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Summary In the author’s clinical experience, concurrent treatment with DL-phenylalanine (DLPA) often appears to
potentiate pain relief and also ease depression in patients receiving opiates for chronic non-malignant pain. An
analysis of this phenomenon suggests that it may be mediated, at least in part, by up-regulation of the ‘endogenous
analgesia system’ (EAS), a neural pathway that projects caudally from medullary nuclei to the dorsal horn of the spinal
column; when stimulated by chronic pain or therapeutic measures such as opiates or acupuncture, the EAS
suppresses activation of second-order pain-receptive neurons in the dorsal horn, and thereby alleviates pain. Since
serotonin and enkephalins are key neurotransmitters in the EAS, it is reasonable to predict that measures which
promote serotonin activity (such as 5-hydroxytryptophan and serotonin-reuptake inhibitors) as well as enkephalin
activity (such as D-phenylalanine, an enkephalinase inhibitor) should potentiate EAS-mediated analgesia – a view
consistent with much previous medical research. Comprehensive support of the EAS with well-tolerated nutrients and
pharmaceuticals may amplify the analgesic efficacy of chronic opiate therapy, while enabling dosage reductions that
minimize opiate side-effects. Analogously, this approach may complement the efficacy of acupuncture and other
analgesic measures that activate the EAS. © 2000 Harcourt Publishers Ltd

Among the remedies that it has pleased Almighty God to give to man to relieve his suffering, none
is so universal and so efficacious as opium. (Thomas Sydenham, Physician, 1680)
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DLPA AS AN ADJUVANT TO MORPHINE IN
CHRONIC NON-MALIGNANT PAIN

Over the past decade, the management of chronic pain
due to malignancy has improved greatly with the use of
adequate doses of analgesics, especially narcotics. It is in
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the management of chronic non-malignant pain (CNMP)
that we have failed in the majority of cases. In most
patients with CNMP a correctable cause is not found, and
the patient is faced with years, if not decades, of very
intrusive chronic pain. In the last decade, attention has
been focused on the use of slow-release oral opiates, the
impetus being provided by the work of Portenoy and
Foley (1). These authors have noted that, whereas most
patients can obtain some relief with this strategy, a fortu-
nate minority can be benefited to the extent that they can
return to a more normal lifestyle. Although these patients
typically develop opiate dependency, they do not become
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addicted in the way that drug abusers often do.
Constipation, nausea, and sedation can be dose-limiting
side effects of slow-release opiate therapy. However, a
more important factor limiting the use of this therapy for
CNMP has been the (often warranted) fear that prescrip-
tion of opiates for this purpose may subject the physician
to legal harassment by over-zealous guardians of public
morality. It is refreshing to note that certain medical asso-
ciations in the U.S. and Canada have outlined rational
guidelines for the use of opiates in CNMP (2), and other
professional organizations are following suit.

Most physicians become extremely frustrated in
dealing with CNMP, since its etiology is often uncertain
and management difficult. In a world where physicians
have become accustomed to ‘magic bullet’ therapeutics,
CNMP patients are often ignored as an ongoing embar-
rassment revealing the limitations of modern medical
practice. It is against this background that, ten years ago,
the senior author (AR) became interested in pursuing 
the use of slow-release opiate therapy as proposed by
Portenoy and others. My experience with this strategy
has been reasonably gratifying. In particular, having
treated in excess of 50 CNMP patients with narcotics,
often in doses of long-acting morphine of 60 mg t.i.d., I
have yet to encounter the bogeyman problems of addic-
tion or tachyphylaxis. (Possibly, the addiction experi-
enced by recreational drug abusers reflects the fact that
they use bolus doses to achieve a ‘high’; addiction may
be less likely with moderate-dose, time-release medica-
tion such as that used for chronic pain control. In addi-
tion, it is conceivable that those who choose to abuse
drugs have personality traits or subtle neurological dys-
functions that render them more prone to addiction.)

Nonetheless, this therapy often leaves something to be
desired, both in regard to the pain relief achieved and side
effects. For this reason, it is appropriate to search for adju-
vants that could improve analgesic efficacy while perhaps
enabling opiate dose reductions that would minimize side
effects. In this regard, I was drawn to an evaluation of DL-
phenylalanine (DLPA), in large part because of reports that
it might have anti-depressant activity (3–6). The great
majority of patients with CNMP are depressed due to the
pain, difficulty in maintaining a job, marital problems, etc.
Evidence that D-phenylalanine (DPA) has analgesic poten-
tial, possibly owing to its ability to inhibit enkephalinase
(carboxypeptidase A), also motivated a trial of DLPA in my
CNMP patients (7–11). DLPA is known to be safe and well
tolerated (it has been on the ‘generally recognized as safe’
list of the US Food and Drug Administration for decades)
and has not been reported to produce dependence.

I have observed that, as an adjunct to slow-release
morphine therapy, DLPA in doses of 500–1000 t.i.d. has a
quite evident beneficial impact on the depression associ-
ated with CNMP, and often improves the quality of pain
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control, sometimes enabling a reduction in the dose of
morphine. The observation that DLPA has both anti-
depressant and analgesic action suggests that it may be
ideally suited to the scenario of chronic pain. In light of
the tremendous suffering and economic loss associated
with chronic pain syndrome, controlled studies evaluat-
ing DLPA as an adjuvant therapy for this condition are
urgently needed. Such studies will not arise without the
dedicated efforts of humane medical scientists; pharma-
ceutical companies have no motivation to study or pro-
mote DLPA, which is unpatentable and already widely
available as a ‘nutritional supplement’.

A literature search on DPA’s analgesic activity in ani-
mals yields both positive (7–11) and negative (10–12)
reports. The only double-blind clinical evaluation of DPA
(250 mg q.i.d.) as a monotherapy for chronic pain failed 
to demonstrate benefit (13). However, a number of re-
searchers have concluded that DPA can potentiate
acupuncture analgesia, both in animals and humans
(7,14–18), lamentably, the clinical studies were not
placebo-controlled. More to the point of my own observa-
tions is a German study demonstrating that DPA potenti-
ates morphine analgesia in mice, such that equivalent
pain control can be achieved with half the previous dose
of morphine – enabling a reduction in morphine side
effects (19). The present informal report may constitute
the first clinical demonstration of this principle (albeit
using DLPA). An overview suggests that, whereas DPA, 
at least in doses heretofore tested, has limited (if any)
clinical value as a monotherapy, it may well be clinically
useful as a potentiator of certain established analgesic
measures such as opiates and acupuncture.

In regard to anti-depressant activity, one double-blind
clinical trial, in which DLPA (150–200 mg daily) was
compared to comparable doses of imipramine in patients
with endogenous depression, concluded that response to
these two agents did not differ over the 30 days of the
study (6). Previous open studies with DPA or DLPA in
comparable doses had likewise reported efficacy (3–5).
On the other hand, a single-blind assessment of DPA in
this disorder (median dose, 350 mg daily) failed to
observe benefit (20). These studies may have limited rele-
vance to my own observations; I have used a far higher
dose (equivalent to 750–1500 mg DPA/day), and more-
over I was not treating endogenous depression per se, but
rather depression associated with chronic pain – no
doubt a distinct depressive entity. It is conceivable that
DLPA’s analgesic effect was a key mediator of the antide-
pressant action reported here.

THE ENDOGENOUS ANALGESIA SYSTEM

The clinical efficacy of DLPA as an adjuvant analgesic
measure may be rationalized by considering the role of
© 2000 Harcourt Publishers Ltd
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the ‘endogenous analgesia system’ (EAS) in pain percep-
tion (21–25). Whereas acute pain perception has critical
survival value, chronic severe pain evidently is counter-
productive; it is therefore not surprising that animals
have evolved neural mechanisms for dampening the
transmission of pain signals to higher brain centers.
These pain signals are generated by small primary affer-
ent fibers that pass through the dorsal root of the spinal
column and synapse with ‘second-order’ neurons in the
dorsal horn of the spinal gray matter. The axons of these
second-order neurons, after crossing contralaterally,
ascend through the spinothalamic tract to synapse with
‘third-order’ neurons in the thalamus; the thalamus then
integrates the signal and relays it to the cortex. The con-
cept of an EAS arose from the discovery that stimulation
of certain supraspinal nuclei – notably the periaqueduc-
tal gray (PAG) in the midbrain and, more caudally, the
nucleus raphe magnus (NRM) and the nucleus reticularis
paragigantocellularis (NRPG) in the rostral ventromedial
medulla (RVM) – blocks the activation of second-order
pain-receptive neurons in the dorsal horn. Neuro-
anatomical studies revealed that these nuclei send axons
caudally, primarily through the dorsolateral funiculus, to
form synapses in the dorsal horn. These synapses release
serotonin or norepinephrine, and intrathecal administra-
tion of either methysergide or yohimbine (a specific
alpha-2 antagonist) suppresses the analgesic activity of
the EAS (23). However, intrathecal naloxone also has this
effect; apparently, the dorsal horn projections of the PAG
and RVM activate opioid interneurons which then act
both pre-synaptically and post-synaptically to inhibit
activation of second-order pain-receptive neurons (25).
(Endorphins typically act as hyperpolarizing inhibitory
neurotransmitters.) Although the PAG sends some axons
directly to the spinal column, its analgesic activity is
chiefly mediated by shorter axons that activate the NRM
and NRPG. Stimulation of certain brain centers rostral to
the PAG can also elicit analgesia, but these effects appear
to be mediated via neural connections to the PAG. Thus,
the PAG and the RVM nuclei are of central importance in
the EAS.

What is the physiological role of this EAS? The PAG,
NRM and NRPG all receive activating afferents from the
spinothalamic tract – thus creating a feedback loop that
can dampen pain transmission. The PAG also receives
inputs from a number of higher centers, including the cor-
tex and hypothalamus; this enables regulation of pain per-
ception by a variety of complex integrated signals. These
mechanisms possibly account for the well-known phe-
nomenon that soldiers seriously injured in the heat of
battle often initially experience relatively little pain. Stress-
induced analgesia in rodents appears to be mediated by
the EAS (22); analgesia during and following strenuous
exercise (‘runner’s high’) may be a variant of this.
© 2000 Harcourt Publishers Ltd
THE EAS AS A TARGET FOR ANALGESIC
THERAPY

Microinjection of morphine into the PAG, NRM, or NRPG
triggers analgesia by activating neurons projecting to
the dorsal horn (22,24). (This activation is indirect; it is
thought that morphine or endogenous opiates inhibit
the activity of interneurons that tonically inhibit the neu-
rons projecting to the dorsal horn.) Intriguingly and
importantly, the chief analgesic effect of systemically-
administered morphine results from activation of the PAG,
as demonstrated by the fact that microinjection of nalox-
one into the PAG blocks most of the analgesic activity of
systemic morphine (22); evidently, the PAG is exquisitely
sensitive to exogenous opiates. This implies that systemic
morphine controls pain primarily by indirectly promoting
release of endogenous opiates in the dorsal horn, rather
than by a direct action on opioid receptors in this region.

Chinese scientists have demonstrated that elec-
troacupuncture likewise achieves its longer-lasting anal-
gesic effects by activating the EAS; more specifically, they
find that electrical stimulation of certain traditional
acupuncture points activates the NRM and promotes the
expression of c-fos in this nucleus (26,27). The analgesia
evoked by transcranial electrostimulation, inasmuch as it
is naloxone-inhibitable and potentiated by serotonin pre-
cursors and enkephalinase inhibitors, may also be medi-
ated by the EAS (28–31). In contrast, the acute analgesia
evoked by high-frequency transcutaneous electrical neu-
rostimulation (TENS) is not naloxone-suppressible and
appears to reflect a local ‘gating’ mechanism independent
of supraspinal influences; however, some reports indicate
that, at lower frequencies, naloxone can indeed inhibit
TENS analgesia (32–37).

Very recently, the analgesic effects of cannabinoids in
rats have been shown to reflect activation of RVN nuclei;
this activation is not mediated by release of opioids in the
RVN, and thus is potentially complementary to the effects
of opiates (38). Moreover, endogenous cannabinoids
appear to exert a tonic up-regulatory influence on the
EAS, as demonstrated by the hyperalgesia elicited by
microinjection of a cannabinoid antagonist into the RVN.
Thus, if low-dose or synthetic cannabinoids can be devel-
oped as practical analgesic therapies, they will represent
yet another means of controlling pain by EAS stimulation.

PRACTICAL POTENTIATION OF THE EAS

In light of the prominent roles of serotonin and
enkephalins as mediators of the EAS, it can readily be pre-
dicted that certain agents will potentiate EAS activity.
Enkephalinase inhibitors – of which D-phenylalanine is
an example – can be expected to amplify the activity of
enkephalins released in the dorsal horn, and also to
Medical Hypotheses (2000) 55(4), 283–288
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modestly up-regulate activation of the PAG, NRM and
NRPG by potentiating their endogenous opioid activity.
Since supplemental tryptophan or 5-hydroxytryptophan
enhances serotonin synthesis by increasing precursor avail-
ability (39,40), these agents should potentiate the dorsal
horn serotonin release resulting from EAS activation. Drugs
or herbs that inhibit serotonin reuptake mechanisms might
be expected to have a similar effect. Whether tyrosine
administration would enhance the noradrenergic compo-
nent of EAS activity is more difficult to predict, as tyrosine
availability is usually only rate-limiting for tyrosine hydrox-
ylase activity in neurons that are highly active (41).

These predictions appear to be borne out in animal
and clinical studies. D-phenylalanine, or other enkephali-
nase inhibitors, are reported to potentiate the analgesia
evoked by morphine, acupuncture, TENS, cannabinoids,
antidepressants, and stress (7,14–19,29,42–45). Analo-
gous activity has been reported for tryptophan/5-hydrox-
ytryptophan as well as for antidepressants that primarily
influence serotonergic activity; these agents also have
some analgesic activity as monotherapies (31,43,46–61).
Reversal of clinical opiate resistance has been observed
following tryptophan administration (47). In rats, tyrosine
or its methylester do indeed potentiate morphine anal-
gesia, although this effect appears to be mediated
supraspinally rather than in the dorsal horn (62,63).

These considerations suggest that the apparent utility
of DLPA as an adjuvant to opiate therapy is just a specific
example of a more general therapeutic opportunity –
well-tolerated agents which potentiate the activity of
serotonin and enkephalins should be used in conjunction
with analgesic therapies whose efficacy is mediated pri-
marily by EAS activation. These therapies include not
only opiates, but also acupuncture, transcranial electro-
stimulation, and cannabinoids. This strategy has the
potential to provide superior pain relief, reverse opiate
resistance, and enable reductions in the dose (and thus
side effects) of opiates or other analgesic drugs.

The adjuvant measures suggested here could also
likely have the merit of alleviating the depression that
frequently accompanies chronic severe pain. This is obvi-
ously true in regard to serotonin-potentiating measures.
Whether or not DLPA has general antidepressant activity,
the clinical observations reported above support its util-
ity in the depression associated with chronic pain.

Inasmuch as 5-hydroxytryptophan is highly effective
for boosting serotonin synthesis, serotonin-evoked GI
spasm and diarrhea are the chief side effects which limit
the feasible oral dose of this agent (64). In contrast, con-
stipation reflecting GI hypomotility is one of the major
complaints of opiate-treated patients. This suggests the
appealing possibility that, when administered jointly, 5-
hydroxytryptophan and opiates may act to offset each
other’s most characteristic side effect.
Medical Hypotheses (2000) 55(4), 283–288
To explore the practical utility of these proposals, we
intend to test the impact of the joint administration of
DLPA, 5-hydroxytryptophan, and Hypericum extract (St
John’s wort) in the management of chronic pain; inclu-
sion of tyrosine in this regimen will also be considered.
(Hypericum is noted for its excellent tolerance, and is
widely prescribed in Europe as a treatment for mild
depression; its prime active component appears to 
be hyperforin, which functions as a serotonin reup-
take inhibitor in nanomolar concentrations.) (65–69).
Provided that the dose of 5-hydroxytryptophan is not
excessive, we anticipate that this regimen will be well
tolerated. This regimen has the further advantage that,
should it prove effective, it could be marketed in the US
as a ‘supplement’, without the necessity of an expensive
drug approval process. Although chiefly construed as an
adjuvant to treatments that activate the EAS, this re-
gimen may possibly have direct clinical utility in fibro-
myalgia, a hyperalgesic syndrome of obscure etiology
that is reported to respond to serotonergic measures
(70–73).
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