed to the antioxidant activity, we have decided to 
determine the antioxidant potential of the aqueous extract prepared 
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from the leaves devoid of the inner gel part, in commonly accepted 
assays including TBA test using the lipid peroxidation of soybean 
phosphatidylcholine liposomes, Trolox equivalence antioxidant 
capacity, DPPH• and superoxide radical scavenging activities, and 
ferric ion reducing antioxidant power. Total phenolics, flavonoids, 
ascorbic acid, β-carotene and α-tocopherol contents were also 
determined. The antioxidant activity of the separated leaf gel was 
also estimated.

Phenolic substances known to be responsible for the anti-
oxidant activity of plant extracts are mostly extracted by organic 
solvents, but as plants are commonly consumed as water extracts 
by people, the aqueous extract of A.vera leaves was preferably used 
in our investigation.

Results

Extract yield (amount of total extractable compounds) and 
contents of total phenolics, flavonoids, ascorbic acid, β-carotene 
and α-tocopherol. The aqueous extract of A. vera prepared from 
50 g leaves, gave a yield of 26.4 mg EC per gram FW. The aqueous 
extract was shown to contain 0.241 ± 0.014 mg/g FW phenolic 
compounds expressed as gallic acid equivalents and 0.245 ± 0.005 
mg/g FW flavonoids expressed as catechin equivalents. Scavenging 
of different types of reactive oxygen and nitrogen species, mostly 
free radicals, is thought to be one of the main mechanisms of 
the antioxidant action exhibited by phenolic phytochemicals.28 
Flavonoids are the most widespread polyphenolic compounds that 
occur ubiquitously in plant foods and structurally have variations in 
the C ring that characterizes the different types namely, flavonols, 
flavones, isoflavones, flavonones, flavanols and anthocyanins. One 
of the prominent and medically most useful properties of many 
flavonoids is their excellent radical scavenging ability which is also a 
valuable aspect for their therapeutic and prophylactic applications, 
e.g., after infection, inflammation, burns or radiation injury.29

It was observed that the amount of flavonoids in the analysed 
plant extract showed high correlation (r2 = 0.9939) with the total 
amount of phenolics. The flavonoid content values found in this 
work were lower than those of two (3.63 ± 0.38 mg/g), three  
(4.70 ± 0.48 mg/g) and four-year old (4.26 ± 0.18 mg/g) A. vera30 
which may be explained by climatic conditions of the region.

The ratio of total phenolic compounds to the total extractable 
compounds was average 0.9%. This means that average 99.1% 
of the total extractable compounds were other than phenolic 
compounds.

Our results, in agreement with literature,24 demonstrated 
that A. vera leaves contain not only phenolic compounds and 
flavonoids but are also a good source of some of components able 
to contribute to the antioxidant activity, such as ascorbic acid 
(0.422 ± 0.029 mg/g FW), β-carotene (15.51 ± 2.39 μg/g FW) 
and α-tocopherol (1.47 ± 0.11 μg/g FW).

Ascorbic acid, α-tocopherol and carotenoids also play impor-
tant roles in preventing free radical damage. Ascorbic acid is one of 
the most important water-soluble antioxidants in cells, efficiently 
scavenging reactive oxygen species such as superoxide, hydroxyl 
radicals and singlet oxygen, also vitamin C was shown to act as a 
chain breaking scavenger for peroxy radicals and act as synergist 

with vitamin E. The vitamin C can regenerate α-tocopherol from 
the tocopherol radical, formed from reaction with other radicals.31 
α-Tocopherol is the most important lipid soluble chain-breaking 
antioxidant in humans, localized within the phospholipid bilayer 
of cell membranes to protect them against biological lipid peroxi-
dation. It is able to repair oxidizing radicals directly, preventing 
the chain propagation step during lipid autoxidation. Thus both 
vitamin C and α-tocopherol seem to contribute to minimizing the 
consenquences of lipid peroxidation in membranes.32 Carotenoids 
are very powerful antioxidant agents involved in the scavenging of 
two of the reactive oxygen species, singlet molecular oxygen and 
peroxy radicals. A number of epidemiological studies have revealed 
that an increased consumption of a diet rich in ascorbic acid, 
α-tocopherol and carotenoids is correlated with a diminished risk 
for several degenerative disorders, including various types of cancer, 
cardiovascular or ophthalmological diseases.33,34 Consequently, 
when relating the antioxidant activity of the extract to desease 
prevention and health, it is important to consider the contribution 
of ascorbic acid, α-tocopherol and carotenoids in addition to that 
of phenolic compounds with antioxidant activity.

Antioxidant activity on liposome peroxidation. Membrane 
lipids are particularly susceptible to oxidation. Free radicals are 
known to attack the highly unsaturated fatty acids of membrane 
systems to induce lipid peroxidation, which is an autocatalytic 
process and may cause peroxidative tissue damage. Lipid peroxida-
tion is measured as an index of ROS damage.35

As shown in Figure 1, the antioxidant activity was concentra-
tion-dependent for A. vera extract and α-tocopherol. At 60 mg/
ml, A. vera extract showed marked antioxidant activity of 71.91 
± 0.65%, however the extract was significantly less effective (p < 
0.05) than α-tocopherol, which exhibited an antioxidant activity 
of 82.90 ± 0.56% at a concentration as low as 0.5 mg/ml.

Based on the EC50 values, the antioxidant activity of A. vera 
extract was significantly lower (p < 0.05) with an EC50 value of 
41.74 ± 0.18 mg/ml in comparison with α-tocopherol (0.30 ± 
0.01 mg/ml). Although the inhibitory effect of the extract on 
MDA formation was less than that of α-tocopherol, A. vera may 
also be expected to protect against damage to cell membranes, 
because it also reduces the level of peroxides.

MDA formed from the breakdown of polyunsaturated fatty 
acids, serves as a convenient index to determine the extent of lipid 
peroxidation. At 0.5 mg/ml α-tocopherol showed 0.91 ± 0.07 
nmol/g lecithin MDA, whereas the effect of the extract was not so 
strong (1.98 ± 0.03 nmol/g lecithin MDA at 60 mg/ml). However, 
the formation of MDA for the control was 6.99 ± 0.18 nmol/g 
lecithin. It is evident that addition of the extract or α-tocopherol 
strongly inhibits lipid peroxidation as shown by the low accumula-
tion of oxidative products.

Antioxidant activity increased proportionally to the polyphenol 
and flavonoid contents: a linear relationship between antioxidant 
activity values and total polyphenol (r2 = 0.9998) and flavonoid (r2 
= 0.9956) contents was established. This indicated that the anti-
oxidant activity of A. vera extract on Fe3+/ascorbate induced lipid 
peroxidation might be dependent on the chemical composition of 
the extract containing mainly the phenolics and flavonoids.
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compared to reference antioxidants, ascorbic acid (96.01 ± 0.37%) 
at 0.25 mg/ml and α-tocopherol (88.31 ± 1.81%) at 0.5 mg/ml, 
the extract showed significantly lower (p < 0.05) DPPH radical 
scavenging activity.

The DPPH radical scavenging activity of the extract, expressed 
in the term of EC50 was 41.81 ± 0.55 mg/ml and significantly 
different (p < 0.05) from the EC50 values obtained for the reference 
antioxidants, ascorbic acid (69.22 ± 2.65 μg/ml) and α-tocopherol 
(341.02 ± 1.05 μg/ml).

The antioxidant activity in DPPH• assay was highly correlated 
with phenolic (r2 = 0.9999) and flavonoid (r2 = 0.9927) contents. 
This suggested that scavenging effect of A. vera extract may 
depend on hydrogen atom donation by the different phenolic and 
flavonoid compounds, and their hydrogen donor capacity, most 
probably accounts in large part for the antioxidant activity and 
may provide a basis for the pharmacological activity and thera-
peutic applications of this extract.

A. vera gel extract did not show any DPPH radical scavenging 
activity.

Superoxide radical scavenging activity. Many enzymatic and 
autoxidation reactions within the body produce the superoxide 
anion radical, by addition of an electron to molecular oxygen. 
Superoxide is poorly reactive but can take part in further reac-
tions leading to the formation of more reactive oxygen species, 
 contributing to tissue damage and various diseases.33 Therefore, 
the study of the scavenging effects of A. vera leaf extract on  

Figure 1. The ability of the aqueous extract from Aloe vera leaf and 
α-tocopherol, used as a reference antioxidant to inhibit Fe3+/ascorbic 
acid induced peroxidation in liposomes was estimated as a function of 
increasing extract (from 5 to 60 mg/ml) and α-tocopherol (from 0.031 to 
0.5 mg/ml) concentrations and by recording the absorbance at 532 nm. 
The results were expressed as a mean percent inhibiton on MDA forma-
tion by extract (from 12.0 ± 1.38 to 71.9 ± 0.65%) and α-tocopherol 
(from 9.4 ± 0.76 to 82.9 ± 0.56%), derived from three separate assays. 
The extract (at 60 mg/ml) was significantly less effective (p < 0.05) than 
α-tocopherol (at 0.5 mg/ml).

Figure 2. The ability of the aqueous extract from Aloe vera leaf or 
α-tocopherol and ascorbic acid, used as reference antioxidants to scav-
enge ABTS*+ was estimated as a function of increasing extract (from 5 
to 60 mg/ml) or α-tocopherol (from 0.125 to 1 mg/ml) and ascorbic 
acid (from 0.0625 to 0.5 mg/ml) concentrations and by recording the 
decrease in absorbance at 734 nm. The results were expressed as a mean 
percent scavenging activity of the extract (from 12.6 ± 0.96 to 78.2 ± 
0.85%), α-tocopherol (from 17.2 ± 0.43 to 99.4 ± 0.45%) and ascorbic 
acid (from 14.8 ± 0.78 to 98.03 ± 0.64%), derived from three separate 
assays. The extract (at 60 mg/ml) was significantly less effective (p < 
0.05) than α-tocopherol (at 1 mg/ml) and ascorbic acid (at 0.5 mg/ml).

Total radical antioxidant potential (TRAP). It was found that 
the extract was able to scavenge ABTS•+ radical cation in a dose 
dependent manner (Fig. 2) and its antioxidant activitity (78.22 ± 
0.85%) at 60 mg/ml was significantly lower than that of ascorbic 
acid (98.03 ± 0.64%) at 0.5 mg/ml and α-tocopherol (99.41 ± 
0.45%) at 1 mg/ml.

As compared by the EC50 values, A. vera extract (34.77 ± 0.41 
mg/ml) showed significantly less (p < 0.05) ABTS cation radical 
scavenging activity than ascorbic acid (0.276 ± 0.0028 mg/ml) and 
α-tocopherol (0.533 ± 0.0021 mg/ml).

The antioxidant activity of the extract was expressed as Trolox 
equivalent, the concentration of Trolox having an antioxidant 
capacity equivalent to 1 mM of the substances under investigation. 
The extract exhibited an ABTS cation radical scavenging activity 
of 1.66 ± 0.017 mM/L Trolox equivalents at a concentration of 
60 mg/ml or 1.21 ± 0.020 mM of Trolox per gram of FW, which 
corresponded to a high phenolic (r2 = 0.9904) and flavonoid  
(r2 = 0.9691) contents. This value was significantly lower  
(p < 0.05) than that of ascorbic acid (2.09 ± 0.011 mM/L) at 0.5 
mg/ml and α-tocopherol (2.12 ± 0.010 mM/L) at 1 mg/ml.

DPPH radical scavenging activity. The scavenging activity of the 
extract and reference antioxidants (ascorbic acid or α-tocopherol) 
against DPPH• increased in a dose dependent manner (Fig. 3). 
The extract showed high DPPH radical scavenging activity of 
70.81 ± 0.27% at 60 mg/ml. This value was comparable with the 
results reported for two (62.70 ± 0.44%), three (72.19 ± 0.98%) 
and four-year-old (67.64 ± 2.99%) A. vera.30 However, when 
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superoxide anion is one of the most important ways of illustrating 
the mechanism of antioxidant activity.

The extract was found to be an efficient scavenger of superoxide 
radical generated in xanthine/xanthine oxidase system in vitro and 
its activity of 62.72 ± 2.06% at 5 mg/ml was comparable (p > 0.05) 
to that of ascorbic acid (62.05 ± 1.44%) at 0.5 mg/ml. Figure 4 
shows that both the extract and ascorbic acid exhibited dose-
dependent inhibition on superoxide radical. α-Tocopherol did not 
show any detectable superoxide radical scavenging activity.

Based on the EC50 values, the superoxide radical scavenging 
activity of A. vera extract was significantly lower (p < 0.05) with 
an EC50 value of 5.76 ± 0.19 mg/ml in comparison with ascorbic 
acid (EC50 = 0.389 ± 0.010 mg/ml).

Ferric reducing antioxidant power (FRAP). The FRAP value 
reflects the reducing power of the extract. In the FRAP assay, the 
extract revealed the ability to reduce Fe3+ to Fe2+. The FRAP value 
of the extract (1.02 ± 0.003 mM/L of Fe2+ at a concentration of 60 
mg/ml or 1.14 ± 0.041 mM of Fe2+ per gram of FW) was found 
to be significantly (p < 0.05) below those of ascorbic acid (1.84 ± 
0.011 mM/L Fe2+) at 0.5 mg/ml and α-tocopherol (1.81 ± 0.01 
mM/L Fe2+) at 1 mg/ml.

The reducing power was highly correlated with phenolic (r2 
= 0.9918) and flavonoid (r2 = 0.9717) contents. The antioxidant 
activity (r2 = 0.9955), DPPH (r2 = 0.9857), ABTS (r2 = 0.9916) 
radical scavenging activities were correlated with the ferric reducing 
antioxidant capacity of the extract. These results revealed that the 

Figure 3. The ability of the aqueous extract from Aloe vera leaf or 
α-tocopherol and ascorbic acid, used as reference antioxidants to scav-
enge DPPH• was estimated as a function of increasing extract (from 5 
to 60 mg/ml) or α-tocopherol (from 0.031 to 0.5 mg/ml) and ascorbic 
acid (from 0.008 to 0.25 mg/ml) concentrations and by recording the 
decrease in absorbance at 517 nm. The results were expressed as a 
mean percent DPPH scavenging activity of the extract (from 6.4 ± 0.84 
to 70.8 ± 0.27%), α-tocopherol (from 8.7 ± 1.06 to 88.3 ± 1.81%) and 
ascorbic acid (from 10.6 ± 1.74 to 96.01 ± 0.37%), derived from three 
separate assays. The extract (at 60 mg/ml) was significantly less effective 
(p < 0.05) than α-tocopherol (at 0.5 mg/ml) and ascorbic acid (at 0.25 
mg/ml).

Figure 4. The ability of the aqueous extract from Aloe vera leaves and 
ascorbic acid, used as a reference antioxidant to inhibit the generation of 
superoxide radical by xanthine/xanthine oxidase system was estimated as 
a function of increasing extract (from 0.5 to 5 mg/ml) and ascorbic acid 
(from 0.05 to 0.25 mg/ml) concentration and by recording the decrease 
in absorbance at 560 nm. The results were expresed as percent inhibiton 
of NBT reduction by the extract (from 10.2 ± 1.33 to 62.72 ± 2.06%) and 
ascorbic acid (from 6.63 ± 1.23 to 62.06 ± 1.44%), derived from three 
separate assays. No difference was observed between the superoxide 
radical scavenging activities of the extract at 5 mg/ml and ascorbic acid 
at 0.25 mg/ml, p > 0.05.

antioxidant activity of the extract might also be due to its redox 
properties, which allowed the extract to act as reducing agent or 
hydrogen-atom donor and free radical scavenger.

The antioxidant activity of the aqueous extract of A. vera 
leaves, measured in a phosphatidylcholine liposome system was 
significantly correlated with its scavenging activity on ABTS•+ 
(r2 = 0.9835) and DPPH• (r2 = 0.9860) radicals, indicating that 
the antioxidant activities measured by the three methods comple-
mented each other.

Discussion

Because antioxidant nutrients such as vitamin C, vitamin E, 
carotenoids and numerous polyphenolic compounds directly 
scavenge reactive oxidants, they are hypothesized to constitute a 
vital endogenous defense against oxidative cell and tissue injury. 
Therefore, the natural antioxidants contained in a plant may 
contribute to the antioxidant activity and thus towards the total 
or partial alleviation of some clinical disorders. A medicinal plant 
removing ROS is the most effective defense of a living body against 
disease.

In addition to its own stores of antioxidants, A. vera may 
also activate the body’s endogenous antioxidant enzyme systems 
and play a vital role in the prevention and control of numerous 
diseases, especially those related to aging, such as cancer, coronary 
vascular disease and diabetes, as well as immune system enhancers 
and in the management of oxidative stress. Several papers have 
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In order to study the ability of the extract to scavenge O2
•- 

in vitro, xanthine/xanthine oxidase system was used. Xanthine 
oxidase, implicated in ischaemia/reperfusion injury in vivo47 was 
used as a generator of O2

•-. In the present study Aloe extract 
showed good potency as a superoxide scavenger, however, the effect 
of the extract on superoxide anion formation was not similar to the 
one obtained on lipid peroxidation. This difference may be due to 
the different mechanisms of production of oxidative stress in these 
two methods. EC50 value, in scavenging ability on superoxide 
radicals, was lower than the corresponding value generated in the 
assay using the lipid peroxidation of soybean phosphatidylcholine 
liposomes, suggesting that the extract was better at scavenging 
superoxide anion than at inhibiting oxidative degradation. As the 
extract was shown to efficiently scavenge O2

•-, it may be effective 
in reducing the extent of ischemia-reperfusion damage.

Activated phagocytic cells such as neutrophils, monocytes, 
macrophages and eosinophils, generate superoxide as part of their 
response to foreign organisms or particles. In chronic inflamma-
tion, this normal protective mechanism may become damaging.33 
The role of ROS in inflammation where oxygen metabolites 
are thought to mediate tissue injury, is clearly demonstrated by 
the antiinflammatory effects of the antioxidants. The wound 
healing effect of A. vera is thought to be related to its antioxidant  
properties.11

Inflammatory cells may also increase DNA damage by activating 
pro-carcinogens to DNA-damaging species by ROS-dependent 
mechanisms. Most cancers can be considered as degenerative 
diseases of old age, related to the effects of continuous damage 
over a life span by toxic oxygen. Thus, tumor promotion can be 
inhibited in animal models by the use of agents that inhibit the 
phagocyte respiratory burst.48

As results from the literature, the antioxidant properties of 
the dried flower49 or gel extracts50 of Aloe species were mainly 
connected with the presence of phenolic substances, like aloesin 
derivatives44,51 anthraquinones,52 and polysaccharides53,54 and 
many of these phenolic compounds have been shown to be tumor 
protective by reducing oxidative stress thereby giving a solid basis 
to the proposal that the antioxidant content of A. vera could 
account for its antitumor properties.27 Indeed in recent studies, 
one of the main phenolic substances present in A. vera: aloin55 and 
aloe-emodin56 were suggested to show their antitumor effects via 
apoptotic cell death mediated by their antioxidative effect.

The antioxidant activity of A. vera leaf extract may be also 
due to its redox properties, which can play an important role in 
neutralizing free radicals or decomposing peroxides. Transition 
metals accelerate lipid oxidation reactions by hydrogen abstraction 
and peroxide decomposition, resulting in the formation of free 
radicals.

According to the results presented in this study, termination 
of free radical reaction, reducing power, quenching of DPPH•, 
ABTS•+ and superoxide radicals were suggested to be, in part, 
responsible for the antioxidant activity of the aqueous extract from 
A. vera leaves devoid of the inner gel. This is of pharmacological 
relevance because these events are implicated in several patho-
logical processes related to oxidative stress, mentioned above. It is 

shown the beneficial effect of A. vera administration both in vitro 
and in vivo. It was reported that internal administration of Aloe 
leaf extract elevates liver levels of cellular antioxidant enzymes 
in mice36 and shows by this way chemopreventive effect on 
experimentally induced skin carcinogenesis37 or protection against 
arsenic toxicity.38

There is strong evidence to suggest that oxidative stress may 
play a role in the pathogenesis of both Type 1 and Type 2 DM. 
Although autoimmune disease appears to play a predominant 
role in the pathogenesis of Type 1 DM, it is widely known that 
chemical agents, such as alloxan and streptozotocin, which can 
induce insulin deficiency (Type 1 DM) by the destruction of 
pancreatic β-cells, act through a mechanism that involves free 
radical generation. It has also been shown that hyperglycaemia 
can cause oxidative stress in cells through different pathways that 
include enchanced production of toxic peroxides, glucose autoxi-
dation and generation of increased levels of fructose and sorbitol.39 
Okyar et al.16 reported that A. vera leaf pulp extract was effective 
in reducing blood sugar, suggesting that it might be useful in the 
scavenging of free radicals. It was reported that treatment with 
A. vera increased antioxidant enzymes and significantly reduced 
lipid peroxidation products in streptozotocin-induced diabetic 
rats, showing the relationship between antioxidant activity and the 
onset of diabetes.40-43 In the present study the strong antioxidative 
effect of the extract was manifested as an inhibition of peroxida-
tion of liposomes. The findings showed that A. vera extract caused 
reduction of the MDA levels suggesting that prooxidative damage 
may decrease with the administration of the plant extract. A. vera 
extracts of different growing stages of the plant were reported to 
exhibit strong inhibition activity on lipid oxidation.30 Yagi et al.44 
reported that isorabaichromone from A. vera showed antioxidative 
activity against microsomal and non-enzymatic mitochondrial 
lipid peroxidation.

The synthetic nitrogen-centered ABTS•+ and DPPH• radicals 
are not biologically relevant, but are often used as “indicator 
compounds” in testing hydrogen-donation capacity and thus 
antioxidant activity. Reactions are only likely to be significant with 
good H-atom donors, a necessary requirement for antioxidant 
function in biological systems. The extract was found to possess 
high antioxidant activity as determined by the ability to scavenge 
the nitrogen centered ABTS•+. Our results were of very good 
agreement with TEAC values of the extracts of leaf skin and leaf 
gel of Aloe vera.45

Aloe extract was found to be effective in scavenging the stable 
DPPH• radicals. It was interesting to note that the effective extract 
concentration at which the DPPH• radicals were scavenged by 
50% was almost identical to the EC50 value of the extract found 
to inhibit Fe3+/ascorbic acid induced peroxidation in liposomes. 
The closeness of these two concentrations indicates that the extract 
is equally effective in inhibiting oxidative process and scavenging 
stable free radicals. These results confirm the radical scavenging 
activity found in the TEAC assay. A. arborescens leaf skin extract 
was found effective in inhibiting the destruction of pancreatic islets 
by streptozotocin and alloxan and this effect was attributed to its 
DPPH radical scavenging activity.46
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1% metaphosphoric acid for 45 min at room temperature and 
filtered through Whatman No. 4 filter paper. The filtrate (2 ml) 
was mixed with 1 ml of 2,6-dichlorophenol-indophenol sodium 
and the absorbance was measured within 15 seconds at 520 nm 
against a blank. Content of ascorbic acid was calculated on the 
basis of the calibration curve of L-ascorbic acid (0–80 μg/ml). The 
assays were carried out in triplicate. The results were mean values 
± SD and expressed as mg of ascorbic acid/g FW.

β-Carotene was determined according to the method of Nagata 
and Yamashita.60 The extract (25 mg) was vigorously shaken 
with 10 ml af acetone-hexane mixture (4:6) and filtered through 
Whatman No. 4 filter paper. The absorbance of the filtrate was 
measured at 453, 505 and 663 nm. The assays were carried out in 
triplicate. The results were mean values ± SD and expressed as μg 
of carotenoid/g of FW.

The content of β-carotene was calculated according to the 
following equation:

β-carotene (mg/100 ml) = 0.216 A663 - 0.304 A505 + 0.452 
A453

The content of α-tocopherol was estimated by the method 
of Desai.61 The extract (25 mg) was suspended in 3 ml of 2% 
pyrogallol in 95% ethanol and 1 ml of 10 N aqueous potassium 
hydroxide solution, and the resulting mixture was saponified 
at 70°C for 30 min. The tubes were immediately cooled in an 
ice bath, 1 ml of distilled water was added and the mixture was 
extracted with 3 ml of n-hexan. The tubes were shaken vigorously 
for 2 min and centrifuged at 3,000 rpm for 10 min to separate 
the phases. The organic layer was evaporated to dryness under a 
gentle stream of nitrogen. The residue was redissolved in 1 ml of 
absolute alcohol. To this 0.2 ml of 0.2% bathophenanthroline was 
added. The assay mixture was protected from light and 0.2 ml of 
0.001 M ferric chloride was added followed by 0.2 ml of 0.0001 
M o-phosphoric acid. The color developped was read at 530 nm. 
The content of α-tocopherol was calculated on the basis of the 
calibration curve of α-tocopherol (1.25–20 μg/ml). The assays 
were carried out in triplicate. The results were mean values ± SD 
and expressed as μg of α-tocopherol/g of FW.

Antioxidant activity on liposome peroxidation. Phospholipids 
are regarded as valuable substrates for the appraisal of potential food 
antioxidants and are considered to be ideal models for the study of 
dietary components and drugs on membrane lipid peroxidation.62

Lipid peroxidation assay was based on the method described by 
Duh et al.63 Lecithin (300 mg) was suspended in 30 ml phosphate 
buffer (10 mmol/L, pH 7.4). This suspension was then sonicated 
with a rod using an ultrasonic homogenizer (Bandelin, Berlin, 
Germany) at 30 second intervals for 10 min until an opalescent 
suspension was obtained.

The sonicated solution (10 mg/ml), FeCl3, ascorbic acid and 
the plant extract (5–60 mg/ml) or α-tocopherol (0.31–0.625 mg/
ml) used as a reference antioxidant were mixed to produce a final 
concentration of 3.08 mg liposome/ml, 123.2 μmol FeCl3 and 
123.2 μmol ascorbic acid. After 1 h incubation at 37°C, the forma-
tion of lipid peroxidation products was assayed by the measurement 

suggested that the antioxidant activity of the A. vera extract, could 
be the cause of the health promoting potential of the plant and 
that activity could be due to the synergistic effect of antioxidant 
vitamins and phenolic substances. The fact that the gel portion 
of the leaves frequently used for its wound healing effect, due to 
the polysaccharides and glycoproteins, did not exhibit antioxidant 
activity, tends to propose that the effect of polysaccharides in anti-
oxidant activity could be negligible.

Materials and Methods

Plant material. Specimens of Aloe vera (L.) Burm. fil. (in Turkish 
Sarisabir) were collected from Kale (Demre) in Antalya, identified 
by Prof. Dr. Nurhayat Sütlüpinar (May 1993; a voucher specimen 
was deposited in the Herbarium of the Faculty of Pharmacy, ISTE 
No. 65118). Since that time the plant was cultivated in the green-
house of the Istanbul University, Faculty of Sciences, Department 
of Botany. The fresh leaves of this cultivated plant were used in 
the study.

Preparation of A. vera leaf extract. Freshly chopped A. vera 
leaves, were washed and cut from the middle, the gel was sepa-
rated by scraping with a spoon, homogenized in a Waring blender, 
lyophylized (5.05 g) and conserved at -20°C. The remaining leaves 
(50 g) were cut in small pieces and the aqueous leaf extract was 
prepared by heating the leaves in a flask with 250 ml distilled 
water for 1 h. After cooling the mixture was filtered through cloth 
and the filtrate was concentrated by means of a rotary evaporator. 
The dark-brown solid residue weighing 1.32 g (2.64% w/w) was 
preserved at -20°C till further utilization.

Determination of antioxidant components. Phenolic 
compounds in the aqueous leaf extract of A. vera were estimated 
by a colorimetric assay, based on a procedure described by Slinkard 
and Singleton57 with some modifications. Aliquots (0.1 ml) of the 
extract (10–60 mg/ml) were transferred into the test tubes and their 
volumes made up to 4.6 ml with distilled water. After addition of 
0.1 ml Folin-Ciocalteu reagent (previously diluted 3-fold with 
distilled water) and 0.3 ml 2% aqueous sodium carbonate solu-
tion, tubes were vortexed and the absorbance of the blue colored 
mixture recorded after 2 h at 760 nm, against a blank containing 
0.1 ml of the extraction solvent. Gallic acid (0.05–0.4 mg/ml) was 
used for calibration of a standard curve. The results were expressed 
as GAE/g of FW. Data were presented as the average of triplicate 
analyses.

Total flavonoid content was determined by using a colorimetric 
method described by Sakanaka et al.58 Briefly, 0.25 ml of the 
extract (10–60 mg/ml) or (+)-catechin standard solution (15–250 
μg/ml) was mixed with 1.25 ml of distilled water in a test tube, 
followed by addition of 75 μl of a 5% sodium nitrite solution. 
After 6 min, 150 μl of a 10% aluminium chloride solution was 
added and the mixture was allowed to stand for a further 5 min 
before 0.5 ml of 1 M sodium hydroxide was added. The mixture 
was brought to 2.5 ml with distilled water and mixed well. The 
absorbance was measured immediately at 510 nm. The results were 
expressed as means (± SD) mg of CA per g of FW.

Ascorbic asid was determined according to the method of 
Omaye et al.59 25 mg A. vera leaf extract was extracted with 5 ml 
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Superoxide radical scavenging activity. Superoxide radical scav-
enging activity was assayed by using a colorimetric assay in which 
xanthine oxidase serves as a free radical generator and causes the 
reduction of NBT.67 Antioxidant inhibits the reduction of NBT by 
scavenging the free radicals generated by xanthine oxidase.

Reaction mixtures contained, in a final volume of 3 ml, 100 μl 
A. vera extract (0.625–5 mg/ml) or ascorbic acid (0.04–0.625 mg/
ml), 100 μl 30 mM EDTA, 10 μl 30 mM xanthine in 50 mM 
KOH, 100 μl of 3 mM NBT and 50 mM (final concentration) 
KH2PO4-KOH buffer, pH 7.4. The reaction was started by adding 
100 μl of xanthine oxidase (freshly diluted in the above phosphate 
buffer to give one unit of enzyme activity per ml) and the rate of 
NBT reduction was measured at 560 nm. The positive and nega-
tive controls were subjected to the same procedures as the sample, 
except that for the negative control, only the solvent was added, 
and for the positive control, sample was replaced with ascorbic acid 
or α-tocopherol. The abilities to scavenge the superoxide radical 
were calculated using the following equation:

Superoxide radical scavenging activity (%) = [1 - (Absorbance of 
sample at 560 nm/Absorbance of control at 560 nm)] x 100.

Ferric reducing antioxidant power (FRAP). Antioxidant poten-
tial of the extract was also estimated from its ability to reduce 
Fe(III)-TPTZ complex to Fe(II)-TPTZ, the resulting intense blue 
color being linearly related to the amount of reductant (antioxi-
dant) present.

The FRAP assay was carried out according to the procedure 
of Benzie and Strain.68 The FRAP reagent contained 2.5 ml of 
10 mM TPTZ solution in 40 mM HCl plus 2.5 ml of 20 mM 
FeCl3.6H2O and 25 ml of 0.3 M acetate buffer, pH 3.6. FRAP 
reagent (900 μl), prepared freshly and incubated at 37°C, was 
mixed with 90 μl of distilled water and 30 μl of A. vera extract 
(2.5–80 mg/ml), ascorbic acid (0.031–0.5 mg/ml), α-tocopherol 
(0.0625–1 mg/ml) or water for the reagent blank. The increase 
in absorbance at 593 nm was measured at 4 min. The standard 
curve was constructed using iron sulfate heptahydrate solution 
(125–2,000 μM), and the results were expressed as mM Fe2+ 
equivalents/g FW.

Statistical analysis. Results were expressed as mean ± SD. 
Statistical comparisons were performed with Student’s t-test. 
Differences were considered significant at p < 0.05. The correla-
tion coefficient (r2) between the parameters tested was established 
by regression analysis.
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