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Abstract

Skin is among the first and most heavily damaged organs upon sulphur mustard (SM) exposure. Pruritus is the most common chronic skin
complication of SM, which adversely affects the quality of life (QoL). However, current therapies for the management of SM-induced prur-
itus are very limited and associated with side effects. The present trial investigated the efficacy of curcumin in the alleviation of SM-induced
chronic pruritic symptoms. A total of ninety-six male Iranian veterans (age 37-59 years) were randomised to receive either curcumin
(1g/d, n 46) or placebo (n 50) for 4 weeks. Serum concentrations of substance P and activities of antioxidant enzymes were measured
at baseline and at the end of the trial. Assessment of pruritus severity was performed using the pruritus score, visual analogue scale
(VAS) and scoring atopic dermatitis (SCORAD) index. QoL was evaluated using the Dermatology Life Quality Index (DLQI) questionnaire.
Serum concentrations of substance P (P<0:001) as well as activities of superoxide dismutase (P = 0-02), glutathione peroxidase
(P = 0-000) and catalase (P<0-001) were significantly reduced in the curcumin group, while no significant change was observed in the
placebo group. Curcumin supplementation was also associated with significant reductions in measures of pruritus severity including
the pruritus score (P<0-001), VAS score (P<0-001), overall (P<0-001) and objective SCORAD (P = 0:009), and DLQTI’s first question
(P<0:001). None of these measures was significantly changed in the placebo group. As for the QoL, although DLQI scores decreased
in both groups (P<0-001 and P = 0:003 in the curcumin and placebo groups, respectively), the magnitude of reduction was significantly
greater in the curcumin group (P<0-001). In conclusion, curcumin may be regarded as a natural, safe, widely available and inexpensive
treatment for the management of SM-induced chronic pruritus.
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be classified into acute and chronic. One of the most preva-

lent chronic skin complications of SM is pruritus((’). In

Bis(2-chloroethyDsulphide,
mustard (SM), is a compound with potent alkylating, vesi-

commonly known as sulphur

cant, blister-forming, cytotoxic, mutagenic and carcinogenic
properties'”. SM has been the most frequently used chemical
warfare agent during the past century. Following its first use
in World War I, SM has been deployed in several other
military combats. Unfortunately, this agent was extensively
used against Iranian army and civilians during the
Irag—Iran war (1980-8), leading to about 100000 chemically
injured victims, of whom a considerable fraction still suffer
from late SM complications(zfﬁ. Skin is one of the most
vulnerable organs upon SM exposure, and this is due to its
high surface area™. Cutaneous complications of SM could

addition to its high prevalence, pruritus has been reported
to impair the patient’s quality of life (QoL)” . Therefore,
its management is of high priority in patients with SM-
induced pruritic skin lesions.

Although the exact pathophysiology of SM-induced derma-
totoxicity is not yet fully elucidated, a number of patho-
mechanisms have been proposed. One of these mechanisms
is based on the development of oxidative stress in intoxicated
patients. There has been a considerable body of evidence
on the pivotal role of oxidative stress in the pathogenesis of
both acute and chronic complications of SM“*!.

Abbreviations: DLQI, Dermatology Life Quality Index; GPx, glutathione peroxidase; QoL, quality of life; SCORAD, scoring atopic dermatitis; SM, sulphur

mustard; SOD, superoxide dismutase; VAS, visual analogue scale.
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Pruritus is the most common complaint of SM-exposed
patients who suffer from chronic skin lesions. Being present
in about 70-90% of patients, this annoying complication has
been reported to significantly affect several aspects of daily
functioning and cause sleeping, psychological and sexual dis-
orders, thereby leading to a decreased QoL”~. During the
past decades, several mediators have been identified for prur-
itus. One of the most important mediators is substance P,
which is a neuropeptide with a key role in pain perception
and inflammation. As pruritus is regarded as a nociceptive
stimulus, this neurotransmitter is involved in the sensation
of pruritus. Intradermal injection of substance P has been
shown to induce pruritus in both animals and human
subjects. This effect is mainly due to the neuronal sensitisation
and activation of mast cells through the interaction of sub-
stance P with neurokinin receptors, resulting in histamine
release'®'®. Aside from mast cell activation, substance P
has direct pro-inflammatory properties and induces the
expression and release of inflammatory cytokines such as
IL-1 and TNF-a"*'?.

In spite of its importance, few studies have addressed thera-
peutic anti-pruritic approaches in SM-exposed subjects(l(’fzo).
Treatment options currently employed for the control of
SM-induced chronic pruritus are mainly symptomatic and
generally limited to antihistamines, local moisturisers and, in
particular, topical corticosteroids. Since long-term application
of topical corticosteroids is associated with several side effects
such as skin atrophy, striae, telangiectasia, acne, etc.?Y, there
is an apparent demand for the introduction of newer and safer
therapeutic agents that could effectively alleviate pruritic
symptoms.

Curcumin (diferuloylmethane; Fig. 1) is the yellow bioactive
ingredient of turmeric (powdered rhizomes of Curcuma longa
L) that has been used as a dietary spice and versatile tra-
ditional medicine for thousands of years, in particular in
Indian Ayurvedic medicine. Over the past decades, this
polyphenolic compound has been successfully applied against
a wide variety of disorders, leading to the identification of
numerous promising therapeutic benefits such as anti-
cancer, anti-inflammatory, antioxidant, immunomodulatory,
cardio- and neuroprotective activities”?>~??. Regarding the
role of oxidative stress and inflammation in the pathogenesis
of SM-induced chronic skin complications'®*”, curcumin
could represent a potential medication for the alleviation of
symptoms. Therefore, the present trial sets out to investigate
the therapeutic efficacy of supplementation with curcumin in
the attenuation of SM-induced pruritus.

HO OH
OCHg OCH,

Fig. 1. Chemical structure of curcumin.

Methods
Participants

The present study was a randomised, double-blind, double-
centre and placebo-controlled clinical trial, performed in the
Veterans Clinic of Tehran and Ilam (west of Iran). Included
subjects were male Iranian veterans of the Iraq—Iran war
(age range 37-59 years), who were suffering from chronic
pruritic skin lesions. These patients were exposed to mustard
gas about 20 years ago and had been treated by skin deconta-
mination and/or antibiotics in the first stages following SM
exposure. The exposure was confirmed by documented
development of blisters in the exposed areas of the skin and
transient visual deterioration lasting for several days and
associated respiratory symptoms. Patients were excluded if
itching resulted from systemic or cutaneous non-chemical dis-
eases, or if they had received any topical treatments within 1
month before the study.

Included patients (7 96) were randomised to receive
curcumin (1g/d; curcumin group, # 46) or matched placebo
(placebo group, n 50) for a period of 4 weeks. The groups
were matched regarding age (47-5 (sp 10:7) and 483 (sD
8'5) years in the curcumin and placebo groups, respectively).
Curcumin was administered in the form of C3 Complex® cap-
sules (Sami Labs Limited) containing 500mg curcuminoids
plus 5mg Bioperine®. Bioperine® is an extract obtained
from black pepper (Piper nigrum L.) or long pepper (Piper
longum L.), and contains 95 % piperine which is a well-docu-
mented bioavailability enhancer®®. Placebo capsules used in
the study were shape- and size-matched, and contained piper-
ine (5mg).

Patients were visited by a board-certified dermatologist at
baseline and at the end of the treatment duration. The study
was conducted according to the guidelines laid down in the
Declaration of Helsinki®”. The study protocol was approved
by the Ethics Committee of the Baqiyatallah University of
Medical Sciences, and written informed consent was obtained
from the participants.

Assessment of pruritus severity

Assessment of pruritus severity was performed using the visual
analogue scale (VAS), pruritus score and scoring atopic derma-
titis (SCORAD) index. The VAS was designed as a 100 mm
horizontal line without scaling, in which 0 was marked as
‘no pruritus’ and 100 was marked as ‘unbearable pruritus’.
Patients were then instructed to place a vertical mark reflect-
ing their pruritus severity. Based on the VAS score, the severity
of disease could be classified into mild (0—3), moderate (4—6)
or severe’ ',

The pruritus score was calculated according to the question-
naire before and after the treatment course for each patient®®.
In the questionnaire, the entire 24 h period was divided into
three periods: morning, the time from getting up until noon;
afternoon, the time from noon until going to bed; and night.
We allotted 1 point for the report of pruritus in each period,
and a maximum of 3 points for patients who complained of
pruritus during all the three periods. The scores of severity,
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distribution and frequency of pruritus were recorded separ-
ately for the morning and the afternoon as follows:

Severity: itching without the need to scratch (1 point);
itching with an occasional need to scratch (2 points); frequent
scratching (3 points); no itching relief with scratching
(4 points); itching with discomfort all the time (5 points).

Distribution: for each body part — arms, trunk, legs, face
and head (1 point), with a maximum of 5 points; generalised
itching (5 points).

Frequency: itching in two periods of less that 10 min or
one period of more than 10min (1 point); itching in ten
periods of less than 10min or five periods of more than
10 min (5 points).

Sleep duration and waking up were recorded at night as
follows:

Sleep duration: absence of sleep (10 points); 7h or more of
night sleep (0 points). Other points were scored by deducting
the number of sleeping hours from 10.

Waking up: for each awakening due to pruritus (1 point); a
maximum of 5 points for five or more episodes.

The overall summed pruritus score ranges from 1 to 48, with
a higher score indicating more severe pruritus. This range is
divided into three equal sections as mild (1-16 points),
moderate (17-32 points) and severe (33—48 points).

The SCORAD index was also applied to assess the extent
and intensity of cutaneous complications. This index was
developed by the European Task Force on Atopic Dermatitis
in 1993 based on a broad consensus by dermatologists®” .
This index consists of three parts: (A) extent of the disorder
(as a percentage of the whole body), which is calculated
based on the rule of nines (head and neck (9%), upper
limbs (9% each), lower limbs (18% each), anterior trunk
(18%), back (18%) and 1% each for genitals, each palm and
the back of each hand); (B) intensity of the disorder, which
comprises assessment and grading of six items — erythema,
oedema/papulation, oozing/
crusts and dryness; and (C) subjective symptoms including
Based on the mathematical

excoriations, lichenification,
pruritus and sleeplessness.
model of main component analysis in a previous landmark
trial, the following formula has been suggested for the calcu-
lation of the total SCORAD score: A/5 + 7B/2 + C*”. The
maximum scores of parts A, B and C are 100, 18 and 20,
respectively. Therefore, the SCORAD index would range
between 0 and 103. The objective SCORAD is a modified
form of the SCORAD index, in which the subjective part —
that appeared to be a source of large variations — has been
eliminated and the concentration is focused on objective
signs (extent and intensity). The range of the objective
SCORAD lies between 0 and 83. Based on the overall
SCORAD and the objective SCORAD, the severity of disease
could be classified into mild (<15 for the objective SCORAD
and <25 for the overall SCORAD), moderate (15—40 for the
objective SCORAD and 25-50 for the overall SCORAD) or
severe (=40 for the objective SCORAD and =50 for the over-
all SCORAD).

Assessment of quality of life

QoL was evaluated using the Dermatology Life Quality Index
(DLQD. The DLQI is a simple, practical and widely used index
for the assessment of health-related QoL and has previously
been employed in an Iranian population including subjects
with SM-induced chronic skin lesions”. The DLQI question-
naire consists of ten questions under six headings: symptoms
and feelings (questions 1 and 2), daily activities (questions 3
and 4), leisure (questions 5 and 6), work and school (question
7), personal relationships (questions 8 and 9) and treatment
(question 10). Each question has a maximum score of 3 and
options of ‘very much’ (score 3), ‘a lot' (score 2), ‘a little’
(score 1) and ‘not at all’ (score 0). In addition, a ‘O’ score is
allocated to ‘not relevant’ response and unanswered ques-
tions. The DLQI total score is calculated by summing the
scores of all questions, resulting in a score range of 0-30, in
which higher scores are associated with more severe impair-
ments of QoL. As the first question of the DLQI deals with
pruritus severity over the previous week, it could be separ-
ately analysed as a pruritus severity index. In the present
study, the complete DLQI, the DLQI without the first question
(DLQI — Qy) and the first question of the DLQI were individu-
ally analysed.

Biochemical analyses

Blood samples were collected at baseline and at the end
of the trial. Serum substance P concentrations, together
with the superoxide (SOD),
glutathione peroxidase (GPx) and catalase, were measured
using commercial kits.

activities  of dismutase

Statistical analyses

Statistical analyses were performed using SPSS software for
Windows (version 11.5; SPSS, Inc.). Data were expressed as
means and standard deviations. Data were assessed for
normality using the Kolmogorov—Smirnov test. Group
comparisons were made using the independent-samples ¢ test
and paired-samples ¢ test for normally distributed data, or the
Mann—Whitney U test and Wilcoxon signed-rank test for
non-normally distributed data. Categorical variables were
compared using the x 2 or Fisher's exact test. Bivariate corre-
lations between changes in all assessed efficacy (pruritus
score, VAS score, overall SCORAD and DLQID) and biochemical
(serum substance P, SOD, GPx and catalase) measures
were evaluated in the curcumin and placebo groups using
Pearson’s (for normally distributed data) or Spearman’s (for
non-normally distributed data) rank correlation coefficients.
Stepwise multiple linear regression analysis was used to
identify the independent parameters that are related to the
evaluated efficacy measures. Changes (pre-trial ». post-trial)
in pruritus score, VAS score, overall SCORAD and DLQI
were entered into the model as the dependent variable.
Predictor variables included changes in serum substance P
concentration, SOD, GPx and catalase activity. A two-tailed
P value of <0:05 was considered to be statistically significant.
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Results

In the present study, a total of ninety-six patients entered into
the study, of whom eighty completed the study (forty per
group) and were included in the final analyses. Of the sixteen
patients who did not complete the study, six discontinued the
study treatment in the curcumin group (three because of gas-
trointestinal side effects, one because of fear of side effects,
one because of inability to return to the clinic because of
long distance and one due to unknown reason) and ten in
the placebo group (seven because of no treatment response
or worsening of symptoms, two because of gastrointestinal
side effects and one because of inability to return to the
clinic because of long distance). There was no significant
difference in the dropout rate between the groups.

Effect of curcumin supplementation on serum substance P,
superoxide dismutase, glutathione peroxidase and catalase
activity

Baseline values for serum substance P, SOD and catalase were
comparable between the curcumin and placebo groups.
In contrast, baseline GPx activity was significantly higher in
the curcumin group compared with the placebo group
(P=0-004; Table 1). Supplementation with curcumin was
associated with a marked decrease in serum substance P
concentrations (— 29 %, P<<0-001), while there were significant
elevations in serum SOD (21%, P = 0:020), GPx (20%,
P =0-006) and catalase (30 %, P<0-001) activities (Table 1).
There was no significant change in any of the aforementioned
parameters in the placebo group.

Effect of curcumin supplementation on the pruritus, visual
analogue scale and scoring atopic dermatitis scores

Pruritus scores were comparable between the curcumin
and placebo groups at baseline, whereas baseline VAS

(P=0-003), overall SCORAD (P=0001) and objective

SCORAD (P = 0-009) scores were higher in the curcumin
group compared with the placebo group. Supplementation
with curcumin was associated with a marked decline in prur-
itus (—30%), VAS (—48%), overall SCORAD (—58%) and
objective SCORAD (—58%) scores (P<0-001; Fig. 2). In con-
trast, no significant difference in these parameters was
observed in the placebo group (P > 0-05; Fig. 2).

Effect of curcumin supplementation on quality of life
and the rate of pruritus improvement

Baseline DLQI scores were not significantly different between
the groups. The DLQI was significantly decreased by the end
of the trial in both curcumin (—30%, P<0-001) and placebo
(= 6%, P=0-003) groups (Fig. 2). DLQI — Q; scores were sig-
nificantly decreased in both curcumin (—24 %, P<<0-001) and
placebo (= 6%, P = 0-005) groups (Fig. 2). The Q, score was
significantly decreased in the curcumin group (—75%,
P<0:001), while there was no significant change in the
placebo group (Fig. 2). The rates of improvement for all
four efficacy measures were clearly higher in the curcumin
group compared with the placebo group (P<0-001; Table 2).

Bivariate analysis

In the curcumin group, the only significant correlation was
between changes in pruritus score and serum SOD activity
(r — 032, P=0-041). In the placebo group, a significant corre-
lation was only observed between changes in pruritus score
and VAS score (7 0-40, P = 0-010). In addition, a borderline sig-
nificant correlation was found in the placebo group between
changes in serum SOD and GPx activities (7 0-31, P = 0-051).

Multiple regression analysis

In the curcumin group, change in serum SOD activity was
found as a significant predictor of pruritus score variations

Table 1. Effect of curcumin v. placebo on the evaluated biochemical parameters

(Mean values and standard deviations)

Curcumin Placebo
Pre-trial Post-trial Pre-trial Post-trial

Mean sD Mean ) P Mean SD Mean sD P
Substance P (pg/ml) 3-35 0-67 2-34 0.72 <0-001 3-34 0-55 3-18 0-44 >0-05
SOD (pKat/l) 57-68 1267 65-85 13-84 0-020 58-01 1217 57-01 8-84 >0-05
GPx (nKat/l) 63-68 9-34 74-68 21-34 0-006 57-34 9-67 56-34 11.67 >0-05
Catalase (pKat/l) 647-80 87-68 832-33 154.53 <0-001 663-47 66-35 656-63 54.51 >0-05

Between-group changes
Curcumin Placebo

Mean sD Mean sD P
Substance P (pg/ml) -1.00 0-74 —-017 0-55 <0-001
SOD (pKat/l) 8-17 20-00 -0-83 10-67 0-015
GPx (nKat/l) 1117 24.00 —1.00 10-84 0-005
Catalase (nKat/l) 184-70 170-53 —6-83 90-52 <0-001

SOD, superoxide dismutase; GPx: glutathione peroxidase.
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Fig. 2. Pre-trial v. post-trial values of the evaluated efficacy measures in the curcumin (@) and placebo (&) groups. VAS, visual analogue scale; SCORAD, scoring
atopic dermatitis; DLQI, Dermatology Life Quality Index; Q;, first question of the DLQI questionnaire. Values were significantly different: * P<0-001; 1 P=0-003;

1 P=0-005. § Baseline values were significantly different.

(B=—032, 95% CI —278, 0-06, P=0-04). No significant
predictor was found for changes in VAS score, SCORAD and
DLQI. In the placebo group, no significant predictor was
found for the evaluated dependent variables.

Discussion

The results of the present trial imply that curcumin effectively
increases the activity of antioxidant enzymes, reduces serum
substance P, alleviates pruritic symptoms and increases the
QoL in SM-exposed patients who suffer from chronic pruritic
skin lesions. To our knowledge, this is the first report on the
health effects of curcumin in SM-exposed patients.

There are several reasons for the selection of curcumin as a
promising candidate:

(1) Curcumin is a natural compound and the principal
constituent of turmeric, an eastern spice that has been
consumed by millions of people for over 2000 years,
and used in traditional Ayurvedic and Chinese medicines
as well. Therefore, curcumin is among the most safest
drugs ever known. Curcumin doses of up to 10g/d
have been found to be safe and non-toxic in clinical
trials3

(2) Curcumin is endowed with multiple beneficial effects
on skin including anti-ageing, rejuvenating and wound
healing properties, as well as protection against skin
cancer, psoriasis and scleroderma®3? . Besides, curcumin
possesses numerous pleiotropic effects such as cancer
chemopreventive, cardioprotective,
anti-diabetic and anti-arthritic activities, which allow its
application against a wide array of disorders®?~2%.

(3) Curcumin could counterbalance different aspects of SM
toxicity such as inflammation, oxidative stress and DNA
damage. Inflammation is an important pathomechanism
of SM-induced skin toxicity. Several in vitro and in vivo
studies have indicated neutrophil infiltration and
increased expression of pro-inflammatory cytokines

neuroprotective,

following SM exposure'®3®. On the other hand, curcu-
min has well-established anti-inflammatory properties
and can modulate inflammatory state by interfering with
several steps of inflammation pathways that are involved
in SM-induced dermatotoxicity including expression and
release of pro-inflammatory cytokines (e.g. IL-1a, IL-1(,
IL-6, TNF-a, etc.), transcription factors (NF-kB), cyclo-
oxygenase-2, lipoxygenase, mitogen-activated and janus
kinases®*73®. An important finding to emerge from the
present trial is the significant reduction of substance P
following curcumin supplementation. To the best of our
knowledge, no study has evaluated the effect of curcumin
on serum levels of substance P nor has been any report on
the concentration of this inflammatory and pruritogenic
neuropeptide in SM-intoxicated patients. An implication
of the present finding is the possibility that substance P
antagonists may be effective drugs against SM-induced

Table 2. Effect of curcumin v. placebo on the rate of pruritus
improvement

Curcumin Placebo
Pre- Post- Pre- Post-
trial trial trial trial P
Pruritus score
Mild 0 0 0 0
Moderate 0 31 2 2 <0-001
Severe 40 9 38 38
VAS score
Mild 0 16 0 1
Moderate 2 20 12 15 <0-001
Severe 38 4 28 24
Overall SCORAD
Mild 0 0 0 0
Moderate 0 37 0 0 <0-001
Severe 40 3 40 40
Objective SCORAD
Mild 0 0 0 0
Moderate 0 36 0 0 <0-001
Severe 40 4 40 40

VAS, visual analogue scale; SCORAD, scoring atopic dermatitis.
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pruritus and perhaps other inflammatory complications of
chemically injured veterans.

To date, data from several studies have identified oxidative
stress as an important factor involved in SM-induced skin
toxicity'**3%  Development of oxidative stress could be
attributed to the propensity of SM to react with sulfhydryls
and intracellular reductases, thereby depleting cellular antiox-
idants®*3”_ On the other hand, recruited inflammatory cells
generate reactive oxygen species that further contribute to oxi-
dative stress. In a previous investigation, plasma, erythrocyte
and bronchoalveolar fluid activities of SOD, GPx and catalase
have been found to be significantly lower in SM-injured
patients compared with patients with chronic respiratory
38 The present
findings indicate the enhancement of these endogenous

disease without a history of SM exposure

antioxidants by curcumin therapy. This may also confirm the
importance of antioxidant therapy in the management of
SM-induced complications. Both in vitro (on cultured human
keratinocytes) and in vivo evidence suggest that pre-treatment
SM-induced  dermatotoxi-
city™®324%_ However, in spite of well-documented antioxidant
activities of curcumin, this phytochemical has not been inves-
tigated in relation to SM-related toxicity. Curcumin could
counteract oxidative stress via several mechanisms including

with antioxidants attenuates

free-radical-scavenging activity, enhancement of intracellular
glutathione concentrations and inhibition of lipid peroxi-
dation. In addition, by triggering the nuclear factor-erythroid
2-related factor 2/antioxidant response element signalling
pathway, curcumin could activate antioxidant enzymes and
members of the vitagene family such as haem oxygenase,
Hsp70 (heat shock protein 70) and thioredoxin reductase™?.
On the other hand, given the close link that exists between
inflammation and oxidative stress, curcumin’s anti-inflamma-
tory effects — mainly promoted via the inhibition of NF-kB,
cyclo-oxygenase-2, lipoxygenase and inducible NO synthase
— could help to attenuate oxidative stress and stop the vicious
inflammatory/oxidative cycle of SM toxicity *?%®.

Finally, curcumin has been reported to possess anti-
mutagenic and anti-genotoxic effects“**>. Therefore, it has
the potential to revert DNA cross-linking, chromosome aberra-
tions and abnormalities that are sequelae of SM toxicity.

In the present study, significant improvements in QoL were
observed in both curcumin and placebo groups, though the
extent of the reduction in DLQI and its subcategories (DLQI-
Q1 and Q1 scores) was significantly greater in the curcumin
v. placebo group. A so-called ‘placebo effect’ (psychological
or psychophysiological response which causes improvement
of symptoms) might be responsible for the observed improve-
ment of QoL in the placebo group(4(’). In addition, piperine,
which was present in the placebo capsules, is a bioactive
alkaloid that may exert additional beneficial effects such as
anti-inflammatory and anti-nociceptive effects’*® . There-
fore, these beneficial effects could also be responsible for
QoL improvement in the placebo group.

Among the previously performed trials, the rate of recovery
based on the pruritus score (but not the overall or objective
SCORAD) could be extracted for 0:1% betamethasone

cream, pimecrolimus, capsaicin and phenol/menthol. Interest-
ingly, the rate of pruritus improvement by curcumin (77-5 %) is
higher compared with all
namely 0-1% betamethasone cream (62:5%, 6-week trial),
pimecrolimus  (68:8%, 6-week trial), capsaicin (35-5%,
6-week trial) and phenol/menthol (60 %, 6-week trial)10—1®,
This is especially important when considering the huge pleio-
tropic benefits from curcumin. In the present trial, the passage
of severity into the mild category did not occur for the pruri-
tus, overall SCORAD and objective SCORAD scores. However,
in previous trials with other medications (with a longer dur-
ation of 6 weeks), the passage of pruritus score severity into
the mild category has been reported but what may be more
important is moving into a less severe category. Regression
of severity also depends on the baseline severity of pruritus.
For instance, all participants in the present study had severe
pruritus at baseline. Taken together, comparison of the
improvement rates in the present trial with those of previously
published studies on other medications does not negate the
need for a direct comparative trial between curcumin and
other routinely administered medications. As this was the
first trial investigating curcumin’s efficacy against SM-induced
pruritus, the findings may generate hypotheses for future
trials to compare curcumin v. other routinely administered
drugs for SM-induced pruritus.

As another implication, the present study confirms previous
findings and contributes additional evidence that suggests a
favourable therapeutic response following co-administration
of curcumin with piperine®. Piperine is a bioactive alkaloid
present in the fruits of P. migrum L. (black pepper) or
P. longum L. (long pepper). This phytochemical is regarded
as a natural and powerful bioavailability enhancer capable
of increasing the absorption of a wide variety of nutrients*®.
The major obstacle for the therapeutic effectiveness of oral
curcumin supplementation is its low bioavailability, which is
secondary to the relatively poor systemic absorption of this

compound from the gastrointestinal tract as well as rapid
(50,51)

aforementioned medications,

metabolism . Therefore, co-administration of curcumin
and piperine has been proposed as an effective strategy for
the enhancement of curcumin bioavailability. Several proof-
of-concept studies have indicated that this combination can
boost the bioavailability of curcumin as high as 2000 %% .
In summary, the most obvious finding to emerge from the
present study is that supplementation of curcumin is associ-
ated with marked alleviation of chronic pruritus in SM-intoxi-
cated patients. In light of its favourable impacts on pruritus
and other skin complications, curcumin could also increase
the patients’ QoL. The second major finding was the elevation
of serum antioxidant enzymes and a marked reduction of sub-
stance P by curcumin therapy, which could be regarded as an
important mechanism for the observed anti-pruritic effects.
Taken together, the present findings clearly support the rel-
evance of curcumin as an effective, safe, widely available
and inexpensive treatment for the management of SM-induced
chronic pruritic skin lesions. However, further research needs
to be undertaken in order to unravel the impact of other
curcumin doses and treatment durations as well as mechan-
isms behind the beneficial effects of curcumin against SM
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dermatotoxicity. To address this latter issue, estimation of cur-
cumin’s influence on other measures of oxidative stress as well
as on other aspects of SM toxicity is recommended.
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