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Neutrophil and eosinophil involvement of the small
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SUMMARY Excessive ethanol intake may affect the intestinal mucosa functionally and morphologic-
ally. The ethanol effect could partly be the result of inflammatory mechanisms, possibly reflected by
an enhanced local granulocyte turnover. This study investigated habitual alcoholics by segmental
perfusion of the jejunum and analysed the perfusion fluid content of granulocyte granule
constituents. The mean jejunal secretion rate of myeloperoxidase (MPO), a neutrophil granule
constituent, was 152 (26) (SE) ng/min/40 cm jejunal segment in the controls (n=16). The MPO
secretion rate in non-cirrhotic habitual alcoholics (n=7) was on average 450 (103) ng/min and
significantly increased compared with controls (p<0001). In contrast alcoholics with cirrhosis
(n=6) had normal MPO secretion rate. The mean secretion rate of eosinophil cationic protein (ECP),
an eosinophil granule constituent, was in the controls 77 (15) ng/min/40 cm jejunal segment.
Corresponding values in non-cirrhotic and cirrhotic alcoholics were 141 (38) and 130 (93) ng/min,
respectively (ns). The data suggest an enhanced neutrophil granulocyte turnover in the jejunum in
alcoholics, possibly contributing to the ethanol induced affection of the small bowel. The lack of
increased neutrophil activity in cirrhotic alcoholics may reflect a role of the liver for granulocyte
activity.

Inflammatory lesions of the mucus membranes of the
oesophagus and the stomach are often seen in chronic
alcoholics. Histologically the presence of neutrophils
and/or eosinophils of the superficial lamina propria is
a prominent feature of the lesions.'" Even though
such obvious inflammatory lesions have not been
reported in the small intestine,' there is evidence that
excessive intake of ethanol may affect the intestinal
mucosa. Ultrastructural changes of membranes and
of intracytoplastic organelles have been seen during
ethanol consumption.' Functional abnormalities
including malabsorption of nutrients, water, and
electrolytes, have also been reported.` Ethanol may
directly damage the gastro-intestinal mucosa or
indirectly because of nutrient depletion. Immuno-
logical and inflamatory mechanisms may also con-
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tribute to the tissue damage in ethanol induced
digestive disease.'"'12 In an attempt to elucidate
the possible presence of enhanced inflammatory
activity in the small bowel of habitual alcoholics we
have analysed the local intestinal neutrophil and
eosinophil activity in alcoholics after a short ethanol
withdrawal period. In order to elucidate the influence
of liver function on granulocyte activity we included
alcoholics with and without liver cirrhosis. The study
was done by perfusion of a small bowel segment and
analysis of the perfusion fluid for the content of
granulocyte granule constituents. Myeloperoxidase
(MPO) was measured as a marker for neutrophil
turnover'` and eosinophil cationic protein (ECP) as a
marker for eosinophil turnover.'4

Methods

PATIENTS
The control group included 16 patients (14 men,
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median age 42 years, range 25-52) who were referred
to hospital because of abdominal pain. After
complete investigation, including endoscopic
biopsies of the proximal jejunum, none of the
patients showed evidence of organic disease or
immunological abnormality.

Thirteen alcoholics were studied; seven had
steatosis (n=3) or steatosis and portal fibrosis (n=4)
on liver biopsy; six alcoholics had liver cirrhosis and
portal hypertension. Three of the cirrhotic alcoholics
were classified'` as compensated (class A) and three
as decompensated (class B). The alcoholics without
cirrhosis were all men (median age 42 years, range
21-55). Their current ethanol consumption was on
average 232 g ethanol/day. The median ethanol
withdrawal period was 10 days, range four to 18 days.
The alcoholics with liver cirrhosis (five men and one
woman) had a median age of 59 years, range 30-69.
Their current consumption was on average 220 g
ethanol/day. The median ethanol withdrawal period
was seven days, range three to 14. All patients had at
least four endoscopic biopsies of the proximal
jejunum.

JEJUNAL PERFUSION

Segmental perfusion of the jejunum was performed
according to Rambaud et al,' using a four lumen tube
with a proximal occluding balloon. The length of the
test segment was 40 cm. The tube was swallowed by
the subject before dinner and the perfusion started
after overnight fasting; the infusion point being
located near the duodenojejunal junction under the
inflated balloon (checked fluoroscopically). The gut
was perfused with a 115 mmol NaCi, 10 mmol KCI,
and 35 mmol mannitol solution containing 1 g/l of
polyethylene glycol 4000 (PEG), at a rate of 10 ml!
minute. Four consecutive 20 minutes samples were
collected after a 60 minutes equilibration period.
Perfusate samples were recovered at 0°C. One
millimole diisoprophylfluorophosphate, a potent
protease inhibitor, was added to an aliquot of each
sample which was stored at -20°C until assayed.
Previous studies with the same technique have shown
that the coefficient of variations of secretion rates of
water, electrolytes and various endogenous proteins
were mild.'7 Thus, in the present experiments, one or
two 20 minute samples chosen in a random order
were used for analytical procedure for each subject.

During perfusion, duodenal contents proximal to
the balloon were continuously collected and dis-
carded. Contamination of the jejunal samples by
duodenal fluid bypassing the balloon was controlled
by using two semiquantitative methods: detection of
bromosulphophthalein, which was infused above the
balloon into the duodenum, and detection of
chymotrypsin and lipase activity in the perfusate.

Any contaminated sample was discarded after
detection. Absence of blood contamination was
confirmed in all samples (Hemotest, Ames, France).

ANALYTICAL METHODS
Myeloperoxidase and ECP were measured by radio-
immunoassays.' ` The jejunal fluid samples were
analysed in duplicate and in sequence. The sensivity
for the MPO assay was 4 Rg/l and for the ECP assay
2 sg/l. The variability was less than 10% for both
methods. Parallel standard curves were obtained for
both proteins by means of the respective protein
standards mixed with either buffer or a constant
volume of jejunal perfusion fluid. Albumin in jejunal
perfusion fluid was measured by fluorescence
nephelometry (Multistat ill, Instrumental,
Lexington, MA) at the Department of Clinical
Chemistry, University Hospital of Uppsala. Poly-
ethylene glycol was assayed by the turbidic method of
Hyd6n.

STAlIS'[ICAL ANAI YSIS
Water, MPO, and ECP flow rates at the sampling
point, and thus the secretion of MPO and ECP in the
test segment were calculated according to the usual
formulae."1 When two samples were analysed in a
subject, the arithmetic mean of each parameter
measured was used for calculation. Statistical com-
parisons between controls and patients were done by
t test.

Results

The MPO concentration in the jejunal perfusion fluid
from the controls (n=16) was on average 15 (2.5)
(SE) ig/l, actual range 4-38. In habitual alcoholics
without liver cirrhosis (n=7) the perfusion fluid MPO
concentration was increased (p<0001); mean MPO
was 46 (10.3) ,ug/1, actual range 20-92. Alcoholics
with liver cirrhosis (n=6) had as a group similar levels
as the controls, mean MPO was 19 (13). One of the
cirrhotic patients had an MPO concentration (84
rig/1) above the reference range.
The ECP concentration in the jejunal perfusion

fluid from the controls was on average 8X5 (1.6) pg/1,
actual range 1.5-24. The ECP concentration in
perfusion fluid from alcoholics without liver cirrhosis
was 15 (3.9) pg/I, actual range 2-28 and in alcoholics
with cirrhosis 13 6 (9.8) [tg/I, actual range 1-63. The
observed increases of the ECP concentrations in the
alcoholic groups did not reach statistical significance.
The albumin concentration in perfusion fluid was

in the control group 15.2 (5.4) mg/l. Similar concen-
tration of albumin was seen in alcoholics with
cirrhosis, 16.2 (3.1) mg/l, while alcoholics without
cirrhosis had increased albumin concentration, 38
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Fig. 1 The jejunal secretion rates of myeloperoxidase
(MPO) and eosinophil cationic protein (ECP) in non-

cirrhotic alcoholics (filled circles) and alcoholics with liver
cirrhosis (open circles). The shaded areas represent the 2 SD)
ranges for the secretion rates ofMPO and ECP in controls
(n= 16); their mean secretion rates are indicated as well.

(8.9) mg/1 (p<0-05). The jejunal biopsy specimens
were all normal in the alcoholics and there was no

apparent infiltration of granulocytes.
The flow rates during intestinal perfusion were in

the control group 9-3 (0.1) (SE) ml/min, in alcoholics
without cirrhosis 9-7 (0.2), and cirrhotic alcoholics
9-8 (0.1). In order to compensate for differences in

flow rate the secretion rates of MPO and ECP were

calculated. The mean secretion rate of MPO in the
control group was 152 (26) ng/minl40 cm (SE) jejunal
segment. Corresponding values for the non-cirrhotic
and the cirrhotic alcoholics were 450 (103) (p<0-001)
and 181 (123) (p>0-05), respectively. The mean

secretion rate of ECP in the control group was 77 (15)
ng/min/40 cm jejunal segment, corresponding values
in non-cirrhotic and cirrhotic alcoholics were 141 (38)
and 130 (93) (p>0-05), respectively. The individual
secretion rates of the alcoholics are presented in the

Figure. Four of seven non-cirrhotic alcoholics and
one in six cirrhotic alcoholics had MPO secretion
rates above the reference range. Slightly increased
secretion rate of ECP was observed in four of 13 of all
alcoholics.
The current ethanol consumption was not related

to the MPO or ECP secretion rates. The MPO
secretion rate tended to increase with the length of
abstinence period in the non-cirrhotic alcoholics but
did not reach statistical significance (r=0.61, p=0- 1).

Discussion

The main findings of the present study are the
significantly increased concentrations of MPO, a
neutrophil granule constituent,' in the jejunal
perfusion fluid of habitual alcoholics. The increase
was on average about three times compared with the
MPO concentrations in a control population. In
contrast, the jejunal perfusion fluid concentrations of
ECP, a specific granule constituent of eosino-
phils, `121' were more modestly increased in
alcoholics. These findings might suggest an
increased, non-activated neutrophil mass or, alterna-
tively a normalised but activated granulocyte mass in
the intestinal wall. It seems less likely that the
measured concentrations of MPO and ECP merely is
a consequence of passive penetration through the
blood-mucus membrane barrier. In fact, the circulat-
ing concentrations of ECP in health'4 '" are close to
the measured perfusion fluid concentrations of ECP;
the circulating MPO are about 10 times higher than
the jejunal fluid concentrations.` In contrast the
blood:perfusate ratio of albumin is about 1:2000.
Furthermore, habitual alcoholics have normal serum
concentrations of ECP and only marginally increased
concentrations of lactoferrin, another granulocyte
granule constituent." Because alcoholics had signs of
increased albumin leakage to the intestine, however,
it cannot be excluded that damage to the barrier has
influenced the results to some extent.

Myeloperoxidase occurs in the azurophil granules
of neutrophils and is together with other granule
enzymes delivered into the phagocytic vacuole when
degranulation occurs. During this process and during
chemotactic movement the granulocyte also release
granule constituents externally. " As with neutro-
phils, eosinophil phagocytosis and chemotaxis is
followed by secretion of granule proteins. The
granulocyte granule constituents fulfill a central role
in the combat against invading microorganisms - for
example, MPO can use hydrogen peroxidase in the
presence of either 1 or CI to kill bacteria."+ The
major eosinophil granula constituents, ECP, major
basic protein and eosinophil peroxidase, are highly
cytotoxic useful in the protection against parasites.24
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The destructive mechanisms induced by neutrophil
and eosinophil granule products, however, might
also be turned against the host and be involved in the
development of inflammatory organ lesions. We
have recently noticed when using the same perfusion
technique as described in this study, that patients
with Crohn's disease and coeliac disease have similar
jejunal fluid concentrations of MPO as alcoholics
without liver cirrhosis (Hallgren et al. to be
published). The ECP concentrations measured in
alcoholics were approximately the same magnitude
as those observed in patients with Crohn's disease
while patients with coeliac disease had much higher
ECP concentrations in the perfusion fluid. In these
inflammatory bowel diseases we have reason to
suspect that an active granulocyte degranulation, as
part of the local inflammatory response, underlies the
observed increase of granule constituents in the
jejunal perfusion fluid.
The hypothesis that increased jejunal fluid concen-

trations of above all MPO might reflect a neutrophil
dominated inflammatory reaction was not supported
by examination of jejunal biopsy specimens from the
alcoholics as the biopsies showed no apparent infil-
tration of granulocytes. This might reflect that
jejunal perfusion studies are in fact a more sensitive
technique for detecting low active inflammatory
reactions. The observation that non-cirrhotic
habitual alcoholics had more obvious signs of an
enhanced neutrophil turnover in the small bowel
than alcoholics with ethanol induced liver cirrhosis
may suggest that impaired liver function depresses
granulocyte activity. In fact, previous studies have
shown defective granulocyte chemotaxis associated
with a serum inhibitor in patients with alcoholic liver
cirrhosis.2612 The observed lack of enhanced granulo-
cyte turnover in the small bowel of cirrhotic alcoholics
in spite of excessive ethanol intake might illustrate a
defect in their local inflammatory response, possibly
of relevance for their unique tendency to develop
bacteraemia, particularly with organisms from the
gastrointestinal tract.

This study was supported by grants from the Swedish
Medical Research Council.
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