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Sex Differences in the Brain

Men and women display patterns of behavioral and cognitive differences that reflect varying hormonal
influences on brain development

By Doreen Kimura

Men and women differ not only in their physical attributes and reproductive function but also in many other
characteristics, including the way they solve intellectual problems. For the past few decades, it has been ideologically
fashionable to insist that these behavioral differences are minimal and are the consequence of variations in
experience during development before and after adolescence. Evidence accumulated more recently, however,
suggests that the effects of sex hormones on brain organization occur so early in life that from the start the
environment is acting on differently wired brains in boys and girls. Such effects make evaluating the role of
experience, independent of physiological predisposition, a difficult if not dubious task. The biological bases of sex
differences in brain and behavior have become much better known through increasing numbers of behavioral,
neurological and endocrinological studies.

We know, for instance, from observations of both humans and nonhumans that males are more aggressive than
females, that young males engage in more rough-and-tumble play than females and that females are more nurturing.
We also know that in general males are better at a variety of spatial or navigational tasks. How do these and other
sex differences come about? Much of our information and many of our ideas about how sexual differentiation takes
place derive from research on animals. From such investigations, it appears that perhaps the most important factor in
the differentiation of males and females and indeed in differentiating individuals within a sex is the level of exposure
to various sex hormones early in life.

In most mammals, including humans, the developing organism has the potential to be male or female. Producing a
male, however, is a complex process. When a Y chromosome is present, testes, or male gonads, form. This
development is the critical first step toward becoming a male. When no Y chromosome is present, ovaries form.

Testes produce male hormones, or androgens (testosterone chief among them), which are responsible not only for
transformation of the genitals into male organs but also for organization of corresponding male behaviors early in life.
As with genital formation, the intrinsic tendency that occurs in the absence of masculinizing hormonal influence, -
according to seminal studies by Robert W. Goy of the University of Wisconsin, is to develop female genital structures
and behavior. Female anatomy and probably most behavior associated with females are thus the default modes in
the absence of androgens.

If a rodent with functional male genitals is deprived of androgens immediately after birth (either by castration or by the
administration of a compound that blocks androgens), male sexual behavior, such as mounting, will be reduced, and
more female sexual behavior, such as lordosis (arching of the back when receptive to coitus), will be expressed.
Likewise, if androgens are administered to a female directly after birth, she will display more male sexual behavior
and less female behavior in adulthood. These lifelong effects of early exposure to sex hormones are characterized as
‘organizational' because they appear to alter brain function permanently during a critical period in prenatal or early
postnatal development. Administering the same sex hormones at later stages or in the adult has no similar effect.

Not all the behaviors that distinguish males are categorized at the same time, however. Organization by androgens of
the male-typical behaviors of mounting and of rough-and-tumble play, for example, occur at different times prenatally
in rhesus monkeys.

The area in the brain that regulates female and male reproductive behavior is the hypothalamus. This tiny structure at
the base of the brain connects to the pituitary, the master endocrine gland. It has been shown that a region of the
hypothalamus is visibly larger in male rats than in females and that this size difference is under hormonal control.
Scientists have also found parallel sex differences in a clump of nerve cells in the human brain--parts of the interstitial
nucleus of the anterior hypothalamus--that is larger in men than in women. Even sexual orientation and gender
identity have been related to anatomical variation in the hypothalamus. Other researchers, Jiang-Ning Zhou of the
Netherlands Institute of Brain Research and his colleagues there and at Free University in Amsterdam, observed
another part of the hypothalamus to be smaller in male-to-female transsexuals than in a male control group. These
findings are consistent with suggestions that sexual orientation and gender identity have a significant biological
component.
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