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Splanchnic exchange of glucose, amino acids and free
fatty acids in patients with chronic inflammatory bowel
disease
L S ERIKSSON
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SUMMARY In order to study arterial concentrations and splanchnic exchange of substrates and
hormones in patients with chronic inflammatory bowel disease three patients with Crohn's
disease and four with ulcerative colitis were studied using the hepatic venous catheter technique.
Systemic turnover and regional exchange of free fatty acid were evaluated using intravenous
infusion of `4C-labelled oleic acid. All measurements were made in the postabsorptive, overnight
fasted state. Arterial glucose concentrations were 10% lower in the patients but net splanchnic
glucose output was similar in patients and controls. Glucose precursor uptake (lactate, pyruvate,
and glycerol), however, was increased two to five fold in the patients. Arterial amino acid
concentrations were generally reduced but net splanchnic amino acid uptake was the same in
patients and controls. Arterial concentrations of free fatty acid and oleic acid as well as systemic
and fractional turnover were similar in patients and controls. The patients' splanchnic uptake of
oleic acid was increased more than three fold in comparison with controls. Splanchnic release of
oleic acid was also augmented in the patients. Both arterial concentrations and splanchnic
production of ketone bodies were raised in the patients. The proportion of splanchnic free fatty
acid uptake which could be accounted for by ketone body production was significantly greater in
the patients (37±4%) than the controls (20±5%, p<0-025). Estimated hepatic blood flow was
55% greater (p<0.01) in the patients as compared with the controls (1930±150 vs 1240±70
ml/min), while splanchnic oxygen uptake was similar in the two groups. From these findings it is
concluded that patients with chronic inflammatory bowel disease show (1) markedly increased
hepatic blood flow, reflecting an inflammatory hyperaemia in the splanchnic region, (2) a normal
net splanchnic glucose output, (3) accelerated hepatic gluconeogenesis as well as ketogenesis,
probably as a consequence of the altered hormonal milieau, and (4) low concentrations of most
amino acids possibly because of protein malabsorption. These findings underscore the
importance of adequate protein and carbohydrate administration to this patient group.

Most patients with active chronic inflammatory an altered availability and/or utilisation of substrates
bowel disease show signs of weight loss, muscle contributes to the altered metabolic state in this
wasting, and low serum albumin concentrations condition, however, is not known. Chronic inflam-
suggesting a catabolic metabolic state. Mal- matory bowel disease - although not of infectious
absorption of nutrients secondary to inflammatory origin - may with regard to its metabolic impact be
lesions of the intestinal mucosa together with an compared with infection or starvation. In the latter
increased frequency of bowel movements may conditions total glucose turnover, hepatic gluco-
contribute to these symptoms. The extent to which neogenesis and ketogenesis, as well as free fatty acid

mobilisation have been extensively studied and are

Address for correspondence: Ljusk Siw Eriksson, MD, Department of known to be markedly altered.l 2 In contrast
Medicine, Huddinge University Hospital, S-141 86 Huddinge. Sweden. information is almost completely lacking on total or
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inflammatory bowel disease. Such information
would be of particular interest not only to describe
this disorder's pathophysiology but also to optimise
the nutritional supply to these patients. Conse-
quently, the present study was undertaken to assess
arterial concentrations and splanchnic exchange of
glucose and gluconeogenic precursors, as well as

free fatty acid turnover, splanchnic uptake, and
hepatic ketogenesis, in patients with Crohn's disease
and ulcerative colitis. The studies were performed in
the basal state after an overnight fast, using the
hepatic venous catheter technique, and the patients'
reults were compared with those of healthy subjects.

Methods

SUBJECTS
Seven patient, three with Crohn's disease and four
with ulcerative colitis, were studied. Clinical data
for the patients are given in Table 1. Two of the
patients with Crohn's disease had lesions in the
colon, while one (patient 1) had inflammatory
changes in the small intestine. All patients were
hospitalised before the study, six of them because of
acute recurrence of the disorder and one (patient 2)
before elective colectomy. The disease activity was

estimated according to Crohn's disease activity
index3 and Truelove and Witt.4 One patient
(patient 1) had undergone an ileocaecal resection
three years before the study. All patients were being
treated with salazosulphapyridine but none received
systemic cortisone treatment. They were all on an

ordinary hospital diet for two to seven days before
the study. Their nutritional intake was estimated as

adequate but one patient (no 6) received parenteral
nutrition as part of the treatment of active ulcerative
colitis. Five patients had lost between 4 and 10 kg
body weight during the current phase of the disease

(as estimated by the patients themselves). None
showed clinical signs of liver disease and liver
enzymes (ASAT, ALAT, and bilirubin) were

repeatedly normal in all patients. Liver biopsy or

BSP test were not performed.
A group of 10 healthy, non-obese male subjects,

age 23-42 years, weight 67-80 kg (mean 72 kg), and
height 166-176 cm (mean 169 cm), from a previous
study5 served as controls with regard to glucose
metabolism. In the case of amino acid metabolism,
the patients have been compared with a group of 24
healthy male volunteers, age 21-52 years, weight
68-79 kg, and height 169-184 cm.6 Control data for
free fatty acids and ketone bod7y metabolism were

obtained from another study. All patients and
control subjects were informed of the nature,
purpose, and possible risks involved in the study
before giving their consent to participate. The study
protocol was reviewed and approved by the ethical
committee at Huddinge Hospital.

PROCEDURES
The studies were performed in the morning after an

overnight fast (12-14 hours). Teflon catheters were
inserted percutaneously after local anaesthesia into
a femoral artery and an antecubital vein. A
Cournand catheter (no 7 or 8) was inserted into a
femoral vein and advanced under fluoroscopic
control to a right-sided hepatic vein. The tip of the
catheter was placed 3-4 cm from the wedged
position. Patency of the catheters was maintained
throughout the study by intermittent flushing with
saline without added heparin.

After a 20 minute basal period a continuous
infusion of albumin bound oleate-t4C (1 ,uCi/min;
New England Nuclear Corp, Boston, Mass, USA)
was given intravenously for 40 minutes. Starting
after 30 minutes of infusion, three consecutive sets

Table 1 Clinical data on patients with chronic inflammatory bowel disease

Deviation Total Current phase ofdisease
from ideal duration

Age Weight body weight* of disease Disease Duration Albumin
Patient Sex (yr) (kg) (%) Disease (yr) activity (months) conc

1 F 23 56 ±0 Crohn's 8 Medium (203)t 3 38
2 F 43 58 ±0 Crohn's 13 Low (40)t 0 37
3 F 61 59-5 ±5 Ulcerative colitis 1 Medium§ 6 38
4 M 59 64-5 -7 Ulcerative colitis 1 High§ 5 26
5 M 52 66-6 ±0 Ulcerative colitis 3 High§ 0-5 36
6 M 44 47 -32 Crohn's 0-3 High (339)t 3 28
7 M 19 70 ±0 Ulcerative colitis 2 Low§ 0-5 43

* Ideal body weight calculated according to Metropolitan Life Insurance Company.
t Normal range 38-55 g/l.
4 Disease activity evaluated according to Crohn's disease activity index.3 The figures within parentheses denote the activity index
(<150 = quiscent disease, >450 = very severe disease).
§ Disease activity evaluated according to Truelove and Witt.4
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of simultaneous blood sample were obtained at five
minute intervals from the artery and the hepatic vein
for free fatty acid analysis. Throughout the study
arterial and venous blood samples were drawn
repeatedly (two to four observations in each
individual, at 10 minute intervals) for biochemical
analyses.
Hepatic blood flow was estimated by the

continuous infusion technique8 using indocyanine
green dye.

ANALYSES
Glucose was analysed in whole blood by the glucose
oxidase reaction.9 Lactate, lt) pyruvate, " glycerol, 12
3-hydroxybutyrate and acetoacetate '3 were all
determined enzymatically in whole blood. Insulin'4
and glucagon1 were determined in plasma by
radioimmunoassay.
Plasma amino acid concentrations were measured

by an automated ion-exchange chromatograph after
protein precipitation with 30% sulphosalicylic acid.
Analysis of individual free fatty acids was performed
as described previously.16 Oxy en saturation was

analysed spectrophotometrically 7 and haemoglobin
concentration was determined by the cyan-
methaemoglobin technique. Haemocrit was
measured using a microcapillary centrifuge and
corrected for trapped plasma. Indocyanine green
dye was determined spectophotometrically at 805
nm in serum samples.
Net splanchnic exchange of substrates and oxygen

was calculated as the product of the arterial-hepatic
venous difference and the estimated hepatic blood
flow. Splanchnic fractional extraction was calculated
as (A-HV)/A where A = arterial concentrations
and HV = hepatic venous concentrations. The
turnover rate of oleic acid was calculated as the rate
of infusion of '4C-oleic acid divided by its arterial
plasma specific activity.7 The fractional turnover
was obtained as the turnover rate divided by the
plasma pool (arterial concentration times plasma
volume). The fractional uptake (f) of oleic acid
across the splanchnic vascular bed was calculated on
the basis of its arterial (A) and hepatic venous (HV)
radioactivity: the A-HV concentration difference in
oleic acid radioactivity was divided by the corres-
ponding arterial value (f = (A-HV)/A). The uptake
of oleic acid (U, in micromoles per minute) by the
splanchnic area was calculated as the product of f,
the arterial plasma concentration of free oleic acid,
and the splanchnic plasma flow (P). Release of oleic
acid (micromoles per minute) was estimated as the
difference between the uptake (U) and the net
exchange of unlabelled oleic acid multiplied by P.
(For further description of the calculations, see
ref 7).

Standard statistical methods were used. Data in
the text, tables, and figures, are given as
mean ± SE.

Results

GLUCOSE AND GLUCONEOGENIC PRECURSORS
Arterial concentrations of substrates and hormones
are shown in Table 2. The blood glucose concen-
tration was slightly lower (10%) in the patients
(p<0.05) while arterial lactate and pyruvate concen-
trations were similar to those of the controls. The
glycerol concentration was 30% higher in the
patients than in the controls (p<005). The patients'
insulin concentration was approximately half of that
seen in the healthy subjects (p<005) whereas the
mean glucagon concentration was slightly but not
significantly greater than in the controls.
Net splanchnic glucose production was similar in

the patients and the healthy controls (Table 2). In
contrast, the splanchnic uptake of lactate, pyruvate,
and glycerol was two- to five-fold greater in the
patients. In the case of lactate and pyruvate, an
increased splanchnic fractional extraction was seen
in the patients (lactate: patients 54±3%, controls
35±5%, p<005; pyruvate: patients 45±7%,
controls 20±4%, p<005). Splanchnic fractional
extraction for glycerol did not differ in patients
(71±6%) and controls (74±5%).

AMINO ACIDS
The arterial amino acid concentrations are shown in
Fig. 1. Most amino acids were lower in the patients
than in the controls. Thus, significantly reduced

Table 2 Arterial concentrations and splanchnic exchange
ofsubstrates and hormones in patients with inflammatory
bowel disease and control

Differ-
Patients Controls ence

Arterial concentrations* pt
Glucose, mmol/l 4-04±0-23 4-50±0-05 <0 05
Lactate, mmol/l 0-38+0-03 0-44+0-02 NS
Pyruvate, 1smol/1 37±7 44±3 NS
Glycerol,,mol/l 61+5 47±3 <0-05
Insulin, ,uU/ml 8±3 17±2 <0-05
Glucagon, pg/ml 82±19 61±7 NS

Splanchnic exchange*
Glucose, mmol/min 0-83+0-16 0 82±0-06 NS
Lactate, mmol/min 0-40±007 0 13±0-02 <0 01
Pyruvate, ,umol/min 32+7 6±4 <0-01
Glycerol, ,umol/min 79±7 30+3 <0.01

* Date represent the mean of two to four observations in each
individual with 10 minute interval and are given as mean ± SE.
t p denotes the probability that the differences between the patient
and control groups are caused by random factors.
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Fig. 1 Arterial amino acid concentrations in patients with

chronic inflammatory bowel disease (hatched columns) and

in controls (open columns). Amino values are significantly

lowerfor the patients (p<OO05)-O.OO). Mean SE are

indicated.

concentrations were seen in the case of valine

(-40%, p<O.OOl), leucine (-40%, p<0-001),
alanine (-45%, p<O-001), lysine (-30%, p<O.05),

histidine (-40%o, p<0-00l), taurine (-70%o,
p<O-0Ol), tyrosine (-40%, p<O.Ol), citrulline

(-55%o, p<O-OOl), ornithine (-55%o, p<O.OOl),

phenylalanine (-20%, p<0-01), cysteine (-55%,

p<O-OOl1), and aipha-aminobutyrate (-35%o,
p<O*Ol).

In spite of the low arterial concentrations, net
splanchnic uptake of the individual amino acids was
not reduced in the patients compared with the
controls (Table 3). Thus, a statistically significant
net uptake of similar magnitude was shown in both
groups for eight of the 18 amino acids studied: the
largest uptake was seen for alanine and a significant
uptake was noted also for threonine, serine, glycine,
methionine, tyrosine, phenylalanine, and lysine. In
both groups there was a significant net splanchnic
output of citrulline, but the release was significantly
smaller in the patient group (p<0.01). The
splanchnic fractional extraction of individual amino
acids was similar in the two groups.

FREE FATTY ACIDS
The arterial concentration of total plasma free fatty
acids in the patient group (573±39 ,umol/l) was
similar to that in the controls (669±60 ,umol/l).
Likewise, no differences were seen with regard to
oleic acid arterial concentration (248±18 vs 260±24
,umol/l, NS) and total turnover rate (238±19 vs
197±19 ,umol/min, NS). Fractional turnover of oleic
acid was also similar in patients (0.36±0.03) and
controls (0.33±0.02). Uptake of oleic acid in the
splanchnic region, however, was increased more
than threefold in the patients, while oleic acid
fractional extraction was similar in patients and
controls (Table 4). Splanchnic oleic acid release was
more than doubled in the patient group.

Table 3 Arterial concentrations and splanchnic exchange ofplasma amino acids in patients with inflammatory bowel
disease and in healthy controls

Arterial concentrations* Splanchnic exchange*
(,umolll) (1£moVlmin)
Patients Controls Difference Patients Controls Difference

p p
Taurine 14±4 46±2 <0-001 1±1 2±1 NS
Threonine 93±14 112±5 NS 8+2 9±1 NS
Serine 100±12 120+4 NS 11±3 13±2 NS
Citrulline 17+3 38±2 <0-001 -4±1 -10±1 <0-01
Glycine 205±27 214±8 NS 18±4 9+3 NS
Alanine 126±17 225±9 <0-001 77±7 62±6 NS
a-Aminobutyrate 17±2 27±2 <0.01 2±2 -1±1 NS
Valine 140±10 226±5 <0-001 -2±2 -1±2 NS
Methionine 13±3 17±1 NS 3±1 3±1 NS
Isoleucine 47+7 54±1 NS -2±3 -1+1 NS
Leucine 71±8 121±3 <0-001 0±3 -2±1 NS
Tyrosine 25±5 43±2 <0-01 8±2 5±1 NS
Phenylalanine 37±3 46±1 <0-01 4±2 3+1 NS
Ornithine 39±5 87±5 <0-001 -2±1 6±4 NS
Lysine 120±14 165±9 <0 05 9±2 13±3 NS
Histidine 51+7 84±3 <0-001 2±2 7±2 NS
Arginine 59±11 48+4 NS 8±2 4±4 NS
Cysteine 55±7 99+4 <0-001 1±2 3±1 NS

* Data represent the mean of two observations at 20 minute interval in each subject and are presented as mean + SE.
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Table 4 Splanchnic exchange offree oleic acid and ketone
bodies in patients with inflammatory bowel disease and
healthy controls

Differ-
Patients Controls ence

Oleic acid uptake,
,umol/min/kg 1-79±0-17 0-50±0-08 <0-001

Oleic acid release,
,umolImin/kg 0-32±0-07 0-12±0.03 <0-05

Fractional uptake of
oleic acid 0-37±0.04 0-36±0-03 NS

3-Hydroxybutyrate output,
gmol/minIkg 3.7±0-3 0-5±0-1 <0-001

Acetoacetate output,
,tmolImin/kg 3.2±0.3 0-6±0.1 <0-001

Ketone body output/
FFA uptake 0-37±0.04 0.20±0.05 <0-025

FFA = free fatty acids.

The arterial concentrations of ketone bodies were
significantly increased in the patient (Fig. 2). Thus,
3-hydroxybutyrate was 430±100 gmol/1 in patients
as compared with 40±10 ,umol/l in controls
(p<0-05). Corresponding data for acetoacetate were
220±60 and 40±10 ,umol/l (p<0.05). Splanchnic
production of both ketone bodies was also increased
in the patients; 3-hydroxybutyrate release was
augmented sevenfold above that of the controls and
acetoacetate production was increased more than
fivefold (Table 4). The present measurements
enable one to estimate the proportion of the
splanchnic free fatty acid uptake which underwent
partial oxidation to ketone bodies. This proportion
was found to be significantly increased in the
patients (37±4%) compared with the controls
(20±5%, p<0025, Fig. 2).

p<o001 p<001
Pats Cont Pats Cont

p<0 025
Pats Cont

Fig. 2 Arterial concentrations and splanchnic output of
ketone bodies as well as splanchnic FFAlketone body ratio
in patients (hatched columns) and controls (open columns).
Mean ± SE are indicated.

BLOOD FLOW AND OXYGEN UPTAKE
The estimated hepatic blood flow (EHBF) was
increased by 55% in the patients compared with the
controls (patients: 1930±150 ml/min; controls:
1240±70 ml/min, p<0.01). The A-HV oxygen
difference was smaller in the patients (35.2±5.1
ml/min) than the controls (64.2±8.3 ml/min,
p<005). Consequently, the net splanchnic oxygen
uptake, calculated as the product of the estimated
hepatic blood flow and the A--HV oxygen
difference, was similar in the two groups (patients:
64-3±8.3 ml/min; controls: 55*1±2.9 ml/min; NS).

Discussion

While it is known that patients with chronic inflam-
matory bowel disease in the active phase have
disturbances in their nutritional and metabolic
status, the precise nature of these alterations has
been unclear. The observations in the present study
show that carbohydrate, as well as lipid and protein
metabolism in these patients, is similar in many
respects to the metabolic situation in early
starvation and/or protein malnutrition as will be
discussed below. The present patients showed an
augmented uptake of gluconeogenic precursors,
although net splanchnic glucose production was
found not to differ from the controls. Table 5
presents balanced data for glucose precursors across
the splanchnic bed, showing that the total uptake of
these precursors is more than twice as great in
patients than in controls. As much as 37% of the
splanchnic glucose production in the patients could
be accounted for by the uptake of gluconeogenic
precursors, while the corresponding value for the
healthy controls was no more than 17%. Splanchnic
uptake of lactate, pyruvate, and glycerol was signifi-

Table 5 Balance ofglucose and gluconeogenic substrates
across the splanchnic vascular bed in patients with
inflammatory bowel disease and healthy controls

Patients Controls

Glucose production* 0-83 0-82
Uptake of

(1) Lactatet 0.200 0.065
(2) Pyruvatet 0.016 0.003
(3) Amino acidst* 0.055 0.053
(4) Glycerolt 0.040 0.015

Sum of (1>-(4) 0.311 0.136
Precursor uptake of glucose

production (%) 37 17

* Data are presented as mmol/min.
t Expressed as glucose equivalents in mmol/min.
* Sum of splanchnic uptake of glycogenic amino acids for which a
statistically significant uptake was found (Table 3).
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cantly augmented in the patient group, while that of
alanine and other amino acids was similar to that of
the controls. A major proportion of the increase in
precursor uptake was because of the augmented
splanchnic blood flow in the patients (+55%) but, in
addition, both lactate and pyruvate showed an
increase in the splanchnic fractional extraction.
With regard to glycerol, the raised arterial concen-
tration contributed to its increased splanchnic
uptake. It should also be noted that as a conse-
quence of the differences in hepatic blood flow, the
splanchnic amino acid uptake in the patients was
similar to that of the controls, despite markedly
lowered arterial concentrations for most amino acids
(Fig. 1).
Assuming that the glucose precursors taken up

are quantitatively converted to glucose, the
augmented precursor uptake suggests that there is
an increased rate of hepatic gluconeogenesis in
patients with chronic inflammatory bowel disease.
With regard to the mechanisms behind this
acceleration of gluconeogenesis, it is noteworthy
that the patients were slightly hypoglycaemic and
showed basal insulin concentrations which were only
half of those seen in the controls (Table 2). The
latter finding, combined with normal or slightly
raised glucagon concentrations (Table 2), may
contribute to a stimulation of hepatic gluco-
neogenesis in the patient group, in keeping with the
situation in diabetes mellitus type j.6 Hormones
other than insulin and glucagon may also have
stimulated hepatic gluconeogenesis. Thus, an
influence from cortisol, catecholamines, or growth
hormone cannot be ruled out as concentrations of
these hormones were not measured in the present
study.

It may be speculated that a depletion of the
hepatic glycogen stores may have contributed to the
augmented hepatic gluconeogenesis in the patients
with chronic inflammatory bowel disease. Low
hepatic glycogen concentrations have been shown in
patients with thyrotoxicosis 8 in which disorder
there is also an increase in hepatic gluco-
neogenesis.19 Although the liver glycogen concen-
tration has not been examined in patients with
inflammatory bowel disease, low concentrations
may be suspected in the present patients as five of
the seven probably had suffered a substantial weight
loss during the month preceding the study.
A striking finding in the present study was the low

arterial concentrations of most plasma amino acids
in the patients (Fig. 1). Thus, the individual amino
acid concentrations were on average 20-70% lower
than in the healthy controls; marked reductions
were seen in the case of essential as well as
non-essential amino acids. This plasma amino acid

pattern is distinct from that seen in several other
clinical disorders. Thus, an increase in the concen-
tration of most amino acids has been shown in septic
patients.2( Moreover, in diabetes,6 hyper-
thyroidism,19 and in healthy subjects after a three
day fast21 the plasma amino acid pattern is
characterised by high concentrations of the
branched chain amino acids and reductions in
glucogenic amino acids. A plasma amino acid
pattern, however, similar to that seen in the present
patients has been shown previously in children with
protein calorie malnutrition.22 23 Therefore it is
likely that the low amino acid concentrations seen in
patients with chronic inflammatory bowel disease
reflect prolonged malabsorption of protein. This
could be partly because of inflammatory changes in
the intestinal mucosa and partly be the result of
rapid bowel movements and frequent diarrhoeas. In
addition, poor appetite and possible malnourish-
ment may further contribute to protein depletion in
these patients.
The normal arterial concentration and turnover

rate of free fatty acids indicate that the patients with
inflammatory bowel disease have a normal rate of
adipose tissue lipolysis, in contrast with the
accelerated lipolysis observed in brief as well as
prolonged fasting.24 It is noteworthy, however, that
splanchnic uptake of free fatty acids was more than
three fold increased in the patients. Likewise, the
splanchnic release of free fatty acids was
substantially increased. Both of these processes may
possibly be influenced by the augmented splanchnic
blood flow in the patients. The clinical implications
of the augmented free fatty acid uptake and the
increased rate of gluconeogenesis are not apparent.
One cannot, however, exclude the possibility that
alteration in liver substrate metabolism may
contribute to the hepatocellular dysfunction that is
frequently seen in this patient group.25

In keeping with the increased splanchnic free fatty
acid uptake the patients' arterial concentrations and
splanchnic production of ketone bodies were found
to be markedly raised (Table 4). The rise in
splanchnic ketone body output may in part be a
consequence of the greater free fatty acid avail-
ability. The proportion of the hepatic free fatty acid
uptake which was converted to ketone bodies,
however, was also greater in the patients than in the
control group (Fig. 2), suggested an altered intra-
hepatic disposal of fatty acids in favour of ketone
body production, similar to that seen in other
hyperketonaemic states such as starvation or
diabetes.26
The splanchnic blood flow was augmented by

almost 60% in the patients. A similar increase is
seen in healthy subjects after a carbohydrate or
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protein meal27 28 but a splanchnic blood flow of this
magnitude in the basal state has been reported
before only in patients with hepatitis.29 In contrast,
experimentally induced sepsis results in normal or
slightly decreased hepatic blood flow.31) The finding
of an unaltered splanchnic oxygen uptake in the
patients compared with the controls suggests that
the increase in splanchnic blood flow reflects
hyperaemia of the inflamed bowel rather than an
accelerated splanchnic oxidative metabolism. This is
in agreement with previous findings of increased
intestinal blood flow in patients with severe
ulcerative colitis.31 A hyperkinetic splenic and
portal blood flow has previously been shown in four
patients with ulcerative colitis;32 these patients all
had splenomegaly and slight cirrhosis. In the present
patients, however, no signs of disturbed liver
function or hypersplenism were present, although
liver biopsies were not performed.

It is recognised that the control subjects were
mostly young men of normal body weight.i7 The
influence of age, sex, and body dimensions on the
measured variables, however, would be expected to
contribute only to a small proportion of the
observed differences in substrate concentrations and
splanchnic exchange3335 and could not at all explain
the increase in estimated hepatic blood flow.

In many respects the overall metabolic response
to chronic inflammatory bowel disease is strikingly
similar to that seen during short term (three days)
starvation. In the latter condition splanchnic uptake
of glucogenic precursors has increased, probabl2y
reflecting an accelerated rate of gluconeogenesis,
at a time when hepatic glycogen stores are
depleted.36 Moreover, short term starvation, like
the present disorder, is accompanied by an
increased splanchnic uptake of free fatty acids and
an augmented ketone body formation. The compar-
ability of the metabolic alterations in these two
conditions may in part be caused by malabsorption
of nutrients in the patients. Alternatively it may
reflect a common homeostatic mechanism, directed
at minimising the fall in blood glucose associated
with depletion of liver glycogen stores in the face of
normal rate of glucose utilisation. In contrast, more
prolonged starvation elicit a pronounced
adaptation, involving diminished glucose utilisation
and reduced gluconeogenesis, thereby allowing a
marked sparing of the body protein stores. In the
absence of this adaptive reaction, the patients with
chronic inflammatory bowel disease are exposed to
an unfavourable metabolic situation, to which is
added the impact of possible protein-calorie
malnutrition. From these coniderations it is
apparent that the metabolic disturbance seen in this
patient group may well explain the common finding

of marked protein wasting and loss of body weight.
The nutritional therapy in these patient should
therefore be directed at providing adequate caloric
supply, in particular with regard to carbohydrates as
well as protein, in order to reduce gluconeogenesis,
restore normal amino acid concentrations, and
stimulate protein resynthesis.

This study was supported by grants from the
Swedish Medical Research Council (Nos 722 and
3108).
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