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SUMMARY : Craniofacial features, pigmentation, stature and body proportions are certain racial
characteristics and they are known to be the results of permanent anatomical and physiological changes
under the influence of geographically determined differences. But genetic and embryonic mechanisms in-
volved have not been elucidated yet. We thought that neural crest which gives rise mainly to facial tissues,
pigment cells and peripheral neurons may be the embryonic origin of racial characteristics. To confirm this
hypothesis, we have reviewed recent literature and found that almost all racial characteristics are in close
relationship with the neural crest derivatives. We concluded that environmental factors affect exclusively
the structures of neural crest origin through the genetic mechanisms and racial characteristics are the re-

sult of this interaction.
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INTRODUCTION

When we were studying the facts with neural
crest, an embryonic structure giving rise to head
mesenchyme, peripheral neurons and pigment cells
(31); we noticed that a relationship might be present
between racial characteristics and neural crest deri-
vatives since main racial characteristics are also
present in craniofacial region, pigmentation and
body build (6). We planned this study to bring out
their possible relationships.

RACIAL DIFFERENCES

Animal species which occur in territories with
different climates, soils, and other environmental
conditions, often exhibit [ocal variations in their ap-
pearance, bodily structures, and physiological
functions. Such locally distinct populations of a
species are known as races. Mankind is a single bio-

logical species differentiated into several races.
Three major races of the human species are recogni-
zed : the Caucasoid, the Mongoloid, and the Negro-
id (25). Each of these groups is distinguished from
the others by the possession of certain characters :

Physical characters (6) are stature, body propor-
tions, skin color, craniofacial morphology and
body hair distribution. Functional racial differen-
ces are adrenocortical activity which is lower in
highly pigmented races (41); basal metabolism
which is higher in races living near the Pole (39);
calcium-phosphorus metabolism (27, 29, 35, 37);
blood pressure which is higher in blacks (2); cranial
capacity which is higher in Mongoloid and lower in
blacks (10) and lactose intolerance (38).
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BIOLOGICAL ADAPTATION

Racial characteristics are suggested (o be the re-
sults ol adaptations to environment over long peri-
ods of time (39). The relative isolation of human an-
cestors and the adaptation of each population to the
pressures of the very diverse environments seem (o
be important in this variation. Such gradual changes
in the structure and physiological mechanisms are
mainly ascribed to a complicated process briefly in-
dicated as "biological adaptation”. Racial differen-
ces thus reflect current environmental pressures,
genetic drift, and the present adaptation of human
varieties to their environment. Each such environ-
ment would have its own advantage and disadvan-
tage for the physical types (genetically based) Ii-
ving within in.

The actual mechanism of biological adaptation
is unknown, and it is difficult to prove that the vari-
ous physiological changes could have resulted in
permament anatomical and physiological adaptati-
ons, but the following considerations make it appe-
ar likely :

a) The princpile of optimal design : "For a presc-
ribed set of biological functions of given intensities,
such as rate of metabolism, velocity of locomotion,
etc., the design of an organism (both internally and
externally) is such as to be optimal with respect to
economy of material and energy expenditure” (39).

b) Biometeorological rules : Adaptation to the
climate in general is governed by three rules (6, 10,
20, 39) : Gloger's Rule : "Pigmentation is greatest in
warm and humid areas". Bergmann's Rule : "Ani-
mals are smaller in warmer than in cooler climates”,
Allen's Rule : "The extremities of the body are shor-
ter in cold climates".

¢) Craniofacial adaptations : It has long been
known that environmental factors such as diet, nut-
rition, culture and climate influence craniofacial
motphology and growth. For example, the shape of
the nasal aperture is strongly affected by climate. In
hot, moist climates, it is generally broad; in cold dry
climates it is narrow. A restricted air intake under
cold conditions would seem (o be essential to lessen
the danger of chilling the lungs (6). On the other
hand, the Mongoloid face has been suggested to be
the result of the large masseter muscles used in che-
wing tough food, with consequent enlargement of
the bones to which these muscles are attached (12).
In another study a short-term variation in craniofa-
cial dimensions was observed in two Finnish samp-
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les, one exposed to a hard and the other to a soft dict.
Hard diet, which requires more chewing force and
time, was observed to promote vertical growth of
the ramus and anterior translocation of the maxilla
(24). Head posture was also shown to contribute to
the determination of craniofacial morphology (40).

d) Surface features : The tightly curled hair seen
on certain races is said to provide an "air cushion"
cooling the scalp. Lack of hair over the body of neg-
roids is obviously advantageous for effective heat
loss through sweating (6). Epicanthic fold, a surfa-
ce feaure of Mongoloids, might be developed to
protect the eyes from freczing by fatty layers pad-
ding the lids. But, a number of racially distinctive
suface features have no obvious advantage such as
thick, everted lips and short, wide ears of the Negro-
ids.

e} Functional adaptations : Low lactose digesti-
on capacity in adulthood was suggested to be the
normal condition in humans (as in other mammals),
and high frequencies of adult persistence of lactase
activity resulted from adaptation in populations rel-
ying heavily on lactose-rich dairy products (38).
The high-altitude populations of the world also ap-
pear well adapted to their environment. Because,
while a short term acclimatizational process contri-
butes to native abilities, it appears that either deve-
lopmental change or genctic adaptation is neces-
sary for people to become fully functional at the
higher elevations (10).

The previous considerations make it reasonable
to assume that prolonged environmental stimuli
may lead to permanent changes, which will vary for
different geographical areas. although the deeper
biological mechanisms involved are still unknown,
we suggest that neural crest derivatives might be the
structures upon which environment operates (o
produce permanent anatomical and physiological
changes.

NEURAL CERST

The neural crest is a transient embryonic struc-
ture of vertebrates composed of cells that originate
along the line of fusion of the neural tube. These
cells migrate along defined pathways throughout
the embryo to reach final locations where they dif-
ferentiate into a number of different cell types (19).
In the human embryo, the migrations are initiated at
approximately gestational day 22. The migration is
either laterally under the surface epithelium or
down beside the neural tube. Crest cells migrating



beside the neural tube form primarily components
of the peripheral nervous system; those migrating
under the surface ectoderm in the trunk region form
exclusively pigment cells, while in the head and an-
terior neck region they also form skeletal and con-
nective tissues (14). The derivatives of neural crest
are summarized in Table I and the large contributi-
on of neural crest cells to the craniofacial skeleton
and connective tissues is demonstrated in Figure |
(14, 31, 42).

ans that the expression of phenotypes is controlled
by the interaction of genotypes and environments
(36). Two people of the same sex differ in their
DNA by only 0.1 percent. Even Bill Clinton and
Nelson Mandela would be 99.9 percent identical if
they were to be compared with their genetic materi-
al. Chimps, average six times that much difference
among themselves. That's because the longer a gro-
up has existed, the greater its diversity. Thus it ap-
pears that chimps have been around six times as

Trunk crest

Cranial crest

Spinal ganglia

Pelvic plexus
Suppordive cells

derivatives

Endocrine

derivatives Adrenal medulla

Skeletal and

Neural Sympathetic ganglia

connective tissues

Pigment
cells

None

Almost all
pigment cells

Cranial sensory ganglia
Parasympathetic ganglia
Meninges

Supportive cells

Calcitonin (C) cells
ACTH and MSH cells?
Carotid body and sinus

Head mesenchyme
Aortopulmonary septum

Small contribution

Table | : Summary of neural crest derivatives (Modified after Johnston, 1990).

Fig - 1 : Contributions of ncural crest cells to the craniofacial ske-
leton and connective tissues (dart area) ( Modified after Johnston
1990).

UNDERLYING MECHANISMS FOR THE
DIVERSITY

a) Genetic mechanisms : Genetic plasticity is
the ability of a genetic system to produce a viable
phenotype in variable environments (10), that me-

long as humans. When different geographic and
ethnic groups of humans are compared, those of Af-
rican origin exhibit more gene diversity than those
of Caucasian or Asian origin. From this it can be de-
duced that Homo sapiens originated in Africa about
200,000 years ago and later spread to the rest of the
world (22). It appears likely that future research
will show a complex interaction which regulates
both the genetic information and the genetically
plastic development of the adult morphological and
functional organism.

b) Craniofacial diversity : Both genetic and en-
vironmental factors seem to be important in the de-
termination of craniofacial morphology, but pat-
terns of differential gene action are still unclear
(16). At this point, we suggest that craniofacial di-
versity results from the tissues of neural crest ori-
gin. Because, both neural crest derivatives and faci-
al diversity seem to have same components in this
region (Fig 1).

¢) Effects of ultraviolet radiation : The pheno-
menon of tanning on exposure to sunlight results

from an enhanced tyrosinose activity in the mela-
nocytes that leads to the formation of new melanin.

107




The pigmentation of the skin protects the underl-
ying tissues against the potentially harmful effects
of ultraviolet radiation. Melanocytes which are dif-
ferentiated from neural crest cells seem to play a
critical role in the determination of color and related
racial differences. Since, the number of melanocy-
tes is approximately the same in all human races, ra-
cial differences in color are attributable to differen-
ces in the activity of these cells (10).

d) Effects of temperature : Increased basal me-
tabolic rate in races living near the Pole resulted
mainly from an enhanced thyroid acitivity. Epi-
nephrine also seems to be involved in the changes
of metabolic rate (9). Since basal metabolic rate is
regularly related to body surface area; difference in
body shape will also be a passive mode of tempera-
ture buffering (22). It seems that stature and body
proportion differences between populations are re-
sulted at least in part from different average tempe-
rature levels in the world and thyroid hormones and
androgens seem to be involved in the determination
of body build : In humans, there are two periods of
rapid growth, the first in infancy and the second in
late puberty just before growth stops. The contribu-
tions of hormones to growth are shown diagramma-
tically in Figure 2. The first period of accelerated
growth is partly a continuation of the fetal growth
under the effect of thyroid hormones (9). Growth
velocity in this period is different between populati-
ons (11, 18, 21), but population differences in
thyroid activity do not seem to correlate with
thyrotropin levels (3, 17, 28, 32, 33). On the other
hand, second growth spurt occurs at the time of pu-
berty under the anabolic effect of androgens, but
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Fig - 2 : Contributions of hormones to growth spurt periods. First
and second accelerated growths are due to thyroid hormones and
adrenal androgens respectively (Modified after Ganong, 1989).
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this increase occurs without any change in the sec-
retion of cortisol or ACTH. Furthermore, the
growth hormone is secreted in a steady state until
puberty and between population differences do not
seem to be present in growth hormone levels, As an
example, African pygmies, shortest people in the
world have normal plasma growth hormone and so-
matomedin levels before puberty, but they show no
pubertal growth spurt (9).

Although thyroid hormones and androgens se-
em to be responsible for the stature and body pro-
portion differences; it has not been understood yet
where the ontogenetic control comes from. Here we
suggest in the light of neural crest derivatives and
with the help of literature data that it comes from
parafollicular cells for the thyroid hormones; and
from adrenal medulla for the androgens. We know
that both the parafollicular cells and the adrenal me-
dulla are derived [rom neural crest. Following con-
siderations will make it appear likely : Changes in
thyroid hormone levels following ambient tempe-
rature changes seem to be the result of a balance
between central and peripheral control mecha-
nisms. In warm-blooded animals, parafollicular
cells seem to be peripheral structures controlling
the thyroid gland activity (135, 23). The presence of
biogenic amines in some parafollicular cells has led
to the hypothesis that they communicate with folli-
cular cells by means of chemical signals. The stora-
ge of serotonin with calcitonin may ensure that both
hormones would be released together, on appropri-
ate stimulation, by exocytosis. One, calcitonin,
might be destined to act on a distant target, bone; the
other, serotonin, might be destined to act locally on
follicular cells (26). The biological significance of
the spatial integration of follicular and parafollicu-
lar cells, which, in lower vertebrates remain separa-
te, then seems to be a functional coordination of
both epithelial cell lines. This fusion must facilitate
the adaptation of the follicular cells to environmen-
tal changes (especially temperature changes). The-
refore, it is reasonable to accept that with their onto-
genetic control on follicular cells, parafollicular
cells play a certain role in the determination of
thyroid activity and consequent body proportion
differences between populations. As for the calci-
tonin of the parafollicular cells, its exact physiolo-
gic role is uncertain. We suggest that it may be res-
ponsible for the population differences in calcium
and phosphorus metabolism, since osteoporosis is
particularly a disease of white, postmenopausal
women, and white women were found to have the



lowest calcitonin levels when compared to other ra-
ces (37).

At the time of puberty, the increase in the secre-
tion of adrenal androgens occurs without any chan-
ge in the secretion of cortisol or ACTH and secreti-
on of the adrenal androgens is not controlled by go-
nadotropins (9). We have found histologic eviden-
ce for a possible physiological interaction between
the adrenal medulla and cortical zona reticularis
from where androgens are secreted. The boundary
between them is usually irregular with columns of
cortical cells projecting some distance into the me-
dulla (7) and adrenal medullary cells were reported
to stimulate the cortical cells in a paracrine way (4).
This relationship may provide the adrenal medulla
to control the pubertal growth spurt pattern by way
of adrenal androgens.

Thyroid hormones and adrenal androgens seem
to have some additional effects which result in raci-
al characteristics. Since thyroid hormones are ne-
cessary for hepatic conversion of carotene to vita-
min A; the accumulation of carotene in the bloods-
tream (carotenemia) in peoples with low thyroid ac-
tivity seems to be responsible for the yellowish tint
of the skin. The adrenal androgens androstenedione
and dehydroepiandrosterone are known to determi-
ne the hair form and body hair distribution (9).

¢) Blood pressure : The carotid sinus and aortic
arch receptors which are the derivatives of the neu-
ral crest are stimulated by distension of the structu-
res in which they are located, and so they discharge

at an increased rate when the pressure in these struc-
tures rises. In chronic hypertension, this barorecep-
tor reflex mechanism is "reset" to maintain an ele-
vated rather than a normal blood pressure (9). Popu-
lation differences in blood pressure may be attribu-
table to different functional levels in these recep-
tors. Aortopulmonary septum another crest deriva-
tive may also be involved in the pathogenesis of
hypertension.

f) Neural mechanisms : Peripheral nervous
system which also forms from neural crest seems to
be involved in adaptive changes and consequently
in several racial differences (1, 5, 13). For example,
the intestine is capable of adapting to a variety of
physiological and pathological challenges; and
sympathectomy or vagotomy abolish its adaptive
mechanisms (8). A racial difference was also repor-
ted to be present in symphathetic nervous system-
mediated energy expenditure (30). Population dif-
ferences in lactose intolerance may also be attribu-
table to the functional differences in enteric nervo-
us system which is a part of peripheral nervous
system.

CONCLUSION AND FUTURE CONSIDE-
RATIONS

It seems that environmental factors affect exc-
lusively neural crest derivatives some of which in
turn control certain secondary structures ontogene-
tically. Resulted characteristics would then bring
out the races. These interactions are summarized in
Table 2. There may be additional environmental

Environmental Involved Secondary Resulted
Factors crest derivatives contributions racial differences
UV rays Pigment eells Pigmentation

Climate Chewing

Climate
Nutrition Altitude

Temperature

Temperature

Heat (Shipman 1991)

Head mesenchyme

Peripheral nervous
system

Adrenal medulla
Ccells
Baroreceptors
Chemoreceptors

APS #

Leptomeninges

Cortical hormones

Thyroid hormones

Craniofacial morpohogy

Autonomic and sensory
functions

BMR *, Hair Stature

BMR, Proportions Bone metabolism

Blood pressure?

Cranial volume?

* BMR : Basal metabolic rate
# APS : Aortopulmonary septum

Table 2 : Possible mechanisms leading to races (Adapted from several sources).
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factors affecting the organisms and additional se-
condary factors leading to racial differences.

In conclusion, biological adaptation scems to be
limited to those structures of neural crest origin and
biological significance of some neural crest deriva-
tives especially aortopulmonary septum, adrenal
medulla, and Jeptomeninges remains to be establis-
hed.

ACKNOWLEDGEMENT

We thank Proffesor Dr Ulker ORS for her help-
ful comments on the manuscript; Anthropologist
Dr [zzet DUYAR for his informative contribution
about biological adaptation and races; Dr Ahmet
SINAYV for his illustrations. This study was suppor-
ted by GATA Research Center; (9127).

Dr.M.Kemal IRMAK

GATA

Histoloji - Embriyoloji Bilim Dalt
Etlik

06018 ANKARA - TURKIYE
Phone : 312 - 32512 1172396

Correspondence to :

REFERENCES

1. Anderson NB, Lane JD, Muranaka M, JrWlliams RB, Hou-
seworth SJ : Racial differences in blood pressure and fore-
arm vascular responses to the cold face stimulus. psychosom
Med 1988; 50 : 57-63.

2. Berkow R (ed) : The Merck Manual Rahway, NJ : Meick and
Co 1982; p. 390.

3. Bobek S, Niezgoda J, Pierzchala K : Sex differences of Japa-
nese quails in response to acute cold exposure Changes in
thyroid activity and blood glucose level. Acta Physiol Pol
1982; 33 : 611-619.

4. Bornstein SR, Bornstein ME, Scherbaum WA, Pfeiffer EF,
Holst 1J : Effects of splachnic nerve stimulation on the adre-
nal cortex may be mediated by chromaffin cells in a paracri-
ne manner. Endocrinology 1990; 127 : 900-906.

5. Cerny FI : Breathing pattern during exercise in young black
and Caucasian subjects. J Appl Physiol 1987; 62 : 2220-
2223.

6. Cole S : Races of Man. London, England : British Mescum,
Natural History 1965; pp. 14-30.

7. Fawcett DW : A textbook of histology. Philadelphia : WB
Saunders 1986; p. 524.

8. Foschi D : Autonomic nervous system and gastric damage.
Digest Dis Sci 1989; 34 : 688-693.

110

14.

20.

2

—_

22.

23.

24.

26.

27.

28.

29.

Ganong WF : Review of Medical Physiology. Lebanon :
Typopress 1989; pp. 233-351.

. Harrison GA, Tanner JM, Pilbeam DR, Baker PT ; Human

Biology. Oxford : Oxford Univ Press 1988; pp. 305-507.

. Hill LM, Guzick D, Thomas ML, Fries JK : Fetal radius

length : a critical evaluation of race as a factor in gestational
age assessment. Am J Obstet Gynecol 1989; 161 : 193-199.

. Hylander WL : The adaptive significance of Eskimo cranio-

facial morphology. In World Anathropology, Orofacial
Growth and Development, A.A. Dahlberg and T.M. Graber
(eds), Paris : Mouton Publishers 1974; pp. 129-167.

. Irmak MK, Ozcan O, Karadz E, Sarsilimaz M, Koksal V ; Va-

riation in the number of Paneth cells in the ilea of three stra-
ins of rabbit and its biological significance. Turkish Journal
of Medical Sciences 1994; 20 : 69-72.

Johnston MC : Embryology of the Head and Neck. in Plastic
Surgery, JGMc Carthy and LD Bell (eds), Philadelphia : Sa-
unders Co 1990; pp. 2451-2495.

. Kalisnik M, Pajer Z, Trobina M : The interdependence of the

follicular, parafollicular, and mast cells in the mammalian
thyroid gland : A review and a synthesis. Am J Anat 1988;
1983 : 148-157.

. Kohn LAP : The role of genetics in craniofacial morphology

and growth. Annu Rev Anthropol 1991; 20 : 261-278.

. Kuhn ER, Bellon K, Huybrechts L, Heyns W : Endocrine

differences between the Wistar and Sprague-Dawley labo-
ratory rat : influence of cold adaptation. Horm Metab Res
1983; 15 : 491-498.

. Kumanyika SK, Huffman SL, Bradshaw ME, Waller H,

Ross A, Serdula M, Paige D : Stature and weight status of
children in an urban kindergarten population. Pediatrics
1990; 85 : 783-790.

. Levi G, Duband JL, Thiery JP : Modes of cell migration in

the vertebrate embryo. Int Rev Cytol 1990; 123 : 201-252.
Levontin R : Human Variety. New York, San Fransisco :
Freeman and Co 1982; PP. 128-129.

. Liang SF, Dai WZ : A growth velocity standard for chinese

children in Hong Kong Chin Med J Engl 1989; 102 : 233-
235.

Lowenstein IM : Whose genome is it, anyway? Discover
1992; 11 : 28-31.

McMillan PJ, Hooker WM, Deftos LJ : Distribution of calci-
tonin-containing cells in the human thyroid. Am J Anat
1974; 140 : 73-80.

Miller AJ, Chierici G : Concepts related to adaptation of neu-
romuscular function and craniofacial morphology. Birth-
Defects 1982; 18 : 21-43.

. Montagu A : Encyclopedia International. New York : Groli-

er Inc 1969; pp. 239-241.

Nunez EA, Gershon MD : Parafollicular cell activation of
endocytosis in follicular cells : Possible mediation by seroto-
nin. Anat Rec 1982; 202 : 138A-139A.

Ozbek M : Insan ve Irk. Istanbul, Turkey : Remzi Press 1979;
p. 62.

Pasquali R, Baraldi G, Casimirri F, et al ; Seasonal variations
of total and free thyroid hormones in healthy men : a chrono-
biological study. Acta Endocrinol Copenh 1984; 107 : 42-
48.

Reid IR, Cullen S, Schooler BA, Livingston NE, Evans MC :
Calcitropic hormone levels in polynesians : evidence against
their role in interracial differences in bone mass. J Clin En-
docrinol Metab 1990; 70 : 1452-1456.



(9]
[S8]

33

34,
35.

37.

38.

39.

40.

4

42,

. Saad MF, Alger SA, Zurlo F, Young JB, Bogardus C, Ravus-

sin E : Ethnic differences in sympathetic nervous system-
mediated energy expenditure. Am J Physiol 1991; 261
(6Pt1) : E789-794.

. Sadler TW : Langman's Medical Embryology. Baltimore :

Williams & Wilkins 198S; p. 342,

. Sarne DH, Refetoff S, Murata Y, Dick M, Watson F : Variant

thyroxine-binding globulin in serum of Australian aborigi-
nes : a comparison with familial TBG deficiency in Caucasi-
ans and American blacks. J Endocrinol Invest 1985; 8 : 217-
224.

Schectman JM, Kallenberg GA, Hirsch RP, Shumacher RJ :
Report of an association between race and thyroid stimula-
ting hormone level. Am J Public Health 1991; 81 : 505-506.
Shipman P : Hotheads. Discover 1991; 12 1 18-19.
Specker BL, Lichtenstein P, Mimouni F, Gormley C, Tsang
RC : Calcium - regulating hormones and minerals from birth
to months of age : a cross-sectional study. 11. Effects of sex,
race, age, season, and diet on serum minerals, parathyroid
hormone, and calcitonin. Pediatrics 1986; 77 : 891-896.

. Spuhler JN : Anthropology, evolution, and "scientific creati-

onism". Annu Rev Anthropol 1985; 14 : 103-133,
Stevenson JC, Myers CH, Ajdukiewicz AB : Racial diffe-
rences in calcitonin and katacalcin. Calcif Tissue Int 1984;
36:725-728.

Stinson S : Nutritional adaptation. Anny Rev Anthropol
1992; 21 : 143-170.

Tromp SW : Medical biometeorology. New York : Elsevier
publishing Company 1963; pp. 436-446.

Vig PS, Rink JF, Showfety KJ : Adaptation of head posture
in response to relocating the center of mass : a pilot study.
Am J Orthod 1983; 83 : 138-142.

. Wassermann HP : Human pigmentation and environmental

adaptation. Arch Environ Health 1965; 11 : 691-694.
Weston JA : The migration and differentation of neural crest
cells. Advan Morphogenesis 1970; 8 : 41-117.

111



