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Abbreviated name: 1-[11C]AA

Synonym:

Agent Category: Small molecule

Target: Phospholipids

Target Category: Lipids

Method of detection: Positron emission tomography (PET)

Source of signal / contrast: 11C

Activation: No

Studies:
• Rodents

• Non-human primates

• Humans

Structure of 1-[11C]arachidonic acid.

Background
[PubMed]

Arachidonic acid (AA), also known as all-cis-5,8,11,14-eicosatetraenoic acid (20:4n-6, a ω-6 fatty acid), is an 
essential fatty acid that is found primarily at the sn-2 position of most membrane phospholipids (PLs). Through 
the AA cascade it is a precursor for the synthesis of prostaglandins and leukotrienes, which have been implicated 
in the development of a variety of neurological disorders in mammals (1). The AA is released from the PLs by 
phospholipase A2 (PLA2) enzymes (both cytosolic and secretory forms) that are calcium dependent, and they 
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are usually receptor activated. The released AA and its metabolites are believed to modulate a variety of 
processes in mammals including aging, ion channel functioning, neuropsychiatric disorders, inflammation, and 
diseases such as Alzheimer’s disease (AD) and Parkinson’s disease (2-7). Because cytokines, nitric oxide, and 
glutamate influence calcium mobilization in the tissue, they are known to affect PLA2 activation, the release of 
AA from PLs, and neuroinflammation observed with different neurological diseases (8-13).

The AD brain has been shown to have higher than normal PLA2 enzyme activity and increased levels of 
cytokines, β-amyloid proteins and peptides, glutamatergic markers, and AA metabolites (14-18). Esposito et al. 
envisioned that elevated AA metabolism in the AD brain could perhaps be used to image the 
neuroinflammation during the course and therapy of the disease because this fatty acid is either synthesized de 
novo or from linoleic acid (18:2n-6), which can be considered as its precursor in mammals (19). Using AA 
labeled with radioactive carbon (1-11C-AA), investigators have determined the regional brain AA incorporation 
coefficient (K*), which is the ratio of radioactivity in the brain and the integral of AA in plasma, developed using 
quantitative autoradiography in rodents with 14C-labeled AA (20) and positron emission tomography (PET) in 
non-human primates (21) and humans with 11C-labeled AA (19, 22). In addition, labeled AA has been shown to 
be an ideal brain imaging agent, and K* was not influenced by regional cerebral blood flow (CBF) changes 
measured with water containing radioactive oxygen (15O-water) (19).

Synthesis
[PubMed]

The methods described by Chang et al. (21) and Channing et al. (23) were used for the synthesis of 1-11C-AA 
(19, 22). The radiochemical was routinely obtained at the end of synthesis in ~35 min and was formulated in 
0.9% saline containing 8% serum (source of the serum used was not specified) (21). Stability of the formulated 
tracer was not reported. Radiochemical purity of 1-11C-AA was reported to be >95% as determined with high-
performance liquid chromatography with a specific activity of ~37 GBq/μmol (~1 Ci/μmol; n = 10) at the end of 
bombardment. In another publication the specific activity of 1-11C-AA was reported to be 3,700 MBq/μmol 
(100 mCi/μmol) with a radiochemical purity of >97.6% (19).

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

Much literature is available regarding AA activity under in vitro conditions (PubMed), however only some 
studies are presented in this section. Readers interested to learn more about the in vitro investigations with AA 
are encouraged to check references available by clicking on the above link. It is also pertinent to mention that all 
studies reviewed in this section were performed with unlabeled AA.

Using a mouse epidermal JB6 cell line model the effects of omega 3 fatty acids such as docosahexaenoic acid 
(DHA), eicosapentaenoic acid (EPA) and AA (an omega 6 fatty acid) on phorbol 12-tetradecanoate 13-acetate 
(TPA)- induced or epidermal growth factor (EGF) induced transcription activator protein 1 (AP-1) 
transactivation and the subsequent transformation of the cells was investigated (24). Among the two omega 3 
fatty acids DHA was more effective at inhibiting cell transformation, but AA inhibited the beneficial effects of 
DHA. The investigators concluded the dietary ratio of omega 3 and omega 6 fatty acids may be an important 
factor in tumorigenesis under in vivo conditions.

In another study it was demonstrated that an AA metabolite (hydroxyeicosatetraenoic acid (15(S)-HETE) 
stimulated the adhesion of human metastatic human breast carcinoma MDA-MB-435 cells to the extracellular 
matrix (type IV collagen) by activating the p38 mitogen-activated protein kinase (25). This indicated that 15(S)-
HETE initiated the signal transduction pathway responsible for adhesion of the cells to the extracellular matrix. 
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AA was also shown to induce MDA-MB-231 cell migration by Navarro-Tito et. al. (26). Using tumor derived 
endothelial cells from human breast carcinomas it was shown that AA promotes Ca2+ entry into the cells during 
early phases of angiogenesis and this AA activity is inhibited by carboxyamidotriazole (27). This indicated that 
AA may have a role in angiogenesis during tumor development.

Animal Studies

Rodents
[PubMed]

Basselin et al. used autoradiography to investigate the effect of a lithium chloride (LiCl) or control diet on the K* 
of 1-14C-AA in brains of rats after an intracerebroventricular infusion of either lipopolysaccharide (LPS), which 
induces neuroinflammation and elevates AA metabolism in the brain, or artificial cerebrospinal fluid (aCSF) 
(28). Compared with animals on the aCSF diet, LPS was reported to significantly increase the K* in 28 regions of 
the brain in rats on the control diet. Under the same conditions, LiCl prevented an increase in K* in 18 of the 
same regions of the brain in rats on the control diet. LiCl was reported to increase K* in 14 regions (primarily in 
the visual and auditory systems) of the brain in rats fed aCSF. Markers of AA metabolism such as PLA2 activity 
as well as prostaglandin E2 and thromboxane B2 levels were increased by LPS infusion in the animals on the 
control diet, but no such increase was observed in rats treated with LPS and fed the LiCl diet.

Other Non-Primate Mammals
[PubMed]

No references are currently available.

Non-Human Primates
[PubMed]

The incorporation of 1-11C-AA was investigated using PET in the brains of normocapnic (normal carbon 
dioxide levels in arterial blood) and hypercapnic (increased carbon dioxide blood levels) monkeys (n = 4) (21). 
CBF was measured in the animals with 15O-water before the intravenous infusion of 1-11C-AA. Dynamic PET 
scans were performed on the animals at various time points starting at 0 min for up to 60 min after the infusion 
of labeled AA. During the same time, arterial blood samples were taken from the animals. The half-life of 1-11C-
AA in the blood was reported to be 1.1 min, and radioactivity in the brain reached a steady-state within 10 min. 
The K* of 1-11C-AA was determined to be 1.1–1.2 × 10-4 ml/sec per gram of gray matter and remained 
consistent at all time points even after a 2.6-fold increase in CBF caused by hypercapnia in the animals. The 
investigators concluded that the incorporation of 11C-AA could be quantified in monkeys with PET and that the 
accumulation of this radiochemical in the brain was independent of blood flow.

Human Studies
[PubMed]

Giovacchini et al. used PET to measure the incorporation of 1-11C-AA in the brains of eight rested, young, and 
healthy adult humans (22). The K* and cerebral blood volume (Vb) were determined for the gray and white 
matter in the subjects. The K* values were 5.6 ± 1.2 and 2.6 ± 0.5 μL/min per mL in the gray and white matter, 
respectively. The Vb values were reported to remain unchanged for the data analysis periods from 20 to 60 min.

In another study, the effect of healthy aging on 1-11C-AA incorporation, blood volume, and blood flow was 
investigated in eight young (27 ± 5 y) and seven old (65 ± 9 y) healthy individuals after applying the partial-
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volume correction (PVC) (29). No differences between the K* and Vb values of the young and old individuals 
were reported before or after the application of PVC. However, a significant reduction of CBF was apparent in 
the frontal cortex of individuals in the older group. After normalization to the global gray area of the brain, the 
K*, Vb, and CBF values were significantly reduced in frontal lobe of the older individuals, but this difference 
disappeared after application of the PVC. The investigators concluded that brain function as determined with 
PET imaging is affected minimally by healthy aging in humans.

PET imaging was also used to study signal transduction by 1-11C-AA in the human brain during visual 
stimulation (30). 1-11C-AA was administered to the individuals through the intravenous route, and K* of the 
labeled fatty acid was determined in different parts of the brain. Sixteen healthy individuals were enrolled for the 
study; they were split into two groups each having eight subjects. One group was subjected to visual stimulation 
by flash frequencies of either 2.9 Hz or 7.8 Hz and compared with the second group, which was not visually 
stimulated and was kept under dark conditions (0 Hz). CBF was measured after an intravenous injection of 15O-
water in the individuals kept under the same conditions for visual stimulation. Compared with the dark 
conditions, a significant increase in K* (2.3–8.9%) was observed in the Brodmann areas 17, 18, and 19 as well as 
in some frontal, parietal, and temporal cortical regions of the brain in individuals who were flash-stimulated at 
either frequency. The CBF was reported to increase significantly (3.1–22%) in these subjects, usually in areas of 
the brain comparable to those mentioned above. Reduced K* and CBF levels were also reported in some frontal 
brain areas of these individuals. From this study it was concluded AA plays a role in the signaling process 
provoked by visual stimulation, since visual stimulation at flash frequencies of 2.9 and 7.8 Hz compared to 0 Hz 
modifies both K* for AA and rCBF in visual and related areas of the human brain.

Because neuroinflammation is believed to play a role in the pathogenesis of AD, Esposito et al. used PET with 
1-11C-AA to determine the K* for AA in patients with AD (19). Eight patients with AD (mean age, 71.7 ± 11.2 
y) and nine normal control subjects (mean age, 68.7 ± 5.6 y) were enrolled in the study. CBF in the individuals 
was determined after an intravenous injection of 15O-water, and 1-11C-AA was administered to the individuals 
15 min later to determine the K* for AA, with or without the application of PVC. Compared with the control 
group, the K* of global gray matter, with or without the application of PVC, was significantly elevated in subjects 
belonging to the AD group, but the global CBF (without the application of PVC) was reduced significantly (P < 
0.05) in these individuals. The K* for AA of individuals in the AD group, after the application of PVC, was 
elevated in 78 of the 90 identified hemispheric gray matter regions of the brain, particularly in the neocortex, but 
this was not apparent in the caudate, palladium, or the thalamic regions. From these observations the 
investigators concluded that an upregulated AA metabolism is associated with neuroinflammation, and PET 
with 1-11C-AA can be used to detect neuroinflammation in patients with brain diseases, including AD.
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