
tectal surface. We attribute the dif- 
ference in infrared and visual magnifica- 
tion factors to the smaller size of the to- 
tal field of the infrared pit organ com- 
pared to the total visual field of the eye. 
The regional differences in magnification 
and axis alignment of tectal visual and in- 
frared maps could be a consequence of 
the innervation pattern of the pit, of the 
distribution of target sites in the tectum, 
or of other mapping mechanisms. An un- 
tested alternative to our hypothesis is 
that visual and infrared maps influence 
each other to achieve the observed dis- 
parity. Among many possible explana- 
tions for these data, our hypothesis is at- 
tractive because of its simplicity. 

That all available input fibers should 
spread out to occupy all available target 
sites appears to be an important rule gov- 
erning development of neural con- 
nections. If one removes half of the reti- 
na of Xenopus, the ganglion cell fibers 
develop to invade all available tectal 
sites, not just the ones they would have 
occupied had no cells in the retina been 
removed (15). The spatial distribution of 
two sets of afferent fibers (visual and in- 
frared) in the tectum is economically ex- 
plained if the connections of one modali- 
ty do not affect those of the other. The 
approximate similarity of the axes of ori- 
entation of the tectal maps could result 
from shared developmental mechanisms 
or from similarity of independent ones. 
The differences of the maps invite gener- 
alization of the rule. "Spread out to oc- 
cupy all available tectal sites," and sug- 
gest that it may be applied to systems in 
which a single brain structure is in- 
nervated by two distinct fiber popu- 
lations. 
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Ir birds and mammals, light has a 
stimulatory effect on gonadal develop- 
ment and function, whereas darkness 
has the opposite effect (1). This stimula- 
tory effect seems to be mediated through 
the pineal gland, whose secretory activi- 
ty is controlled by light (1, 2). 

In humans, the effect of light on the 
neuroendocrine system and, more spe- 
cifically, on sexual maturation is not 
known. The available clinical and bio- 
chemical data point to a possible rela- 
tionship between environmental light 
and pineal-gonadal development in hu- 
mans. Delayed or precocious puberty 
has been reported in association with 
pineal tumors (3); parenchymatous pine- 
alomas are usually associated with de- 
pressed gonadal function, whereas ron- 
parenchymatous lesions, such as gliomas 
and teratomas that destroy the pineal 
gland, are more apt to be associated with 
precocious puberty. Hence pineal hyper- 
function seems to be associated with de- 
layed puberty, and hypofunction with 
advanced puberty. The dark period of 
the Arctic winter probably is associated 
with suppression of ovulation in Eskimo 
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women (4). Zacharias and Wurtman (5) 
found that in girls who were blind at birth 
or became blind shortly thereafter, men- 
arche was earlier than in controls. Mela- 
tonin concentrations in the blood of hu- 
mans were found to be higher at night 
than during the day; however, when the 
light periods were prolonged, the effect 
on melatonin levels was equivocal (6). A 
peak of blood melatonin was found at the 
time of menstruation while a nadir coin- 
cided with the luteinizing hormone (LH) 
peak (7). 

Neonated jaundice is currently treated 
by exposing the affected infant to pro- 
longed, intense illumination. Such treat- 
ment provides an appropriate situation 
for studying the effect of light on humans 
undergoing a critical period of develop- 
ment of the neuroendocrine system. In 
our studies of human neonates receiving 
phototherapy we found that the concen- 
trations of pituitary LH were altered by 
prolonged, intense illumination. 

In 17 icteric but otherwise healthy 
newborns who received phototherapy 
continuously for 3 days (third to sixth 
day of life), the concentrations of LH in 
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Table 1. Irradiance measurements at the level of the infant inside the incubator and in the 
nursery. 

Wave band Irradiance Site of measurement 
(nm) (u/W/cm2) 

Inside the incubator during phototherapy 420 to 460 250 + 40 
inside the incubator during phototherapy 460 to 650 700 + 60 
Middle nursery (1 p.m.) 400 to 500 25 + 10 
Middle nursery (10 p.m.) 400 to 500 5 + 4 
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Concentrations of Luteinizing Hormone in Human Infants 

Abstract. Concentrations of luteinizing hormone in the serums of human neonates 
were altered when the neonates were exposed to prolonged, intense illumination 
(phototherapy) with their eyes covered. Concentrations decreased after 48 to 72 
hours of exposure, increased 6 to 9 days after phototherapy, and subsequently re- 
turned to levels similar to those of controls. These data suggest that light may affect 
pituitary-gonadal function in the human neonate. 
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Table 2. Bilirubin values in milligrams per 100 ml (mean + 1 standard deviation). 

Age (days) 
Group 

2 3 4 5 6 8 to 10 11 to 13 

Phototherapy 13.7 ? 2.7 13.9 + 2.2 12.0 + 2.6* 9.0 + 2.8* 7.9 + 2.1 5.9 ? 1.9 5.0 + 1.9 
Control A 12.9 ? 3.0 13.6 + 2.8 14.2 + 3.0 13.3 + 2.6 12.5 + 1.7 9.9 ? 2.1 7.1 + 2.0 
ControlB 12.1 ? 3.1 12.8 + 2.5 13.8 + 2.8 12.9 + 2.5 11.9 + 2.0 9.0 ? 2.2 6.8 + 2.3 

*Under phototherapy. 

the serum were determined prior to, dur- 
ing, and for several days after photother- 
apy. The source of light was ten 20-watt 
fluorescent day lamps. Irradiance inside 
the incubator and at the level of the in- 
fant's head, as well as average irradiance 
in the middle of the nursery during the 
day (1 p.m.) and night (10 p.m.) are 
shown in Table 1. 

As is usual, the eyes of the babies un- 
der phototherapy were covered with 
dark pads. Three control groups were al- 
so studied. Group A included 15 icteric 
newborns who did not receive photo- 
therapy. Group B included six icteric 
newborns who did not receive photo- 
therapy, but whose eyes were covered as 
were the eyes of the newborns under 
phototherapy. Group C included 23 non- 
icteric, healthy newborns. All newborns 
were matched for gestational age, birth 
weight, and postnatal age. All groups ex- 
cept group C were also matched for the 
intensity of jaundice (Table 2). 

Serum LH was determined by radio- 
immunoassay in capillary blood drawn 
between 9 a.m. and 10 a.m. The standard 
LH used had the following character- 

E 

-r 

E 
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L) 

In 

istics: (i) biological potency: 2000 I.U./ 
mg of the Second International Refer- 
ence preparation (IPR-HMG); (ii) radio- 
immunological potency: 2160 + 240 
I.U./mg, 68/40 Medical Research Coun- 
cil, Mill Hill, or 66 + 6 mg of LER 907 
from the National Institutes of Health. 
The results were expressed in milliunits 
(international) per milliliter. The sensi- 
tivity of the assay is 0.2 mU/ml. Intra- 
assay and interassay variation is 8 and 12 
percent, respectively. To reduce inter- 
assay variation, specimens from all test- 
ing periods in equal numbers from the 
phototherapy group and control group A 
were assayed simultaneously. Results 
were analyzed according to Student's t- 
test for paired and unpaired data. Prelim- 
inary data of this study were reported 
previously (8). 

We observed (Fig. 1) slightly lower 
LH values after 24 hours, and signifi- 
cantly lower values after 48 to 72 hours 
of phototherapy in comparison to either 
the value prior to phototherapy (P < 
.001) or the values in the three control 
groups (P < .001). The most pro- 
nounced change in the LH levels during 

A g e in d a y s 

Fig. 1. Mean concentrations of LH in the serum of newborns under phototherapy and in the 
three control groups. Standard deviation values are indicated for jaundiced babies under pho- 
totherapy and for jaundiced babies without phototherapy. Levels in the control groups re- 
mained unchanged. In the study group there is a decrease in LH concentrations during pho- 
totherapy and a subsequent increase following interruption of phototherapy. Jaundiced babies 
under phototherapy (0-- ); jaundiced babies without phototherapy (0- -0); jaundiced 
babies with covered eyes without phototherapy (O .... 0); healthy babies (0-0). 
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the entire test period was the significant 
transient increase that occurred after the 
phase of suppression (P < .001 for days 
12 and 15). The LH concentrations did 
not show any change in the three control 
groups. 

The results for control groups B and C 
indicate that neither darkness from clo- 
sure of the eyes nor the jaundice per se 
accounted for the observed LH changes. 
It is possible, however, that products of 
bilirubin photodegradation caused the 
changes in LH concentrations. 

If the LH changes were associated 
with the exposure of the neonates to 
light, then the question of how the light 
reached the brain (pineal, hypothalamus, 
other structures) should be answered, 
since the eyes of the light-treated babies 
were covered. However, it has been 
shown that light penetrates into the brain 
through the skull (9). 

Another relevant question is why the 
effect of light on the human newborn is 
different from that on other animals; in 
the latter, illumination suppresses the 
function of the pineal gland and has a fa- 
vorable effect on gonadal development 
and function and presumably increases 
the release of gonadotropins. Hence one 
should expect an increase rather than a 
reduction in LH levels. We may assume 
that in the human neonates the decrease 
in LH concentrations after prolonged, 
intense illumination is due to an exhaus- 
tion phenomenon of the hypothalamic- 
pituitary unit resulting from the lack of 
the inhibitory action of the pineal gland. 
This assumption is supported by the ob- 
servations of Ortavant et al. (10) who 
found that in mammals, prolongation of 
the light photoperiod decreased produc- 
tion of gonadotropins. 

Even more difficult to interpret is the 
impressive transient increase in serum 
LH that occurred 6 to 9 days after pho- 
totherapy had ended. Perhaps this can be 
attributed to a rebound phenomenon. 

Not enough is known about the com- 
plex interactions of light with the pineal, 
hypothalamus, and pituitary, especially 
in the human, for us to be able to make a 
unified interpretation of all known data. 
The changes that we observed in the LH 
concentrations of infants receiving pho- 
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totherapy could be peculiar to a devel- 
oping neuroendocrine system and might 
have little similarity to results that would 
be derived from adult organisms. 
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Lamina 5 neurons in the dorsal horn of 
the spinal cord are discharged by the ad- 
ministration of noxious stimuli to their 
receptive fields and by A8 and C fiber ac- 
tivation, while the application of narcot- 
ics in doses sufficient to produce anal- 
gesia will depress this discharge (1, 2). If 
these cells are in fact part of the pathway 
through which behaviorally defined 
changes in the pain threshold are mediat- 
ed, then the pharmacology of the opiate 
effect measured on the cellular response 
should be identical to the pharmacology 
of the analgesia resulting from these 
drugs. Both the neuronal activity of 
these cells and the behavioral relief from 
pain produced by opiates are stereo- 
specific and antagonized by naloxone (1- 
3). However, the simple observation of 
naloxone antagonism is not a sufficient 

Lamina 5 neurons in the dorsal horn of 
the spinal cord are discharged by the ad- 
ministration of noxious stimuli to their 
receptive fields and by A8 and C fiber ac- 
tivation, while the application of narcot- 
ics in doses sufficient to produce anal- 
gesia will depress this discharge (1, 2). If 
these cells are in fact part of the pathway 
through which behaviorally defined 
changes in the pain threshold are mediat- 
ed, then the pharmacology of the opiate 
effect measured on the cellular response 
should be identical to the pharmacology 
of the analgesia resulting from these 
drugs. Both the neuronal activity of 
these cells and the behavioral relief from 
pain produced by opiates are stereo- 
specific and antagonized by naloxone (1- 
3). However, the simple observation of 
naloxone antagonism is not a sufficient 

nology, L. Martini and W. F. Ganonga, Eds. 
(Academic Press, New York, 1967), p. 19. 

3. J. I. Kitay, J. Clin. Endocrinol. Metab. 14, 622 
(1954). 

4. R. J. Reiter, in Reproductive Biology, H. Balin 
and S. S. Glasser, Eds. (American Elsevier, 
New York, 1972), p. 101. 

5. L. Zacharias and R. J. Wurtman, Science 144, 
1154 (1964). 

6. G. M. Vaughan, R. W. Pellam, S. F. Pang, L. L. 
Laughlin, K. M. Wilson, K. L. Sandock, M. K. 
Vaughan, S. H. Koslow, R. J. Reiter, J. Clin. 
Endocrinol. Metab. 42, 752 (1976). 

7. L. Wetterberg, J. Arendt, L. Paunier, P. C. Siz- 
onenko, W. van Donselaar, T. Heyden, ibid., p. 
185. 

8. C. Dacou-Voutetakis and D. Anagnostakis, Pe- 
diatr. Res. 10, 876 (abstr.) (1976). 

9. E. E. VanBrunt, M. D. Chepherd, J. R. Wall, 
W. F. Canong, M. T. Clegg, Ann. N.Y. Acad. 
Sci. 117, 217 (1964); J. K. Lauber, J. E. Boyd, J. 
Axelrod, Science 161, 489 (1968). 

10. R. Ortavant, P. Maulean, C. Thibault, Ann. 
N.Y. Acad. Sci. 117, 157 (1964). 

11. This work was supported in part by the National 
Hellenic Research Foundation. 

29 April 1977; revised 14 October 1977 

nology, L. Martini and W. F. Ganonga, Eds. 
(Academic Press, New York, 1967), p. 19. 

3. J. I. Kitay, J. Clin. Endocrinol. Metab. 14, 622 
(1954). 

4. R. J. Reiter, in Reproductive Biology, H. Balin 
and S. S. Glasser, Eds. (American Elsevier, 
New York, 1972), p. 101. 

5. L. Zacharias and R. J. Wurtman, Science 144, 
1154 (1964). 

6. G. M. Vaughan, R. W. Pellam, S. F. Pang, L. L. 
Laughlin, K. M. Wilson, K. L. Sandock, M. K. 
Vaughan, S. H. Koslow, R. J. Reiter, J. Clin. 
Endocrinol. Metab. 42, 752 (1976). 

7. L. Wetterberg, J. Arendt, L. Paunier, P. C. Siz- 
onenko, W. van Donselaar, T. Heyden, ibid., p. 
185. 

8. C. Dacou-Voutetakis and D. Anagnostakis, Pe- 
diatr. Res. 10, 876 (abstr.) (1976). 

9. E. E. VanBrunt, M. D. Chepherd, J. R. Wall, 
W. F. Canong, M. T. Clegg, Ann. N.Y. Acad. 
Sci. 117, 217 (1964); J. K. Lauber, J. E. Boyd, J. 
Axelrod, Science 161, 489 (1968). 

10. R. Ortavant, P. Maulean, C. Thibault, Ann. 
N.Y. Acad. Sci. 117, 157 (1964). 

11. This work was supported in part by the National 
Hellenic Research Foundation. 

29 April 1977; revised 14 October 1977 

premise to assume the pharmacological 
identity of the receptor systems mediat- 
ing either effect. The dose ratio analysis 
(4, 5) in the behaving animal has demon- 
strated that different values for the pA2, a 
parameter reflecting the interaction be- 
tween a competitive antagonist and 
agonist in a given receptor system, may 
be obtained for morphine and naloxone 
when different opiate effects, such as 
respiratory depression, temperature, and 
analgesia, are measured (6). Such results 
suggest that different forms of the opiate 
receptor may be related to brain struc- 
tures mediating these various functions. 
If the depressive effects of systemically 
administered opiates on the response of 
lamina 5 neurons to noxious stimuli are 
related to the substrate mediating the ob- 
served behavioral analgesia, then the 
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dose ratio analysis carried out with the 
discharge of the cell rather than the be- 
havioral response as an end point should 
yield the same results, as has been re- 
ported for the interaction of morphine 
and naloxone on analgetic tasks in the 
behaving animal. 

These studies were conducted as fol- 
lows. Microelectrode penetrations (7) 
were made into the dorsal horn of the 
unanesthetized, decerebrate spinal cat 
which had been paralyzed with flaxedil 
and artificially respirated. During pene- 
tration, the sural nerve, mounted on sil- 
ver hooks and cut distally, was stimulat- 
ed at an intensity which produced an A8 
and C volley as monitored on adjacent 
recording hooks. Cells were selected for 
study only if they showed a relatively 
low level of background activity (2 to 10 
Hz) and if they responded to sural nerve 
stimulation with a stable discharge pat- 
tern having an identifiable fast and slow 
component corresponding to the large 
and small fiber input. The amplified re- 
sponse of the cell went into a spike trig- 
ger, and this output went both into a rate 
meter (spikes per second) and into an av- 
erager to give a post-stimulus histogram 
(PST). Throughout the experiments, the 
shape of the spike was continuously 
monitored by a delay line to verify that 
the recorded activity was derived from a 
single isolated cell and that the same 
spike was present during the entire ex- 
perimental sequence. One of two drug 
paradigms was used. In the first, mor- 
phine was given in two doses; the second 
dose was ten times larger and was deliv- 
ered after the first dose had produced its 
maximum effect. In this manner, a dose 
response function was obtained for each 
unit. Three different morphine dose 
ranges were used to give a dose response 
curve ranging from 0.3 to 10.0 mg/kg 
(that is, 0.3 and 3.0, 0.5 and 5.0, and 1.0 
and 10.0 mg/kg). As the dose separation 
was always a factor of 10, the effect of 
the first dose on the effect produced by 
the second dose was considered negli- 
gible. At the time that the effect of the 
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Fig. 1. Post-stimulus histograms each indicating the average of 32 
sweeps and derived from a single cell before (CONTROL) and after 
the injection of morphine sulfate (MOR) and naloxone hydrochloride 
(NAL). The sequence of injections was morphine (0.5 mg/kg) followed 
by morphine (5.0 mg/kg). At this time, naloxone was given at 5 azg/kg 
and then 50 ,ag/kg. Ten minutes elapsed after each injection of mor- 
phine and 5 minutes after each naloxone injection. The evoked dis- 
charge related to large (A) and small (AA and C) fibers is indicated in 
the control PST. The axis bars are 100 msec and 20 spikes. As the 
settings required to examine A8 and C fiber evoked activity, the re- 
sponse to A fibers exceeded the capacity of the averager, resulting in 
the sharp cut off seen in these records. 
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Opiate Receptors for Behavioral Analgesia Resemble Those 

Related to the Depression of Spinal Nociceptive Neurons 

Abstract. With naloxone as antagonist, a dose-ratio analysis of the depression by 
morphine of nociceptive neurons in the spinal cord reveals that this opiate depres- 
sion of single unit activity has the same pharmacological properties as observed with 
morphine analgesia. This suggests that the opiate receptor, mediating the observed 
cellular depression, and those mediating analgesia are presumably the same. 
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