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Abstract
Purpose: In recent year’s anti-angiogenesis agents have been recognized as effective drugs
for the treatment of solid tumors, this prompted us to conduct the present study.
Methods: The anti-angiogenic activity of dimeric form of embelin (vilangin) was evaluated
using endothelial cell (in vitro) and chorioallantoic membrane (CAM) egg yolk
angiogenesis model (in vivo) and in addition the docking behaviour of human nitric oxide
synthases (NOS) with four different ligands was evaluated along with their putative binding
sites using Discovery Studio Version 3.1 (in silico) compared with the parent compound
(embelin).
Results: Vilangin exhibits 50% cytotoxic at 92 ± 1 µg/ml concentration level with reference
to ECV 304 endothelial cells. Both vilangin and embelin, showed inhibitory effects on
wound healing, single cell migration, nitric oxide production, and endothelial ring
formation at 0.1 and 1.0 μg/ml concentration level. Similarly, CAM assay also showed
inhibitory effect of vilangin and embelin with respect their reduction in length, size and
junctions of blood capillaries compared to untreated egg yolk. Docking studies and binding
free energy calculations revealed that vilangin has maximum interaction energy (-74.6
kcal/mol) as compared to the other investigated ligands.
Conclusion: The results suggest that both vilangin and embelin attenuates angiogenesis in
similar manner.

Introduction
Recently anti-angiogenesis agents have been recognized
as effective drugs for the treatment of solid tumors.
Immediately after approval of Avastin by Food Drug
Administration (FDA, USA), today more than 30
angiogenesis inhibitors have been either approved or are
in clinical trials for cancer therapy.1 The discovery of
novel anti-angiogenic agents are likely to bring hope to
the millions of sufferers related the angiogenesis
associated diseases. Natural products still contributes a
significant number of lead molecules for drug discovery
& development program. Many of current drugs were
originally derived from natural products. Recently, there
has been a renewed interest in mechanistic studies and
identification of active compounds from, herbal crude
formulations. Such evidence-based approaches are not
only important for the validation of traditional medicine,
but also recognized as fundamental for the future drug
discovery.2
2, 5-dihydroxy-3-undecyl-1, 4-benzoquinone (Embelin)
is a major active ingredient of Embelia ribes and well
recognized for its numerous biological activities such as
antitumor; anti-inflammatory; analgesic activity;3

anticancer;4 chemo preventive;5 antibacterial activity;6
cross-linking effect towards type I and III collagen7 &
inhibitory against UVB induced oxidative stress.8 Other
than embelin, dimeric form of embelin (Vilangin) has
been reported from the Embelia ribes. Furthermore,
vilangin has been reported to bind with collagen,7
tyrosinase,9 neutrophil elastase,10 glutamate pyruvate
transaminase,11 & alpha amylase12 using molecular
docking studies.
Interestingly, Thangapazham and co-workers13 reported
anti-angiogenic property of E.ribes, one among the herbs
of brahma rasayana. Followed by them, Zhengfang et al.
(2008)14 authenticates the anti-angiogenic profile of
embelin. This prompted us to assess the anti-angiogenic
property of vilangin by comparing with that of embelin
(parent compound). Both in vitro (endothelial cell) and
chorioallantoic membrane (CAM) egg yolk angiogenesis
model was employed for the present study. Furthermore,
embelin, 5 –O-methyl embelin, quercetin and vilangin
were evaluated on the docking behaviour of nitric oxide
synthase (NOS). Investigation was also done on NOS
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putative binding sites using Discovery Studio Version
3.1.

Scion Image, release alpha 4.0 3.2 and Adobe
Photoshop version 6.0.

Materials and Methods
Dulbecco’s modified Eagle's medium (DMEM), Trypsin,
Antibiotics, Collagen and Fetal bovine serum (FBS)
were from PAN Biotech, Aidenbach, Bavaria state,
Germany. All other chemicals were at least of the
reagent grade obtained from Himedia Laboratories,
Mumbai, Maharashtra State, India.

Single cell migration assay
ECV 304 cells were trypsinized and (1 x106 cells/ml)
seeded on 24-well plates with 80% cell density. Twentyfour hours later, when the cells reached confluency, the
cells were washed with PBS and incubated with embelin
and vilangin (0.1 and 1.0 µg/ml each individually)
respectively for 30 min. Bright field images were taken
with 10 X magnifications under an inverted microscope
at every one-minute interval.

Extraction and characterization of embelin
E. ribes berries was obtained from M/s Abirami
Botanical Corporation, (Tuticorin, India, in April 2010)
and authenticated by Dr. T. Anandan, Research Officer,
Anna Hospital, Chennai. Extraction and characterization
of embelin was carried out according to our previous
report.6 Dimeric form of embelin (Vilangin) kindly
gifted, by Dr. Rao, Chennai.
Cell culture
Human umbilical vein endothelial cell (ECV 304) and
immortalized endothelial hybrid cell line (EA.hy926)
were cultured individually in DMEM supplemented with
10 % FBS (v/v) and 1% penicillin (w/v) and
streptomycin (w/v). Cytotoxicity, wound healing, single
cell migration and nitric oxide content assays were
studied in ECV 304 cells and ring formation was
assessed using EA.hy926 cells.
Cell viability studies
Preliminary cell viability assessment with reference to
different concentrations of vilangin was made
according to the methods summarized by Mosmann,
(1983).15 In brief, ECV 304 (1x 106) cells were exposed
to 0.1 to 100 μg concentration of vilangin dissolved in
DMEM medium, for the period of 24 h incubated at
37°C in the presence of 5% CO 2 respectively. Cells
without vilangin (neat DMEM medium alone) served as
control. MTT (0.5 mg/μl) was added to the incubated
cells and then further incubated for another 4 h at 37°C
in the presence of 5% CO 2. After incubation the cells
were collected by centrifugation and then suspended in
200 μl of DMSO. Absorbance was measured in a
microplate reader at 540 nm.
Wound healing assay
ECV 304 cells were trypsinized and (1x10 6 cells/ml)
seeded on collagen-plated 24-well plate. Twenty-four
hours later, when the cells reached confluency, the
endothelial monolayer was scratched with a 1 mm
wide sterile plastic scraper to make a linear ‘wound’.
As described by Staton et al.(2004),16 the cells were
washed with PBS and incubated with embelin and
vilangin (0.1 and 1.0 µg/ml each individually)
respectively for 8 h. Bright field images were taken
with 10 X magnifications under an inverted
microscope at every four hours interval. The rate of
wound healing was quantified from the images using
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Nitric oxide (NO) content
ECV304 cells were incubated with embelin and vilangin
(0.1 and 1.0 µg/ml each individually) respectively for 8
h. NO was measured by the Griess assay protocol, as
described by Nims et al (1996).17 The concentration of
nitrite (mM) was determined using Sodium nitrite as a
standard. The following calibration curve equation,
determined by linear regression: Absorbance at 540
nm=(0.228X [Nitrite])-0.048, R2 = 0.998.
Endothelial ring formation assay
An EAhy926 cell line was used for endothelial ring (ER)
formation assay (Sinha et al., 2011).18 The cells were
seeded in 12 well plates in such a way that they reach
20% confluence on the day of experimentation. The cells
were treated with respective compounds mentioned for
30 min unless otherwise mentioned, then washed with 1×
PBS and fresh media was added and then cells were
incubated at 37°C for 330 min. After a total time of 360
min the number of ring like structures were counted
under bright field microscope (20 × objectives).
Egg yolk angiogenesis (CAM) assay
Four day incubated eggs were collected from the Poultry
Research Station, Nandanam, Chennai. Eggs were
broken and gently plated on a cellophane bed in Petri
dishes under sterile conditions. Embelin (1.0 µg/ml) and
vilangin discs (0.1 & 1.0 µg/ml individually) were then
placed on the egg yolks and were incubated for another 6
hours. Images were taken using a Kodak digital camera
at 0, 6 and 12 hours of incubation. Quantification of
angiogenesis was performed by using Scion Image,
Release Alpha 4.0 3.2 and Adobe Photoshop version 6.0
(Tamilarasan et al., 2006).19
Docking studies
Docking studies were carried out on the crystal
structure of Nitric oxide synthases (NOS) retrieved
from rotein Data ank (pdb id 4 OS with resolution
2.3 A) using the CDOCKER protocol under the proteinligand interaction section in Discovery Studio ® 3.1
(Accelrys, San Diego, USA). The docking protocol was
followed as described by Singh and Konwar.20 In every
docking experiment, 10 ligand conformations were
generated for each ligand respectively. Highest
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CDOCKER interaction energy pose was chosen, in situ
ligand minimization were using standard protocol.
Statistical analysis
Statistical analysis was performed using one-way
ANOVA on sigma stat (Version.2) and the pair
comparison is carried by Turkey test. Standard derivation
and standard error were calculated using the same. A
value of P<0.05 was considered as statistically
significant.
Results
About 1.9± 0.1 g of embelin was obtained from 100 g of
powdered berries (E. ribes), which accounts
approximately 2% of total weight of raw material taken
for study. Spectral characterizations of embelin are on
par (results not shown) with our previous report.8
Concentration required for 50 % cell viability (IC50) was
assessed for both embelin and vilangin using ECV 304
endothelial cells, before assessing anti-angiogenic
activity. Cell viability results reveal, that decreasing the
cell viability was observed with increasing concentration
of vilangin in dose dependent manner. The IC50
concentration of vilangin was determined as 92 ± 1
µg/ml. Further, no cell toxicity was observed up to 10
μg/ml concentration of embelin (results not shown) and
vilangin. Hence 0.1 and 1.0 μg/ml concentration was
chosen for the further assessment of anti- angiogenesis
activity, irrespective of sample. Wound healing assay
results reveals that both vilangin & embelin treated ECV
304 cells showed significant inhibition in wound healing,
irrespective of the concentrations studied (as shown in
the Figure 1). Lamellipodia and filopodia are the two key
migratory bodies responsible for cellular migration. In
order to determine whether embelin and vilangin
promotes the formation of these structures in ECV 304
cells or not, cells were exposed to 30 min in the presence
of embelin and vilangin (0.1 and 1.0 µg/ml each
individually) respectively and with respective control.
Microscopy image observations revealed that no
significant difference in the cells with and without the
chosen compounds (results not shown). In order to
understand further the anti-angiogenic property of
dimeric form of embelin (vilangin), Nitric oxide (NO)
content was measured after the treatment with embelin
and vilangin. Owing to the extremely short half-life of
NO, we measured nitrite as stable bio-marker of NO
production. NO production was determined by
measuring the accumulation of nitrite in the culture
medium (using the Griess reaction). In the present study,
basal level of NO production from ECV 304 cells was
less than 1.5 mM of nitrite concentration. It seems that
no statistically significant reduction in NO content was
observed for both the tested compounds (irrespective of
the concentrations) studied. NO content also assayed
using diamino fluorescein-2-diacetate (DAF-2DA),
similarly no significant reduction was observed for both
the tested compounds studied with that control (results
not shown). With regard to ring formation assay, we

observed upon treatment with vilangin and embelin, no
ring formation was observed irrespective of the
concentrations studied (as shown in the Figure 2).
Results obtained from CAM assay revealed suppression
on formation of new microvessles irrespective of the
concentrations studied as shown in the Figure 3 a & b.
Docking studies was performed, in order to substantiate
our in vivo results, where were docked with four ligands
namely embelin (ID: 3218), 5 –O-methyl embelin (ID:
171489), quercetin (ID: 5280343) & vilangin (ID:
417182) with that human nitric oxide synthase (NOS) Achain (PDB ID: 4NOS). Table 1 shows the docking
studies and binding free energy calculations in which
vilangin exhibited the maximum interaction energy (74.6 kcal/mol), where as quercetin (reference compound)
showed least interaction energy (-39.1 kcal/mol)
compared to three other ligands. In the present study,
embelin showed interaction with Asn370 and
Gly371amino acid residues, whereas 5-O- methyl
embelin showed interaction with Glu377 amino acid
residue as shown in Table 1. Furthermore, we interesting
observed that both quercetin and vilangin shares
interaction with same amino acid residues (Arg199 &
Glu377) of NOS enzyme.

Figure 1. Embelin and Dimeric form of embelin (Vilangin)
impairs wound healing in Endothelial cell (EC) monolayer (*, **Significance between control and treated groups at 4 & 8 th h
respectively).
Table 1. The interaction energy analysis of four ligands (embelin,
5 –O-methyl embelin, quercetin & Vilangin) with that of human
nitric oxide synthase (NOS).
Ligand
name

cDocker
interaction energy
(kcal/mol)

Embelin

-42.1

5-O-methyl
embelin

-43.5

Quercetin

-39.1

Vilangin

-74.6

Interaction
amino acid
residue
Asn370
Gly371

1.7
3.0

Glu377

1.4

Arg199
Glu377
Arg199
Glu377

1.9
1.7
2.2
1.1
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Figure 2. Effect of embelin and dimeric form of embelin
(Vilangin) on Endothelial ring (ER) formation assay which was
performed in EAhy926 cultures (*- Significance between control
and treated groups).

Figure 3. a & b: Embelin and dimeric form of embelin (Vilangin)
inhibits angiogenesis which was performed in egg yolk at (a) 4 &
(b) 8th h respectively (#, ##; ^, ^^; +, ++ Significance between
control and treated groups at 4 & 8th h respectively).
546 | Advanced Pharmaceutical Bulletin, 2014, 4(Suppl 2), 543-548

Discussion
Embelia ribes is greatly admired in ayurvedic medicine
as a powerful anthelmintic agent and also serve as
important ingredient in the number of ayurvedic
formulations.
2,
5-Dihydroxy-3-Undecyl-1,
4Benzoquinone (embelin) is the major constituent of
E.ribes, on other hand vilangin (dimeric form of
embelin) is the minor constituent as shown in the Figure
4 a & b. Hypothetical, we assumed that anti-angiogenic
activity of dimeric form (vilangin) might be having more
promising effect compare to that monomeric form
(embelin). Hence, we validate this hypothesis by
undertaking present study. Cell viability results are in
excellent agreement with those of Joy et al (2010)21 and
Schmidt et al (2010)22 report on cytotoxicity activity of
embelin towards human umbilical cord endothelial cell
and porcine aortic endothelial cells (PAECs)
respectively. Similarly, wound healing inhibition in
HUVEC by thymoquinone of Nigella sativa23 and
sesquiterpene aminoquinone of Dactylospongia elegans24
are in reports and these results corroborate well with
present findings. However, in contradict to the
observation on in vitro studies, Kumara swamy et al
(2007)25 and Alam Khan & Naidu (2009)26 reported
significant wound healing and faster wound contraction
in albino rats followed by the topical application of
alcohol extract of E.ribes and embelin alone respectively.
Since, Kumara swamy et al (2007)25 uses a blend of
alcohol extract of E.ribes and sodium alginate, the faster
healing may be due to the presence of the blend, sodium
alginate. Single cell migration assay results suggested
that further exploration is necessary to understand the
principle behind the study. Furthermore, at this time we
do not have any plausible explanation for this difference.
However, Xu et al (2005)4 reported, 5- O-ethylembelin
and 5- O-methylembelin acts as anti-mitotic and anticancer molecules targeting microtubular proteins.
Kantham Srinivas et al (2010)27 reported embelin
derivatives exhibits anti-mitotic activity of derivatives of
embelin and among all the derivatives reported, benzyl
derivative displayed a significant anti-mitotic activity
against germinating seeds of Bengal gram and Onions
respectively. Nitric oxide production results corroborate
well those of Niwa et al (1997)28 where, they reported
quinone derivatives inhibit NO production in dose
dependent manner. Similarly, Sun et al (2006)29 also
reported that 1, 2-naphthoquinone from diesel exhaust
particles, inhibits endothelial nitric oxide synthase
(eNOS). However, contradict Schmidt et al (2010)
reported that embelin activates endothelial nitric oxide
synthase (eNOS) and they added that some discrepancy
was observed between nitric oxide-mediated cyclic GMP
accumulation and L-citrulline formation, which might be
reason for activation of endothelial nitric oxide synthase
(eNOS). Similarly, results on endothelial ring formation
assay also correlates well with above said experiments
and suggests as test compounds posses anti-angiogenic
activity. Furthermore, CAM assay also showed
inhibitory effect of vilangin and embelin with respect
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their reduction in length, size and junctions of blood
capillaries compared to untreated egg yolk. In human
beings three isoforms of nitric oxide synthases (NOS) are
exists, which produce nitric oxide (NO) and citrulline by
catalyzing NADPH and O2 dependent oxidation of Larginine.30 More over the inducible nitric oxide synthase
(iNOS) isoform is a homodimer and it is located on
chromosome 17.31 Docking studies and binding free
energy calculations revealed that vilangin has maximum
interaction energy (-74.6 kcal/mol) as compared to the
other investigated ligands.

Figure 4. a) Structure of embelin (2, 5-Dihydroxy-3-Undecyl-1, 4Benzoquinone) & b) Structure of dimeric form of embelin
(Vilangin)

Conclusion
The present study emphasizes, both 2, 5-dihydroxy-3undecyl-1, 4-benzoquinone (embelin) and dimeric form
of embelin (vilangin) inhibits wound healing, single cell
migration, nitric oxide production, endothelial ring
formation (in vitro) and also inhibits in vivo angiogenesis
in the CAM assay. Furthermore docking studies and
binding free energy calculations revealed that vilangin
has maximum interaction energy (-50.1 kcal/mol) and
interaction with amino acid residues (Arg199 & Glu377)
of Nitric oxide synthase (in silico). However, compared
to the parent compound (embelin) the dimeric one is not
much effective as for in vitro & in vivo study
observations. Further, to our knowledge this is the first
report about the antiangiogenic activity of dimeric form
of embelin (vilangin).
Acknowledgments
One of the authors (R. N) thanks the Council of
Scientific and Industrial Research (CSIR), New Delhi,
India for financial assistance in the form Senior Research
Fellowship (SRF) is gratefully acknowledged.
Conflict of Interest
The authors declare that they have no conflict of interest.

References
1. Balaraman R. Drugs that target angiogenesis. Indian
J Pharmacol 2003;35(1):65-6.
2. Jeong SJ, Koh W, Lee EO, Lee HJ, Lee HJ, Bae H, et
al. Antiangiogenic phytochemicals and medicinal
herbs. Phytother Res 2011;25(1):1-10.
3. Chitra M, Sukumar E, Suja V, Devi CS. Antitumor,
anti-inflammatory and analgesic property of embelin,
a plant product. Chemotherapy 1994;40(2):109-13.
4. Xu M, Cui J, Fu H, Proksch P, Lin W, Li M. Embelin
derivatives and their anticancer activity through
microtubule
disassembly.
Planta
Med
2005;71(10):944-8.
5. Sreepriya M, Bali G. Chemopreventive effects of
embelin
and
curcumin
against
Nnitrosodiethylamine/phenobarbital-induced
hepatocarcinogenesis in Wistar rats. Fitoterapia
2005;76(6):549-55.
6. Radhakrishnan N, Gnanamani A, Mandal AB. A
potential antibacterial agent, Embelin - a natural
benzoquinone extracted from Embelia ribes. Biol
Med 2011;3(2):1-7.
7. Radhakrishnan N, Gnanamani A, Sangeetha S,
Ramesh kumar G, Mandal AB. Bioinformatics in
crosslinking chemistry of collagen with selective
cross-linkers. BMC Res Notes 2011;4:399.
8. Radhakrishnan N, Gnanamani A, Prasad NR, Mandal
AB. Inhibition of UVB-induced oxidative damage
and apoptotic biochemical changes in human
lymphocytes
by
2,5-dihydroxy-3-undecyl-1,4benzoquinone (embelin). Int J Radiat Biol
2012;88(8):575-82.
9. Radhakrishnan N, Ashok S, Kavitha V,
Rameshkumar G, Gnanamani A. Molecular docking
studies of embelin (simple natural benzoquinone) and
its derivatives as a potent tyrosinase inhibitor. J Chem
Pharm Res 2013;5(10):320-6.
10. Radhakrishnan N, Lam KW, Intan SI. Molecular
docking analysis of natural compounds as Human
neutrophil elastase (HNE) inhibitors. J Chem Pharm
Res 2013;5(10):337-41.
11. Radhakrishnan N, Kamal R, Rina C, Gnanamani A.
Inhibition of UVB induced oxidative stress in Catla
catla & Glutamate pyruvate transaminase (GPT)
activities by embelin using molecular docking tool. J
Chem Pharm Res 2013;5(12):1094-9.
12. Saba M, Radhakrishnan N, Lam KW, Gnanamani A.
HPAA inhibitory effect of embelin and its metal
complexes on diabetic complications: An approach
with molecular docking studies. J Chem Pharm Res
2014;6(2):679-82.
13. Thangapazham RL, Sharma A, Gaddipati JP, Singh
AK, Maheshwari RK. Inhibition of tumor
angiogenesis by Bramha rasayana (BR). J Exp Ther
Oncol 2006;6(1):13-21.
14. Zhengfang Y, Shuangxi L, Jing Z, Li L, Xiaoli Z,
Binbin L, et al, inventor; Application of embelin in
preparation
of
medicament
for
inhibiting
angiogenesis. China patent 10038101. 2008.
Advanced Pharmaceutical Bulletin, 2014, 4(Suppl 2), 543-548 | 547

Narayanaswamy et al.

15. Mosmann T. Rapid colorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays. J Immunol Methods 1983;65(12):55-63.
16. Staton CA, Stribbling SM, Tazzyman S, Hughes R,
Brown NJ, Lewis CE. Current methods for assaying
angiogenesis in vitro and in vivo. Int J Exp Pathol
2004;85(5):233-48.
17. Nims RW, Cook JC, Krishna MC, Christodoulou D,
Poore CM, Miles AM, et al. Colorimetric assays for
nitric oxide and nitrogen oxide species formed from
nitric oxide stock solutions and donor compounds.
Methods Enzymol 1996;268:93-105.
18. Sinha S, Sridhara SR, Srinivasan S, Muley A,
Majumder S, Kuppusamy M, et al. NO (nitric oxide):
the ring master. Eur J Cell Biol 2011;90(1):58-71.
19. Tamilarasan KP, Kolluru GK, Rajaram M,
Indhumathy M, Saranya R, Chatterjee S. Thalidomide
attenuates nitric oxide mediated angiogenesis by
blocking migration of endothelial cells. BMC Cell
Biol 2006;7:17.
20. Singh SP, Konwar BK. Molecular docking studies of
quercetin and its analogues against human inducible
nitric oxide synthase. SpringerPlus 2012;1(1):69.
21. Joy B, Lakshmi S. Antiproliferative Properties of
Embelia Ribes. Open Proc Chem J 2010;3:17-22.
22. Schmidt K, Martens-Lobenhoffer J, Meinitzer A,
Graier WF, Torres CM, Venema RC, et al. Activation
of endothelial nitric oxide synthase by the proapoptotic drug embelin: Striking discrepancy between
nitric oxide-mediated cyclic GMP accumulation and
L-citrulline formation. Nitric Oxide 2010;22(4):2819.
23. Yi T, Cho SG, Yi Z, Pang X, Rodriguez M, Wang Y,
et al. Thymoquinone inhibits tumor angiogenesis and
tumor growth through suppressing AKT and
extracellular signal-regulated kinase signaling
pathways. Mol Cancer Ther 2008;7(7):1789-96.

548 | Advanced Pharmaceutical Bulletin, 2014, 4(Suppl 2), 543-548

24. Kong D, Yamori T, Kobayashi M, Duan H.
Antiproliferative and antiangiogenic activities of
smenospongine, a marine sponge sesquiterpene
aminoquinone. Mar Drugs 2011;9(2):154-61.
25. Kumara Swamy HM, Krishna V, Shankarmurthy K,
Abdul Rahiman B, Mankani KL, Mahadevan KM, et
al. Wound healing activity of embelin isolated from
the ethanol extract of leaves of Embelia ribes Burm. J
Ethnopharmacol 2007;109(3):529-34.
26. Alam Khan Md, Naidu MA. Burn wound healing
property of embelin isolated from the ethanol extract
of fruit of Embelia ribes burn. Technological and
Regulatory aspects of Herbal Drug Analysis; 07
October 2009: B. R. Nahata College of Pharmacy,
Mandsaur; 2009. p. 109.
27. Srinivas K, Mahesh CH, Jagadeesh N. Anti-mitotic
activity of embelin derivatives. Int J Phytopharmacol
2010;1(2):97-102.
28. Niwa M, Nakamura N, Kitajima K, Ueda M,
Tsutsumishita Y, Futaki S, et al. Benzoquinones
inhibit the expression of inducible nitric oxide
synthase gene. Biochem Biophys Res Commun
1997;239(2):367-71.
29. Sun Y, Taguchi K, Sumi D, Yamano S, Kumagai Y.
Inhibition of endothelial nitric oxide synthase activity
and
suppression
of
endothelium-dependent
vasorelaxation by 1,2-naphthoquinone, a component
of diesel exhaust particles. Arch Toxicol
2006;80(5):280-5.
30. Griffith OW, Stuehr DJ. Nitric oxide synthases:
properties and catalytic mechanism. Annu Rev
Physiol 1995;57:707-36.
31. Xu W, Charles IG, Moncada S, Gorman P, Sheer D,
Liu L, et al. Mapping of the genes encoding human
inducible and endothelial nitric oxide synthase
(NOS2 and NOS3) to the pericentric region of
chromosome 17 and to chromosome 7, respectively.
Genomics 1994;21(2):419-22.

