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preparation, was most effective. 17 Prolonged treatment with bran
after surgery reduced colonic pressure after sigmoid resection
and prevented pressure increases after myotomy.'l We compared
77 analyses before bran on 39 patients with 77 analyses after
bran. The most striking change was the reduction in the number
of colonic pressure waves while eating and for 30 minutes after
a meal. High pressure waves still occasionally occurred after
bran but were infrequent.

Changes in barium enema appearances after treatment with
bran probably have limited clinical significance. Small diverticula
may be transient,18 19 though the mucosal herniations become
irreducible. In view of the latter it is not surprising that there
was no reduction in the number of diverticula seen at the
second x-ray examination, but it is noteworthy that the number
had not increased. The fact that two patients who initially
showed early diverticular disease were reported as having
normal colons after bran does not necessarily mean that the
condition is fully reversible at this stage.
The patients in this study had abnormally low crude-fibre

intakes before treatment (mean 2-6 g; see Part I) and the
quantity of cereal fibre given (about 3 g crude fibre) brought their
fibre intake up to the level of the control group (mean 5 2 g
crude fibre). Treatment therefore made good a deficiency of
fibre in the diet. While three heaped tablespoons of bran gave a
satisfactory therapeutic response in most patients, persistent
bowel symptoms or slow transit times did not correlate closely
with the total crude-fibre intake. Bran is probably best given in
gradually increasing quantities until maximum relief is obtained.
A high-fibre diet might protect against the development of the

condition, as well as relieving symptoms. Such a diet need not
necessarily be supplemented with bran provided that an
equivalent amount of cereal fibre, such as wholemeal bread,
breakfast foods, bran crispbread, etc, is present.

Acknowledgments are given at the end of Part III.
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Part III-Metabolic effect of bran in patients with diverticular disease

Summary

Patients with diverticular disease were given about
24 g bran daily for at least six months. After treatment
the oral glucose tolerance curve fell, faecal fat excretion
increased, the serum lipoprotein pattern was altered,
urinary calcium excretion was reduced, and the serum
folate level fell. These changes were not considered to
contraindicate the use of bran in the treatment of
diverticular disease.

Introduction

The use of wheat bran or other forms of dietary fibre supple-
ments has become widespread in treating diverticular disease.
Because this form of treatment does not use a new chemical
compound it has not undergone the detailed assessment that
drugs now legally require. It may be argued that bran is a
component part of Western man's traditional diet and that
therefore its effect on his metabolism is unlikely to be harmful.
Most doctors would, however, like to know the metabolic effect
of any treatment they prescribe for their patients.

Various consequences of increasing the fibre content of the
diet have been described. There is an increasing loss of energy
and faecal nitrogen and fat as the fibre content of the diet is
increased,' but the nutritional significance of this remains
debatable.2 Glucose tolerance may be affected by the fibre
content of the diet.3 There have been conflicting reports of the
effect on serum lipids5 6 and concern that the phytate content of
bran may be detrimental to calcium absorption.7 While carrying
out a therapeutic trial on patients with diverticular disease, we
studied the effect of wheat-bran supplements on various simple
metabolic indices.

Patients and methods

Forty new patients presenting with symptomatic, uncomplicated,
and untreated diverticular disease of the colon entered a trial to assess
the therapeutic role of dietary fibre supplements (see part II) given
for at least six months (mean eight months). The age and sex distribu-
tion of the patients is shown in part I. Eight patients had gall stones
or had had surgery for gall stones.

Before beginning the bran the patients were weighed and their
fasting blood was taken on three consecutive days for analysing total
serum protein, albumin, urea, creatinine, urate, calcium, phosphate,
alkaline phosphatase, bilirubin, aspartate aminotransferase (SGOT),
lactate dehydrogenase (LDH), and cholesterol, haemoglobin, and white
cell count. A mean of the three results was subsequently calculated to
minimise experimental error on one reading alone. Single serum
samples were also taken for estimating iron, total iron binding
capacity, vitamin B12, and folate levels and for fasting triglyceride and
lipoprotein analysis (assessed by nephelometry).

Twenty-four-hour urine collections were made on two occasions
for measuring calcium, phosphate, and urate excretion, and two
random urine samples were checked for the presence of indican. A
standard oral 50-g glucose tolerance test was done on each patient,
and a four-day faecal fat collection was made.

This sequence of tests was repeated in 39 patients on readmission
to the assessment unit after taking three heaped tablespoons daily of
Prewett's bran for at least six months. All tests on both admissions
were carried out while the patient was on a normal diet, and during the
rital no dietary adjustments were made apart from the addition of
about 24 g bran daily.

Possible laboratory and seasonal variation in pre- and post-bran
samples was minimised by rigid quality control and extensive over-
lapping between analysis of pre- and post-bran samples over two
years. Except when otherwise indicated, the significance of differences
was assessed by non-parametric statistical methods.8

Results

There was no significant change in body weight; the mean body
weight before bran was 69 4 kg and after bran 68 kg. There was no
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Oral glucose tolerance curve before and after bran (mean of
37 subiects).

Conversion: SI to traditional units-Glucose 1 mmol/l
18 mg 100 ml.

statistically significant change in any of the indices of liver function
(bilirubin, LDH, total protein, and serum albumin concentrations).

Carbohldrate nmetabolism-The results of the oral glucose tolerance
test before and after bran in 37 patients (excluding the two diabetics)
are shown in the figure. There was a statistically significant difference
in the glucose tolerance after bran at one and one and a half hours
(1 hour: z = 2 98, P <0 002; 1 1 hours: z 1*75, P<0 04).

Lipid mnetabolism-The mean serum cholesterol concentration
showed no change (6054 mmol,1 (252 4 mg/100 ml) before bran;
6 53 mmol 1 (252-0 mg/100 ml) after bran). Seven out of nine patients
with initial serum cholesterol levels above 7 12 mmol/I (275 mg/100 ml)
showed a slight fall (mean values: 7-91 mmoll1 (305 5 mg/100 ml)
before bran and 7 50 mmol/1 (289-7 mg/100 ml) after). The mean

serum triglyceride showed no significant change (1-73 mmol/1 to
1-69 mmolI (152 8 mg 100 ml to 1494 mg/100 ml)), but in nine out

of 12 patients with initial serum triglyceride levels above 2 03 mmol/l
(180 mg'100 ml) it fell after bran (mean values: 2 87 mmol/1 (253-8
mg3100 ml) before bran and 2 45 mmol,1 (217 2 mg/100 ml) after-a
14',) reduction (P <0 05). Lipoproteins were assessed in 19 patients.
The S fraction increased 6'/, after bran but this was not significant
(mean 496 U to 525 U). The M fraction decreased by 28",, (mean 219
U to 157 U; P<0 01), and the L fraction increased significantly by
68'/, (mean 7-8 U to 13 1 U; P<002). The mean daily faecal fat
excretion increased by about 197 after treatment (from 2 11 g/day to
2-51 giday). This small but significant increase (P <0 02) seemed to

occur irrespective of whether intestinal transit time increased or

decreased after bran.
Nitrogenl metabolisnm-There were no significant differences before

and after bran in total protein, serum albumin, blood urea, serum

creatinine, and serum urate concentrations and 24-hour urinary urate

excretion.
Urinar,' indican-Tests for urinary indican initially gave strongly

positive results in 12 patients and these remained positive in seven

of them after bran. After bran urinary indican was found in six

patients in whom it had not been present before treatment.
Calcium metabolismi-There was no significant change in the levels

of serum calcium (2 51 mmol to 2 41 mmol/l (10-05 mg'100 ml to
9 63 mg/100 ml)) or serum phosphate (1 09 mmol/l to 1-07 mmol/1
(3 38 mg 100 ml to 3 31 mg'100 ml)). The 24-hour levels of urinary

calcium excretion fell from a mean of 3-97 mmol'24 h to 3 41 mmol/24
h (1588 mg '100 ml to 1362 mg/24 h (z 206; P<002)). The
phosphate excretion level fell from 24 5 mmol/24 h to 19 2 mmol/24 h
(759 2 mg,24 h to 594 2 mg/24 h), but this was not statistically
significant. The serum alkaline phosphatase increased slightly from
7 6 KA units, 100 ml to 8 4 KA units/ 100 ml (z 2 03; P<0 02).

Haenmatological findings-There was a consistent and significant
lowering of the serum folate level from 6-95 eg 1I to 5-68 )g/ l (z - 3-56;
P <0 0002), but there was no significant change in serum B,2 (405 6
ng/l to 409 4 ng/l), serum iron (17 9 Mmoll1 to 18 2 ,Mmol/l (99-9 HglOO
ml to 101 6 zg,/100 ml)), haemoglobin (13 4 to 13 3 g/dl) or white
blood count (5 67 x 109/1 to 5 68 x 109/1 (5670/mm3 to 5680,/mm3)).

Discussion

Our study aimed primarily at elucidating the metabolic side
effects of bran when given for at least six months for the treat-

ment of diverticular disease, and it was not designed to investi-
gate the fundamental biochemical significance of dietary fibre.

Such studies, largely using healthy young adults, have considered
only the changes that occur within a few weeks of altering the
fibre content of the diet. It may be quite erroneous to extrapolate
from these the consequences of a diet consumed for 50 years.
Our patients had a mean crude-fibre intake about half that of

age- and sex-matched controls (see Part I), and the addition of
about 3 g crude fibre in the form of bran restored the fibre in
their diet to more normal (but not abnormally high) levels.
Prewett's bran has a coarse texture with a high water holding
capacity, a high fibre content and a low endosperm and germ
concentration. 9

After bran the patients' symptoms were considerably improved
(see Part II) and several patients said that they enjoyed their
food more, but their weight did not increase.
The increase in blood glucose levels using a standard oral

glucose tolerance test was reduced after bran. This does not
seem to have been due to a change in gastric emptying, as the
rate of rise at 30 minutes was comparable. Fibre in food can
increase the rate of transit through the small intestine,'0 but the
patients had not taken bran for at least 12 hours before the glu-
cose tolerance test was carried out. Walker et a13 11 reported that
fasting and one-hour glucose levels after ingestion of 50 g
glucose were lower in rural Bantu children than in Caucasian
children in South Africa. Similar findings in adult urban Afri-
cans have been associated with low insulin concentrations.4 It
has been suggested that these findings may be due to delayed
intestinal absorption rather than a greater facility in removing
glucose from the blood stream.'4 In retrospect, it would have
been of interest if 15-minute samples of blood had been taken,
serum insulin levels measured, and intravenous glucose tolerance
tests carried out.
The mean serum cholesterol concentration did not change

after bran, which agrees with the findings in other studies.5 613
The apparent reduction in abnormally high cholesterol and
triglyceride levels may have been due to the phenomenon of
regression towards the mean.14 A hypocholesterolaemic effect
has been reported with cellulose"5 and other fibre rich supple-
ments.16
The mean serum triglyceride level was unchanged after bran

and agrees with the results that Connell et a/6 found in healthy
young subjects. We found that serum triglyceride levels in
patients with levels above 2 03 mmol/l (180 mg/100 ml) tended
to decrease (by 14°o) towards normal after bran. Heaton and
Pomare5 found that levels above 1 13 mmol/l (100 mg/100 ml)
fell after bran by about 21",, (eight subjects on bran for four to
nine weeks).
The lipoprotein fractions were estimated by nephelometry

(ICI), which may not be very accurate in routine laboratory use.
After bran there was a significant fall in the M fraction and an
increase in the L fraction. So far as we are aware this change
has not been reported and the mechanism is obscure.
The faecal fat excretion was increased and this was not related

to change in transit time. Increasing the fibre content of the diet
increases faecal fat excretion,1 17 though not invariably.'8 James
and Cummings2 have emphasised that much of the increase in
faecal fat may be derived from plant fatty acids forming the
waxes and cutins of the cell wall. These are integrally linked to
the carbohydrate-fibre fractions and are therefore not available
for digestion.

There was no significant change in serum calcium or phosphate
concentrations. This agrees with the results of Connell et al" and
contrasts with the findings of Heaton and Pomare5 in short-term
studies. A diet rich in wholemeal bread caused a negative calcium
balance in a short-term (seven day) study,'9 and the phytate in
bran may reduce the intestinal absorption of calcium. The
phytate content of bran and its calcium-binding capacity varies
greatly from sample to sample and partly depends on the soil in
which the wheat was grown.20 Our patients showed a small but
significant reduction in the urinary excretion of calcium after
bran, but this does not suggest a serious nutritional reduction in
calcium absorption.
The reduced serum folate levels after bran were unexpected.
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The reduction was small but could not be explained in terms of
seasonal variation in folate intake and it suggests that small-
bowel absorption may be affected by the fibre content of the
diet. The mechanism might be similar to that of cholestyramine '
in lowering serum folate levels.
The colonic flora may be changed by additional fibre. The

urinary indican test is a crude indicator of gastrointestinal
bacterial activity, but we found no consistent pattern of change.

In the past dietary fibre has been considered physiologically
inert. Interest in its metabolic role is now increasing, but
research is still at an early stage. We hope that our findings will
indicate some further lines of inquiry. In the meantime we
conclude that we have not detected any metabolic effect that
would contraindicate the use of bran in diverticular disease.

We thank Miss P Hewitt, Mrs 0 Patrick, and Miss S Smith of the
dietetic department, the nurses of Loddon ward, and the staff of the
biochemistry department, Royal Berkshire Hospital, for their help;
Dr E V Cox and the general surgeons for their co-operation and
encouragement; Mr C Latto and Dr J I Mann for their advice; and
Dr P H Coldwell for his radiological help. We are also grateful to the
staff of the department of medical illustration, Radcliffe Infirmary,
Oxford, for the illustrations and Mrs M Thorogood for the statistical
analyses.

All three studies form part of the work for an MS thesis (AJMB).

References

Southgate, D A T, and Durnin, J U G A, British Journal of Nuitr-ition,
1970, 24, 517.

2 James, W R T, and Cummings, J H, Lancet, 1974, 1, 61.
3Walker, A R P, Walker, B F, and Richardson, B D, Lancet, 1970, 2, 51.
4Wapnick, S, et al, Lancet, 1972, 2, 300.
5 Heaton, K W, and Pomare, E W, Lancet, 1974, 1, 49.
6 Connell, A M, Smith, C L, and Somsil, M, Lancet, 1975, 1, 496.
7Butler, H S, British Medical3Journal, 1972, 4, 363.
Siegel, S, Non-Parametric Statisticsfor the Behavioural Sciences. New York,
McGraw-Hill, 1956.

9 Kirwan, W 0, et al, British Medical Journal, 1974, 4, 187.
McCance, R A, Prior, K M, and Widdowson, E M, British Journal of

Nutrition, 1953, 7, 98.
1 Walker, A R P. South African Medical,Journal, 1972, 46, 1127.
12 Van der Westhuizen, J, Mbizvo, M, and Jones, J J, Lancet, 1972, 2, 719.
13 Eastwood, M A, et al, British Medical_Journal, 1973, 4, 392.
14 Mann, J I, and Truswell, A S, Lancet, 1973, 2, 153.
15 Shurpalekar, K S, et al, Natuire, 1971, 232, 554.
16 Mathur, K S, Khan, M A, and Sharma, R D, Br-itish Medical journal,

1968, 1, 30.
1 Antonis, A, and Bersohn, I, American Journal of Clinical Nutrition, 1962,

11, 142.
" Parks, T G, Proceedings of the Royal Society of Medicine, 1973, 66, 682.
9McCance, R A, and Waisham, C M, British Journal of Nutrition, 1948, 2,

26.
20 Hutchinson, J B, personal communication.
21 West, R J, and Lloyd, J K, Archives of Disease in Childhood, 1973, 48, 370.

Cardiovascular effects of insulin
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Summary

Insulin increased the heart rates of seven diabetics with
normal cardiovascular reflexes. This effect, which was
not due to hypoglycaemia, was greater in the upright
than in the supine position and was produced by as little
as one unit given intravenously. This increase in heart
rate may be a compensatory response to maintain
cardiac output.

Introduction

Recent observations have shown that insulin has an effect on
the cardiovascular system that is independent of hypogly-
caemia12; it provokes postural hypotension in diabetics with
autonomic neuropathy' 2 and in patients who have had a
sympathectomy.3 We aimed to determine whether a cardio-
vascular effect of insulin occurs in all diabetics or in only those
with neuropathy.

Patients and methods

Seven insulin-dependent diabetics with no evidence of peripheral
or autonomic neuropathy were studied (see table). All had normal
cardiovascular reflexes-that is, normal beat-to-beat variation of heart
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M McB PAGE, MRCP, British Heart Foundation junior research fellow
R B W SMITH, FRACP, Commonwealth medical fellow
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rate during deep breathing,4 response to the Valsalva manoeuvre,5
and blood pressure and pulse rate responses to standing.'i Each gave
informed consent.

Patients fasted overnight and took no insulin or other medication
on the morning of the study. An indwelling polyethylene cannula was
inserted into a forearm vein before baseline readings. Serial measure-
ments of blood pressure and pulse rate before and after intravenous
insulin were made every quarter hour on a tilt-table with the patient
supine and then tilted to 70 standing on a footplate. Tests were
performed in a quiet room at near constant temperature (25 C). Radial
pulse rate was counted for one minute supine, and after one and a half
minutes of tilting. A continuous record of pulse rate was kept with a
Hewlett Packard 8025 B cardiotachometer. Blood pressure was
recorded with a standard mercury sphygmomanometer three times
supine and after half, one, and three minutes of tilting.

Soluble or Actrapid monocomponent insulin was given intra-
venously as a bolus from a plastic syringe in doses ranging from 1 to
40 IU (see table). Patients were not told of the time of insulin admini-
stration. Venous samples were taken every 15 minutes and blood
glucose was determined by the autoanalyser ferricyanide method.
Blood volume was maintained by replacement with physiological
saline.

Details of treatnent, test dose of insulin, and pulse rate in seven diabetic patients

Total Mean upright
Age Duration daily Intravenous test pulse rate/min

Case and of insulin insulin dose given
No sex treatment dose (IU) Before After

(IU) insulin insulin

1 29 F 16 years 88 40, soluble 105 122
2 ,20 M 1 week 72 40, soluble 81 95
3 29 M 1 week 28 10, soluble 83 100
4 18 M 3 years 44 10, soluble 107 135
5 21 M 1 week* 60 1, Actrapid MC 85 102
6 28 M 7 years 56 1, Actrapid MC 84 93
7 23 F 1 week 96 10, Actrapid MC 77 97

*On tablets for three years. MC = Monocomponent.
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