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ABSRACT	

The	main	focus	of	this	study	was	to	assess	the	in	vivo	distribution	and	radiation	absorbed	dose	of	

11C‐nicotine	derived	from	the	whole	body	Positron	emission	tomography	(PET)	imaging	in	human.	

Methods:	After	an	initial	Computed	tomography	(CT)	attenuation	scan,	11C‐nicotine	was	

administered	via	an	intravenous	injection,	and	dynamic	whole	body	PET	scans	were	acquired	in	a	

3‐D	mode	on	11	normal	healthy	(5	male,	6	female)	subjects.	The	first	scan	was	acquired	in	a	

dynamic	acquisition	mode	for	90	s	with	the	brain	in	the	field	of	view,	followed	by	a	series	of	13	

whole	body	PET	scans	acquired	over	a	90	min	time	period.	Regions	of	interest	were	drawn	over	

organs	visible	in	the	reconstructed	PET	images.	Time	activity	curves	were	generated,	and	the	

residence	times	were	calculated.	The	radiation	absorbed	dose	for	the	whole	body	was	calculated	by	

entering	the	residence	time	in	OLINDA/EXM	1.0	software,	to	model	the	equivalent	organ	dose	and	

the	effective	dose	for	a	70	kg	man.	Results:	The	mean	residence	times	for	the	11C‐nicotine	in	the	

liver,	red	marrow,	brain,	and	lungs	were	0.048	±	0.010,	0.031	±	0.005,	0.021	±	0.004,	and	0.020	±	

0.005	h,	respectively.	The	mean	effective	dose	for	11C‐nicotine	was	5.44	±	0.67	µSv/MBq.	The	

organs	receiving	the	highest	radiation	absorbed	dose	from	the	11C‐nicotine	injection	were	the	

urinary	bladder	wall	(14.68	±	8.70	µSv/MBq),	kidneys	(9.56	±	2.46	µSv/MBq	),	liver	(8.94	±	1.67	

µSv/MBq),	and	the	spleen	(9.49	±	3.89	µSv/MBq).	The	renal	system	and	hepatobiliary	systems	were	

the	major	clearance	and	excretion	routes	for	radioactivity.	Conclusions:	The	estimated	radiation	

dose	burden	from	11C‐nicotine	administration	is	relatively	modest.	The	low	radiation	dose	for	11C‐

nicotine	would	allow	for	multiple	PET	examinations	on	the	same	research	subject.	
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INTRODUCTION	

The	adult	smoking	rate	in	the	United	States	has	decreased	substantially	since	the	hallmark	1964	US	

Surgeon	General’s	report.	Nonetheless,	40	million	Americans	still	smoke	regularly,	and	

approximately	400,000	people	die	each	year	due	to	illnesses	directly	associated	with	smoking	(1).	

Although	the	various	components	of	tobacco	cause	different	effects,	nicotine	has	been	identified	as	

one	of	the	primary	chemicals	responsible	for	tobacco	addiction	in	humans	(2,3).	More	recently,	

there	has	been	a	steady	rise	in	the	use	of	newly	developed	nicotine	delivery	devices	(such	as	e‐

cigarettes)	to	replace	cigarettes,	and	their	use	has	now	surpassed	any	other	tobacco	product,	

especially	amongst	high‐school	students	(4).	There	is	growing	concern	amongst	the	scientific,	

medical,	and	regulatory	communities	over	the	deleterious	impact	of	nicotine	consumption	on	

human	health.	Aside	from	the	reinforcing	action,	nicotine	perpetuates	the	smoking	habit	in	humans	

through	the	aversive	consequences	of	nicotine	withdrawal,	a	negative	reinforcement	phenomenon	

(5‐7).	Neuronal	nicotinic	acetylcholine	receptors	have	been	identified	as	one	of	the	primary	sites	of	

action	in	the	brain	for	the	elicitation	of	reinforcing	effects,	dependency,	and	withdrawal	expressions	

during	cessation	of	smoking	(8‐12).	PET	imaging	is	highly	useful	for	studying	the	impacts	of	

smoking	and	the	targeting	of	acetylcholine	receptor	systems.	The	involvement	of	nicotinic	

receptors	in	brain	cholinergic	transmission	alludes	to	the	role	of	nicotine	in	Alzheimer’s	disease,	

where	a	direct	relationship	exists	between	nicotinic	receptors,	cholinergic	transmission,	and	

pathologic	symptoms	(13‐15).	A	PET	imaging	study	in	patients	with	neurodegenerative	disease	

showed	a	significantly	reduced	uptake	of	11C‐nicotine	in	Alzheimer’s	disease	patients	in	comparison	

with	healthy	controls,	especially	in	the	frontal	and	temporal	cortex	areas	(16‐18),	which	was	in	

accordance	with	a	strong	correlation	between	nicotine	binding	in	the	parietal	cortex	and	

performance	in	a	visuospatial	ability	test	(16).	11C‐nicotine	PET	has	also	been	useful	for	

investigating	the	impact	of	menthol	in	cigarettes,	which	can	alter	nicotine	accumulation	in	the	brain	

(19).	Another	11C‐nicotine	PET	study	we	performed	earlier	showed	a	slow	accumulation	of	nicotine	



in	the	brains	of	dependent	smokers,	which	was	partially	due	to	a	slower	release	of	accumulated	

nicotine	in	the	lungs	(20),	establishing	a	direct	relationship	between	nicotine	and	its	

pharmacological	impacts	on	human	health.	These	imaging	studies	further	underscore	the	

importance	of	11C‐nicotine	PET	in	the	study	of	addiction	and	other	in	vivo	neurological	functions.	

Despite	multiple	publications	on	the	use	of	11C‐nicotine	in	humans,	there	are	no	published	data	on	

the	radiation	dosimetry	of	11C‐nicotine.	Therefore,	the	aim	of	this	study	was	to	obtain	estimates	of	

radiation	dosimetry	of	11C‐nicotine	in	humans.	We	report	on	the	11C‐nicotine	in	vivo	distribution,	

and	estimated	the	radiation	dose	in	humans	using	whole	body	PET	scans.	

		

	 	



MATERIALS	AND	METHODS	

Subjects	

This	study	was	approved	by	the	Radiation	Safety	Committee	and	the	Institutional	Review	

Board	of	the	Wake	Forest	University	Medical	Center.	Written	informed	consent	was	obtained	from	

each	participant	prior	to	the	PET	studies.	In	total,	11	(5	males,	6	females)	healthy	non‐smokers	

(mean	age	39.1	±	9.1)	and	an	average	weight	of	80.3	±	26.3	kg	were	enrolled	in	this	study.	

Synthesis	of	11C‐nicotine	radiochemistry	

11C‐nicotine	was	produced	via	the	N‐methylation	of	(S)‐nornicotine	using	11C‐methyltriflate	

prepared	via	a	previously	reported	method	with	minor	modifications	(21).	Briefly,	11C‐

methyltriflate	(FXc‐Pro	module,	GEMS,	Waukesha,	WI)	was	bubbled	through	a	solution	of	0.25	mg	

(S)‐nor‐nicotine	biscamsylate	and	10	µL	of	1,2,2,6,6	pentamethyl	piperidine	in	300	µL	of	

acetonitrile.	After	the	11C‐methyltriflate	delivery	was	complete,	the	reaction	mixture	was	loaded	on	

the	high	performance	liquid	chromatography	loop	and	the	desired	product	was	isolated	using	a	

semi‐preparatory	high	performance	liquid	chromatography	column	(Waters,	µPorasil	silica	7.8	×	

300	mm,	10	µm)	eluted	with	a	96%	dichloromethane	and	4%	methanol/trimethylamine	(100/1,	

v/v),	at	a	flow	rate	of	2	mL/min.	

PET	imaging		

The	PET/CT	images	were	acquired	on	a	GE	Discovery	VCT	PET/CT	scanner	(GEMS,	

Waukesha,	WI,	USA).	The	imaging	characteristics	of	this	scanner	have	been	described	previously	

(22).	Iterative	image	reconstruction	with	measured	attenuation	correction,	modeled	scatter	

correction,	and	random	correction	using	singles	count	rates	was	performed	for	all	subjects	(23).	

Data	acquired	from	image	sets	in	counts/pixel	were	calibrated	using	the	standard	quantification	

procedures	to	report	uptake	values	in	Bq/cc.	



Subjects	were	positioned	on	the	scanner	bed,	and	a	whole	body	(top	of	the	head	to	toes)	CT	

scan	was	acquired	for	attenuation	correction	and	localization	of	organs.	Subsequently,	505	±	96	

MBq	(13.6	±	2.6	mCi)	of	11C‐nicotine	was	injected	intravenously	into	the	subject’s	arm,	and	

sequential	PET	scans	were	acquired	in	a	3‐D	mode	over	90	min	to	provide	a	total	of	14	scans	(time‐

points).	Prior	to	the	first	whole	body	PET	scan,	dynamic	brain	scans	were	acquired	for	the	first	90	s	

commencing	from	the	time	of	C‐11	injection	(45	frames,	2	s	each),	to	capture	the	uptake	and	

distribution	characteristics	of	11C‐nicotine	in	the	brain.	Subsequently,	12	whole	body	image	sets	

(head	to	mid‐thigh)	were	obtained	using	the	following	image	acquisition	sequence:	2	×	15	s,	3	×	20	

s,	2	×	30	s,	3	×	60	s,	and	2	×	90	s.	After	the	twelfth	whole	body	scan,	a	final	image	set	covering	the	

entire	body	from	the	top	of	the	head	to	the	toes	was	acquired	(60	s/bed	position).	The	PET	images	

were	reconstructed	using	the	fully	3‐D	maximum	likelihood	ordered	subset	expected	maximization	

algorithm,	with	28	subsets,	2	iterations,	and	a	6	mm	post	loop	filter	(23).	

PET	image	analysis	and	calculation	of	residence	time	

Reconstructed	coronal	images	were	used	for	the	identification	and	measurement	of	the	

radioactivity	content	in	key	organs.	Using	PMOD	3.0	software	(PMOD	Technologies,	Zurich,	

Switzerland),	regions	of	interest	(ROIs)	were	drawn	manually	across	all	image	planes,	for	each	

image	set,	to	determine	total	radioactivity	accumulated	in	an	organ.	All	ROIs	were	carefully	drawn	

to	minimize	organ	boundary	edge	artifacts,	and	were	viewed	in	coronal,	sagittal,	and	axial	

directions	to	ensure	that	different	ROIs	did	not	overlap.	The	CT	images	were	utilized	for	secondary	

confirmation	of	the	anatomical	accuracy	of	the	PET	ROIs.	Lumbar	spine	ROIs	were	used	to	calculate	

radioactivity	in	the	red	marrow.	International	Commission	on	Radiological	Protection‐89	guidelines	

were	followed	to	estimate	the	quantity	of	red	marrow	in	an	adult,	and	were	used	to	calculate	the	

total	amount	of	radioactivity	accumulated	in	the	bone	marrow.	Whole	body	muscle	uptake	was	



calculated	by	multiplying	the	quantity	of	radioactivity	present	in	a	thigh	muscle	ROI	by	a	weighting	

factor,	as	described	in	following	equation.	

% % 	 	 ∗
	 ∗ 	% 	

	 	 ∗
	

Additionally,	a	large	‘whole	body’	ROI	was	created	to	calculate	the	quantity	of	radioactivity	

in	the	whole	body.	Time	activity	curves	(TACs)	were	generated	from	each	ROI,	and	the	accumulated	

radioactivity	in	each	organ	was	expressed	as	a	percentage	of	the	injected	dose	(%ID).	For	the	

residence	time	calculations,	the	radioactivity	content	beyond	the	last	imaged	time‐point	was	

assumed	to	be	depleted	exclusively	by	the	physical	decay	of	the	radioactivity.	Integration	of	the	TAC	

data	from	time	zero	to	complete	elimination	of	radioactivity	(area	under	the	curve)	was	performed	

using	the	trapezoidal	method	to	derive	residence	times	for	various	organs.	

Calculation	of	equivalent	organ	dose	and	effective	dose	

The	absorbed	radiation	dose	for	individual	organs	was	estimated	by	entering	organ	

residence	times	into	OLINDA/EXM	1.0	software	(24).	OLINDA	utilizes	the	Medical	Internal	

Radiation	Dose	scheme,	and	the	dose	estimates	were	obtained	for	the	70	kg	adult	male.	Effective	

dose	equivalent	and	radiation	absorbed	dose	were	determined	using	the	methods	published	in	the	

earlier	International	Commission	on	Radiological	Protection	publication	30	and	60,	respectively	

(25,26).	

	 	



RESULTS	

The	11C‐nicotine	was	eluted	from	a	semi‐preparatory	high	performance	liquid	

chromatography	column	in	~6.5–8.5	min	with	a	radiochemical	yield	of	~30%	and	a	radiochemical	

purity	of	>99%.	The	product	was	reconstituted	in	saline	for	injection,	and	sterile	filtered	using	a	0.2	

µ	Millipore	filter.	The	average	specific	activity	(n	=	16)	of	11C‐nicotine	was	264	±	23	GBq/mmol	

(7158	±	648	Ci/mmol)	at	the	end	of	synthesis.	

Following	intravenous	injection,	the	radioactivity	accumulated	in	the	brain	rapidly.	

Representative	brain	PET	images	from	one	male	and	one	female	subject	are	shown	in	Fig.	1.	The	

TACs	generated	from	the	brain	images	acquired	during	the	first	90	sec	for	a	representative	male	

and	a	female	subject	is	shown	in	Fig.	2.	In	general,	a	lag	of	~8–10	s	between	the	time	of	injection	

and	arrival	of	radioactivity	in	the	brain	was	noted.	Comparing	the	radioactivity	levels	from	the	

brain	TACs	of	the	representative	male	and	female	subjects,	higher	levels	of	radioactivity	were	noted	

in	the	female	brains	(Fig.	2).	Besides	the	accumulation	levels,	these	TACs	also	show	a	distinct	

difference	in	the	rate	of	radioactivity	accumulation	between	the	male	and	female	brains.	The	uptake	

slope	during	the	initial	phase	(5‐37	s)	of	radioactivity	accumulation	in	the	female	and	male	brain	

was	1.06	(linear	fit	r2=0.999)	and	0.58	(linear	fit	r2=0.997),	respectively	(p	<	0.001).	This	initial	

rapid	rise	in	radioactivity	was	followed	by	a	much	slower	accumulation	phase.	The	average	slope	

during	this	slow	uptake	period	was	0.22	(r2=0.921)	and	0.16	(r2=0.941)	in	the	female	and	male	

brains,	respectively.		

The	whole	body	PET	images	show	a	rapid	uptake	and	distribution	of	11C‐nicotine	for	most	

major	organs.	Dividing	the	whole	body	ROI	value	with	the	decay	corrected	injected	dose	provided	a	

recovery	coefficient	of	95%	±	7%.	The	PET	image	of	a	representative	male	and	a	female	subject	

showing	a	typical	whole	body	distribution	pattern	for	11C‐nicotine	is	shown	in	Fig.	3.	The	2.8	min	

PET/CT	images	clearly	delineated	most	major	organs	such	as	the	brain,	lungs,	spleen,	liver,	and	



kidneys	(Fig.	3,	top	row).	Because	of	urinary	excretion	was	the	primary	route	for	radioactivity	

elimination,	the	urinary	bladder	was	more	distinct	on	the	later	images	(Fig.	3,	bottom	row).	The	

uptake	in	the	right	and	left	lung	of	a	representative	male	and	a	female	subject	is	shown	in	Fig.	4A	

and	Fig.	4B,	respectively.	Average	uptake	in	the	left	and	right	lung	for	all	subjects	is	presented	in	

Fig.	4C.	The	TACs	generated	for	several	of	the	major	organs	that	were	easily	discernible	on	PET	

images	are	presented	in	Fig.	5.	As	seen	from	Fig.	5,	after	an	initial	rapid	uptake,	a	significant	

washout	of	radioactivity	was	noted	for	most	organs	with	time.	For	example,	the	%IDs	of	C‐11	in	the	

liver,	brain,	red	marrow,	muscle,	and	lungs	was	9.4	±	1.9,	6.2	±	1.5,	5.0	±	2.0,	15.2	±	9.1,	and	6.0	±	

2.2,	respectively,	at	2.8	min,	and	these	levels	decreased	to	0.6	±	0.2,	0.1	±0.0,	0.3	±	0.1,	1.2	±	0.4,	and	

0.2	±	0.0	by	86.5	min.		

The	residence	time	for	each	organ	was	computed	by	integrating	the	total	accumulated	

radioactivity	in	the	individual	organ,	from	the	time	of	injection	to	the	complete	elimination	of	the	

radioactivity.	The	mean	residence	times	for	various	organs	are	shown	in	Table	1.	The	radiation	

absorbed	dose	for	various	organs	was	estimated	by	entering	the	residence	times	into	the	OLINDA	

software	and	is	presented	in	Table	2.	The	four	organs	that	received	the	highest	radiation	absorbed	

dose	in	this	study	were	the	urinary	bladder	wall	(14.68	±	8.70 µSv/MBq),	kidneys	(9.56	±	2.46	

µSv/MBq),	spleen	(9.49	±	3.89	µSv/MBq),	and	liver	(8.94	±	1.67	µSv/MBq	).	The	mean	effective	

radiation	dose	to	a	70	kg	human	was	5.44	±	0.67	µSv/MBq	(20.11	±	2.47	mrem/mCi).	The	effective	

dose	calculated	in	this	study	for	the	11C‐nicotine	is	similar	to	values	reported	for	many	of	the	

commonly	used	11C‐labeled	radiopharmaceuticals	and	comparison	of	the	effective	doses	between	

11C‐nicotine	and	certain	commonly	used	11C‐labeled	radiopharmaceuticals	are	presented	in	Table	3.	

	 	



DISCUSSION	

Several	investigators	identified	the	advantages	of	using	11C‐nicotine	PET	to	study	nicotine	

addiction	and	neurodegenerative	disease.	A	PET	imaging	study	showed	lower	accumulation	of	11C‐

nicotine	in	the	brains	of	Alzheimer’s	disease	patients	than	in	age	matched	healthy	controls,	

implying	the	loss	of	nicotinic	receptors	in	Alzheimer’s	disease	(27).	PET	studies	on	patients	with	

Alzheimer’s	disease	were	also	effective	in	finding	a	direct	correlation	between	11C‐nicotine	levels	in	

the	parietal	cortex	and	the	results	of	a	clock	drawing	test	(16).	Another	11C‐nicotine	PET	imaging	

study	investigated	the	influence	of	mentholated	cigarettes	on	nicotine	accumulation	in	the	brain	

(19).	These,	and	many	other	imaging	studies	conducted	over	the	years,	testify	to	the	merits	of	11C‐

nicotine	PET	for	a	variety	of	applications	(19,20,28‐32).	However,	despite	many	11C‐nicotine	studies	

performed	in	humans,	no	dosimetry	data	have	been	presented.	This	study	is	the	first	to	report	on	

the	radiation	dosimetry	of	11C‐nicotine	derived	from	whole	body	PET/CT	imaging	performed	in	

human	subjects.	

In	this	study,	the	PET	images	showed	a	rapid	uptake	of	radioactivity	in	most	organs	leading	

to	clear	visualization	of	several	organs	with	in	few	minutes	of	an	intravenous	injection	of	11C‐

nicotine	(Fig.	3).	Similarly,	the	radioactivity	rapidly	accumulated	in	the	brain	soon	after	the	

injection	of	11C‐nicotine	(Fig.	1).	The	TACs	generated	from	the	PET	images	revealed	a	lag	of	~8–10	s	

between	the	time	of	injection	and	the	arrival	of	radioactivity	in	the	brain	(Fig.		2).	The	radioactivity	

levels	peaked	in	the	brain	within	90	s	post‐injection,	with	an	initial	sharp	rise	of	radioactivity	

during	the	first	5–37	s,	followed	by	a	slow	but	sustained	accumulation	of	radioactivity	(Fig.		2).	

Regression	analysis	of	this	initial	steep	rise	of	radioactivity	phase	show	a	linear	fit	of	data	(r2=	

0.999	female;	r2=0.997	male),	whereas	the	slower	rise	of	accumulation	show	a	non‐linear	fit	

(r2=0.921	female;	r2=0.941	male).	This	pattern	of	steep	rise	of	radioactivity	followed	by	a	slow	but	



sustained	radioactivity	accumulation	pattern	in	the	brain	is	similar	to	that	reported	previously	by	

ourselves	and	others	where	the	11C‐nicotine	was	administered	via	the	inhalation	(20,33).		

Although	the	TACs	from	the	whole	body	PET	images	show	a	rapid	but	low	uptake	of	11C‐

nicotine	in	major	organs	such	as	the	heart,	spleen,	kidneys,	liver,	and	lungs,	most	organs	were	easily	

delineated	on	the	PET	images	(Fig.	3).	The	uptake	intensity	for	the	right	side	lung	on	PET	images	

was	slightly	higher	than	that	for	the	left	lungs.	The	TACs	from	a	representative	male	and	a	female	

subject	and	from	the	average	of	all	subjects	indicated	slight	higher	but	statistically	insignificant	

levels	of	radioactivity	accumulation	in	the	right	lungs	(Fig.	4).	Initial	uptake	in	the	lungs	was	

followed	by	a	rapid	and	significant	washout	of	radioactivity.	Similarly,	several	other	major	organs	

also	showed	a	significant	and	steady	washout	of	radioactivity	with	time.	For	example,	the	

radioactivity	in	the	liver	and	kidneys	peaked	within	the	first	5	min,	and	decreased	~15‐fold	by	86.5	

min	(Fig.	5).	Similarly,	the	radioactivity	in	the	blood	pool	was	26.1	±	8.0	%ID	at	2.78	min,	and	these	

levels	decreased	45‐fold	to	0.6	±	0.1%ID	by	86.5	min.		Although	the	muscles	were	not	distinctly	

visible	on	the	PET	scans,	the	%ID	in	the	muscles	was	significantly	higher	than	in	the	liver	and	

spleen	(Fig.		5),	the	two	tissues	that	were	distinctly	visible	on	the	PET	images.	This	anomaly	could	

be	due	to	the	relatively	higher	muscle	mass	in	the	human	body	in	comparison	with	the	mass	of	liver	

and	spleen.	The	bladder	showed	a	steady	rise	of	radioactivity	with	time	for	the	duration	of	the	scan	

due	to	the	renal	excretion	of	radioactivity	from	the	body.	Unlike	the	uptake	pattern	in	the	brain	and	

the	muscle,	some	other	major	organs	show	higher	levels	of	11C‐nicotine	in	the	male	subjects	than	

seen	for	the	female	group	(Fig	5).	While	notable,	these	uptake	differences	were	statistically	

insignificant	(p	>	0.1).	

The	residence	time	for	individual	organs	was	calculated	using	the	area	under	the	curve	

from	the	TACs	generated	for	those	tissues	from	the	PET	images.	The	maximum	residence	time	for	

11C‐labeled	radiopharmaceuticals	is	0.488	h	(34).	The	residence	time	for	the	remainder	of	the	body	



was	obtained	by	subtracting	the	sum	of	the	residence	time	for	all	of	the	identified	tissues	from	

0.488	h.	The	residence	times	thus	generated	for	various	tissues	agreed	reasonably	well	across	

subjects,	and	were	entered	in	the	OLINDA	software	to	derive	the	radiation	absorbed	dose	for	

individual	organs	(Table	2).	The	estimated	mean	effective	dose	for	11C‐nicotine	was	5.44	±	0.67	

µSv/MBq	(20.11	±	2.47	mrem/mCi)	for	a	70	kg	human.	The	estimated	effective	dose	equivalent	for	

11C‐nicotine	was	5.71	±	0.73	µSv/MBq	(21.13	±	2.70	mrem/mCi).	The	critical	organs	are	the	urinary	

bladder	wall,	kidneys,	and	spleen.	Based	on	these	calculated	values,	a	standard	injection	of	555	MBq	

(15	mCi)	of	11C‐nicotine	would	result	in	3.02	mSv	(0.3	rem)	of	exposure	to	a	70	kg	human	body.	The	

current	federal	guidelines	limit	the	radiation	exposure	for	a	research	subject	to	a	0.03Sv	(3	rem)	

effective	dose	for	a	single	study,	and	0.05	Sv	(5	rem)	effective	dose	for	the	whole	year	(35).	This	

effective	dose	limit	corresponds	to	administration	of	~9250	MBq	(~250	mCi)	of	11C‐nicotine	per	

subject/year.	These	results	show	that	the	radiation	absorbed	dose	from	11C‐nicotine	in	human	

studies	is	relatively	low.	These	results	should	help	in	planning	future	studies	and	in	advising	

research	subjects	of	potential	risk	associated	with	radiation	dose	from	11C‐nicotine	PET	studies.	

	 	



CONCLUSION	

In	conclusion,	we	evaluated	the	whole	body	distribution	and	radiation	dosimetry	of	11C‐

nicotine.	The	effective	dose	of	11C‐nicotine	in	a	healthy	subject	is	5.4	µSv/MBq,	thus	suggesting	only	

a	modest	radiation	dose	burden	from	a	555	MBq	(15	mCi)	injection	of	11C‐nicotine.	These	results	

will	be	helpful	in	calculating	the	associated	radiation	dose	burden	when	planning	multiple	PET	

studies	with	11C‐nicotine	on	the	same	subject.	
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FIGURE 1. Axial view of representative brain PET images from one male (top row) and one female 

(bottom row) subject. PET scans were acquired dynamically over 90 sec (45 frames of 2 s each) after 

injection of 11C‐nicotine. The data for the two sets of images is normalized to injected dose.  These 45 

frames were divided into three image sets/groups i.e. 0‐30 s (A), 0‐60 sec (B), and 0‐90 s (C). A higher 

accumulation was seen in the female brain as compared to the male brain (B and C).   

   



 

FIGURE 2. The time activity curves generated from the dynamic brain PET scans acquired over the first 

90 s of a representative female (A) and a male subject (B). After an initial lag of ~ 10 sec between the 

injection and arrival or radioactivity in the brain, rapidly increasing levels were noted in the brain for 

both the groups. These TACs show an initial faster radioactivity accumulation phase (red line) followed 

by a much slower but sustained accumulation time period (Blue line). 

   



 

FIGURE 3. Coronal view of representative 2.8 min (top rows) and 22.6 min (bottom rows) whole body 

PET/CT images of a male (A) and a female (B) subject. The early images clearly delineate the brain, liver, 

spleen, lungs, and kidneys. The late images show an intense accumulation in the urinary bladder. The 

brain, liver, lungs, spleen, and kidneys are less conspicuous in the late images (bottom row) than seen in 

the early images (top row) indicating a significant washout/clearance of radioactivity from these organs 

with time. 

   



Figure 4: The time activity curve showing the accumulation of C‐11 nicotine in the right and left lungs 

from a representative male (A) and female (B) subject. The average uptake in the right and left lungs 

from all subjects (an average of uptake) is shown in Fig. C. In all cases, slightly higher uptake was seen in 

the right lungs but these differences were statistically insignificant (p>0.12).  

   



 

 

FIGURE 5. The time activity curves generated from the ROIs placed on organs that were easily 

discernible on the whole body PET/CT images. The radioactivity level in each organ is presented as 

the averaged percent of injected dose (%ID) for the male and the female groups. In general, the 

accumulation levels in most organs peaked during the first few minutes and then started to 

decrease rapidly with time.        



 

TABLE 1 
Residence times calculated from whole body 
images of 11 subjects injected with 11C‐nicotine 
 
Organ                                                Residence Time (h) 

Brain  0.021 ± 0.004 

Liver  0.048 ± 0.010 

Lung  0.020 ± 0.005 

Bladder  0.019 ± 0.013 

Kidney  0.009 ± 0.003 

Muscle  0.088 ± 0.040 

Red marrow  0.031 ± 0.005 

Spleen  0.005 ± 0.003 

Stomach  0.007 ± 0.004 

Pancreas  0.001 ± 0.000 

Heart  0.004 ± 0.001 

Lower large intestine  0.005 ± 0.002 

Small intestine  0.004 ± 0.002 

Remainder of body  0.227 ± 0.039 

 

   



 

 

TABLE 2 
Radiation dose estimates for 11C‐nicotine (Mean ± SD)* 

Organ                                           Dose (µSv/MBq)  Dose mRem/mCi 

Adrenals  2.93 ± 0.20  10.85 ± 0.72 

Brain  5.33 ± 0.98  19.74 ± 3.80 

Breasts  1.75 ± 0.19  6.49 ± 0.70 

Gallbladder wall  3.21 ± 0.26  11.86 ± 0.96 

Lower large intestine wall  6.96 ± 1.75  25.75 ± 6.47 

Small intestine  3.69 ± 0.54  13.65 ± 2.01 

Stomach wall  6.00 ± 1.97  22.22 ± 7.28 

Upper large intestine wall  2.63 ± 0.16  9.72 ± 0.59 

Heart wall  3.65 ± 0.46  13.51 ± 1.70 

Kidneys  9.56 ± 2.46  35.35 ± 9.08 

Liver  8.94 ± 1.67  33.03 ± 6.14 

Lungs  6.22 ± 1.24  23.03 ± 4.60 

Muscle  2.01 ± 0.34  7.45 ± 1.24 

Ovaries  2.72 ± 0.12  10.07 ± 0.45 

Pancreas  4.29 ± 0.57  15.89 ± 2.13 

Red marrow  5.15 ± 0.50  19.09 ± 1.83 

Osteogenic cells  4.63 ± 0.33  17.15 ± 1.21 

Skin  1.53 ± 0.12  5.65 ± 0.46 

Spleen  9.49 ± 3.89  35.09 ± 14.36 

Testes  1.91 ± 0.11  7.06 ± 0.42 

Thymus  2.07 ± 0.16  7.67 ± 0.60 

Thyroid  7.14 ± 1.00  26.41 ± 3.70 

Urinary bladder wall  14.68 ± 8.70  54.35 ± 32.28 

Uterus  2.92 ± 0.30  10.78 ± 1.11 

Total body  2.81 ± 0.04  10.40 ± 0.15 

 

Effective Dose Equivalent  5.71 ± 0.73  20.11 ± 2.47 

Effective Dose  5.44 ± 0.67  21.13 ± 2.70 

 

    *(Mean ± Standard Deviation) 

 

   



 

TABLE	3	
Comparison of effective dose estimates between 11C‐nicotine and other 
11C‐radiopharmaceuticals	
	 11C‐Nicotine#	 11C‐PIBδ	 11C‐PK11195Ɛ	
Urinary	bladder	wall	 14.7	 16.6	 		9.8	
Kidneys	 	9.6	 12.6	 14.0	
Spleen	 	9.5	 	4.3	 12.5	
Liver	 	8.9	 19.0	 	9.5	
Thyroid	 	7.1	 	2.4	 	1.9	
Effective	Dose	 	5.4	 	4.7	 	4.8	

#:	Current	Study;			Δ:	Ref	(36);			Ɛ	Ref(34)	

	

 


