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Abstract: Benzoquinones are class of natural quinones found chiefly in higher plants, fungi, bacteria and animal king-

dom. They are involved in important biological functions such as bioenergetic transport, oxidative phosphorylation and 

electron transport processes. In recent years it has become increasingly clear that some of them possess potent antioxidant, 

anti-inflammatory and anticancer activities. There is clearly a common thread running through these activities and there 

have been a large number of studies carried out to unravel the mechanisms of these activities. In the present review we 

have provided a brief account of these studies especially covering these aspects. Although antioxidant potentials of these 

compounds constitute the basis of their biological activities its nature and scope is dictated by many microscopic biologi-

cal environments. One of the important advantages offered by these compounds is the ease with which they can be syn-

thesized and chemically manipulated. This can easily provide impetus for further research in developing some potentially 

useful drug molecules.  
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1. INTRODUCTION 

 Benzoquinones constitute a class of compounds with 
important biological functions in bioenergetic transport [1, 
2], oxidative phosphorylation and electron transfer processes 
[3]. They possess diverse pharmacological properties such as 
anticancer [4-7], anti-inflammatory [8], antimicrobial [9, 10] 
and antiviral activities [11]. The compounds are used as po-
tential synthetic building blocks in the design and synthesis 
of various heterocyclic drug molecules. The impetus for re-
search on these compounds in recent years is perhaps pro-
vided by the discovery of chemopreventive and therapeutic 
properties observed for a naturally occurring benzoquinone 
compound, viz. Thymoquinone, which is found in the Black 
Cumin (Nigella sativa) seed oil [12]. The black cumin seeds 
have long been used as a spice in the Mediterranean region 
and in Western Asian countries including India, Pakistan and 
Afghanistan. This herb goes by many different names such 
as ‘Panacea’ in Latin, ‘Habbah Sawda’ in Arabic, ‘Hak Jung 
Chou’ in Chinese or ‘Kalonji’ in India. Investigations on the 
extracts of this plant have indicated potent antitumor activi-
ties without serious toxic effects suggesting that compounds 
having benzoquinone nucleus may be developed into useful 
therapeutic agents [12, 13]. 

 In the present review we provide a brief account of some 
important benzoquinone compounds having potent antioxi-
dant, anti-inflammatory and anticancer properties reported 
until December 2009.We also provide a short review of the 
chemistry of these compounds in order to help understand 
structural relevance to their medicinal properties. 
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2. CHEMISTRY OF BENZOQUINONE DERIVATIVES 

 Benzoquinones are the simplest structural quinones 
which are widely distributed in plants, animals and bacteria. 
Most of the investigations on the biogenesis of benzoqui-
nones have been carried out with moulds such as Aspergillus 
fumigatus and Pencillium patulum [14]. Majority of the fun-
gal benzoquinones appear to be formed by the acetate-
malonate pathway yielding ubiquinones having polyprenyl 
side chains [15]. These compounds are found in most aerobic 
organisms from bacteria to higher plants and animals and are 
involved in mitochondrial electron transport chains. The 
Streptomyces bacteria also produce large number of nitrogen 
containing heterocyclic quinones [16]. Studies on insects 
using radio-labelled precursors have indicated two biosyn-
thetic routes for the formation of benzoquinone compounds 
such as methylbenzoquinone, 2, 3-dimethyl and 2, 5-
dimethylbenzoquinone which serve as important toxic de-
fence for many insects and arthropods. Comparatively less is 
known about the biogenesis of benzoquinones in higher 
plants [17].  

 The methods employed to isolate naturally occurring 
benzoquinones are common to natural products chemistry 
and involve sequential extraction with solvents of increasing 
polarity while the appropriate fractions are purified by col-
umn or thin layer/preparative thin layer chromatography. 
Ultrasonic or critical fluid extractions carried out in recent 
years offer advantages in terms of avoiding residual solvent 
levels [18]. 

 Chemically 1, 4-benzoquinone is a simple six-membered, 
non-aromatic compound which is the oxidised derivative of 
1, 4-dihydroquinone.It is a multi-functional moiety exhibit-
ing properties of a ketone, oxidant and an alkene undergoing 
addition reactions. The compound can be easily reduced to 1, 
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4-benzenediol. An equimolar quantity of 1, 4-benzoquionone 
and 1, 4-benzenediol is known as quinhydrone which is used 
as a standard electrode material [19]. Several features associ-
ated with the quinonoidal structure make it an attractive mo-
tif for building supramolecular assemblies. Similarly, the 
quinonoidal carbonyl groups are capable of evolving hydro-
gen bonded assemblies yielding inclusion compounds [20, 
21]. The electron deficient benzoquinone system also yields 
charge transfer complexes very easily [22-27]. The facile 
redox cycling associated with benzoquinones make them 
excellent oxidizing agents [28].They are known to react with 
acetic anhydride and sulphuric acid to give triacetate of 1, 3, 
4-trihydroxybenzene and the reaction is known as Thiele 
reaction [29].  

 The benzoquinones easily undergo nucleophilic addition 

reactions and serve as an excellent dienophiles in the Diels-

Alder reaction. They react with large number of primary and 

secondary aliphatic or aromatic amines yielding mostly 

disubstituted compounds. However, single substitution is 

observed with secondary amines under selected conditions. 

During such substitutions one or two moles of reduced ben-

zoquinone molecules are also formed as shown in Fig. (1) 

[30]. Harley-Mason and Laird [31] have reported on the 

formation of 1, 2, 3, 4-tetrahydro-1, 4, 5, 8-tetra-aza-

anthracene after reacting 2, 5-dihydroxy-p-benzoquinone 

with ethylenediamine in presence of air in aqueous media. A 

similar reaction with 2,3-dimethoxy-p-benzoquinone and 

ethylenediamine yields 2, 5-bis(2-hydroxyethylamino)-3, 6-

dichloro-1, 4-benzoquinone which on further heating for 

several hours gives tetra-aza-anthracene (Fig. 2) [32]. Aro-

matic amines also undergo nucleophilic substitution at 2 and 

5 position of p-benzoquinone. For example, Aseed and Omer 

have synthesised 2, 5-Diamino-3, 6-dibromo-1, 4-benzo-

quinone by reacting various amines with 2, 3, 5, 6- tetrab-

romo-1, 4-benzoquinone (Fig. 3) which exhibit antibacterial 

activity against Aspergillus niger and Candida albicans re-

spectively [33]  

 The Diels-Alder reaction (also known as the Diene Syn-
thesis) is one of the most commonly used reactions for cy-
cloadditions. The original reaction involved interaction of 1, 
3-butadiene with an alkene to form a cyclohexene. The 
method was extended to the reaction of cyclopentadiene with 
p-benzoquinone by Diels and Alder who found out that in 
this reaction the electron deficient ring of quinones act as 
dienophile and undergoes Diels-Alder 4+2 cyclo-addition 
reactions or photochemical 2+2 cyclo-addition reactions 
leading to interesting organic compounds [34, 35]. These 
quinone cyclo-addition reactions are important since they 
can be extended to synthesis of various natural products. For 
example, the cyclopentadiene-benzoquinone adduct has been 
employed in the synthesis of dendrobine (Fig. 4) [36].  

 Lora-Tamayo has summarized the characteristic features 
of addition reactions of substituted benzoquinones. Accord-
ingly addition occurs only at non-substituted ethylene link-
age of benzoquinone and no addition occurs if substituents 
are present on both ethylene linkages. Secondly, the reaction 
generally accompanies tetra-dehydrogenation to yield a phe-
nanthrenequinone derivative [37]. However, the orientation 
of the quinone is not clarified by these authors. After study-
ing the reaction between styrene and methoxy-benzoquinone 
other workers have concluded that the main product of the 
reaction is 3-methoxybenzoquinone (Fig. 5) [38]. The com-
pound 2-methyl-1, 4 benzoquinone has been used in synthe-
sis of vitamin K3 using a multi-component Diels-Alder reac-
tion and microwave irradiation under the conditions shown 
in Fig. (6) [39]. Buckle et al. have evaluated the relative 
rates of the Diels-Alder reactions of the unsymmetrical di-
ene, viz. 2-(trimethylsilyloxy)-1, 3-cyclohexadiene, and its 6, 
6- and 5, 5-dimethyl derivatives. They have found almost 
synchronous Diels-Alder reaction with symmetrical, eth-
ylenic dienophiles like para-benzoquinone, maleic anhydride 
and N-phenylmaleimide, while the reaction was sufficiently 
asynchronous with tetracyanoethylene and diethyl acetylene-
dicarboxylate. The addition also leads to different rates of 
reaction with dimethyl-dienes [40]. 
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Fig. (1). Reaction of 1, 4-benzoquinone with amines. 
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Fig (2). Preparation of tetra-aza-anthracene from reaction of 2,5-dihydroxy-1,4-benzoquinone with ethylene diamine (EDA). 
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Fig (3). Reaction of tetrabromo-substituted 1, 4-benzoquinone with amines. 
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Fig (6). Synthesis of vitamin K3 by using 2-methyl-1, 4 benzoquinone. 

 Finally, the redox properties of quinones have found ap-
plications in pH determination and catalytic redox reactions 
[41] as well as in electrochemical redox switches [42]. The 
redox active quinone polymers have also been employed in 
light-emitting devices [43]. The biological activities of qui-
nonoidal compounds have been explained in terms of 
“Bioreductive alkylation” which is the term used to explain a 
series of mechanisms by which a drug can be reduced to its 
reactive intermediate which can undergo nucleophilic addi-
tion [44]. Benzoquinones have been known to undergo 
bioreductive alkylation under biological conditions to gener-
ate methides and reactive oxygen species (ROS) [45]. Al-
though no specific enzyme has been identified as quinone 
reductase as yet, the enzymes like microsomal NADPH-
cytochrome P-450 reductase, mitochondrial NADH dehy-
drogenase and cytosolic xanthine oxidase have been shown 
to function as quinone reductases (Fig. 7) [46]. The antican-
cer activities of some quinonoidal antitumor compounds like 
mitomycin C, adriamycin, daunomycin, mitozantrone and 

3,6-diaziridinyl-2,5-bis (carboethoxyamino)-1,4-benzoqui-
none (Fig. 8) have been explained on the basis of bioreduc-
tive alkylation and oxidative stress induced by the ROS [47].  

3. BIOLOGICAL ACTIVITIES 

3.1. Antioxidant Activity 

 Several studies have reported on the antioxidant potential 
of natural and synthetic benzoquinone analogs. One of the 
important natural benzoquinone compound is Coenzyme 
Q10 (ubiquinone, 1), which is 2, 3-dimethoxy-5-
methylbenzoquinone with a side chain comprising of ten 
carbon isoprene units in trans configuration with one double 
bond. It plays a major role in mitochondrial bioenergetics 
and is present in plasma and subcellular fractions [48]. Re-
cent reports suggest that ubiquinone affects gene expression 
involved in human cell signalling, metabolism and transport 
[49]. It exerts its neuroprotective effect by enhancing anti-
oxidant enzyme levels in hippocampus of rats in pilocarpine 
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Fig (8). Structures of some quinonoidal antitumor compounds. 

induced seizures [50]. Littarru and Tiano have summarized 
the antioxidant effects of ubiquinone [51]. The compound is 
endogenously synthesized as a lipid soluble antioxidant 
which when reduced protects the system from protein degra-
dation, DNA oxidation and lipid peroxidation. It prevents 
peroxidation of lipids of cell membrane and lipoprotein lip-
ids in the circulation [52]. Anti-atherogenic effect of ubiqui-
none has been evaluated in apo-lipoprotein-E-deficient mice 
fed with a high-fat diet. In this model, supplementation with 
ubiquinone resulted in lowering of the absolute concentra-
tion of lipid hydroperoxides and size of atherosclerotic le-

sions in the whole aorta [53]. Recent data has shown that 
ubiquinone can have a direct effect on endothelial function. 
In patients with stable moderate congestive heart failure, 
supplementation with ubiquinone has been shown to amelio-
rate cardiac contractility and endothelial dysfunction as well 
as increase in Co-enzyme-Q9 and ubiquinone content in ho-
mogenates of liver, heart, kidney, skeletal muscle and brain 
[54-57]. The compound shows a strong correlation between 
endothelium bound extra cellular SOD (ecSOD) and flow-
dependent endothelial-mediated dilation which is commonly 
used as a biomarker of vascular function [58].  
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 Recently, Mancuso et al. have suggested involvement of 
ubiquinone in oxidative phosphorylation and cellular anti-
oxidant protection for the treatment of mitochondrial disor-
ders, like Parkinson's disease, Huntington's disease and Frie-
dreich's ataxia [59]. Ratnam et al. have shown that encapsu-
lated nanoparticles of ellagic acid in combination with 
ubiquinone enhanced glucose and triglyceride lowering ac-
tivity in high fat diet induced hyperlipidemic rats [60]. Sohet 
and co-workers have studied the effect of ubiquinone on 
hepatic metabolism and inflammatory disorders associated 
with diet-induced obesity and glucose intolerance in 
C57bl6/j mice and have concluded that the compound de-
creased the global hepatic mRNA expression of inflamma-
tory and metabolic stress markers without changing obesity 
and tissue lipid peroxides [61]. Kumar and co-workers have 
summarised the rationale behind the use of this compound in 
cardiac disease, hypertension and Meniere-like syndrome. 
Besides the antioxidant and free radical scavenging activity 
the compound also shows a vasodilatory effect and LDL 
oxidation inhibitory effects which lead to improvement in 
atherosclerosis. The compound decreases the release of pro-
inflammatory cytokines and blood viscosity which is useful 
for patients with heart failure and coronary artery disease. It 
was found to improve ischemic and reperfusion injury to 
coronary revascularisation [62]. Stawiarska-Pieta et al. have 
shown that at a dose of 200 μg/rat/24h the compound exerts 
protective effect against sodium fluoride-induced oxidative 
degeneration of rat pancreas and heart through histopa-
thological examination [63]. Okello and co-workers have 
proposed that statins and ubiquinone show synergistic im-
provement in cardiac function by enhancing expression of 
superoxide dismutase [64].  

 In animal models of Parkinson’s and Huntington's dis-
eases, the antioxidant effect of ubiquinone shows additive 
neuroprotective effect in combination with creatine in the 
transgenic R6/2 HD mice [65]. Cordero et al. have found 
that oxidative stress due to defect in distribution and metabo-
lism of ubiquinone in cells and tissues in the patients, may be 
one of the contributing factors to fibromyalgia and protection 
offered by ubiquinone in mononuclear cells indicate benefi-
cial effects of its supplementation in fibromyalgia patients 
[66]. A study involving the supplementation of ubiquinone 
and -tocopherol on metabolic control and pancreatic mito-
chondria of GK rats have shown that the compounds lower 
the glycated hemoglobin and pancreatic lipid peroxidation 
but do not prevent the pancreatic lesions in type-2 diabetes 
[67]. Ayaz et al. have concluded that ubiquinone prevents 
diabetes-induced shift of actively contributing nerve fibers 
towards slower conduction velocity and restores velocities 
toward those of aged-matched control group. They have also 
suggested that protective effects of ubiquinone on mitochon-

drial alterations in diabetic neuropathy were mediated by its 
antioxidant activity [68]. Nakajima et al. have studied the 
neuroprotective action of ubiquinone against retinal damage 
induced by hydrogen peroxide in vitro on cultured retinal 
ganglion cells and intra-vitreal N-methyl-d-aspartate 
(NMDA) injection (at 10 mg/kg dose) in mice in vivo [69].  

 Kim and co-workers have investigated effect of nanopar-
ticles of ubiquinone on photoaging in the hairless mouse skin 
induced by ultraviolet B (UVB) irradiation where the treat-
ment was found to reduce oxidative stress significantly by 
enhancing manganese superoxide dismutase (SOD2) and 
glutathione peroxidase activity in the skin [70]. Another 
study involving administration of ubiquinone for 6-24 
months has shown decrease in age associated peroxidizabil-
ity index, enhanced catalase activity and modulation of aging 
related changes in mitochondrial electron transport in skele-
tal muscle of rats fed on polyunsaturated fatty acid (PUFA)-
rich diet inducing age related oxidative stress [71]. In yet 
another clinical study the effect of combined modality of 
ubiquinone (100 mg), riboflavin (10 mg) and niacin (50 mg) 
with tamoxifen (10 mg twice a day) for 90 days on serum 
lipids and lipoprotein levels in postmenopausal women with 
breast cancer was undertaken. Various lipid parameters were 
calculated on 45

th
 and 90

th
 day in 78 un-treated, tamoxifen-

treated and combination-treated groups with age and sex 
controls. Results suggest that all lipid parameters are altered 
in un-treated group when compared to normal counterparts, 
while serum triglyceride and VLDL-C are found to be ele-
vated and reduced LDL-C in tamoxifen-treated patients. All 
altered lipid parameters were found to be near normalized 
after 90 days treatment of combination [72]. Upaganlawar et 
al. have investigated antioxidant effects of ubiquinone (10 
mg/kg/day, i.p.) alone and in combination with green tea (25 
mg/kg/day, p.o.) against gentamicin-induced nephrotoxicity 
in rats. Treatment with ubiquinone or green tea alone showed 
decrease in serum urea, creatinine and tissue lipid peroxida-
tion content and increase in antioxidant enzymes, while 
combined treatment showed better activity [73].  

 Decylubiquinone (2, 3-Dimethoxy-5-methyl-6-decyl-1,4-
benzoquinone) (2) which is an analog of ubiquinone, has 
been shown to block ROS production induced by glutathione 
depletion and prevent activation of the MPT (mitochondrial 
permeability transition) thereby leading to apoptosis of 
HL60 cells [74]. Leber’s hereditary optic neuropathy is a 
mitochondrial disease characterized by visual loss resulting 
from retinal ganglion cell degeneration and associated with 
free radical induced defect in glutamate uptake. Administra-
tion of decylubiquinone partially restores glutamate transport 
impairment occurring in trans-mitochondrial cybrid cell lines 
constructed using enucleated carrying the most severe 
3460/ND1 mutation and the osteosarcoma-derived mtDNA-
less cells [75].  
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 Idebenone (2, 3-dimethoxy-5-methyl-6-(10-hydroxy-
decyl)-1, 4-benzoquinone) (3) is another synthetic analogue 
of ubiquinone which is currently used to improve cognitive 
status in patients with clinical history of stroke, Alzheimer’s 
disease, and multiinfarct dementia [76-77]. Idebenone was 
initially developed by Takeda Pharmaceuticals Company 
Ltd. for the treatment of patients with cognitive disorders 
and Alzheimer’s disease and was approved in Japan in 1986 
for the treatment of those with decreased violition and emo-
tional disturbances associated with cerebrovascular disease. 
Its neuroprotective action was mediated by compound’s an-
tioxidant properties through inhibition of lipid peroxidation 
in brain homogenates and mitochondrial membranes [78] as 
well as in neural cell lines subjected to oxidative stress [79]. 
Voronkova and Meleshkov have conducted a clinical study 
by using idebenone at dose of 120 mg/day for six months in 
the treatment of patients aged 60-86 years with Alzheimer's-
type dementia, mixed dementia, and memory impairments 
not reaching the stage of dementia. They have shown that 
37% of the patients showed improvements in short-term and 
long-term memory and attention, with improvements in 
speech functions, performance of kinesthetic, spatial, and 
dynamic praxis tests, and in visuo-spatial gnosis, thought, 
and writing [80]. Idebenone was also found to inhibit glyc-
erophosphate and succinate-dependent, ferricyanide-
activated ROS production. It was found to be more efficient 
in scavenging ROS with IC50 value of 0.052 μM.  

O
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H3C

H3C
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 Liposomally-entrapped idebenone prevented the ethanol 
induced injury on astroglial cells and hence was implicated 
in the treatment of brain disorders [81]. Idebenone-loaded 
polyethyl-2-cyanoacrylate (PECA) nanocapsules were tested 
against oxidative stress induced by diethylmaleate on Human 
non-immortalized fibroblasts in vitro. The results suggest 
that the compound entrapped within Tween 80-coated PECA 
nanocapsules at concentration 0.5 μM are capable of reduc-
ing oxidative damage to fibroblasts than free drug [82]. Ide-
benone alone reduced oxidative brain stress following tran-
sient circulatory arrest in the rat by scavenging free radicals 
at a dose of 100 mg/kg [83]. Mordente et al. have proposed 
that the compound functions by virtue of the electron-
donating properties of its hydroquinone form. Thus, neuro-
protective effects of idebenone can be attributed to its anti-
oxidant ability, involving redox cycling [84].  

 Mitoquinone (4) is another analog of ubiquinone wherein 
a triphenyphosphonium cation is linked to ubiquinone moi-
ety by a linear alkyl chain, which is a potential mitochondrial 
targeting antioxidant. It is taken up quickly by isolated mito-
chondria driven by the mitochondrial membrane potential. 
The antioxidant effect of mitoquinone is due to its ubiquinol 
form and redox cycling associated with it [85]. Some recent 
reports have summarized potential antioxidant effects of 
mitoquinone and its benefits in diseases originating from 

oxidative stress [86-88]. The compound is an orally active 
antioxidant that is under development by Antipodean Phar-
maceuticals Inc and is being currently studied in phase II 
clinical study for Parkinson's disease and liver damage asso-
ciated with HCV infection [86].  
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 Plastoquinone (5) is another benzoquinone derivative  
which is involved in chloroplast electron transfer chain in  
plants. Some reports have suggested that plastoquinone is a  
better antioxidant than ubiquinone [89-91]. In the photosyn- 
thetic process oxygen producing chloroplasts get more ex- 
posed to oxidative stress than oxygen consuming mitochon- 
dria and hence it is likely that plants may be using plastoqui- 
none to scavenge these radicals in chloroplasts. Antonenko  
et al. have recently synthesized cationic plastoquinone de- 
rivatives (SkQs) (6) where positively charged phosphonium  
or rhodamine moieties connected to plastoquinone by decane  
or pentane linkers. They have found out that these com- 
pounds can easily penetrate through planar mitochondrial  
and outer cell membranes and exhibit potent antioxidant ac- 
tivity at nanomolar concentration in lipid micelles, liposomes  
and isolated mitochondria as well as intact cells [92, 93].  
SkQ1 has also been studied in various oxidative stress- 
induced ocular diseases. Small amount of food supplemented  
with SkQ1 (50 nmol/kg per day) showed prevention of age- 
induced cataract and retinopathies of the eye, lipid peroxida- 
tion and protein carbonylation in skeletal muscles, as well as  
decrease in bone mineralization in ROS induced progeria.  
The instillation of drops of 250 nM of SkQ1 showed reversal  
of uveitis, cataract and retinopathies in 3-12-month-old (but  
not in 24-month-old) OXYS rats [94]. Iwashima et al. have  
isolated two plastoquinone derivatives from methanolic ex- 
tract of the brown alga Sargassum micracanthum which  
were identified as 2-geranylgeranyl-6-methylbenzoquinone  
(7) and its hydroquinone (8), which showed inhibition of  
DPPH free radials and lipid peroxidation respectively [95]. 

 Thymoquinone (9) is an active constituent of volatile oil 
of black Nigella sativa seed whose chemistry and biological 
activities have recently been summarized by us [13, 96]. The 
compound has a good safety profile with LD50 value of 104.7 
mg/kg after i.p. injection and 870.3 mg/kg after oral treat-
ment in mice [97]. Ragheb et al. have studied the effect of 
thymoquinone on cyclosporine A or hyperlipidemia induced 
atherosclerosis alone or in combination in a rabbit model. 
They have found that thymoquinone attenuates the oxidative 
stress and atherogenesis as well as hyperlipidemia by de-
creasing aortic MDA [98]. Rats treated with thymoquinone-
rich fraction (and thymoquinone at various doses) showed 
significant inhibitory activity on liver RNA expression and 
up-regulation of the antioxidant superoxide dismutase 1 
(SOD1), catalase, and glutathione peroxidase 2 (GPX) genes 
respectively in the liver of hypercholesterolemic rats [99]. 
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Thymoquinone was found to restore streptozotocin-diabetes-
induced changes in cardiac creatine kinase levels in muscle 
and brain as well as brain monoamines due to its antioxidant 
properties [100]. Chandra et al. have shown that thymoqui-
none had protective effects against highly active anti-
retroviral therapy inducing a metabolic syndrome manifest-
ing cardiovascular dysfunction and lipodystrophy as well as 
insulin resistance [101]. The compound can ameliorate oxi-
dative damage and proliferative response induced by mercu-
ric chloride in rat kidney under nephropathic condition 
[102].  
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 Various reports have shown that the antioxidant effects 
of thymoquinone are mediated by scavenging of various re-
active oxygen species including superoxide radical anions 
and hydroxyl radicals respectively [103-105]. Thymoqui-
none has a potent chemopreventive potential of inhibiting the 
process of carcinogenesis by modulating lipid peroxidation 
and cellular antioxidant milieu [106,107]. The compound 
significantly restores hepatic antioxidant enzymes such as 
superoxide dismutase, catalase and glutathione peroxidase 
respectively thereby inhibiting iron dependent microsomal 
lipid peroxidation in rats with doxorubicin-induced hyperlip-
idemic nephropathy [108]. It also shows protection against 
gentamicin induced nephrotoxicity [109]. El-Saleh and co-
workers [110] have shown that active antioxidant compo-
nents of black seeds of Nigella sativa plants are capable of 
rendering protection against the development of methionine-
induced hyperhomocysteinemia (HHcy) and its associated 
state of oxidative stress in rats. Thymoquinone was also 
found to be effective in acetic acid-induced colitis in rats 
[111]. The treatment with thymoquinone has been found to 

suppress DOX-induced proteinuria, albuminuria, and urinary 
excretion of N-Acetyl Glucosamine (NAG) in doxorubicin 
(DOX)-induced hyperlipidemic nephropathy and oxidative 
stress in rats [112]. The neuroprotective effect of thymoqui-
none is mediated by down-regulation of the elevated levels 
of MDA upregulation of antioxidant enzymes in transient 
forebrain ischemia-induced neuronal damage in the hippo-
campus of rats. Thymoquinone inhibits in vitro non-
enzymatic lipid peroxidation in hippocampal homogenate 
induced by iron-ascorbate with the IC50 value of 3 μM re-
spectively which makes thymoquinone a promising agent in 
pathologies implicating neurodegeneration such as cerebral 
ischemia [113]. 

 Embelin (2, 5-dihydroxy-3-undecyl-1, 4-benzoquinone) 
(10) has been isolated from the seeds of the plant Embelia 
ribes (Myrsinaceae), which is commonly known as 
‘Vidanga’ in Indian sub-continent [114]. The compound 
shows potential antioxidant activity in diabetic animals [115, 
116]. It can be synthesized by peroxide alkylation of 2, 5-
dihydroxy 1, 4-benzoquinone [117]. Embelin is chemically 
an interesting molecule due to presence of quinone and phe-
nolic group on the same ring with a long alkyl chain at C-3 
position conforming lipid solubility and cell permeability. 
The adjacent quinone and phenolic groups are involved in 
intramolecular hydrogen bonding which seems to facilitate 
metal complexation with Mn (II), Ni (II), Cu (II) and Zn (II) 
[118, 119]. It is found to enhance antioxidant enzymes and 
decrease lipid peroxidation in the carbon tetrachloride-
induced free radical generation and hepatotoxicity [114]. The 
compound was found to scavenge DPPH radicals and inhibit 
deoxyribose degradation induced by hydroxyl radicals. It 
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also showed inhibition of lipid peroxidation and up-
regulation of Mn-superoxide dismutase level. Joshi and co-
workers have suggested that the compound can act as a com-
petitive antioxidant under physiological conditions [120].  

 Duroquinone (11) is a tetramethyl-p-benzoquinone which 
has also been studied for its antioxidant activity [121]. Vari-
ous other synthetic benzoquinone analogs have also been 
screened for antioxidant activity. For example, Terao et al. 
have synthesized 2, 3, 5-trimethyl-6-(3-pyridylmethyl)-1, 4-
benzoquinone (12) which is found to be a scavenger of reac-
tive oxygen species [122]. Betulinans A (13) and B (14) iso-
lated from the methanolic extract of Lenzites betulina have 
been found to inhibit lipid peroxidation with IC50 values of 
0.46 and 2.88 μg/ml respectively [123]. A series of arylthio-
lated 2, 3-dimethoxy-1, 4-benzoquinones have been found to 
be efficient exogenous radical scavengers for the inhibition 
of lipid peroxidation [124].  
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3.2. Anti-Inflammatory Activity 

 Choi et al. have studied the effect of ubiquinone on cuta-
neous healing in skin-incised mice and found that the treat-
ment increased the level of collagen and collagen-like poly-
mer and decreased the level myeloperoxidase and phospholi-
pase A2. These workers have also shown that ubiquinone did 
not act as antioxidant as judged by an in vitro DPPH assay 
but did possess potent antioxidant activity by reducing 
malondialdehyde and enhancing superoxide dismutase levels 
in cell cultures of Raw 264.7 cells [125]. Other workers have 
shown that the diet supplemented with fat-soluble antioxi-
dants can suppress phosphorylation of NF-kB, I-kB kinase 
and SAPK/JNK proteins, thereby preventing the activation 
of NF-kB kinase and SAPK/JNK signalling pathways in 
LPS-treated mice suggesting the potential of such antioxi-
dants in developing novel therapeutic combinations [126]. 
Recently, influence of ubiquinone in affecting expression of 
several genes involved in activation of inflammatory path-
ways has been elucidated. For example, Novoselova et al. 
have identified signalling pathways of G-protein coupled 
receptors, JAK/STAT, and integrin which have several 
ubiquinone sensitive genes. Consequently treatment with 

ubiquinone has been found to reduce the expression of LPS-
induced TNF-  response in apoE-3 or apoE-4 cells respec-
tively [127]. Lee and co-workers have shown that ubiqui-
none partially attenuated the effect of TNF-  on PPAR-  but 
did not alter its effect on PPAR-  [128]. Chew and Watts 
suggested that ubiquinone improves endothelial dysfunction 
by re-coupling eNOS and mitochondrial oxidative phos-
phorylation and acting synergistically with anti-atherogenic 
agents such as fibrates and statins, to improve endotheliopa-
thy in diabetes [129]. 

 The effects of mitoquinone have been studied in vitro in 
an endothelial cell model of sepsis and in vivo in rat model 
of sepsis. Mitoquinone lowered rate of ROS formation, while 
maintaining mitochondrial membrane potential thereby low-
ering the oxidative stress and protecting mitochondria from 
damages. It also suppressed pro-inflammatory cytokine re-
lease from cells in vitro. The compound decreased the levels 
of biochemical markers of acute liver and renal dysfunction 
in vivo, while improving mitochondrial membrane potential 
in most of the organs as studied by lipopolysaccharide-
peptidoglycan rat model of the organ dysfunction [130].  

 Idebenone was found to inhibit enzymatic metabolism of 
arachidonic acid in astroglial homogenates although it was 
less effective in platelets. Oxidised form of idebenone 
showed preferential cyclooxygenase inhibition, while the 
reduced form did not distinguish between cyclooxygenase 
and lipooxygenase forms [131]. 

 Thymoquinone has been reported to be a potent inhibitor 
of leukotriene formation in human blood cells. Mansour and 
his group have studied effects of thymoquinone on leukot-
riene formation in human blood cells and have found con-
centration-dependent inhibition of both LTC4 and LTB4 
formation from endogenous substrate with IC50 values of 
1.8 and 2.3 μM respectively [132]. It also shows dose as well 
as time-dependent inhibition of both 5-lipooxgenase and 
leukotriene-C4 synthase (LT-4 synthase) activity. Since 
treatment with thymoquinone suppresses the production of 
NO by macrophages, it is helpful in ameliorating the in-
flammatory and autoimmune responses [133]. Treatment 
with thymoquinone showed decrease in the levels of mye-
loperoxidase and platelet activating factor, while glutathione 
level was found to be increased leading to complete protec-
tion against acetic acid-induced colitis in rats [111]. How-
ever, Juhas et al. were not able to confirm anti-inflammatory 
effects of thymoquinone in TNBS colitis [134].  

 The anti-inflammatory activity of thymoquinone was 
demonstrated in lipopolysaccharide (LPS)-induced pro-
inflammatory cytokine production in RBL-2H3 cells which 
was mediated by inhibition of IL-5 and IL-13 mRNA ex-
pression as well as protein production but not the production 
of IL-10 [135]. The intraperitoneal administration of Black 
cumin seed oil (at doses between 100- 400 μl/kg) showed 
anti-inflammatory effect against carrageenan-induced paw 
edema in rats and croton oil-induced ear edema in mice. 
Thymoquinone also showed significant analgesic activity in 
acetic acid-induced writhing, formalin and light tail flick 
tests. Since analgesic effect of the oil could not be reversed 
by an opioid antagonist naloxone, it was concluded that 
opioid receptors were not involved in these analgesic effects 
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[136]. Thymoquinone has significant inhibitory effects on 
lipopolysaccharide-induced IL-5 and IL-13 mRNA expres-
sion, transcription of GATA-1 and -2 genes and protein pro-
duction, but did not affect IL-10 production, expression of 
AP-1 protein subunits, c-Jun and c-Fos in rat mast cells 
[137]. It showed inhibitory effects on activation of the redox-
sensitive transcription factor NF-kB and interleukin-6 (IL-6) 
in vitro [138].  

 Recently, Ragheb et al. have summarised the antioxidant 
and anti-inflammatory effects of thymoquinone in acute re-
nal injury which indicate the therapeutic value of the com-
pound in delaying end stage renal diseases in diabetics [139]. 
Kanter has shown that thymoquinone exerted protective ef-
fects by reducing morphological alterations and myelin 
breakdown in streptozotocin-induced diabetic rats indicating 
potential of thymoquinone treatment on peripheral neuropa-
thy [140]. Collectively, these results suggest that NF-kB is a 
molecular target of thymoquinone among many other legiti-
mate targets. El-Gazzar and colleagues have investigated the 
effect of thymoquinone on LPS-induced TNF-  production 
in the rat basophile cell line, RBL-2H3 [135]. They found 
that thymoquinone did not alter NF-kB cytosolic activation 
or nuclear expression in LPS-stimulated cells but it signifi-
cantly increased the amount of the repressive NF-kB p50 
homodimer and decreased the amount of trans-activating 
NF-kB p65:p50 heterodimer bound to the TNF-  promoter 
as revealed by electrophoretic mobility shift and chromatin 
immunoprecipitation assays. These results suggest that thy-
moquinone attenuates the pro-inflammatory response in 
LPS-stimulated mast cells by modulating nuclear transacti-
vation of NF-kB and TNF-  production.  

 Embelin is known to produce analgesic and anti-
inflammatory effects in animals [141]. The compound was 
found to inhibit both the inducible as well as constitutive 
forms of NF-kB activated by TNF- , interleukin-1 , 
lipopolysaccharide, phorbol myristate acetate, okadaic acid, 
hydrogen peroxide, and cigarette smoke condensate. It 
showed suppression of NF- B-dependent reporter gene tran-
scription induced by TNF- , TNF receptor-1 (TNFR1), 
TNFR1-associated death domain protein, TNFR-associated 
factor-2, NF-kB-inducing kinase, and I-kB  kinase respec-
tively [142]. Gupta et al. have synthesised some semi-
synthetic derivatives of embelin and have found that its di-
salt also exhibit analgesic, antipyretic and anti-inflammatory 
activities [143].  

 The 17-allylamino-17-demethoxy derivatives of Gel-
danamycin (20) have been found to significantly suppress 
the LPS-induced increase in retinal leukocyte adhesion; vas-
cular leakage; NF-kB and PI-3K activity as well as VEGF 
and IL-1  levels [144]. The potent anti-inflammatory effects 
of geldanamycin on brain glial cells have been suggested to 
be therapeutically beneficial in neuro-inflammatory diseases 
[145]. Malhotra and co-workers demonstrated that gel-
danamycin inhibited TNF- -mediated IL-8 gene and NF-kB 
expression in A549 human respiratory epithelial cells by 
inhibiting activation of the IL-8 promoter. Geldanamycin 
showed inhibition of TNF- -mediated luciferase activity in 
the cells transiently transfected with

 
an IL-8 promoter-

luciferase reporter plasmid. These workers concluded that 
geldanamycin acted directly by reducing the formation of the 

NF-kB/DNA
 
complex [146]. The compound has also shown 

dose-dependent inhibition of carrageenan-induced mouse 
paw edema [147].  

 Alhosin et al. [148] have analyzed the effects of thymo-
quinone on p53-deficient acute lymphoblastic leukemia 
(ALL) Jurkat cell line. The results showed that thymoqui-
none inhibits the proliferation of Jurkat cells and induces G1 
cell cycle arrest in a dose-dependent manner. Thymoquinone 
-induced apoptosis was confirmed by the presence of hypo-
diploid G0/G1 cells which was associated with a rapid and 
sharp re-expression of p73 and dose-dependent changes in 
the levels of caspase-3 cleaved subunits. Knockdown of p73 
expression restores anti-apoptotic and epigenetic integrator 
(UHRF1) expression and reactivates cell cycle progression 
leading to inhibition of thymoquinone-induced apoptosis. El-
Najjar and co-workers [149] have shown that thymoquinone 
inhibited proliferation of a panel of human colon cancer cells 
(Caco-2, HCT-116, LoVo, DLD-1 and HT-29), without ex-
hibiting cytotoxicity to normal human intestinal FHs74Int 
cells. Further investigations on DLD-1 cells revealed that 
apoptotic cell death is the mechanism for thymoquinone-
induced growth inhibition as confirmed by flow cytometry, 
M30 cytodeath and caspase-3 activation. Apoptosis was 
probably induced via generation of reactive oxygen species 
(ROS) as evidenced by the abrogation of thymoquinone 
apoptotic effect in cells pre-incubated with the strong anti-
oxidant such as N-acetyl cysteine (NAC). Thus, pro-oxidant 
effects of thymoquinone are linked with its apoptotic effects 
in colon cancer and proving a protective role of MAPK.  

 In a recent study by Sarkar et al, [150] have reported for 
the first time, the chemosensitizing effect of thymoquinone 
to conventional chemotherapeutic agents both in vitro and in 
vivo using an orthotropic model of pancreatic cancer. In vitro 
studies revealed that pre-exposure of cells with thymoqui-
none (25 μM/L) for 48 h followed by gemcitabine or ox-
aliplatin resulted in 60-80% growth inhibition compared 
with 15-25%when gemcitabine or oxaliplatin was used 
alone. Moreover, it was observed that thymoquinone could 
potentiate the killing of pancreatic cancer cells induced by 
chemotherapeutic agents by down-regulation of NF-kB, Bcl-
2 family, and NF-kB-dependent antiapoptotic genes (X-
linked inhibitors of apoptosis, survivin, and cyclooxygenase-
2). Interestingly, NF-kB, was inactivated in animal tumors 
pre-treated with thymoquinone. These results provide strong 
in vivo molecular evidence in support of the hypothesis that 
thymoquinone could abrogate gemcitabine- or oxaliplatin-
induced activation of NF-kB, resulting in the chemo-
sensitization of pancreatic tumors to conventional therapeu-
tics.  

 Breyer and co-workers [151] have studied the 4-
Acylhydrazones (15) and 6-alkyl derivatives of thymoqui-
none (16) and tested them for growth inhibition of human 
HL-60 leukemia, 518A2 melanoma, KB-V1/Vbl cervix, and 
MCF-7/Topo breast carcinoma cells. Unsaturated side chains 
conferred greater activities than equally long saturated 
chains. The 6-hencosahexaenyl conjugate was most active in 
all resistant tumor cells, with IC50 (72 h) values as low as 30 
nM in MCF-7/Topo cells. The conjugates seem to operate by 
mechanisms different from those of thymoquinone, For ex-
ample, the compounds induced distinct caspase-independent 
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apoptosis in HL-60 and 518A2 cells concomitant with a loss 
of mitochondrial membrane potential and subsequent rise in 
the levels of reactive oxygen species. It has been shown that 
thymoquinone triggers apoptosis in HCT-116 cells in a dose 
and time-dependent manner, which is associated with a 2.5 
to 4.5 fold increase in p53 and p21

WAF1
 mRNA expression 

and a significant decrease in Bcl-2 protein levels [152]. 
These results suggest role of thymoquinone in influencing 
cell cycle regulators involved in apoptosis as well as in 
down-regulating the anti-apoptotic proteins. Similar effects 
were observed on primary mouse keratinocytes, papilloma 
(SP-1) and spindle carcinoma cells respectively. At longer 
incubation times (48 h) the compound induced apoptosis in 
both cell lines by increasing the ratio of Bax/Bcl-2 protein 
expression and down-regulating the Bcl-xL protein. 

 Thymoquinone has been shown to initiate apoptosis via 
p53-independent pathways through activation of caspase-3, 8 
and 9 in p53-null myeloblastic leukemia HL-60 cells [153]. 
It was observed that caspase-8 activity was highest after 1 h 
following the treatment of thymoquinone, while caspase-3 
activity was highest after 6 h respectively. These observa-
tions are based upon the up-regulation of pro-apoptotic Bax 
protein along with down-regulation of anti-apoptotic Bcl-2 
proteins resulting in enhanced Bax/Bcl-2 ratio. It is thus evi-
dent that thymoquinone induces apoptosis through multiple 
protein targets and can act as a potent phytochemical for 
treatment of various cancers. These results are also supported 
by reports in prostate and other cancer cells [12, 154, 155] A 
recent report has identified checkpoint kinase-1 homolog, 
CHEK1 which is a serine/threonine kinase, as the target of 
thymoquinone, leading to apoptosis in p53

+/+
 colon cancer 

cells [156].  

 The principle activity of thymoquinone was found to be 
due to its effects on the expression of cell cycle regulatory 
proteins. The treatment of cells with 30 μM concentration of 

thymoquinone for 48 h induced G1 cell-cycle arrest in papil-
loma cells, which correlated with a sharp increase in the ex-
pression of the cyclin-dependent kinase inhibitor p16 and 
down-regulation of cyclin D1 protein expression [157]. In 
Flow cytometric studies of DNA content by propidium io-
dide staining it has been revealed that thymoquinone induces 
G1 cell-cycle arrest of osteosarcoma cancer cells (COS31) as 
well as human colon cancer cells (HCT-116), at 100μM con-
centration treated for 48 h [158]. Roepke and colleagues 
[159] have evaluated the anti-proliferative and pro-apoptotic 
effects of thymoquinone in two human osteosarcoma cell 
lines with different p53 mutation status. Cell viability was 
reduced more selectively in MG63 tumor cells than in nor-
mal human osteoblasts. Reindl and colleagues have reported 
that thymoquinone and its synthetic C-1 Schiff base analog, 
Poloxin, are good inhibitors of Plk-1 PBD in vitro and cause 
deregulation of its cellular localization, chromosomal de-
fects, mitotic arrest and apoptosis in HeLa cells [160]. 
Ivankovic and colleagues [161] have investigated the anti-
tumor activity of thymoquinone and its hydroquinone analog 
in L929 mouse fibroblasts and two other tumor cell lines, 
viz. squamous cell carcinoma (SCC VII) and fibrosarcoma 
(FsaR), respectively. Both compounds showed dose-
dependent potent cytotoxicities, which was more pronounced 
in tumor cells compared to L929 normal fibroblasts. Badary 
and colleagues have shown that thymoquinone protects mice 
against benzopyrene-induced fore-stomach carcinogenesis 
and chromosomal aberrations in mouse bone marrow cells 
when supplemented in the drinking water [162]. 

 Tan and colleagues have examined the effects of thymo-
quinone on the proliferation and viability of PANC-1 cell 
line. The compound was found to be the potent inhibitor of 
human pancreatic carcinoma, reducing their propagation 
activities [163]. It significantly decreased proliferation and 
metastasis of human breast (MCF-7), colon (Caco-2) and 
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prostate (DU-145) cancer cells at concentration of 100 μM 
[164]. Thymoquinone has been explored further for combi-
nation with other known chemopreventive agents like sele-
nomethione and lycopene on SiHa cells in the presence or 
absence of estrogen. Their results indicate that selenome-
thione alone appeared to be chemo-protective [165].  

 Dai et al. [166] have evaluated the effects of embelin, on 
colon cancer, with a particular focus on whether PPAR-  is 
required for this compound to exert its effect. The compound 
inhibited proliferation and induced apoptosis in HCT116 
cells with marked up-regulation of PPAR- . In addition, it 
significantly inhibited the expressions of survivin, cyclin D1, 
and c-Myc. It is known that PPAR- , PPAR-  (+/-) mice are 
more susceptible to DMH-induced colon carcinogenesis than 
PPAR-  (+/+) mice and embelin significantly reduced the 
incidence of colon cancer in PPAR-  (+/+) mice but not in 
PPAR-  (+/-) mice. It also inhibited NF-kB activity in 
PPAR-  (+/+) mice but marginally so in PPAR-  (+/-) mice.  

 Recently Xu and co-workers [167] have evaluated bio-
logical activities of the 5- O-ethylembelin and 5-O-
methylembelin derivatives. The compounds exhibit antipro-
liferative activity against a panel of human tumor cell lines. 
They arrested HL-60 cells in the G(0)/G(1) phase of the cell 
cycle in a dose- and time-dependent manner. In HeLa cells, 
exposure to these compounds at 100 μM concentration for 6 
h induced a complete disassembly of the microtubule net-
work increasing number of cells blocked in mitotic stages. 
Treatment with 10 μM for 24 h induced apoptosis in HL-60 
cells. This evidence suggests that both compounds are prom-
ising novel anti-mitotic and anticancermolecules targeting 
microtubular proteins. Mori et al. [168] have observed that 
TRAIL-induced apoptosis was restored by the combination 
of FLIP antisense and embelin. Since pancreatic cancer cells 
gain resistance to TRAIL-induced apoptosis via expression 
of the anti-apoptotic proteins XIAP and FLIP. The enhanced 
effect of TRAIL in the presence of FLIP antisense and em-
belin suggests that a low molecular weight XIAP inhibitor 
like embelin could be a lead compound for the development 
of effective XIAP inhibitors.  

 Chen and co-workers [169] have reported a series of new 
embelin analogs (17) as inhibitors of XIAP. The compounds 
were tested for the inhibitory activity of cell growth in 
MDA-MB-231 (2LMP) human breast cancer line and PC-3 
human prostate cancer cell line. The most effective com-
pound shows inhibition of cell growth with IC50 values of 5.0 
and 5.5 μM in the MDA-MB-231 and PC-3 cell lines respec-
tively. Podolak and co-workers [170] have evaluated cyto-

toxicity of embelin in murine melanoma (B16) and sarcoma 
(XC) cells, where it was found to be most active against XC 
cells, but slightly less active against B16 cells. 

 In a recent study Ahn and co-workers [133] found that 
embelin inhibited TNF- - induced NF-kB activation. Both 
inducible and constitutive NF-kB activation were also abro-
gated by embelin. It also suppressed NF-kB-dependent re-
porter gene transcription as well as down-regulated gene 
products involved in cell survival, proliferation, invasion, 
and metastasis of the tumor. Thus it was concluded that em-
belin is a novel NF-kappaB blocker and potential suppressor 
of tumorigenesis. 

 In a study by Miyata [171] it was observed that gel-
danamycin (18) had anti-proliferative activity on tumor cells 
transformed by oncogene kinases such as v-Src. Geldanamy-
cin neither binds nor inhibits oncogene kinases directly, but 
specifically binds and inhibits a major molecular chaperone, 
viz. Heat shock protein Hsp90. Geldanamycin specifically 
inhibits the essential ATPase activity of Hsp90. Thus, treat-
ment of cells with Geldanamycin results in inactivation, de-
stabilization, and degradation of Hsp90 client proteins. Since 
Hsp90 client proteins play important roles in regulation of 
cell cycle, cell growth, cell survival, apoptosis, and onco-
genesis, Geldanamycin obstructs the proliferation of cancer 
cells and shows anti-cancer activity in experimental animals. 
Thecompounds 17-Dimethylaminoethylamino-17-demetho-
xygeldanamycin (DMAG, 19) and 17-allylamino-17-deme-
thoxygeldanamycin (17-AAG, 20) are two derivatives of 
geldanamycin that are currently undergoing clinical evalua-
tion as anticancer agents. These agents bind to heat shock 
protein 90 (Hsp90), resulting in destabilization of the client 
proteins and inhibition of tumor growth. Cysyk and co-
workers [172] have found that geldanamycin and above de-
rivatives react chemically (i.e., non-enzymatically) with glu-
tathione. The reaction occurs at pH 7.0 and physiological 
concentration of glutathione, indicating that cellular glu-
tathione could play a role in modulating the cellular toxicity 
of these agents and therefore be a factor in their mechanism 
of differential toxicity. Moreover, reactions with thiol groups 
of critical cellular proteins could be important to the mecha-
nism of toxicity with this class of anticancer agents.  
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pounds efficiently abolished glucocorticoid receptor -
dependent transactivation. Surprisingly, whenever one of the 
ansamycin was applied in combination with Radicilol, syn-
ergistic inhibition of glucocorticoid receptor-dependent tran-
scription and hormone binding of glucocorticoid receptor 
was observed. In contrast, combination of two ansamycins 
showed no synergy. These observations may lead to the ex-
ploration of different ways to target the HSP proteins as po-
tential anticancer target. Kaur et al. [174] have investigated 
the antiangiogenic properties of 17-(dimethylamino-ethyl-
amino)-17-demethoxygeldanamycin, which is a water-
soluble derivative, on HUVEC (human umbilical vein endo-
thelial cells). The protein level of heat shock protein (Hsp) 
90 and client proteins were examined by Western blot in 
FGF-2 and VEGF-stimulated HUVEC cells. In vitro, the 
compound inhibited the migration and the extracellular ma-
trix-invasiveness of HUVEC and their capacity to form cap-
illary like structures in Matrigel in dose-dependent manner. 

 The benzoquinonoid ansamycin antibiotics, geldanamy-
cin and herbimycin A (21), are potent cytotoxins against 
tumor cells in vitro. Benchekroun and co-workers [175] have 
examined the mechanism of their in vitro cytotoxicity 
against human breastadenocarcinoma (MCF-7) cells and 
have found that multidrug-resistant MCF-7/ADR

R
 cells that 

exhibit the MDR phenotype and the overexpression of P-
170-glycoprotein were cross-resistant to these two antibiot-
ics. The compounds were reductively activated by the 
NADPH-cytochrome cytochrome P450-reductase and gener-
ated hydroxyl radicals. The formation of these radicals was 
significantly lower in resistant cells. These observations in-
dicate that lowering of free radical formation and interac-
tions with P170 glycoprotein may both be important contrib-
uting factors towards developing resistance against these 
agents. In an attempt to synthesize water soluble inhibitors of 
Hsp90, Tian et al. [176] have synthesized library of over 
sixty 17-alkylamino-17-demethoxygeldanamycin analogs 
and compared their affinity for Hsp90 and ability to inhibit 
growth of SKBr3 mammalian cells. Over 20 analogs showed 
cell growth inhibition potencies similar to that of 17-
allylamino-17-demethoxygeldanamycin. One of the most 
potent and water-soluble analogs in the series was 17-(2-
dimethylaminoethyl) amino-17-demethoxygeldanamycin. In 
a recent report by Yun and co-workers [177] the authors 
have investigated the mechanism of inhibition of TGF-beta 
signalling by geldanamycin. Western blot analysis revealed 
that Geldanamycin-induced degradation of TGF-  type I and 
type II receptors through a proteasome-dependent pathway.  
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 Rhabdomyosarcoma is a highly metastatic tumor, mostly 
observed in children and adolescence. Lukasiewicz et al. 
[178] have shown that geldanamycin and its analogs, can 
profoundly affect proliferation of rhabdomyosarcoma cell by 
blocking of HSP90 function and inducing apoptosis of tumor 
cells. Cells exposed to geldanamycin and its analogs exhibit 
strong reduction of MET receptor expression and subsequent 
inhibition of HGF-dependent tumor cell migration and inva-
sion. In another study by Georgakis and co-workers, [179] 
the authors have determined the role of HSP90 in promoting 
growth and survival of Hodgkin's lymphoma and to deter-
mine the molecular consequences of inhibiting HSP90 func-
tion by 17-allylamino-17-demethoxy-geldanamycin. The 
compound induced cell cycle arrest and apoptosis, which 
were associated with a decrease in CDK 4, CDK 6, and polo-
like kinase 1 (PLK-1) protein inducing apoptosis by caspase-
dependent and caspase-independent mechanisms. Lee et al. 
[180] have synthesized a new series of geldanamycin deriva-
tives using a semi-synthetic approach involving genetically 
engineered biosynthetic intermediates. These analogues were 
then evaluated for anti-proliferation activity in human cancer 
cell lines, SK-Br3 and SK-Ov3 respectively. Most of the 
synthesized compounds exhibited potent in vitro anti-
proliferative activity toward both cell lines. Onyuksel and 
co-workers [181] have formulated one of the geldanamycin 
analog, (viz. 17-AAG) in biocompatible and biodegradable 
phospholipid nanomicelles (SSM). Cytotoxicity of these 
nanomicelles to MCF-7 cells is retained implying high affin-
ity for VIP receptors overexpressed on these cells mediate 
their intracellular uptake thereby improving drug potency.  

 In an effort to reduce the severe toxicity of geldanamy-
cin, Cheng and co-workers [182] have synthesized a series of 
carbohydrate-geldanamycin conjugates (22) for enzyme-
specific activation and improving tumor selectivity. The con-
jugation was carried out at the C-17-position of geldanamy-
cin. The anticancer activity was tested in a number of cancer 
cell lines and enzyme-specific activation was evaluated with 
â-galactosidase and â-glucosidase. The compounds showed 
anticancer activity with IC50 of 70.2-380.9 nM in various 
cancer cells. The results suggest that geldanamycin can be 
inactivated by glycosylation of C-17-position and reactivated 
for anticancer activity by â-galactosidase. Tian et al. [183] 
have synthesized C-11 modified derivatives of geldanamycin 
and have measured their affinity for Hsp90 as well as ability 
to inhibit growth of human cancer cells. These analogues 
showed in vitro cytotoxicity against number of human cancer 
cell lines.  

3.4. Miscellaneous Activity 

 Fararh and co-workers [184] have examined the effect of 
thymoquinone on hyperglycemia and energy metabolism 
related enzymes in leukocytes of streptozotosized diabetic 
rats. Plasma glucose, cholesterol and triglycerides levels 
were significantly reduced after thymoquinone treatment, 
whereas immuno-reactive insulin levels showed significant 
increase. The activities of malate dehydrogenase in cytosolic 
and mitochondrial fractions of peripheral blood leukocytes 
were significantly higher in rats treated with thymoquinone 
and insulin as compared to those in diabetic controls. The 
results of this study demonstrated that thymoquinone signifi-
cantly increased insulin level and activities of cytosolic and 
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mitochondrial malate dehydrogenase in leukocytes of strep-
tozotosized-diabetic rats. Pari et al. [185] have also evalu-
ated antihyperglycemic potential of thymoquinone on the 
activities of key enzymes of carbohydrate metabolism in 
streptozotocin-nicotinamide-induced diabetes in rats. Oral 
administration of thymoquinone for 45 days improved the 
glycemic status in streptozotocin-nicotinamide induced dia-
betic rats in a dose-dependent manner. The levels of insulin 
and hemoglobin showed increase with significant decrease in 
glucose and glycated hemoglobin (HbA-1C) levels. The al-
tered activities of carbohydrate metabolic enzymes were 
restored to near normal. No significant changes were noticed 
in normal rats treated with thymoquinone. Treatment of the 
compound reduced the glomerular size, thickening of capsu-
lar, glomerular and tubular basement membranes, increased 
amounts of mesangial matrix and tubular dilatation and renal 
function as compared with diabetics untreated. It was sug-
gested that therapy with this compound offers renal morpho-
logical and functional improvement in streptozotocin-
induced diabetes in rats.  

 Oral hypoglycemic agents have great potential for the 
treatment of both type-1 and type-2 diabetes. In this connec-
tion indole substituted benzoquinones (23) described by Lin 

et al. [186] are interesting compounds which are capable of 
activating the insulin receptor under in vitro and in vivo con-
ditions and mimic the ability of insulin to stimulate glucose 
uptake, glycogen synthesis and lipid synthesis in 3T3-L1 
adipocytes. However, the compounds did not mimic the mi-
togenic effects of insulin. In animals, these compounds have 
oral hypoglycemic effects in both normal C57BL6 mice as 
well as diabetic db/db mice.  

 Finally, Embelin has been screened for wound healing 
activity by excision, incision and dead space wound models 
on Swiss Albino Rats by Kumara Swamy and co-workers 
[187]. Significant wound healing activity was observed for 
embelin-treated group where epithelialization of the incision 
wound was faster with a high rate of wound contraction. The 
histological examination of the granulation tissue in em-
belin-treated group showed increased cross-linking of colla-
gen.  

4. CONCLUSIONS 

 Benzoquinone compounds are widely distributed in 
higher plants, fungi, bacteria and animal kingdom. They are 
involved in important biological functions such as bioener-
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getic transport, oxidative phosphorylation and electron trans-
fer process. In recent years, it has become increasingly clear 
that some of them possess a wide range of potent medicinal 
properties and several possible mechanisms of action have 
been elucidated. Accumulating evidences suggest that some 
of these compounds can be developed as cancer chemopre-
ventive agents and be useful in cancer therapy as chemosen-
sitizers for existing anticancer drugs. The possible generation 
of reactive oxygen species during their use as therapeutic 
compounds raises some concern about their safety and hence 
long-term toxicity studies need to be conducted before their 
clinical use. 
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