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Abstract. Our previous work has shown that constant light can prolong the life of 
hamsters with heart disease. Although we have seen this result several times, constant 
light was not protective in our most recent experiment. We undertook this study because 
we had changed some conditions. As in previous experiments, we found that life in 
constant light extended life for cardiomyopathic hamsters as compared with others 
living in a 12:12-hr 1ight:dark environment. A second factor affecting survival was the 
number of hamsters in a group. Hamsters housed in groups of five lived longer than 
those housed in groups of two under the same lighting conditions. Data from one 
experiment suggested that a short photoperiod (6:18 1ight:dark) was also protective. 
Although these experiments indicate that the protective effects of different lightdark 
schedules are not simple ones, they are important because their use may prove to be a 
helpful adjunct in the treatment of congestive heart failure. [P.S.E.B.M. 1993, Vol2021 

he decade of the 1980s has opened new therapeu- 
tic vistas using light as an adjuvant. Specific T treatments include the use of bright light to treat 

seasonal affective disorder (1) and dermatologic prob- 
lems (2). In addition to these uses in human medicine, 
we have been exploring the use of constant exposure to 
bright light as an adjunct in treating experimental 
congestive heart failure. Congestive heart failure occurs 
when the heart can no longer compensate for damage. 
It is a disabling syndrome producing shortness of breath 
and fluid retention and is the most common cause for 
hospitalization of patients over 65 years of age; only 
50% of patients are still alive 5 years after the onset of 
signs and symptoms (3). Unfortunately, this poor out- 
come occurs despite the use of the best available med- 
icines and so there is a critical need to develop other 
treatments that could diminish disability and death 
from heart failure. 

Prior to our initiating our studies, we assumed that 
living in a constant light environment devoid of time 
cues would prove detrimental to an animal’s health and 
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that animals living under such conditions would die 
sooner than appropriate controls. We based that belief 
on the notion that jet lag was debilitating and that shift 
work was often accompanied by health problems (4). 
Jet lag and shiftwork produce disruptions in entrain- 
ment of the body’s circadian clock, and we reasoned 
that constant light would be an extreme way to produce 
such disruptions. 

The idea that life in non-24-hr 1ight:dark schedules 
was deleterious to health was supported by life-span 
studies in insects that frequently showed a shortened 
life-span ( 5 ) .  However, other studies also done on in- 
sects have shown that life in non-24-hr 1ight:dark sched- 
ules can be lengthened (6). Work in insects as subjects 
has been extended to simulated jet lag also (7, 8) and 
has shown that life can be extended dependent on the 
frequency and time of the simulated jet lag. These data 
have led to the hypothesis that interactions among 
rhythms of different phases may be responsible for the 
increase in life-span seen (9). 

Obviously, insects had been chosen for this line of 
research because of their relatively short life-span, but 
data on insects may have little applicability to questions 
of longevity in mammalian species. Unfortunately, 
when similar studies were undertaken on laboratory 
rodents, inconclusive effects of living in conditions that 
produce disruptions in circadian rhythms were found, 
with some experiments showing prolongation of life 
(lo), some showing no effect on longevity (1 l), and 
others showing a detrimental effect (12). 
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In thinking about these results, we reasoned that 
these disparate effects might have occurred for one of 
two reasons: (i) the effects of living in non-24-hr 
1ight:dark schedules were not dangerous to health, or 
(ii) the effects of life in these schedules were beneficial 
in some disease states and detrimental in others. To 
evaluate the latter possibility, we decided to do our 
studies on animals whose life ended due to a unitary 
disease-heart failure due to progressive heart disease. 
A secondary advantage of this choice was that the 
duration of any one experiment would be shorter due 
to the shorter life-span produced by the endogenous 
disease. 

For our animal model, we chose the cardiomy- 
opathic hamster (CMH), an animal that inherits a 
process that produces multiple areas of myocardial 
necrosis that lead to congestive heart failure. The CMH 
lives about half as long as healthy hamsters ( 1  3). Con- 
trary to our initial expectation, in four experiments ( 14, 
15), we found that constant light extended the lives or 
ameliorated the pathology of CMH as compared with 
CMH kept on a 12: 12-hr 1ight:dark schedule. Thus, the 
effect of this “phototherapy” was not simply to extend 
the life of sick animals but also to retard the pathologic 
process; this suggests that the treatment led to an im- 
proved quality of life. A subsequent experiment was 
designed to begin evaluating the reasons for the life- 
extending effects of constant light. To begin this analy- 
sis, we put the CMH in different 1ight:dark (LD) sched- 
ules (16). That study was the first in which we did not 
find a life-extending effect of constant light. Instead, we 
found modest life-extending effects of two non-24-hr 
1ight:dark schedules-LD 12: 13 and LD 6:30. However, 
because we had not replicated our major effect, we were 
quite tentative about the significance of these results. 

In evaluating that experiment, we found two dif- 
ferences from our prior work. First, because of an 
equipment failure, we did not put the hamsters into 
their lighting conditions until 2-3 months later than 
had been the case in the previous experiments. And 
second, we housed our animals five to six per cage (i.e., 
gang-housed) rather than in pairs (i.e., pair-housed), as 
in our earlier work. 

Because we had to determine whether the loss of 
the effect of constant light was real or not, we imme- 
diately initiated this current study in which we sought 
to compare the effects of life in constant light with life 
in LD 12: 12 and several other lighting conditions. 

Materials and Methods 
Male CMH (strain CHF-147; Canadian Hybrid 

Farms, Nova Scotia, Canada) were 1 month old upon 
arrival in the laboratory. They were pair-housed in 
“shoe box” cages (12 in x 9 in x 6 in) with Sanicell 
bedding and had ad libitum access to food (Purina 
mouse chow) and water. Cages were kept on shelves in 
light-tight closets. Above each shelf was a 4-foot flu- 

orescent lamp (Vitalite; Durotest, North Bergen, NJ) 
that produced about 1700 lux at the cage floor when 
illuminated. 

Hamsters were allowed 2 weeks to acclimate to our 
animal facility. Then, on July 5 ,  1989, they were as- 
signed to one of four experimental groups: constant 
light ([LL] n = 24), LD 12:12 ( n  = 24), LD 6:30 ( n  = 
24), and LD 6:18 ( n  = 22). The LL and LD 12:12 
groups were done to replicate our earlier finding; this 
was also the case for the LD 6:30 group. We had 
originally run that group because it was a non-24-hr 
LD schedule that was reported to produce entrainment 
to 24 hr; in addition, this photoperiod is known to 
stimulate gonadal function ( 17), i.e., it is photostimu- 
latory. We ran the LD 6: 18 group because it had the 
same 6 hr of light as 6:30, but is a “short day” photo- 
period that is known to inhibit gonadal function, i.e., 
it is photoinhibitory. Previously, we had run the oppo- 
site condition of LD 18:6 in our last experiment (16) 
and had found it to be no different from LD 12: 12. A 
fifth group was housed five per cage in larger shoe box 
cages measuring 18 in x 9.5 in x 6 in ( n  = 30). These 
animals lived under the same conditions as the pair- 
housed group living in LD 12: 12 and thus allowed a 
comparison between the two groups that was different 
only in the number of CMH living in a cage. 

Hamsters were checked daily. Dates of death were 
logged, and testes were removed and weighed. Testes 
weights were compared for statistical significance by 
one-way analysis of variance to determine whether the 
different lighting conditions altered testes weight at the 
time of death from heart failure. Kaplan-Meier esti- 
mates (1  8) of the conditional probability of survival to 
a particular day were computed and are depicted in the 
survival curves. This technique takes into account the 
fact that, statistically, the odds of an animal’s dying at 
any given time change as other animals die in the study. 
Statistical significance was determined on these proba- 
bilities by log-rank tests (1 8). The log-rank test is the 
appropriate way of comparing survival in different 
treatments because it provides comparison across the 
entire survival curve rather than at any single point, as 
would be the case with x2 tests at any single death age. 

Stratification is a frequently used technique to ex- 
amine portions of a survival curve where the hazard 
function is heterogeneous or discontinuous (1 8). This 
is done even when the cause of the change in hazard 
function is unknown. One example of this is outcome 
after tumor surgery where differences are found be- 
tween early and late survival; stratification is commonly 
used in evaluating data sets such as these. We noticed 
such heterogeneity in several of the curves. To analyze 
these differences, we followed the tactic used in evalu- 
ating the postoperative tumor outcome data, stratified 
at the median survival point, and then applied the log- 
rank test. 
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Results 
Figure 1 shows the survival curves comparing ham- 

sters in constant light with those in LD 12: 12; hamsters 
living in constant light lived significantly longer (x2  = 
3.9; P < 0.049); the protective effect was exerted over 
the entire survival curve ( x 2  = 4.5 and 5.3 for first and 
second half of curve, respectively; P = 0.033 and 0.02 1). 
Median life-span was 13% longer in LL (40 1 days) than 
in LD 12: 12 (355 days). Hamsters in LD 12: 12 had a 
50% chance of living 355 days, whereas those in LL 
had a 70% chance of living that long. 

Figure 2 compares the LD 12: 12 group with ani- 
mals living in an entrained short-photoperiodic day, 
LD 6: 18. No significant difference was found in survival 
across the entire curve; however, the short day condi- 
tion did protect hamsters in the first half of the curve 
( x 2  = 8.9; P < 0.003). In the first half of the survival 
curve, median survival was 1 1 % longer in LD 6: 18 (356 
days) than in LD 12:12 (320 days). No significant 
differences existed in the survival curves between the 
LD 12: 12 hamsters and those living in LD 6:30. 

No significant difference in survival was noted 

across the entire survival curves for gang-housed ham- 
sters living in LD 12:12 compared with pair-housed 
hamsters in the same condition, but gang-housed ham- 
sters lived significantly longer in the second half of the 
curve ( x 2  = 4.1; P < 0.043; Fig. 3). In the second half 
of the curve, median survival was 16% longer in gang- 
housed CMH (481 days) than in paired CMH living in 
LD 12:12 (416 days). 

Testes weight ordered from heaviest to lightest as 
follows: LD 6: 18 > LL > LD 12: 12 (pairs) > LD 6:30 
> LD 12: 12 (groups of five). The only significant dif- 
ference was between the LD 6: 18 (mean f SE, 1.46 f 
0.18 g) and the gang-housed groups (0.80 k 0.13 g; P 
< 0.006). These data are difficult to interpret in terms 
of photoperiodic effects because they also reflect 
marked inhibition of reproductive function by a lethal 
disease process. 

Discussion 
A major finding in this paper was the replication 

of our original basic finding that constant light extends 
life in CMH. That raises the question of why we failed 
to replicate this effect in our last report (16). In that 
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Figure 1. Survival curves for CMH living in constant light and 12:12-hr 1ight:dark. Hamsters living in constant light lived significantly longer 
than those in LD 12:12. 
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Figure 2. Survival curves for CMH living in LD 12:12 and LD 6:18. Although overall survival curves were not different between the two groups, 
hamsters living in LD 6:18 lived longer than those in the other lighting condition during the first half of the survival curve. 

experiment, we noted that CMH lived much longer 
than in our earlier studies ( 14, 1 5). The median survival 
of CMH living in LD 12: 12 in that study was 465 days, 
whereas the longest median survival in LD 12: 12 ham- 
sters from all our previous studies was 358 days. Our 
survival data for LD 12: 12 CMH from this study (i.e., 
355 days) support our belief that the longer life-spans 
shown in our last study (16) somehow interfered with 
the life-extending effect of life in constant light. 

Although one explanation for the longer life-spans 
in the previous study might have been “batch-to-batch” 
variation as we suggested, the data from this experiment 
point to an additional possibility. In order to increase 
sample size with the housing available in our last ex- 
periment, we gang-housed our hamsters in groups of 
five rather than in pairs, as we had done originally. To 
evaluate the effect of living in larger groups, we com- 
pared the life-span of gang-housed CMH living in LD 
12: 12 to that of pair-housed CMH living in the same 
conditions. Although a significant difference was not 
found across the entire survival curve, gang-housed 
CMH did live longer than the pair-housed animals 
during the second half of their survival curve. Although 

carefully controlled studies of housing density on life- 
span have not been done, Masoro (19) notes that gang- 
housed, barrier-bred rats live longer than singly housed 
rats, and Ratcliffe et al. (20) reported that coronary 
arteriosclerosis is more advanced in pair-housed than 
in grouped swine. Although further research will be 
needed to determine the role of housing density in 
affecting life-span, our data plus the references cited 
support the idea that at least part of the reason for our 
not seeing an effect in our last study was related to our 
use of gang housing. 

A second finding in this experiment was that a 
short photoperiod (i.e., LD 6: 18) protected CMH for 
the first half of their survival curves as compared with 
another lighting schedule (LD 12:12) which we have 
shown also acts as a short photoperiod. These results 
were surprising to us in that they could in no way 
explain the enhanced survival produced by life in con- 
stant light. The LD 6:18 group was interesting in that 
it had the largest testes of all groups studied in this 
experiment. This may be important because hamsters 
are different from other mammals in that gonadectomy 
shortens life (21), and some of our previous data have 
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Figure 3. Survival curves for CMH living in LD 12:12 in pairs and in groups of five. Although overall survival curves were not different between 
the two groups, gang-housed CMH lived longer than pair-housed CMH in the latter half of the curve. 

suggested that life in constant light could exert its effect 
through the testes (1 5) .  Thus, the marginally prolonged 
life in this group could relate to enhanced testicular 
activity. However, before additional explanations are 
given for the protective effect of short photoperiods, we 
believe these data must be replicated and testes size 
determined throughout the hamsters’ lives rather than 
just terminally. 

Our work makes it clear that replication is critical 
in exploring the life-extending effects of life in different 
LD schedules. Constant light has been protective in five 
of six studies. In contrast, in the one study where 
constant light was not protective, we found that CMH 
living in LD 6:30 lived longer than our LD controls. 
Because of the loss of our main effect, however, we 
were unsure of the reliability of the LD 6:30 effect and 
so were loathe to consider mechanism of protection at 
that time. That caution is reinforced by the results of 
this experiment, where we found that CMH living in 
LD 6:30 do not live longer than others housed in LD 
12:12. 

In summary, the data from this experiment again 
show the life-prolonging effect of living in constant 

light, an environment without time cues. Therefore, 
although the effects of using different lighting schedules 
to alter the hazard of medical disease are not simple, 
once again we find them to be ameliorative in this 
animal model of disease. With our understanding of 
the consequences of gang housing CMH, we can now 
return to our prior conditions of pair housing to define 
further those conditions that accentuate and produce 
the photobiologic therapeutic effect of life in constant 
light. 

In addition to this line of research, we have begun 
to speculate as to mechanisms by which constant light 
produces its therapeutic effect. The first of these has to 
do with biological rhythms per se. One possibility is 
that the CMH’s free-running rhythm is more healthful 
than a 24-hr entrained rhythm. Another possibility is 
that rhythms of different periods exist under constant 
conditions and that the interactions among these 
rhythms can be healthful; Halberg and colleagues have 
termed such a mechanism as “feedsideward,” as op- 
posed to feedback or feedforward (9). In unpublished 
work in nonhuman primates, we have found that tem- 
perature rhythms continue to free run in LL, whereas 
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activity rhythms lose their circadian envelope and ap- 
pear “broken down” or ultradian. Finding similarities 
in the CMH would support the Halberg hypothesis. A 
second set of possibilities has to do with endocrine 
factors. One of these has to do with increased testicular 
function, a possibility discussed in another part of this 
paper. A second possibility has to do with the effects of 
constant light on the pineal gland. Bright light functions 
to turn off the pineal, and data exist that lack of 
melatonin could extend life (22). 

We are currently designing experiments to test 
these various hypotheses. Continuing this line of re- 
search will be important because our work suggests that 
photobiologic treatments may be important adjunct 
therapies in the treatment of congestive heart failure- 
a common medical diagnosis with a lethal outcome. 
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