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Extract 

Sexual maturation was examined in underfed or amino acid-defi- 
cient rats. We have demonstrated a highly 'significant negative linear 
relationship ( r  = -0.80, P < 0.001) between the age at  puberty and 
the growth rate in rats under conditions of food restriction. The 
weight a t  puberty in animals growing a t  different rates because of 
undernutrition was not constant but behaved as a quadratic function 
of growth rate, as  predicted from the assumption that growth rate 
was an independent variable. Growth rate is therefore more 
important than arrival a t  a particular fixed weight in determining/ 
the timing of puberty. Feeding of low valine diets resulted in delayed 
sexual maturation. Both the weight a t  vaginal opening (182 & 5.9 g )  
and the weight a t  first estrus (187 & 6.1 g)  were significantly 
greater in the valine-deficient group when compared with growth- 
matched control (139 & 10.7 g and 161 * 9.3 g, respectively, P < 
0.05). The valine-deficient group also had significantly later vaginal 
opening (98.8 + 4.7 days) than growth-matched controls ( 76.6 * 
6.6 days, P < 0.02). Valine deficiency seemed to have a specific ef- 
fect on the hypothalamic-pituitary-gonadal axis since puberty in 
valine-deficient animals was delayed more than could be accounted 
for by impairment of growth. 

Speculation 

In contrast with previous suggestions in animals and man, we have 
shown that in rats the weight a t  puberty is not constant under 
conditions of underfeeding or valine deficiency. Growth rate seems 
to be more important than arrival a t  a particular fixed weight in 
determining the onset of puberty, possibly through a linkage 
between growth rate and hormone production rates. Valine defi- 
ciency may cause delayed puberty by altering central nervous 
system neurotransmitters. 

The relationship between somatic growth and sexual maturation 
has been a topic of interest to clinicians and researchers for many 
years. Further excitement was generated in 1970 by the proposal of 
Frisch and Revelle that menarche in girls tends to occur at  a 
critical constant body weight and that this phenomenon is 
important in understanding the hormonal basis of puberty (3, 4). 
This proposal was inspired in part by evidence suggesting that 
puberty in animals tended to occur at a constant body size. 
Subsequently, Frisch has modified her hypothesis to  state that 
menarche in girls tends to occur at a critical constant body 
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composition (2, 5). In recent years, however, objections have been 
raised to both the "critical weight" and "critical body composi- 
tion" theories (1, 6, 7). In view of this controversy, we have 
re-examined the original finding of constant body size at puberty in 
animals by observing sexual maturation in underfed or amino 
acid-deficient rats. These experiments also provided us with the 
opportunity to see if the process of growth could be dissociated 
from sexual maturation by dietary manipulation. 

MATERIALS AND METHODS 

Synthetic amino acid diets were obtained in either powdered or 
pelleted form (15). The components of the two diets (control and 
low valine) used in the experiments are shown in Table 1. The 
compositon of these diets was based on work done previously on 
the use of synthetic diets for rats (1 1 1 3 ) .  Moreover, it was shown 
in a preliminary experiment that feeding of the control diet ad 
libitum to rats resulted in normal growth and sexual maturation. 

Twenty-one-day-old female Wistar rats (16) were sorted accord- 
ing to weight and then randomized into groups of eight, each group 
having the same mean weight. All animals were housed in 
individual cages with a 14/10 light-dark cycle and provided free 
access to water. One group of eight animals was fed the control 
diet ad libitum (group C1) while another group (group V) was fed 
the low valine diet ad  libitum. A third group (group C7) was 
pair-fed the control diet to match the growth of the group fed the 
low valine diet. Several additional groups (groups C2-C6) were fed 
the control diet in predetermined amounts ranging from 5-15 
g/day. 

All animals were weighed and examined daily for vaginal 
opening; after vaginal opening, daily vaginal smears were done. 
The occurrence of first estrus was defined by the appearance of the 
first cornified vaginal smear that was both preceded and followed 
by a diestrus smear. The growth rate for each animal was defined 
as the mean weight gain per day from age 30 to age 60 days, and 
the mean growth rate for each group calculated as  the average of 
the individual growth rates for members of that group. These ages 
were chosen to provide the broadest measure of growth applicable 
to all groups, some of whom were killed shortly after age 60 days. 
Weight changes below age 30 days were due in part to the effects of 

Table 1. Composition of experimental diets (grams per  100 g diet) 

Variable components Control diet Low valine diet 

Val 

GlY 

Components identical in control and low valine diet 

Met 
Ala 
Asn 
Pro 

C Y ~  
His-HC1 
Leu 
Phe 

T rp 
Corn oil 
Sucrose 
Vitamin mix2 

Arg-HCI 

Asp 
Gly 

C Y ~  
Ser 
Ile 
Lys-HCI 
Thr 

Dextrin 
Salt mix'RH1 
L-Choline 

' Purchased from ICN Pharmaceuticals (15) with composition previ- 
ously described ( 13). 

This supplies the following quantities per 100-g diet (in milligrams): 
vitamin A, 1.80; vitamin D, 0.10; a-tocopherol, 2.00; ascorbic acid, 18.00; 
inositol, 2.00; choline chloride, 30.00; menadione, 0.95; p-aminobenzoic 
acid, 2.00; niacin, 1.80; riboflavin, 0.40; pyridoxin-HCI, 0.40; calcium 
pantothenate, 1.20; biotin, 0.008; folic acid, 0.036; vitamin B,,, 0.00054. 

adjustment to individual housing. Statistical comparisons were 
done with the unpaired t-test unless otherwise specified, and all 
data are reported as mean + SEM. 

RESULTS 

GROWTH RATES 

The growth curves of groups CILC7 and group V are shown in 
Figure 1. 

AGE AT PUBERTY 

The ages at vaginal opening for each of the groups C1-C7 are 
plotted in Figure 2 against the corresponding mean group growth 
rates on the abscissa. The ages at  first estrus for these same groups 
are similarly plotted in Figure 3. Under the experimental condition 
of food restriction, the food intake and hence the corresponding 
growth rate was clearly the independent variable. Application of 
linear regression showed that both the age at vaginal opening and 
the age at first estrus were highly significant negative linear 

AGE IN DAYS 

Fig. 1. Growth curves for groups CILC7 (fed reduced amounts of 
control diet) and group V (valine deficient). Each point is the mean body 
weight of all members of the group. 
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Fig. 2. Ages at vaginal opening for groups CILC7, plotted as mean + 
SEM. The mean group growth rate (as defined in Methods) is shown on the 
abscissa. Least squares line is y = - 1 5 . 6 ~  + 102 (r = -0.80, P < 0.001). 
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