
5 December 1970 Leading Articles BM M 571

Penicillin Instability in Infusions
A feature of modern hospital practice has been a great increase
in the number of patients on intravenous drips. With this
ready-made channel to the circulation it is tempting to add
drugs to the infusion fluid, so obviating the need for a separate
injection.

Attention has recently been drawn" to the need for con-
sidering compatibility in such additions, and the stability of
the drug in the fluid to which it is added. The complaint
is made that "Commercial package leaflets accompanying
injectable drugs give little information about compatibility
with other commonly infused drugs," and further that "few
pharmaceutical companies can give precise data on the stability
of their products in infusion fluids." There is in fact a con-
siderable and growing literature on this subject, but most of
the findings on incompatibility are based on simple obser-
vations of physical changes such as precipitation and not on
determinations of subsequent. drug activity. Thus, when
solutions of kanamycin and methicillin are mixed, no visible
change occurs, but in this mixture methicillin loses much of
its antibacterial activity within a few minutes.2 It is usually
unwise to add drugs to blood, amino-acid solutions, or fat
emulsions. Their suitability as additions to other intravenous
fluids depends on the pH of the fluid and possible reaction
with its constituents or with other drugs added to the same
infusion. Information about such interactions is accumulating
and should be available to pharmacists and others concerned.
An addition to the accepted list of incompatibilities will

have to be made as the result of a study by M. S. Simberkoff
and colleagues.3 This started with an accidental observation
during experiments in which pleuropneumonia-like organisms
were being cultivated on an agar medium containing sucrose
and 1,000 units per ml. of penicillin. The appearance of
colonies of group A haemolytic streptococci suggested total
inactivation of the penicillin, and sucrose was assumed to be
a factor in bringing this about. Penicillin proved to be reason-
ably stable when a solution of 1,000 units per ml. together
with 10% sucrose was held at 370C. and titrated at intervals.
Loss of activity was also slow in 0 05% sodium bicarbonate
at pH 8-5-8-9. But when sucrose and bicarbonate were present
together loss of activity was rapid, less than 10% of the original
remaining after 24 hours and less than 1% after 48 hours.
Further experiments were done with 0 075% bicarbonate
together with 10, 5, and 2-5% of both sucrose and glucose
and 6% dextran. In all these solutions except those containing
the lowest concentrations of the sugars there was a 75% loss
of penicillin activity in 6 hours and over 99% loss in 24 hours.
Other penicillins proved to be even less stable in an alkaline
solution of sucrose: ampicillin, oxacillin, cloxacillin, di-
cloxacillin, and nafcillin lost about 90% of their activity in
six hours and well over 99% in 24. It would be interesting
to know how methicillin behaves under these conditions.
Existing information is mainly to the effect that it loses
activity in acid solutions.

Penicillin is commonly administered in 5% glucose, and
bicarbonate has been added to this either to correct acidosis
or with the object of raising the pH of the solution to reduce
the risk of phlebitis. It is clear from these studies that the
penalty for this procedure is serious loss of antibiotic activity.
The loss will be substantial even during infusion of an

absolutely fresh solution. If it was prepared some hours
beforehand the loss may be so great that the dose of anti-
biotic is inadequate. How often has penicillin treatment failed
for this unsuspected reason?
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Abnormal Bile or Faulty
Gall Bladder?

Most biliary calculi contain predominantly cholesterol.
Though gal stones usually have a pigment centre and different
proportions of calcium salts,' their origin appears to depend
on precipitation of cholesterol. The formation of gall stones
may be considered to occur in three stages: supersaturation
of bile with cholesterol, precipitation of cholesterol, and
adherence of the crystals to form a macroscopic stone.
The water-insoluble cholesterol is apparently maintained in

solution in bile by the formation of mixed micelles (colloid
particles) of cholesterol, bile salts, and phospholipids. A
mixed micelle has more than one component, one of which
must be able to form micelles by itself. Micelle formation
may be observed from molecules with appropriately arranged
hydrophilic and hydrophobic regions, and in bile this property
is possessed by the bile salts and to a lesser extent the phospho-
lipids.2 3 Relatively little is known about the physical
properties of the mixed micelles in bile, but it has been
postulated that their molecular weight could vary between
11,000 and 100,0003 4 and that their shape is cylindrical6 or
cigar-shaped.6 It is the relative proportions of cholesterol,
bile salts, phospholipids, and water and not the absolute
amounts of them that matter in keeping cholesterol in
solution.7
Thus the formation of gall stones represents a failure of

cholesterol to remain in solution by means of the micelles,
and the debate has long continued over whether the primary
abnormality is in the cells that produce the bile or in the gall-
bladder. A recent study by D. M. Small and S. Rapo8 suggests
that the abnormality lies in the liver cells, which produce bile
supersaturated with cholesterol.
These authors studied the chemical composition of hepatic

and gall-bladder bile removed at operation for gall-stone
disease in pure-blooded American Indians from the south-
western regions of the U.S.A. This population has a high
prevalence of cholesterol-type stones.9 Analysis of the bile
showed that hepatic bile had more cholesterol and less bile
salts than did gall-bladder bile. It was postulated that in the
gall bladder the cholesterol precipitated out of the super-
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saturated solution. Further support for this idea comes from
studies10 on patients showing that the liver persisted in the
secretion of bile supersaturated with cholesterol after the
removal of gall stones and gall bladder.
Why and how the liver forms the abnormal bile is not

understood. Small and Rapo speculate that the canalicular
membrane contains an abnormal excess of cholesterol. The
liver of patients with gall stones has been said not to contain
an excess of cholesterol,'" but this is disputed.'2 On the other
hand it has been shown in hamsters with diet-induced
cholesterol stones that increased synthesis of hepatic
cholesterol and raised concentration of biliary cholesterol need
not be associated with the accumulation of cholesterol in the
liver.13
The discovery of what seems to be an abnormality of

cholesterol secretion by the liver in patients with gall stones
leaves many unanswered questions. Why is there a reduced
level of phospholipids in bile from gall bladders containing
stones?'4 Why do not stones form more frequently in the
bile ducts? What is the significance of the pigment centre of
most cholesterol stones? And why does the gall bladder not
rid itselfofthe embryo stones? All these observations implicate
the gall bladder in the formation of gall stones. The contro-
versy between a lithogenic liver and a guilty gall bladder is
far from settled.

Ileorectal Anastomosis for
Ulcerative Colitis

The treatment of ulcerative colitis by total proctocolectomy
and a permanent ileostomy may appear a somewhat drastic,
radical approach, in that because the nature of the disease is
unknown surgeons find it necessary to remove the affected
organ in its entirety. Nevertheless, there seems little doubt
from widespread experience in many surgical and gastro-
enterological centres throughout the world that this complete
excision of the entire large bowel restores patients who have
been distressingly ill to a very satisfactory state of health;
and the ileostomy is often regarded as a relatively small price
to pay for being rid of such a serious, incapacitating, and
dangerous disease.

Clearly if it were possible to treat the disease just as satis-
factorily while leaving intact the anal sphincters and lower
rectum such a procedure would be uniformly adopted by all
surgeons. The operation of subtotal excision of the large
bowel, conservation of the rectum, and an ileorectal anasto-
mosis has been tried in one or two centres and most forcefully
advocated by S. Aylett.' Why, then, is this operation not
more widely used? Firstly, there are several powerful theo-
retical reasons, which are of more than just academic
importance. The disease tends usually to affect the distal
portions of the colon more frequently and more severely than
the proximal segments, and it is, therefore, extremely rare for
a patient with colitis severe enough to merit surgical treatment
not to have considerable rectal disease as well. Incomplete
excision would then leave the patient with disease still present.
Secondly, there is a well-documented risk of development of
malignant disease of the colon in patients with ulcerative
colitis, particularly after some years; after incomplete removal
of the diseased bowel the risk of cancer in the rectal stump

continues. Even repeated sigmoidoscopic reviews at regular
intervals may not detect malignant disease at a sufficiently
early stage for curative surgery, and the very need for
repeated sigmoidoscopy may cause the patient anxieties and
problems. Finally, the amount of distal bowel left after sub-
total excision may be insufficient to prevent the passage of
fluid stools several times each day.

For these various reasons and others surgeons such as
J. C. Goligher,2 who used subtotal resection with ileorectal
anastomosis for some years, have swung entirely away from
the operation, and indeed have commented on the sometimes
undue difficulty in excising the rectum if this should prove
necessary as a second procedure. On the other hand J. McK.
Watts3 and others have reported more favourable results from
ileorectal anastomosis in relatively small series. They have
not so far encountered the higher risk of carcinoma of the
rectum which might have been expected on theoretical
grounds, and they have commented that despite admittedly
frequent loose bowel actions patients with ileorectal anasto-
mosis seemed very pleased. All authorities are agreed on the
importance of dearly differentiating ulcerative colitis from
Crohn's disease of the large bowel, since the inclusion of cases
of the latter disorder in a trial might result in artificially
favourable results.

Perhaps there is no black-and-white answer to the question
of whether all cases of ulcerative colitis should be treated by
one or other of these approaches. Some could possibly be
adequately and safely served by subtotal resection with
ileorectal anastomosis, and the identification of the specific
factors which might lead to a rational selection of patients for
this procedure has been explored by investigators at St.
Mark's Hospital.4 Unfortunately the St. Mark's group found
no clinical or laboratory factors which might help even to
some extent. However, if other surgeons who have carried out
series of rectum-preserving operations with ileorectal anasto-
mosis also take a really critical look at all the clinical, radio-
logical, pathological, and other laboratory observations
which they may be making on such patients an answer may
be found to this question. An example of the difficult
problems which arise in such a study is shown by the St.
Mark's group, who encountered the histological changes
described by B. C. Morson as being strongly suspicious of
premalignant change5 in routine review sigmoidoscopic
examinations of a few patients with ileorectal anastomosis.
Such an occurrence leads to an exceedingly difficult clinical
decision, whether to continue routine surveyance or to advise
excision of the remaining rectal stump.

Certainly no surgeon wishes to excise any tissue un-
necessarily, particularly when such an excision implies con-
siderable reorganisation of the patient's life, but the fears of
giving incomplete protection against fatal complications and
inadequate betterment of general health are real ones. The
onus of proof that subtotal excision of the large bowel with
preservation of the rectum and ileorectal anastomosis is an
acceptable procedure for ulcerative colitis rests with those
who perform this operation. It is therefore important that the
various series in which this procedure has been adopted
should be assessed objectively and the results reported.
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