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All-E lutein and 3′-epilutein in the epidermis of chronic 
arsenic poisoning

Lutein and epilutein in the epidermisMIR MISBAHUDDIN1, A. MOMIN2, and MOHAMMAD AL-AMIN1

1Division of Arsenic Research, Department of Pharmacology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh
2Department of Dermatology and Venereology, Dhaka Medical College, Dhaka, Bangladesh

Identification and quantification of carotenoids in the epidermis of nine patients of chronic arsenic poisoning were done using isocratic
reverse phase high performance liquid chromatography (HPLC). The major carotenoids in all the skin biopsies were all-E lutein and
3′-epilutein. Small amount of 2′,3′-anhydrolutein, all-E zeaxanthin, and 13-Z zeaxanthin were also present in some of the biopsy samples.
Alpha-carotene, beta-carotene, and lycopene were not detected in any sample. The mean (± SD) concentration of all-E lutein in the
epidermis of healthy volunteers was 1.09 ± 0.26 microgram/g of wet tissue, whereas it was only 0.29 ± 0.10 microgram/g in the diffuse dark
brown spots of chronic arsenic poisoning. In raindrop-shaped discoloration spots of skin the mean concentration of all-E lutein was 0.86 ±
0.29 microgram/g of wet tissue. The difference between the concentrations of all-E lutein in the epidermis of healthy volunteers versus
patients was for the diffuse dark brown spots statistically significantly (p < 0.05) lower, while this was not significant for the raindrop-
shaped discoloration spots. This study suggests that arsenic exposure reduces the number, as well as concentrations of, carotenoids in skin.
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Introduction

About half of the total population (about 57 million) of
Bangladesh, at present, are consuming arsenic through drink-
ing and cooking (1,2). Already more than 40,000 people
developed signs and symptoms of chronic arsenic poisoning.
Early diagnosis of poisoning is based on skin manifestations
and history of arsenic exposure. Skin manifestations include
melanosis and keratosis (3). There are raindrop-shaped dis-
coloration spots, diffuse dark brown spots, or diffuse darken-
ing of the skin on the limbs and trunk. Diffuse keratosis is
identified as bilateral thickening of the palms and soles, and
nodular keratosis is identified as small protrusions appearing
on the palms, soles, and occasionally on the dorsum of the
hands, feet, or on the legs (4). The reason that the skin
becomes discolored spots, diffuse dark brown spots or diffuse
darkening, is not known. The normal color of the skin is due
to the presence of melanin, hemoglobin, and carotenoids (5).
Any change in the amount or the structure of any one of these
may alter the color of skin. Among the three major cell types
of skin cancer, squamous cell carcinoma and basal cell carci-

noma appear to be associated with the ingestion of arsenic.
Such association was not observed for malignant melanoma
(6). In a study conducted by Momin et al. (2002), it was
shown that squamous cell carcinoma was found more often in
chronic arsenic poisoning (7). Epidemiological studies have
suggested an association between the high intake of caro-
tenoid-rich fruits and vegetables and a reduced risk of cancer
(8,9). However, arsenic-induced skin lesions occur among
Atacameno people in Northern Chile, despite a good nutri-
tional status and daily consumption of fruits and vegetables
including carrots, the richest source of beta-carotene (10). In
the present study, we estimated the amount of carotenoids in
the raindrop-shaped discolored spots and diffuse dark brown
spots of the skin of chronic arsenic poisoning to find out the
role of carotenoids in the pathogenesis of skin manifestations.

Method

Twenty cases of chronic arsenic poisoning were randomly
selected (using a random number table) from an Arsenic
Treatment Center at Chatkhil Upazilla of the Noakhali Dis-
trict (170 km northwest of Dhaka). Each patient presented
with diffuse dark brown spots or diffuse darkening and
hypopigmentation (raindrop-shaped discoloration spots)
throughout the whole body surface except the face, palms,
and soles; palms and soles had discrete hyperkeratosis. To
confirm the clinical diagnosis, drinking water (source:
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shallow tubewell, 100 ml of water), midstream urine (10 ml),
and nails (both fingers and toes, about 100 mg) were col-
lected from each patient to estimate the concentration of total
arsenic. After confirming the diagnosis, only nine patients
(age 21∼35 years; four males and five females) cooperated to
perform skin biopsies from areas other than the face. The
remaining 11 cases were dropped. We also took the skin
biopsies of nine healthy volunteers (age 24∼34 years; four
males and five females) from the same area. These volunteers
had normal skin and no history of arsenic exposure. This
study was approved by the Bangladesh Medical Research
Council and informed written consent was taken from both
the patients and the control group.

The amount of total arsenic was estimated using the atomic
absorption spectrophotometer with continuous flow hydride
generator (11). The limit of detection (LOD) of total arsenic
in water was 0.88 microgram/l. The mean (± SD) concentra-
tion of total arsenic in drinking water was 193.6 ± 23.2
microgram/l in the case of patients, and 35.1 ± 9.3 micro-
gram/l in the case of the control group. Patients excreted a
high concentration of total arsenic in urine (64.8 ± 11.6
microgram/l) as compared to the control group (7.88 ± 4.16
microgram/l). The mean concentrations of total arsenic in the
nail of patients and the control group were 5.83 ± 2.16 and
0.62 ± 0.11 microgram/g, respectively. The mean duration of
suffering from symptoms by patients was 5.9 ± 2.7 years. All
had no history of taking any antioxidant or drug(s) used for
the treatment of chronic arsenic poisoning. In every patient of
chronic arsenic poisoning, two punch biopsies (2–3 mm in
diameter and mainly from epidermis) were taken - one from
the diffuse dark brown spot and the other from the raindrop-
shaped discolored spot. A single biopsy was taken from the
skin of healthy volunteers. All the biopsies were taken from
the abdomen. The weight of the biopsies were 1.6∼3.7 mg.
Each biopsy material was kept in a separate container con-
taining 1 ml of formaldehyde fully covered with aluminum
foil and transported to the laboratory at 0–4°C on the same
day of collection. Biopsy materials were then stored at −70°C
until analysis (i.e., within three days of collection).

The concentration of carotenoids in the skin biopsies was
measured by high performance liquid chromatography
(HPLC). Before introduction into HPLC, carotenoids were
extracted twice from each tissue separately; at first, in 1 ml of
a mixture of n-hexane:acetone:methanol (2:1:1) for 60 min-
utes and then only n-hexane (1 ml) for another 30 minutes.
The pooled extracts were then evaporated to dryness under
nitrogen. The residue was dissolved in 100 μl of mobile
phase and filtered through a 0.2 μm membrane filter. Twenty
microliters was injected into the HPLC system.

Identification, separation, and quantification of carotenoids
(with geometrical isomers) and their metabolites in skin were
done using isocratic reverse phase HPLC with a UV-VIS
detector set (ESA, USA) at 450 nm (12). The separation was
performed on a C18 column (250 × 4.6 mm, 5 μm particle
size; ProntoSIL, Bischoff Chromatography, Germany) at
room temperature. The mobile phase containing HPLC grade

acetonitrile:methanol:chloroform (47:47:6) was used to
achieve maximum separation and sensitivity. It was prepared
daily, filtered, and delivered at a flow rate of 0.5 ml/min.
After injecting each sample, the HPLC system ran for 70 min
in order to get all of the carotenoids. The retention time for
beta-carotene (last peak) was 65 min. Butylated hydroxytolu-
ene (0.05%) was used both in the mobile phase and in the sol-
vent used during extraction. All analyses were carried out in
duplicate with the mean repeated; results should not vary by
more than 10%. The chromatographic data were analyzed
with the software EZCHROM elite (Scientific Software Inc,
USA). All extractions and analyses were performed under
dimmed light to prevent photo-isomerization and degradation
of carotenoids. The LOD and limit of quantification (LOQ)
were calculated using standard deviation (13). Using 1.8 mg
epidermis, the LOD for all-E lutein was 4.35 ng/g and LOQ
was 13.05 ng/g.

The standards of all-E lutein, beta-carotene, beta-carotene,
and all-E lycopene were purchased from Sigma Chemical Co.
(USA). The standard of all-E zeaxanthin was a gift from
Square Pharmaceuticals Ltd. (Bangladesh). 3′-epilutein,
2′,3′-anhydrolutein, 9-Z lutein, 9′-Z lutein, 13-Z zeaxanthin,
and beta-cryptoxanthin were purified (at least 2 mg of each
individual compound) from patients’ serum using column
chromatography and HPLC, and finally identified by 1H- and
13C-NMR (400 MHz) spectroscopy. The 1H-NMR data of
individual isomer was confirmed using the data published by
Khachik et al. (14). All the standards were stored at −70°C in
solvent free condition aerated with argon gas.

The significance of differences in lutein concentrations of
epidermis between normal and chronic arsenic poisoning was
determined using a multiple comparison test (Dunnett’s test).
The level of statistically significance was p < 0.05.

Results

Among the carotenoids, only lutein (geometrical isomers: all-E
lutein, 9-Z lutein, 9′-Z lutein), zeaxanthin (geometrical iso-
mers: all-E zeaxanthin, 13-Z zeaxanthin), cryptoxanthin, and
metabolites of lutein (3′-epilutein, 2′,3′-anhydrolutein) were
found in the epidermis of healthy volunteers. The major caro-
tinoids in all the biopsy samples were identified as all-E lutein
and 3′-epilutein. Chromatogram shows that the retention time
for all-E lutein and 3′-epilutein were 10.9 and 15.5 min,
respectively. The minor carotinoids were beta-cryptoxanthin
(n=8), all-E zeaxanthin (n=6), 13-Z zeaxanthin (n=6), 9-Z
lutein (n=1) and 9′-Z lutein (n=4). Only one biopsy showed
all-E lycopene; alpha-carotene and beta-carotene were not
detected in any sample. In the epidermis of chronic arsenic
poisoning, all-E lutein and 3′-epilutein were mainly present
(Fig. 1). 9-Z Lutein and 9′-Z lutein were totally absent; beta-
Cryptoxanthin was present in one biopsy. all-E Zeaxanthin,
13-Z zeaxanthin, and 2′,3′-anhydrolutein were present in two
biopsies. None of the biopsies showed detectable concentra-
tion of alpha-carotene, beta-carotene, and lycopene.
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The mean concentration of all-E lutein in the epidermis of
healthy volunteers was 1.09 ± 0.26 microgram/g of wet tissue
(Table 1). The concentration of all-E lutein in the epidermis
of chronic arsenic poisoning varies. In the diffuse dark brown
spots of skin, the mean concentration was 0.29 ± 0.10 micro-
gram/g of wet tissue. This difference between the normal epi-
dermis and diffuse dark brown spots was statistically
significant (p < 0.05). But in the raindrop-shaped discolora-
tion spots, all-E lutein concentration increased toward the
normal level to 0.86 ± 0.29 microgram/g of wet tissue. The
difference of concentrations between the normal epidermis
and raindrop-shaped discoloration spots was not statistically
significant (p > 0.05). The mean concentrations of 3′-epi-
lutein in the epidermis of healthy volunteers, diffuse dark
brown spots and raindrop-shaped discoloration spots of
chronic arsenic poisoning were 0.71 ± 0.27, 0.20 ± 0.11, and
0.43 ± 0.25 microgram/g of wet tissue, respectively. The dif-
ference of 3′-epilutein concentrations between healthy volun-
teers and diffuse dark brown spots was statistically significant

(p < 0.05), whereas the difference between healthy volunteers
and raindrop-shaped discoloration spots was not statistically
significant (p > 0.05).

Discussion

More than 600 carotenoids have been identified of which
only 25 dietary carotenoids and nine of their metabolites
have been detected in human tissues, although the specific
profile is dependent on an individual diet (15). Among the
dietary carotenoids, 13 are all-E isomers and the rest, 12,
are Z isomers. In well-nourished humans, carotenoids are
present primarily in the adipose tissue (80∼85%), liver (8–
12%), and muscle (2–3%) with small amounts in other tis-
sues, including skin (16). The major carotenoids in the skin
are lutein, zeaxanthin, cryptoxanthin, lycopene, alpha-car-
otene, and beta-carotene (17,18). The present study shows
that lutein, zeaxanthin, and cryptoxanthin are present in the
skin of healthy volunteers; among them lutein is dominant.
Lutein is more polar than beta-carotene and has been sug-
gested to be absorbed five times more efficiently from the
gut (19). Absence of alpha-carotene, beta-carotene, and
lycopene is related with dietary intake. There are a few
studies where the concentration of carotenoids either in
whole skin or epidermis was found. The concentration of
carotenoids in epidermis has physiological importance and
is 3–6-fold higher than the dermis (20,21). Our data shows
that the mean total concentration of carotenoids (as
lutein+epilutein) in normal epidermis is 1.80 microgram/g,
which is lower than the concentration of beta-carotene
reported by Vahlquist et al. (21). Vahlquist et al. estimated
the concentration of carotenoids using methods other than
HPLC. Several-fold lower concentration of carotenoids
was reported by Peng et al. using HPLC but they used
whole skin instead of epidermis (17). Higher concentration
of lutein in the epidermis of our normal individuals is due
to a high intake of green leafy vegetables (22). The site of
skin and higher exposure to sunlight due to geographical
location may influence the concentration of carotenoids.
Our data also shows high concentration of 3′-epilutein
which may be explained by 1) its transfer from the plasma
and 2) extensive metabolism of lutein within the epidermis.
The allylic oxidation of lutein can result in the formation of
(3R, 6′R)-3-hydroxy-beta,beta-carotene-3′one(3′-oxo-
lutein), which may undergo reduction either to revert back
to lutein or epimerize at C-3′ to form 3′-epilutein (23).
Arsenic non-exposed normal epidermis also contains small
amount of 9-Z lutein, 9′-Z lutein, all-E zeaxanthin, 13-Z
zeaxanthin, and 2′,3′-anhydrolutein. Similar isomers are
detected in plasma (14).

All of the extracts of epidermis of chronic arsenic poison-
ing contain mainly all-E lutein and 3′-epilutein. Small
amount of 2′,3′-anhydrolutein is present in some of the cases.
Cryptoxanthin is detected in one case, whereas it is present in
eight biopsy samples of normal epidermis; all-E zeaxanthin

Fig. 1. HPLC profile of the carotenoids in skin biopsies of arsenic
non-exposed and raindrop-shaped discolored spots of chronic
arsenic poisoning. Peak 1: all-E lutein (retention time- 10.9 min);
peak 2: 13-Z zeaxanthin (13.3 min); peak 3: all-E zeaxanthin (13.9
min); peak 4: 3′-epilutein (15.5 min); peak 5: 9-Z lutein (18.0
min); peak 6: 9′-Z lutein (18.7 min); peak 7: 2′,3′-anhydrolutein
(19.5 min); and peak 8: cryptoxanthin (22.4 min).
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and 13-Z zeaxanthin are present in two biopsies. That is,
arsenic accumulation in the epidermis may stimulate the utili-
zation of cryptoxanthin and some isomers of lutein and zeax-
anthin. Arsenic-induced skin cancer cases had a significantly
lower serum level of beta-carotene (24), but there is yet no
information about the carotenoid concentration in the skin of
cancer patients.

The mean concentration of all-E lutein in the diffuse dark
brown spots is several-fold lower than the mean concentra-
tion in normal epidermis. Reduced concentration of lutein in
the diffuse dark brown spots may be due to oxidative stress
caused by accumulation of arsenic in epidermis. Arsenic is
usually accumulated in different organs of the body including
skin, which is mostly in inorganic form (about 98%) (25).
The accumulated arsenic causes oxidative stress (26). Caro-
tenoids are sensitive to free radical attack (27). The effect of
arsenic-induced free radical on carotenoid concentrations is
not known. However, UV radiation decreases the carotenoid
concentration in skin (28).

We have estimated the amount of carotenoids in the discol-
ored spots and the neighboring diffuse dark brown spots. The
mean concentration of lutein in the discolored spots is 0.86
microgram/g of wet tissue, which is about three times higher
than concentration in diffuse dark brown spots (0.29 micro-
gram/g of wet tissue). This higher lutein concentration may
be responsible to alter the color of the skin. All of the family
members in arsenicosis-hyperendemic areas are drinking
high concentration of arsenic but usually one or two members

show signs of hyperpigmentation and hyperkeratosis. Our
present findings raises the question as to whether the appear-
ance of discoloration spot is a good sign because there is a
higher concentration of lutein (an antioxidant) than in the dif-
fuse dark brown spots. The limitation of this study is that we
could not compare the data of concentration of carotenoids in
the uninvolved skin (from the face) of arsenic-poisoned
patient. In addition, the distribution of melanin in discolored
spots is not known.

In conclusion, this study suggests that chronic arsenic
exposure reduces the number and concentrations of
carotenoids in the epidermis of skin, and that higher accu-
mulation of lutein and 3′-epilutein in some of the areas of
skin may be responsible for raindrop-shaped discoloration
spots. Further studies are required to understand the patho-
physiology of accumulation of these xanthophylls in order
to find out the best drug for the treatment of chronic arsenic
poisoning.
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Table 1. Concentration of all-E lutein and 3′-epilutein in the epidermis of normal volunteers and patients of chronic arsenic poisoning

Number

Normal volunteers

Patients of chronic arsenic poisoning

Dark brown spot Discolored spot

All-E lutein
(microgram/g)

3′-epilutein
(microgram/g)

All-E lutein
(microgram/g)

3′-epilutein
(microgram/g)

All-E lutein
(microgram/g)

3′-epilutein
(microgram/g)

1 1.19 0.80
2 0.86 1.21
3 1.13 0.76
4 1.30 0.46
5 0.82 0.32
6 1.62 0.90
7 1.15 0.88
8 0.99 0.62
9 0.78 0.52
10 0.25 0.11 1.12 0.31
11 0.46 0.40 1.26 0.82
12 0.20 0.12 0.51 0.81
13 0.25 0.16 1.17 0.47
14 0.22 0.12 1.10 0.19
15 0.40 0.21 0.81 0.31
16 0.24 0.19 0.67 0.19
17 0.21 0.14 0.47 0.20
18 0.44 0.42 0.70 0.57
Mean 1.09 0.71 0.29 0.20 0.86 0.43
S.D. 0.26 0.27 0.10 0.11 0.29 0.25
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