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Summary Background. Vitiligo is an acquired depigmenting disease with uncertain

aetiopathogenesis, possibly associated with oxidative stress. Narrowband ultraviolet

B phototherapy (NB-UVB) is the most widely used and effective treatment.

Aim. To evaluate the clinical effectiveness of NB-UVB and the repairing of oxidative

stress-induced damage, using oral supplementation with an antioxidant pool (AP).

Methods. Patients (n ¼ 35) with nonsegmental vitiligo were enrolled in a random-

ized, double-blind, placebo-controlled multicentre trial. The treatment group received,

for 2 months before and for 6 months during the NB-UVB treatment, a balanced AP

containing a-lipoic acid, vitamins C and E, and polyunsaturated fatty acids. The area

and number of lesions, as well as some parameters of the oxidation–reduction (redox)

status of the peripheral blood mononuclear cells (PBMCs) were estimated at the

beginning, after 2 months, and at the end of the trial.

Results. In total, 28 patients completed the study. After 2 months of AP supple-

mentation, the catalase activity and the production of reactive oxygen species (ROS)

were 121% and 57% of the basal values (P < 0.05 and P < 0.02 vs. placebo,

respectively). The AP increased the therapeutic success of NB-UVB, with 47% of the

patients obtaining > 75% repigmentation vs. 18% in the placebo group (P < 0.05). An

increase in catalase activity to 114% (P < 0.05 vs. placebo) and decrease in ROS level

of up to 60% (P < 0.02 vs. placebo) of the basal value was observed in PBMCs. Finally,

the AP intake maintained the membrane lipid ratio (saturated : unsaturated fatty acids

1.8 : 3.1; P < 0.05), counteracting phototherapy-induced saturation.

Conclusions. Oral supplementation with AP containing a-lipoic acid before and

during NB-UVB significantly improves the clinical effectiveness of NB-UVB, reducing

vitiligo-associated oxidative stress.

Introduction

Vitiligo is an acquired pigmentary disorder, caused by

several overlapping pathogenetic mechanisms leading

to loss of functional melanocytes. Immune-mediated

and toxin-associated damage to melanocytes is the

most probable pathological mechanism. The toxic

damage can be due to dysregulation of some meta-

bolic pathways (epidermal and systemic metabolism of

biopterins and catechols and of the intracellular

antioxidant system) because of genetic poly-

morphisms. The clinical findings are amelanotic areas

that vary in size during the course of the disease, and

are often symmetrically distributed, involving periori-

ficial and frictional areas, sometimes with white hairs.
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Because of the incomplete understanding of the

aetiopathogenesis of vitiligo, the current treatment

remains unsatisfactory.

Phototherapy [ultraviolet (UV)B or psoralen plus

UVA] is widely used. Open-label trials indicate that

NB-UVB (312 ± 2 nm) is superior to other light treat-

ment options (50–70% effectiveness after 6–

12 months).1–3 The aim is to stimulate growth and

migration of the remaining perilesional and follicular

melanocytes. UVB promotes the release of keratinocytic

growth factors and induces melanocytic expression of

focal adhesion kinase, involved in adhesion and migra-

tion processes.4 In order to reduce exposure to and side-

effects of UV exposure, and promote survival and

migration of melanocytes through several simultaneous

mechanisms, combined approaches have been proposed

in association with different compounds.5–7

Oxidative stress, characterized by an increase in free-

radical production exceeding the intracellular antioxid-

ant defence, has been proposed as a possible patho-

genetic mechanism, and administration of various

antioxidants, alone or in combination with photother-

apy, has been used, although definitive clinical evidence

of its efficacy is lacking so far.8–13 We previously

demonstrated that (i) in active vitiligo patients, even

peripheral blood mononuclear cells (PBMCs) show an

imbalance in oxidative–reduction (redox) status, sug-

gesting that vitiligo can be considered a systemic disease

with circumscribed (mainly cutaneous) manifestations

and (ii) the redox status in PBMCs mirrors that in

epidermis.14–16 a-lipoic acid is a lipophilic and hydro-

philic compound acting as a fatty-acid peroxyl and

hydroxyl radical scavenger, lipoxygenase inhibitor and

glutathione synthesis promoter, and is involved in

recycling vitamins C and E. Vitamin C is a hydrophilic

antioxidant, while vitamin E is a free-radical scavenger

that inhibits lipid peroxidation and helps maintain

membrane integrity.

In this paper, we report the results of a pilot double-

blind, placebo-controlled, multicentre study conducted

to assess whether an antioxidant mixture containing

a-lipoic acid, vitamin E and vitamin C is able to improve

the clinical effectiveness of NB-UVB phototherapy and to

reduce the alteration in redox status caused by the

treatment.

Methods

The study comprised patients with vitiligo referred to

the three dermatological institutes participating in the

trial (Table 1). The medical ethics committee of the San

Gallicano Dermatological institute approved the study

protocol, and all subjects provided written informed

consent.

The trial was a prospective, randomized, double-blind,

placebo-controlled multicentre study of NB-UVB in

combination with an antioxidant pool (AP) vs. NB-

UVB alone for treatment of generalized vitiligo in adults,

carried out between January 2003 and April 2004.

Patients were allocated using a randomized-numbers

table in a one-to-one manner. The study included three

follow-up visits: screening visit before therapy (T0), after

2 months of AP ⁄ placebo intake before beginning

NB-UVB (T2), and after 6 months of NB-UVB + ⁄ ) AP

(T6).

Treatment

AP is a commercially available drug (Lipoacid Combi;

General Topics, Salò, Italy) containing a-lipoic acid

(50 mg), vitamin C (50 mg), vitamin E (20 mg),

polyunsaturated fatty acids (12%), and cysteine mono-

hydrate (50 mg). The patients took two tablets per day

for 8 weeks before starting phototherapy. The taking of

tablets continued for 6 months during the UVB

treatment. Patients were treated twice weekly with

Table 1 Enrolled patients: clinical features and summary of the

clinical results after the overall protocol.

AP Placebo

Patients randomly assigned 21 14

Patients receiving intended treatment 21 14

Patients completing study 17 11

Patients analysed 17 11

Phototypes

I 0 0

II 2 2

III 16 7

IV 3 4

V 0 1

VI 0 0

Duration of the disease, years (range) 2–10 1–8

Extent of lesions (% of body surface) 15–42 15–38

Autoimmune diseases 3 4

Active : stable phase of the disease 14 : 7 9 : 5

Repigmentation

Grade 2 4 ⁄ 17 (23.5%) 2 ⁄ 11 (18%)

Grade 3 8 ⁄ 17 (47%) 2 ⁄ 11 (18%)

No. of UVB treatments 18 23

UVB dosage (J ⁄ cm2) 19.4 25.7

Inclusion criteria were: age > 18 years, duration of the disease

> 1 year, and lesions involving > 15% of the body surface. Exclu-

sion criteria were: treatment with UVB or PUVA during the past

12 months; use of antioxidants, topical corticosteroids, vitamin D

derivatives, or systemic immunomodulators during the past

6 months; and occurrence of renal insuticiency or pregnancy.
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NB-UVB (Waldmann UV-8001 booth, equipped with

48 TL01 ⁄ 100 W Philips fluorescent tubes; Herbert

Waldmann GmbH & Co, Villingen-Schwenningen,

Germany) starting with 70% of the minimal erythemal

dose (MED) on unaffected skin, with subsequent

increments of 30% (treatments 1–4), 20% (treatments

4–8), and 10% MED (treatment 8 onwards). The dose

was held constant when minimal asymptomatic

erythema occurred on the lesions. If symptomatic

erythema developed, treatment was withheld and

resumed at the last dose less 20%. Irradiance was

measured with a portable UV meter (Herbert

Waldmann GmbH & Co).

Visual repigmentation grading

Two independent observers, blinded to the treatment,

evaluated the size and the number of lesions, which

were also photographed. Repigmentation was recorded

as ‘absent’ (grade 0), ‘moderate’ (< 50%, grade 1),

‘good’ (between 50 and 75%, grade 2) and ‘excellent’

(> 75%, grade 3) for each lesion.

Biochemical parameters measurement

PBMCs were isolated using a Ficoll-Hypaque gradient

and stored, along with plasma, at )80 �C. Vitamin E

was isolated from the plasma using exane ⁄ ethanol

extraction, with c ⁄ d-tocopherol as internal standards.

The organic phase containing the tocopherols was

analysed by gas-chromatography mass-spectrometry

(GC-MS) ,on an Ultra 2 column [30 m ·
0.2 mm · 0.25 mm; Hewlett-Packard (now Agilent

Technologies) South Queensferry, West Lothian, UK],

using the selected-ion monitoring technique.

Productive of reactive oxygen species (ROS) by

PBMCs was assessed using a hydrogen-peroxide kit

(AmplexRed; Molecular Probes, New Brunswick, NJ,

USA), following the manufacturers’ instructions. The

catalase activity of PBMCs was assayed spectrophoto-

metrically by measuring the rate of disappearance of

hydrogen peroxide.17 The analysis was always per-

formed on frozen samples, thus preventing any possible

difference due to sample manipulation.

Lipids were extracted from the cellular pellet using

chloroform ⁄ methanol extraction in the presence of

butylated hydroxytoluene as antioxidant. Phospho-

lipid fatty acids were trans-methylated and analysed

using GC-MS on a free fatty-acid phase (FFA-P) capil-

lary column (60 m · 0.32 mm · 0.25 mm; Hewlett-

Packard). The results are reported as a percentage of the

total fatty acids.18

Statistical anaysis

Data were reported as means ± SD. Statistical analysis

was performed using Student’s t-test, with P < 0.05

considered statistically significant.

Results

Clinical data

In total, 35 patients (21 women, 14 men; mean age

39.9 years, range 24–61) with generalized vitiligo were

enrolled. Of these, 28 patients completed the 6 months

of therapy with full compliance and were included in the

statistical analysis. The remaining 20% of the patients

dropped out for reasons unconnected with the therapy

(fever, physical trauma, job changes).

At T2, the AP group exhibited stabilization of the

disease and partial repigmentation of some lesions,

whereas patients receiving placebo showed only stabil-

ization of the disease.

At T6, 47% (P < 0.05 vs. placebo group) and 23.5%

of the patients in the AP group developed grade 3 and

grade 1–2 repigmentation, respectively. In the placebo

group, 18% achieved repigmentation of grades 2 and 3.

Of the 10 patients with grade 3 repigmentation (8 in the

AP group and 2 in the placebo group), 8 had stable

vitiligo and 2 had active disease. The average number of

treatments required to achieve 50% repigmentation was

18 in the AP group and 23 in the placebo group

(Table 1). We did not observe any significant correlation

between effectiveness of the therapy and skin phototype.

The best response was noted on the face, neck,

proximal limbs excluding the elbow ⁄ knee regions, and

trunk. Most of the lesions over the hands and feet

showed mild to no response. No new lesions appeared in

any patient during the course of the trial.

Adverse effects to phototherapy were minimal and

none of the patients required suspension or discontinu-

ation of the therapy.

Biochemical data

At T0 the catalase activity was 147 ± 36 U ⁄ mg

protein and 149 ± 34 U ⁄ mg protein and the intra-

cellular ROS amount corresponds to 0.63 ± 0.4 lM

and 0.42 ± 0.2 lM in AP and the placebo group,

respectively.

At T2 the catalase activity was 121% (168 ±

73 U ⁄ mg protein; P < 0.05) and 101% (143 ±

73 U ⁄ mg protein) of the basal value in AP and placebo

groups, respectively (Fig. 1 and 2A; Table 2).
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At T6 the catalase activity in the AP group was

higher (164 ± 43 U ⁄ mg protein, 114% of the basal

value) than that in placebo group (139 ± 31 U ⁄ mg

protein, P < 0.05, 91% of the basal value) (Fig. 1).

Independent of clinical effectiveness, intracellular

ROS production decreased in the treated group (57%

and 60% of the starting value at T2 and T6, respect-

ively; P < 0.02), whereas it did not change in the

placebo group (Figs 1 and 2B).

Finally, the phototherapy induces a progressive sat-

uration of the membrane (saturated ⁄ unsaturated fatty

acid ratio was 2.2, 2.3, 3.1, at T0, T2 and T6,

respectively) but the oral administation of AP counter-

acts this process maintaining the membrane unsatur-

ated (2.6, 2.1, and 1.8 at T0, T2 and T6, respectively;

P < 0.05 at T6) (Fig. 3).

Discussion

NB-UVB phototherapy is currently considered an effect-

ive treatment for generalized vitiligo, with a success rate

of 50–70% depending on patient age and disease

severity.1 Various therapies have been proposed to

increase the degree of repigmentation and reduce the

length of treatment, including vitamin D analogues,

tacrolimus, and antioxidants.5,6,9 This controlled trial

demonstrates that oral administration of an AP increa-

ses the clinical effectiveness of subsequent NB-UVB

phototherapy and is associated with the restoration of

the correct intracellular redox status. In accordance

with our previous data,14 we found lower catalase

activity and higher intracellular ROS production in

PBMCs from vitiligo patients compared with those from

normal subjects. Intake of AP for 2 months restored the

balance in intracellular redox status, allowing better

response to the subsequent phototherapy. Our results

show that the combined treatment significantly increa-

sed the degree of repigmentation compared with photo-

therapy alone (Fig. 4), and that the repigmentation

occurred earlier and with lower cumulative UVB dos-

age. A better clinical result was obtained in subjects

with stable disease, probably because their cellular

redox status is only slightly compromised14 and thus

can be restored more easily. The clinical results were

supported by biochemical parameters showing at T6 an

increase in catalase activity (114% of basal activity),

decrease in intracellular ROS production (60% of the

basal value), and reduced membrane peroxidation

(saturated ⁄ unsaturated fatty-acid ratio of 1.8) in the

AP group. In the placebo group, a reduction in the

antioxidant enzymatic activity at T6 was observed (91%

of basal), probably due to phototherapy-associated

oxidative stress, amplifying the difference from the

treated group. Thus, the enzymatic activity measured

at T6 in the AP group can be considered the result of

the protective effect of the AP. Finally, in the AP group

the number of patients with increased catalase activity

and reduced H2O2 was higher at both T2 and T6

(Fig. 2).

Figure 1 Increased catalase (Cat) activity and reduced intracellu-

lar H2O2 production in PBMC of AP-treated compared with pla-

cebo-assigned patients with vitiligo. The values are reported as a

percentage of the basal level at T0.

(a)

(b)

Figure 2 Distribution of patients on the basis of the modification

(< 50%, 50–100%, or > 100%) of the catalase activity and of the

intracellular H2O2 compared with the basal value (T0). Values

correspond to the number of the patients in whom catalase activity

and intracellular H2O2 was < 50%, 50–100% or > 100% of the

basal value (T0), respectively.
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Previous clinical trials and animal studies underline

an in vivo antioxidant activity for most AP components.

Supplementation with a-lipoic acid results in restoration

of the correct cellular redox status in diabetes,

chemotherapy-induced oxidative stress, ageing and

neurological diseases.19–21 Vitamin E has been reported

to reverse phototherapy-induced lipoperoxidation.

Vitamin C, acting as a reducing agent, prevents damage

by free oxygen radicals and slows the oxidative pro-

cess. The different antioxidants act synergistically

because of reciprocal recycling activity and a multistep

process.9,22–25 The present study is the first double-

blind, placebo-controlled trial demonstrating that long-

term administration of an AP is effective in improving

the rate of repigmentation by NB-UVB phototherapy in

patients with vitiligo. We suggest that the components

of the AP can counteract the oxidative stress occurring

in patients with vitiligo, and interfere with the possible

pathogenetic mechanisms of the disease.

Thus, supplementation with antioxidants may repre-

sent a valuable adjunctive therapy, preventing the

progression of the disease as well as increasing the

effectiveness of NB-UVB. NB-UVB and antioxidants,

mainly vitamin E and a-lipoic acid, work through

different mechanisms: (i) regulating immunosuppression

and stimulating melanocyte replication and proliferation

and (ii) regulating the antioxidant balance, which is

critical in vitiligo. This could mean that these two

modalities are supplementary and synergistic. Further

evaluations will be performed to establish whether the

Table 2 Biochemical results.

AP Placebo

T0 T2 T6 T0 T2 T6

Catalase (U ⁄ mg protein) 147 ± 36 168 ± 73 164 ± 43* 149 ± 34 143 ± 73 139 ± 31

Vitamin E (ng ⁄ mL) 10 ± 1.4 11 ± 3 9 ± 1.9 8 ± 2.3 7.7 ± 3.3 5.8 ± 3.2

PUFA (%) 22 ± 6 25 ± 4 28 ± 6 24 ± 6 24 ± 7 20 ± 8

H2O2 (lmol ⁄ l) 0.63 ± 0.4 0.36 ± 0.2† 0.38 ± 0.2† 0.4 ± 0.2 0.5 ± 0.4 0.4 ± 0.3

The values are reported as mean ± standard deviation. *P < 0.05 vs. placebo; †P < 0.02 vs. T0. PUFA, polyunsaturated fatty acids.

Figure 3 Increased saturated : unsaturated fatty-acid ratio in

PBMCs of patients assigned to the placebo group and exposed to

NB-UVB can be reversed by the intake of AP.

(a)

(b)

Figure 4 AP-treated patient (a) before and (b) after overall treat-

ment. A significant reduction in the size and number of the lesions

was observed (score 3).
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adjuvant treatment with antioxidants can reduce the

rate of relapse in vitiligo.

References

1 Westerhof W, Nieuweboer-Krobotova L. Treatment of

vitiligo with UV-B radiation vs topical psoralen plus UVA.

Arch Dermatol 1997; 133: 1525–8.

2 Kanvar AJ, Dogra S, Parsad D, Kumar B. Narrow-band

UVB for the treatment of vitiligo: an emerging effective

and well-tolerated therapy. Int J Dermatol 2005; 44:

57–60.

3 Leone G, Iacovelli P, Paro Vidolin A, Picardo M. Mono-

chromatic excimer light 308 nm in the treatment of viti-

ligo: a pilot study. J Eur Acad Dermatol Venereol 2003; 17:

531–7.

4 Lu CS, Yu CL, Wu CS et al. Narrow-band ultraviolet-B

stimulates proliferation and migration of cultured mel-

anocytes. Exp Dermatol 2004; 13: 755–63.

5 Hartmann A, Lurz C, Hamm H et al. Narrow-band UVB

311 nm vs. broad-band UVB in combination with topical

calcipotriol vs. placebo in vitiligo. Int J Dermatol 2005; 44:

736–42.

6 Grimes PE, Morris R, Avaniss-Aghajani E et al. Topical

tacrolimus therapy for vitiligo: therapeutic responses and

skin messenger RNA expression of proinflammatory

cytokines. J Am Acad Dermatol 2004; 51: 52–61.

7 Kullavanijaya P, Lim HW. Topical calcipotriene and nar-

rowband ultraviolet B in the treatment of vitiligo. Photo-

dermatol Photoimmunol Photomed 2004; 20: 248–51.

8 Schallreuter KU, Moore J, Wood JM et al. In vivo and

in vitro evidence for hydrogen peroxide (H2O2) accu-

mulation in the epidermis of patients with vitiligo and its

successful removal by a UVB-activated pseudocatalase.

J Invest Dermatol Symp Proc 1999; 4: 91–6.

9 Akyol M, Celik VK, Ozcelik S et al. The effects of vitamin E

on the skin lipid peroxidation and the clinical improvement

in vitiligo patients treated with PUVA. Eur J Dermatol

2002; 12: 24–6.

10 Patel DC, Evans AV, Hawk JLM. Topical pseudocatalase

mousse and narrowband UVB phototherapy is not effective

for vitiligo: an open, single-centre study. Clin Exp Dermatol

2002; 27: 641–4.

11 Taieb A. Intrinsic and extrinsic pathomechanisms in viti-

ligo. Pigment Cell Res 2000; 13: 41–7.

12 Schallreuter KU, Moore J, Wood JM et al. Epidermal H2O2

accumulation alters tetrahydrobiopterin (6BH4) recycling

in vitiligo: identification of a general mechanism in regu-

lation of all 6BH4-dependent processes? J Invest Dermatol

2001; 116: 167–74.

13 Picardo M, Grammatico P, Roccella F et al. Imbalance in

the antioxidant pool in melanoma and normal melano-

cytes from patients with melanoma. J Invest Dermatol

1996; 107: 322–6.

14 Dell’Anna ML, Maresca V, Briganti S et al. Mitochondrial

impairment in peripheral blood mononuclear cells during

the active phase of vitiligo. J Invest Dermatol 2001; 117:

908–13.

15 Paganelli R, Buttari B, Camera E et al. In vitro effects of

nickel-sulphate on immune functions of normal and nickel

allergic subjects: a regulatory role for zinc. J Trace Elem Med

Biol 2003; 17: 11–15.

16 Dell’Anna ML, Urbanelli S, Mastrofrancesco A et al.

Alterations of mitochondria in peripheral blood mononu-

clear cells of vitiligo patients. Pigment Cell Res 2003; 16:

553–9.

17 Claiborne A. Catalase activity. In: Handbook of Methods for

Radical Research (Greenwald RA, ed). Boca Raton, FL: CRC,

1985: 283–4.

18 Lenzi A, Gandini L, Maresca V et al. Fatty acid composition

of spermatozoa and immature germ cells. Mol Hum Reprod

2000; 6: 226–31.

19 Maritim AC, Sanders RA, Watkins JB. Effects of alpha-lipoic

acid on biomarkers of oxidative stress in streptozotocin-

indiced diabetic rats. J Nutr Biochem 2003; 14: 288–94.

20 Bojunga J, Dresar-Mayert B, Usadel KH et al. Antioxidative

treatment reverses imbalances of nitric oxide synthase

isoform expression and attenuates tissue-cGMP activation

in diabetic rats. Biochem Biophys Res Commun 2004; 316:

771–80.

21 Liu J, Killilea DW, Ames BN. Age-associated mitochondrial

oxidative decay: improvement of carnitine acetyltransf-

erase substrate-binding affinity and activity in brain by

feeding old rats acetyl-L-carnitine and ⁄ or R-a-lipoic acid.

Proc Natl Acad Sci USA 2002; 99: 1876–81.

22 Shapiro SS, Saliou C. Role of vitamins in skin care. Nutri-

tion 2001; 17: 839–44.

23 Lapenna D, Ciofani G, Pierdomenico SD et al. Dihydrolipoic

acid inhibits 15-lipoxygenase-dependent lipid peroxidation.

Free Rad Biol Med 2003; 35: 1203–9.

24 Suh JH, Shenvi SV, Dixon BM et al. Decline in transcrip-

tional activity of Nrf2 causes age-related loss of glutathione

synthesis, which is reversible with lipoic acid. Proc Natl

Acad Sci USA 2004; 101: 3381–6.

25 Pocernich CB, Butterfield DA. Acrolein inhibits NADH-

linked mitochondrial enzyme activity: implications for

Alzheimer’s disease. Neurotox Res 2003; 5: 515–20.

� 2007 The Author(s)

636 Journal compilation � 2007 Blackwell Publishing Ltd • Clinical and Experimental Dermatology, 32, 631–636

Antioxidants and narrow band-UVB in the treatment of vitiligo • M. L. Dell’Anna et al.


