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To The Editor
CFS a complex disorder characterized by unexplained severe fatigue for over 6 months with
a broad range of additional symptoms involving the nervous, endocrine and immune
systems, and an estimated prevalence of 1%1. Tricyclic antidepressants (TCAs) are
prescribed off label for a number of painful diseases that are often comorbid, such as chronic
fatigue syndrome (CFS), fibromyalgia, interstitial cystitis, and irritable bowel syndrome, the
symptoms of which are worsened by stress2. However, there is no known mechanism to
explain the apparent beneficial action of TCAs3.

Mast cells and their mediators have been implicated in inflammatory diseases4, including
CFS5. Mast cells are located perivascularly in close proximity to neurons in the thalamus
and hypothalamus, especially the median eminence6, where they are juxtaposed to
corticotropin-releasing hormone (CRH)-positive nerve processes7. CRH activates mast cells
to release vascular endothelial growth factor (VEGF)8, which could participate in
neurogenic inflammation and contribute to the pathogenesis of CFS. Such mediators may be
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released locally in the brain or may cross the blood-brain-barrier (BBB), which can be
disrupted by stress, subsequent to mast cell activation9. Given the above, we hypothesized
that TCAs may be helpful through inhibition of mast cell release of pro-inflammatory
mediators.

LAD2 human mast cells10 were cultured mast cells were pre-incubated for 10 min with each
one of the following drugs: the tricyclic amitriptyline (AMI), the specific serotonin reuptake
inhibitor (SSRI) citalopram (CIT), the dopamine and norepinephrine (NE) reuptake inhibitor
(DNRI) bupropion (BUP), the specific NE reuptake inhibitor tomoxetine (TOM), the
tricyclic phenothiazine prochlorperazine (PRO), purchased from Sigma-Aldrich (St. Louis,
MO), before stimulation for 24 hrs with SP (10 μM from Sigma).

AMI (25 and 50 μM) inhibited (Fig. 1A) IL-8 release by 64.2% (from 1334 ±267 to 478±69
pg/μl) and 98.1% (from 1334 ±267 to 25 ±16 pg/μl, N=3, n=6, p<0.05), respectively. PRO
(50 μM) inhibited SP-induced IL-8 release by 95% (Fig. 1A). AMI (50 μM) also
significantly inhibited SP (10 μM)-induced VEGF release (Fig. 2B) by 64.3% (from 277.4
±54.7 to 98.9 ±26.5 pg/μl, N=3, n=6, p<0.05). PRO (50 μM) inhibited VEGF release by
96% (Fig. 1B). All other antidepressants had no effect on either IL-8 or VEGF release; cell
viability was unaffected (not shown).

In view of the fact that only AMI had any inhibitory effect, we investigated the effect of
AMI on mast cell activation by an inflammatory trigger.LAD2 cells do not synthesize IL-6,
while HMC-1 cells response to IL-1 by secreting only IL-6. HMC-1 cells (1 × 105 cells/200
μl) were pre-incubated with AMI (5, 25 and 50 μM) for 10 min before stimulation with IL-1
(100 ng/ml) for 6 hrs (Fig. 1C). AMI (25 and 50 μM) significantly inhibited IL-6 release by
65.1% (from 68.0 ±16.6 to 23.7 ±13.0 pg/μl) and 69.4% (from 68.0 ±16.6 to 20.8 ±13.9 pg/
μl), respectively (N=3, n=6, p<0.05). PRO (50 μM) inhibited VEGF release by 100% (Fig.
1C).

In an effort to understand the mechanism of the inhibitory action of AMI and PRO on LAD2
secretion, we investigated their effect on intracellular calcium ions. SP rapidly (2 min)
increased intracellular calcium ion levels that decreased by 20 min (Fig. 2). Both AMI and
PRO decreased the SP-induced cytosolic calcium increase (Fig. 2).

DISCUSSION
Our findings may be supported by the results of a meta analysis of fibromyalgia clinical
trials that concluded that only TCAs had a large effect on pain reduction, while SSRIs had a
small effect11; it should be noted, however, that serum antidepressant levels had not been
measured to assess patient compliance, and no study controlled for the concurrent
consumption of analgesic medications. It is interesting that the tricyclic phenothiazine
prochlorperazine, commonly used as an antiemetic, was also a potent inhibitor of human
mast cell activation. The concentration of AMI and PRO shown here to effectively inhibit
mast cell secretion is about 10 times higher than what might be expected from the maximal
daily dose (e.g. assuming one compartment model for an 80 kg subject, the AMI max dose
of 150 mg would yield a serum level of 6 μM). However, brain mast cells may be more
susceptible to the action of AMI than the human cultured LAD2 leukemic mast cells.

The mechanism through which TCAs can inhibit mast cell secretion is still not clear. Here
we show that AMI and PRO can decrease intracellular calcium ion levels. We had
previously shown that the inhibitory effect of AMI on rat peritoneal mast cells could be
overcome by calcium ions12. Other authors had reported that AMI and desipramine (1 μM)
partially prevented intracellular calcium increase due to N-methyl-D-aspartate in cerebellar
granule neurons13. The tricyclic phenothiazine chlorpromazine could inhibit the calcium
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flux due to compound 48/80 in rat peritoneal mast cells14, and its inhibitory effect could be
overcome by the presence of extracellular calcium15.

Mast cells are important for allergic reactions and in immunity16, but also in inflammatory
conditions4. In addition to allergic triggers, a number of neuropeptides can also stimulate
mast cell secretion including SP17. Mast cells secrete numerous vasodilatory and
proinflammatory mediators, including IL-6, IL-8 and VEGF. IL-8 was shown to be elevated
in the cerebrospinal fluid of CFS patients18. IL-6 and IL-8 were elevated in the serum of
CFS patients with symptom flare following moderate exercise19, while another study using
Multiplex microbead arrays reported high plasma IL-6, low IL-8, and no change in TNF
levels in female CFS subjects at rest as compared to controls20. However, both the source
and the methodologies differed between these two studies.

The ability of AMI, but not other antidepressants, to inhibit human mast cell release of pro-
inflammatory cytokines may be relevant to their apparent benefit in CFS. PRO may also be
useful.
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Abbreviations

AMI Amitriptyline

BUP bupropion

CFS chronic fatigue syndrome

5-HT 5-hydroxy tryptamine

CIT citalopram

DNRI dopamine-norepinephrine reuptake inhibitor

FM fibromyalgia

PRO prochlorperazine

SCF recombinant human stem cell factor

SNRI serotonin-norepinephrine reuptake inhibitor

SP subatance P

SSRI serotonin specific reuptake inhibitor

TOM tomoxetine

VEGF vascular endothelial growth factor
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FIGURE 1.
Effect of AMI and PRO on SP-induced (A) IL-8 and (B) VEGF release from LAD2 cells, as
well as on (C) IL-1-induced IL-6 release from HMC-1 cells. Drugs were added to the cells at
the concentrations indicated for 10 min prior to stimulation with SP (10 μM) or prior to
stimulation with IL-1 (100 ng/ml) for 24 hr (N=3, n=6). AMI, BUP, CIT, TOM, PRO and
SP were dissolved in 0.1% acetic acid and stored at −20° C. All drugs were thawed at room
temperature the day of the experiment. The final concentration of the vehicles did not have
an effect (data not shown). The cell viability for all experiments following incubation with
the highest concentrations of the drugs tested for 24 hr was >90% by Trypan blue exclusion.
LAD2 leukemic mast cells were cultured using StemPro-34 serum free media (Life
Technologies, Grand Island, NY), supplemented with 2 mM L-glutamine, 100 ng/ml
recombinant human stem cell factor (rhSCF, Amgen, Thousand Oaks, CA) and 1%
penicillin-streptomycin. HMC-1 leukemic mast cells were cultured using IMDM (Life
Technologies, Grand Island, NY), 5 ml of 1% penicillin/streptomycin, 50 ml FCS, and 52 μl
α-thioglycol). The cultures were used during their logarithmic growth. IL-6, IL-8 and VEGF
release in cell-free supernatants were measured by ELISA (R&D Systems). Data are
presented as the mean ± standard deviation (picograms per 106 cells) of “net” release
(spontaneous release was ubtracted before inhibition calculations were performed) from
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three or more experiments (N), each performed in triplicate (n). Results were analyzed with
the non-parametric Mann-Whitney U-test. Statistical significance was set at p< 0.05.
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FIGURE 2.
Effect of AMI and PRO on LAD2 intracellular calcium ion levels. LAD2 cells were pre-
incubated with the calcium indicator FURA2 AM (Invitrogen) for 20 min, washed and then
incubated with either drug (25 μM) for 10 min prior to addition of SP(10 μM) during which
time continuous recordings were obtained at 37°C. Fluorescence was recorded using MDC
FlexStation II (Molecular Devices Corporation, Sunnyvale, CA) at excitation wavelength of
340 nm/380 nm and emission wavelength of 510 nm. The graph is a representative one of
three similar experiments.
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