
It is interesting to speculate on the 
mechanism of action of the vWf that 
would be consistent with a primary role 
for the carbohydrate moiety. One possi- 
bility is that the platelet membrane glyco- 
syl transferases that are capable of trans- 
ferring single units from one glycopro- 
tein acceptor onto other glycoprotein ac- 
ceptors actually result in a complex 
between the enzyme (that is, the platelet 
enzyme) and the acceptor (that is, the 
glycosyl residue of the fVIII/vWf pro- 
tein) (29). Perhaps a similar enzymatic 
activity situated in the subendothelium 
would permit the vWf to act as a bridge 
between the subendothelium and the 
platelet. This type of mechanism may be 
of more general interest since it may 
underlie a variety of cell-cell adhesion 
phenomena (30). 
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measurement in this species. 

Many insect species display a seasonal 
discontinuity in their life cycles (1). In 
temperate latitudes reproduction and de- 
velopment routes are characteristic of 
spring and summer months. A state of 
arrested development known as dia- 
pause, however, is entered during late 
summer and early fall, which enables the 
insects to withstand the environmental 
rigors of winter. When induction and 
termination of diapause are controlled 
by the daily alternation of light and dark 
in the environment, this is referred to as 
photoperiodism (2). 

The central problem in the study of 
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Fig. 1. Percentage of pupation 30 days after 
transfer from LD 12: 12 to various T's. In (A), 
L was held constant at 16 hours and T was 
varied by extending D. In (B), D was held con- 
stant at 8 hours and T was varied by extending 
L. In both (A) and (B) the data from the four 
replicates in each light cycle are combined. 
The sample size is thus 100. 
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both animal and plant photoperiodism 
has been that of elucidating the nature of 
the clock that measures the duration of 
the day (or night). For 30 years, evidence 
has been accumulating that circadian 
clocks are somehow involved in photope- 
riodism. Circadian clocks are endoge- 
nous oscillations that have a period 
length of about a day when measured 
under constant conditions of light and 
temperature. They control the timing of 
many metabolic and behavioral events in 
eukaryotic organisms. 

Although an extensive search for a 
common photoperiodic timing mecha- 
nism involving the circadian clock was 
made in the 1960's, Pittendrigh (3) has 
suggested that a diversity of mechanisms 
exist. Two different models of the pho- 
toperiodic clock, external and internal 
coincidence, do involve circadian oscilla- 
tions. A third, however, views the clock 
as an hourglass or interval timer which 
measures the length of the night by the 
accumulation of some unknown metabol- 
ic product. Light destroys the product 
(resets the hourglass). This model of the 
clock is nonoscillatory in nature. 

The experimental paradigm most com- 
monly used to demonstrate that a circa- 
dian oscillation is involved in photope- 
riodic time measurement is referred to as 
a "T experiment," where T is the period 
of the light-dark cycle in hours. In a 
standard T experiment the organisms are 
exposed to cycles in which a fixed light 
phase is systematically coupled to dark 
phases of various durations, thus creat- 
ing different T's (4). When photoperiodic 
induction rises and falls as a function of 
T, neither the length of the light phase 
nor that of the dark phase is responsible 
for the response. Although the rationale 
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Evidence for an Hourglass Mechanism 

Abstract. "T experiments" demonstrate that the clock controlling termination of 
larval diapause in Ostrinia nubilalis is an hourglass mechanism that measures 8 
hours of darkness. Circadian oscillations are not involved in photoperiodic time 
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is too lengthy to pursue here, results 
from T experiments have been inter- 
preted in terms of the external (5) or 
internal coincidence model (6). 

Beck (7) concluded that induction of 
diapause in the European corn borer, 
Ostrinia nubilalis, is controlled by an 
hourglass that measures the dark phase. 
The optimal light-dark cycle for inducing 
diapause is 12 hours of light alternating 
with 12 hours of darkness (LD 12:12; 
T24). Pittendrigh (8) concurred, but in a 
reanalysis of Beck's data stressed that 
time measurement occurs most effec- 
tively when T = 24 hours, that is, when 
the circadian system is in what he termed 
resonance with the light cycle. When 
borers are raised with T's of other than 
24 hours (for example, LD 24:12; T36) 
the amount of induction drops signifi- 
cantly (100 percent in T24; 65 percent in 
T36). A replotting of Beck's data by 
Pittendrigh yielded a circadian surface or 

topography with a peak at T24. Since 
Beck's experiments did not extend 
beyond T40 it was not possible to com- 
pletely rule out circadian oscillations as 
the basis for photoperiodic time measure- 
ment in this species. 

McLeod and Beck (9) have demon- 
strated that termination of diapause in 
Ostrinia is also photoperiodically con- 
trolled (optimal photoperiod, LD 16 : 8). 
Our T experiments show that the type of 
clock involved in this response resem- 
bles an hourglass. Larvae were reared 
from eggs in LD 12:12 at 30?C on an 
artificial diet (10). After about 22 days, 
the larvae reach the end of the last larval 
instar. They cease to feed and enter dia- 

pause. The incidence is invariably be- 
tween 95 and 100 percent. Diapausing 
larvae were collected and placed in plas- 
tic containers (13 by 18 by 5 cm) layered 
with filter paper that was continuously 
saturated with distilled water. Twenty- 
five larvae were placed in each contain- 
er, and all experiments consisted of four 

replicate containers. Within a week after 
the larvae had entered diapause, the con- 
tainers were placed in lighttight black 
boxes containing ceiling-mounted 7-watt 
cool white fluorescent tubes (Sylvania 
F4T5/D), which were water-jacketed to 

prevent temperature cycles. The light 
intensity at floor level was 200 lux. The 
boxes were ventilated by a small fan 
connected to a system of baffles; they 
were kept in a temperature-controlled 
room at 30?C. Pupation was assayed dai- 
ly as an indicator of diapause termi- 
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is independent of photoperiod. Larval 
populations maintained at 30?C in LD 
12:12 are characterized by high mortali- 
ty (approximately 70 percent) and a 
mean time to pupation of about 50 days 
for the survivors, whereas populations 
switched to LD 16:8 have a mean pupa- 
tion time of 14 days and low larval mor- 
tality (approximately 10 percent). By ex- 
amining diapause termination rather than 
induction, the effects of long T's (for 
example, T60) can be studied without the 
added complications of larval feeding 
and the fact that developing larvae go 
through several complex stages in their 
rather brief (22 days at 30?C) devel- 
opmental sequence before they enter dia- 
pause. 

We first conducted a standard T ex- 
periment in which the light phase was 
held constant at 16 hours and was 
coupled with 8, 20, 32, or 44 hours of 
darkness (thus creating T's of 24, 36, 48, 
and 60 hours) (Fig. 1A). Neither the 
amount of light (constant in each T) nor 
periods of darkness greater than 8 hours 
are the measured intervals. Since a peak 
is not observed at T48, a circadian os- 
cillation is probably not involved in 
time measurement. 

The interpretations based on data de- 
rived from the standard T experiment 
were strengthened when we changed the 
experimental protocol. Instead of hold- 
ing L constant, D was held constant at 8 
hours, and T was varied by extending L. 
This experiment gave positive results in 
all cases (Fig. 1B). The interval that is 
measured and that results in termination 
of diapause is 8 hours of darkness. Pho- 
toperiodic time measurement occurs ir- 

respective of the absolute value of T. 
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Heme, derived from hemoglobin and 
various cellular hemoproteins, is de- 
graded to biliverdin by the microsomal 
enzyme heme oxygenase (1). This en- 
zyme is inducible in liver by certain en- 
dogenous compounds (2), as well as by 
certain trace and heavy metals (3). These 
metals are quite potent inducers of hepat- 
ic heme oxygenase, cadmium and cobalt, 
for example, enhancing the rate of heme 
oxidation from 5 to 15 times the normal 
rate. Metal induction of heme oxidation 

Heme, derived from hemoglobin and 
various cellular hemoproteins, is de- 
graded to biliverdin by the microsomal 
enzyme heme oxygenase (1). This en- 
zyme is inducible in liver by certain en- 
dogenous compounds (2), as well as by 
certain trace and heavy metals (3). These 
metals are quite potent inducers of hepat- 
ic heme oxygenase, cadmium and cobalt, 
for example, enhancing the rate of heme 
oxidation from 5 to 15 times the normal 
rate. Metal induction of heme oxidation 

The system thus acts like an hourglass, 
and the fact that the longer T's (for ex- 
ample, LD 52:8; T60) result in 100 per- 
cent pupation after 30 days indicates that 
the number of 8-hour dark phases re- 
quired for maximum induction is small. 

The only other clear case in insects 
where circadian oscillations have been 
ruled out in photoperiodic time measure- 
ment is in the aphid Megoura viciae (12). 
In this insect the production of sexual 
and parthenogenetic females is under 
photoperiodic control. Time measure- 
ment is effected by an hourglass mecha- 
nism. 
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is associated with concomitant and 
marked inhibitory effects on heme-pro- 
tein mediated cellular functions such as 
the cytochrome P-450 dependent detoxi- 
fication of drugs, carcinogens, and envi- 
ronmental chemicals (3). 

Normally the heme oxygenase activity 
of tissues other than liver and spleen is 
not great, nor have such tissues been 
shown to be particularly responsive to 
inducers of this enzyme activity. How- 
ever, during the course of studies of 
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Tin: A Potent Inducer of Heme Oxygenase in Kidney 

Abstract. Tin greatly enhances heme breakdown in kidney, thus impairing heme- 

dependent cellular finctions, such as cytochrome P450 mediated drug biotransfor- 
mation. This novel action of the metal results fiom a potent induction effect on heme 

oxygenase, the enzyme that catalyzes heme oxidation in microsomes. The possible 
toxicological implications of this tin effect in the kidney mer}it further investigation. 
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