
Ultraviolet (UV) radiation from the sun is a major cause

of skin cancer and accounts for 1.3 million new cases in
the USA alone each year. It is classed as a complete
carcinogen in that it has the capacity to induce
carcinogenesis without the presence of any other stimuli

(Shannon et al., 2004). Solar UV radiation is largely
comprised of UVB (280-320 nm) and UVA (320-400 nm)
wavelengths. UVB radiation has been associated with

sunburn, immunosuppression, photoaging, skin cancers
and DNA lesions. The latter include cyclobutane pyrimidine
dimers and 6,4 pyrimidine pyrimidone. UVA radiation, which

represents 95 per cent of the total UV received at ground
level, is less energetic than UVB. It has also been
associated with immunosuppression, photoaging, and

mutagenesis (Bernerd et al., 2003). According to the albino
hairless mouse model, both UVB and UVA can be involved
in the development of cutaneous cancers including

squamous cell carcinomas (SCC) and basal cell
carcinomas (BCC). However, the relative efficiency of UVA
in inducing these carcinomas is approximately 10,000 times

lower than UVB and much higher doses of UVA are required
(Routaboul et al., 2002). Both UVA and UVB act by causing
programmed cell death [apoptosis] which has been linked

to carcinogenesis (Siddoo-Atwal, 2009)). Thus, ideally,
sunscreen products should provide efficient protection
against both UVB and UVA radiation.

The natural human sunburn cycle (without the use of
any sun lotions or sunscreens) is approximately one week
in length (7 days) from start to finish. Macroscopically, it

consists of three phases including inflammation, new tissue
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formation, and apoptosis (visible peeling). The inflammatory

phase consists of redness and inflammation commencing
20-30 minutes from the time of initial sun exposure. It spans
grossly 2-3 days, but can last up to 5 or 6 days depending
upon UV intensity. New tissue formation is stimulated some

time after initial exposure and it is complete within one week.
In the last apoptotic phase, the top layer of dead skin cells
sloughs off to reveal a new tissue layer beneath. This

process follows on from the inflammatory phase and is
complete approximately 7 days following exposure.

Previously, it has been shown that sunburn can also

occur despite the use of sunscreen (15 SPF) during winter
months in a temperate climate (Siddoo-Atwal, 2011a). In
addition, sunburn may still occur while wearing stronger

sunscreens (30 SPF). Although they may attenuate or even
eliminate the first phase of redness and inflammation, the
second and third phases may not be prevented. Since it is

the last apoptotic phase that has been linked to
carcinogenesis, this would appear to reflect an inherent
weakness in the general composition of many sunscreens

available to the consumer. It also brings into question the
efficacy and safety of sunscreens which effectively block
inflammation, but are unable to prevent peeling following

sun exposure in providing protection against skin cancer
(Siddoo-Atwal, 2011b).

MATERIAL AND METHODS

In the current case-study, two new sunscreen

formulations were tested for their respective ability to block
peeling, or, apoptosis following exposure to solar radiation.

Indian J. Ecol. (2012) 39(1) : 131-134
Indian Journal

of Ecology



132

The first was a preparation of pure zinc oxide (7.5%) in a
creme base rather than the microfine or nano form which is

currently a popular ingredient of sunscreens (Pinnell et al.,
2000). The second was a preparation of melanin (50 mg/
ml) extracted from black sesame in a creme base containing

zinc oxide (7.5%).

Zinc oxide has been used for centuries as a specialized
skin ointment and it was known as pushpanjan in Ayurvedic

medicine. It was chosen for its property as the broadest
spectrum UVA and UVB reflector that is approved for use as
a sunscreen by the FDA. It acts as a physical sunblock by

scattering ultraviolet light more effectively than other
substances. Moreover, it is photostable (Mitchnick et al.,
1999). Zinc oxide has the added advantage of sitting on the

surface of the skin without being absorbed into it which
may not be the case with the microfine or nano form.  Melanin
was chosen because it is the natural sunscreen of the

human body, which usually protects itself from solar
radiation by increasing melanin production. It ranges in
colour from red and yellow {pheomelanin} to brown and

black {eumelanin} with the latter being the most effective
(Chintala et al., 2005). It likely acts as a chromophore by
absorbing light energy and undergoing a subsequent

conformational change involving the excitation of electrons.
The resulting energy may be converted into lower energy
radiation and heat which can be dissipated. However,

certain individuals are not able to produce enough melanin
to fulfill this function and the result is sunburn. Thus, there
is reason to suppose that it may be one of the most suitable

ingredients for a commercial sunscreen. Previously, it has
been shown that bacterial-derived melanin can provide
photoprotection against UVA-induced cell death (Geng et
al., 2008). Therefore, in this study, melanin derived from
black sesame (Sesamum indicum) was selected for its
potential application as an active sunscreen (courtesy of

Lingonberry Organic Foodstuffs, China).

Various tests were carried out on the melanin to
determine its chemical purity as it is not a common

commercially available compound. There were no aerobic
or anaerobic bacteria detected in the sample. It was also
negative for mycobacterium and fungus. In addition, there

was no contamination with any type of dead bacteria
{courtesy of Professor Paul J. Hergenrother, Department of
Chemistry, University of Illinois}.

Absorbance studies carried out on the zinc oxide and
melanin confirmed their physical properties (courtesy of
Matthew Brichacek and Professor PJ Hergenrother’s Lab).

The zinc oxide at 7.5% was found to be a good reflector in
the UVB and UVA ranges (Fig. 1) . The melanin at 0.4 mg/ml

was found to absorb light nicely in the UVB and UVA2 (320-
340 nm) ranges, while it was only moderate in the UVAI

range (340-400 nm) (Fig. 2). In fact, the comparative graph
of mass extinction coefficients showed that zinc oxide
absorbed light slightly better than the melanin over a range

of various UV wavelengths (Fig. 3). Thus, since zinc oxide
alone appeared to be an adequate sunblock at this
concentration, it was reasoned that these two ingredients

should provide even greater sun protection together as they
would cover more surface area of the skin.

The experimental model was similar to the one

previously described (Siddoo-Atwal, 2011). The subject sat
outdoors or walked at noon facing the direct sunlight on a
clear, sunny day. Each experiment lasted between 30 and

Fig. 1. ZnO absorbance

Fig. 2.  Melanin (Sesamum indicum) absorbance
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60 minutes following the application of sunscreen, which
was applied at least 15 minutes prior to exposure. The
control experiment was performed under the same

conditions without the application of any sunscreen or sun
lotion. Photographs of the face were taken 48 to 72 hours
from the time of commencement of initial sun exposure

which was deemed as 0 hours at approximately noon on
the day of trial. All experiments were conducted between
the months of late May, June, August, and early October at

Ambleside beach or on the mountainside in West
Vancouver, British Columbia (Canada). These same results
were repeatedly observed under comparable conditions.

RESULTS AND DISCUSSION

A slight pinkish sunglass line appeared on the nose

following the trial with the zinc oxide sunscreen. Although

probably representing some degree of immediate pigment

darkening (IPD) and persistent pigment darkening (PPD)

in response to UVA radiation, the line was none of the

expected melanin colours in the eumelanin or pheomelanin

range {brown, black, yellow, or red}. In support of this, as UV

intensity increases in summer months, the subject

experiences an inefficient pigment darkening process {IPD

within an hour} simultaneously with sunburn including all

three phases of inflammation, new tissue formation, and
apoptosis. In addition, the dark flesh-pink coloration only

occurred on the nose and slightly on the cheeks while there
was no sunglass line on the cheeks with the zinc oxide
sunscreen. This seems to follow a localized sunburn pattern

in susceptible areas like the nose and cheeks rather than
the usual diffuse suntan pattern suggesting another
component to the reaction. In contrast, it is interesting to

note that the suntan pattern is ordinarily uniform because
pigment-producing melanocytes are evenly distributed
throughout the basal epidermal layer of the human skin.

Moreover, IPD is said to fade rapidly in 24 hours and PPD
within several days, while this coloration persisted for up to
a week. Therefore, there could be some overlap with the

inflammatory phase of the sunburn cycle suggesting a
combination of IPD, PPD, and redness caused by
inflammation. There was also a slight stinging and burning

sensation on the face up to 24 hours following sun exposure
consistent with an inflammatory reaction.

In the case of the melanin sunscreen, a sunglass line

was visible after one hour of sun exposure on both nose

and cheeks while no acute redness or inflammation was

observed. Once again, the sunglass line was pinkish and

there was some slight stinging during sun exposure

possibly indicating a little sunburn. However, the coloration

on the nose and cheeks was more uniform with this

sunscreen suggesting a greater ratio of IPD/PPD to

inflammation than with the first sunscreen. In addition, the

colour faded within several days. This could potentially be

an interesting observation because while UVA can cause

erythema, which is unlikely to serve any supportive function,

IPD, or, delayed UVA tanning may actually play a protective

role against UVB exposure (Kaidbey and Kligman, 1978).

Since there was no peeling even 96 hours after sun

exposure with either sunscreen, this indicates that both

these formulations may be somewhat effective in preventing

the apoptotic phase, but not necessarily the inflammatory

phase, of UVB-induced sunburn by uncoupling the two

Fig.3. Comparison of mass extinction coefficients

Sunscreens may Prevent Apoptotic Sunburn

Fig. 4. A. Control, B. Zinc oxide sunscreen, C. Melanin + Zinc oxide sunscreen.
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events (Fig.4A,B,&C). The inflammation may also represent

some degree of UVA-induced erythema. As zinc oxide is a

known UVAI blocker at 7.5% and since it is UVAI that causes

IPD, it is unlikely to be the sole cause of the change in

coloration observed in these trials. Although not an ideal

result, these two sunscreen formulations are preferable to

those which prevent the inflammatory but not the apoptotic

phase of sunburn which has been linked to carcinogenesis.

Currently, the sun protection factor (SPF) of a sunscreen is

based on its ability to block erythema and immediate

pigment darkening (IPD). However, neither of these biological

parameters has been linked to skin cancer. Therefore,

certain scientists have recommended using another

criterion that is more representative of long term UV

cutaneous damage such as apoptotic sunburn cells. The

term tumour protection factor (TPF) has been proposed to

describe it. Thus, it seems possible that a solution as

simple as melanin could finally provide the protection

required against  this deadly disease.
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