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endotoxin in the blood of 21 out of 25 cirrhotic patients with
renal impairment compared with two out of 20 of those with
normal renal function, and in a study of 43 patients with
cirrhosis and ascites Clemente et a16 found endotoxaemia in
nine of the 22 patients with renal failure but in none of the
21 patients in whom the blood urea concentration and
glomerular filtration rate were normal.
Some patients with renal failure secondary to liver disease

show spontaneous improvement, but the outlook is generally
poor. Though portacaval anastomosis does not increase total
renal blood flow8 some patients appear to have benefited from
it, and lesser procedures such as the insertion of a peritoneo-
venous Le Veen shunt9 merit further study. Peritoneal dialysis
or haemodialysis may reverse the uraemia, but complications
such as bleeding, infection, and hypotension are common, and
dialysis does not affect the high mortality rate.1"' Perhaps
measures that reduce endotoxin absorption from the gut or
increase its removal from the circulation will provide the
answer.
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Chronotherapeutics, a new
clinical science

The time of day or night that the dose is given produces large
and reproducible variations in the mortality rate of animals
given near-lethal doses of drugs. Since the original experimental
work of Halberg and Stephens 20 years ago further work has
shown beyond doubt that the pharmacokinetics and activity
of many drugs vary with the time of administration.' These
variations may be so great that studies on drug action at one
time may lead to quite different conclusions from those that
would have been drawn had another time been chosen for the
study. So the important question for the clinician is whether
giving patients drugs at certain times can enhance the thera-
peutic effect without increasing toxicity, or appreciably
decrease toxicity, or both; and this was one topic discussed at
a symposium on the relevance of biological rhythms to phar-
macy, pharmacology, and therapeutics held at the A and M
University, Tallahassee, Florida, earlier this year.
The influence of timing on the results of chemotherapy on

mouse cancer or leukaemia is no longer in dispute, largely as
a result of work by the group at Little Rock, Arkansas.2 3 In
leukaemic mice the mortality rate may be changed by up to
8000 by changing the time of day of treatment.2' The only
justification for not extending this work to patients with
cancer is the enormous amount of work that might be needed
to find the optimum time.5 Studies of tumour rhythms might
provide information for choosing the best time for treatment
and what we know of rhythmic behaviour in human carcinoma6
suggests that this might be possible.

Among pathological events more frequent at certain times
(and reviewed by Smolensky at the Tallahassee conference) are
heart attacks, suicide, depression, and asthma. A combined
report from Milan and Minneapolis provided convincing
evidence of a seven-day rhythm in the rejection of human renal
allografts, most of them occurring seven, 14, 21, and 28 days
after transplantation. A report from Nottingham of the time
of day of human renal allograft rejection showed circadian
rhythmicity, with rejection more likely at night. This observa-
tion was supported by in vivo evidence both in the rat7 and in
man8 that cell-mediated immune responses show circadian
variations, with peak responses in man corresponding to the
time of most frequent allograft rejection. The minimum im-
mune response in rats is at a different time from that in man
and might explain the increased survival in rats transplanted
at that time." Information about circadian rhythmicity in the
activity of "killer" lymphocytes in young rats was presented to
the symposium by Fernandez from the Sloan Kettering Insti-
tute in New York. These findings have direct relevance to
immunologists who have to design laboratory or clinical studies
into immune mechanisms.
How important are these observations for the clinician and

his patient? The effects of adjusting treatment regimens to
take account of the circadian and weekly'0 rhythms in trans-
plant rejection will certainly be easier to assess in the trans-
plant unit than will the relevance of chronopharmacologicall'
studies of treatment regimens in cancer. No critical trial or
experiment has yet been reported to establish whether patients
should have corticosteroids at a particular time, other than
some studies done long ago to find when steroids should be
given to cause least adrenopituitary suppression."' It now
seems that the time of day for the maximum effect on immune
suppression may be the important time to define, as adreno-
pituitary suppression is relatively unimportant in, for example,
recipients of renal allografts.
The Florida conference covered many other topics, from

endocrinology and parasitology to neuropharmacology. Homo-
geneous groups of animals studied under standard conditions
provide evidence of rhythmic biological events (circadian,
circannual, and others), many of which influence drug effects.
Nevertheless, self-evidently, we cannot treat patients under
such standard conditions. Hospitals and home pose more
difficulties for clinicians than the laboratory for scientists,
though clinical pharmacologists have evolved some techniques
to overcome them. Physicians will need to work in collabora-
tion with chronobiologists, who in 20 years of isolated labour
have developed a range of methods of their own, in addition
to a directory of new words.'0 "Chronobiology" is a new
science, and "chronotherapeutics" may well be a new skill
for clinicians to learn as the evidence accumulates of the
importance of the timing of treatment for either the day or the
hour.
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