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Arachidonic acid is a slippery molecule that owes its
mobility to its four cis double bonds. These are the
source of its flexibility, keeping the pure fatty acid liquid, even at subzero temperatures, and helping to give
mammalian cell membranes their correct fluidity at
physiological temperatures. The double bonds are also
the key to the propensity of arachidonic acid to react
with molecular oxygen. This can happen nonenzymatically, contributing to oxidative stress, or through the
actions of three types of oxygenase: cyclooxygenase
(COX), lipoxygenase (LOX), and cytochrome P450.
While the products of these enzymes and of the nonenzymatic transformations have well-substantiated bioactivities, unchanged arachidonic acid itself has biological activity. This will be a main focus this review. Before
dealing with bioactivity, I will consider the solubility
properties of the molecule, which are crucial to understanding the availability within the cell of endogenous
and exogenous arachidonic acid. I then discuss two controversial issues, arachidonic acid transport into cells
and the accessibility of added arachidonic acid to
endogenous cellular compartments, and finally turn to
selected biological actions of this lipid. The enzymes of
arachidonic acid release have been well covered in specialized reviews and are introduced here only in passing.

Physical properties and their relevance to the
distribution of arachidonic acid
The sodium salt of arachidonic acid is a soap, the same
as might be prepared for any other long-chain fatty
acid. It can be dissolved fairly readily in aqueous solution. This is in complete contrast to arachidonic free
acid, which is an insoluble oil. Interconversion of the
salt (ionic) and nonionic forms of arachidonic acid
occurs in the range of normal physiological pH. The
high pKa of arachidonic acid is crucial, as it sets the
solubility properties and the possible distribution of
the unesterified fatty acid in cells. It is also central to
many of the topics of this review, as most studies of
enzymatic transformations and biological activities of
arachidonic acid are dependent on addition of exogenous arachidonic acid to cells and tissues.
What is the solubility of this added arachidonic acid,
and where will it distribute? Cells have hydrophobic
(membrane and protein) sites and aqueous/polar sites,
so “choices” are available for the different ionic forms
of the fatty acid. Like other fatty acids (and certain
other membrane components, including acylated proThe Journal of Clinical Investigation
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teins and phospholipids), arachidonic acid is amphipathic, and its hydrophobic tail can remain in a lipid
bilayer while its polar carboxyl group (charged or
uncharged) can emerge into the aqueous environment
outside the membrane.
Surprisingly, the physical chemistry of solutions of
polyunsaturated fatty acids such as linoleic and arachidonic acids is not completely defined. If arachidonate
sodium salt is dissolved in a weakly alkaline solution
and then titrated with HCl, the clear solution starts to
become cloudy. The observed pKa in the titration, the
point of 50% ionization, is noted around pH 8 (as
reported for linoleic acid, ref. 1). At this stage, a 1 millimolar (0.3 mg/ml) solution of arachidonate Na salt
would be almost opaque, as half the molecules are converted to the insoluble free acid. Strangely, when the
same experiment is carried out with more dilute solutions of polyunsaturated fatty acid, the apparent pKa
falls towards pH 7 (2). This trend in decreasing pKa
implies that at a constant pH (e.g., pH 7.4) the lower the
concentration of the fatty acid, the better its solubility.
The explanation for this change in apparent pKa may
relate to a tendency for the long carbon chains of different molecules to bunch together in an aqueous system, an effect that would be less prevalent at dilute
concentrations. This may change the accessibility or
reactivity of the carboxyl group to acid and alkali.
These properties have practical significance in that they
determine the aqueous solubility of arachidonic acid in
the concentrations ranges likely to be used in biological experiments. The ionic environment also influences
solubility: for example, the calcium salts of long-chain
fatty acids are water insoluble, as clearly evidenced by
the appearance of a scum when hard-water (containing
CaCO3) is mixed with soap. Similarly, solutions of
arachidonic acid salts will tend to precipitate in the
presence of millimolar solutions of calcium ions.
Protein binding can increase the overall concentration
of arachidonic acid that can be present in an aqueous
environment by effectively decreasing the concentration
of free molecules in solution. Albumin, in particular,
binds specifically to fatty acids (3). Because of its high
concentration in human plasma (35 mg/ml, 0.6 mM),
this protein greatly reduces the effective concentration
of free fatty acid molecules and permits millimolar concentrations to be stabilized in an aqueous environment.
Similarly, the extracellular fluid has an albumin concentration of 0.1 mM, and physiologically, this is also
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Figure 1
Arachidonic acid concentrations in
experimental and physiological settings. Differing sizes of the AA
(arachidonic acid) represent differing
concentrations. The concentrations
range from the nanomolar level for
extracellular, unbound, free AA in the
physiological setting (right side), up
to the high micromolar levels, often
used in the absence of binding proteins, in the experimental situation
(left side). The ranges on concentrations in practice are considerably
more divergent than are represented
here by the size of AA. Proteins in the
cell membrane may facilitate uptake
of extracellular arachidonate and its
presentation to a coenzyme A synthetase for esterification. Fatty acid
binding proteins (FABP) facilitate
transfer and modulate the available
concentrations of arachidonic acid
within cells. FA transporter = fatty
acid transporter.

critical to the presentation of low concentrations of the
free fatty acid (unbound) to cells. In the presence of
albumin, the concentrations of free fatty acids are likely kept well below 0.1 µM (3, 4) (Figure 1).

Mechanisms of cellular uptake of exogenous
arachidonic acid: the transfer issue
The need for protein-mediated transport of long-chain
fatty acids into the cell is hotly debated, and the reviews
make interesting reading (e.g., refs. 4–9). One line of
argument is that the rates of flip-flop of free fatty acids
across lipid bilayers are sufficiently fast that protein
transfer mechanisms are not required to explain physiological uptake (7, 8). On the other hand, there is evidence that several proteins facilitate long-chain fatty
acid uptake (e.g., ref. 6). There is also evidence of saturability of fatty acid uptake and of competitive inhibition, which would appear to suggest that specific
fatty acid receptors or transporters are involved. The
counter argument is that these findings may be
explained by physical limits to the uptake process related to the partitioning of fatty acids between albumin
and the cell membranes (8). Proponents of the fatty
acid transport systems concede that simple diffusion
may account for a portion of the observed rates of fatty
acid uptake (4, 5). It is also agreed that this may become
the major mechanism if cells are suddenly flooded with
high micromolar concentrations of fatty acids, as could
occur under experimental conditions. The proponents
of passive diffusion seem prepared to give less ground
at this stage, noting that passive transfer is fast enough
1340
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to account for observed rates of fatty acid uptake, and
going so far as to challenge that “these observations ...
make it difficult to imagine why nature would use
resources for a purpose not needed” (8).
Transport of long-chain fatty acid definitely does
occur in Escherichia coli, where it is tightly linked to CoAesterification via the acyl CoA synthetase (10). In mammalian and yeast cells, it appears that the acyl CoA synthetase merely enhances uptake indirectly. Formation
of the polar CoA ester effectively traps the fatty acid in
the cell and thus functions as part of a facilitated diffusion process. One of the CoA synthetases (ligases) is
specific for arachidonic acid and other C20 fatty acids,
although there is no evidence of its specific involvement in uptake (11). The membrane proteins implicated in fatty acid uptake in mammalian cells include
FAT/CD36 (fatty acid translocase), FATP (fatty acid
transport protein) and FABPpm (fatty acid binding
protein-plasma membrane) (6). Two of these proteins
(FAT and FABPpm) have separate and well-characterized functions, and FATP has homology to long-chain
fatty acid CoA synthetase. FAT is homologous to
CD36, a lipoprotein receptor and mediator of platelet
aggregation and adhesion (12). FABPpm is a 40 kDa
protein with ubiquitous expression that is identical in
sequence to mitochondrial aspartate aminotransferase.
There is clear evidence, nonetheless, that FABPpm is
localized to the plasma membrane and increases fatty
acid uptake when expressed in 3T3 fibroblasts (13).
It is relevant to note that the vast literature on the
binding and uptake of long-chain fatty acids is domJune 2001
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inated by an interest in fatty acids as fuel. Hence the
best-studied substrates are the saturated fatty acids
along with oleate. The research is also directed mainly at tissues such as heart, liver, and muscle, rather
than the epithelial or endothelial cell, fibroblast,
leukocyte, and platelet that are the focus of most
studies on eicosanoids.

Competition of exogenous arachidonic acid with
endogenous stores
The extensive evidence that exogenously added radiolabeled arachidonic acid can be converted to radiolabeled products by COX, P450, and LOX oxygenases still
leaves open the question of how effectively the exogenous substrate competes with endogenous arachidonate for access to these enzymes, many of which are
located on the endoplasmic reticulum or nuclear membrane. Measurements of specific activity are required to
address this question. Fortunately, mass spectrometry
— using deuterated or 14C-labeled arachidonic acid to
introduce a difference in mass between the exogenous
and the endogenous substrates — allows for highly precise measurement of specific activity. This approach
has been used to follow the fate of arachidonic acid in
leukocytes and platelets (14, 15).
In an analysis of 5-LOX transformations of arachidonic acid in washed suspensions of ionophore-stimulated leukocytes (with no extracellular albumin to
modify unbound substrate concentration), we found
that arachidonic acid at 5 µM was used by 5-LOX
about equally with endogenously released substrate
(14). At 50 µM exogenous substrate, the natural
arachidonic acid release appeared to be suppressed,
and nearly all the 5-LOX metabolism used the added
substrate (14). Based on our current knowledge of
leukotriene biosynthesis, this 5-LOX metabolism
occurs on the nuclear membrane (16).
In platelets, the story also has a few interesting twists.
Sautebin et al. (15) added varying concentrations of
[14C]arachidonic acid to washed platelets (again with no
albumin) and showed that its highest percent utilization compared with endogenously released arachidonic acid corresponded to the lowest concentrations
added. This shows that low levels of exogenous arachidonic acid (1–5 µM) can penetrate into the platelet to
the site of COX metabolism and have productive access
to the enzyme. At all higher concentrations of added
arachidonic acid (10–100 µM), the exogenous substrate
accounted for about one-third of the thromboxane synthesis. Presumably, the release of arachidonic acid was
not stimulated at the lowest levels of added substrate
(hence no competition), while the higher levels generated enough thromboxane for a paracrine/autocrine activation of endogenous substrate release.
In complete contrast, in the same experiments these
authors showed that the 12-LOX of platelet cytosol
used almost exclusively the exogenous substrate over
The Journal of Clinical Investigation
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the whole range of added arachidonic acid concentrations (15). This indicates that the 12-LOX did not have
access to the arachidonic acid released from internal
platelet membranes. These results are supported and
extended by studies on substrate utilization by platelets
in a more physiological setting. In plasma, collagenstimulated platelets do not utilize arachidonate from
plasma lipids for thromboxane synthesis, although
they do use it for 12–hydroxyeicosatetraenoic acid
(12-HETE) synthesis by the 12-LOX in the cytosol (17).
In principle, exogenous arachidonic acid might be
metabolized by cellular oxygenases either in its original
form or following esterification and release. To address
the question of whether the added substrate is oxidized
directly or after cycling through the membrane lipids, we
have again used mass spectrometry (14). The method
takes advantage of the fact that when cells are incubated in water labeled with the heavy isotope of oxygen,
H218O, any fatty acid released from esterified stores will
pick up an 18O label in its carboxyl group:

The 18O label is completely stable under physiological
conditions and under routine conditions of lipid extraction and analysis, including mass spectrometric analysis (18). Therefore, by measuring the molecular weight
of the free fatty acid (or its prostaglandin or leukotriene
products), it is readily apparent whether the product
was formed from an ester or from a free fatty acid that
had never been esterified. We employed this method to
examine the fate of exogenous arachidonic acid during
leukotriene biosynthesis in leukocytes (14). We found,
as expected, that in the absence of added arachidonic
acid the 5-HETE product of the leukocyte 5-LOX contained an 18O label. This confirms that stored arachidonate ester was hydrolyzed to form the substrate for
the LOX. By contrast, when 5 µM or 50 µM deuterated
arachidonic acid was added along with the ionophore,
the deuterated 5-HETE formed from the exogenous
substrate contained only a small percentage of 18O label,
indicating that mainly the added arachidonic acid was
used directly, without any prior esterification (14).
This mass spectrometric methodology is technically
challenging, but it offers unique insights into the
mobilization of fatty acids in cells. It was employed
recently to measure the cycling of fatty acids through
esterification and release in plant lipid turnover (19).

Arachidonic acid concentration in tissues and cells
The concentration of free arachidonic acid in resting
cells is universally described as “low.” There are, however, comparatively few reports where the concentration
of free arachidonic acid has been determined using a
June 2001
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mass assay. Using a mass per volume calculation, the
concentration of esterified arachidonate in resting or
unactivated human platelets (∼20 µl volume and ∼30 µg
arachidonate/109 platelets) corresponds to approximately 5 mM. This calculated concentration represents
an average for whole cells; the actual value in particular
subcellular compartments, such as the plasma membrane, will no doubt be substantially higher. The release
of 1% of this reserve of esterified arachidonate could
give up to 50 µM local concentrations prior to its release
from the cell. In fact, the percent of platelet arachidonate stores released on activation is around 10% (20).
In the inflamed skin tissue of psoriasis, free arachidonic acid is abundant, at approximately 30 µg/g (100
µM); in the uninvolved skin it is still the most abundant eicosanoid at approximately 4 µg/g (13 µM) (21).
Even resting leukocytes contain around 3 pmol/106
cells, or 0.5–1 µM on a per volume basis (22). In isolated islets of Langerhans, by comparison, (taking the volume of the 2,000 cells of an islet as 2 nanoliters), the
resting level of arachidonic acid is measured by mass
spectrometric assay at about 15 µM (23). The level doubles when the cells are stimulated with glucose and
increases tenfold with carbacol, each associated with a
physiological response postulated to be mediated by
the released arachidonic acid (23). More analyses of this
type are needed to help substantiate the implication
that arachidonic acid is a bioactive molecule. We need
more numbers for individual cell types.
The issue of what is a relevant biological concentration of arachidonic acid hits full force upon the assessment of bioactivity. Leaving aside the ester and amide
derivatives that act on cannabinoid receptors and the
multiple activities that depend on transformation by
oxygenase enzymes (COX, LOX, and P450), it usually
takes at least a 1–10 µM concentration of arachidonic
acid to elicit effects on cells. Is 10 µM of added arachidonic acid too high a concentration? Some activities
require 100–300 µM, but at these concentrations,
arachidonic acid may not even be in solution; solubility
will be influenced by the pH, the ionic environment, the
cell concentration (since high cell numbers equate with
more available hydrophobic membranes), and the presence of albumin or other fatty acid binding proteins.

Bioactivities of arachidonic acid
Most of the effects of arachidonic acid are attributable to
its conversion by oxygenases (COX, LOX, and P450) to
prostaglandins, leukotrienes, and other bioactive products. The extent to which this accounts for the essential
nature of the essential fatty acids has been recently
reviewed (24). In his review, Spector notes that the need
for arachidonic acid products is the main reason that the
omega-6 fatty acids are essential, while the corresponding
need for the omega-3 acids (see Serhan and Oliw, this Perspective series, ref. 25) is yet to be clarified but may involve
an irreplaceable structural role in selected tissues (24).
1342
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A limitation in some investigations of arachidonic
acid bioactivity is an undue reliance on oxygenase
inhibitors in invoking a biological role for the supposed “products” of oxygenase metabolism. In fact, it
is not uncommon to find cell lines that do not metabolize added arachidonic acid and that are essentially
lacking in the ability to generate oxygenase metabolites. In particular, studies that rely on the nonselective
antioxidant class of LOX inhibitors can be misleading,
suggesting an involvement of LOX enzyme activity
when the fatty acids themselves may mediate the biological activity in question.
There are specific G-protein–coupled receptors for
lipids such as lysophosphatidic acid and platelet-activating factor, and the bioactions of phorbol ester are
said to mimic the role of natural diglycerides. Similarly, there are specific receptors for the esters and amides
of arachidonate, namely the cannabinoid receptors for
2-arachidonylglycerol and arachidonylethanolamide
(anandamide). The biochemistry and pharmacology of
these derivatives have been well reviewed, and here I will
concentrate on free arachidonic acid.
Like other fatty acids, arachidonic acid will activate
the PPAR receptors (26), and by at least one assay they
have nanomolar potency (27). Although there is little
specificity in the binding of different unsaturated
fatty acids, as for other activities considered below,
there is the possibility of specificity conferred through
specific release of arachidonic acid. There is, nonetheless, as yet no compelling evidence for the existence of
such a specific nuclear action of arachidonic acid. Perhaps arachidonic acid itself is of too common occurrence in the environment of cells to have permitted its
development as a high affinity ligand for a cell surface
or nuclear receptor.
Arachidonic acid–dependent activation of NADPH oxidase.
The leukocyte NADPH oxidase, which reduces molecular oxygen to superoxide, consists of five protein components. In the resting cell, these subunits reside either
in the membrane of intracellular vesicles (gp91phox and
gp22phox) or as a complex in the cytosol (p40phox, p47phox,
and p67phox) (28). The multicomponent protein complex is assembled together on the plasma membrane
only upon cell activation; the cytosolic G-protein Rac
also becomes part of the active complex. All long-chain
polyunsaturated fatty acids, when added in micromolar concentrations to polymorphonuclear leukocytes,
can activate this enzyme complex and induce a respiratory burst (29). The more double bonds in the fatty
acid, the more potent the activity. Effective concentrations of arachidonic acid begin at around 5–10 µM and
a maximal response occurs with 50–100 µM.
Because the detergent SDS can also elicit a respiratory burst, the effect of polyunsaturated fatty acids is
sometimes also considered as a detergent-like activity
and perhaps nonphysiological. The question remains
whether endogenous arachidonic acid normally actiJune 2001
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vates the NADPH oxidase complex in the leukocyte.
One line of supportive evidence indicates a requirement
for cPLA2, and, by implication, released arachidonic
acid. Dana et al. (30) prepared stable clones of a human
myeloid cell line carrying antisense mRNA for p85
cPLA2. Unlike the parent cells, the transfectants had no
detectable cPLA2, and they failed to release arachidonic
acid in response to phorbol ester or opsonized zymosan.
Interestingly, these phospholipase A2-deficient (PLA2deficient) cells showed no respiratory burst response to
any of several stimuli. Addition of exogenous arachidonic acid did, however, elicit a normal respiratory
burst, indicating that the NADPH complex was capable
of activity and strongly suggesting that released arachidonic acid was the missing component.
How might arachidonic acid be involved in the activity of the NADPH oxidase? Electrophysiological and
other lines of evidence implicate its effects on H+ channel activity. The conversion of molecular oxygen to the
superoxide anion O2⋅– also generates an equivalent
number of H+ ions, which must be eliminated from the
cell by means of an H+ channel. If the H+ channel is
blocked, the respiratory burst comes to a halt. Henderson, Chappell, and colleagues have shown that the H+
channel is activated by arachidonic acid (31). The channel appears to be formed from the N-terminal part of
the largest protein component of the NADPH oxidase
complex, gp91phox (31, 32). In agreement with an effect
of endogenous arachidonic acid, H+ channel activity is
lacking in the cPLA2-deficient PLB-985 cells, yet it is
restored upon addition of arachidonic acid in parallel
with a rise in NADPH oxidase activity (33).
Arachidonic acid can activate NADPH oxidase by
other means as well, at least under cell-free conditions
(34). Of particular interest in terms of potential physiological relevance is the observation that relatively low
concentrations of arachidonic acid (1–5 µM) synergize
with phosphorylation of the protein component p47phox
to facilitate the interaction with p22phox and induce activation of the oxidase. The role of endogenous arachidonic acid release in the assembly and activation of the
NADPH oxidase remains to be fully characterized.
It is worth noting that enzymes similar to the leukocyte NADPH oxidase are detectable in many other tissues, albeit at much lower levels of expression (28). Thus,
released arachidonic acid might function quite generally to activate oxidase metabolism in other cell types.
Other arachidonic acid–sensitive ion channels. There are a
plethora of reports showing an action of polyunsaturated fatty acids on a diverse array of ion channels.
Some recent examples include mechanosensitive K+
channels (35, 36), Ca2+ channels (37), gap junctions
(38), and a cation current associated with the
dopamine transporter (39). None of these are quite as
well developed as the NADPH oxidase story, although
distinct examples of inhibition or activation of channel
activity are clearly documented.
The Journal of Clinical Investigation
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The TREK and TRAAK channels — the latter having
arachidonic acid in the middle of its name — are two
members on the twin pore–domain mechanosensitive
K channels that are activated by low micromolar levels
of unsaturated fatty acids and lysophospholipids (35,
36). TREK stands for TWIK-related K+ channel (TWIK
is a twin pore inwardly rectifying K+ channel) and
TRAAK stands for TWIK-related arachidonic acid–stimulated K+ channel. By contrast, similar concentrations
of unsaturated fatty acids, including arachidonic acid,
inhibit the ATP-dependent opening of cardiac and neuronal G-protein–gated potassium channels (KAch). Kim
and Pleumsamran have argued clearly for the physiological relevance of this process (40). Briefly, they have
shown that a lipid extractable from cell cytosol has
inhibitory activity and that the biological response is
mimicked by unsaturated fatty acids; these have activity only when applied on the cytosolic side of the cell
membrane. The channel appears to be equally sensitive
to oleic (C18.1), linoleic (C18.2), arachidonic (C20.4),
and docosahexaenoic (C22.6) acids, and any specificity
for arachidonate may stem from its specific release
under physiological conditions.
So far, few investigations of the actions of arachidonic acid and other fatty acids on ion channels include
measurement of their mobilization from membranes,
and none report levels of arachidonic or other fatty
acids released under natural circumstances. The electrophysiological data have established distinct effects
whose biological relevance remains to be clarified.
Arachidonic acid and apoptosis. As apoptosis became
widely recognized as a controlled process, an early
observation related to this discussion noted that
arachidonic acid and eicosapentaenoic acids blocked
proliferation of the promyelocytic leukemic HL-60
cells, and that this activity, a harbinger of both apoptosis and necrosis in these experiments, was unrelated
to oxygenase metabolism or lipid peroxidation (41).
Other results suggested that the protective effect of
nonsteroidal anti-inflammatory drug (NSAID) usage
on the incidence of colon carcinoma was attributable
to accumulation of arachidonic acid, rather than to a
reduction in prostaglandin levels (42). A potential
mechanism relates to the activation of sphingomyelin
hydrolysis by free arachidonic acid and the subsequent
induction of apoptosis by ceramide (43).
In the course of exploring the phospholipid remodeling pathway in HL-60 cells, Chilton and colleagues
discovered that treatments that block the cycling of
arachidonic acid from phosphatidylcholine (PC) to
phosphatidylethanolamine (PE) inhibit proliferation
and drive the cells into apoptosis (44). Initial observations centered on the finding that structurally diverse
inhibitors of the CoA-independent transacylase (CoAIT) induced apoptosis. CoA-IT, the enzyme responsible
for moving arachidonate from PC to PE in resting cells
(Figure 2), is fairly specific for C20 polyunsaturated
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Figure 2
A simplified overview of arachidonate esterification and phospholipid
remodeling in cells. The key enzymes are (I) Acyl Coenzyme A synthetase
(or ligase), (II) PC/CoA-AA, phosphatidylcholine/CoA arachidonate
transacylase, (III) CoA-IT, CoA-independent transacylase, and (IV) iPLA2,
calcium-independent PLA2. Not shown are distinct pools of free arachidonic acid that may be generated in subcellular compartments by the
actions of other lipases (such as secreted PLA2 [sPLA2], cytosolic PLA2
[cPLA2], phospholipases C or D [PLC, PLD]), e.g. on the nuclear membrane for leukotriene biosynthesis. AA, arachidonic acid; TG, triglyceride.

fatty acids, of which arachidonate is the most abundant. Further studies confirmed that blocking CoA-IT
led specifically to a loss of PE-arachidonate in favor of
PC-arachidonate, without affecting the overall cellular
PE/PC ratio (45). The inhibitors also led to a noticeable
accumulation of free arachidonic acid in the cells and
up to a tenfold increase in free arachidonic acid
released into the medium. HL-60 cells intentionally
depleted of arachidonic acid by culture over several
generations in an arachidonic acid–deficient medium
are comparatively resistant to induction of apoptosis
by the CoA-IT inhibitors. In line with this observation,
addition of exogenous arachidonic acid (10–100 µM)
to the medium can prevent proliferation of the HL-60
cells. All the evidence points to the accumulation of
arachidonic acid as a signal to halt proliferation and to
initiate apoptosis.
Further evidence implicating arachidonic acid levels in
apoptosis came from studying a different enzyme
involved in the phospholipid remodeling pathways.
Blocking the arachidonic acid–utilizing enzyme fatty
acid-CoA ligase/synthase 4 in colorectal carcinoma and
other cells induces apoptosis, evidently through an accumulation of intracellular free arachidonic acid (46). Conversely, overexpression of the ligase inhibits the apoptotic response. The same effect is produced by
overexpression of COX-2, and the evidence suggests it
too acts by reducing intracellular arachidonic acid
(rather than by producing prostaglandins) (46). These
intriguing findings, in accord with a developing story on
several fronts, will be strengthened with analysis of the
cellular levels of arachidonic acid that are responsible for
these effects. Mechanisms of the antiproliferative or
proapoptotic actions of arachidonic acid remain to be
clarified and may vary among different cell types. They
hold the potential basis for several new therapeutic
strategies for treating neoplasia (45, 46).
1344
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Concluding remarks
The simple structure of arachidonic acid and the natural occurrence of so many close chemical analogues is,
not surprisingly, associated with a lack of specificity.
The selective actions of free arachidonic acid may be
explained simply by its specific release under physiological conditions and by the absence of such mechanisms for releasing other long-chain fatty acids, compounds that might otherwise share its biochemical
effects. As arachidonic acid is manipulated and released
in all animal cells, a key question with regard to its
bioactivity ultimately comes down to one of concentration. Just what qualifies as the “real” concentration
of free arachidonic acid in the cell is, or at least should
be, a matter of controversy. It is not obvious how to
adjust the measured concentration in cells for the effective concentration in a membrane, around a protein, or
as free fatty acid in true solution. This issue is more
acute in relation to biological activities of arachidonic
acid than for other lipid mediators, because it takes
micromolar levels to elicit most biological activities
with arachidonic acid compared with the nanomolar
or picomolar levels of the prostaglandins and
leukotrienes. It should be emphasized that the arachidonic acid concentrations in platelets, islet cells, and
leukocytes quoted earlier in the review are average cellular levels. Undoubtedly the concentrations in certain
microenvironments are substantially higher (probably
in membranes and surrounding certain proteins),
while they are lower in other sites, such as in the
cytosol. But this is a secondary issue. Currently there is
a pressing need for more analytical data on the overall
levels of free arachidonic acid in cells.
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