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Introduction 
This	report	presents	the	bibliographic	details	of	papers	identified	as	being	published	
during	the	period	January	2016	–	March	2016.	
	
The	papers	were	selected	because	they	address	research	areas	that	are	considered	
of	direct	relevance	to	the	health	and	environmental	effects	of	Vanadium.	In	order	to	
aid	 review,	 the	 papers	 are	 presented	 under	 the	 following	 categories;	 it	 should	 be	
noted	 however,	 that	 when	 considered	 appropriate,	 some	 papers	 may	 appear	 in	
more	than	one	section.	
	
Section	1	–	HUMAN	EXPOSURE	MEASUREMENT	AND	MODELLING:	Papers	relating	
to	 the	 measurement	 or	 modelling	 of	 environmental	 and	 occupational	 Vanadium	
exposure;	the	development	of	human	biomarkers	of	exposure	or	effect.	
	
Section	2	-	HEALTH	EFFECTS:	Papers	on	the	influence	of	Vanadium	on	health,	disease	
and	 dysfunction;	 assessment	 of	 the	 influence	 of	 genetic	 and	 epigenetic	 factors	 on	
human	susceptibility	to	the	effects	of	Vanadium;	development	and	implementation	
of	new	medical	approaches	to	the	treatment	of	excessive	Vanadium	exposure.		
	
Section	3	–	BIOLOGICAL	MECHANISMS:	Papers	on	the	biochemical	and	toxicological	
mechanisms	underlying	the	effects	of	Vanadium.	
	
Section	4	–	USES	OF	VANADIUM:	Papers	relating	to	the	use	of	Vanadium	in	medical	
and	dental	devices,	dietary	supplements	and	as	therapeutic	agents.	
	
Section	5	–	ENVIRONMENTAL	EFFECTS	 in	PLANTS	and	SOIL:	Papers	relating	to	the	
effects	following	environmental	exposure	to	Vanadium	that	are	specific	to	plants	and	
soil.	
	
Section	6	–	ENVIRONMENTAL	EFFECTS	in	TERRESTRIAL	ORGANISMS:	Papers	relating	
to	 the	 effects	 following	 environmental	 exposure	 to	 Vanadium	 that	 are	 specific	 to	
terrestrial	organisms.	
	
Section	7	–	ENVIRONMENTAL	EFFECTS	in	AQUATIC	ORGANISMS:	Papers	relating	to	
the	 effects	 following	 environmental	 exposure	 to	 Vanadium	 that	 are	 specific	 to	
aquatic	organisms.	
	
Section	 8	 –	 MISCELLANEOUS:	 Other	 papers	 considered	 of	 general	 interest	 or	
potential	relevance	to	the	study	of	the	health	effects	of	Vanadium	that	do	not	relate	
to	the	above	categories.	
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1. HUMAN EXPOSURE MEASUREMENT AND 
MODELLING 
Wei,	T.D.,	Li,	S.P.,	Liu,	Y.X.,	et	al.	(2015)	Oxidative	Stress	Level	of	Vanadium-
exposed	Workers.	Sichuan	Da	Xue	Xue	Bao.Yi	Xue	Ban	=	Journal	of	Sichuan	
University.	Medical	Science	Edition,	46(6):	856-859.	[Chinese]	

Abstract:		
OBJECTIVE:	To	determine	the	oxidative	stress	level	in	peripheral	blood	of	vanadium-
exposed	workers,	as	an	indication	of	population	health	effect	of	vanadium	on	human	
neurobehavioral	 system.	 METHODS:	 86	 vanadium-exposed	 workers	 and	 65	 non-
exposed	 workers	 were	 recruited	 by	 cluster	 sampling.	 A	 questionnaire	 was	
administered	to	collect	demographic	and	occupational	exposure	information.	Serum	
activity	 of	 superoxide	 dismutase	 (SOD),	 inducible	 nitric	 oxide	 synthase	 (iNOS)	 and	
malonaldehyde	 (MDA)	 contents	 were	 detected	 by	 kit	 assay.	 The	 differences	 in	
oxidative	 stress	 level	 between	 vanadium-exposed	 and	 non-exposed	 workers	 were	
compared.	RESULTS:	Vanadium-exposed	workers	had	higher	levels	of	MDA	contents	
than	 the	 controls.	 The	 total	 superoxide	 dismutase(T-SOD)	 activity	 in	 vanadium-
exposed	 workers	 was	 significantly	 lower	 than	 that	 in	 the	 controls,	 which	 was	
associated	 with	 lowered	 levels	 of	 manganese	 superoxide	 dismutase	 (Mn-SOD)	
activity.	No	changes	in	serum	levels	of	cupro-zinc	superoxide	dismutase	(CuZn-SOD)	
was	 found	 in	vanadium-exposed	workers.	No	difference	 in	 iNOS	activity	was	 found	
between	 vanadium-exposed	 workers	 and	 controls.	 CONCLUSION:	 Vanadium	
exposure	 increases	 free	 radical	 production	 in	 serum	 and	 reduces	 antioxidant	
capacity.	 But	 the	 relationship	 between	 vanadium	 exposure	 and	 iNOS	 damage	
remains	uncertain.	

 
2. HEALTH EFFECTS 
Rodriguez-Lara,	 V.,	 Morales-Rivero,	 A.,	 Muniz	 Rivera-Cambas,	 A.,	 et	 al.	 (2016)	
Vanadium	inhalation	induces	actin	changes	in	mice	testicular	cells.	Toxicology	and	
Industrial	Health,	32(2):	367-374.		

Keywords:	Vanadium;	inhalation	exposure;	reprotoxicity;	cytoskeleton;	actin.		

Abstract:		
Infertility	 is	becoming	a	health	problem,	which	has	 increased	mainly	 in	megacities,	
and	 several	 studies	 have	 shown	 its	 association	 with	 environmental	 pollution.	 Air	
pollution	has	been	 linked	 to	alterations	 in	 sperm	parameters,	both	 in	humans	and	
animal	models.	In	male	humans,	it	has	been	associated	with	reduced	semen	quality	
and	DNA	alterations.	Vanadium	is	a	transition	element	that	has	increased	in	recent	
decades	 as	 a	 component	 of	 air	 suspended	 matter	 and	 has	 been	 associated	 with	
reprotoxic	effects	in	animal	models.	Few	are	the	mechanisms	described	by	which	the	
vanadium	produces	 these	 effects,	 and	 cytoskeleton	 interaction	 is	 a	 possibility.	We	
reported	 immunohistochemical	 changes	 in	 actin	 testicular	 cytoskeleton	 in	 a	
vanadium	inhalation	experimental	mice	model.	Our	findings	show	that	exposure	to	
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vanadium	pentoxide	 (0.02	M)	 results	 in	actin	decrease	 in	 testicular	cells	 from	3-12	
weeks	 exposure	 time;	 this	 effect	 was	 statistically	 significant	 and	 exposure	 time	
dependent.	Actin	cytoskeleton	damage	is	a	mechanism	that	could	explain	vanadium	
reprotoxic	effects	and	its	association	with	impaired	fertility.	
	
Wang,	 J.P.,	 Cui,	R.Y.,	 Zhang,	K.Y.,	 et	 al.	 (2016)	High-Fat	Diet	 Increased	Renal	 and	
Hepatic	 Oxidative	 Stress	 Induced	 by	 Vanadium	 of	 Wistar	 Rat.	 Biological	 Trace	
Element	Research,	170(2):	415-423.		

Keywords:	Erythroid	2-related	factor	2;	Histopathological	changes;	Oxidative	stress;	
Vanadium.	

Abstract:		
The	study	was	conducted	to	assess	the	effect	of	vanadium	(V)	in	high-fat	diet	on	the	
liver	and	kidney	of	rats	in	a	5-week	trial.	Seventy-two	female	Wistar	rats	(BW	=	95	±	
5	g)	were	randomly	allotted	into	eight	groups.	Groups	I,	II,	 III,	and	IV	obtained	low-
fat	diet	containing	0,	3,	15,	and	30	mg/kg	V,	and	V,	VI,	VII,	and	VIII	groups	received	
the	respective	vanadium	doses	with	high-fat	diet,	respectively.	There	were	lesions	in	
the	liver	and	kidney	of	V,	VI,	VII,	and	VIII	groups,	granular	degeneration	and	vacuolar	
degeneration	were	observed	in	the	renal	tubular	and	glomerulus	epithelial	cells,	and	
hepatocytes	 showed	 granular	 degeneration	 and	 vacuolar	 degeneration.	
Supplemented	 high-fat	 diet	 with	 vanadium	 was	 shown	 to	 decrease	 (P	 <	 0.05)	
activities	 of	 superoxide	 dismutase,	 total	 antioxidant	 capacity,	 glutathione-S	
transferase,	 and	 NAD(P)H/quinone	 oxidoreductase	 1	 (NQO1)	 and	 increase	
malondialdehyde	content	in	the	liver	and	kidney.	The	relative	expression	of	hepatic	
nuclear	 factor	 erythroid	 2-related	 factor	 2	 (Nrf-2)	 and	 NQO1	 mRNA	 was	
downregulated	 by	 V	 addition	 and	 high-fat	 diet,	 and	 the	 effect	 of	 V	 was	 more	
pronounced	in	high-fat	diet	(interaction,	P	<	0.05),	with	VIII	group	having	the	lowest	
mRNA	 expression	 of	 Nrf-2	 and	 NQO1	 in	 the	 liver	 and	 kidney.	 In	 conclusion,	 it	
suggested	 that	 dietary	 vanadium	 ranging	 from	 15	 to	 30	 mg/kg	 could	 lead	 to	
oxidative	damage	and	vanadium	accumulation	in	the	liver	and	kidney,	which	caused	
renal	and	hepatic	toxicity.	The	high-fat	diet	enhanced	vanadium-induced	hepatic	and	
renal	damage,	and	the	mechanism	was	related	to	the	modulation	of	the	hepatic	and	
renal	 mRNA	 expression	 of	 Nrf-2	 and	 NQO1.	 ©	 2015	 Springer	 Science+Business	
Media	New	York.	
	

Wei,	T.D.,	Li,	S.P.,	Liu,	Y.X.,	et	al.	(2015)	Oxidative	Stress	Level	of	Vanadium-
exposed	Workers.	Sichuan	Da	Xue	Xue	Bao.Yi	Xue	Ban	=	Journal	of	Sichuan	
University.	Medical	Science	Edition,	46(6):	856-859.	[Chinese]	

Abstract:		
OBJECTIVE:	To	determine	the	oxidative	stress	level	in	peripheral	blood	of	vanadium-
exposed	workers,	as	an	indication	of	population	health	effect	of	vanadium	on	human	
neurobehavioral	 system.	 METHODS:	 86	 vanadium-exposed	 workers	 and	 65	 non-
exposed	 workers	 were	 recruited	 by	 cluster	 sampling.	 A	 questionnaire	 was	
administered	to	collect	demographic	and	occupational	exposure	information.	Serum	
activity	 of	 superoxide	 dismutase	 (SOD),	 inducible	 nitric	 oxide	 synthase	 (iNOS)	 and	
malonaldehyde	 (MDA)	 contents	 were	 detected	 by	 kit	 assay.	 The	 differences	 in	
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oxidative	 stress	 level	 between	 vanadium-exposed	 and	 non-exposed	 workers	 were	
compared.	RESULTS:	Vanadium-exposed	workers	had	higher	levels	of	MDA	contents	
than	 the	 controls.	 The	 total	 superoxide	 dismutase(T-SOD)	 activity	 in	 vanadium-
exposed	 workers	 was	 significantly	 lower	 than	 that	 in	 the	 controls,	 which	 was	
associated	 with	 lowered	 levels	 of	 manganese	 superoxide	 dismutase	 (Mn-SOD)	
activity.	No	changes	in	serum	levels	of	cupro-zinc	superoxide	dismutase	(CuZn-SOD)	
was	 found	 in	vanadium-exposed	workers.	No	difference	 in	 iNOS	activity	was	 found	
between	 vanadium-exposed	 workers	 and	 controls.	 CONCLUSION:	 Vanadium	
exposure	 increases	 free	 radical	 production	 in	 serum	 and	 reduces	 antioxidant	
capacity.	 But	 the	 relationship	 between	 vanadium	 exposure	 and	 iNOS	 damage	
remains	uncertain.	
	

3. BIOLOGICAL MECHANISMS 
Aureliano,	M.	(2016)	Decavanadate	toxicology	and	pharmacological	activities:	V10	
or	v1,	both	or	none?	Oxidative	Medicine	and	Cellular	Longevity,	Article	ID	6103457.	
Available	at:	http://downloads.hindawi.com/journals/omcl/2016/6103457.pdf		

Keywords:	 Calcium;	 Cell	 membranes;	 Depolarization;	 Mitochondria;	 Vanadium	
compounds;	Actin	polymerization;	ATP-ase	activity;	Inhibition	activity;	Mechanism	of	
action;	Mitochondrial	 membranes;	 Oxygen	 consumption;	 Pharmacological	 activity;	
Specific	location;	Proteins	

	
Abstract:		
This	review	covers	recent	advances	in	the	understanding	of	decavanadate	toxicology	
and	 pharmacological	 applications.	 Toxicological	 in	 vivo	 studies	 point	 out	 that	 V10	
induces	 several	 changes	 in	 several	 oxidative	 stress	 parameters,	 different	 from	 the	
ones	observed	for	vanadate	(V1).	In	in	vitro	studies	with	mitochondria,	a	particularly	
potent	 V10	 effect,	 in	 comparison	 with	 V1,	 was	 observed	 in	 the	 mitochondrial	
depolarization	(IC50	=	40	nM)	and	oxygen	consumption	(99	nM).	It	is	suggested	that	
mitochondrial	membrane	depolarization	is	a	key	event	in	decavanadate	induction	of	
necrotic	cardiomyocytes	death.	Furthermore,	only	decavanadate	species	and	not	V1	
potently	 inhibited	 myosin	 ATPase	 activity	 stimulated	 by	 actin	 (IC50	 =	 0.75	 M)	
whereas	 exhibiting	 lower	 inhibition	 activities	 for	 Ca2+-ATPase	 activity	 (15	M)	 and	
actin	 polymerization	 (17	M).	 Because	 both	 calcium	 pump	 and	 actin	 decavanadate	
interactions	lead	to	its	stabilization,	it	is	likely	that	V10	interacts	at	specific	locations	
with	 these	proteins	 that	 protect	 against	 hydrolysis	 but,	 on	 the	other	 hand,	 it	may	
induce	 V10	 reduction	 to	 oxidovanadium(IV).	 Putting	 it	 all	 together,	 it	 is	 suggested	
that	 the	 pharmacological	 applications	 of	 V10	 species	 and	 compounds	 whose	
mechanism	 of	 action	 is	 still	 to	 be	 clarified	might	 involve	 besides	 V10	 and	 V1	 also	
vanadium(IV)	species.	©	2016	M.	Aureliano.	
	

Bizarro-Nevares,	P.,	Rojas-Lemus,	M.,	Colin-Barenque,	L.,	et	al.	(2015)	Inhalation	of	
vanadium	modifies	gap	 junctions	 in	mouse	 seminiferous	 tubules.	Toxicological	&	
Environmental	Chemistry,	98(2):	266-278.		

Abstract:		
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Vanadium	 (V)	 adhering	 to	 inhaled	 particles	 has	 been	 associated	 with	 male	
reproductive	 alterations.	 Intercellular	 junction	 proteins,	 such	 as	 connexin	 43,	
constitute	the	blood-testes	barrier.	These	proteins	are	crucial	for	the	reconstitution	
of	the	barrier	during	spermatogenesis.	Normally,	connexins	are	located	between	cell	
membranes	but	 in	 cells	exposed	 to	 certain	metals	or	which	are	 transformed,	 their	
location	 is	 altered.	 The	 objective	 of	 this	 study	 was	 to	 examine	 the	 effect	 of	 the	
inhalation	of	vanadium	pentoxide	on	the	distribution	of	connexin	43	in	seminiferous	
tubules	of	mice.	Immunohistochemical	localization	of	connexin	43	demonstrated	the	
redistribution	of	the	protein	that	increased	with	time	of	exposure	while	intensity	of	
stain	on	the	membranes	decreased.	In	previous	studies,	reduction	in	the	actin	and	γ-
tubulin	 stain	 intensity	 upon	 V	 inhalation	 has	 been	 observed.	 All	 these	 alterations	
may	explain	the	reprotoxic	effect	associated	with	vanadium.	
	

Tian,	X.,	Fan,	J.,	Hou,	W.,	et	al.	(2016)	Sodium	orthovanadate	induces	the	apoptosis	
of	SH-SY5Y	cells	by	inhibiting	PIWIL2.	Molecular	Medicine	Reports,	13(1):	874-880.	
Keywords:	Apoptosis;	Neuroblastoma;	PIWIL2;	Sodium	orthovanadate	

Abstract:		
PIWIs	have	been	shown	to	be	abnormally	expressed	in	a	variety	of	cancers	and	may	
be	important	in	the	maintenance	and	invasion	of	cancer	cells.	The	high	expression	of	
PIWIL2	contributed	to	the	resistance	effect	of	cisplatin	in	colon	cancer	cells,	and	the	
knockout	of	the	PIWIL2	gene	reduced	the	aggressive	nature	and	malignant	degree	of	
colon	 cancer	 cells.	 Sodium	 orthovanadate	 (SOV)	 is	 a	 vanadium	 compound,	 and	
exhibited	 antineoplastic	 activity	 in	 certain	 types	 of	 human	 cancer	 cells,	 including	
lung,	kidney	and	prostate	cancer	cells.	However,	its	effects	in	human	neuroblastoma	
(NB)	cells	have	not	yet	been	reported.	The	objective	of	this	study	was	to	investigate	
the	effect	of	SOV	on	the	apoptosis	of	NB	cells	and	to	explore	how	PIWIL2	is	involved	
in	 the	mechanism	 underlying	 this	 effect.	 In	 the	 present	 study,	 SH-SY5Y	 cells	were	
treated	with	SOV	and	the	optimal	concentration	was	determined	for	further	assays.	
Cell	apoptosis,	cell	count,	viability,	the	cell	cycle,	and	the	expression	of	PIWIL2	mRNA	
and	protein	were	 then	determined.	The	 results	 showed	that	SOV	could	 induce	cell	
apoptosis,	 reduce	 the	 percentage	 of	 viable	 cells,	 induce	 accumulation	 of	 SH-SY5Y	
cells	at	the	G2/M	and	S	phase	of	the	cell	cycle,	and	inhibit	the	expression	of	PIWIL2	
and	Bcl-2	mRNA	and	protein.	The	results	suggested	that	the	underlying	mechanisms	
may	 be,	 at	 least	 in	 part,	 due	 to	 SOV	 inhibiting	 the	 expression	 of	 PIWIL2.	 These	
findings	demonstrated	 the	effect	of	 SOV	and	 supported	 its	 further	evaluation	as	 a	
treatment	for	human	NB.	
	

Wang,	 J.P.,	 Cui,	R.Y.,	 Zhang,	K.Y.,	 et	 al.	 (2016)	High-Fat	Diet	 Increased	Renal	 and	
Hepatic	 Oxidative	 Stress	 Induced	 by	 Vanadium	 of	 Wistar	 Rat.	 Biological	 Trace	
Element	Research,	170(2):	415-423.		

Keywords:	Erythroid	2-related	factor	2;	Histopathological	changes;	Oxidative	stress;	
Vanadium.	

Abstract:		
The	study	was	conducted	to	assess	the	effect	of	vanadium	(V)	in	high-fat	diet	on	the	
liver	and	kidney	of	rats	in	a	5-week	trial.	Seventy-two	female	Wistar	rats	(BW	=	95	±	
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5	g)	were	randomly	allotted	into	eight	groups.	Groups	I,	II,	 III,	and	IV	obtained	low-
fat	diet	containing	0,	3,	15,	and	30	mg/kg	V,	and	V,	VI,	VII,	and	VIII	groups	received	
the	respective	vanadium	doses	with	high-fat	diet,	respectively.	There	were	lesions	in	
the	liver	and	kidney	of	V,	VI,	VII,	and	VIII	groups,	granular	degeneration	and	vacuolar	
degeneration	were	observed	in	the	renal	tubular	and	glomerulus	epithelial	cells,	and	
hepatocytes	 showed	 granular	 degeneration	 and	 vacuolar	 degeneration.	
Supplemented	 high-fat	 diet	 with	 vanadium	 was	 shown	 to	 decrease	 (P	 <	 0.05)	
activities	 of	 superoxide	 dismutase,	 total	 antioxidant	 capacity,	 glutathione-S	
transferase,	 and	 NAD(P)H/quinone	 oxidoreductase	 1	 (NQO1)	 and	 increase	
malondialdehyde	content	in	the	liver	and	kidney.	The	relative	expression	of	hepatic	
nuclear	 factor	 erythroid	 2-related	 factor	 2	 (Nrf-2)	 and	 NQO1	 mRNA	 was	
downregulated	 by	 V	 addition	 and	 high-fat	 diet,	 and	 the	 effect	 of	 V	 was	 more	
pronounced	in	high-fat	diet	(interaction,	P	<	0.05),	with	VIII	group	having	the	lowest	
mRNA	 expression	 of	 Nrf-2	 and	 NQO1	 in	 the	 liver	 and	 kidney.	 In	 conclusion,	 it	
suggested	 that	 dietary	 vanadium	 ranging	 from	 15	 to	 30	 mg/kg	 could	 lead	 to	
oxidative	damage	and	vanadium	accumulation	in	the	liver	and	kidney,	which	caused	
renal	and	hepatic	toxicity.	The	high-fat	diet	enhanced	vanadium-induced	hepatic	and	
renal	damage,	and	the	mechanism	was	related	to	the	modulation	of	the	hepatic	and	
renal	 mRNA	 expression	 of	 Nrf-2	 and	 NQO1.	 ©	 2015	 Springer	 Science+Business	
Media	New	York.	
	

4. USES OF VANADIUM 
de	Souza,	P.C.,	Maia,	P.I.,	de	Barros,	H.B.,	et	al.	(2015)	Vanadium	Complexes	with	
Hydrazone	 or	 Thiosemicarbazone	 Ligands	 as	 Potential	 Anti-Mycobacterium	
tuberculosis	Agents.	Current	Clinical	Pharmacology,	10(1):	66-72.		

Keywords:	 Anti-Bacterial	 Agents/chemical	 synthesis/chemistry/pharmacology;	
Crystallography,	 X-Ray;	 Drug	 Design;	 Hydrazones/chemical	
synthesis/chemistry/pharmacology;	 Ligands;	 Microbial	 Sensitivity	 Tests;	
Mycobacterium	 tuberculosis/drug	 effects;	 Spectrum	 Analysis;	
Thiosemicarbazones/chemicalsynthesis/chemistry/pharmacology;	
Vanadium/chemistry.	

Abstract:		
Tuberculosis	 (TB)	 is	 an	 infectious	 disease	 caused	 mainly	 by	 Mycobacterium	
tuberculosis	 (MTB)	 and	 still	 an	 important	 public	 health	 problem	worldwide.	 Some	
factors	 like	 the	 emergence	 of	 multidrug	 resistant	 (MDR)	 and	 extensively	 drug-
resistant	 (XDR)	 strains	 make	 urgent	 the	 research	 of	 new	 active	 compounds.	
Searching	 for	 new	 inorganic	 compounds	 against	 TB,	 three	 new	 dioxovanadium(V)	
complexes	 were	 obtained	 upon	 reaction	 of	 [VO(acac)2]	 with	 hydrazone	 and	
thiosemicarbazone	 ligands	 derived	 from	 di-2-pyridyl	 ketone.	 Spectroscopic	 studies	
and	X-ray	crystallography	revealed	asymmetrically	oxo	bridged	binuclear	complexes	
of	 the	 type	 [{VO(L(1,2))}2(mu-O)2],	 involving	 the	 hydrazone	 ligands,	 while	 a	
mononuclear	square	pyramidal	complex	of	the	type	[VO2(L(3))]	was	formed	with	the	
thiosemicarbazone	ligand.	The	compounds	were	tested	against	M.	tuberculosis	and	
three	 of	 them,	 with	 MICs	 values	 between	 2.00	 and	 3.76	 uM	 were	 considered	
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promising	 for	TB	 treatment.	 Such	MIC	values	are	comparable	or	better	 than	 those	
found	for	some	drugs	currently	used	in	TB	treatment.	
	

Mustafi,	D.,	Ward,	 J.,	Dougherty,	U.,	et	al.	 (2015)	X-Ray	Fluorescence	Microscopy	
Demonstrates	 Preferential	 Accumulation	 of	 a	 Vanadium-Based	 Magnetic	
Resonance	Imaging	Contrast	Agent	in	Murine	Colonic	Tumors.	Molecular	Imaging,	
14.		

Abstract:		
Contrast	 agents	 that	 specifically	 enhance	 cancers	 on	magnetic	 resonance	 imaging	
(MRI)	 will	 allow	 earlier	 detection.	 Vanadium-based	 chelates	 (VCs)	 selectively	
enhance	rodent	cancers	on	MRI,	suggesting	selective	uptake	of	VCs	by	cancers.	Here	
we	 report	 x-ray	 fluorescence	 microscopy	 (XFM)	 of	 VC	 uptake	 by	 murine	 colon	
cancer.	Colonic	 tumors	 in	mice	 treated	with	azoxymethane/dextran	sulfate	sodium	
were	 identified	 by	MRI.	 Then	 a	 gadolinium-	 based	 contrast	 agent	 and	 a	 VC	 were	
injected	 intravenously;	mice	 were	 sacrificed	 and	 colons	 sectioned.	 VC	 distribution	
was	sampled	at	120	minutes	after	injection	to	evaluate	the	long-term	accumulation.	
Gadolinium	distribution	was	sampled	at	10	minutes	after	 injection	due	 to	 its	 rapid	
washout.	 XFM	was	 performed	 on	 72	 regions	 of	 normal	 and	 cancerous	 colon	 from	
five	normal	mice	and	four	cancer-bearing	mice.	XFM	showed	that	all	gadolinium	was	
extracellular,	 with	 similar	 concentrations	 in	 colon	 cancers	 and	 normal	 colon.	 In	
contrast,	the	average	VC	concentration	was	twofold	higher	in	cancers	versus	normal	
tissue	(p	<	.002).	Cancers	also	contained	numerous	''hot	spots''	with	intracellular	VC	
concentrations	six-fold	higher	than	the	concentration	in	normal	colon	(p	<	.0001).	No	
hot	spots	were	detected	in	normal	colon.	This	is	the	first	direct	demonstration	that	
VCs	selectively	accumulate	in	cancer	cells	and	thus	may	improve	cancer	detection.	
	

Rehder,	 D.	 (2016)	 Perspectives	 for	 vanadium	 in	 health	 issues.	 Future	 Medicinal	
Chemistry,	8(3):	325-338.		

Keywords:	 bacterial/parasitic/viral	 infections;	 cardio;	 cytostatic	 potential;	 diabetes	
Type	 2;	 essentiality/toxicity	 of	 vanadium;	 neuroprotection;	 pharmacokinetics;	
phosphate	 antagonism;	 reactive	 oxygen	 species;	 vanadate;	 vanadium	 compounds	
and	DNA.	

Abstract:		
Vanadium	is	omnipresent	 in	trace	amounts	 in	the	environment,	 in	food	and	also	in	
the	 human	 body,	 where	 it	 might	 serve	 as	 a	 regulator	 for	 phosphate-dependent	
proteins.	 Potential	 vanadium-based	 formulations	 -	 inorganic	 and	 coordination	
compounds	with	organic	ligands	-	commonly	underlie	speciation	in	the	body,	that	is,	
they	 are	 converted	 to	 vanadate(V),	 oxidovanadium(IV)	 and	 to	 complexes	with	 the	
body's	 own	 ligand	 systems.	 Vanadium	 compounds	 have	 been	 shown	 to	 be	
potentially	 effective	 against	 diabetes	 Type	 2,	 malign	 tumors	 including	 cancer,	
endemic	 tropical	diseases	 (such	as	 trypanosomiasis,	 leishmaniasis	and	amoebiasis),	
bacterial	 infections	 (tuberculosis	and	pneumonia)	and	HIV	 infections.	Furthermore,	
vanadium	drugs	can	be	operative	 in	cardio-and	neuro-protection.	So	far,	vanadium	
compounds	have	not	yet	been	approved	as	pharmaceuticals	for	clinical	use.	
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Wang,	 N.,	 Wang,	 Z.,	 Niu,	 X.,	 et	 al.	 (2015)	 Synthesis,	 characterization	 and	 anti-
diabetic	 therapeutic	 potential	 of	 novel	 aminophenol-derivatized	 nitrilotriacetic	
acid	vanadyl	complexes.	Journal	of	Inorganic	Biochemistry,	152:	104-113.		

Keywords:	Vanadium;	Diabetes;	Aminophenol;	PPARα;	PPARγ.	

Abstract:		
In	 the	 present	 work,	 we	 synthesized	 three	 novel	 aminophenol-derivatized	
nitrilotriacetic	acid	vanadyl	complexes	(VOohpada,	VOmhpada,	VOphpada)	using	the	
strategy	of	rational	incorporation	of	antioxidant	groups	in	ligand	in	order	to	balance	
the	side	effects	with	the	therapeutic	properties.	The	complexes	were	characterized	
by	 IR,	 UV–VIS,	 ESI-MS	 and	 elemental	 analysis.	 The	 biological	 evaluations	 in	 vitro	
revealed	 that	 the	position	of	 the	hydroxyl	group	of	aminophenol	moiety	 regulated	
the	 antioxidant	 activity	 of	 the	 complexes	 as	well	 as	 the	 cytotoxicity	 on	HK-2	 cells.	
The	 vanadyl	 complex	 of	 p-hydroxyl	 aminophenol	 derivative	 (VOphpada)	 exhibited	
better	 antioxidant	 activity	 and	 lower	 cytotoxicity	 than	 other	 analogs.	 In	 type	 II	
diabetic	 db/db	 mice,	 VOphpada	 (0.1	 mmol/kg/day)	 effectively	 reduced	 blood	
glucose	 level,	 improved	 glucose	 tolerance,	 and	 alleviated	 stresses	 induced	 by	
hyperglycemia	 and	 hyperlipidemia.	 VOphpada	 treatment	 significantly	 increased	
expression	of	PPARα	and	γ,	activated	Akt,	and	inactivated	JNK	in	muscle	and	adipose	
tissues.	The	 insulin	enhancement	effects	of	VOphpada	were	observed	more	potent	
than	BMOV.	Moreover,	VOphpada	decreased	 the	 level	of	 kidney	 injury	molecule-1	
marker	(KIM-1),	suggesting	a	potentially	lower	renal	toxicity.	In	overall,	the	present	
results	 suggest	 VOphpada	 as	 a	 novel	 hypoglycemic	 agent	 with	 improved	 efficacy-
over-toxicity	index.	
	

5. ENVIRONMENTAL EFFECTS in PLANTS and SOIL 
Chen,	 T.,	 Li,	 T.Q.	 &	 Yang,	 J.Y.	 (2016)	 Damage	 suffered	 by	 swamp	morning	 glory	
(Ipomoea	aquatica	Forsk)	exposed	to	vanadium	(V).	Environmental	Toxicology	and	
Chemistry,	35(3):	695-701.		

Keywords:	Metal;	Plant;	Toxic	effect.	

Abstract:		
To	elucidate	the	physiological	and	morphological	responses	generated	by	vanadium	
(V)	in	plants,	hydroponic	culture	experiments	were	performed	with	swamp	morning	
glory	(Ipomoea	aquatica	Forsk)	exposed	to	0	mg	L(-1)	to	2.50	mg	L(-1)	pentavalent	V	
[V(V)]	in	Hoagland	nutrient	solutions.	The	concentration	of	chlorophyll	a,	chlorophyll	
b,	 and	 carotene	 peaked	 at	 a	 V(V)	 concentration	 of	 0.05	 mg	 L(-1)	 and	 gradually	
decreased	at	higher	V(V)	concentrations.	Similarly,	the	plant	biomass	was	stimulated	
at	 low	 levels	of	V(V)	and	was	 inhibited	when	V(V)	concentrations	exceeded	0.1	mg	
L(-1)	.	Pentavalent	V	had	negative	effects	on	the	uptake	of	phosphorus	(P)	by	roots,	
shoots,	 and	 leaves.	 The	 biological	 absorption	 coefficients	 of	 V	 of	 the	 roots	 were	
higher	than	those	of	the	aerial	parts.	Under	low	concentrations	of	V(V)	exposure,	the	
predominant	species	of	V	in	the	aerial	parts	was	tetravalent	V	[V(IV)],	whereas	V(V)	
became	more	prevalent	when	concentrations	of	V(V)	in	the	solution	was	higher	than	
0.50	mg	L(-1)	.	In	the	roots,	however,	the	concentrations	of	V(V)	were	always	higher	
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than	those	of	the	V(IV),	except	 in	the	control	group.	Organelles	 in	the	V(V)-treated	
leaves	 were	 distorted,	 and	 the	 periplasmic	 space	 became	 wider.	 These	 results	
indicate	V(V)	has	concentration-dependent	effects	on	the	physiological	properties	of	
swamp	morning	glory,	whereas	 the	plant	has	 the	ability	 to	develop	 self-protective	
function	to	adapt	to	the	toxicity	of	V(V).	Environ	Toxicol	Chem	2016;	35:695-701.	(c)	
2015	SETAC.	
	
Reijonen,	 I.,	Metzler,	M.	&	 Hartikainen,	 H.	 (2016)	 Impact	 of	 soil	 pH	 and	 organic	
matter	on	 the	 chemical	bioavailability	of	vanadium	species:	The	underlying	basis	
for	risk	assessment.	Environmental	Pollution,	210:	371-379.		

Keywords:	Bioavailability;	Vanadium;	Soil;	Speciation;	Chemistry.	

Abstract:		
The	main	objective	of	this	study	was	to	unravel	the	chemical	reactions	and	processes	
dictating	the	potential	bioavailability	of	vanadium	(V).	 In	environmental	solutions	V	
exists	 in	 two	 stable	oxidation	 states,	 +IV	and	+V,	of	which	+	V	 is	 considered	 to	be	
more	 toxic.	 In	 this	 study,	 the	 effect	 of	 speciation	 and	 soil	 pH	 on	 the	 chemical	
accessibility	 of	 V	 was	 investigated	 with	 two	 soils:	 1)	 field	 soil	 rather	 rich	 in	 soil	
organic	 matter	 (SOM)	 and	 2)	 coarse	 mineral	 soil	 low	 in	 SOM.	 Fresh	 soil	 samples	
treated	with	V(+V)	(added	as	NaVO3)	or	V(+IV)	(added	as	VOSO4)	(pH	adjusted	to	the	
range	4.0–6.9)	were	incubated	for	3	months	at	22	°C.	The	adsorption	tendency	of	V	
species	 was	 explored	 by	 water	 extraction	 (Milli-Q	 water,	 1:50	 dw/V)	 and	 by	
sequential	extraction	(0.25	M	KCl;	0.1	M	KH2/K2HPO4;	0.1	M	NaOH;	0.25	M	H2SO4,	
1:10	 dw/V).	 The	 potential	 bioavailability	 of	 V	 was	 found	 to	 be	 dictated	 by	 soil	
properties.	 SOM	 reduced	V(+V)	 to	V(+IV)	 and	 acted	 as	 a	 sorbent	 for	 both	 species,	
which	 lowered	 the	 bioaccessibility	 of	 V.	 A	 high	 pH,	 in	 turn,	 favored	 the	
predominance	of	the	V(+V)	species	and	thus	 increased	the	chemical	accessibility	of	
V.	
	

6. ENVIRONMENTAL EFFECTS in TERRESTRIAL 
ORGANISMS 
No	relevant	papers	identified.	
 

7. ENVIRONMENTAL EFFECTS in AQUATIC 
ORGANISMS 
Fard,	 N.J.H.,	 Ravanbakhsh,	 M.,	 Ramezani,	 Z.,	 et	 al.	 (2015)	 Determination	 of	
mercury	and	vanadium	concentration	in	Johnius	belangerii	(C)	fish	in	Musa	estuary	
in	Persian	Gulf.	Marine	Pollution	Bulletin,	97(1-2):	499-505.		

Keywords:	 Johnius	 belangerii	 (C)	 fish;	 Mercury;	 Musa	 estuary;	 Persian	 Gulf;	
Vanadium;	 Biometrics;	 Environmental	 Protection	 Agency;	 Estuaries;	 Fish;	 Mercury	
(metal);	Muscle;	Tissue;	Tissue	engineering;	Atomic	absorption	spectrophotometer;	
Determination	 of	 mercuries;	 Food	 and	 Drug	 Administration;	 Generalized	 linear	
model	 analysis;	 Musa	 estuaries;	 Vanadium	 concentration;	 World	 Health	
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Organization;	 Chemical	 contamination;	 concentration	 (composition);	 estuarine	
pollution;	 mercury	 (element);	 perciform;	 Article;	 bioaccumulation;	 body	 growth;	
body	 height;	 body	 weight;	 environmental	 exposure;	 environmental	 impact	
assessment;	 environmental	 protection;	 estuary;	 growth	 rate;	 Johnius	 belangerii;	
marine	environment;	Musa;	muscle	tissue;	nonhuman;	spectrophotometer;	summer;	
tissue	 level;	 water	 pollution;	 Arabian	 Sea;	 Indian	 Ocean;	 Iran;	 Khuzestan;	 Johnius;	
Pisces.	

Abstract:		
The	main	 aim	 of	 this	 study	 was	 to	 determine	 the	 concentrations	 of	 mercury	 and	
vanadium	in	Johnius	belangerii	(C)	fish	in	the	Musa	estuary.	A	total	of	67	fishes	were	
caught	 from	 the	Musa	 estuary	 during	 five	 intervals	 of	 15	 days	 in	 the	 summer	 of	
2013.	 After	 biometric	 measurements	 were	 conducted,	 the	 concentrations	 of	
mercury	 and	 vanadium	were	measured	 in	 the	muscle	 tissue	 of	 fish	 using	 a	 direct	
method	 analyzer	 (DMA)	 and	 a	 graphite	 furnace	 atomic	 absorption	
spectrophotometer,	respectively.	The	mean	concentration	of	mercury	and	vanadium	
in	 the	muscle	 tissue	 of	 fish	 was	 3.154.	 ±.	 1.981	 and	 2.921.	 ±.	 0.873.	 mg/kg	 w.w,	
respectively.	 The	 generalized	 linear	 model	 (GLM)	 analysis	 showed	 a	 significantly	
positive	relationship	among	mercury	concentration,	length,	and	weight	(P	=.	0.000).	
In	 addition,	 there	 was	 a	 significantly	 negative	 relationship	 between	 vanadium	
concentration	and	fish	length	(P	=.	0.000).	A	reverse	association	was	found	between	
concentrations	 of	 mercury	 and	 vanadium.	 Mercury	 concentration	 exceeded	 the	
allowable	standards	of	the	Environmental	Protection	Agency	(EPA),	the	World	Health	
Organization	(WHO),	and	the	Food	and	Drug	Administration	(FDA)	in	J.	belangerii	(C).	
©	2015	Elsevier	Ltd.	
	

Liu,	 Y.,	 Zhou,	 Q.,	 Xu,	 J.,	 et	 al.	 (2016)	 Assessment	 of	 total	 and	 organic	 vanadium	
levels	 and	 their	 bioaccumulation	 in	 edible	 sea	 cucumbers:	 tissues	 distribution,	
inter-species-specific,	 locational	 differences	 and	 seasonal	 variations.	
Environmental	Geochemistry	and	Health,	38(1):	111-122.		

Keywords:	 Inter-species-specific	 differences;	 Locational	 differences;	 Sea	 cucumber;	
Seasonal	variations;	Tissues	distribution;	Vanadium.	

Abstract:		
The	 objective	 of	 this	 study	 is	 to	 investigate	 the	 levels,	 inter-species-specific,	
locational	differences	and	seasonal	variations	of	vanadium	in	sea	cucumbers	and	to	
validate	further	several	potential	factors	controlling	the	distribution	of	metals	in	sea	
cucumbers.	Vanadium	levels	were	evaluated	in	samples	of	edible	sea	cucumbers	and	
were	 demonstrated	 exhibit	 differences	 in	 different	 seasons,	 species	 and	 sampling	
sites.	High	vanadium	concentrations	were	measured	in	the	sea	cucumbers,	and	all	of	
the	 vanadium	 detected	 was	 in	 an	 organic	 form.	 Mean	 vanadium	 concentrations	
were	 considerably	 higher	 in	 the	 blood	 (sea	 cucumber)	 than	 in	 the	 other	 studied	
tissues.	 The	highest	 concentration	of	 vanadium	 (2.56	ug	 g(-1)),	 as	well	 as	 a	higher	
degree	of	organic	vanadium	(85.5	%),	was	observed	in	the	Holothuria	scabra	samples	
compared	with	all	other	 samples.	Vanadium	 levels	 in	Apostichopus	 japonicus	 from	
Bohai	Bay	and	Yellow	Sea	have	marked	seasonal	variations.	Average	values	of	1.09	
ug	g(-1)	of	total	vanadium	and	0.79	mug	g(-1)	of	organic	vanadium	were	obtained	in	
various	 species	 of	 sea	 cucumbers.	 Significant	 positive	 correlations	 between	
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vanadium	in	the	seawater	and	V	org	in	the	sea	cucumber	(r	=	81.67	%,	p	=	0.00),	as	
well	as	between	vanadium	in	the	sediment	and	V	org	in	the	sea	cucumber	(r	=	77.98	
%,	 p	 =	 0.00),	 were	 observed.	 Vanadium	 concentrations	 depend	 on	 the	 seasons	
(salinity,	temperature),	species,	sampling	sites	and	seawater	environment	(seawater,	
sediment).	 Given	 the	 adverse	 toxicological	 effects	 of	 inorganic	 vanadium	 and	
positive	 roles	 in	 controlling	 the	 development	 of	 diabetes	 in	 humans,	 a	 regular	
monitoring	 programme	 of	 vanadium	 content	 in	 edible	 sea	 cucumbers	 can	 be	
recommended.	
 

8. MISCELLANEOUS 
Stahl-Pehe,	A.	&	Heseker,	H.	(2016)	Vanadium	Physiology,	Functions,	Occurrences	
and	health	Aspects.	Ernahrungs	Umschau,	63(1):	M34-M37.		

Keywords:	Nutrition	&	Dietetics.	

No	abstract	available.	

	

Ueki	T	(2016)	“Vanadium	in	the	environment	and	its	bioremediation”	in:	Öztürk	M,	
Ashraf	 M,	 Aksoy	 A,	 Ahmad	 MSA	 and	 Hakeem	 KR	 (eds)	 Plants,	 Pollutants	 and	
Remediation,	pp.	13-26	

Keywords:	Ascidians;	Bioremediation;	Heavy	metal;	Vanadium.	

Abstract:	
Vanadium	is	an	element	with	symbol	V	and	atomic	number	23.	The	vast	majority	of	
vanadium	 demand	 is	 from	 the	 steel	 industry,	 and	 the	 rest	 for	 titanium	 alloy	 and	
catalyst	 in	 chemical	 factory.	 Air	 pollution	 and	 water	 pollution	 by	 vanadium	 were	
recognized	from	early	twentieth	century.	Increasing	information	on	the	toxicity	and	
medicinal	 use	 enhanced	 the	 development	 of	 bioremediation	 of	 vanadium.	 In	 this	
chapter,	 the	 author	 would	 like	 to	 overview	 the	 history	 of	 pollution	 of	 vanadium,	
vanadium	 toxicity,	 bioaccumulation	 and	 bioremediation	 of	 vanadium.	 ©	 Springer	
Science+Business	Media	Dordrecht	2015.	
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