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Management of chronic back pain is a challenge for physicians. Although standard treatments exert
a modest effect, they are associated with narcotic addiction and serious side effects from nonsteroidal
antiinflammatory agents. Moreover, neurotransmitter depletion from both the pain syndrome and ther-
apy may contribute to a poor treatment outcome. Neurotransmitter deficiency may be related both to
increased turnover rate and inadequate neurotransmitter precursors from the diet, particularly for essen-
tial and semi-essential amino acids. Theramine, an amino acid blend 68405-1 (AAB), is a physician-
prescribed only medical food. It contains neurotransmitter precursors and systems for increasing
production and preventing attenuation of neurotransmitters. A double-blind controlled study of AAB,
low-dose ibuprofen, and the coadministration of the 2 agents were performed. The primary end points
included the Roland Morris index and Oswestry disability scale. The cohort included 122 patients aged
between 18 and 75 years. The patients were randomized to 1 of 3 groups: AAB alone, ibuprofen alone,
and the coadministration of the 2 agents. In addition, C-reactive protein, interleukin 6, and plasma amino
acid concentrations were measured at baseline and 28 days time points. After treatment, the Oswestry
Disability Index worsened by 4.52% in the ibuprofen group, improved 41.91% in the AAB group, and
improved 62.15% in the combination group. The Roland Morris Index worsened by 0.73% in the
ibuprofen group, improved by 50.3% in the AAB group, and improved 63.1% in the combination group.
C-reactive protein in the ibuprofen group increased by 60.1%, decreased by 47.1% in the AAB group, and
decreased by 36% in the combination group. Similar changes were seen in interleukin 6. Arginine, serine,
histidine, and tryptophan levels were substantially reduced before treatment in the chronic pain syn-
drome and increased toward normal during treatment. There was a direct correlation between improve-
ment in amino acid concentration and treatment response. Treatment with amino acid precursors was
associated with substantial improvement in chronic back pain, reduction in inflammation, and improve-
ment in back pain correlated with increased amino acid precursors to neurotransmitters in blood.
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INTRODUCTION

The diagnosis and management of back pain is a chal-
lenge for both primary care physicians and specialists.
Establishing an etiology can be difficult and often

problematic given treatment options that may be capable
of producing serious and potentially life-threatening side
effects. Treatments in some individuals often may exert
a modest impact on the natural history of the condi-
tion.1–3 Nonsteroidal antiinflammatory drugs (NSAIDs)
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are frequently prescribed to treat chronic back pain,
while they are only moderately effective in relieving
pain4–7 and are associated with significant side
effects. Muscle relaxants and opioid analgesics show
limited efficacy and may produce sedation, constipa-
tion, or inappropriate usage. Newer antiepileptics
and serotonin–norepinephrine reuptake inhibitors
have been shown to decrease pain but have limita-
tions. Physical therapy and other local modalities
may augment treatment costs and require a consider-
able investment of patient time.

Neurotransmitter depletion8–14 and the associated
synaptic fatigue15–22 may contribute to chronic pain
states. Neurotransmitter depletion results from an
increase in precursor turnover and dietary deficiency
of the precursor.23–28 The ability to enhance neurotrans-
mitter production associated with pain syndromes has
multifactorial limits. Specifically, the unavailability of
adequate essential amino acids in the diet and increased
turnover rates of amino acids needed to produce neuro-
transmitters under such conditions.23–28 Table 1 ex-
plains how Theramine, an amino acid blend 68405-1
(AAB) addresses this unavailability. In addition, amino
acids are over 99% deaminated by the liver before cross-
ing the blood brain barrier and may not be taken up by
the appropriate neuron. Once in the neuron, the aden-
osine brake must be released and the attenuation of
effect after a couple of weeks is common. Other factors
such as prolonged pharmaceutical use deplete the nerve
cells of neurotransmitters.29–34

Previous attempts35–38 to modify brain neurochemistry
have focused on single neurotransmitters, such as seroto-
nin or GABA and have not addressed the secondary is-
sues. This approach fails to tackle the complexity of
complementary neurotransmitters and their influence on
patient perception of pain and suffering. AAB is a propri-
etary prescription medical food that concurrently enhan-
ces several neurotransmitters that are involved in pain
modulation and sensation by providing neurotransmitter
precursors in the form of amino acids (Table 1).41 Through
a 5-step process, AAB prevents deamination by the liver,
promotes uptake into the appropriate neuron, conversion
to the neurotransmitter, releases the adenosine brake, and

prevents the attenuation of effect. Medical foods42 are
specially formulated products for the specific dietary
management of a disease or condition that has distinctive
nutritional requirements. Nutrient imbalances caused by
pain leads to metabolic disequilibrium. The nutrients and
other dietary ingredients in AAB are specifically selected
and processed molecular complexes derived from foods.
These components have scientifically documented prop-
erties that support the cellular or physiological activities
needed to restore metabolic equilibrium, proportioned to
stimulate the production of neurotransmitters in targeted
cells. Clinical trials have found AAB effective in reducing
and modifying pain without demonstrable side effects.
AAB simultaneously stimulates the production of the
neurotransmitters serotonin, GABA, nitric oxide, gluta-
mate, and histamine.

In a previous study comparing AAB and low-dose
naproxen, both the medical food group and combined
therapy group (AAB with naproxen) showed statisti-
cally significant functional improvement compared
with the naproxen-alone group (P, 0.05) at the 28 days
time point. Furthermore, the naproxen-alone group
showed significant elevations in C-reactive protein
(CRP) (an acute phase marker of inflammation), alanine
transaminase, and aspartate transaminase when com-
pared with the other groups. AAB alone or in combi-
nation with naproxen showed no significant change in
liver function or inflammation tests, with potentially
mitigating the effects seen with naproxen alone. AAB
seemed to be effective in relieving back pain without
causing any significant side effects and may provide
a safe alternative to presently available therapies.41

This research protocol compared AAB to a low-dose
NSAID in the treatment of chronic low back pain as
defined by pain lasting greater than 6 months and
present on at least 5 of 7 days per week. The low-
dose NSAID was used as it was not felt that the use
of strictly placebo was appropriate in a chronic pain
study, while the authors did not wish to expose pa-
tients to the risks associated with full dose NSAID use.

Ibuprofen is the most commonly used and most fre-
quently prescribed NSAID.2,3 It is a nonselective inhibi-
tor of cyclooxygenase-1 and cyclooxygenase-2.4 It has

Table 1. Neurotransmitter production from precursors.

Amino acid precursor Neurotransmitter Physiological effect

Choline Acetylcholine Decreases pain perception; inhibits pain

L-Histidine Histamine Inhibits inflammation

5-OH-Tryptophan Serotonin Inhibits inflammation

Serine D-Serine Increases sensitivity to opioids

Arginine Nitric oxide Produces natural opioids
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a prominent analgesic and antipyretic role despite its
antiinflammatory properties being weaker than those
of some other NSAIDs. These effects are due to the
inhibitory actions on cyclooxygenases, which are
involved in the synthesis of prostaglandins. Prostaglan-
dins have an important role in the production of pain,
inflammation, and fever.5 The study examined the effi-
cacy and tolerability of AAB in patients with chronic
back pain compared to ibuprofen, and the combination
of ibuprofen and AAB together.

MATERIALS AND METHODS

The study involved 122 patients aged between 18 and
75 years in a double-blind, randomized, 3-armed trial
comparing ibuprofen alone (400 mg daily), AAB alone
(two 355 mg capsules twice daily), or the combined use
of ibuprofen (400 mg daily) and AAB (two 355 mg
capsules twice daily) for 28 days. On day 1 visit, pa-
tients were randomized to 1 of 3 groups: (1) two AAB
tablets, 2 times per day, with 1 ibuprofen placebo, (2)
ibuprofen (400 mg once per day), with 2 AAB placebos,
2 times per day, and (3) two AAB tablets, 2 times per
day, with ibuprofen (400 mg once per day). The active
and ibuprofen tablets were identical, and the active
AAB and placebo capsules were identical. On days 7
and 14 visits, the evaluation of visual analog scale
(VAS) and patient medication usage were completed.
On day 28 visit, a Roland–Morris Disability Question-
naire, an Oswestry Low Back Pain Scale, a VAS evalu-
ation, and a patient medication usage evaluation were
completed. Blood was again sampled for estimating
CRP, blood count, and blood chemistries.

INCLUSION CRITERIA

Patients were identified in 8 separate clinical sites that
were selected through an independent contract research

organization that provides experienced investigators for
clinical study selection (Table 2). Men and nonpregnant
nonlactating women aged between 18 and 75 years
were recruited for the study. To be included in the
study, subjects were required to have back pain lasting
longer than 6 weeks, with pain present on 10 of 14 days
before screening. Subjects with a Roland–Morris back
pain index 40 of 100 mm on the VAS were included.
Subjects included must have used analgesic medication
to treat pain at least 4 of last 7 days and at least 10 days
in the last month before the study. Those taking an
NSAID for pain had to discontinue use during a wash-
out period based on the attached 5 half-lives of drug
chart. If undergoing physical therapy for back pain,
therapy had to have been stable at least 3 weeks before
study and remained the same throughout study. If
using psychoactive medication that might have analge-
sic effects (ie, antidepressants or anticonvulsants), treat-
ment must have been stable for at least 3 months before
study. Men and women of childbearing potential were
required to use adequate contraception and not be preg-
nant or impregnate their partner during the entire dura-
tion of the study. All selected subjects were willing to
commit to all clinical visits during study-related proce-
dures, including required discontinuation washout
period of analgesic or antiinflammatory medication
before day 1 randomization. Finally, subjects agreed
to the use of acetaminophen for rescue medication.

EXCLUSION CRITERIA

Subjects were excluded if they were not fluent in
English. Subjects who underwent surgery in the pre-
vious 6 months were excluded as were subjects with
neurologic impairment. Subjects with fracture of the
spine within the past year and patients receiving oral,
intramuscular, or soft tissue injection of corticosteroids
within 1 month before screening were excluded. Sub-
jects were not selected who used more than 325 mg of

Table 2. Participating research sites.

Site name Location Contact information

Sun Research Institute 303 E. Quincy Street, Ste 101, San Antonio, TX 78215 210-227-1289

Integrated Medical Research PC 148 E. Hersey Street, Ashland, OR 97520 541-488-9325

Horizon Research Group, Inc 3610 Springhill, Mobile, AL 36608 251-410-3705

Koch Family Medicine 81A E. Queenwood Road, Morton, IL 61 550 309-263-2411

Eastern Research 760 E. 49 Street Hialeah, FL 33013 305-681-3111

Clinical Research Center, LLC 117 S. State Road 7, Ste 201, Wellington, FL 33414 561-784-8979

Prevention & Strengthening Solutions, Inc 1803 East Main Street, Humbolt, TN 38343-2921 931-230-7491

South Medical Research Group, Inc 13205 SW 137 Avenue, Ste 220, Miami, FL 33186 305-969-9707
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aspirin daily for nonarthritic conditions, and stability
for 1 month before screening was required for any
usage. Subjects were also excluded if they had a history
of gastrointestinal (GI) bleeding, gastric or duodenal
ulcer as were subjects receiving an epidural injection
within the 3 months before screening. Individuals with
a history of alcohol or substance abuse, uncontrolled or
unstable serious cardiovascular, pulmonary, GI, or uro-
genital, endocrine, neurologic, or psychiatric disorder
were not included. Subjects were also excluded for par-
ticipation in a previous clinical trial within 1 month of
screening for the present study. Finally, subjects who
used controlled substances or opiate analgesics for 5
days in the month before screening were considered
ineligible to participate.

RESULTS

Among the 3 groups, there was no statistical difference in
low back pain, inflammation, or any of the efficacy and
safety variables assessed at baseline (Table 3), according
to the primary end points of the Roland–Morris Disability
Questionnaire and the Oswestry Disability Index. At day
28 (Table 4), both the AAB group and combined therapy
group (AAB with ibuprofen) pain assessment indices
were considerably and statistically significantly improved
compared with the ibuprofen-alone group (P, 0.05). The
Roland–Morris Index fell by 63.1% (Figure 1), and the
Oswestry Disability Index fell 62.15% (Figure 2)
between baseline and day 28 in the AAB + ibuprofen
group. In the AAB-alone group, the Roland–Morris
Index fell by 50.3%, and the Oswestry Disability index
fell 41.91% between baseline and day 28. Thus, if AAB
was used as either primary therapy or an adjunct to
ibuprofen, low back pain was significantly improved.
Ibuprofen alone had no appreciable effect on chronic
back pain within 28 days. Similar results were seen on
using the VAS scale.

Secondary end points included CRP, interleukin 6
(IL-6), and plasma amino acid levels at day 28

compared with baseline (Figures 3, 4). In the
ibuprofen-alone group, CRP rose by 60.1% (P ,
0.001), and IL-6 rose by 12.65% (P , 0.001). In the
AAB-alone group, the CRP level fell by 47.05% (P ,
0.05), and IL-6 level fell by 23.55% (P , 0.01). In the
group treated with both the AAB and ibuprofen, CRP
fell 35.99% (P , 0.001), and IL-6 fell 43.1% (P , 0.001).
Plasma amino acids were analyzed with liquid chro-
matography–tandem mass spectrometry methodology
(Figure 5). The assay had a variance of 65%. Arginine
concentration levels at day 1 were at 13.5 mg/mL, ris-
ing to 21.8 mg/mL at day 28 of the study, where nor-
mal level is 30 mg/mL. Serine concentration levels at
day 1 were 5.4 mg/mL, which rose to 17.8 mg/mL at
day 28 of the study, where normal is 21.5 mg/mL.
Histidine concentration levels at day 1 were at 6.2
mg/mL, which rose to 14 mg/mL at day 28 of the
study, where normal is 15.2 mg/mL. Tryptophan con-
centration levels at day 1 were at 4.1 mg/mL, which
rose to 17 mg/mL at day 28 of the study, where normal
is 19.5 mg/mL. Use of breakthrough medication was
highly statistically significantly lower in the AAB, and
the combination AAB/ibuprofen groups when com-
pared to ibuprofen alone (Figure 6).

The range for normal subjects was established by
ranges supplied from quest laboratories for this study.
There were no adverse events or complications among
any of the groups during this 28-day study (Table 5).
There were no GI side effects observed in this cohort
(Figure 6).

DISCUSSION

Back pain is a common concern, affecting up to 90% of
people during their lifetime. NSAIDs are the most fre-
quently used drugs in the treatment of pain and
inflammation. However, their use is limited by
adverse drug side effects, notably GI toxicity. Many
of the adverse effects are dose related. The current
recommendation of the American Geriatrics Society

Table 3. Baseline mean 6 SD characteristics.

Treatment group

PIbuprofen, n 5 43 AAB, n 5 41 Combination, n 5 38

Oswestry Disability Index 26.85 6 1.29 25.74 6 1.16 26.69 6 1.33 NS

Roland–Morris and Disability Questionnaire

Pain Scale

12.69 6 0.69 12 6 0.85 14.65 6 0.83 NS

CRP 3.86 6 0.71 4.58 6 0.84 5.84 6 1.41 NS

IL-6 3.76 6 0.41 3.57 6 0.37 4.22 6 0.9 NS

NS, not significant at P , 0.05.
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is to restrict or even eliminate NSAIDs in patients,
specifically when older than 65 years. This demo-
graphic has the highest incidence of osteoarthritis,
back pain, and spinal stenosis. Although they are at
greatest risk for adverse events, often their only alter-
native to NSAIDS are narcotics, which carry additional
side effects and risks.
Antiinflammatory nonsteroidal drugs with nitric

oxide (NO)-producing precursors (NO-NSAIDs) are
a new class of drugs. These compounds have been
shown to retain the antiinflammatory, analgesic, and
antipyretic activity with reduced GI toxicity. The use
of an NO moiety with an NSAID has been shown to
inhibit in vitro T-cell proliferation and cytokine

production.43 NO-NSAIDS have been shown to be GI
protective in several models. AAB produces NO sim-
ilarly to the NO-NSAIDS.43 It is interesting to note that
tryptophan induces an increase in platelet aggregabil-
ity, and NO production in the GI tract is known to
reduce NSAID-induced mucosal erosion.

The amino acid formulation (AAB) of neurotransmit-
ter precursors used in this study is designed to elicit
neurotransmitter production of neurotransmitters that
modulate nociception and inflammation.41 The precur-
sors of serotonin, nitric oxide, histamine, and GABA are
supplied in this formulation as 5-hydroxytryptophan
(5-HTP), arginine, histidine, and glutamine, respectively.

FIGURE 1. Percent change in Roland Morris Disability Questionnaire Pain Scale from day 1 to day 28. Ibu n 5 43,

AAB n 5 41, and combination n 5 38. Roland Morris Disability Index fell 63.1% between baseline and day 28 in the

combination therapy group, and fell 50.3% in the AAB-alone group, while there was no significant effect on chronic

back pain in the ibuprofen-alone treatment group.

Table 4. Percent change from baseline through day 28.

Measures

Treatment group

Ibuprofen, n 5 43 AAB, n 5 41 Combination, n 5 38

Oswestry Disability Index 24.52 241.91 262.15

P , 0.05 versus ibuprofen P , 0.05 versus ibuprofen

Roland–Morris and Disability

Questionnaire Pain Scale

0.73 250.3

P , 0.05 versus ibuprofen

263.1

P , 0.05 versus ibuprofen

CRP 60.1 247.05 235.99

P , 0.001 versus ibuprofen P , 0.001 versus ibuprofen

IL-6 12.65 223.55 243.1

P , 0.001 versus ibuprofen P , 0.001 versus ibuprofen
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To test the hypothesis that chronic back pain syn-
dromes have an amino acid deficiency emanating from
increased amino acid requirements that cannot be met
by normal diet, we measured plasma amino acid con-
centrations at day 1 and day 28. Day 1 blood levels of
amino acid neurotransmitter precursors in AAB-
treated subjects were more than 2 SDs below the mean
for normal subjects. Thus, in this cohort of patients
with a chronic back pain syndrome, there is a defi-
ciency of amino acid precursors in plasma that are
important to neurotransmitters modulating chronic
pain. Because these patients were on normal diets,
study data indicate that normal diet alone cannot

sustain the amino acid requirements of this chronic
back pain syndrome. There do not seem to be any
other studies that establish a nutrient deficiency of
pain-related neurotransmitters.

Subjects who increased their amino acid blood levels
in response to AAB administration over 28 days, dem-
onstrated a reduction in pain as measured by the
Roland Morris Disability Questionnaire, a reduction of
disability symptoms as measured by the Oswestry Dis-
ability Index, and inflammation asmeasured by a reduc-
tion in CRP. Subjects who were treated with once a day
ibuprofen did not increase their amino acid concentra-
tion, did not improve clinically, and demonstrated

FIGURE 3. Percent change in CRP from day 1 to day 28. Ibu n 5 43, AAB n 5 41, and combination n 5 38. The CRP

levels fell 35.99% for combination theory group and 47.05% for the AAB-alone group, while levels rose 60.1% for the

ibuprofen-alone group.

FIGURE 2. Percent change in Oswestry Disability Index from day 1 to day 28. Ibu n 5 43, AAB n 5 41, and combination

n5 38. Oswestry Disability Index fell 62.15% between baseline and day 28 in the combination therapy group, and fell 41.91%

in the AAB-alone group, while there was no significant effect on chronic back pain in the ibuprofen-alone treatment group.
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increased inflammation. Four of 41 subjects treated with
AAB did not increase their blood concentration of
amino acid, improve their clinical responses, or reduce
inflammation. This may be because of minimal dosing
or noncompliance.
The AAB-alone group produced a 50.3% reduction in

the Roland–Morris Index and a 41.91% reduction in the
Oswestry index. The AAB with 400 mg of ibuprofen

administered once a day resulted in a 63.1% reduction
in the Roland–Morris Index and a 62.15% reduction in
the Oswestry Index. A single daily dose of 400 mg of
ibuprofen had no significant effect on chronic back pain
over 28 days, a nonsignificant 0.73% increase in the
Roland–Morris Index measure of pain was found.
Although the number of subjects was limited to 122,
the differences in the data were statistically highly

FIGURE 5. Plasma amino acid concentrations were calculated at day 1 and day 28 in 44 of 122 patients. Plasma amino

acids were analyzed using liquid chromatography–tandem mass spectrometry methodology. The assay had a variance

of 65%.

FIGURE 4. Percent change in IL-6 from day 1 to day 28. Ibu n 5 43, AAB n 5 41, and combination n 5 38. The IL-6 levels

fell 43.1% for combination theory group and 23.55% for the AAB-alone group, while levels rose 12.65% for the ibupro-

fen-alone group.
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significant. However, since the ingredients of AAB are
generally recognized as safe according to the FDA,
a large safety trial is seemingly unnecessary.

This evidence is supported further by a double-blind
controlled trial of a single dose naproxen and AAB for
the treatment of low back pain.41 This study also indi-
cated a reduction in pain with the Roland–Morris
Index by 65%, and the Oswestry Disability Index by
61% between baseline and day 28 in the AAB + nap-
roxen group. In the AAB-alone group, there was a sig-
nificant reduction in back pain with a 32.94% on the
Oswestry Disability Index and a 44% on the Roland–
Morris Index. Thus, if AAB was used as either primary
therapy or an adjunct to naproxen, low back pain was
significantly improved. Low-dose naproxen had no
significant effect on chronic back pain in 28 days. Sim-
ilar results were seen on using the VAS scale.

Treating the metabolism-based nutritional deficien-
cies of pain syndromes could allow for the reduction
of NSAID use without affecting therapeutic efficacy.
Dietary management of disease is an underutilized

option for patients, although it has existed for a consider-
able period of time. Osler44 prominently emphasized the
value of nutrition in his textbooks. Tepaske et al admin-
istered an arginine-based preparation to patients before
cardiac surgery.39 The clinical outcomes were found to
be improved, more specifically postoperative creatinine
clearance and immune function. Kalantar-Zadeh et al40

and Tepaske et al39 determined that the administration
of amino acid neurotransmitter precursors in patients
with congestive heart failure improved clinical out-
comes. Advances in science mandate the inclusion of
nutrient management of symptoms and disease.

Levels of CRP increase very rapidly in response to
trauma, inflammation, and infection and decrease just
as rapidly with the resolution of the condition. Thus,
the measurement of CRP is widely used to monitor
various inflammatory states. Baseline levels of inflam-
mation are associated with one another and with
future risk of coronary heart disease. This reduction
in CRP has been demonstrated in the naproxen and
AAB study as well. With CRP’s association with

FIGURE 6. The needed breakthrough medication usage was statistically significant in the AAB group verses the

ibuprofen-alone group.

Table 5. Percent change in blood values in all treatment groups at completion as compared with baseline.

Treatment group ALB ALK ALT AST Bilirubin (total) GGT Globulin LDH Total protein

Ibuprofen 24.27 23.58 22.69 23.22 5.31 25.97 0.91 21.76 21.98

AAB 20.40 0.23 211.46 22.61 26.64 210.18 1.95 2.25 0.62

Combination 22.04 24.23 28.13 21.24 9.49 27.03 0.07 0.93 21.11

There were no adverse events or complications among any of the groups during this 28-day study. No GI symptomatic side effects

were observed or reported by participants.

ALB, albumin; ALK, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl trans-

ferase; LDH, lactate dehydrogenase.
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inflammation, and subsequent involvement as
a marker for heart disease, a question arises as to
whether AAB may have a cardio protective applica-
tion. Further investigation into this possible protective
effect of AAB is warranted.
IL-6 is a pleiotropic cytokine. In addition to its typical

role in the acute phase response, IL-6 is involved in
driving chronic inflammation, autoimmunity, endothe-
lial cell dysfunction, and fibrogenesis. Because IL-6 has
been associated with the generation and propagation of
chronic inflammation, it was selected as a marker in the
study. Proinflammatory cytokines from acute inflam-
mation promote neutrophil build up and the release
of IL-645. In the study, IL-6 followed the same pattern
as CRP, with an increase in level of IL-6 in the
ibuprofen-alone group (12.65%), a drop in IL-6 level
in the AAB-alone group (23.55%), and a drop in the
level of IL-6 in the AAB and ibuprofen group (43.1%).
There are limited data to indicate that the provision

of neurotransmitter precursors alters the efficiency of
pharmaceuticals. The data in this study indicate that
the provision of amino acid precursors in a formulation
(AAB) to facilitate neurotransmitter production results
in improving the efficiency of pharmaceutical therapy.
We postulate that the mechanism is related to improve
intracellular metabolic function, rather than having
any effect on the drug itself. This may be a new
approach to a long-standing therapy.
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