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proband fathers). The trend was most apparent in relation
to the mother's age at death and for males. It persisted when
environmental factors were excluded, but, as might be ex-
pected, a secular trend of increasing survival was also evident.
When curves of survival were constructed it was clear that the
main reason for longevity was a diminished rate of decay in
middle age rather than excessive prolongation of the range
of life.

It is impossible to do more than speculate about the mean-
ing of these findings. There is no precedent in man for the
inheritance of phenotypes, either by Mendelian or chromo-
somal mechanisms, which increase the fitness of the in-
dividual; and Galtonian multifactorial traits, though more
promising, would not explain sex differences between parents
and children. Cytoplasmic inheritance, at present conjec-
tural in man, might fit the facts, since cytoplasm is derived
principally from the mother and maternal influence on
longevity appears to predominate. Even so a cultural rather
than genetic effect might be responsible, because the mother
may contribute more than the father to personal habits in
diet, behaviour, and attitudes to life. When additional fac-
tors such as climate, occupation, economic status, and local
patterns of morbidity are considered, the difficulties of un-
ravelling what the authors call these "confounding" mechan-
isms are enormous. Nevertheless, further work is under way,
and the possibility of translating traditional beliefs into hard
fact will be eagerly awaited.
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Haemoperfusion for
Jaundice
It has always been difficult to understand how the parenchymal
cells of the liver are able to remove unconjugated bilirubin
from blood. Bilirubin is insoluble in water at physiological
values ofpH and is firmly bound to albumin. It will not dialyse
through a semipermeable membrane from plasma,1 and it
cannot, therefore, simply diffuse into liver cells. Nevertheless
normally about 3% of the bilirubin in blood is removed by a
single passage through the liver,2 this clearance being so low
partly because there is simultaneous reflux of some unconju-
gated bilirubin back out of liver cells into the blood.3 For some
time research workers have been trying to reproduce this
process in the laboratory.

In their work on the removal from blood of protein-bound
toxins that accumulate in liver failure, Willson et al.4 studied
the binding of bilirubin to ion-exchange resins. Bilirubin is a
dicarboxylic acid and might, therefore, be expected to bind to
positively charged, or anion-exchange, resin particles; and
they were indeed able to remove bilirubin and bile salts from
blood perfused through columns of resin particles (haemoper-
fusion)-presumably because in their passage through the
column bilirubin molecules came into direct contact with, and
adsorbed to, the surface of the particles. The mechanism may
be similar to that occurring in the liver, where bilirubin must
come into contact with the cell membranes of the liver blood
sinusoids.
Column haemoperfusion is not new. Columns of negatively

charged (cation-exchange) resins have been used in man to
remove positively charged ammonium ions in liver failure5 and

drugs after overdosage,6 and particles of activated charcoal
have been used to treat uraemia.7 The technique of connecting
the columns to two venous catheters is at least as simple as that
for haemodialysis. These particles, however, are not, in the
jargon, "biocompatible": their surface severely damages red
cells and platelets. To prevent this, various types of thin
membranes such as collodion8 or Polyhema9 have been applied
to the particles (jargon: "microencapsulation"). The capsules
allow diffusable substances to pass through to the particles
inside but, not surprisingly, prevent strongly protein-bound
substances, such as bilirubin, from binding to the particles.
How, therefore, can protein-bound substances also be removed
without damaging the formed elements of the blood ? Possible
answers include the coating of particles with a membrane that
contains pores'0 large enough to expose the surface to albumin-
bound bilirubin and yet small enough to exclude platelets and
red cells, or with a charged biocompatible membrane'1 to
which bilirubin may bind and then pass on through.
Two recent papers,12 13 however, have described the removal

of bilirubin by a completely different type of particle. Albumin
was bound to agarose beads by a technique for coupling
proteins to insoluble polysaccharides,14 and bilirubin was
effectively removed from blood passed in vitro through a
column of these beads without damaging either red cells or
platelets. The investigators also described the removal of
unconjugated bilirubin from Gunn rats, and, less effectively,
of conjugated bilirubin from rats with biliary obstruction.
Rats of the Gunn strain have a moderate unconjugated
hyperbilirubinaemia because they lack the hepatic microsomal
enzyme that conjugates bilirubin with glucuronic acid before
its excretion as conjugated bilirubin into bile.'5 Two important
features ofthese columns are that they are likely to be safe, and
that they selectively remove only those substances that bind to
albumin.

Are these interesting experiments relevant to man? There
are a few children with an enzyme defect similar to that of the
Gunn rat, and those most severely affected develop irreversible
brain damage or kernicterus in infancy from their very high
blood levels of unconjugated bilirubin.16 These authors
suggest that weekly haemoperfusion (for a period shorter than
that at present required for maintenance haemodialysis in
chronic renal failure) would sufficiently lower the blood
bilirubin levels in these children. Though the validity of such
calculations is for several reasons open to doubt, these results
with a new type of column are certainly exciting. A more
common clinical problem is the treatment of deep conjugated
hyperbilirubinaemia and persistent itching due, for instance,
to prolonged cholestasis from carcinoma of the biliary tree or
primary biliary cirrhosis. The distressing symptoms of these
patients could be alleviated by such haemoperfusion-though,
compared with bilirubin, bile salts, which probably cause the
itching, bind less firmly to albumin and are not so well removed
by the agarose-bound albumin columns.'2
Column haemoperfusion with particles of charcoal coated

with polyhema are also being used for the treatment of fulmi-
nant liver failure due to viral hepatitis or overdosage with
paracetamol. Here investigators labour under the difficulty of
not having the least idea which of the many substances that
accumulate in the blood in liver failure are important in
causing hepatic encephalopathy. But initial results in this
unpredictable condition have been sufficiently encouraging to
await the results ofcontrolled trials with interest. Two columns
may prove to be needed fully to reverse liver failure, one
column for removing water-soluble toxins and the other, such
as a column of agarose-bound albumin, for protein-bound
compounds.
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Clearly column haemoperfusion could become important in
many fields. It should be possible soon to design a range of
columns of different selectivity by binding proteins other than
albumin to inert particles.'7 Circulating antibodies can be
removed by a column coated with antigen'8 and enzymes can
be encapsulated or bound to insoluble matrices.'4 It is not too
far-fetched to visualize a future store cupboard of different
columns all ready for use, and a medical Mrs. Beaton to tell us
when to take each one off the shelf.
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Arsenic Makes a Comeback
For well over a century arsenic was not only medically pre-
scribed but was also widely used in country districts as the
active principle of weed killers and sheep-dips-of which the
poisonous nature was always so impressed on children that
practically no accidents occurred to them as adults. Arsenic is
no longer popular for such things as fly-papers, rat poisons, or
paint. Its sheer misuse has provided the salient feature of
various causes celebres, but since 1933 legislation controlling
sale and distribution has more or less prevented the worst
abuses. More recently, modern selective herbicides have been
shown to do all and more than arsenic ever could, and now that
sheep scab has been eradicated dips containing benzene
hexachloride are adequate for maintaining satisfactory skin
and fleece hygiene. These modern products must be handled
carefully, for some possess toxicity for man, the nature of
which is only gradually becoming evident. Paraquat in particu-
lar, which has been widely used in suburban gardens, can be
dangerous because there is no known antidote, and restrictions
on its sale have just been introduced.'
The use of selective herbicides in ordinary agriculture is safe

and straightforward, but in forestry the conditions are entirely
different. The forester wishing to obtain properly spaced tree
crops in rotation has to control both weeds and seedling trees.
In Britain effective control is needed of brambles, bracken,
and wild rhododendron but in the U.S.A. with larger areas of
wild conifers much seedling control is necessary; seedlings
may be quite large trees. Whereas specially fitted tractors can
be used in open country, it is all hand work in forests, a matter
of cut-and-clear and knapsack sprayers. These sprayers are
heavy, and if the contents are at all toxic the men may have to
wear protective clothing, always unpopular when hard physical
work has to be done. So far in Britain simple mixtures have

met most forestry requirements, and gloves and goggles pro-
vided the little protection needed without physical restrictions.
In the U.S.A., however, quite toxic preparations are still in
use, including solutions of cacodylic acid (dimethyl arsenic
acid); and despite various forms of protective clothing workers
seem to absorb considerable amounts of organic arsenic. A
recent controlled study showed2 that within the first week of
exposure arsenic could be recovered from the urine, and there-
after increasingly, in one instance as much as 300 jig in 24
hours. Fortunately the urine arsenic content rapidly declined
after exposure ceased, but it would be interesting to know
whether all absorbed arsenic was finally excreted. The normal
controls gave positive tests for small amounts of arsenic in both
blood and urine, reflecting the fact that arsenic is a trace
element in the ordinary human environment. The indications
are that total urinary excretion is a better measure of any
exposure to arsenic than random tests of blood or urine. None
of these foresters had any symptoms of poisoning, but there is
no agreement about what constitutes dangerous levels in body
fluids.

If, despite these findings, it is still considered necessary to
use cacodylic acid further care will be needed. After applica-
tion for its intended purpose this compound may be trans-
formed into arsine by microfungal action. Fortunately none of
the American foresters experienced the burning skin, acute
dysphagia, or respiratory distress caused by exposure to arsine.
This degradation into arsine by biological action is a process to
which attention was forcibly drawn in Britain 30 years ago
when some arsenical residues from a chemical works acci-
dentally entered a public sewer, with alarming results at the
local sewerage treatment plant. A close watch is still needed on
the fate ofany arsenical compounds used in industry or agricul-
ture.3 4 The special danger from arsine depends upon the fact
that BAL (dimercaprol), so useful an antidote in arsenical
poisoning, is not very effective against inhaled arsenicals,
though it should always be tried.

So despite the advent of efficient and less toxic substitutes
which could permit its demise arsenic does not give up readily.
New uses for it are emerging, and since these are linked with
modern methods of food production such uses have medical
importance, just as has the injudicious use of antibiotics in
animal and poultry husbandry.5 Already it has been shown6
that quite small amounts of arsenic in the feed of turkey
poults will reduce their morbidity, but of greater importance
may be promising results from studies in progress on the
control of piglet scour. This condition (produced by a variety
ofmicrobic pathogens some ofwhich are transmissible to man)
causes serious economic losses but attempts to control it with
chemotherapeutic agents have been beset with practical
difficulties, apart from the risk of drug resistance developing.
Arsenic as a food additive may do much to overcome such
problems, and this use is providing an impetus to fresh studies
on its pharmacology, which never attracted the attention it
deserved when such wide use was made of it. For many years
it has been known that arsenic tends to be deposited in the
liver; fortunately, the quantities deposited in pig livers is
minute-so small indeed that something like 50 kg would have
to be eaten daily for a dangerous amount to be taken. So we can
continue to enjoy our liver and bacon without misgivings.
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