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A general reduction in the metabolic pro- 
cesses of the pineal gland has been shown to 
occur in rats exposed to continuous light. A 
decrease in its weight ( l ) ,  serotonin (Z), 
melatonin ( 3 ) ,  lipid (4), and glycogen con- 
tent ( 5 ) ,  and the activity of a number of its 
enzymes, was found (5-8). 

In  a study carried out recently by us (9) 
it has been shown that continuous light in- 
hibi ts the physiological parenchymal hyper- 
trophy of the pineal which occurs during the 
first 10 weeks of life, supposedly by inhibit- 
ing ribosomal RNA synthesis of the cells. 
Reduced protein and enzyme synthesis evi- 
dently causes a decrease in the metabolic 
activity of the cells. 

In  the present work we have investigated 
whether there may be any concurrent changes 
in the main metabolic pathway supplying 
energy in the pineal for cellular synthesis. 
Such a study seemed of special interest in 
view of the findings of Bostelmann (8), 
which suggest that exposure to continuous 
light causes a decrease in the activity of 
pineal oxidative enzymes, whereas darkness 
has the reverse effect. 

A change in energy production may result 
from either depressed protein metabolism, 
found to occur upon exposure to continuous 
light ( 9 ) ,  or, be brought about directly, 
through interference with a specific energy 
pathway, which could consequently cause a 
reduction in protein synthesis ( 10). 

The cellular redox state can be used for 
measuring tissue hypoxia which would pro- 
duce an accumulation of lactate (11). We are 
reporting the pineal lactate concentration of 
maturing female rats exposed to the same 
conditions as those which caused a decrease 
in RNA and protein synthesis (9). This 
would indicate whether the decreased protein 
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and enzyme synthesis is connected with a 
change in cell metabolism and energy forma- 
tion. Moreover, information may be obtained 
as to whether any change in cell metabolism 
and energy formation is a consequence of 
impaired RNA-protein synthesis found to oc- 
cur in the pinealocytes, or is brought about 
directly through interference with a specific 
energy pathway, the resulting energy defici- 
ency causing a decrease in protein- 
synthesizing ability. 

Materials and Methods. Female rats o f  the 
Hebrew University’s “Sabra” strain, weigh- 
ing 3 5-45 g each, were weaned when 2 1 days 
old, housed six to a cage at  a constant tem- 
perature of 24 t lo, and fed ad libitum. The 
animals were divided into three groups: one 
was exposed to constant artificial light; an- 
other kept in total darkness; and a third, 
serving as control, was subjected to alter- 
nating light and darkness, the light being 
switched on at  7:30 AM and off a t  7:30 PM 
each day. The light was provided by over- 
head fluorescent tubes (40 W “daylight”). 
In  the darkroom faint red light was used when 
feeding the animals. 

After 10, 20, and 30 days of exposure to 
the different conditions of light, i e . ,  on Days 
31, 41, and 51 of life, the animals were killed 
by neck fracture, weighed, and their pineal 
glands removed and instantly frozen by liq- 
uid nitrogen. Six frozen pineals from the rats 
in each cage were pooled in a glass test tube 
and homogenized under cooling in 0.4 ml of 
bidistilled water. An aliquot of 0.04 ml of the 
suspension was withdrawn for protein deter- 
mination, and the remainder, after dilution 
with percholoric acid to an optimal concen- 
tration of 0.6 M (approximately 0.4 ml 1.2 
M ) ,  was used to determine the lactic acid. 
The suspension was centrifuged at  4500 rpm 
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10-day exposure to continuous light (p<  
.002). This is due to reduced protein levels 
which occur after 10 days’ exposure to contin- 
uous light (9) .  The difference between the 
pineal lactic acid/protein ratios of the control 
animals and of those exposed to continu- 
ous light was further enhanced by extending 
the experiment to 20 and 30 days (Table 11). 

The ratio of pineal lactic acid to its protein 
in the animals exposed to continuous light 
remained constant throughout the experimen- 
tal period, notwithstanding the rise in lactic 
acid levels (Table 11). This is explained by 
the fact that there is a physiological develop- 
ment of the pineal protein throughout the 
entire 30-day experimental period, the result 
being that, in spite of the inhibition of pineal 
protein formation in animals exposed to con- 
tinuous light, ‘there is still an increase in the 
absolute level of the protein (9) .  Moreover, 
the pineal lactic acid content will increase 
according to the protein-synthesizing activity 
allowed by the conditions of continuous 
light. 

There was no difference between the lactic 
acid/protein ratios of the animals exposed to 
continuous darkness and those of the con- 
trols (Table 11). 

Discussion. Following our previous findings 
that exposure of rats to continuous light 
brought about a significant inhibition in pine- 
al protein synthesis, we postulated that con- 
tinuous light causes a decrease in the metabol- 
ic activity of the cells. Reduced cellular me- 
tabolism will result in decreased oxygen sup- 
ply to the interior of living cells. If the sup- 
ply of oxygen is insufficient to meet current 
metabolic tissue demands, the cellular oxida- 
tion-reduction systems must shift toward a 
reduced state. When the oxidative potential 
in the hypoxic cell has diminished to the 
level of that of the metabolic systems, the 
DPN-coupled (i.e., lactic dehydrogenase) 
system will be one of the first to become 
reversed. 

LDH 
Pyruvate - DPNH2 + Lactate - DPN 
The end product of reduction in the LDH 

system is lactate, which has no other function 
in metabolism. Endogenous lactate does not 

participate in any other equilibrium or enter 
any other reaction which would be affected 
by its accumulation in the cell. It would, 
therefore, be expected that any alteration in 
oxygen supply would be reflected in lactate 
changes. A low supply of oxygen to tissues 
will result in an increase in lactic acid pro- 
duction. Glycogen-glucose breakdown pro- 
ceeds via pyruvate to lactate which accumu- 
lates in the cell. Hence in all probability, 
pyruvate oxidation is depressed owing to a 
decline in the cytochromes in the tissues 
which may be accounted for by the slower 
rate of energy utilization observed in the 
pineals of rats during anoxia. Indeed, such a 
hypoxia-like state has been shown to exist in 
the pineals of rats exposed to continuous 
light. 

This agrees with the findings of Quay ( S ) ,  
who established a significantly low respira- 
tion in pineals of rats exposed to continuous 
light, and Bostelmann (8), who founda 
strong diminuftion in the activity of several 
pineal oxidative enzymes, i.e., cytochrome 
c-oxidase, succinic dehydrogenase, NADH 
oxidase, and others. Quay’s finding of a con- 
siderable reduction in pineal glycogen con- 
tent (58% in 12 weeks) ( 5 )  also concurs 
with our postulation of the existence of a 
hypoxic or hypoxia-like condition in the pine- 
als of young female rats kept under continu- 
ous ligbt. This status seems to be a conse- 
quence of the decreased synthesis of protein 
by the pineal which has been observed in rats 
exposed to continuous light and most prob- 
ably results from depression of the cyto- 
chrome oxidase in the tissues through slolwer 
rates of energy utilization. 

Definite proof that the suppressed oxida- 
tive cell processes are a consequence of de- 
pressed RNA and protein metabolism is the 
fact that the changes in protein content occur 
prior to those in the oxidative pathway. A 
significant decrease in the pineal proltein con- 
tent was already evident after 10 days’ ex- 
posure to continuous light, whereas the in- 
crease in lactic acid was not significant until 
Day 20. These findings seem to have settled 
the dispute between the stands of Bostel- 
mann (8) and Quay (5) as to whether the 
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oxidative cell suppression is a primary or 
secondary effect of light. 

As in thecase of protein, continuous 
darkness was found to have no effect on the 
lactic acid levels of the pineal throughout the 
dura*tion of the experiment. I t  is interesting 
to note, however, that Bostelmann ( 8 ) ,  using 
histochemical procedures, reported that when 
maturing rats were exposed to continuous 
darkness for as long as 11 weeks an increase 
in pineal oxidative metabolism could be ob- 
served. 

The parallel effects of light and darkness 
on the pineal lactic acid and nucleic acid- 
protein metabolisms observed in our two 
studies, reaffirm the interrelationship between 
the changes occurring in the two metabolic 
processes upon exposure of rats to continuous 
light. 

Summary. The pineal lactic acid content 
was measured in maturing female rats kept 
under conditions of continuous light, continu- 
ous darkness, and alternating light and 
darkness (controls) from the day of weaning 
(at  2 1 days of age) for 10,20, and 30 days. 

A significant increase in the pineal lactate 
levels of the animals kept in continuous light 
was observed after 20 and 30 days when 
compared with those of the controls. When 
calculated per microgram of pineal protein, 
the increase in pineal lactate was already 
significant after 10 days’ exposure to continu- 
ous light. 

The high lactic acid level indicates sup- 
pression of oxidative cell processes, which ap- 

pears (to be a consequence of the depressed 
protein metabolism found to occur earlier in 
animals exposed to continuous light. 

No change took place throughout the dura- 
tion of the experiment in the pineal lactate 
levels of the animals exposed to continuous 
darkness, this finding paralleling that ob- 
tained on the metabolism of pineal RNA and 
protein. 
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