
Operationally, the focus measured in the 
absence of visual stimulation is referred to 
as the dark focus. Morgan (7) and Schober 

(8) have presented convincing evidence 
that under such conditions the ciliary body 
is relaxed and have suggested the term 

resting state of accommodation. Since we 
have no direct measurements of the state 
of relaxation, it seems advisable to avoid 
confusion by eliminating reference to an 
inferred state of rest. In the present analy- 
sis, the tendency to return to an inter- 
mediate focus, determined in the absence 
of light stimulation, has high predictive 
value not only for the three anomalous 

myopias under discussion, but also with re- 

spect to the focus (i) assumed while view- 

ing a diffraction pattern for which the 

sharpness of the image is independent of 
accommodation and (ii) when the depth of 
field is enlarged by decreasing pupil size 

(11). It also permits prediction of the maxi- 
mum of the acuity-distance function for an 
individual observer (14). 

With two exceptions, the ideas presented 
in this report have appeared previously in 
the literature. First, the marked variability 
in the intermediate dark focus has not been 

suggested previously, and provides a basis 
for explaining difficulties encountered in 

previous studies. For example, under the 

assumption that night myopia is the result 
of factors such as increased spherical aber- 
ration with increased pupil size, or chro- 
matic aberrations and the Purkinje shift 

(5), one would not expect to encounter 

large individual differences, and such vari- 

ability would be erroneously attributed to 

experimental error. Similarly, any attempt 
to ameliorate night or empty field myopia 
by prescribing a fixed negative correction 
for all observers (15) would be expected to 

produce inconclusive results. Subjects who 
have a far dark focus would not be helped 
by additional negative correction, whereas 
a small negative correction would not be 

adequate for subjects with a very near dark 
focus. Recognition of intersubject variabil- 

ity should permit a quantitative prediction 
of the magnitude of night myopia as well 
as the appropriate correction necessary to 
overcome its deleterious effects under low 
luminance observation conditions. Second, 
with respect to the anomalous myopias, 
our interpretation is unique in providing a 

unitary explanation for all three phenome- 
na. 

There are a number of additional impli- 
cations of our data. As Morgan (7) and 
Schober (8) have pointed out, since the ac- 
commodation mechanism has autonomic 
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When measurements are made in total 
darkness, this provides a method for eval- 

uating autonomic activity in the absence of 
normal light stimulation. 

The intermediate dark focus might also 
have implications for clinical practice since 
objective examinations are typically made 
in a darkened room. Under such condi- 
tions, to the extent that the subjects return 
to their intermediate dark focus (11), re- 
fractive power would be overestimated. 

Johnson (14) recently demonstrated 
that, even with high illuminance, accom- 
modation is most accurate and visual acu- 
ity is highest when the stimulus is con- 
jugate with the individual subject's dark 
focus. His data indicate that although vari- 
ation in distance from the dark focus stim- 
ulates accommodation, there is a residual 
error of underaccommodation for nearer 

objects and overaccommodation for more 
distant objects. This accommodative error 
increases with distance in either direction 
from the dark focus, and is exaggerated by 
lowering the illuminance level. This im- 

plies that for optimal performance in any 
demanding visual task, such as photo- 
graphic or x-ray interpretation, micros- 

copy, visual inspection, driving, and flying, 
the optical distance of the stimulus should 

correspond to the dark focus of the individ- 
ual observer. 
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Growth hormone (GH) administered to 

pregnant rats is said to enhance brain de- 

velopment by the time of birth (1, 2) or in 

early life (2, 3). Precocious behavioral de- 
velopment (4) and improvements in adult 

learning capability (3-5) are further taken 
to reflect the permanence of these early 
structural changes in the brain. However, 
we have been unable to demonstrate any 
effects of GH treatment on fetuses ob- 
tained by cesarean section near term (6). 
A resolution of this conflicting evidence 

may come from our observation that mod- 
ern preparations of purified GH prolong 
the gestation period in the rat, thus raising 
the possibility that the apparent facilita- 
tion of development may be due to errors 
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in estimating true postconception age when 

dating is made with respect to birth. 

Long-Evans virgin rats (Blue Spruce 
Farms, Altamont, New York) were housed 
in a thermostatically controlled (200 to 

22.5oC) room maintained on a 12-hour 

light-dark cycle (LD, 12: 12) with light on- 
set at 0800 hours. Purina laboratory chow, 
containing at least 23 percent protein, and 
water were available at all times. After 2 
weeks of acclimatization, animals were 
mated, and insemination was verified by 
vaginal lavage daily (between 0900 and 
1000 hours). Presence of sperm defined day 
0 of pregnancy, and only females in the 

body-weight range 200 to 215 g on day 0 
were used. On day 7 of gestation, subjects 
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Prolongation of Gestation by Growth Hormone: A Confounding 

Factor in the Assessment of Its Prenatal Action 

Abstract. The administration of purified growth hormone to normally nourished preg- 
nant rats prolonged gestation leading to postmaturity of the offspring. The effect ex- 

plains, in part, the apparent influence of growth hormone on prenatal and early postnatal 
development and supports the notion that the prenatal action of exogenous growth hor- 
mone is restricted to a therapeutic one under conditions of malnutrition. 
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were randomly assigned to one of two 

groups. Nine subjects received daily sub- 
cutaneous injections of 3 international 
units of bovine growth hormone (NIH- 
GH-B17) contained in 0.2 ml of physi- 
ological saline in the pH range 8.0 to 9.0. 
Injections were given from day 7 through 
day 20; limitations in the quantity of hor- 
mone available restricted the size of this 

group. Control subjects (21) received the 
same volume of the vehicle in the samepH 
range. In view of the effect of GH on body 
weight of the pregnant rat (6-8) a further 
27 uninjected control mothers, with body 
weights on day 0 ranging from 194 to 284 

g, were studied to investigate possible ef- 
fects of maternal body weight in the ab- 
sence of any experimentally induced 
changes. On day 18 of gestation, subjects 
were transferred to specially adapted 
cages, which provided a continuous record 
of the entries and exits of the mother from 
a nest box located at one end of the cage. 
Although these cages were used to study 
maternal behavior in the postnatal period, 
they also served to substantiate estimates 
of the time of parturition; mothers in- 
variably gave birth in the nest box, and the 
event record usually indicated a period of 

inactivity prior to parturition. Under nor- 
mal conditions with this strain, we have 
found that parturition occurs during the 

light period, and it was possible, with two 

exceptions, to observe it directly. In the 
case of the two GH births that occurred 
during the dark period, the time of birth 
was estimated from the event record, con- 
firmed by the state of cleanliness of the lit- 
ter, presence or absence of placentas in the 
nest, and milk in the stomach. 

The distribution of birth times (Fig. 1) is 
in agreement with previous reports (9, 10) 
that parturition is photoperiodic in the rat. 
No significant differences were found be- 
tween the injected and uninjected control 
groups (P > .1, t-test), and the results were 
pooled. Of the control mothers, 45 gave 
birth during the light period of day 21 and 
3 during the light period of day 22; of the 
GH mothers, 1 delivered in the light period 
of day 21, and 8 just before or in the light 
period of day 22. The mean difference in 
length of gestation period between GH and 
control mothers was highly significant 
(P < .00001, t-test). The administration of 
GH during pregnancy therefore prolonged 
the normal gestation period. 

It is possible that the gestation period 
was prolonged because of a GH-induced 
reduction in litter size, since prenatal treat- 
ment with GH is reported to increase pre- 
natal mortality (11), and an inverse rela- 
tionship normally obtains between litter 
size and the length of gestation period (10, 
12, 13). In our study, however, no signifi- 
cant differences in litter size were found 
between the GH group (mean ? S.D.: 
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Fig. 1. Distribution 
of birth times for 
control and GH- 
treated mothers. The 
light periods (0800 
to 2000 hours) are 
shown by open bars 
on abscissa. 
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10.56 = 2.19) and the control groups 
(11.67 ? 2.01); nor were any differences 
found in our previous study in which moth- 
ers were delivered by cesarean section. 

It is also possible that the prolongation 
of gestation was related to increases in ma- 
ternal body weight, induced by the GH 
treatment. By day 21 the mean weight of 
the GH group of mothers was 50 g more 
than that of the injected control group, and 
the difference was highly significant 
(P < .00001, t-test). However, in the unin- 
jected group of 26 mothers, in which the 

range of body weight was wide, no signifi- 
cant correlation was found between mater- 
nal body weight and the length of gestation 
period (r = .20; P < .1). 

The mechanism by which GH prolongs 
the gestation period is not clear. It is 
known that ovarian function is maintained 
by the placenta in the second half of preg- 
nancy in the rat (14) and, in view of the im- 
munological similarity between placental 
luteotropin and GH (15), it is possible that 
exogenous GH may mimic the luteotropic 
action of the placental hormone, thereby 
delaying progesterone withdrawal, which is 
necessary for the onset of parturition (16). 

Although prolonged gestation was noted 
in earlier studies in which impure prepara- 
tions of GH were used (1, 7, 17), the effect 
has not been reported in more recent work 
in which highly purified preparations have 
been employed (2-5, 18), presumably be- 
cause the exact time of parturition was not 
recorded. Even though the prolongation in 
our study amounts to less than a day, fail- 
ure to take account of this difference would 
affect the interpretation of structural 
measures made on the newborn, leading to 
spurious differences in body and brain 
weight and in total brain protein (13). As 
the rate of net increase in total brain DNA 
is much reduced in the perinatal period (6), 
an error of I day in the estimation of neo- 
natal age may not result in large differ- 
ences in this measure; however, under dif- 
ferent conditions, or with other prepara- 
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tions of GH (19), the prolongation may be 
more severe than that described here. Pro- 
longation of gestation also accounts for the 
apparent precocity of GH offspring in the 
early postnatal period (13). 

A recent study by Sara et al. (20) de- 
serves special comment as the findings may 
not be explained by prolonged gestation, 
and are in conflict with our earlier results 
(6) in which no effects of GH treatment 
could be demonstrated in the 21-day fetus. 
Daily injections of GH over the last 2 
weeks of gestation were reported to in- 
crease cerebral weight and thymidine up- 
take into cerebral DNA in the 21-day 
fetus, and uptake of thymidine into placen- 
tal DNA. However, it appears that the 
sample number was based on the total 
number of fetuses and, as the individuals in 
a litter are not independent (21), and pre- 
sumably more than one animal from some 
litters was used, the significance levels of 
the differences in group means may be 
open to question. Nevertheless, the direc- 
tion of these effects suggest that GH may 
have exerted some facilitative influence. A 
second possible difficulty derives from the 
fact that the parents in this study (and pos- 
sibly preceding generations) appear to 
have been raised on a diet deficient in pro- 
tein (< 10 percent). Although the diet was 
subsequently corrected so that mothers 
were adequately nourished during the 
course of the study, other work (22) sug- 
gests that their prior malnutrition would 
have adversely affected the subsequent ex- 
perimental generation, and the very low 
body weights of their 21-day fetuses sup- 
port this view. The results of other studies 
indicate that any facilitative action that 
GH may have is restricted to situations 
where malnutrition is known to occur (23) 
or where birth weight is otherwise de- 
pressed (24). The apparently selective ac- 
tion of GH under these conditions may be 
explained, perhaps, by the high rate of 
brain growth relative to body growth in 
the prenatal stage of development. 
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The possible therapeutic action of GH 
on the first filial generation of previously 
undernourished rats may explain, in part, 
the findings of an earlier study from the 
same laboratory in which differences in the 
adult behavior of GH offspring were ob- 
served (3), but would not account for the 

apparent improvements in adult behavior 
found in other studies in which there were 
no adverse nutritional circumstances (4, 5). 
However, it has been demonstrated that 
the maternal behavior of GH mothers dif- 
fers from that of control mothers through- 
out the first 2 weeks postpartum (13); and, 

given the importance of early experience in 
the determination of adult behavior, these 
different patterns of maternal behavior 

may account for the permanent changes 
that have been observed in the offspring 
born to and reared by GH mothers. 

The administration of GH, then, pro- 
duces at least two definite effects in the rat: 

(i) prolonged gestation leading to post- 
maturity of the offspring and (ii) altera- 
tions in the maternal behavior of the GH 
mother. It is possible that prenatal treat- 
ment with GH may produce other changes 
in the adequately nourished rat which have 
not been detected this far. Also, GH prepa- 
rations derived from different sources or 

species may exert differing qualitative and 

quantitative (19) influences possibly be- 
cause of contamination by other pituitary 
hormones. However, in view of our failure 
to demonstrate any obvious influence of 
GH on prenatal development of body or 
brain (6), and the data reported here (6), it 
is doubtful that structural or functional 
differences in the offspring of normally 
nourished rats can be ascribed to changes 
produced prenatally by GH. 

P. G. CROSKERRY 
G. K. SMITH 

Department of Psychology, 
McMaster University, 
Hamilton, Ontario, Canada L8S 4KI 
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P. G. CROSKERRY 
G. K. SMITH 

Department of Psychology, 
McMaster University, 
Hamilton, Ontario, Canada L8S 4KI 
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We present here the first behavioral evi- 
dence that daylight visual resolution acuity 
of the bottlenosed dolphin, Tursiops trun- 

catus, is approximately equally good in air 
and water. Although informal observa- 
tions of captive bottlenosed dolphins sug- 
gest good aerial acuity, measurements of 
the eye by ophthalmoscope reveal a gross 
aerial myopia of 16 to 20 diopters (1, 2). 
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This large refractive error in air derives 
from the considerable power of the cornea 
added to that of the large, spherical lens. In 

water, where the cornea is ineffective as an 

optical device (its refractive index is ap- 
proximately that of water), measurements 

by ophthalmoscope indicate emmetropia 
(1) to moderate hypermetropia (2). Func- 

tionally, these measurements predict con- 
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Fig. 1. Percentage of correct responses with each comparison target as a function of left or right 
monocular viewing, air or water medium, and viewing distance (O = 1 m; * = 1.5 m; 0 = 2 m; = 
2.5 m). Resolution thresholds for the criterion 75 percent correct are shown. 
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Bottlenosed Dolphin: Double-Slit Pupil Yields 

Equivalent Aerial and Underwater Diurnal Acuity 

Abstract. In bright daylight, and at best viewing distances, the bottlenosed dolphin re- 
solves visual gratings approximately equally well in air and in water. Aerial resolution 

improves with increased viewing distance, while underwater resolution improves with de- 
creased viewing distance. The double-slit pupil overcomes the gross myopia in air mea- 
sured by ophthalmoscope and produces the indicated effects of viewing distance. 
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