
Summary. Tattooing with henna is a routine practice in
the Arab world. To the best of our knowledge, no
previous studies have evaluated the adverse histological
effects following henna tattooing on the ultrastructure of
the skin. The objectives of this study were to diagnose
the cytopathological alterations induced by commercial
henna and to investigate the adverse role of henna when
combined with sun ray on the skin. The skin of albino
rats was tattooed with natural and black henna for three
months, skin samples were examined by transmission
electron microscope. In addition, the concentration of
lead in henna samples was estimated by using atomic
absorption spectrophotometry. The results expanded the
understanding of the pathogenesis of henna-induced
phytophotodermatitis. We hypothesized that henna-
associated additives penetrated the epidermal barrier to
gain access to the vascular dermis where the harmful
ingredients became concentrated, leading to skin
pathology through a dual mechanism. First, these
ingredients became re-transported into the epidermis
through vesicular trafficking leading to dermo-epidermal
blistering and cytoplasmic vacuolization of the stratum
basal cells. Following this, cytoplasmic vacuoles poured
their content into the nuclei through continuities with the
perinuclear cisterna, possibly leading to genetic
mutation. The progression of keratinocytes into the next
layers became associated with nuclear and cytoplasmic
signs of apoptosis with subsequent phagocytosis in other
epidermal cells, most probably keratinocytes. The

second mechanism of injury was mediated through
accumulation of inflammatory cells around capillaries in
the dermis with the release of angiogenic and mitogenic
mediators resulting in vasculopathy. 
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Introduction

The role of henna tattoos has been described in
allergic and lichenoid reactions (Taaffe et al., 1978;
Clarke and Black, 1979; Winkelmann and Harris, 1979).
Although henna, which is the dried and powdered leaf of
Lawsonia inermis, is commonly used as paint or dye,
various researchers have shown that commercially
available henna contains many additives, such as p-
phenylenediamine (PPD), and these additives might
elicit the allergic reactions associated with commercial
henna (Lestringant et al., 1999; Rubegni et al., 2000).
Natural henna contains the agent lawsone, which is
grayish green; all other colors obtained with henna are
due to the addition of other synthetic agents (Natow,
1986). Some authors (Rubegni et al., 2000) reported a
light microscopic histopathological finding of lichenoid
dermatitis caused by allergic reaction due to the
temporary henna tattoo, and they attributed these allergic
reactions to the additive dyes present in commercial
henna. Phytophotodermatitis is defined as a phototoxic
reaction of the skin following contact with plant-derived
substances and subsequent sunlight exposure, has also
been reported with commericially available henna
(Tunget al., 1994; Zhang and Zhu, 2011).
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To the best of our knowledge, this is the first report
which analyzed the ultra-structural cytological
alterations and histological effects of henna tattooing. In
this context, the objectives of the present study were to
determine a reliable tool for early diagnosis of
cytopathological alterations by using the advanced
method of transmission electron microscope that might
solve the skin problems associated with the use of henna.
We compared the histopathological effects of both
natural henna and black henna after tattooing on the
skin. The second aim of this study was to evaluate the
ultrastructural effects of henna application on skin when
combined with solar irradiation.
Materials and methods 

Henna samples

Henna samples (natural and black types) (Gadodia,
khari Baoli, Delhi-110 006 India) were obtained from a
local artisan at Qassim region; Saudi Arabia. After
assaying Lead content in each sample, henna was used
as tattoo on the skin of albino rats.
Animal groups

The study was approved by the Institutional Ethical
Committee of Qassim University, and conducted on 20
mature albino rats. All were 6 months of age and without
sex discrimination. The rats were classified into two
groups (10 rats in each group):

Group - I: They were divided into two sub-groups; A
and B (each of 5 animals); being subjected to natural and
black henna respectively. Fur from the dorsum of used
animals was manually epilated 72 hours before the
experimental tattooing with henna in order to avoid
trauma artifacts. The skin of the right epilated side was
soaked with a water-based emulsion of the
corresponding type of henna twice a week for three
months, while the left epilated side was used as control
(wetted only with water). Animals were kept in shade.

Group - II: was managed as group–I, but
immediately after henna application; the animals were
exposed to solar irradiation (during January/February)
for 30 minutes at 11 a.m. in the city of Buraidah at the
central zone of Saudi Arabia.
Atomic absorption spectrophotometry 

Atomic Absorption Spectrophotometry technique
(Kumhomkul and Panich-Pat, 2013) (Perkin-Elmer
Model 400, Shelton, CT, USA) was used to determine
the lead content present in natural and commercial henna
samples.
Transmission electron microscopy 

By the end of the experiment, animals were
sacrificed under ketamine anesthesia (intramuscular

injection of 90 mg/kg) and skin biopsies (fragments of
about 1 mm3) were obtained, immersed in a fixative
formed of 2.5% glutaraldehyde in 0.1 M Cacodylate
buffer (pH 7.3) for four hours at 4°C, then post fixed in
1% Osmium tetroxide in 0.1 M Cacodylate buffer (pH
7.3) for 2 hours. The specimens were dehydrated in
ascending grades of ethanol. After immersion in
propylene oxide (three times for 10-minutes each), the
samples were impregnated overnight in a mixture (1:1)
of propylene oxide and Epon-812 resin (Spa- USA) to be
lastly embedded in Epon-812. Semithin sections (0.5
micron thickness) were stained with toluidine blue to
select the proper sites for ultrathin sections (60-80 nm
thickness). The ultrathin sections were mounted on
formvar coated copper slot grids, and stained with 2%
uranyl acetate and 1% lead citrate (Hayat, 1989). The
grids were examined by a JTEM 1010 (Jeol - Japan).
Results 

Lead estimation in natural and black henna

Atomic Absorption Spectrophotometry was used to
analyze the lead content present in henna samples.The
results showed that natural henna contained 26 µg/gm,
whereas black henna contained 440 µg/gm.
Electron microscopic results

The epidermis of the control rats was principally
made up of keratinocytes where tonofilaments are
inserted at sites of intercellular contact and with the
basement membrane. Occasional basal cells were found
completely devoid of cytoplasmic filaments, while
mitochondria showed evidence of internal membranes
and scattered dense melanin granules could be seen
clearly. The latter seemed to be elaborated into the
cytoplasm of the neighboring keratinocytes to aggregate
at the supra-nuclear region forming a cap (Fig. 1a).
Multiple layers of cornified non-nucleated scales formed
the stratum corneum; where corneocytes seemed still
compacted together and adherent to the surface of the
epidermis through multiple desmosomal junctions, in
addition to end-to-end interlocking sites. Stratum
disjunctum was represented by one layer of keratin-filled
corneocytes that had completely lost their desmosomal
contact with the surface of the epidermis (Fig. 1b). The
dermis in control rats contained collagenous fibers and
exhibited occasional mast cells as characterized by
cytoplasmic granulation and irregular vacuolization (Fig.
1c).

In the group of animals in which natural henna was
applied and kept in shadow, the cytoplasm of
keratinocytes exhibited only clear peri-nuclear regions
(Fig. 2a). Post-staining exposure to sun rays of that
group led to an appearance of some cytoplasmic
vacuolization around the nuclei of keratinocytes in
stratum spinosum with melanin accumulation at the
supra-nuclear region and occasional dilatation of the
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peri-nuclear cisternae (Fig. 2b). 
In the painted animals with black henna and kept in

shadow, the ultra-structural findings revealed marked
vacuolization in the cytoplasm of keratinocytes and in
the papillary layer of dermis; many of these cytoplasmic
vacuoles had encroached the nuclear envelope and even
gained access to the peri-nuclear cistern (Fig. 3a).
Although most nuclei were spared, some of them
appeared condensed and exhibited large vacuoles (Fig.
3b). 

Post-staining exposure to actinic rays in the black
henna-treated group resulted in more dramatic ultra-
structural changes; projection of dermal micropapillae
and extensive cytoplasmic vacuolization of keratinocytes
were evident, accompanied by the appearance of large
vacuolar structures inside the condensed nuclei.
Crumbling of some keratinocytes with subsequent
phagocytosis in the stratum spinosum layer was an
inevitable consequence (Fig. 4). Most layers of
corneocytes belonged to the stratum disjunctum (Fig. 5).
Concomitant with these epidermal changes, heavy
mononuclear cellular infiltration (about 12-15 cells
observed in the electron micrograph) into the dermis was
noticed; these cells were identified as mast cells because
of the granular appearance of their cytoplasm (Fig. 6a),
while in the control dermis (Fig. 1c) an occasional mast
cell was seen. Structural defects were also detected in
capillaries; the capillary endothelial cells revealed large
cytoplasmic vacuoles and many endothelial outgrowing
folds, that divided the capillary lumen into many spaces
(Fig. 6b). 
Discussion 

There are only few reports on skin sensitization by
the use of natural henna (Ramírez-Andreo et al., 2007),
but now henna preparations are fortified with various
herbs or synthetic materials in order to give it a stronger
color. The added materials are suspected to induce skin
sensitization as these materials are very rich in heavy
metals such as Mercury and Lead salts (Lekouch et al.,
2001). In the present study, digested henna samples were
analyzed for lead. Our results showed that lead
concentration was significantly higher in black
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Fig. 1. Electron micrographs of control epidermis (a, b). a. Shows
keratinocytes (NK1-4) that are rich in tonofilaments and melanin
granules (crossed arrows); the cell (Nm) is rich in mitochondria (white
arrows) and melanin granules (black arrows). b. Shows that stratum
corneum is formed of compacted layers of corneocytes (Sc1-6) that have
end-to-end interlocking contacts (double thick arrows) with many
locations of desmosomal junctions (double thin arrows). At the most
superficial layer, an irregular dilatation (forked arrow) of the intercellular
space appears where desmosomal contacts are lost. Stratum
disjunctum is represented by a layer of corneocytes (Sd) that showed
fibrillar appearance of its keratin content. c. Shows control dermis which
contains an occasional elongated mast cell having a vesicular nucleus
(Nm) and exhibiting some cytoplasmic granules (arrows) and irregular
vacuoles (V). Notice; collagen bundles (Co).



(commercial) henna as compared to the natural henna.
These findings clearly indicated that lead-rich additives
were added in commercial preparations of henna. A
recent study using Inductively Coupled Plasma Optical
Emission Spectroscopy (Jallad and Espada-Jallad, 2008),
reported that lead amounted to 2.29 ppm and 65.98 ppm
in natural and black henna respectively, also United
States Food and Drug Administration set an action level
(enforceable) of 0.5 µg/ml or 0.5 ppm for lead in
products for use by infants and children. Previous
studies have shown that inorganic lead was absorbed
through the skin and was rapidly distributed through the
body leading to abnormal blood lead levels (Florence et
al., 1988). 

Black henna is obtained from natural henna after the
addition of other compounds, among them para-
phenylenediamine (PPD), which triggers allergic contact
dermatitis (Matulich and Sullivan, 2005). Sensitization
to PPD is important for two reasons. First, its ubiquity—
it is present in substances such as hair dye, eye shadow,
plastics, rubber, printing ink, and developing fluid
(Arranz Sánchez et al., 2005). The other reason, it has a
cross-reactivity with other structurally similar classes of
compounds, including the azo-dyes (used in textiles), the
sulfonamides, glucose-lowering agents, and p-
aminobenzoic acid (PABA); a common component of
sunscreens and PABA-derived local anesthetics (Di
Prisco et al., 2006; Ramírez-Andreo et al., 2007). 

During this study, we noticed that the lateral borders
between corneocytes were generally interdigitated.
Desmosomal junctions were usually encountered
between the keratinocytes, especially at the wide
opposing surfaces and occasionally along the side-to-
side interlocking surfaces (Glenn et al., 2000; Bouwstra
and Honeywell-Nguyen, 2002). 

Little is known about the potential risks of toxicity
by contact with henna-additives. Theories of transdermal
particle delivery suggested that skin structure cannot
allow the penetration of materials larger than 600 Da
(Baroli et al., 2007). Several methods have now been
assessed to increase the permeation rate across the
stratum corneum (Friedland and Buchel, 2000; Barry,
2001; Bouwstra and Honeywell-Nguyen, 2002;
Güereña-Burgueño et al., 2002; Menon et al., 2003;
Glenn et al., 2007). 

The pilosebaceous unit (hair follicle, hair shaft and
sebaceous gland) provides a follicular delivery route that
bypasses intact stratum corneum; the sebaceous gland
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Fig. 2. Photographs of natural henna-painted animals. a. For animals
kept in shadow shows that the nuclei (N1-2) of keratinocytes in the
stratum spinosum are vesicular but the perinuclear cytoplasm appears
free from tonofilaments. Notice that stratum corneum is formed of many
layers of compacted corneocytes (Sc1-4) while desquamating flakes of
stratum disjunctum are few (Sd1-3). Sun co-exposure (b) shows that
keratinocytes (Nk1-4) had aggregations of melanin granules (thin arrows)
with appearance of small cytoplasmic vacuoles (forked arrows) and
occasional dilatation of the perinuclear cisternae (thick arrows).



cells are more permeable than corneocytes and thus
drugs can reach the dermis by entering the follicle,
passing through the sebaceous gland or penetrating the
epithelium of the follicular sheath (Baroli et al., 2007). 

The aim of this study was to examine skin changes

in henna tattooing and post-exposure by sun rays using
the advanced method of transmission electron
microscope. We hypothesized that this technique would
detect henna-induced tissue pathology in early and late
induction. In previous literature, it was mentioned that
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Fig. 3. Electron micrographs from black henna-
painted animals and kept in shadow. a. Shows
a portion of a basal keratinocyte (Nb) that has
many cytoplasmic small vesicles (forked
arrows) and large vacuoles (L). A dermal basal
space (Bs) is detected at the left lower quarter.
The magnified part in the inset clarifies that a
large cytoplasmic vacuole had communicated
(black arrow) with the perinuclear cistern (thin
white arrows). b. Reveals the appearance of a
large vacuole (V) inside the condensed nucleus
(N) of a cell in stratum spinosum.
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Fig. 4. Micrographs of group-II- black henna-painted animals. Variable-sized cytoplasmic vesicles (forked arrows) and large vacuoles (V) appear in
keratinocytes of the basal layer (a and b) together with dermal micropapillae (black arrows in a and b) that become associated with a dermal vesicular
traffic (white arrows in b) and heavy supra-nuclear accumulation of melanin granules (crossed arrows in a). The nuclei (N) of keratinocytes in the
spinous layer appear condensed and are occupied with large vacuolar structures (V in c) and sometimes are engulfed (d) inside healthy keratinocytes
(N1-3).



erythema was observed only 48 hours after handling the
peel juice of Tahiti lemon which contains psoralens.
These changes over time indicated that the interaction of
sunlight and psoralens triggered cell death, which
became detectable by light microscopy for many hours
later, and took even longer to manifest clinically. This
delay was in agreement with clinical (Almeida et al.,
2008) and experimental experiences (Gonçalves et al.,
2005; Almeida et al., 2008). 

In this study, dermo-epidermal junctional blistering
in black henna-treated phytophotodermatitis was
observed. In cases of recessive dystrophic epidermolysis
bullosa with junctional blisters, the structural defects of
hemidesmosomes were considered to play the most
important role in the pathogenesis of junctional blisters
(Hashimoto et al., 1976). Probably the cell membrane
proteins involved in the adhesion of prekeratin
tonofilaments in the desmosomal plaque and keratin are
more sensitive to the photoproduct, made when sunlight
and henna additives (PPD) interact (Almeida et al.,
2008). These protein lesions led to keratinocyte death
and blistering. This information is in contrast to the

previous concept, which states that nuclear changes
could be the cause of cell necrosis in phototoxic
reactions (Tunget et al., 1994).

The results of the present study underscore the
excellent permeability of the epidermal intercellular
spaces for small particles. In guinea pigs, it was reported
that the internalization of thorotrast marker is
accomplished by means of single membrane-limited
phagosomes which transfer the marker into the interior
of the keratinocytes (Wolff and Hönigsmann, 1971)

Mild degenerative signs appeared in some
keratinocytes after application of black henna. However,
in samples taken with sun co-exposure, these signs
became dramatically increased even before these cells
became engulfed inside others. Apoptosis is defined as a
process of programmed cell death and it is a widespread
developmental event characterized by morphological
changes in cytoplasmic and nuclear structures (Wyllie et
al., 1980; Lockshine and Zakeria, 1991; Lin et al., 2013).
In the present study, we demonstrated extensive
cytoplasmic vacuolization of keratinocytes, huge nuclear
autolytic vacuoles inside the affected keratinocytes of
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Fig. 5. A micrograph through the superficial
layer of epidermis in group-II- black henna-
painted animal. Most layers of corneocytes
belonging to the stratum disjunctum have
already desquamated (1-7), while only one
layer (Sc) is still adherent to the epidermis to
represent the stratum corneum.



unknown contents which needs further immunohisto-
chemical examination. Nuclear envelopathies refer to
disorders caused by mutations in the genes encoding
nuclear envelope proteins, such as A-type lamins
(LMNA) and emerin (Park et al., 2009). This

“nucleophagy” is intended to clean up nuclear waste
produced by nuclear damage. Lamins form a protein
meshwork of nuclear lamina at the nucleoplasmic side of
inner nuclear membrane and have an important role in
the maintenance of nuclear architecture, so the mutations
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Fig. 6. Electron micrograph of dermis of group-
II- black henna-painted animal. A heavy
mononuclear cellular infiltrate (about 12 cells) is
noticed in a; most of the cells (arrows) appear
irregular or even elongated in shape with
prominent granules in their cytoplasm. Compare
with the control dermis (Fig. 1c) which contains
an occasional mast cell. In b, two mast cells
(Nm1-2) with granules and vacuoles in their
cytoplasm are associated with a capillary that is
lined with endothelial cells containing vesicular
nuclei (N1-2), notice appearance of large
vacuoles (V) between the endothelial cells and
their basement membrane (white arrows) while
many vesicles (black arrows) appear within the
capillary endothelium. Endothelial microfolds (F)
fuse inside the capillary lumen dividing it into
two spaces (S1-2).



in LMNA are thought to the cause of nuclear membrane
fragility. This phenomenon is expected especially in
cells which are constantly subjected to repeated
mechanical stress (Broers et al., 2004; Lammerding et
al., 2004).

We observed that dying apoptotic keratinocytes were
phagocytized by other epidermal cells that apparently
had many nuclear lobes. Although keratinocyte
phagocytosis was rare in the system studied,
keratinocyte phagocytic capability was reported by other
authors (Wolff and Konrad, 1972; Maccallum and
Scalett, 1973; Hashimoto et al., 1976; Enomoto et al.,
2011; Sayedyahossein et al., 2012). Occasionally,
nuclear indentations may cause one nucleus to be
sectioned many times in the same plane so that the cell
may falsely appear to contain many nuclear lobes. 

We noticed dermal aggregation and degranulation of
mast cells in lesions induced by black henna, particularly
after photo-sensitization. The number of mast cells
greatly increased in the cutaneous lesion of allergic
dermatitis (Weng et al., 2012). Ultraviolet-B radiation
activates mast cells; neuropeptide is released from neural
c-fibers that in turn trigger histamine secretion from
mast cells, leading to suppression of the cellular immune
system (Fisher and Kripke, 1977; Kripke, 1984;
Grimbaldeston et al., 2002; Matsumura and
Ananthaswamy, 2002; Ch'ng et al., 2006). 

In phytophotodermatitis induced by black henna in
this study, mast cells accumulated around dermal
capillaries which probably led to changes in the capillary
structure manifested as capillary enlargement and the
induction of endothelial uneven growth. Mast cells are
the major source of vascular endothelial growth factor
(VEGF) in basal cell carcinoma and malignant
melanoma; it is one of the most potent angiogenic
factors, which also induces leakage of other angiogenic
factors across the endothelial cell membrane into the
matrix (Reed et al., 1995; Ugurel et al., 2001; Ribatti et
al., 2003). The increased amount of the growth factors
might be the cause of development of capillary
vasculopathy, manifested as capillary enlargement and
induction of endothelial uneven microfold growth,
which divided the lumen into many spaces, and might
lead to abnormal blood flow in the capillaries. From
previous studies, local vascular endothelial growth
factor–A (VEGF-A) concentration and blood flow were
known to modulate the structure of angiogenic vessels
(Ozawa et al., 2004; Rissanen et al., 2005). Systemic
toxicity of black henna has been reported in certain
African countries (De Groot, 2013).
Concluding remarks

The present electron microscopic study showed that
the henna-associated additives in black henna, especially
after exposure to actinic rays, resulted in pronounced
pathological ultra-structural changes. Allergic contact
dermatitis with henna and its additives may induce
progress of phytophotodermatitis and hypertrophic scar.

Therefore, it is important for health professionals to take
steps to increase the awareness of toxicity induced by
commercially available henna. This approach seems to
be the only reliable way of ending or at least reducing
the use of commercial henna, especially when children
are involved. 
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