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Abstract

We systematically reviewed the clinical trials which
recruited antioxidants in the therapy of pancreatitis and
evaluated whether antioxidants improve the outcome
of patients with pancreatitis. Electronic bibliographic
databases were searched for any studies which
investigated the use of antioxidants in the management
of acute pancreatitis (AP) or chronic pancreatitis (CP)
and in the prevention of post-endoscopic retrograde
cholangio-pancreatography (post-ERCP) pancreatitis
(PEP) up to February 2009. Twenty-two randomized,
placebo-controlled, clinical trials met our criteria and
were included in the review. Except for a cocktail of
antioxidants which showed improvement in outcomes
in three different clinical trials, the results of the
administration of other antioxidants in both AP and
CP clinical trials were incongruent and heterogeneous.

Furthermore, antioxidant therapy including allopurinol
and N-acetylcysteine failed to prevent the onset of
PEP in almost all trials. In conclusion, the present data
do not support a benefit of antioxidant therapy alone
or in combination with conventional therapy in the
management of AP, CP or PEP. Further double blind,
randomized, placebo-controlled clinical trials with large
sample size need to be conducted.
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INTRODUCTION

Pancreatitis, both chronic and acute, contributes to thou-
sands of annual hospital admissions and consecutive
complications'. Acute pancreatitis (AP), an acute in-
flammatory condition, is thought to be due to activation
of enzymes in the pancreatic acinar cells, with inflam-
mation spreading into the surrounding tissues”. Patients
with AP were either treated with strict bowel rest or giv-
en parenteral nutrition to allow the pancreas to rest until
the serum enzyme levels returned to normal®. Chronic
pancreatitis (CP) is a progressive inflammatory disorder
that is characterized by recurrent episodes of severe
abdominal pain. Affected patients typically suffer years
of disabling pain, and conventional therapeutic interven-
tions are often unable to offer satisfactory analgesiaw.
Oxidative stress caused by short lived intracellular
reactive oxygen and nitrogen species, can oxidize lipids in
the cell membrane, proteins, depolarize the mitochondrial
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membrane, and induce DNA fragmentation. Active free
radicals in the body can be produced during diseases or
exposure to xenobiotics™.

Basic and clinical evidence suggests that the pathogen-
esis of both AP and CP can be associated with oxidative
stress seeming independent of the etiology of pancreati-
tis, because oxidative stress is observed in different ex-
perimental pancreatitis models™. Findings show that free
radical activity and oxidative stress indices such as lipid
peroxide levels are higher in the blood and duodenal juice
of patients with AP or cp.

Based on the mentioned findings, the idea of using
antioxidant regimens in the management of both
AP and CP as a supplement and complementary in
combination with its traditional therapy is rational and
reasonable. As a result of this hypothesis, antioxidant
therapy should improve the inflammatory process that
is involved in pancreatitis and therefore ameliorate the
recovery rate.

In addition, pancreatitis is the most common serious
complication of endoscopic retrograde cholangio-
pancreatography (ERCP), occurring in 1%-7% of
cases''. Although, the exact mechanisms involved in the
pathophysiology of post-ERCP pancreatitis (PEP) are
not clear, the role of oxidative stress cannot be neglected.
Therefore, the use of antioxidants before, during or after
this intervention has already been studied in a few clinical
trials! >, Although some clinical trials have proved the
benefits of using various antioxidants in AP or CP, there
are still controversies"”.

To our knowledge, there is no definite consensus on
the benefits of antioxidant therapy in the management
of AP or CP. Our objective was to systematically review
and summarize the literature on antioxidant therapies for
AP and CP as well as PEP, to provide recommendations
for future research.

METHODS

PubMed, Scopus, Google Scholar, Cochrane library
database, and Evidence based medicine reviews were
searched for any relevant studies that investigated the
use of antioxidants in the management of AP or CP and
in the prevention of PEP up to February 2009. We also
hand-searched references in key articles. The search terms
were: AP or CP, pancreatic inflammation, antioxidant,
vitamin, superoxide dismutase, manganese, glutamine,
butylated hydroxyanisole, taurine, glutathione, curcumin,
catalase, peroxidase, lutein, xanthophylls, zeaxanthin,
selenium, riboflavin, zinc, carotenoid, cobalamin, retinol,
alpha-tocopherol, ascorbic acid, beta-carotene, carotene
and all MeSH terms for pharmacologically active
antioxidants. Studies were limited to clinical trials and
those written in the English language.

To assess the quality of clinical trials, we employed
the Jadad score, a previously validated instrument that
assesses trials based on appropriate randomization,
blinding, and description of study withdrawals or
dropoutsm. The description of this score is as follows: (1)
whether randomized (yes = 1 point, no = 0); (2) whether

randomization was described appropriately (yes = 1
point, no = 0); (3) double-blind (yes = 1 point, no = 0); (4)
was the double-blinding described appropriately (yes =
1 point, no = 0); (5) whether withdrawals and dropouts
were described (yes = 1 point, no = 0). The quality score
ranges from 0 to 5 points; a low-quality report score is
< 2 and a high-quality report score is at least 3.

Data synthesis was conducted by three reviewers
who read the title and abstract of the search results
separately to eliminate duplicates, reviews, case studies, and
uncontrolled trials. The inclusion criteria were that the
studies should be clinical trials which used an antioxidant
for the treatment or prevention of pancreatitis. Outcomes
of the studies were not the point of selection and all
studies that analyzed the effects of an antioxidant on

pancreatitis, from pain reduction'”

to changes in plasma
cytokines, were included.

Data from selected studies were extracted in the
form of 2 X 2 tables. All included studies were weighted
and pooled. The data were analyzed using Statsdirect
(2.7.3). Relative risk (RR) and 95% confidence intervals
(95% CI) were calculated using the Mantel-Haenszel
and DerSimonian-Laird methods. The Cochran O test
was used to test heterogeneity. The event rate in the
experimental (intervention) group against the event rate
in the control group was calculated using I.’Abbe plot as
an aid to explore the heterogeneity of effect estimates.
Funnel plot analysis was used as a publication bias
indicator.

RESULTS AND DISCUSSION

A total of 211 potentially relevant papers were identified,
of which 22 papers were eligible!™'**", Amongst the 22
papers, 19 (86%) scored 3 and only three studies' !
scored 2 or lower according to the Jadad score. Table 1
presents controlled clinical trials of antioxidants in patients
with AP or CP. Trials that used antioxidants to prevent PEP
are summarized in Table 2. To perform a meta-analysis
we included only four studies in which allopurinol was
used in PEP.

Antioxidants in AP and CP
Glutamine: Glutamine is the most abundant amino
acid both in plasma and in the intracellular free amino
acid pool. It is essential for a wide variety of physiologic
processes, in particular, the growth and function of
immune cells including lymphocytes and macrophagesm.
Glutamine is normally synthesized de novo by a number
of cells and therefore is not an essential amino acid.
Although glutamine is an antioxidant, in conditions of
excess glutamine utilization such as sepsis, trauma, major
surgery or severe AP, endogenous glutamine production
may not be adequate and glutamine depletion occurs,
In four studies!”'****) glutamine was supplemented
to standard total parenteral nutrition (TPN) in AP patients.
In one randomized controlled study (z = 28), glutamine
was used in AP in combination with standard TPN
and demonstrated a decrease in the duration of TPN
therapy and hospitalization without a change in the total
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cost of parenteral feeding[zzl. Another similar study (#z =
44) showed that even though TPN therapy containing
glutamine reduces infectious morbidity, it has no
significant effect on hospitalization and total mortality'"”.
However, both studies showed laboratory improvement
in AP after administration of glutamine such as an
increase in serum albumin or decrease in C-reaction
protein (CRP).

Proinflammatory cytokine release was assessed in
another study with a small patient number (z = 14).
Glutamine supplementation did not significantly
influence tumor necrosis factor-o or interleukin (IL)-6
release, but, in contrast, median I1.-8 release was reduced
by day 7 in the glutamine group while it was increased in
the conventional groupm]. Another non-blinded study
examined the administration of glutamine in AP for
10 d starting cither on the day of admission or 5 d after
admission. Investigators reported an improvement in all
clinical findings including hospitalization, infection, and
mortality rate!'”. No adverse effects were reported in
these trials.

Allopurinol: Allopurinol, a xanthine oxidase inhibitor
that historically has been effective in preventing attacks
of acute gouty arthritis, is an effective anti-oxidant with
anti-apoptotic effects. It has been shown that allopurinol
is a hydroxyl radical scavenger[37’38]. Two studies used
allopurinol to reduce chronic pain in CP**" 1n one
clinical trial (» = 78), CP patients with chronic pain
were admitted to hospital and received an analgesic
regimen of pethidine with or without allopurinol. Their
results showed that allopurinol could reduce pain and
gastric tenderness. Hospitalization was also decreased in
allopurinol-treated patientsm‘ Another clinical study
(7 = 13) showed that 4 wk of alloputinol administration
did not reduce pain in CP when compared with placebom.
Allergy, general malaise, and gastrointestinal disturbances
were adverse events of allopurinol.

Vitamin C: Ascorbic acid or vitamin C is 2 monosaccha-
ride antioxidant. This water-soluble vitamin is a reducing
agent and can neutralize oxygen species. Vitamin C is
an important antioxidant which protects the body from
damage caused by inflammation, and high-dose vitamin
C can improve immune function™. Vitamin C alone was
only investigated in one study and other studies used
vitamin C in combination with other antioxidants which
will be discussed later. In one randomized study (# = 83),
10 g/d of vitamin C was used intravenously compared
to 1 g/d of vitamin C in the control group for 5 d in pa-
tients with AP. Their results indicated that 10 g vitamin
C decreases hospitalization and duration of disease, and
increases the cure rate. Proinflammatory cytokines and
CRP were also diminished by vitamin C administration”".

Combined antioxidants (selenium, 3-carotene,
vitamin C, vitamin E and methionine): A combination
of various antioxidants including selenium, (-carotene,
vitamin C, vitamin E, and methionine was studied

in three controlled clinical trials™'***, In the first

clinical trial, the efficacy of antioxidant therapy in the
management of pancreatitis was determined using the
above combination in CP patients (# = 28). Their results
showed that this cocktail can reduce the pain which is
experienced by patients[zg]. Another study with a slightly
larger sample size (# = 36) used the above combination
at the same doses but with greater bioavailability in
CP patients. In this trial, congruent with the previous
trial, pain was reduced after 10 wk of the combined
antioxidants. Indeed, quality of life, physical and social
functioning, and health perception were also enhanced
as a result of antioxidant therapym. The latest published
controlled clinical trial in the field of antioxidants and
pancreatitis has also used this combination at the same
doses as the previous studies. In this larger clinical
trial (# = 147), the antioxidants were administered for
6 mo, and showed that, similar to the two preceding
trials, pain and hospitalization were reduced"”. All
three studies showed that serum concentrations of
the above-mentioned antioxidants were higher after a
period of intake and laboratory indices of oxidative
stress markers such as lipid peroxidation, free radical
activity, and total antioxidant capacity improved after
therapy. Another cohort study which is not presented
in Table 1 examined this combination of antioxidants
in 12 CP patients and showed that this combination
reduces pain and hospitalizationm]. Headache, nausea,
vomiting, and constipation were some of the adverse
effects of this combination. A clinical trial studied the
effect of selenium, vitamin C and N-acetylcysteine (NAC)
combination for 7 d in 43 AP patients. All primary
endpoints including hospitalization, Acute Physiology
and Chronic Health Evaluation I score, and organ
dysfunction were statistically similar between the placebo

and antioxidant-treated groups' .

Curcumin: Curcumin is a polyphenolic compound
commonly found in the dietary spice turmeric*’.
Curcumin is an inhibitor of nuclear factor-kB and has
various biological activities such as anti-inflammatory,
antioxidant, antiseptic, and anticancer activitym. In
the one available pilot study (#» = 20), patients with CP
received 500 mg of curcumin with 5 mg of piperine or
placebo for 6 wk. There was a significant reduction in
erythrocyte malondialdehyde levels following curcumin
therapy when compared with placebo. A significant
increase in glutathione (GSH) levels was also observed.
There was no corresponding improvement in pain and
no adverse effects were reportedm.

Glutathione precursors [S-adenosyl methionine
(SAMe)]: SAMe, a highly bioactive metabolite of
methionine is a precursor of glutathione, which is the
key defense against reactive species. Of the two clinical
trials that examined SAMe in pancreatitis, in one, SAMe
was administered to AP patientsm] and in the other,
SAMe was administered to CP patientsp(’]. SAMe did
not enhance the clinical outcomes in either AP or CP
patients. However, laboratory indices such as free radical
activity wete better after 10 wk of SAMe administration
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Figure 1 Individual and pooled relative risk (A), heterogeneity indicators (B), and publication bias indicators (C) for the outcome “prevention of all kinds of

pancreatitis” in the studies considering allopurinol vs placebo therapy.

in CP patients. Methionine in combination with other
antioxidants was discussed previously under the topic of
combined antioxidants.

Antioxidants in PEP
NAC: NAC is a free radical scavenger capable of
stimulating glutathione synthesis. NAC was used in two
clinical trials. In one of these trial (# = 106), 600 mg
NAC was given orally 24 h and 12 h before ERCP and
600 mg was given intravenously, twice a day for 2 d after
ERCP. Their results showed that the rate of PEP was not
significantly reduced. In addition, urine amylase activity,
total bilirubin, alanine, aspartate aminotransferases and
white blood cells showed no changem.

In the other double-blind, placebo-controlled trial
(n = 2506), patients received intravenous NAC at a loading
dose of 70 mg/kg 2 h before and 35 mg/kg at 4-h
intervals for a total of 24 h after the procedure. Similar
to the previous study, there were no statistical differences
in the incidence or severity of PEP grades between
the groups. The mean duration of hospitalization for
pancreatitis was not different in the NAC group as
compared to the placebo groupm]. The results of those
studies showed the absence of any beneficial effect of
NAC on the incidence and the severity of ERCP-induced
pancreatitis.

Natural (3-Carotene: -carotene is a natural antioxidant
which has been used as a supplement in various
conditions. In a double-blind trial, 321 patients were
given a single dose of natural B-carotene, 12 h prior
to the procedure, and monitored for procedure
complications, antioxidant levels, and plasma oxidation
for 24 h post-procedure. The overall incidence of AP
was not significantly different between the fB-carotene
and the placebo groups. The rate of severe pancreatitis
was lower in the B-carotene-treated group. No reduction
in the incidence of PEP was reported but there may
be some protective effect of treatment with (3-carotene
regarding the severity of disease. Adverse events were
not reported[35].

Allopurinol: There were four randomized clinical trials
which used allopurinol orally before ERCP to prevent

Study Allopurinol Placebo
Romagnuolo et al®” 2008 16/293 12/293
Katsinelos et al® 2005 4/121 21/118
Mosler et al® 2005 46/355 42/346
Budzynska et al* 2001 12/99 8/101

PEP (Table 3). These studies were meta-analyzed for
their primary PEP outcome. The summary RR for
“prevention of all kinds of pancreatitis” in the four
trials™**** was 0.86 with a 95% CI of 0.42-1.77 and
a non-significant RR (P = 0.6801, Figure 1A). The
Cochrane Q test for heterogeneity indicated that the
studies were heterogenous (P = 0.0062, Figure 1B)
and could not be combined. Thus the random effect
for individual and the summary of RR was applied.
Regression of normalized effect vs precision for all
included studies for clinical response among allopurinol
vs placebo therapy was -1.961983 (95% CI: -14.671469
to 10.747502, P = 0.5749), and Kendall’s test on
standardized effect »s variance indicated tau = 0, P =
0.75 (Figure 1C). The summary RR for “prevention of
mild pancreatitis” in three trials”"***" was 1.08 with a
95% CI of 0.7-1.67, a non-significant RR (P = 0.7238,
Figure 2A). The Cochrane Q test for heterogeneity
indicated that the studies wete homogenous (P = 0.2255,
Figure 2B) and could be combined. Thus the fixed effect
for individual and the summary of RR was applied.
Regression of normalized effect s precision for all
included studies for clinical response among allopurinol
vs placebo therapy could not be calculated because
of too few strata. The summary RR for “prevention
of moderate pancreatitis” in the three trials""***
was 0.655 with a 95% CI of 0.388-1.105 and a non-
significant RR (P = 0.113, Figure 3A). The Cochrane
O test for heterogeneity indicated that the studies were
homogenous (P = 0.0614, Figure 3B) and could be
combined. Thus the random effect for individual and the
summary of RR was applied. Regression of normalized
effect »s precision for all included studies for clinical
response among allopurinol »s placebo therapy could not
be calculated because of too few strata.
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Figure 2 Individual and pooled relative risk (A) and heterogeneity
indicators (B) for the outcome “prevention of all kinds of pancreatitis” in
the studies considering allopurinol vs placebo therapy.
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Figure 4 Individual and pooled relative risk (A) and heterogeneity
indicators (B) for the outcome “prevention of severe pancreatitis” in the
studies considering allopurinol vs placebo therapy.

The summary RR for “prevention of severe pan-
creatitis” of allopurinol »s placebo therapy among the
three trials?”>* was 0.68 with a 95% CI of 0.2-2.23,

A Relative risk meta-analysis plot (fixed effects)
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Figure 3 Individual and pooled relative risk (A) and heterogeneity
indicators (B) for the outcome “prevention of moderate pancreatitis” in
the studies considering allopurinol vs placebo therapy.

indicating a non-significant RR for allopurinol admin-
istration (P = 0.5200, Figure 4A). The Cochrane 0 test
for heterogeneity indicated that the studies were not sig-
nificantly heterogeneous (P = 0.6154, Figure 4B) and the
fixed effects for individual and the summary of RR was
applied. Regression of normalized effect »s precision for
all included studies for any adverse events among allopu-
rinol »s placebo therapy could not be calculated because
of too few strata.

Oxygen radicals play an essential role in the develop-
ment of inflammation in various conditions™". The
involvement of free radicals in the pathogenesis of
pancreatitis has been shown in both animal and human
studies”. Oxidative stress expedites mechanisms which
lead to cell damage. It can directly destruct the cell mem-
brane, accelerate lipid peroxidation, deplete cell reserves
of antioxidants, and change signaling pathways inside
the cells™.

Although the pathophysiology of pancreatitis has
been studied before, there is no specific therapy for this
disastrous disease yet. Enteral or parenteral nutrition,
antibiotic therapy, surgical procedures such as removal
of abscess and necrosis, and cholecystectomy have been
developed to treat AP™. In CP, pain management and
probably surgical resection of pseudocysts are the goals
of treatment. Because these treatments do not target
the main problem and are recommended for symptoms
and complications, investigators are still looking for
new effective approaches in combination with current
treatment.

Clinical studies of the evaluation of typical antioxi-
dants on AP and CP were performed firstly at Man-
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chester Royal Infirmary by Braganza and her colleagues.
Two placebo controlled clinical trials”*?” examining
combined antioxidant therapy on recurrent CP showed
a significant decrease in pain and an elevation in se-
rum antioxidant biomarkers; however, in one study in
which SAMe was examined as an antioxidant, alone or
in combination with selenium and -carotene, the re-
sults showed that SAMe was ineffective in patients with
recurrent pancreatitis. Another two recently published
clinical trials™" particulatly the latter study with a larger
number of subjects (147), which used the same cocktail
of antioxidants also showed pain reduction after admin-
istration. Therefore, the results of these studies show
that such a combination of antioxidants could have a
positive effect in the treatment of CP. However, we were
unable to meta-analyze these three studies for pain as the
primary outcome because pain reduction was assessed in
a different way in each study. Except for the mentioned
antioxidant cocktail, results of the administration of
other antioxidants in both AP and CP clinical trials were
incongruent and heterogeneous; and we cannot draw a
definite conclusion on the efficacy of such therapy in the
management of pancreatitis. We also evaluated the effect
of etiology of pancreatitis including alcoholic, gallstone
or idiopathic on the results of pain reduction and other
outcomes, however, there was no relation between the
cause of pancreatitis and clinical outcomes.

Furthermore, antioxidant therapy failed to prevent
the onset of PEP in almost all trials (Table 2). Only
one clinical trial in which 600 mg of allopurinol was
administered twice before ERCP showed a significant
decrease in the rate of PEP. However, our meta-analysis
revealed that the RR for “prevention of mild, moderate
and severe pancreatitis” of allopurinol s placebo therapy
was non-significant for allopurinol administration.

However, the present review indicates that there is
insufficient data to support using antioxidants alone
or in combination with conventional therapy in the
management of AP, CP or PEP. Further double blind,
randomized, placebo-controlled clinical trials with a larger
sample size need to be conducted.
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