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Progress report

Laxative abuse

Amongst the patients of every gastroenterologist there is probably one,
a woman, with a long history of abdominal discomfort and diarrhoea,
perhaps with vomiting, weight loss, weakness, thirst, and a psychiatric
illness. There may be a past history of an ill defined metabolic disorder or
renal disease. Numerous investigations will have proved fruitless although
a low serum potassium, a rather distensible, featureless colon on radiographs
and non-specific inflammatory changes on rectal biopsy may not have been
fully explained. The latest medication is of only temporary benefit and the
notes become progressively thicker. This is the picture of a patient who is
taking laxatives to excess and probably concealing the fact from her doctor.

Abuse of laxatives to this extent is one end of a spectrum of laxative
taking which is well entrenched in our culture. The association of a regular
bowel habit with physical and spiritual well being has its origins in early
history (katharsis from the Greek cleansing; purgo from the Latin to purify,
to make clean) and continues today with immense annual sales!-2.3, Well
over 200 preparations are available over the counter in chemists’ shops4
with between 15 and 309 of people aged over 60 taking more than one dose
weekly®. In general these preparations are safe with few reports of their
danger®? when taken in recommended doses. OxypHenisatin has proved to
be an exception as it has been closely linked with the development of hepatitis
and cirrhosis28%19, particularly when given with dioctylsodium sulpho-
succinate!'-12, Death due to laxatives is rarel314.15 but the syndrome of
chronic ill health, sometimes called, but not identical with, the cathartic
colon'®1%.18,19 and due to long-continued and often surreptitious over-
indulgence in laxatives has been widely reported!5-51,

Clinical Features

Over 909, of patients suffering from this condition are women. They present
most commonly with diarrhoea, weakness, abdominal pain, nausea, vomiting,
and an associated psychiatric disorder. However, these presenting features
may become blurred with the passing of time so that in addition there may
be weight loss, abdominal distension, amenorrhoea, thirst, or oedema.
A history of childhood constipation is often a significant feature33.45 and
the patients are not infrequently nurses or associated with medicine in some
way?30,35,36,51  Although diarrhoea is the single most common complaint,
they may report constipation and even go to great lengths to conceal both
the diarrhoea and laxative taking from the physician3?.5%,51, Indeed consti-
pation is often the starting point for their consumption of laxatives. However,
patients who develop what the pathologist or radiologist calls a ‘cathartic
colon’ from prolonged laxative ingestion for constipation but without these
other clinical features should not be included in the syndrome of laxative
abuse. The commonly associated psychiatric disorders include depression,
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anorexia nervosa, or a personality problem. In anorexia nervosa particularly
there may be self-medication with many drugs, the favourite of which seems
to be diuretics3,34,:49,51,52_ | ess frequently reported clinical features include
bone pain and tetany!¢.20,21,23,31 fever30,53 clubbing?®, and skin pigmen-
tati0n32’37’45’48.

Patients who conceal their laxative taking frequently undergo prolonged
and uncomfortable investigations often culminating in a fruitless laparotomy.
Hypokalaemia is by far the commonest abnormal investigation (over 509,
of patients) with characteristic radiological and pathological features occur-
ring less frequently (less than 309)). A wide variety of other findings have
been reported and may add confusion to the picture. These include steat-
orrhoeal®,25,35,45,48  Jow urinary xylose excretion?3.3%:48 hypocalcaemia?®
23,31 gastrointestinal protein loss?®, abnormal renal function, raised renin
and aldosterone secretion®8:37,47,49,50,51  achlorhydria, abnormal pancreatic
function tests35, parathormone, secretin and enteroglucagon assays3!.35,
and a diabetic glucose tolerance test3%48,50,

The discovery of steatorrhoea may be quite misleading in these circum-
stances but the levels reported are all, with one exception'é, below 10 g of
fat per day. Steatorrhoea has been reported in a normal person® and in
ileostomists®* after taking magnesium salts but the way in which fat absorp-
tion is reduced by cathartics is unknown.

Radiology?7,38-43

Characteristic radiological changes occur in the terminal ileum and colon
in cathartic abuse, but are found in only about 309, of reported cases and
the true incidence may be as low as 109/3%:43,55, The terminal ileum loses
its normal mucosal pattern and takes on the appearance of a smooth,
tube-like structure3®.2%:42 whilst the ileo-caecal sphincter becomes wide and
gaping. The colonic changes are usually first seen in the caecal region and
affect predominantly the right side of the colon. Rectal changes have not been
reported. The colon becomes dilated, distensible, and featureless, losing its
normal haustral and mucosal pattern. Transient areas of narrowing or
pseudo-strictures appear and there may be shortening of the ascending colon.
These features have sometimes been confused with chronic ulcerative
colitis but may be differentiated from it by the distensibility, absence of
mucosal ulceration, presence of colonic dilatation without systemic illness,
and predilection for the right side with rectal sparing!$.3%.43, On stopping
the laxatives a return of the x-ray appearances towards normal has been
reported38,40,48,

Pathology

The textbook descriptions of this syndrome3 include the finding of melanosis
coli on sigmoidoscopy or rectal biopsy. Whilst these investigations are
important only about one in three patients will have a sigmoidoscopic
abnormality although biopsy may show melanosis not visible to the naked
eye®”. The presence of melanosis is virtually diagnostic of recent and pro-
longed cathartic intake. In four reported series totalling almost 1000
patients with melanosis coli over 95 9 had a definite history of habitual laxative
intake®8,59,80_In patients who stopped the laxatives the melanosis disappeared
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over a period of four to 12 months. Polyps occurring in an area of melanosis
coli are not pigmented and the pigment usually stops abruptly at the ileo-
caecal valve. The chemical nature of the pigment is in dispute’-5? but it
has long been associated with taking laxatives®! and almost exclusively
with the anthraquinone group (senna, cascara, aloes)3. Melanosis has been
produced experimentally in monkeys by giving them cascara®2.

Melanosis is not the only pathological feature of laxative abuse. Both
Morson®? and Smith!.64 have described a group of distinctive features seen
in these patients which include (in addition to melanosis), mucosal inflam-
mation, hypertrophy of the muscularis mucosae, and thinning or atrophy of
the outer muscle layers. Using special stains, Smith®? has also shown damage-
to and loss of the myenteric plexus neurones in the cathartic colon and
produced similar lesions in mice treated with senna. This progressive toxic
damage to the intrinsic nerve plexuses of the colon may account for the need
of some constipated patients to increase gradually their dose of senna in order
to produce the desired effect!. There is little evidence at present to suggest
that laxatives other than the anthraquinones lead to these pathological,
or radiological, features.

Electrolyte Disturbances

The metabolic disorder which arises in 25-509, of patients taking too many
laxatives has been extensively studied. The features of this are hypokalaemia,
sodium and potassium depletion, raised renin and aldosterone secretion,
impaired renal function, thirst, muscular weakness, and oedema. It is
possible to relate all these findings in a single pathophysiological process.
Chronic diarrhoea causes excessive faecal sodium loss, faecal sodium output
having been shown to increase almost linearly with increasing faecal output®é,
87, Sodium and water depletion in turn stimulate renin and thus aldosterone
which leads to sodium conservation and potassium loss by the kidney.
Potassium is also lost in the faeces but the extra faecal potassium loss in
diarrhoea®® compared with normals®® is much less than the extra faecal
sodium loss in these circumstances®®:%8, The renal potassium-losing effect
of aldosterone in these patients has been demonstrated by Fleischer et al
(1969)5° who were able to reduce urinary potassium levels by giving
spironolactone.

Potassium loss may be increased further through renal damage and into the
gut. Aldosterone increases potassium secretion into the guté?7° but it is
not clear whether the laxatives themselves also have a significant effect on
renal and gut electrolyte transport. Although the patient described by
Sladen (1972)%7 showed a pronounced effect of aldosterone on faecal com-
position, other hypokalemic patients have not shown this3® and there are
few studies of faecal electrolyte losses in diarrhoea available for comparison.
Hypokalaemia itself causes renal damage?#4.47,71.72,73 the commonest form
being vacuolization of the tubules with consequent impairment of concen-
trating ability. Juxtaglomerular hyperplasia5® and more severe forms of
renal damage have also been reported*®.74 but their genesis is in dispute.
Further potassium loss may therefore occur as a consequence of the renal
damage**.75. The primary metabolic deficit is thus one of sodium and water
depletion but various secondary events lead to a final picture dominated by
severe potassium depletion with its attendant thirst, muscular weakness,
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and polyuria®% 7%, Normal homeostatic mechanisms such as the inhibitory

effect potassium depletion has on aldosterone secretion’® may be over-

whelmed either by the concurrent sodium deficit or by the patient’s poor

appetite, vomiting, and simultaneous self-medication with other drugs such .

as diuretics. The problem is complex and accurate metabolic studies in
- these patients are fraught with difficulties4?,59,51,

The metabolic disturbances and renal damage are reversible if the laxatives
can be stopped?”.44, although some patients may have an increased sus-
ceptibility to pyelonephritis*’»?®. An improvement in glucose tolerance
has also been noted5?. The oedema, however, which is more a feature of the
recovery phase, may require dietary sodium restriction for some months48,

Pharmacology of Laxative Diarrhoea

Although laxatives are confidently grouped according to their alleged mode
of action?”78,79,80 Jittle is in fact known about how and where in the gut
they act. Saline purges such as magnesium sulphate (Epsom salts), magnesium
hydroxide (Milk of Magnesia), sodium sulphate (Glaubers salts), and
sodium potassium tartrate (Rochelle salt; Seidlitz powder) are salts of
poorly absorbed ions which are thought to retain fluid in the bowel lumen by
virtue of their osmotic properties and so increase stool bulk. Ileostomy
output is increased by magnesium sulphate54 but the exact mode of action
has never been demonstrated. Harvey and Read (1973)%! have suggested
that these purgatives act by stimulating the release of cholecystokinin (CCK)
from the duodenum which in turn promotes small intestinal and pancreatic:
secretion. These effects are compounded by the stimulation of small bowel
and colonic motor activity by CCK. Another ‘osmotic’ laxative, the non-
absorbable disaccharide lactulose, acts mainly in the colon®2 where itis metab-
olized by bacteria to short-chain fatty acids which are themselves relatively
non-absorbable, and so increase stool volume. However, lactulose could also
effect fluid transport in the small intestine in a way analogous to that of
lactose in lactase deficiency or as after the ingestion of mannitol®3,84,

A second group which act primarily in the small intestine are the plant
resins colocynth, jalap, and podophyllum®3.86.87.88  Early work in animals
showed that they stimulated motor activity®?, increased transit rate®s,
and more recently inhibition of sodium transport has been demonstrated®s.
These resins of course contain many different compounds the precise function
of which has yet to be determined. Castor oil, another potent laxative, may
also affect the small gut. Its active principle, ricinoleic acid, has been shown
in rats to be less well activated by mucosal thiokinase than other fatty
acids and so could accumulate in the jejunum®?®.?° where it may inhibit
water and electrolyte absorption?®?,

Bisacodyl (Dulcolax) is thought to stimulate peristalsis in the colon but
only after deacetylation, absorption from the small intestine, and excretion
in the bile®2. Bile duct ligation will prevent its cathartic effect. This may not
be the whole story because Hart and McColl (1967-8) have shown that both
bisacodyl and the chemically similar oxyphenisatin inhibit glucose absorption
in the small intestine of rats and man?®3.%4 and others have demonstrated
its potential to induce secretion of water and electrolytes in the colon?5. 96,
However, its main action in man is probably colonic, as Hardcastle and
Mann (1968)°7 have shown that colonic peristalsis may be stimulated by
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local administration alone: when given to ileostomists it does not increase
ileostomy output (T. D. Kellock, personal communication). Phenolphthalein,
which has some chemical similarity to bisacodyl, was once thought to act
solely on colonic smooth muscle®82? but is in fact absorbed, conjugated with
glucuronide and excreted in the bile before it causes laxation!®®. Like
bisacodyl it loses its cathartic effect in obstructive jaundice or after ligation
of the bile duct!®!, On reaching the systemic circulation it is partly (1-20 %)
excreted in the urine'®2and also like the other diphenylmethanes (bisacodyl,
oxyphenisatin) may inhibit small intestinal sodium?®® and glucose transport? 3
104

The most widely prescribed and probably most extensively investigated
laxatives are the anthraquinones. Although once thought to require absorp-
tion before being effectivel®s, this now seems unlikely. Fairbairn!°8.197 has
pointed out that they occur as glycoside conjugates and can only be absorbed
from the intestine after hydrolysis yielding the free anthraquinones and
glucose. Hydrolysis cannot occur in the small gut but the colonic bacteria
liberate the free anthraquinones which then promote colonic peristalsis via
a local effect on the myenteric plexus. This cycle of events has been confirmed
by Hardcastle and Wilkins (1970)98, whilst the role of the anthraquinones
in altering small intestinal secretory function remains unclear88. 93,

The bulk laxatives such as methyl cellulose, psyllium seeds (metamucil),
isphagula (Isogel), sterculia (Normacol), and agar are assumed to work by
virtue of their hygroscopic properties!®?110, However, these plant poly-
saccharides are chemically similar to bran. Bran may affect laxation not
only by its water-retaining action but also through its metabolites such as the
short-chain fatty acids, and by its capacity to influence bile salt metabolism111
112 Tt is hoped that eventually terms such as stimulant, lubricant, irritant,
and bulk will give way to more meaningful words as the precise pharma-
cological properties of these compounds become known.

Diagnosis of Laxative Abuse

Once the diagnosis of laxative abuse is suspected a sigmoidoscopy and
rectal biopsy should be done, together with a serum potassium and barium
enema. An attempt should then be made to identify the laxative. Unfortu-
nately the diversity of available laxative preparations makes comprehensive
chemical testing impossible. The easiest to detect are those which contain
phenolphthalein, which is perhaps why this is the most commonly reported
compound taken by patients. Phenolphthalein may be demonstrated in
either urine or faeces by alkalinization when a pinkish-red colour develops.
Aloes and aloin also turn alkaline urine red as may beetroot, but the test
for phenolphthalein may be made more specific by one of a variety of extrac-
tion procedures2®27.42, A chromatographic method has been described for
bisacodyl*® and doubtless could be applied to other chemically pure organic
purgative compounds. The anthraquinones may be detected by any of the
current pharmacological assays for senna!l3.114,115 These assays are of
necessity quantitative and therefore too tedious for routine clinical use.
However, a simple modification of the method should be possible and if
shown to be free from cross reactivity with other drugs would provide a
useful aid to diagnosis.
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The saline purges (magnesium and sodium salts) are much more difficult
to detect because these ions are normal body constituents. The normal
urinary magnesium (up to 16 m-equiv/day)!!6.11? and sulphate (up to 56
m-equiv/day)!18.117 excretion may be exceeded although there are no firm
data available on this. Excess faecal sulphate can be shown by adding
barium chloride solution to an acid extract of faeces, or it can be measured
quantitatively by standard techniques®®. Both in normal subjects and in diar-
rhoea faecal sulphate concentrations are less than 4-5 m-equiv/135,68,118 pyt
increase when sodium sulphate is taken!'®. Faecal magnesium excretion is
less useful as there is a wide range of normal values®. All these tests should
be repeated as the patients may take the laxatives only intermittently, or
may change from one brand to another. No methods exist for the detection
of bulk laxatives, or of preparations such as liquid paraffin, and the plant
resins.

Because there is no certain way of making the diagnosis by accepted
procedures it becomes necessary to search the patient’s possessions for
laxatives?3,35,368,48,48,120  although even this may prove negative?s. Advice
from the Medical Defence Union states that ‘it is legally quite unjustifiable
to search a patient’s possessions without his knowledge and consent although
it is difficult to see how a patient could sue for this and what offence is
committed which is triable in a magistrate’s court’. The search is best con-
ducted by isolating the patient in a side ward and then allowing him to
go to the X-ray Department, for example. It is wisest to conduct it in the
presence of the ward sister or similar responsible person as one might be
accused of theft should anything of value be missing later. It may be worth
replacing any tablets found and recounting them at a later date to see how
many have been taken3®.

Management and Prognosis

No long-term follow up of these patients has been reported and few guide
lines have been laid down for their management. Some authors describe
patients who were able to give up the laxatives2?,22,27,30,32,48 byt the majority
of patients do not and live a life of chronic ill health. The prognosis is
particularly poor in those who also have anorexia nervosa34121, Because
the laxative habit is so often concealed the physician must first decide
whether, and how, to tell the patient that the cause of the illness is known.
Although telling them would seem to offer the only hope of breaking the
habit some patients continue to deny taking laxatives and may discharge
themselves from hospital3. Before this point is reached psychiatric help should
be sought as many have an associated illness, such as depression, which is
amenable to treatment.

Many of these patients have a fear of constipation so an attempt should
be made to wean them off laxatives such as the anthraquinones which may
damage the bowel’-%5 and substitute a high-fibre diet and bulk preparations
or a saline laxative. Patients who have developed the radiological and
pathological features of the cathartic colon have been submitted to colectomy
with ileo-rectal anastomosis, often with great benefit53.55, Such a step,
however, cannot be lightly undertaken in the more disturbed patients.
Finally, if no headway can be made, the patient should be followed up as
an outpatient where support can be given and the metabolic problems com-
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bated with potassium supplements and spironolactone. Such attention at
least prevents them from taking their illness to another physician to be
investigated anew.

The author wishes to thank Dr T. D. Kellock, Dr J. J. Misiewicz, Dr H. S.
‘Wiggins, and Dr E. N. Rowlands for helpful criticism during the preparation
of this progress report.

JOHN H. CUMMINGS

Medical Research Council Gastroenterology Unit,
Central Middlesex Hospital,

Park Royal, London, NWI10 7NS

References

1Smith, B. F. (1972). The Neuropathy of the Alimentary Tract, pp. 92-98. Arnold, London.

3British Medical Journal. (1972). Laxative jaundice. Brit. med. J., 1, 325.

3Darlington, R. C. (1966). O-T-C laxatives. J. Amer. pharm. Ass., n.s., 6, 470-474, 494-502.

4Martindale (1972). The Extra Pharmacopoeia, edited by N. W. Blacow, pp. 1622-1634. Pharmaceutical Press,
London.

5Connell, A. M., Hilton, C., Irvine, G., Lennard-Jones, J. E., and Misiewicz, J. J. (1965). Variation of bowel
habit in two population samples. Brit. med. J., 2, 1095-1099.

¢British Medical Journal (1961). Danger of purgatives. Brit. med. J., 2, 1694-1695.

TWitts, L. J. (1937). Ritual purgation in modern medicine. Lancet, 1, 427-430.

$Pearson, A. J. G., Grainger, J. M., Scheur, P. J., and Mclntyre, N. (1971). Jaundice due to oxyphenisatin.
Lancet, 1, 994-996.

*Reynolds, T. B., Peters, R. L., and Yamada, S. (1971). Chronic active and lupoid hepatitis caused by a laxative,
oxyphenisatin. New Engl. J. Med., 285, 813-820.

19Gjone, E., Blomhoff, J. P., Ritland, S., Elgjo, K., and Husby, G. (1972). Laxative-induced chronic liver disease.
Scand. J. Gastroent., T, 395-402,

11Dujovne, C. A., and Shoeman, D. W. (1972). Toxicity of a hepatoxic laxative preparation in tissue culture
and excretion in bile by man. Clin. Pharm. Ther., 13, 602-608.

12Dobbs, H. E., Dawes, R. L. F., and Whittle, B. A. (1972). Investigation of toxic interaction of synthetic
laxatives with a wetting agent. Proc. Europ. Soc. Study Drug Toxicity, 14, 243-246.

13Kendall, A. C. (1954). Fatal case of encephalitis after phenolphthalein ingestion. Brit. med. J., 2, 1461-1462.

14Souter, W. A. (1965). Bolus obstruction of gut after use of hydrophilic colloid laxatives. Brit. med. J., 1,
166-168.

15McConnell, T. H. (1971). Fatal hypocalcemia from phosphate absorption from laxative preparation (Letter).
J. Amer. med. Ass., 216, 147-148.

1¢Rawson, M. D. (1966). Cathartic colon. Lancet, 1, 1121-1124.

17Marshak, R. H., and Gerson, A. (1960). Cathartic colon. Amer. J. dig. Dis., 5, 724-727.

1sMisiewicz, J. J., and Waller, S. L. (1966). Cathartic colon (Letter). Lancet, 1, 1263.

%Jones, F. Avery. (1967). Cathartic colon. Proc. roy. Soc. Med., 60, 503-504.

2'Meulengracht, E. (1938). Osteomalacia of the spine following the abuse of laxatives. Lancet, 2, 774-776.

*Meulengracht, E. (1939). Osteomalacia of the spinal column from deficient diet or from disease of the digestive
tract. III. Osteomalacia e abuse laxantium. Acta med. scand., 101, 187-210.

22Martensson, J. (1953). Hypopotassaemia with paresis following the abuse of laxatives (Swedish). Nord. med.,
49, 56-57.

#3Frame, B., Guiang, H. L., Frost, H. M., and Reynolds, W. A. (1971). Osteomalacia induced by laxative
(phenolphthalein) ingestion. Arch. intern. med., 128, 794-796.

24Soper, H. W. (1938). Phenolphthalein. Amer. J. dig. Dis., 5, 297.

38French, J. M., Gaddie, R., and Smith, N. (1956). Diarrhoea due to phenolphthalein. Lancet, 1, 551-553.

2¢Aitchison, J. D. (1958). Hypokalaemia following chronic diarrhoea from overuse of cascara and a deficient
diet. Lancet, 2, 75-76.

*"Houghton, B. J., and Pears, M. A. (1958). Chronic potassium depletion due to purgation with cascara.
Brit. med. J., 1, 1328-1330.

"Litchﬁ;ld, J. A. (1959). Low potassium syndrome resulting from the use of purgative drugs. Gastroenterology,
37, 483-488. .

®Grauwels, J. (1962). Diarrhée chronique entretenue par la prise clandestine de laxatifs. Acta gastroent.
belg., 25, 858-866.

“Kran;e;i 1;.54:1:61’0”, C. E. (1964). Factitious diarrhea induced by phenolphthalein. Arch. intern. med.,

#1Goldfinger, P. (1969). Hypokalaemia, metabolic acidosis and hypocalcemic tetany in a patient taking laxatives.
J. Mt Sinai Hosp., 36, 113-116.

32Ramirez, B., and Marieb, N. J. (1970). Hypokalemic metabolic alkalosis due to Carter’s Little Liver Pills.
Conn. Med., 34, 169-170.

$3Velentzas, C. G., and Ikkos, D. G. (1971). Phenolphthalein as a cause of factitious enteriti. (Letter). J. Amer.
med. Ass., 217, 966.

34Asbeck, F., Hirschmann, W. D., Deck, K., and Castrup, H. J. (1972)." Letaler Krankheitsverlauf bei einer
Patientin mit Anorexia nervosa, Alkohot und Laxantien-Abusus. Der Internist (Berl.), 13, 63-65.




Laxative abuse ‘ 765

#5Cummings, J. H., Sladen, G. E., James, O. F. W., Sarner, M., and Misiewicz, J. J. (1974). Laxative-induced
diarrhoea: a continuing clinical problem. Brit, med. J., 1, 537-541.

3%Gossain, V. V., and Werk, E. E. (1972). Surreptitious laxation and hypokalemia. (Letter) Ann. intern. Med.,
76, 671.

37Van Rooyen, R. J., and Ziady, F. (1972). Hypokalaemic alkalosis following the abuse of purgatives: case
report. S. Afr. med. J., 46, 998-1003.

38Heilbrun, N. (1943). Roentgen evidence suggesting enterocolitis associated with prolonged cathartic abuse.
Radiology, 41, 486-491.

3'Heilbrun, N., and Bernstein, C. (1955). Roentgen abnormalities of the large and small intestine associated
with prolonged cathartic ingestion. Radiology, 65, 549-556.

4Jewell, F. C., and Kline, J. R. (1954). The purged colon. Radiology, 62, 368-371.

‘!Lemaitre, G., L’Hermine, C, Decoulx, M., Houcke, M., and Linquette, M. (1969). Les lésions coliques par
abus de laxatifs: étude anatomo-radiologique de deux observations. Presse méd., 77, 393-394.

42 emaitre, G., L’Hermine, Cl., Decoulx, M., Houcke, M., and Li tte, M. (1970). Aspect radiologique des
colites chroniques par abus de laxatifs: 4 propos de quatre observations. J. belge. Radiol., 53, 339-345.

Plum, G. E., Weber, H. M., and Sauer, W. G. (1960). Prolonged cathartic abuse resulting in roentgen
evidence suggestive of enterocolitis. Amer. J. Roentgenol., 83, 919-925,

4Schwartz, W. B., and Relman, A. S. (1953). Metabolic and renal studies in chronic potassium depletion
resulting from overuse of laxatives. J. clin. Invest., 32, 258-271.

*Coghill, N. F., McAllen, P. M., and Edwards, F. (1959). Electrolyte losses associated with the taking of
purges mv&stxgated with the aid of sodium and potassnum radnonsotom Brit. med. J., 1, 14-19.

4Graeff, J. de, and Schuurs, M. A. M. (1960). S letion caused by the abuse of laxatives:
one patient followed for 8 years. Acta med. scand 166, 407-422

4’British Medical Journal (1966). A case of purgative addlctlon Brit. med. J., 1, 1344-1348.

4*Heizer, W. D., Warshaw, A. L., Waldmann, T. A., and Laster, L. (1968). Protein-losing gastroenteropathy
and malabsorption associated with factitious diarrhoea. Ann. intern. Med., 68, 839-852.

4*Wolff, H. P., Vecsei, P., Kruck, F., Roscher, S., Brown, J. J., Diisterdieck, G. O., Lever, A. F., and Robertson,
J. 1. S. (1968). Psychiatric disturbance leading to potassium depletion, sodium depletion, raised plasma-
renin concentration, and secondary hyperaldosteronism. Lancet, 1, 257-261.

$%Fleischer, N., Brown, H., Graham, D. Y., and Delena, S. (1969). Chronic laxative-induced hyperaldosteronism
and hypokalemia simulating Bartter’s syndrome. Ann. intern. Med., 70, 791-798.

$tLove, D. R., Brown, J. J., Fraser, R., Lever, A. F., Robertson, J. I. S., Timbury, G. C., Thomson, S., and Tree,
M. (1971). An 1 case of self-induced electrolyte depletion. Gut, 12, 284-290.

$2Crisp, A. H. (1970). Anorexia nervosa. ‘Feeding disorder’, ‘Nervous malnutrition’ or ‘Weight phobia’ ?
Wid Rev. Nutr. Dietet., 12, 452-504.

$3Plumley, P. F. (1973). Radical surgery in the treatment of cathartic colon. Proc. roy. Soc. Med., 66, 243-244.

$4Bouchier, 1. A. D., Kellock, T. D., and Manousos, O. (1963). The origin of faecal fat in subjects without
steatorrhoea. In Proceedings of the Second World Congress of Gastroenterology, Munich, 1962, pp. 659-
661. Karger, Basel, New York.

$5Todd, I. P. (1973). Cathartic colon: surgical aspects. Proc. roy. Soc. Med., 66, 244-245,

%¢Jones, F. Avery, Gummer, J. W. P., and Lennard-Jones, J. E. (1968). Clinical Gastroenterology, 2nd ed.,
p. 57. Blackwell, Oxford.

$"Morson, B. C., and Dawson, 1. M. P. (1972). Gastroi inal Pathology, pp. 585-587. Blackwell, Oxford.

$sBockus, H. L., Willard, J. H., and Bank, J. (1933). Melanosis coli: the ethiologic significance of the anthracene
laxatives: a report of 41 cases. J. Amer. med. Ass., 101, 1-6.

$9Zobel, A. J., and Susnow, D. A. (1935). Melanosis coli: its clinical significance. Arch. Surg., 30, 974-979.

¢°Wittoesch, J. H., Jackman, R. J., and McDonald, J. R. (1958). Melanosis coli: general review and a study of
887 cases. Dis. Colon Rect., 1, 172-180.

¢!Bartle, H. J. (1928). The sigmoid: anatomy, physiology, examination and pathology. Med. J. Rec., 127, 521-
524.

$2Roden, D. (1940). Melanosis coli: a pathological study: its experimental production in monkeys. Irish J.
med. Sci., 654-674.

*3Morson, B. C. (1971). Histopathology of cathartic colon. (Abstr.). Gut, 12, 867-868.

¢Smith, B. (1972). Pathology of cathartic colon. Proc. roy. Soc. Med., 65, 288.

**Smith, B. (1968). Effect of irritant purgatives on the myenteric plexus in man and the mouse. Gut, 9, 139-143.

$SFordtran, J. S., and Ingelfinger, F. J. (1968). Absorption of water, electrolytes and sugars from the human
gut. In Handbook of Physiology, Sect. 6, Alimentary Canal, edited by C. F. Code, Vol. III, Intestinal Ab-
sorption, pp. 1457-1490. American Physiological Society, Washington, D.C.

$7Sladen, G. E. (1972). Effects of chronic purgative abuse. Proc. roy. Soc. Med., 65, 288-291.

$*Wrong, O., Metcalfe-Gibson, A., Morrison, R. B. I, Ng, S. T., and Howard, A. V. (1965). In vivo dialysis of
faeces as a method of stool analysis. I. Technique and results in normal subjects. Clin. Sci., 28, 357-375.

$*Wrong, O. M. (1968). Aldosterone and clectrolyte movements in the colon (Letter). Brit. med. J., 1, 379-380.

7%Shields, R., Mulholland, A. T., and Elmslie, R. G. (1966). Action of aldosterone upon the intestinal transport
of potassium, sodium and water. Gut, 7, 686-696.

"'Chalmers, T. M., Fitzgerald, M. G., James, A. H., and Scarborough, H. (1956). Conn’s syndrome with
severe hypertension. Lancet, 1, 127-132

"*Perkins, J. G., Petersen, A. B, and Riley, J. A. (1950). Renal and cardiac lesions in potassium deficiency
due to chronic diarrhea. Amer. J. Med., 8, 115-123,

*Milne, M. D., Muehrcke, R. C., and Heard, B. E. (1957). Potassium deficiency and the kidney. Brit. med. Bull.,

3 15-18

7*Fourman, P., McCance, R. A., and Parker, R. A. (1956). Chronic renal disease in rats following a temporary
deﬁctency of potassium. Brit. J. exp. Path., 37, 40-43.

7sMabhler, R. F., and Stanbury, S. W. (1956). Pc ium-losing renal di Quart. J. Med., 25, 21-52.

7¢Cannon, P. J., Ames, R. P,, and Laragh, J. H. (1966). Relation between potassium balance and aldosterone
secretion in normal sub]ects and in patients with hypertensive or renal tubular disease. J. clin. Invest.,
45, 865-879.

?"British Medical Journal (1969). Today’s Drugs. Purgatives. Brit. med. J., 4, 543-544,

78Cooke, W. T. (1971). Laxatives and purgatives. Practitioner, 206, 77-80.

"*Fingl, E. (1970). Cathartics and laxatives. In The Pharmacological Basis of Therapeutics, edited by L. S.
Goodman and A. Gilman, 4th ed., pp. 1020-1031. MacMillan, New York.




766 John H. Cummings

80Godding, E. W. (1972). Therapeutic agents. In M of Constipation, edited by F. Avery Jones and
E. W. Godding, pp. 38-76. Blackwell, Oxford.

81Harvey, R. F., and Read, A. E. (1973). Saline purgatives act by releasing cholecystokinin. Lancet, 2, 185-187.

$2E]kington, S. E. (1970). Lactulose. Gut, 11, 1043-1048.

$3L uaniala, K. (1968). The effect of unabsorbed sucrose and mannitol on the small intestinal flow rate and
mean transit time. Scand. J. Gastroent., 3, 665-671.

84Christopher, N. L., and Bayless, T. M. (1971). Role of the small bowel and colon in lactose-induced diarrhoea.
Gastroenterology, 60, 845-852.

s5Magnus, R. (1909). Der einfluss Abfiihrmittel auf die Verdauungsbewegungen. Ther. Mh., 23, 654-659.

s¢Bloch, M. B. (1937). The action of Resina Jalapae on cats. Arch. Int. Pharmacol., 56, 244-249.

#7Gruber, C. M., Richardson, L. K., and Bryan, W. T. K. (1932). The intact intestine in anaesthetised dogs as
influenced by colocynth and podophyllin.

¢*Phillips, R. A., Love, A. H. G., Mitchell, T. G., and Neptune, E. M., Jr. (1965). Cathartics and the sodium
pump. Nature (Lond.), 206, 1367-1368.

8*Watson, W. C., and Gordon, R. S., Jr. (1962). Studies on the digestion, absorption and metabolism of castor
oil. Biochem. Pharmacol., 11, 229-236.

*%Watson, W. C., Gordon, R. S., Karmen, A., and Jover, A. (1963). The absorption and excretion of castor
oil in man. J. Pharm. Pharmacol., 15, 183-188.

*IAmmon, H. V., and Philips, S. F. (1972). Fatty acids inhibit intestinal water absorption in man: fatty acid
diarrhea? (Abstr.) Gastroenterology, 62, 717.

*1Ferleman, G., and Vogt, W. (1965). Entacetylierung und resorption von phenolischen laxantien. Naunyn-
Schmiedeberg’s Arch. exp. Path. Pharmak., 250, 479-487.

*3Hart, S. L., and McColl, I. (1967). The effect of purgative drugs on the intestinal absorption of glucose.
J. Pharm. Pharmacol., 19, 70-71.

*Hart, S. L., and McColl, I. (1968). The effect of the laxative oxyphenisatin on the intestinal absorption of
glucose in rat and man. Brit. J. Pharm. Chemother., 32, 683-686.

*Forth, W., Rummel, W., and Baldauf, J. (1966). Wasser-und Electrolytbewegung am Diinn und Dickdarm
unter dem Einfluss von Laxantien, ein Beitrag zur Klidrung ihres Wirkungsmechanismus. Naunyn-
Schmiedeberg’ Pharmak., Arch. exp. Path. 254, 18-32.

*sEwe, K. (1972). Effect of laxatives on intestinal water and electrolyte transport. (Abstr.) Europ. J. clin.
Invest., 2, 283.

*7Hardcastle, J. D., and Mann, C. V. (1968). Study of large bowel peristalsis. Gut, 9, 512-520.

*8Caldwell, G. H., and Crane, A. W. (1929). The influence of phenolphthalein on intestinal movements. Radi-
ology, 13, 403-412.

99Blick, P., Berardi, J. B., and Wozasek, O. (1942). The mode of action of the laxative action of phenolphthalein.
Amer. J. dig. Dis., 9, 292-297.

19Terada, Y., and 6Machii, T. (1965). On the mechanism of diarrhea due to phenolphthalein. Mie med.
J., 14, 251-260.

101§teigmann, F., Barnard, R. D., and Dyniewicz, J. M. (1938). Phenolphthalein studies: phenolphthalein in
jaundice. Amer. J. med. Sci., 196, 673-688.

192Fantus, B., and Dyniewicz, J. M. (1938). Phenolphthalein studies: Elimination of phenolphthalein. J. Amer.
med. Assoc., 110, 796-799.

103sHand, D. W., Sanford, P. A., and Smyth, D. H. (1966). Polyphenolic compounds and intestinal transfer.
Nature (Lond.), 209, 618.

104 Adami, S., and Bihler, 1. (1967). Inhibition of intestinal sugar transport by phenolphthalein. Molec. Phar-
macol., 3, 188-194.

105§traub, W., and Triendle, E. (1937). Theorie der abfuhrwirkung de folia senna eund ihre wirksamen inhalts-
stoffe. Naunyn-Schmiedeberg’s Arch. exp. Path. Pharmak., 185, 1-19.

108Fairburn, J. W. (1949). The active consti of the'vegetable purgative containing anthracene derivatives.
I. Glycosides and aglycones. J. Pharm. Pharmacol., 1, 683-694.

107Fairbairn, J. W., and Moss, M. J. R. (1970). The relative purgative activities of 1,8-dihydroxyanthracene
derivatives. J. Pharm. Pharmacol., 22, 584-593.

198Hardcastle, J. D., and Wilkins, J. L. (1970). The action of sennosides and related compounds on human colon
and rectum. Gut, 11, 1038-1042.

10%]reson, J. D., and Leslie, G. B. (1970). An in-vitro investigation of colloidal bulk-forming laxatives. Pharm.
J., 205, 540.

119Drug and Therapeutics Bulletin (1973). Bulk ‘laxatives’ in medicine and surgery. Drug Ther. Bull., 11,
77-80.

111Cummings, J. H. (1973). Dietary fibre. Gut, 14, 69-81.

112Heaton, K. W. (1972). Bile Salts in Health and Disease. Churchill Livingstone, Edinburgh and London.

13Fajrbairn, J. W., and Simic, S. (1964). Estimation of C-glycosides and O-glycosides in cascara (Rhamnus
purshiana D.C., bark) and cascara extract. J. Pharm. Pharmacol., 16, 450-454.

114pharmaceutical Society and the Society for Analytical Chemistry Joint Committee (1965). Recommended
methods for the evaluation of drugs: the chemicalassay of senna fruit and senna leaf. Analyst, 90, 582-
588.

115British Pharmacopoeia (1973). p. 418. HMSO, London.

116Wooton, I. D. P. (1964). Micro-analysis in Medical Biochemistry, 4th ed. Churchill, London.

117L ong, C. (1961). Biochemists’ Handbook. Spon, London.

118Goiffon, R., Goiffon, B., and Fron, G. (1961). Contribution a I’etude des electrolytes des selles. III. Mesure
des anions. Gastroenterologia (Basel), 69, 312-325.

119Metcalfe-Gibson, A., Ing, T. S., Kuiper, J. J., Richards, P., Ward, E. E., and Wrong, O. M. (1967). In vivo
dialysis of faeces as a method of stool analysis. II. The influence of diet. Clin. Sci., 33, 89-100.

120Bynim, J. J., Federman, D. D., Black, R. L., Schmid, R., Sokoloff, L., and Shurley, J. (1958). Factitious
diseases: clinical staff conference at the National Institute of Health. Ann. intern. Med., 48, 1328-1341.

1t1Halmi, K., Brodland G., and Loney, J. (1973). Prognosis in anorexia nervosa. Ann. intern. Med., 18, 907-909.




