[

This Week’s Citation Classic®_______
Winick M & Noble A. Quantitative changes in DNA, RNA, and protein during prenatal
and postnatal growth in the rat. Develop. Biol. 12:451-66, 1965.
[Department of Pediatrics. Cornell University Medical College. New York, NY)

By using total DNA Content to reflect Cell number,
protein/DNA ratio to reflect average Cell size, and
RNAIDNIA ratio to reflect the RNA Content per cell,
cellular growth of various organs of the rat from before
birth to adulthood was measured. Growth can be
divided chronologically into three distinct periods:
increase in cell number (hyperplasual, increase in cell
number and size (hyperplasia and hypertrophyl, and
increase in cell size alone (hypertrophy). The timing
of each phase differed with each organ. [The SC!®
indicates that this paper has been cited in over 455
publications, making it the most-cited paper for this
journal.)
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There is a certain excitement in developing a hypothesis that can perhaps be exceeded only by proving it. The hypothesis of the 1965 paper discussed
in this Citation Classic commentary was later tested
in a 1966 paper written by Adele
1 Noble and myself
(and chosen as a Citation Classic in 1979). Thus, the
two papers together demonstrate the movement
from an idea to a scientifically tested reality. These
papers launched my scientific career and provided
the underpinning for my subsequent studies in children. The honors I received, such as the Mead Johnson Award in Pediatric Research (1970), the Osborne
Mendel Award in Nutrition Research (1976), and the
Agnes Higgins Award for research on nutrition and
pregnancy (1983), are all for work that could not
have been carried Out without these initial studies.
In this paper, we confirmed and extended experiments of M. Enesco and C.P. Leblond in which they
used DNA Content of an organ to represent total cell
number and the weight to DNA ratio to represent
average cell size. They had concluded that normal
postnatal growth of certain organs could be divided
into at least two phases: early increase in DNA content with no change in the weight to DNA ratio (pure
hyperplasia) and later increase in the weight to DNA
ratio with no change in total DNA content (pure
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hypertrophy). We were able to confirm their findings, extend them to prenatal growth, and include
organs not previously studied. In addition, by more
frequent measurements we were able to define a
third period in which DNA content was still increasing and the weight to DNA ratio was also increasing
(combined hyperplasia and hypertrophy). We suggested that normal organ growth involved all three
phases merging into each other and that the timing
for these events differed in different organs. Thus,
the findings of Enesco and Leblond were carried a
small step forward.
However, I wondered whether these three phases
of growth could explain why some children could
be permanently stunted following an illness or a
growth-retarding stimulus, such as malnutrition,
whereas others were able to recover. Review of the
literature suggested thatthe earlier the growth failure, the more apt it was tobe permanent. A hypothesis was put forth that suggested that if growth retardation occurred during the hyperplastic phase, the
organ would contain fewer cells, a change that
would be permanent. By contrast, if the growth retardation occurred during the hypertrophic phase,
recovery would occur since the cells were capable
of resuming their normal size once the cause of the
growth retardation was removed. I believe it is this
hypothesis that is the most important contribution
of this paper.
The stimulus we subsequently used to test this
hypothesis was undernutrition. And the impact of
our work was understandably greatest on the field
of nutrition. Therefore, it is not surprising that the
next paper that tested our hypothesis in growing rats
initially received more attention than this one. I believe, however, that the continued citation of the
present paper reflects the application of this work
to fields outside nutrition:3 in, for example, studies
4
of the effects of hypoxia, 5 alcohol ingestion, and
smoking during pregancy.
For me, the choice of this paper as a Citation
Classic is very gratifying because it recognizes what
I consider to bemy most important conceptualcontribution to science. The experiments described in
this paper were straightforward and not particularly
imaginative. The interpretation of the results, however, enabled us to use our imaginations and to suggest a hypothesis that could be tested. The hypothesis
turned out to be correct, and it has explained, at least
partially, why some tissues recover and some tissues
do not when exposed to an initial stimulus.
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