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Abstract

AIM: To assess clinical and endoscopic response to
propionyl-L-carnitine hydrochloride (PLC) in colonic in-
flammatory bowel disease.

METHODS: Patients suffering from mild to moderate
ulcerative colitis (UC) or Crohn’s disease (CD) colitis,
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with disease activity index (DAI) between 3 and 10
and under stable therapy with oral aminosalicylates,
mercaptopurine or azathioprine, for at least 8 wk prior
to baseline assessments, were considered suitable for
enrollment. Fourteen patients were enrolled to assume
PLC 2 g/d (two active tablets twice daily) orally. Clini-
cal-endoscopic and histological activity were assessed
by DAI and histological index (HI), respectively, follow-
ing a colonoscopy performed immediately before and
after 4 wk treatment. Clinical response was defined as
a lowering of at least 3 points in DAI and clinical re-
mission as a DAI score < 2. Histological response was
defined as an improvement of HI of at least 1 point.
We used median values for the analysis. Differences
pre- and post-treatment were analyzed by Wilcoxon
signed rank test.

RESULTS: All patients enrolled completed the study.
One patient, despite medical advice, took deflazacort
5 d before follow-up colonoscopy examination. No side
effects were reported by patients during the trial. After
treatment, 71% (SE 12%) of patients achieved clinical
response, while 64% (SE 13%) obtained remission.
Separating UC from CD patients, we observed a clinical
response in 60% (SE 16%) and 100%, respectively.
Furthermore 60% (SE 16%) of UC patients and 75%
(SE 25%) of CD patients were in clinical remission
after therapy. The median DAI was 7 [interquartile
range (IQR): 4-8] before treatment and decreased
to 2 (IQR: 1-3) (P < 0.01) after treatment. Only pa-
tients with UC showed a significant reduction of DAI,
from a median 6.5 (IQR: 4-9) before treatment to 2
(IQR: 1-3) after treatment (P < 0.01). Conversely, in
CD patients, although displaying a clear reduction of
DAI from 7 (IQR: 5.5-7.5) before therapy to 1.5 (IQR:
0.5-2.5) after therapy, differences observed were not
significant (P = 0.06). Seventy-nine percent (SE 11%)
of patients showed improvement of HI of at least 1
point, while only one CD and two UC patients showed
HI stability; none showed HI worsening. Median HI
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decreased from 1 (IQR: 1-2), to 0.5 (IQR: 0-1) at the
endoscopic control in the whole population (P < 0.01),
while it changed from 1 (IQR: 1-2) to 0.5 (IQR: 0-1)
in UC patients (P < 0.01) and from 1.5 (IQR: 1-2) to
0.5 (IQR: 0-1) in CD patients (P = not significant). The
two sample tests of proportions showed no significant
differences in clinical and histological response or in
clinical remission between UC and CD patients. No
side effects were reported during treatment or at 4 wk
follow-up visit.

CONCLUSION: PLC improves endoscopic and histologi-
cal activity of mild to moderate UC. Further studies are
required to evaluate PLC efficacy in colonic CD patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Inflammatory bowel diseases (IBDs) are idiopathic,
immune-mediated and multifactorial diseases, including
Crohn’s disease (CD) and ulcerative colitis (UC)". IBD
pathogenesis has not been definitely clarified and UC and
CD are considered complex diseases of unknown etiol-
ogy, in which genetic and environmental factors force an
abnormal intestinal mucosa immune reaction towards
food and bacterial antigens[w. Regardless of the main
and unknown cause, several mechanisms sustain chronic
inflammation and the vicious circle in IBD. Among those
factors, energy deficiency”™” and peroxidative damage[s’m
of colonocytes play a pivotal role in IBD pathogenesis.
Propionyl-L-carnitine hydrochloride (PLC) is the
(R)-3-(1oxo-propoxy)-4-(N,N,N-trimethyl amonium
chloride) butanoic acid. It is a natural derivative of
L-carnitine, produced in the body by the carnitine-acet-
yltransferase-mediated reaction between propionyl-CoA
and L-carnitine. Physiologically, L-carnitine has an im-
portant role in energy regulation, taking part in fatty acid
-oxidation and glucose metabolism, and it has been
used as a therapeutic option in conditions characterized
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by decreased ATP levels, such as heatt failure and isch-
emia”. Moreover, PLC acts as an antioxidant molecule,
reducing the lipid peroxidation in coronary endothelial
cells""™™. Furthermore, PLC is a carrier of propionate
moiety, which enters the Kreb’s cycle, once transformed
in succinate, contributing to energetic sources of the
cell". Finally, PL.C has been used for the therapy of cu-
taneous trophic ulcers!"™.

Based on these results, a similar effect of PLC in co-
lonic IBD has been supposed; a condition characterized
by peroxidative damage, energy impairment, ulcers and
abnormal epithelial function of colonocytes. Beyond in-
triguing pathogenic considerations, the effect of PLC on
IBD and in particular on UC patients, has been recently
addressed by a positive phase 11 trial"™ on mild to mod-
erate UC patients.

Carnitine transport deficiency could also play a role
in CD pathogenesis, as suggested by genetic studies,
showing mutations in genes coding for carnitine trans-
porters, OCTNT (SLC22A44) and OCTN2 (SL.C22A45),
in CD patientsm]. Furthermore, in 2 murine model with
loss-of-function mutation in the OCTINZ gene, the defect
in carnitine transporter function in intestinal epithelial
cells leads to atrophy of the small intestine and colon,
and subsequent onset of inflammation™” .

Based on these considerations, in this proof-of-con-
cept pilot study, we investigated the efficacy of PLC not
only in UC, but also in colonic CD patients.

MATERIALS AND METHODS

This was a prospective, single center, open label, proof-
of-concept pilot study on 14 patients, to investigate the
efficacy of PLC (ST 261) colon release tablets at the
dosage of 2 g/d in patients affected by mild to moderate
colonic IBD, with stable oral treatment.

The protocol was approved by the Ethics Commit-
tee of “A. Gemelli” Hospital, Rome, Italy. The trial was
conducted according to the Helsinki Declaration and the
Good Clinical Practice Guidelines adopted by the Euro-
pean Medicines Agency in 1996. Every patient signed a
written informed consent.

Study endpoints

Primary endpoint of the study was to evaluate the
percentage of patients displaying clinical/endoscopic
response following 4 wk of stable therapy, defined as a
lowering of the disease activity index (DAI score, Table 1)
of at least 3 points upon the baseline. Percentage of pa-
tients reaching clinical remission, defined by a DAI score
< 2 with no individual subscore > 1, was also evaluated.
As secondary endpoint, histological response to the
treatment was assessed, defined as an improvement of
the histological index (HI) of at least 1 point at the end
of the study compared to baseline.

Inclusion and exclusion criteria
Patients suitable for the enrollment met all the following
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Physician’s overall

Mucosal Rectal
Stool frequency e bleeding assessment c.>f
disease severity

0 Normal number Normal None Normal

of stools for the

patient
1 1-2stools/d more Mild friability Streaks of Mild

than normal blood
2 3-4stools/d more Moderate fri- Obvious Moderate

than normal ability blood

3 5ormore stools/d Exudation, Mostly blood Severe
more than normal spontaneous

bleeding

Score subtotal on the left column.

inclusion criteria: age between 16 and 80 years; if female,
not pregnant or nursing; for women of childbearing
potential, willingness to avoid a pregnancy during the
treatment period and for at least 1 mo from the last dose
of drug; availability of pancolonoscopy and histology
both confirming the diagnosis of active inflammatory
bowel disease; DAI between 3 and 10 (mild to moderate
disease); under stable therapy with oral aminosalicylates
(mesalazine, balsalazide, olsalazine or sulfasalazine for =
8 wk prior to baseline assessments), mercaptoputine or
azathioprine for = 8 wk prior to baseline assessments.

The exclusion criteria were: first diagnosis of IBD;
known CD of the small intestine or of other sites rather
than the colon; current or previous (in the past 30 d be-
fore the screening) use of systemic corticosteroids; use
of antibiotics in the past 7 d before the screening; use
of NSAIDs in the past 7 d preceding screening; positive
stool culture (when performed, according to investigator’
s judgment, to assess possible parasitological infection);
significantly impaired liver, renal, pulmonary or cardio-
vascular function; history of total colon resection; active
or chronic infection.

Study design
During a screening phase of 2 wk, each patient was
clinically evaluated and underwent colonoscopy with bi-
opsy sampling for histology, to assess HI and DAI score.
Clinical/endoscopic evaluation was performed using
DAL, a validated index"” for UC patients, whose criteria
are reported on Table 1. In this trial, we also used DAI
to assess Crohn’s colitis. In agreement with its use in
other clinical trials, 2 DAT score of 3-10 was considered
evidence of a mild (3-6) to moderate (7-10) disease"”.
After the enrollment, patients were administered with
two PLC colon release 500 mg tablets twice daily (1 h
before breakfast and 1 h before dinner) for a total daily
dose of 2 g, for 4 wk. After 4 wk of treatment, at a con-
trol visit, each patient underwent colonoscopy with bi-
opsy sampling for histology and clinical evaluation with
assessment of HI and DAI score. After 4 wk since the
last visit, a follow-up visit was performed to assess safety
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of the treatment.

To assess safety and tolerability, vital signs, physical
examinations, electrocardiograms and laboratory tests
were registered at each visit (at the enrollment and after
4 and 8 wk).

Histological score

All histological scores were calculated by a single expert
pathologist, following histological criteria described in
Mikhailova e a/'™ and modified from Truelove e al”".
Briefly, inflammation was classified as grade O: if indis-
tinguishable from normal intestinal mucosa or, where
structural features of UC were present, there were no
polymorphs in the crypt epithelium; grade 1: if there
was an increased number of leukocytes in the lamina
propria and initial infiltration of crypt epithelium, but no
abscesses or epithelial erosions were present; grade 2: if
crypt abscesses (mandatory) and erosive foci, but no ul-
cerative lesions, were detected; and grade 3: if ulcerative
lesions were clearly evident. The same score was also
used to classify colonic CD. Lowering of HI by at least 1
point was considered as histological response.

Statistical analysis

Statistical analysis was performed by using IC STATA
Release 12.0 for MAC. Data were reported as absolute
numbers, percentage, median and interquartile ranges
(IQRs), as specified. Mann-Whitney test was used to
compare UC and CD patients. Differences were analyzed
by Wilcoxon signed rank test, while the proportion of
binary variables (clinical or histological response/clinical
remission) between UC and CD patients was evaluated
by a two-sample test of proportions. P < 0.05 was con-
sidered statistically significant. We used median values
for the analysis, because of the small number of patients
enrolled, and we preferred nonparametric tests.

RESULTS

Fourteen patients were enrolled. The mean age, female/
male ratio and demographics are indicated in Table 2.
With regard to therapy, six patients were treated with
mesalamine 2.4 g/d; three with azathioprine at 2 mg/kg;
and one with 7.5 mg/d deflazacort, starting 5 d before
follow-up colonoscopy, despite medical advice to the
contrary; the remaining four patients did not receive any
treatment. CD patients were overall younger than UC
patients and they were all male, but they were compa-
rable to UC patients in term of DAI and HI at the time
of enrollment. However, no significant differences were
detected between UC and CD patients in term of demo-
graphic data.

Efficacy of PLC on clinical/fendoscopic disease activity

After treatment, 71% (SE 12%) and 64% (SE 13%) of
patients achieved a clinical response, or obtained re-
mission, respectively. Separating UC patients from CD
patients, we observed a clinical response after therapy
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Patients features All uc CcD
No. of patients 14 10 4
Sex (F/M) 5/9 5/5 0/4
Age (yr), mean + SD 494+177 549+175347+7.6
Disease duration at enrollment (yr), 48+31 49431 45+37
mean + SD
Diagnosis

Pancolitis 8 - -

Distal colitis 2 - -

Colonic CD 4 - -
DALI at time of enrollment, median + SE 7+4 6.5+5 7+2
DAL after the treatment, median + SE 2+2 2+2 15+£2
HI at time of enrollment, median + SE 1+£1 1+£1 15+1
HI after the treatment, median + SE 05+1 05+1 05+1
DALI at time of enrollment, mean + SD 6.6+24 66+27 65%1.7
DALI after treatment, mean + SD 19+15 20+16 15+13
HI at time of enrollment, mean + SD 14+05 14+05 15+0.6
HI after treatment, mean + SD 05+05 05+05 05+0.6
Time between 1st and 2nd colonoscopy 4.7 +4 51+46 3+28
(wk), mean + SD
Other therapy ()

Mesalazine 6 5 1

AZA 3 1 2

Deflazacort 1 1 0

No other therapy 4 3 1

AZA: Azathioprine; F: Female; M: Male; UC: Ulcerative colitis; CD: Crohn’s
disease; DAI: Disease activity index; HI: Histological index.
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Before treatment After treatment

Figure 1 Disease activity index before and after treatment in all patients.
In the left part of the graph, there are disease activity index (DAI) values for ev-
ery patient affected by ulcerative colitis or Crohn's disease at enrollment. In the
right part of the graph, there are DAl values for every patient after treatment.

in 60% (SE 16%) of UC patients and in 100% of CD
patients; furthermore 60% (SE 16%) of UC patients and
75% (SE 25%) of CD patients were in clinical remission
after therapy. The median DAI was 7 (IQR: 4-8) before
treatment and decreased to 2 (IQR: 1-3) (P < 0.01) af-
ter treatment (Table 2 for mean values and Figure 1 for
details). Stratifying by disease, only patients with UC
showed a significant reduction of DAI, from a median
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Figure 2 Disease activity index in patients affected by ulcerative colitis
and Crohn’s disease. A: The dark grey columns show disease activity index
(DAI) values before treatment, while the light grey columns show DAI values
after treatment in patients with ulcerative colitis; B: The dark grey columns show
DAl values before treatment, while the light grey columns show DAl values after
treatment in patients with Crohn’s disease.

value of 6.5 (IQR: 4-9) before treatment to a median
value of 2 (IQR: 1-3) (P < 0.01) after treatment (Figure
2A). Conversely, in CD patients, although displaying
a clear reduction of DAI from 7 (IQR: 5.57-5) before
therapy to 1.5 IQR: 0.5-2.5) after therapy, differences
observed were not significant (P = 0.06) (Figure 2B).

Efficacy of PLC on ameliorating HI

Opverall, 79% (SE 11%) of patients showed an improve-
ment in HI of at least 1 point, while only one CD and
two UC patients showed HI stability; none showed HI
worsening (Figure 3). Median HI decreased from 1 IQR:
1-2), to 0.5 (IQR: 0-1) at the endoscopic control in the
whole population (P < 0.01), while it changed from 1
(IQR: 1-2) to 0.5 (IQR: 0-1) in UC patients (P < 0.01)
(Figure 4A) and from 1.5 (IQR: 1-2) to 0.5 (IQR: 0-1)
in CD patients (P = not significant) (Figure 4B). The
two-sample tests of proportions showed no significant
differences in clinical/histological responses or clinical
remissions between UC and CD patients.

Safety

No side effects were reported during treatment or at 4
wk follow-up visit.
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Figure 3 Histological samples before and after therapy. A: Biopsy speci-
men showing crypt abscess and perycriptitis (histological grade 2); B: Biopsy
specimen morphologically indistinguishable from normal intestinal mucosa (his-
tological grade 0).

DISCUSSION

We enrolled 14 patients who were under stable oral
therapy, without a complete control of symptoms and
with evidence of endoscopic/histological disease. Thera-
peutic options sustained by strong clinical data for these
patients are nowadays particularly limited.

Each patient underwent colonoscopy with biopsy
sampling for histology and clinical evaluation with calcu-
lation of DAI score before starting treatment and repeat-
ed the same evaluation after 4 wk of therapy with PLC (ST
261) colon release tablets at a dose of 2 g/d. Following
active treatment, the majority of them displayed a clear
clinical improvement (70% of patients achieved clinical
response) and 79% of patients presented with histologi-
cal improvement. Our study confirmed the good clinical
efficacy of PLC, in contrast to other studies using only
SCFA or butyrate enemas in patients with more severe
forms of UC*™!, Our results confirmed preclinical data
showing the efficacy of PLC in reducing the damaged
colon atea in acute and chronic models of murine colitis.
In humans, PLC given intrarectally shows good results
in improving clinical and histological activity in patients
suffering from UC*. Oral formulation of PLC is more
agreeable for patients, and probably improves patient
compliance with therapy.

Our single center study confirms the results from a
multicentre phase I, double-blind, parallel-group trial
by Mikhailova e a/'” in patients suffering from UC. That
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Figure 4 Histological index in patients affected by ulcerative colitis and
Crohn’s disease. A: The dark grey columns show histological index (HI) values
before treatment, while the light grey columns show Hl values after treatment
in patients with ulcerative colitis; B: The dark grey columns show HI values
before treatment, while the light grey columns show HI values after treatment in
patients with Crohn’s disease.

trial showed a clinical/endoscopic response rate of 75%
in patients exposed to PLC 1 g/d and a response rate
of 69% in patients exposed to PLC 2 g/, with remission
rates of 55%, 49% and 35% respectively for PLC 1 g, 2 ¢
and placebo groups. Histological responses rates were
40%, 33% and 35%, respectively. Histological assess-
ment, however, was not significantly different among the
groups. We showed a similar clinical/endoscopic remis-
sion rate and, moreover, a higher histological response
rate after therapy. Furthermore, we also investigated the
efficacy of PLC in CD patients, who showed a signifi-
cant clinical/endoscopic response.

Nevertheless, our study had several limitations. This
was an open label study, without a placebo group. Fur-
thermore, one patient, considered in the final analysis,
took 7.5 mg/d deflazacort for 5 d, despite medical ad-
vice, just before the follow-up endoscopy evaluation.
This particular patient had UC, but was still considered
for the final analysis because we did not consider this
duration and dose of deflazacort to affect clinical and
histological outcome significantly, for the purpose of
our study. Furthermore, our patients, as happens fre-
quently in clinical practice, were receiving concomitant
therapy with mesalamine and/or azathioprine. The lim-
ited number of patients did not permit a stratification
based on use of concomitant medication. However, we
can exclude that the clinical response and remission in
these patients were dependent on other therapy, which
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remained unchanged for at least 2 mo before enrollment
and throughout the study. Patients enrolled in this study
were a mixed population of UC and colonic CD pa-
tients. One can argue that these different diseases would
lead to nonhomogenous results among subgroups and
potentially different responses, but the number of pa-
tients enrolled was too small to allow subgroup analysis.
Therefore, with our data, we cannot make conclusions
about different responses to treatment in UC and co-
lonic CD.

However, based on the supposed mechanisms of
action of this drug, we expected a response in both UC
and CD. In fact colonocytes from UC and colonic CD
patients, showing defect in carnitine functions, would
probably both benefit from PLC therapy.

Compared with the study of Sandborn ez al”" | the
present trial suggests a possible role of this drug in co-
lonic CD patients, even if our results in these patients
did not reach statistical significance; probably because
of the small number of patients. Nevertheless, the clini-
cal response in CD patients was good and, despite the
limitation of the absence of a placebo arm, it can be at-
gued that it was higher than expected from the response
to a placebo arm, as based on the literature. For this
reason, this proof-of-concept pilot study lays the foun-
dations for future studies on the use of PLC in colonic
CD patients.

In conclusion, PLC (ST 261) colon release tablets at
a dose of 2 g/d were effective in inducing clinical and
endoscopic/histological improvement in mild to moder-
ate colonic IBD. Other studies are required to define the
real efficacy and the correct therapeutic dosage of this
promising drug for both colonic forms of IBD, and spe-
cially to evaluate its efficacy in CD patients.

ACKNOWLEDGMENTS

In memory of Dr. Claudio Cavazza, for his love for re-

search and for having believed in this project.

COMMENTS

Background

There are few options in inflammatory bowel disease (IBD) therapy, mainly
because pathogenetic mechanisms of these diseases are still unclear. Several
components could play a role in IBD pathogenesis, including peroxidative
damage, energy impairment and abnormal epithelial function on colonocytes.
Propionyl-L-carnitine hydrochloride (PLC) modulation of these impaired func-
tions could be useful in IBD therapy.

Research frontiers

PLC has demonstrated efficacy in reducing clinical and endoscopic disease
activity in patients suffering from ulcerative colitis (UC), but only a few studies
have investigated its use. Based on its mechanism of action, this drug could be
effective also in patients affected by Crohn’s disease (CD), but no clinical trials
have assessed the efficacy of this drug in CD.

Innovations and breakthroughs

This is one of the first studies to investigate the use of PLC in patients suffering
from UC and CD. The data suggest that this drug demonstrates efficacy and
safety in both conditions.

Applications

With regard to UC, these data are in accordance with previous findings emerg-
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ing from a multicenter, double-blind, placebo-controlled clinical trial. Further-
more, they suggest a possible use of this drug also in CD colitis and, even if
few patients have been treated, this proof-of-concept study lays the foundations
for future wider clinical trials.

Terminology

PLC has an important role in energy regulation, taking part in fatty acid
[3-oxidation and glucose metabolism. Moreover, PLC acts as an antioxidant
molecule and it is a carrier of propionate moiety, which enters the Kreb’s cycle,
once transformed in succinate, contributing to energy sources in the cell. Fi-
nally, PLC has shown efficacy in treatment of cutaneous trophic ulcers.

Peer review

This is an interesting and important study that provides clinical evidence of the
benefit of this novel therapy in patients with colitis. The topic is hot and of great
clinical importance and these promising data would support further clinical as-
sessment of this agent.
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