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ABSTRACT Reactive oxygen species (ROS) and Reactive nitrogen species (RNS) play major role in various diseases like 
diabetes, cancer, neurodegenerative and immunodeficiency diseases etc. Detoxification of such reactive oxygen 

intermediates is an essential target, yet naturally occurring antioxidants are warranted for better management of diseases. In this 
study, 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, reducing power and Ferric Reducing Antioxidant Power assay 
were used for evaluating the antioxidant activity. It was also tested that whether TQ in-vitro protects red blood cells from (AAPH)-
induced hemolysis in diabetic and healthy subjects. It scavenges upto 78.13%. TQ demonstrated significant ferric reducing ability at 
very low concentrations in healthy and diabetic plasma samples. Furthermore, TQ was able to inhibit RBC hemolysis by 86.22% and 
71.04% in normal and diabetic patients respectively. Our findings reveal that thymoquinone possess excellent antioxidant properties 
and could serve as a free radical scavenger, and this justifies its uses in alternative medicines.
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1.INTRODUCTION
ROS are formed and degraded by all aerobic organisms, lead-
ing to either physiological concentrations required for normal 
cell function, or excessive quantities, the state called oxidative 
stress. Intracellular production of those oxygen intermediates 
threatens the integrity of various biomolecules including pro-
teins [1], lipids as well as lipoproteins and DNA. ROS are the 
most lethal byproducts of metabolism that mediate many dis-
eases including cancer, diabetes, immunodeficiency diseases 
and ageing [2,3]. There should be a balance between antioxi-
dants and prooxidants to maintain the body 's optimal physio-
logical conditions. Synthetic antioxidants, such as BHT and BHA 
have recently been suspected to cause negative health effects 
and therefore their applications have been restricted [4].

Many studies have demonstrated a correlation between the 
oxidative stress defense and the antioxidant properties of phy-
toconstituents [5,6]. Phenolic phytochemicals found in sing-
nificant quantities in vegetables, fruits, spices and seeds. They 
have been regarded as possible antioxidants. Their roles in food 
industry and in chemoprevention of diseases resulting due to 
oxidative stress have become an area of active research [7,8]. 

TQ (2-isopropyl-5-methyl-1,4-benzoquinone), is the main bio-
active component of the volatile oil of the black seed or black 
cumin (Nigella sativa, Ranunculaceae family). It has been used 
as antioxidant, anti-inflammatory and antineoplastic medicines 
for more than 2000 years [9,10]. Generally Nigella sativa seeds 
contain more than 30% fixed oil and 0.40% to 0.45% volatile oil 
[11]. TQ represents 18.4 to 24% of the N. sativa volatile oil [12]. 
The pharmacological investigations of the seed extracts reveal a 
broad spectrum of activities including antidiabetic [13], neuro-
protective [14], antiasthmatic [15], anti-inflammatory [16] and 
antimicrobial [17]. In this study, we investigated the antioxidant 
properties of TQ and its effect on AAPH-induced hemolysis in 
erythrocytes obtained from diabetic patients and healthy sub-
jects.

1.MATERIALS AND METHODS
Thymoquinone (TQ), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 
2,2-Azobis(2-amidinopropane) dihydrochloride (AAPH) were 
purchased from Sigma-Aldrich, USA. Rests of the general chemi-
cals used were of analytical grade bought from Sisco (India), 
HiMedia (India) and Qualigens (India).

2,2-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging 
Activity
The free radical scavenging activity of TQ and standard refer-
ence compound i.e, Gallic acid was analyzed by the DPPH assay 
as described by Sanchez-Moreno et al. (1998)[18] with minor 
modification. In this assay, 1 ml of varying concentrations of 
TQ (0.25-2.0 mg/ml) dissolved in 1 ml of ethanol, were mixed 

with 1 ml of ethanol solution of DPPH (0.2 mM). The mixture 
was vortexed and incubated for 30 min. The optical density of 
the solution was measured at 517 nm using Hitachi 2010 spec-
trophotometer. Gallic acid (μg/ml) has been used as a standard. 
The DPPH radical scavenging activity was calculated from the 
absorption value by the following equation:

Radical scavenging activity (%) = [(OD control – OD sample)/
OD control] X 100

Reducing Power
Total reducing power was determined as described by Zhu et al., 
(2002)[19] with some modifications. TQ (0.5-2.0 mg/ml) in 1 
ml of ethanol were mixed with 2.5ml of phosphate buffer (0.2M, 
pH 6.6) and 2.5 ml of 1% potassium ferricyanide [K3Fe(CN)6]; 
the mixture was then incubated at 50ºC for 30 minute. 2.5 ml 
of trichloroacetic acid (10%) was then added to the mixture, 
which was then centrifuged at 3000 rpm for 10 min. 2.5 ml of 
supernatant was mixed with 2.5 ml of distilled water and 0.5 
ml FeCl3 (0.1%), and the absorbance was measured at 700 nm.

Ferric Reducing Antioxidant Power (FRAP) assay
FRAP asssay was carried out by the method of Benzie & Strain 
(1996)[20] with slight modification. The method is based on the 
reduction of a ferric 2,4,6-tripyridyl-s-triazine complex (Fe3+ 
-TPTZ) to its ferrous (Fe2+ -TPTZ), intensive blue colored form 
in the presence of antioxidant. 300 mM acetate buffer, pH 3.6, 10 
mM TPTZ and 20 mM FeCl3 were mixed in a ratio of 10:1:1 to 
be a working FRAP reagent. 100 µl of TQ was mixed with 3ml of 
FRAP reagent and incubated at 37ºC for 30 min. The absorbance 
at 593 nm was monitored. All reagents were freshly prepared 
before used. Aqueous solution of known Fe (II) concentration 
was used for calibration (in a range of 100-1000 μmol/l).

AAPH-induced RBC hemolysis assay
Blood was obtained from healthy human donor and collected 
into heparinized tubes through the Blood Bank, J. N. Medical 
College, Aligarh Muslim University, Aligarh. Erythrocytes were 
separated from plasma and the buffy coat, and washed three 
times with 5 volumes of phosphate buffered saline (PBS), pH 
7.4. During every wash, RBCs were centrifuged at 4000rpm for 
10 min to obtain packed cell preparation [21]. The packed RBC 
was suspended in four volumes of PBS solution after the last 
wash. AAPH, a peroxyl radical initiator, was used for RBC hemol-
ysis [21]. Addition of AAPH to the suspension of washed eryth-
rocytes induces the oxidation of membrane lipids and proteins, 
resulting in hemolysis. 0.5 ml of the erythrocyte suspension was 
mixed with 0.5 ml of PBS solution containing varying amounts 
of TQ. 0.5 ml of 200 mM AAPH was added. The reaction mixture 
was shaken gently while being incubated at 37ºC for 3 hr. After 
incubation, reaction mixture was diluted with eight volumes of 
PBS and centrifuged at 4000 rpm for 5 min. The Absorbance (A) 
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of the supernatant was recorded at 540 nm. Percent inhibition 
was calculated by the following equation:

% Inhibition = [AAAPH – APhytochemical] / AAAPH

Where AAAPH is the absorbance of AAPH at 540 nm and APhyto-
chemical is the absorbance of thymoquinone at 540 nm.

RESULTS
DPPH assay
TQ was found to have good radical scavenging activity. And it 
was found to be concentration dependent. As shown in fig.1, TQ 
scavenges upto 78.13%. In a similar assay, gallic acid as stand-
ard reference compound scavenges upto 94.67%, having IC50 
value of 2.867±0.404 µg/ml. IC50 value is the concentration at 
which antioxidants show 50% inhibition of free radicals gener-
ated. IC50 value of TQ is 1.07±0.036 mg/ml.

Fig.1. About DPPH assay here:
 				  

Fig.1: Percent DPPH scavenging activities of (a) TQ and (b) 
GA. All the points represent Mean ± SD of triplicate samples.
 
Reducing Power
Total reducing power of TQ was measured by Zhu et.al., method 
[19] in which reduction of Fe3+(CN¯)6 to Fe2+(CN¯)6 was de-
termined in presence of TQ by measuring absorbance at 700nm 
resulting from the formation of Perl 's Prussian blue complex. 
Ascorbic acid was used as standard. In the present study, reduc-
ing power of TQ increased with the increase in concentration.

Fig. 2. About reducing power here:

				  

Fig.2: Total Reducing ability at various concentrations of 
(a) TQ and (b) Ascorbic acid. All the points represent Mean 
± SD of triplicate samples.

FRAP assay
FRAP value was calculated from the standard graph of ferrous 
sulphate (Standard curve equation: Y= 0.71274x + 0.09092; 
r2= 0.999). FRAP value of TQ was found to be 2.731±0.592 mM 
Fe2+/mg of thymoquinone.

AAPH induced RBC hemolysis assay
The incubation of RBCs with different concentrations of thymo-
quinone (TQ) and ascorbic acid (AA) showed a potent protective 
effect against AAPH-induced RBC lysis. This protective effect 
also showed an increase in concentration dependent manner. 
50% inhibition of RBC lysis was attained at a concentration of 
40 and 7.5µg/ml in healthy subjects, when incubated with TQ 
and AA respectively. Similarly, IC50 of diabetic subjects was 
found to be 50 and 10 µg/ml when incubated with TQ and AA 
respectively.

Fig.3. About AAPH assay here:
				  

 
Fig.3: Percentage inhibition of RBC lysis in AAPH assay by in-
creasing concentrations of (a)TQ and (b)AA in both healthy (♦) 
and diabetic (■) subjects. All the points represent Mean ± SD of 
triplicate samples.

DISCUSSION
Biomolecules, including lipids, proteins and DNA, are biotargets 
of ROS-mediated oxidative injury. Oxidative damage to these 
molecules is involved in the pathogenic mechanisms of many 
human diseases including Alzheimer 's diseases, Parkinson 's 
disease, diabetes mellitus, atherosclerosis, ischemia-reperfu-
sion injury and ageing processes [22,23]. In the present study, 
TQ showed significant antioxidant and free radical scavenging 
ability which might be helpful in slowing the progress of various 
oxidative stress-related diseases.

The antioxidant activity of TQ was determined by DPPH radical 
scavenging ability. Many of the pharmacological activities have 
been attributed to the quinine constituents of the seed [11]. It is 
further supported by the reductive power of TQ which increases 
with the increase in concentration of TQ. Different studies have 
been indicated that the reducing properties are generally asso-
ciated with the presence of reductones, which have been shown 
to exert protective action of antioxidant is usually due to inhi-
bition of FR-induced chain reaction through the donation of a 
hydrogen atom [24,25].

The ability of phytochemicals to reduce ferric ions was deter-
mined by FRAP assay. TQ showed good reducing ability of fer-
ric tripyridyl triazine complex into ferrous-(TPTZ) complex. All 
these results confirmed the good antioxidant power of TQ.

Red blood cells are vulnerable to lipid peroxidation due to their 
high content of polyunsaturated fatty acids (PUFA). Lipid oxi-
dation of human RBC membrane mediated by AAPH, induces 
membrane damage and subsequent hemolysis [21]. The pre-
sent study revealed that TQ protects these PUFA from oxidation 
in the membrane of RBC incubated with AAPH in both diabetic 
and normal subjects significantly. TQ inhibit RBC lysis upto 
86.22±2.15% and 71.04±1.39% in healthy and diabetic blood 
respectively. These results indicate the possibility of employing 
TQ as an antioxidant substance to ameliorate the oxidative dam-
age. 

CONCLUSION
The data reported in the present study demonstrates that TQ 
has free radical scavenging activity and good reducing power. 
It can also provide protection against RBC hemolysis induced 
by free radicals or oxidative stress. Therefore, herbal medicines 
based on TQ can be used for the prevention and treatment of 
oxidative stress related disorders, such as, diabetes, vascular 
diseases, cancer and rheumatism.
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