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Abstract

Objective. Agmatine, decarboxylated arginine, was
shown in preclinical studies to exert efficacious
neuroprotection by interacting with multiple
molecular targets. This study was designed to
ascertain safety and efficacy of dietary agma-
tine sulfate in herniated lumbar disc-associated
radiculopathy.

Study Design. First, an open-label dose escalation
study was performed to assess the safety and side-
effects of agmatine sulfate. In the follow-up study,
participants diagnosed with herniated lumbar disc-
associated radiculopathy were randomly assigned
to receive either placebo or agmatine sulfate in a
double-blind fashion.

Methods. Participants in the first study were
recruited consecutively into four cohorts who took
the following escalating regimens: 1.335 g/day
agmatine sulfate for 10 days, 2.670 g/day for
10 days, 3.560 g/day for 10 days, and 3.560 g/day for
21 days. Participants in the follow-up study were
assigned to receive either placebo or agmatine
sulfate, 2.670 g/day for 14 days. Primary outcome
measures were pain using the visual analog scale,
the McGill pain questionnaire and the Oswestry dis-
ability index, sensorimotor deficits, and health-
related quality of life using the 36-item short form
(SF-36) questionnaire. Secondary outcomes
included other treatment options, and safety and
tolerability assessment.

Results. Safety parameters were within normal
values in all participants of the first study. Three
participants in the highest dose cohort had mild-
to-moderate diarrhea and mild nausea during treat-
ment, which disappeared upon treatment
cessation. No other events were observed. In the
follow-up study, 51 participants were randomly
enrolled in the agmatine group and 48 in the
placebo. Continuous improvement of symptoms
occurred in both groups, but was more pro-
nounced in the agmatine (analyzed n = 31) as com-
pared with the placebo group (n = 30). Expressed
as percent of baseline values, significantly
enhanced improvement in average pain measures
and in quality of life scores occurred after treat-
ment in the agmatine group (26.7% and 70.8%,
respectively) as compared with placebo (6.0%
[P � 0.05] and 20.0% [P � 0.05], respectively). No
treatment-related adverse events were noted.

Conclusions. Dietary agmatine sulfate is safe and
efficacious treatment for alleviating pain and
improving quality of life in lumbar disc-associated
radiculopathy.

Study Registration. ClinicalTrials.gov Protocol Reg-
istration System Identifier: NCT00405041.

Key Words. Agmatine; Clinical Trial; Dietary Ingre-
dient; Spine; Back Pain; Sciatica
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Introduction

Symptomatic lumbar intervertebral disc herniation is a
widely prevalent syndrome affecting about 1–2% of the
population, usually at the age of 30–50 (the prime working
years); thus, leading to significant economic impact [1].
The symptoms, which include pain, numbness, tingling,
and weakness of the leg (commonly termed “sciatica”),
usually improve in as many as 70–80% of patients within
3 months with conservative treatment that includes rest,
physical therapy, and nonsteroidal anti-inflammatory
drugs (NSAIDs) medication [2–5]. Still, the neurological
symptoms remain a major reason for patient complaints
and thus, an unmet clinical issue [6]. These neurological
symptoms may be the result of mechanical pressure on
nerve roots leading to local ischemia, inflammation, or
nerve damage [7]. Such nerve damage, in turn, can result
not only in degeneration of the peripheral axons [8], but
may also lead to degeneration of the corresponding
parent sensory nerve cells in the affected dorsal root
ganglia and of motor neurons in the spinal cord [9–11], a
situation that is common to other musculoskeletal defor-
mities causing nerve compression. Therefore, treatments
aimed at protecting the injured parent nerve cells (i.e.,
neuroprotective) and their damaged peripheral axons
(termed here, axonoprotective), may prove beneficial.

Agmatine [(NH2(CH2)4NH2C(NH=)NH] is a ubiquitous natu-
rally occurring molecule [12]. It is biosynthesized by decar-
boxylation of the amino acid arginine [12], thus known as
decarboxylated arginine. Agmatine is found in low
amounts in many a foodstuff derived from plants [12–16],
fish [17,18], and animal products [17]. Additionally, intes-
tinal microbial production of agmatine is considered a
major source of systemic agmatine [19]. Animal studies
demonstrate that agmatine sulfate, the commonly used
salt of agmatine, is absorbed by the gastrointestinal tract
and distributed in the body [20], and that it crosses the
blood-brain barrier [21]. Of specific interest, is the sub-
stantial preclinical body of evidence demonstrating the
beneficial effects of agmatine on the nervous system.
These include neuroprotection [22–31], neuropathic pain-
reducing effects [22,25], and anti-anxiety and anti-
depressive effects [32,33]. Furthermore, while agmatine
biosynthesis (by arginine decarboxylation) in the nervous
system is normally very low, it is greatly increased follow-
ing injury [34]. This might suggest a role for agmatine in
repair and regenerative processes in the central nervous
system (CNS).

Agmatine has been shown in preclinical experiments to
interact with multiple molecular targets important for
nervous system function. These include: 1) modulation of
several neurotransmitter receptors and receptor iono-
phores (e.g., nicotine, NMDA, imidazoline, and alpha
2-adrenoceptors) [35–38]; 2) blockade of key ionic chan-
nels (e.g., ATP-sensitive K+ channels and voltage-gated
Ca++ channels) [39,40]; 3) inhibition of nitric oxide (NO)
synthase and thus, modulation of NO production [41–44];
4) inhibition of protein ADP-ribosylation [45] and thus,
interference with cell signalling; 5) inhibition of matrix met-

alloproteases [46], enzymes implicated in nerve cell death
and neuropathic pain [47,48]; and 6) inhibition of
advanced glycation end (AGE)-product formation, a
process involved in the pathology of diabetes and neuro-
degenerative diseases [49,50].

If all of the above interactions were active in humans,
agmatine would be a valuable therapeutic for neuropathic
and neurodegenerative disorders. For this to be realized,
the compound would have to be safe and well tolerated at
doses necessary to achieve the desired effects. In the
present study therefore, we sought to ascertain the safety,
tolerability, and efficacy of dietary agmatine sulfate in alle-
viating symptoms of radiculopathy by conducting first an
open-label dose escalation trial followed by a randomized,
double-blind, placebo-controlled trial in patients with her-
niated lumbar disc-associated radiculopathy.

Materials and Methods

Study Design

An open-label, dose-escalating, nonrandomized (phase I)
study was designed to assess the safety and tolerability of
agmatine sulfate. The study included participants with
lumbosacral spine degenerative pathologies associated
with radiculopathy. The study was conducted during the
period of March–December 2006, at Tel-Aviv Sourasky
Medical Center, Israel and approved by the Institutional
Review Board (Trial Number: 05-302) and by the Israel
Ministry of Health National Review Board (Trial Number:
20050479).

The follow-up study was a randomized double-blind,
placebo-controlled trial (RCT), conducted in two medical
centers and designed to evaluate the therapeutic efficacy
of agmatine sulfate, in patients with herniated lumbar disc-
associated radiculopathy. Therapeutic efficacy was
assessed by measuring pain-related symptoms and sen-
sorimotor function, and by recording general health-
related quality of life. Safety and tolerability were also
monitored as secondary outcomes. The study was con-
ducted during the period of October 2006–March 2008,
and approved by the Institutional Review Boards of Tel-
Aviv Sourasky Medical Center and Assaf Harofeh Medical
Center (Trial Numbers: 06-203 and 107/6, respectively)
and by the Israel Ministry of Health National Review Board
(Trial Number: 20060409). Before starting patient recruit-
ment, the study was registered with ClinicalTrials.gov Pro-
tocol Registration System (ClinicalTrials.gov Identifier:
NCT00405041).

Patient Population

Men and women 18–75 years old were considered for
inclusion in the study if they were diagnosed with lumbar
radicular pain with or without motor deficits caused by
lumbar intervertebral disc herniation corresponding to
their symptoms as confirmed by computerized tomogra-
phy (CT) imaging, and 2–48 weeks symptom duration in
the RCT; longer duration of lumbosacral-associated
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radiculopathy was allowed in the open-label trial. Few
patients were also diagnosed by magnetic resonance
imaging. Exclusion criteria included any musculoskeletal
(other than lumbosacral spine-related), neuromuscular or
any other significant clinical, medical or surgical condi-
tions, substance abuse, women who were pregnant or
breast feeding, and participants in other clinical trials. All
procedures were performed after participants had read,
understood, signed and retained a signed copy of the
Ethics Committee’s approved informed consent form. Eli-
gibility of consenting participants was determined within
1–5 days prior to beginning of treatment after medical
history recording and comprehensive clinical examination
and laboratory tests of blood samples to ensure inclusion/
exclusion criteria.

Study Interventions

The initial choice of treatment regimen in the open-label
study was based on animal experiments reporting the
effective dose range and gastrointestinal absorption [20].
These indicated that an oral dose of agmatine sulfate
between 1,250 and 7,500 mg/day for a 50–75 kg body
weight would result in safe and effective blood concentra-
tions in human. We therefore decided that a daily dose
range of 1,335–3,560 mg/day for at least 3-week duration
should be considered safe and effective for human use.

Based on results of the open-label study reported here,
demonstrating the safety of agmatine sulfate, and consid-
ering the time course and duration of lumbar disc
herniation-induced neurological symptoms, we decided
that a 14-day course of 2.670 g/day oral agmatine sulfate
should be a safe and efficacious regimen for the RCT.
Agmatine sulfate, manufactured according to international
standards (ISO 9001), was formulated as a sole active
ingredient for encapsulation (445 mg per capsule) and
packaged under cGMP (current good manufacturing
practice) conditions in an accredited facility. This prepara-
tion remained stable for at least 2 years when stored in the
dark at room temperature. Placebo consisted of identical
capsules containing indigestible dietary fibers (400 mg per
capsule), similarly packaged in identical containers.

Treatment Assignment and Regimen

In the open-label study, escalating doses and regimens
were taken by 4 cohorts, which were recruited consecu-
tively to the study as described in Table 1.

In the RCT, eligible participants were assigned to receive
either placebo or agmatine sulfate in a randomized
fashion. Randomization was computer-generated for
each of the two study centers. The sequentially numbered
identical containers containing either placebo or agmatine
sulfate capsules were dispensed by the principal investi-
gators in a double-blind fashion. The physician and the
patient, as well as the study monitor were blinded to
treatment assignment for the duration of the study. To
ensure allocation concealment, the principal investigators
and the study coordinator kept the randomization code in

sealed envelopes for emergency use only (i.e., to be
opened only in case of serious adverse event such as
severe illness, hospitalization or death). The study monitor
ascertained that envelopes remained sealed throughout
the study. The randomization code was open by the study
coordinator for data analysis only after patients ended the
study, but the statistical data analyzer was also blinded to
treatment allocation. Study regimen consisted of six cap-
sules daily (two in the morning, two at noontime, and two
in the evening after meals) for 14 days.

During the studies, participants were allowed to use any
concomitant conventional treatments including physical
therapy, medications or epidural steroid injections, but
experimental medications were disallowed. This was
reported and recorded.

During the treatment intervals, self-assessment was
recorded by each participant in individual patient diaries.
For compliance control, participants brought with them at
the end of treatment or sent later the used capsule con-
tainer and the dated patient diary. Treatment compliance
and any special event were recorded.

Study Measures

In the open-label study, before beginning treatment of the
next cohort all participants in the previous cohort under-
went comprehensive clinical and laboratory evaluations to
ascertain safety. These included thorough medical history
review, comprehensive physical examination and labora-
tory analyses of blood samples. Follow-up safety evalua-
tions were conducted during the following intervals:
11–15 days, 22–25 days, 40–45 days and a telephone
interview evaluation at 6–7 months after treatment
initiation.

Table 1 Detailed treatment regimen and number
of participants in the consecutive cohorts of the
open-label study

Cohort
No. of
participants

Agmatine Sulfate Treatment
Regimen

1st 5 1 capsule 3 times daily
(1.335 g/day) for 10 days

2nd 5 2 capsules 3 times daily
(2.670 g/day) for 10 days

3rd 12 8 daily capsules (2 in the
morning, 3 at noontime and 3
in the evening) (3.560 g/day)
for 10 days

4th 12 8 daily capsules (2 in the
morning, 3 at noontime and 3
in the evening) (3.560 g/day)
for 21 days
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In the RCT, during screening and after termination of treat-
ment (15–20 day), participants underwent comprehensive
clinical evaluation, which also included sensorimotor
function tests, pain measures, health-related quality of life
assessment, and laboratory analyses of blood samples.
Follow-up measures (pain and health-related quality of life
assessments) were obtained at 1 month (45–50 day) and
2 months (75–80 day) after treatment termination (see
flowchart in Figure 1).

Safety evaluation was performed by analyses of clinical
examinations and laboratory blood tests, and by evalua-
tion of the participant diaries. Tolerability was assessed
based on the number of participants who failed to com-
plete the study of their free will or as a result of adverse
effects, and on the time to withdrawal. Participants who
prematurely discontinued remained under follow-up for
the duration of the study.

Sensorimotor functions were determined according to
standard measures of motor strength and sensation as
detailed in the revised version of the International Stan-
dards for Neurological and Functional Classification of
spinal cord injury, which grades motor score from 0 (total
paralysis) to 5 (full muscle strength) and sensation from 0–2
(“0” meaning absent sensation and “2”-normal sensation).
Muscle strength testing was performed against gravity and
the examiner’s manual strength, comparing both sides of
the patient’s lower extremities. The muscle groups tested
were the iliopsoas (hip flexors), quadriceps (knee exten-
sors), tibialis anterior (ankle dorsiflexors), extensor hallucis
longus (long toe extensors), and gastrocnemius (ankle
plantiflexors). Any muscle tested which was deemed less
the 5/5 motor strength was considered abnormal. Addi-
tionally, deep tendon reflexes of the lower extremities were
tested at the patellar tendon (testing for L2–3-4 root dys-
function) and Achilles tendon (testing for S1 nerve root
dysfunction). As deep tendon reflexes reflect the motor
function of a nerve root, any loss of a deep tendon reflex
was considered as a sign (albeit subtle one) of motor
dysfunction and was thus grouped together as “force/
reflex.”

Sensation was tested in the dermatomes of the lower
extremities using the conventional dermatome chart. Light
touch and pinprick sensation were tested to assess any
sensory loss and graded from 0–2 as mentioned above.

Any dermatome graded less than “2” constituted abnor-
mal sensation.

Pain was evaluated using the following conventional tests
with lower scores indicating less pain: 1) the visual analog
scale for back and leg pain, graded from 0 (no pain) to 10
(10 points); 2) the McGill Pain Questionnaire composed of
15 questions graded from 0–3 each (45 points) [51]; and 3)
the Oswestry Disability Index composed of 10 descriptors
graded from 0–5 each (50 points) [52]. Measurements of
general health-related quality of life status was assessed by
the 36-item short form (SF-36) questionnaire, designed to
quantitatively assess “physical health” and “mental health”
dimensions by overlapping sets of questions whereby a
score between 0 and 100 can be calculated, with a higher
score indicating a better state of health [52–55].

Computerized tomography was performed to diagnose
the disc pathology [56]. Hematology and clinical chemistry
tests were performed on blood samples obtained before
beginning and within 5 days after treatment termination, to
ascertain normal function of the cardiovascular, hepatic,
renal, immune, and metabolic systems.

Data Handling and Statistical Analysis

All records and data were identified only by participants’
code number. All “source data” documents are stored in
individual files and kept at the respective clinical center in
the principal investigators’ departments and copies are
kept with the study sponsor.

The planned RCT protocol was based on past experience
using the visual analog scale and the SF-36 health-related
quality of life test scores and assuming a normally distrib-
uted population. Scores of these two tests can be straight
forwardly calculated as percent changes as they are rated
on a 10 and 100 point scale, respectively. It was estimated
that a minimum sample size of 30 patients per group will
be required to enter this two treatment parallel-design
study with a probability of 80% that the study will detect a
treatment difference at a two-sided 5% significance level,
if the true clinically important difference between the treat-
ments is 20%. This was based on the assumption that the
standard deviation of the response variable is 27.

The randomization code was opened after the patients
ended the last follow-up interval. The results were tabu-
lated and presented by descriptive statistics including
mean, standard deviation, and range (minimum and
maximum) values. In performing statistical analyses, data
from participants who discontinued treatment prematurely
(did not finish the full, 14-day treatment course), were also
included. Statistical analysis was performed using Statis-
tical Package for Social Sciences (SPSS vs 15.0, SPSS
Inc., Chicago, IL). Differences in baseline characteristics
between the placebo and agmatine sulfate-treated groups
were analyzed by chi-square tests for categorical data,
Fisher’s exact test or Pearson chi-square test. For con-
tinuous data analyses, we used repeated measures analy-
sis of variance (ANOVA) and 2-tailed paired t-test. To

Figure 1 A flowchart diagram of the trial time plan,
including: screening, randomization, treatment and
follow-up intervals.
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assess symptoms improvement, data were normalized by
plotting changes as the percent of pretreatment or base-
line values. Normalized data served for group compari-
sons and differences were analyzed by 2- and 1-tailed
paired t-test and by repeated measures ANOVA for multiple
time points. Correlations between changes in study mea-
sures were performed by Pearson correlation test. Differ-
ences were considered significant at P � 0.05.

Results

Safety and Tolerability

The population descriptors of the open-label study are
summarized in Table 2. Participants in this study were 34
men and women, 28–70 years of age diagnosed with
various lumbosacral degenerative pathologies associated
with radiculopathy lasting for various time intervals.

Agmatine sulfate was found to be safe by all measures
used. Clinical examinations and laboratory analyses of
blood samples revealed no abnormality in any parameter
studied in all participants of the trial. During the treat-
ment interval, only three participants reported mild-to-
moderate adverse effects (Table 2). One participant of
the 3rd cohort (3.560 g/day, for 10 days) and two of the
4th cohort (3.560 g/day, for 21 days) reported having
discomfort as a result of mild-to-moderate diarrhea and
nausea during treatment that began at 2–3 days and
disappeared upon cessation of treatment. The latter two
belonging to the 4th cohort discontinued the study. One
of them at 10 days after starting the treatment as a

result of the indicated adverse effect and the other dis-
continued after 7 days for personal reasons not related
to the reported adverse effects. Both participants who
discontinued remained under follow-up for the study
duration. None of the above three participants had any
other abnormality. In sum, only 2 of the 34 participants
failed to complete the study, one as a result of free will
discontinuation and the other as a result of mild-to-
moderate adverse effects (Table 2).

None of the participants reported any health-related abnor-
mality at any of the follow-up periods. Four participants
elected to undergo corrective surgery for their condition:
two participants, one from the 3rd and the other from the
4th cohort within 2 weeks after treatment termination, and
one of the 3rd cohort and one of the 4th, underwent surgery
2 and 3 months after treatment, respectively.

In this open-label study, only few of the participants chose
to use conventional treatments (e.g., NSAIDs and physio-
therapy) (Table 2) and these treatments had no apparent
effects on the outcomes. Effects of gender or age could
not be discerned because of small sample size.

Efficacy of Agmatine Sulfate

Participant Characteristics

The flowchart of recruitment to the RCT is illustrated in
Figure 2. Forty-six patients diagnosed with herniated
lumbar disc syndrome were recruited at Tel-Aviv Sourasky
Medical Center and 53 at Assaf Harofeh Medical Center.

Table 2 Patient demographic characteristics, clinical status and adverse effects in the open-label study

Category

Cohort

1st 2nd 3rd 4th

Number of participants (n): 5 5 12 12
Males 3 1 7 8
Females 2 4 5 4

Age (years)
Mean 54.2 52.2 52.3 52.6
Range 31–63 40–59 28–70 36–64

Participants with skeletal pathologies
Disc herniation 3 1 7 7
Disc degeneration 1 1
Spinal stenosis 1 1
Herniation + degeneration 1 1 1
Herniation + stenosis 1 3
Herniation + degeneration + stenosis 1 3

Mean symptom duration (weeks) 3.8 14 19.3 50.7
Concomitant treatment (no. of participants)

Medication (Nonsteroidal anti-inflammatory drugs) 3 1
Physiotherapy 2 1

Adverse effects (no. of participants) (Nausea and diarrhea) 1 2
Discontinuations—due to adverse effects 1
Free will discontinuations 1
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They were randomly assigned into the placebo (n = 48)
and agmatine (n = 51) groups, but eight participants in
the placebo and 11 in the agmatine group changed their
mind before receiving treatment and dropped off the study
(Figure 2). In the placebo-treated group, one participant
decided to discontinue treatment after the first day of
treatment and another one was lost to follow-up right after
treatment before data recording. Additionally, eight partici-
pants in the placebo and nine in the agmatine group were
excluded from analysis either as a result of unreliable data
entry (five in the placebo and three in the agmatine group)
or because they underwent surgery during the follow up
period (three in the placebo and six in the agmatine group)
(Figure 2). In total, 38 participants were excluded from
analysis because they either dropped off prior to any data
collection or because of unreliable data collection.

Only four participants in the agmatine as compared with
12 in the placebo group prematurely discontinued their
treatment (Figure 2) and most of them—three in the agma-
tine and 11 in the placebo group—received treatment for
at least 10 days of the 14-day course. One participant in
the agmatine group continued treatment for just 8 days
and one in the placebo group stopped taking treatment
after only 4 days. These participants, however, were
included in the data analysis (Figure 2). Treatment effects
were thus, assessed based on “as-treated” data analyses
with adjustments for missing and unreliable data and for
the confounding effects of surgery. Analysis was per-
formed on 30 participants in the placebo and 31 in the
agmatine arm.

Baseline Measures

No significant differences in baseline demographic param-
eters, pain measurements and health-related quality of life

were observed between the placebo and agmatine
groups (Table 3). The level of the pathological discs did not
differ significantly between the groups (Table 3) and
neither did the overall severity of disc pathology (results
not shown) as assessed by CT scans [56]. Patients found
it difficult to clearly distinguish between lower back and leg
pain; the majority described the pain as radiating from the
back into regions of the leg (Table 3). For this reasons, the
pain scores recorded in the present study refer to both
back and leg pain.

The baseline sensorimotor neurological deficits, however,
were more severe in the agmatine as compared with the
placebo-treated group (Table 3).

No adverse effects were noted during the course of the
trial. Throughout the trial, only two health-related discon-
tinuations were noted and they occurred in the placebo-
treated group. One participant felt depressed and the
other had difficulties in swallowing. Safety of the agmatine
regimen under study was studied as a secondary
outcome. None of the participants showed any agmatine
treatment-related abnormality as assessed by clinical
examinations and laboratory analyses.

Effects of Treatment

Table 4 shows the changes in primary outcomes—pain
severity and general health status—as percent of base-
line values. Symptoms improved with time in both
placebo and agmatine-treated groups, but improve-
ments were more pronounced in the agmatine-treated
group. Importantly, statistically significant enhanced
improvements in the agmatine-treated group as com-
pared with placebo were noted at the follow-up interval

Figure 2 A flowchart diagram
of the number of patients
recruited to the trial, including:
screening, enrolment, random-
ization, follow-up, and analysis.

350 – Initially Screened for Eligibility (Estimated)

80 –Ineligible (Estimated)
70 – Other spine pathologies 
10 – Other

270 – Eligible (Estimated)

171 – Refused to Participate (Estimated)

99 – Enrolled

48 – Assigned to Receive Placebo 51 – Assigned to Receive Agmatine

30 – Analyzed
Included in analysis:
11 – Discontinued treatment prematurely  
(between 4 and 10 days of  treatment):

1 – Felt depressed
10 – Nonhealth-related reasons

31 – Analyzed
Included in analysis:

4 – Discontinued treatment prematurely  
(between 8 and 10 days of  treatment) due 
to nonhealth-related reasons

8 – Excluded from analysis:
5 – Unreliable data
3 – Surgery:

1 – At 15-20 day follow-up
2 – At 45-50 day follow-up

9 – Excluded from analysis:
3 – Unreliable data
6 – Surgery:

2 – At 15-20 day follow-up
2 – At 45-50 day follow-up
2 – At 75-80 day follow-up

Randomized

11 – dropouts: Did not receive treatment due 
to participants’ change of mind

8 – dropouts: Did not receive treatment due
to participants’ change of mind

2 excluded: 1 – Lost to follow-up for noncompliance
1 – Difficulties in swallowing after 1st day
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immediately after treatment termination (15–20 days).
When expressed as percent improvement over baseline
values, the following differences were noted in pain mea-
sures (Table 4): visual analog scale—4.8% improvement
in placebo as compared with 25.0% in the agmatine
group (P = 0.033 by 2-tailed paired t-test) and McGill
Pain Questionnaire—7.1% improvement in placebo as
compared with 28.4% in the agmatine group (P = 0.032
by 2-tailed paired t-test). The range of differences in
general health status as assessed by SF-36 was
16–24% improvement in placebo as compared with

65.5–76.2% in the agmatine group (total score, and
physical dimension score, P = 0.013 and P = 0.008,
respectively, by 2-tailed paired t-test, and P � 0.05 by
repeated ANOVA; mental dimension score, P = 0.027 by
2-tailed paired t-test).

Overall, the observed improvements in pain measures are
significantly correlated with general health status as
assessed by SF-36 scores (negative r-values
range = -0.28 to -0.54; P values range = 0.03–0.0001).
This inverse relationship can be appreciated in Figure 3,

Table 3 RCT patient baseline demographic characteristics, clinical findings, general health status, and
symptoms severity

Category

Group

Placebo (n = 30) Agmatine (n = 31)

Age (years)* 44.8 � 13.8 44.1 � 12.7
Range 22–75 25–73

Gender*
Female 14 (46.7%) 13 (41.9%)
Male 16 (53.3%) 18 (58.1%)

BMI*† 25.4 � 3.5 27.2 � 5.6
Current smoking* 7 (25.9%) 6 (20.7%)
Symptom duration (weeks)* 7.9 � 4.5 11.7 � 15.4

Range 1–16 1–48
Herniation level*

L3–4 2 (6.7%) 3 (9.7%)
L4–5 13 (43.3%) 10 (32.3%)
L5–S1 14 (46.7%) 11 (35.5%)
L3–4 + L5–S1 2 (6.4%)
L4–5 + L5–S1 1 (3.3%) 5 (16.1%)

Herniation type*
Protrusion 2 (6.7%) 1 (3.2%)
Extrusion 27 (90.0%) 23 (74.2%)
Protrusion + extrusion 1 (3.3%) 7 (22.6%)

Pain location*
Back pain only 3 (10.0%) 1 (3.2%)
Back + leg pain 27 (90.0%) 30 (96.8%)

Pain measures*
Visual analog scale 6.5 � 2.3 6.9 � 2.1
McGill Pain Questionnaire 21.9 � 9.4 22.6 � 9.8
Oswestry Disability Index 28.2 � 8.2 25.7 � 11.9

Quality of life assessment–SF-36 score*
Total score 33.8 � 15.5 37.3 � 21.4
Physical health score 34.7 � 13.3 35.0 � 19.5
Mental health score 40.2 � 18.9 43.0 � 22.9

Neurological deficits‡

Sensory–unilateral decrease 7 (23.3%) 20 (64.5%)
Motor (force/reflex)–unilateral weakness 16 (53.3%) 25 (80.6%)

Results are the mean � SD values. In parentheses—the numbers of participants in any categorical parameter are expressed as the
percent of sample size.
* Nonsignificant between-group differences at P � 0.17.
† BMI values are calculated as kg/m2 (weight in kg divided by the square of height in meters).
‡ Significant between-group differences at P � 0.05.
BMI = body mass index.
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which illustrates post-treatment improvements in visual
analog scale and in SF-36 total score over time and the
significant between-group differences at the 15–20 days
follow-up interval.

Table 5 shows group differences in categorical
variables—sensorimotor neurological deficits and the
secondary outcome measures, treatments other than the
agmatine or placebo, and corrective surgery—between
the 14-day treatment interval and the full post-treatment
follow-up period. Significantly more participants with uni-
lateral sensory reduction (P = 0.002) and motor weak-
ness (P = 0.031) began treatment in the agmatine
group as compared with placebo. Importantly how-
ever, while the group difference in the sensory deficits
persisted following the treatment, the number of partici-
pants with motor weakness who took agmatine
decreased, but they remained unchanged in the placebo
group.

No group differences in secondary outcomes were
observed between the 14-day treatment interval and the
full post-treatment follow-up period. Thus, the number of
participants on pain medications: NSAIDs, opioid analge-
sics, or epidural steroid injection, those who used physical

therapy (including: physiotherapy and chiropractic
therapy), or those who underwent standard diskectomy
for corrective surgery, did not differ significantly between
the groups.

Discussion

Results of the present studies clearly indicate that dietary
agmatine sulfate can be considered safe for human use
when taken under the specified dose-range and duration.
The RCT study demonstrates that during the period
immediately after taking agmatine sulfate people suffering
from lumbar disc-associated radiculopathy undergo sig-
nificant improvement in their symptoms and in general
health-related quality of life as compared with those taking
placebo. Importantly, no significant side-effects were
observed with dietary agmatine sulfate.

Side Effects

Three participants reported discomfort as a result of mild-
to-moderate diarrhea and nausea that appeared 2–3 days
after taking the high dose (3.560 g/day) of agmatine
sulfate. These symptoms disappeared within 1–2 days
after treatment cessation. Only one participant, however,

Table 4 Changes in the RCT primary outcomes—pain severity and general health status—at the
specified follow-up time intervals

Measure (Baseline Scores)

Follow-up Interval (Percent of Baseline)

15–20 Day 45–50 Day 75–80 Day

Pain measurements†

Visual analog scale
Placebo (6.5 � 2.3) 95.2 � 49.3 69.0 � 47.3* 64.6 � 46.8*
Agmatine (6.9 � 2.1) 75.0 � 33.4*,** 59.7 � 42.1* 45.5 � 43.1*

McGill Pain Questionnaire
Placebo (21.9 � 9.4) 92.9 � 43.3 56.9 � 47.0* 55.6 � 48.0*
Agmatine (22.6 � 9.8) 71.6 � 31.6*,** 56.9 � 40.4* 49.5 � 67.2*

Oswestry Disability Index
Placebo (28.2 � 8.2) 78.6 � 29.7* 55.0 � 37.2* 51.5 � 38.2*
Agmatine (25.7 � 11.9) 72.0 � 26.5* 61.9 � 36.6* 43.4 � 38.4*

General health status‡

SF-36 total score
Placebo (33.8 � 15.5) 124.0 � 38.0* 181.0 � 95.7* 195.4 � 101.9*
Agmatine (37.3 � 21.4) 176.2 � 105.2*,*** 192.6 � 120.1* 227.2 � 134.1*

SF-36 Physical Health Score
Placebo (34.7 � 13.3) 116.4 � 40.1* 167.4 � 81.8* 176.0 � 69.0*
Agmatine (35.0 � 19.5) 167.9 � 95.2*,*** 194.5 � 118.9* 223.4 � 117.4*,**

SF-36 Mental Health Score
Placebo (40.2 � 18.9) 124.0 � 44.8* 171.9 � 116.6* 173.0 � 85.4*
Agmatine (43.0 � 22.9) 165.5 � 90.0*,** 174.4 � 97.5* 195.1 � 106.5*

Results are the mean � SD values expressed as percent of baseline values (shown in parenthesis).
* Significant as compared with baseline values P � 0.05; ** Significant between-group differences at (2-tailed paired t-test,
P � 0.05); *** Significant between-group differences (by 2-tailed paired t-test, P � 0.05 and by repeated ANOVA, P � 0.05).
† Lower score indicates less severe symptoms.
‡ Higher score indicates less severe symptoms.
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chose to discontinue for that reason. None of the affected
participants required any treatment related to the side-
effects. These mild side-effects were initially predicted for
two reasons: One, sulfate salts (e.g., magnesium sulfate
[Epsom salt] and sodium sulfate [Glauber’s salt]) are long
known to stimulate peristaltic action and are used thera-
peutically as purgative or cathartic agents; and two,
guanidine group-containing dietary ingredients, arginine
and creatine, are also known to cause mild diarrhea and
nausea at high doses. Additionally, these mild side effects
were expected based on previous experience with a
group of nine people, who elected, on their own
cognizance, to take agmatine sulfate on a continuous
basis for a year (beginning October–November 2005).
Three individuals developed transient mild diarrhea and
gas which began 1–3 days after treatment initiation and
subsided within several days thereafter.

Disease Characteristics and Relevance to
the RCT Design

The natural history of herniated lumbar disc causing nerve
root compression is in general very favorable, with up to
70–80% of patients showing relief of pain symptoms
within 6–12 weeks while in the rest, symptoms usually
subside gradually and only a small portion still suffer
symptoms after 1 year [3,4]. This is because most herni-
ated lumbar disc or disc protrusions resolve spontane-
ously with time [57]. Recent studies further indicate that

the general favorable history of the long-term symptom
improvement with conservative treatment may be compa-
rable to the outcome of corrective surgery [58–60];
however, this is controversial ([61] and may not persist
over extended periods of years [62]). Conservative treat-
ment consists of light exercise, physiotherapy, and/or
NSAIDs medication, but opioids analgesics are often pre-
scribed. Still, the associated pain is often not responsive
to those treatments and remains a major reason for
patient complaints and thus, an unmet clinical and health-
related issue [6].

The study objective was to test the hypothesis that there
was no difference between placebo and agmatine sulfate
treatment with respect to pain and disability in patients
with lumbar disc-associated radiculopathy. This is not a
completely homogeneous syndrome with respect to the
degree of pain and sensorimotor dysfunction, the clinical
course and treatment response [63]. Additionally, the rela-
tionship between pain and herniated disc location (i.e.,
central, posterolateral, foraminal, or far lateral) and mor-
phological features (i.e., protrusion, extrusion, or seques-
tration) is also uncertain [64]. The hypothesis is,
nevertheless, justified when comparisons are made
between sufficiently large groups with comparable base-
line measures, as is the case of the present study.

Three disadvantageous factors are inherent in the present
study design. A) The spontaneous recovery peculiar to
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symptomatic herniated lumbar discs by endogenous
repair mechanisms (e.g., resorption, receding inflamma-
tion and reducing local edema), which occurs in the major-
ity of patients within 3 months with conservative treatment
[5]. This is probably the reason for symptoms improve-
ment over time in both the placebo and agmatine sulfate-
treated groups (but note also factor C below). B) During
the study, participants were allowed any concomitant con-
servative treatment, including NSAIDs, opioid analgesics,
and epidural steroid injection as pain reducing medica-
tions. C) The large placebo effect in sciatica and other
degenerative neurological disorders may exceed 30%,
thus effectively reducing experimental treatment effect,
but underlies the absolute requirement for placebo control
studies [65,66]. Yet in spite of these confounding factors,
the demonstration of agmatine sulfate efficacy in exerting
a significantly more pronounced relief of symptoms for the
period lasting few days after treatment termination is
exceptional.

A comment is in order about the participant withdrawal
rate from the study. While eight participants assigned to

the placebo and 11 to the agmatine group withdrew prior
to receiving any treatment, 10 and 9 participants of the
placebo and agmatine groups, respectively, were
excluded after beginning treatment. This latter numbers
constitute about 20% of the initial recruitment (48 in the
placebo and 51 in the agmatine group) and may be asso-
ciated with bias. A follow-up study with a larger number of
participants will validate the present findings and resolve
these issues.

Postulated Mechanisms of Action

Ample preclinical evidence indicates that ingested agma-
tine sulfate can be absorbed and modulate multiple
molecular targets in the body [67]. These include key
neurotransmitter receptors, ionic channels, NO synthesis,
cell signaling pathways, and AGE-product formation
[30–43,45,49,50]. These molecular mechanisms underlie
both neuroprotective and pain-reducing effects of agma-
tine sulfate [22–30,68–70]. They may also be the under-
lying mode of action for the observed beneficial effects of

Table 5 Differences between the placebo and agmatine groups in the number of participants with
sensorimotor neurological deficits or those who received other treatments or undergone corrective
surgery—between the 14-day treatment interval and the full post-treatment follow-up period

Category

Number of Participants

During Treatment Post-Treatment

Neurological deficits
Sensory–unilateral decrease

Placebo 7 (23.3%) 8 (26.7%)
Agmatine 20 (64.5%)** 17 (54.8%)**

Motor (force/reflex)–unilateral weakness
Placebo 16 (53.3%) 16 (53.3%)
Agmatine 25 (80.6%)** 20 (64.5%)

Other treatments
Medications*

Nonsteroidal anti-inflammatory drugs
Placebo 15 (50.0%) 15 (50.0%)
Agmatine 11 (35.5%) 9 (29.0%)

Opioid analgesics
Placebo 0 0
Agmatine 2 (6.5%) 1 (3.2%)

Epidural steroid injection
Placebo 1 (3.3%) 1 (3.3%)
Agmatine 0 1 (3.2%)

Physical therapy (including: physiotherapy, chiropractic therapy)*
Placebo 13 (43.3%) 14 (46.7%)
Agmatine 7 (22.2%) 8 (25.8%)

Surgery (standard diskectomy)*
Placebo 0 2 (6.7%)
Agmatine 0 4 (12.9%)

Results in parentheses, are the numbers of participants expressed as percent of sample size.
* Nonsignificant between-group differences at P � 0.11.
** Significant between-group differences at P � 0.05.
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agmatine in those with herniated lumbar disc-associated
radiculopathy.

Future Indications

The improvement of symptoms was more pronounced in
the agmatine sulfate-treated as compared with the
placebo cohort, but differences achieved statistical signifi-
cance only during the follow-up interval immediately after
treatment cessation (15–20 day follow-up interval) and
dissipated at later follow up intervals. This suggests that
the treatment accelerated the recovery process (see
Figure 3). Treatment duration longer than the 14 day
regimen currently studied, might improve the outcome
further. Clearly this would be the goal of a follow-up study
focusing particularly on the effects of agmatine sulfate on
the speed of rehabilitation and long-term disability.
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