Skin Color and Nutrient Photolysis: An Evolutionary Hypothesis

Abstract. Human populations native to areas of intense sunlight tend to be heavily
melanized. Previous explanations for this relationship have invoked only weak selec-
tive pressures. To test the hypothesis that dark pigmentation may protect against
photolysis of crucial light-sensitive vitamins and metabolites by ultraviolet light, fo-
late was used as a model. It was found that exposure of human plasma in vitro to
simulated strong sunlight causes 30 to 50 percent loss of folate within 60 minutes.
Furthermore, light-skinned patients exposed to ultraviolet light for dermatologic dis-
orders have abnormally low serum folate concentrations, suggesting that photolysis
may also occur in vivo. Deficiency of folate, which occurs in many marginally nour-
ished populations, causes severe anemia, fetal wastage, frank infertility, and mater-
nal mortality. Prevention of ultraviolet photolysis of folate and other light-sensitive
nutrients by dark skin may be sufficient explanation for the maintenance of this char-
acteristic in human groups indigenous to regions of intense solar radiation.

In the majority of indigenous human
populations, there is clinal covariation
between the extent of skin pigmentation
and the intensity of solar radiation (/, 2).
No fully satisfactory explanation of the
selective forces involved in sustaining
this relationship has yet been advanced.
There is good evidence that the evolu-
tionary maintenance of a genetic charac-
teristic, particularly one such as skin col-
or which is governed by at least three to
five loci 3), requires continued positive
selection ). Therefore, some evolution-
ary pressures must act to favor retention
of heavy pigmentation in areas of intense
sunlight. Several hypotheses have been
advanced to explain the selective advan-
tage of dark pigmentation, including (i)
protection against hypervitaminosis D,
(ii) enhanced resistance to vectors or in-
fections, (iii) improved visual acuity in
bright light, and (iv) protection against
the carcinogenic effects of ultraviolet
(UV) radiation (§). Individually or in ag-
gregate, these factors would appear to
have relatively little impact on reproduc-

Table 1. Folate concentrations in four sam-
ples of human plasma before and after ex-
posure to UV light in vitro. Heparinized
plasma (2 ml) was placed in open plastic petri
dishes (35 by 10 mm) and exposed to 360-nm
light for 1 hour (approximately 9.5 J/cm?).
Weights before and after exposure indicated
that negligible evaporation had occurred (data
not shown). Samples collected before and af-
ter irradiation were assayed for folate by ra-
dioassay (I6) and by Lactobacillus casei
growth (17). Statistical significance was tested
by the paired ¢-test.

Folate (ng/ml) in sample

Time
1 2 3 4 Mean
Radioassay
Before exposure 6.0 6.7 3.2 6.1 5.5%
After exposure 36 46 1.5 43 3.5*
Lactobacillus casei assay
Before exposure 6.3 8.8 5.3 6.87
After exposure 4.5 6.2 2.0 4.27
*Significantly different at P < .005. tSignif-

icantly different at P < .0S.
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tion and consequently on the processes
of selection. The limitations of current
hypotheses have been summarized (5).

We suggest that dark skin color may
protect critical metabolites in blood and
dermal tissues from photodecomposition
by solar UV radiation. Such photolysis
would be of lesser importance in individ-
uals exposed to the weaker solar radia-
tion of temperate regions, and would
therefore exert little or no positive selec-
tive pressure for retention of dark pig-
mentation. Although several vitamins—
such as folic acid, vitamin E, and ribofia-
vin—are clearly light-sensitive (6), we
have confined our investigations to fo-
late. Not only is folate particularly light-
sensitive (7), but folate deficiency is fre-
quent and is known to have adverse ef-
fects on survival and reproduction.

We confirmed the photosensitivity of
folate by exposing normal plasma to UV
light (360 nm). In briefly irradiated sam-
ples the folate concentration dropped 30
to 50 percent during light exposure
(Table 1), whereas that in control sam-
ples shielded from light was unchanged
(data not shown). Although this indicates
that folate in unprotected plasma is very
susceptible to photolytic degradation, it
has little direct relevance to the situation
in vivo. To partially test the latter cir-
cumstance, we measured serum folate
levels in ten patients undergoing pho-
totherapy for various dermatologic
disorders. These light-skinned (primar-
ily Scandinavian) patients were being
treated with methoxsalen (8) and ex-
posure to 360-nm UV light (4.5 to 9.5 J/
cm?) for 30 to 60 minutes once or twice
per week for a minimum of 3 months. We
found that the serum folate levels of
these patients were significantly lower
(P < .005) than those of 64 healthy light-
skinned Caucasians (Fig. 1) (9). This was
particularly striking in five individuals
(Fig. 1) who had received phototherapy
for prolonged periods, because their skin
conditions had improved considerably

with treatment so that it was unlikely
that their low serum folate was due to the
dermatologic condition alone (/0). These
limited observations demonstrate that
long-wavelength UV light does cause
rapid and extensive photolysis of folate
in vitro, and may do so in vivo. Direct
studies of humans exposed to intense
sunlight are impossible in our location.

The hypothesis that dark pigmentation
protects against UV-induced nutrient
photolysis is attractive because it pro-
vides a strong positive selective pressure
for retention of this phenotype. Folic
acid, in its various forms, is a requisite
cofactor in nucleic acid and protein syn-
thesis and is indispensable to cell growth
and replication. Tropical populations in
particular are often in precarious folate
balance, and in some periequatorial
areas a majority of the population may
suffer from folate deficiency [most
often diagnosed as tropical macrocytic
anemia, nutritional macrocytic anemia,
or nutritional megaloblastic anemia (/1)].
This deficiency may arise both from in-
adequate dietary folate (/2) and from in-
creased utilization of the vitamin during
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Fig. 1. Serum folate concentrations measured
by radioassay (I7) in ten patients receiving
phototherapy (see text) and in 64 healthy indi-
viduals. All patients had received photother-
apy for at least 3 months, and five patients had
been exposed to UV light 9.5 to 13.5 months
(open circles). The difference between the
two groups was statistically significant
(P < .00S). Brackets represent the standard
error of the mean.
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pregnancy, childhood, and hemolysis
(such as that caused by malaria) (/7). For
example, the World Health Organization
recommends a daily folate intake of 400
png for adults and 800 wg during preg-
nancy, while nutritional surveys in sev-
eral tropical areas indicate daily folate
intakes of only 40 to 138 ug (12).

Individuals with marginal or low folate
levels might be particularly susceptible
to severe deficiency if photolysis of the
vitamin were also to occur. Deficiency of
folic acid may greatly diminish reproduc-
tive capacity. It has been estimated that
10 to 60 percent of pregnant women are
deficient in folate (/7). If severe enough,
this deficiency may be fatal, and it is said
to cause significant maternal mortality in
tropical countries (/1). Less severe defi-
ciencies have been associated with major
obstetric complications (abruptio pla-
centae and placenta previa), congenital
abnormalities, perinatal mortality, pre-
mature delivery, and repeated mis-
carriages (I1). Folate deficiency in infan-
cy and early childhood results in growth
retardation, hematologic abnormalities,
and failure to thrive (I3). Thus, severe
folate deficiency may have a profound
influence on reproductive capacity and
therefore on the process of natural selec-
tion.

The possibility that dark skin color
protects against nutrient photolysis also
fits well with the solar spectral distribu-
tion and with the light transmission
spectra of human stratum corneum and
epidermis (/4). Analysis of the midday
UV spectrum shows that the greatest in-
tensity of light occurs at wavelengths
longer than 330 nm. At shorter wave-
lengths intensity declines very rapidly,
becoming only 0.01 percent of peak rela-
tive energy at 300 nm (/4), and almost no
solar radiation shorter than 295 nm
reaches the earth’s surface (/5). Skin
from both Negroes and Caucasians is
highly effective in screening UV wave-
lengths below 280 nm. Between 280 and
320 nm, melanized skin is more effective
in blocking transmission of light, but the
difference in transmission between white
and black skin is most marked at wave-
lengths greater than 320 nm (/4), which
are known to cause rapid photolysis of fo-
late (7). In contrast, the carcinogenic and
antirachitic effects of light are observed
for wavelengths between 280 and 320 nm
(I5). Thus, melanized skin provides
much more relative protection against
the nutrient-destroying, intense, longer
wavelengths of sunlight than from the
shorter, less intense, mutagenic, and vi-
tamin D-forming wavelengths.

These observations provide support
for the idea that heavily pigmented skin

may protect against extensive photolysis
of certain crucial metabolites, such as fo-

" late. The protection of light-sensitive vi-

tamins and other nutrients against UV-
induced photodecomposition provides
an alternative explanation for the main-
tenance of dark skin color among mem-
bers of human groups indigenous to
areas of intense solar radiation.
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Tentaculites: Evidence for a Brachiopod Affinity?

Abstract. Transmission electron microscope studies of fractured surfaces reveal
that the shells of Tentaculites are constructed of calcite with a ridge and groove
structure and cross-bladed fabric heretofore unique to some articulate brachiopods.
A possible affinity with brachiopods or phoronids is suggested for Tentaculites.

Tentaculites is a genus of annulate
cone-shaped fossils (Fig. la) that are
found in rocks ranging in age from Ordo-
vician to Devonian. The systematic posi-
tion of this problematic group is un-
known and has been the subject of much
speculation since they were first de-
scribed by E. F. von Schlotheim in 1820.
Tentaculitids have been variously placed
among the annelids, mollusks, crinoids,
coelenterates, foraminifera, brachio-
pods, and trilobites (I, 2). Currently,
Tentaculites 1is precariously classified
with the cephalopods in the phylum Mol-
lusca (3, 4). The purpose of this report is
to present new evidence suggesting that
some tentaculitids may instead be re-
lated to articulate brachiopods.

The conical shells of Tentaculites are
made of calcite arranged in a con-
centrically laminated fashion and some-
times penetrated by pores, canals, or
pseudopores. The preservation of the
microstructure and the general absence
of recrystallization indicate that the cal-
cite is original rather than an alteration
product of aragonite or magnesium cal-

626 0036-8075/78/0818-0626$00.50/0 Copyright © 1978 AAAS

cite. In spite of the excellent preserva-
tion of many specimens of Tentaculites,
there have been surprisingly few at-
tempts at examining the fine structure of
the shell with the electron microscope.
Only the work of Blind (3) is noteworthy
in this regard, although Hurst and Hewitt
(5) described but did not figure their
scanning electron microscope results.
Blind examined the laminated shell in the
scanning electron microscope, figuring
the microscopic layers of calcite in his
plate 12, figure 7 (3). He compared this
structure to that of the ‘‘brick-wall”’
aragonite typical of molluscan nacre
(mother-of-pearl). Although the morpho-
logical similarity may be appropriate (in
cross section) the difference in mineral-
ogy makes the comparison awkward for
taxonomic purposes. Such fidelity of
morphological preservation in any cal-
cite transformed from aragonite is with-
out precedent.

With this difficulty in mind, a reexam-
ination of the fine structure of Tentacu-
lites was undertaken with the transmis-
sion electron microscope. Using a single-
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