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Comparison of leukocyte excretion and blood loss in
inflammatory disease of the bowel

K Teahon, I Bjarnason

Abstract
Clinical relapse of inflammatory bowel disease
is characterised by increased neutrophil
migration into the intestine. The site of the
neutrophil chemoattractant(s), whether
luminal or mucosal, may be important since,
on contact with a chemoattractant, neutrophils
cause indiscriminate damage to their immedi-
ate surroundings by generating reactive
oxygen species and by lysosomal enzyme
release. If this happens within the mucosa,
inflammation should correlate significantly
with tissue damage as assessed by bleeding,
but if it occurs within the intestinal lumen, the
inflammation would be disproportionately
greater than the bleeding such as is seen in
classical exudation. Intestinal inflammation
and bleeding were quantitated with the simul-
taneous use of indium-ill labelled neutrophils
(four day faecal excretion of indium-ill) and
chromium-51 labelled red cells in patients with
ulcerative colitis (n= 12), Crohn's disease
(n=15), and NSAID induced enteropathy
(n=34). Intestinal inflammation and blood loss
correlated significantly (Spearman) in patients
with ulcerative colitis (20.3% v 6-5 ml/d
(median) r: 0*85, p<0001) and NSAD entero-
pathy (1.6% v 19 mlld, r: 0-60, p<0-01) but not
in Crohn's disease (17.0% v 2-1 ml/d, r: 0-38,
p>Ol). For a given indium-ill excretion,
patients with ulcerative colitis had significantly
greater (p<001) blood loss than patients with
Crohn's disease. These results suggest that the
predominant site of neutrophil chemoattract-
ants may be within the mucosa in ulcerative
colitis and NSAID enteropathy and within the
lumen in Crohn's disease.
(Gut 1993; 34: 1535-1538)
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The study of humoral and cellular immuno-
pathogenesis of inflammatory bowel disease has
received much interest.' The most character-
istic feature of clinical relapse is the increased
flux of neutrophils into the intestine.' Under-
standing the movement of neutrophils and the
mechanisms through which they mediate tissue
injury is fundamental to elucidating the patho-
genesis of relapse.
Although controversial,78 it now seems likely

that the striking 'in vitro' findings9 '° of reduced
neutrophil mobilisation and altered function in
patients with inflammatory bowel disease are not
intrinsic to the cell but reflect neutrophil con-

ditioning by different inflammatory milieu.
Study of indium-l 1 labelled neutrophils shows
close similarities between ulcerative colitis and
Crohn's disease in respect of the quantity and
kinetics of neutrophil migration from blood to
lumen across the intestinal mucosa.4 The

question then arises as to the site and nature of
the neutrophil chemoattractant. The latter has
been extensively studied by Stenson," who sug-
gested a two stage pathogenic framework for
inflammatory bowel disease. He proposes that
there is an as yet unknown triggering event
which initiates an early neutrophil influx. Sub-
sequent to this there is an amplified second phase
of neutrophil chemotaxis which is much greater
than the original. There is compelling evidence
to suggest that the second amplification stage is
mediated by leukotriene B4, a lipo-oxygenase
product released by the neutrophils them-
selves.' 113

It is clear that whatever the primary or second-
ary chemoattractant is the neutrophils destined
for it will respond in a predictable fashion. 14 IS On
contact with the chemoattractant they form
oxygen reactive species and there is release of
lysosomal enzymes after phagocytosis. Both
of these mechanisms may destroy the chemo-
attractant but will also cause unavoidable non-
specific damage in the immediate vicinity of the
neutrophil. 14 15
The site of neutrophil chemoattractants

may therefore be an important determinator
of the secondary damage (as assessed by
blood or protein loss) caused by neutrophils.
This is particularly well demonstrated in the
experimental animal where the emigration
of neutrophils through the intestinal mucosa
in response to a luminal chemoattractant
does not cause tissue damage while intra-
cutaneous inoculation of the same substance
does.'6

In an attempt to localise, in vivo, the site of
neutrophil chemoattractants in patients with
ulcerative colitis and Crohn's disease, we used
a dual isotope method to quantitate simul-
taneously intestinal inflammation and blood loss.
We argued from the above that the two should
correlate closely if the neutrophils are seeking a
mucosal chemoattractant, less so if the chemo-
attractant is in the lumen, in which case the
inflammation should be disproportionally
greater than the blood loss. Patients on non-
steroidal anti-inflammatory drugs (NSAID)
acted as a control group.'7 18 There is some
evidence to suggest that the neutrophil chemo-
attractant in NSAID enteropathy may be a
metronidazole sensitive microbe.'9

Subjects and methods
Patients were recruited from gastroenterology
and rheumatology outpatient clinics at North-
wick Park Hospital. All patients gave fully
informed consent to the studies which were
approved by the Harrow Health Authority
Ethical Committee.
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INFLAMMATORY BOWEL DISEASE
Twelve patients with ulcerative colitis (eight
pancolitis and four left sided colitis; age 22-70
years; five were on sulphasalazine and two on

prednisolone 10 and 30 mg) and 15 patients with
Crohn's disease (one of whom had undergone
ileal resection) (six ileal and pancolitis, one left
sided colitis, six ileal and two small intestinal;
age 18-70 years; 13 were on no treatment, one on

10 mg prednisolone and one on sulphasalazine)
were studied. There were no significant differ-
ences in haemoglobin; white cell and platelet
counts; erythrocyte sedimentation rate; or

clinical disease activity20 between patients with
ulcerative colitis and those with Crohn's disease.
After the indium-ill and 51-chromium excre-

tion studies all patients had a full colonoscopy or

double contrast barium enema to confirm the
diagnosis and to evaluate the extent of disease.

PATIENTS WITH RHEUMATOID ARTHRITIS
Thirty four patients with rheumatoid arthritis
were studied. The patients had been on treat-
ment for more than six months and although the
type of NSAID varied, all had been established
on one drug continuously for over six weeks.
Twenty patients were on concomitant, second
line agents (nine colchinine, six gold im, five
penicillamine); but we have previously shown
that these drugs do not affect the frequency or

severity of the small intestinal inflammation
caused by NSAIDs. 17 18

INDIUM LABELLING STUDIES
An indwelling catheter was placed in an anti-
cubital vein. Six millilitres of blood were drawn
into a syringe containing I1 ml of acid citrate
dextrose (National Institutes of Health formula
A), dispensed into two sterile polythene tubes,
and allowed to sediment for one hour at room

temperature. The supernatant was removed and
centrifuged at 100 g for five minutes. The
resultant supernatant was removed immediately
and respun at 300 g to yield a cell free plasma.
The pellet from the 100 g centrifugation was

resuspended and incubated for 10 minutes at
room temperature in 0-1 HEPES saline buffer
(pH 7 4) containing 20 mM HEPES in 0-8%
sodium chloride, 4-4mM tropolone and 300 [tCi
(II MBq) indium-Ill chloride (Amersham
International). Five millilitres of cell free plasma
were added to the cell suspension and centri-
fuged at 100 g for five minutes. The suspension
containing the unlabelled indium-Ill was

poured off and the labelled cells were resus-

pended in 6 ml of cell-free plasma. Five milli-
litres (7-9 MBq) were injected and the rest used
for standards. The labelling efficiency by this
technique averages 84% (range 74-93%).56 The
leukocytes maintain their integrity and function
during this procedure.'
Abdominal scintigrams were obtained at one

to four hours and 20 hours after injection of the
labelled cells, to localise the site and extent of
disease using an IGE 400 AT gamma camera

with a STAR computer at the appropriate
channel settings.

Individual faecal excretions were collected

over a four day period in 500 ml polythene clip
top containers. Standards (0- 1 ml aliquots of the
labelled cells) were made up to 50 ml with water
and distributed over a fixed amount of filter
paper in an identical container. Both samples
and standard were individually counted in a high
resolution bulk sample counter as previously
described.2' Counts were made for 20 seconds,
which allows the measurement of 0-01% of the
injected dose with a counting accuracy of
±4%. Each count was then corrected for any
chromium-5 1 crossover into the indium-111
channel which is negitable if performed on com-
pletion of the study. Normal excretion values
had been obtained in patients with the irritable
bowel syndrome (n= 14) who excreted 0 5%
(mean) with an upper limit of normal at 1%.

BLOOD LOSS STUDIES
At the same time as blood was obtained for
leukocyte labelling, 10 ml were dispensed into 40
ml of citrate-phosphate-dextrose solution con-
taining trisodium citrate dihydrate 3 (w/v);
sodium dihydrogen phosphate 0-015 (w/v);
dextrose 0-2 (w/v) at pH of 6 9. The solution was
centrifuged at 1000 g for 10 minutes, the super-
natant was discarded and 1i5 ,uCi/kg body
weight of disodium (51) chromate was added
dropwise to the pellet of red cells while mixing
gently. The pellet was allowed to stand at room
temperature for 15 minutes to allow binding to
occur and unbound 5i-chromium was then
removed by washing with 0-9% saline. The final
pellet was made up to 10 ml with saline before
injection into the patient.

Individual faecal excretions were made for five
days in conjunction with the indium- l1 neutro-
phil studies. Standards were made up by draw-
ing 5 ml of venous blood daily for four days
after injection of the labelled red cells. Four ml
were distributed over a fixed amount of filter
paper in a faecal collection container. Once the
indium- 11 counting was completed the samples
were stored for four to six weeks to allow decay of
the indium-l1. Each count was corrected for
any possible spillover of residual indium-Ill.
The chromium-51 activity in the stools was
correlated with the chromium-51 activity in
blood from the previous day which allows
quantitation of intestinal blood loss. The upper
normal limit of intestinal blood loss is 1 0 ml/
day. Using a 300 [tCi (I1 MBq) injection of
indium-Ill and a 100 [tCi (4 MBq) injection of
chromium-51 the estimated radiation dose
received by the patient during these studies is 7 2
milli Sieverts (effective dose equivalent).

STATISTICAL ANALYSIS
Wilcoxon's rank sum test was used for non-
parametric data to analyse the mean values,
which are given as median and interquartile
range. Spearman's rank correlation coefficient
was used to correlate between inflammation and
bleeding. The sign test was used to assess the
differences in red cell loss (using the square root
data) between patients with ulcerative colitis and
those with Crohn's disease for a given level of
inflammation.
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Inflammation and blood loss in inflammatory bowel disease andNSAID induced enteropathy

11 1-In leukocytes (n<J%) 51Crred blood ce,

Ulcerative colitis 20-3% (8 3-53 1%) 6 5 mlJd (1 8-2'
Crohn'sdisease 17-0%(12-1-22-0%) 21 mlWd(07-5
Patients on NSAIDs 1 6% (0-7-3 0%)** 1 9 ml/d (0 5-3

Values represent median (interquartile range).
*Differs significantly from ulcerative colitis (p<005); **differs significantly from ulcera
and Crohn's disease (p<005); ***differs significantly from ulcerative colitis but not froj
disease (p<005).
n=normal.

Results
The Table shows that there was no
difference in the four day faecal ex(
indium-ill between patients with
colitis or Crohn's disease. Figure 1 s
there is a significant correlation bet
inflammation and blood loss in pati
ulcerative colitis (r: 0-85, p<0O002 (
test)) but not in those with Crohn
(r: 0-38, p>01). At a given faecal ex
indium-i1i (% dose) patients with
colitis have significantly greater b
(p<001) than patients with Crohn's di
When patients with small and lax

Crohn's disease were analysed separa
was no significant difference between
excretion of indium-l 1 leukocytes ar
ium 51 red cells, and the lack of r
correlation between the two param
evident in both subgroups (small bow(
(r=-0-08, p=080) and large bowe
(r=0 39, p=0 30)). Moreover, for a gi
excretion of indium-Ill, patients v

small and large bowel Crohn's dise
significantly (p<002) less than pati
ulcerative colitis.
The Table shows that patients on

had significantly less inflammation tha
with inflammatory bowel disease but
loss was similar to that of patients wit
disease. Figure 2 shows that there is a;,

Figure 1: Correlation
between intestinal
inflammation (assessed with
thefour dayfaecal excretion
of 111 -Indium labelled
neutrophils) and the mean
daily blood loss (assessed
with the technique of51-
chromium labelling ofred
cells) in patients with
ulcerative colitis (closed
circles) and Crohn's disease
(open circles).

Figure 2: The correlation
between intestinal
inflammation and mean
daily blood loss in patients
with rheumatoid arthritis on
NSAIDs.
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correlation (r: 0-60, p<001) between inflamma-
tion and blood loss in patients taking NSAIDs.

Discussion
The techniques of indium-ill labelled neutro-

..col phils and chromium-51 red cells are well des-
mv Crohn's cribed62223 and are accurate, specific, and

sensitive methods for quantitating intestinal
inflammation and blood loss. The indium-ill
leukocyte technique is particularly suitable for
the present study since it utilises the homing

snificnt properties of neutrophils in response to specific
cigntionan chemoattractants. Its simultaneous use with

cretioniof labelled red cells shows the specificity of the
ulcerative technique and the selectivity of neutrophil
:ween the migration to the intestine in these disorders.
tents with Thus, as neutrophils are normal constituents of
Itwo sidedh blood it would seem possible that the faecal
two sided excretion of indium-ill simply reflected non-
LsretiaSeaf specific intestinal bleeding or oozing (for
ucretive example, vascular injury due to eroding ulcers).uloodaloss If this was indeed the case, then each 1% of
ilood loss injected neutrophils excreted in faeces should beisease. associated with equivalent blood loss. However,
rge 1% of the circulating blood volume in an average
theY faecal person (five litres) is 50 ml. Clearly, the excretion

of the neutrophils is considerably greater thanid chrom- could be accounted for simply by bleeding. Ofsignificant the various neutrophil functions - namely adher-
eters was ence, aggregation, orientation, locomotion, and

lCrohn,s chemotaxis - few are better defined and under-
1Crohn s stood than the sequence of events when theyven faecal neutrophil comes into contact with a chemo-with both attractant.'52`26 On contact free radical species:ase bleed are generated via nicotinamide adenine dinucleo-

ents with tide phosphate linked oxidase, flavoproteins,
NSAIDs cytochrome b, and myeloperoxidase. Concomi-

in patients tant phagocytosis internalises the chemoattract-
n patients ant for further degradation with subsequent
the blood lysosomal enzyme release. Both mechanisms,
h Crohn s however, cause indiscriminate damage in thesignificant immediate vicinity fo the neutrophil. The idea

that damage relates to the localisation of the
chemoattractant, whether mucosal or luminal,
is supported by data in the experimental
animal. 16 27

Although the pathogenesis of the three dis-
orders is uncertain, that of NSAID enteropathy
is probably best understood. 17828 NSAIDs cause
direct cellular damage during drug absorption by
several interacting actions on intermediary meta-
bolism.29 The mucosa is further compromised
because of the effect of NSAIDs on cyclo-
oxygenase, effectively preventing the production

50.0 600 of reparative prostaglandins.30 Damaged inter-
d) cellular junctions allow increased permeation

of luminal substances, which by itself seems to
be insufficient to elicit detectable neutrophil
chemoattraction. Indeed inflammation is only
consistently evident after six months of NSAID
ingestion and may be due to a metronidazole
sensitive microbe. 9 The driving force for inflam-
mation then is a combination ofdrug and luminal
induced mucosal damage. Although not directly
comparable (because of the different range of
indium-ill faecal excretion) it seems that there
is similar blood loss in NSAID treated patients

8 10 and patients with Crohn's disease, although the
inflammatory activity was 10 fold higher in the
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latter. Combined with the rather weak correla-
tion between inflammation and bleeding
(r: 0 60), this suggests that while most of the
neutrophils are seeking a mucosal signal, some
may also be destined for the lumen in NSAID
induced enteropathy.

In inflammatory bowel disease the initial or
predisposing event is unknown. The relapse,
however, may be due to a chemoattractant with
secondary amplification by local neutrophil
leukotriene production and it is ofnote that twice
as many leukotrienes are found in ulcerative
colitis mucosa than in Crohn's disease.3"32 The
different results obtained in this study in patients
with ulcerative colitis and Crohn's disease agrees
with many clinical and experimental observa-
tions. It confirms the clinical dictum that
patients with ulcerative colitis often present with
a greater degree of blood loss than patients with
Crohn's disease,33 and that this is not simply a
matter of being concealed (or occult) in Crohn's
disease. The data are consistent with detailed
histopathological assessment showing that the
mucosal neutrophils in ulcerative colitis are
activated and show ultrastructural evidence of
phagocytosis and granular extrusion.34 In
Crohn's disease, however, where the mono-
nuclear cell infiltrate is both transmural and
patchy, the neutrophils are mainly centred
around ulcers and show little evidence of the
activation that occurs on contact with a chemo-
attractant. The prominence of a luminal neutro-
phil chemoattractant in active Crohn's disease
may partly explain the observation that treat-
ments directed towards altering the luminal
milieu (elemental diets, total parentral nutrition,
and diversion surgery) are consistently as effec-
tive for active Crohn's disease as they are ineffec-
tive for patients with ulcerative colitis.3537
Luminal factors also seem to be important in the
recurrence of disease after surgery.38 39 The pre-
cise nature of neutrophil chemoattractants in
these disorders is unknown and they could be of
a diverse nature including microbial, chemical
(including prostanoids) or indeed in ulcerative
colitis the damaged colonocytes themselves.

In conclusion, the acute inflammatory infil-
trate and bleeding go hand in hand in active
ulcerative colitis and in patients taking NSAIDs,
suggesting that the main neutrophil chemo-
attractant(s) is within the mucosa. In Crohn's
disease there is disproportionally greater inflam-
mation than blood loss and the lack of correlation
between the two suggests that the predominant
site of the chemoattractants is within the gut
lumen.
Thanks to Drs M J Gumpel and A J Levi for allowing us to study
patients attending their outpatient clinics.
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