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Are New Neurons Formed in the

~'Brains

of Adult Mammals?

Abstract. In an autoradiographic investigation, the production of brain lesions in
rats was combined with intracranial injection of thymidine-H", Nuclei of numerous
glia cells were found labeled in brain regions associated with the traumatized
areas. In addition, some neurons and
neuroblasts showed labeling, suggesting
the possibility of proliferation of neurons
in adult rats.

It is commonly stated that in higher
vertebrates neogenesis of nerve cells is
restricted to the early stages of embryonic development. This belief is based
on the observation that neurons with
mitotic figures are absent in the central
nervous system of most higher vertebrates. However, this does not definitely
rule out the neogenesis of neurons in
the adult, for new neurons might arise
from nondifferentiated precursors, such
as ependymal cells. After multiplication,
such embryonic cells could differentiate
and thus add new neurons to the existing population. This hypothesis can be
tested by administering to animals thymidine-H", a specific precursor of the
~<;hromosomal DNA, and so labeling
~le proliferating cells. That tritiated
.aymidine is, indeed, incorporated exclusively into nuclei of dividing cells
was shown by several investigators by
means of fine-resolution autoradiography (J).
In a pilot experiment, which was designed to test simultaneously the kinetics of glial proliferation after brain
trauma, bilateral electrolytic lesions
were produced stereotaxically in the
lateral geniculate body in ten young
adult Long-Evans hooded rats. The insulated hypodermic needle used to produce the lesion was employed for the
unilateral injection into the lesion area
of 50 p'c of thymidine-H" (specific activity 5.21 c/mmole; total volume of
aqueous solution 0.05 mt). Pairs of
animals were then sacrificed 1 day, 1
week, 2 weeks, 1 month, and 2 months
after the operation by cardiac perfusion
with lO-percent neutral formalin. After
paraffin embedding, 5-p. thick coronal
sections were cut from a block extending from the mesencephalon to the
i' ~\ostral diencephalon. The deparaffin'I
\ed sections were coated with I1ford
;-5 nuclear emulsion, dried, and exposed for 2 months. The exposed slides
were then developed and stained with
gaJlocyanin chromalum. Several sections were soaked, before being coated
with nuclear emulsion, in a 0.05-per-

l

tion. In addition to the numerous labeled glia cells, which presumably underwent proliferation in response to the
lesions, a few labeled glia cells, some
labeled neuroblasts, and also labeled
nuclei of some neurons were observed
in brain regions not necessarily associated with the lesion area. Digestion
with deoxyribonuclease removed the
label. In systematic scanning of two
coronal sections through tl}e thalamus
in several animals (with survival periods
following lesion and administration of
Fig. 1. Radioactive labeling of glia and
3
vascular cells in the visual radiation of a thymidine-H ranging from 1 day to 2
months)
a
varying
number (6 to 36 in
rat in which bilateral destruction of the
lateral geniculate body was combined with single sections) of mildly or intensely
injection of thymidine-H"; animal was labeled neurons and neuroblasts were
sacrificed 2 months after operation. Stained
with gallocyanin chromalum after auto- observed. Most of the labeled neurons
radiographic exposure and development were of the stellate type; in the cortex
(only nuclei of glia cells stained) (about
a few labeled pyramidal cells were also
x 380).
seen (Figs. I and 2).
This indicates that new neurons may
come into existence in the brain of
cent solution of deoxyribonuclease in adult mammals, at any rate in such
0.OO3M MgSO"7H,O to test the DNA- forms as the rat. If the general observaspecificity of the retained label in the
tion is valid that mitotic figures are
tissue.
absent in the brain of adult mammals,
In all sections studied, numerous glia
these findings might suggest that the
cells showed uptake of the radioactive labeled neurons were formed from unmaterial and the reduced silver grains
differentiated cells which divided miwere in general localized within the
totically during the period at which the
nuclei of glia cells. The majority of administered thymidine-H 3 was availlabeled glia cells was found in the areas
able. The presence of labeled neuof the lesions (both on the injected and
roblasts, mostly in fiber tracts, would
opposite sides of the brain) and in resupport such a process of neurogenesis.
gions known to have intimate connecKoenig (3) observed the retention
tions with the traumatized lateral genicof some label by glia cells after adminulate bodies. These latter included the istration of C'-Iabeled adenine and
visual radiation, the lower layers of the orotic acid and extraction of RNA, and
visual cortex, the pretectal region, the
he suggested that this may be due to a
optic tract, and the brachium of the
slow turnover (that is, metabolic insuperior colliculus. As described else- stability). of DNA. The plausibility of
where (2) the technique proved useful
this conclusion, which was based on an
in investigating the extent, kinetics and
indirect method of DNA labeling, was
various other aspects of glial proliferaquestioned by Hughes (4) on the basis
of contrary direct evidence. The intense
labeling of numerous glia cells, and
some nerve cells, after as short a survival period as 1 day, also speaks
against such an interpretation. The other
possibility is that the uptake of thymidine observed in this study was due to
some induction effect either by the lesion or by the injected thymidine. Extracerebral injection of thymidine-H 3
would be a better procedure to test
whether turnover of this DNA precursor occurs in the normal brain. In fact,
Schultze and Oehlert (5) and Messier
and Leblond (6) reported no uptake
Fig. 2. Radioactive labeling of a neuron
of thymidine-H 3 by neurons after inin the cerebral cortex of a rat which was
sacrificed I month after the operation traperitoneal injection of this substance
into adult rodents. As the blood-brain
(about X 1170).

barrier retards the penetration of most
nucleotides, the dose of thymidine-H 3
used in these studies may have been
too low to label neurons. Experiments
are in progress in our laboratory to
determine whether neurons take up
systemically administered larger doses
of thymidine in normal animals (7).
JOSEPH ALTMAN

Psychophysiological Laboratory,
Massachusetts Institute of Technology,

Cambridge 39. Massachusetts
Referen~es

and Notes

I. J. H. Taylor. P. S. Woods, W. L. Hughes.

Proc. Nail. Acad. Sci. U.S. 43, 122 (1957);
V. P. Bond, E. P. Cronkite. T. M. Fliedner,
P. Schork, Science 128, 202 (1958); W. L.
Hughes, V. P. Bond, G. Brecher, E. P.
Cronkite, R. B. Painter. H. Quastler, F. G.
Sherman, Proc. Noll. A cad. Sci. U.S. 44. 476
(1958); E. P. Cronkite, V. P. Bond, T. M.
Fliedner, J. R. RUblni, Lab. Invesi. 8, 263
( 1959); and others,
2. J. Altman, Exptl. Neural.. in press.
3. H. Koenig, J. Blophys. Blochem. Cylol. 4. 664
(1958) .

4. W. L. Hughes, in The Kinetics of Cellular / '
Proliferallon, F. Stohlman, Ed. (Grune 8'Stratton, New York. 1959).
5. B. Schultze and W. Oehlert, -Science 131. 73',
( 1960).
6. B. Messier and C. P. Leblond, Am. J. Anal.
106, 247 (1960),
7. I am grateful to Elizabeth Altman for the
excellent histological work. The study was
supported by grants (M3347, M5673) of the
National Institutes of Health, U.S. Public
Health Service, to H.-L. Teuber. Initial phases
of the work were carried out at the Psychophysiological Laboratory, New York University School of Medicine, New York.
5 January 1962

