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Growth Hormone, Glutamine

and Glucagon-like Peptide 2
in Short Bowel Syndrome

Palle Bekker Jeppesen

By definition, intestinal failure prevails when oral compensation is no longer feasible
and parenteral support is necessary to maintain nutritional equilibrium. In the past,
research has mainly focused on “making the most of what the short bowel syndrome
patient still has” by optimizing remnant intestinal function through dietary interven-
tions, anti-diarrheals and anti-secretory agents. However, in recent years, pharmaco-
logical hormonal therapy has been introduced aiming to enhance the spontaneous
morphological and functional changes seen after intestinal resection, the so-called,
“adaptive processes.” This review describes selected factors responsible for these
changes in the adaptive process and presents results of clinical trials that employ
growth hormone, glutamine or glucagon-like peptide (GLP)-2 in order to facilitate a
condition of hyperadaptation in patients with short bowel.

INTRODUCTION

apid gastric emptying, gastric hypersecretion and
intestinal malabsorption are key findings in

patients with short bowel syndrome (SBS) (1-2).
Fecal losses of fluids, electrolytes, and nutrients will,
if not compensated for by increased oral intake (hyper-
phagia), lead to diminished body stores, subclinical
and eventually clinical nutritional deficiencies. By def-
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inition, intestinal failure prevails when oral compensa-
tion is no longer feasible and parenteral nutrition (PN)
support is necessary to maintain nutritional equilib-
rium (3) (Figure 1). Large fecal losses and the need for
PN impair the quality of life in SBS patients (4). In
addition, PN is associated with complications such as
recurrent infections, increased risk of venous thrombo-
sis and parenteral nutrition (PN) associated liver fail-
ure (4-6). In the past, research has mainly focused on
“making the most of what the short bowel syndrome
(SBS) patient still has” by optimizing remnant intesti-
nal function through dietary interventions (7), anti-
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Figure 1. The spectrum of short bowel syndrome.

diarrheals and anti-secretory agents (8). However, in
recent years pharmacological hormonal therapy has
been introduced aiming to enhance the spontaneous
morphological and functional changes seen after
intestinal resection, the so-called adaptive processes.
This review describes selected factors responsible for
the morphological and functional changes in adaption
and presents results of clinical trials that employ
growth hormone, glutamine or glucagon-like peptide
(GLP)-2 in order to facilitate a condition of hyper-
adaptation in short bowel patients (Figure 2).

INTESTINAL ADAPTATION

The term “intestinal adaptation” may be applied to the
progressive recovery from intestinal insufficiency or
failure that follows a loss of intestinal length. Morpho-
logical, biochemical, hormonal, and neural systems
appear to be involved in intestinal adaptation. Data
supporting this are mainly derived from animal studies
in which the process of compensatory hyperplasia is
extraordinary in some species. Thus, it is important to
realize that an overall translation of this data to
humans cannot be presumed. In the rat, the ileal villi
grow to their fully adapted height within weeks. In
humans, this process has been demonstrated in patients
with jejunoileal bypass operations after which villous
heights increased 80% and reached a plateau in one-
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Figure 2. Schematic presentation of intestinal adaptation.
SA ~Spontaneous Adaptation, AA ~ Accelerated Adaptation,
HA ~ Hyperadaptation, AHA ~ Accelerated Hyperadaptation.

year (9). However, in other studies intestinal hypertro-
phy has not been found in humans (10,11). At most,
animal and human resection studies describe jejunal
changes in those having short bowel with colon-in-
continuity. Thus, conclusions drawn may not hold for
patients left with only a jejunostomy.

There are only a few longitudinal studies that have
been performed in humans with respect to functional
changes following intestinal resection. However, it is
the clinical experience that short bowel patients with
an intact colon show improved absorption with time,
whereas patients with jejunostomy do not (1).
Althausen, et al described diminished fecal water
losses and increased absorption of glucose, galactose,
amino acids, and fats during the time after extensive
small bowel resection in two patients with preserved
colon (12). The jejunal absorptive capacity of short
bowel patients has also been examined by segmental
perfusion techniques, and the absorption of glucose,
water, and sodium was increased per unit of length
compared to that of control subjects (13). Ileostomy
adaptation does occur within a period of six months;
however, this response is lacking in “ostomates” who
have had an ileal resection (14). Thus, the preservation
of the terminal ileum and the colon seems to be of sig-

(continued on page 40)
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Table 1
Summary of Studies and Results

Citation Drug/ dose Glutamine Pts with CD
(mg/kg/d) Days Diet .V./p.0 ORS (n/total)
Byrne (22), (28) GH/0.14 21 HCLF .42 g/kg/d or Yes 1/8
.62 g/kg/d
Scolapio (24), (32) GH/0.14 21 HCLF 0 g/d and No 7/8
.63 g/kg/d
Szkudlarek (25), GH/0.12 28 (+5) Habitual 5.2 +2.2g/d No 6/8
Jeppesen (33) and 28 + 2 g/d
Byrne (28) a) Placebo 28 HCLF 0 g/d and 30 g/d Yes 1/9
“ b) GH/0.10 28 HCLF 0 g/d and 30 g/d Yes 2/16
“ ¢) GH/0.10 28 HCLF 0 g/d and 30 g/d Yes 5/16
“ a) Vvs. ¢) — — — — —
Seguy (27) GH//0.05 21 Habitual 0 g/d and 0 g/d No 3/12
Ellegaard (26) GH/0.024 56 Habitual 0 g/d and 0 g/d No 8/8
Jeppesen (30) GLP-2/0.013 88 Habitual No No 6/8
Jeppesen (31) Teduglutide/ 21 Habitual No No 11/16
0.03-0.15

GH ~ Growth Hormone. HCLF ~ High Carbohydrate Low Fat. ORS ~ Oral Rehydration Solutions, CD ~ Crohn’s Disease,
A ~ compared to baseline. NM ~ Not Measured. NR ~Not Reported. n.s. ~not significant.

nificant importance in the adaptive response following
intestinal resection. The time required to maximum
adaptation is not certain. Studies of calcium absorption
have suggested that it may continue for more than two
years (15), although the main adaptive response seems
to take place within a few months.

It seems that the increase in intestinal function
with time following intestinal resection may simply be
related to the morphologically demonstrated villous
hyperplasia, because only minor changes in the activ-
ity of specific intestinal disaccharidases, hydrolases,
enterokinase, and sodium-potassium-ATPase have
been demonstrated (16). However, the demonstration
of an up-regulation of colonic PepT1 independent of
changes in mucosal surface area also suggests a func-
tional adaptation (11). Functional adaptation may also
involve a trend towards normalization of gastric hyper-
secretion, gastric emptying, and rapid intestinal transit
reported in the SBS (17).
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The signals and precise mechanisms that trigger the
hyperplastic adaptive response after small bowel resec-
tion are not completely understood. The main factors
thought to influence intestinal adaptation are exposure
of the remaining mucosa to luminal nutrients and non-
nutritive components of the diet (such as non-digestible
starch), various factors related to the provision of
enteral feedings (e.g., pancreatic-biliary secretions and
enteric hormones), and possibly various growth factors
and hormones not secreted from the intestine.

HORMONAL STIMULATION
OF INTESTINAL ADAPTATION

Two major hormonal candidates—growth hormone
and GLP-2—have been employed in the treatment of
patients with SBS. The studies described in this review
are presented in Table 1. Actually, the FDA in the
United States has approved both growth hormone and
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Remnant Colon in A PN A Wet A PN A Energy A Body

small bowel continuity volume weight energy Abs weight

(cm) (n/total) (kg/a) Abs (kg/d) (kcal/d) (kcal/d) (k) Edema
37 +27 8/8 Fixed 0.7 Fixed 141 5.4 NR
71+23 2/8 Fixed NR, n.s. Fixed NM 3.0 100%
104 + 37 4/8 Fixed -0.3, n.s. Fixed -72 n.s. 1.0 100%
62 + 31 8/9 -0.54 NM -376 NM -0.7 44%
84 + 50 15/16 -0.84 NM —620 NM 1.2 94%
68 + 33 13/16 -1.10 NM -822 NM 1.8 94%
= = -0.56, p < 0.05 NM -445, p<0.001  NM 2.5,ns. =
48 + 11 9/12 Fixed NR, n.s. NM 102 2.4 0%
125+ 29 5/10 Fixed NR, n.s. Fixed NR, n.s. 2.3 0%
30-180 0/8 Fixed 0.42,p<0.05 Fixed 105,p=0.09 1.2,p=0.01 0%
25-150 6/16 Fixed 0.74, p < 0.05 Fixed 189, n.s. 0.9,p=012 44%

glutamine as drugs to be used for this indication. How-
ever, currently, hormonal therapy in short bowel
patients should be considered experimental and is only
recommended in research settings.

A wide spectrum of considerations should be
taken into consideration when introducing or evaluat-
ing studies using exogenous adaptive agents. Some of
these are presented in Table 2.

The overall aim of any given treatment in short
bowel patients is to improve their quality of life. Qual-
ity of life may be estimated by the use of standardized
questionnaires; however, at present, it is difficult to
establish which numerical improvement on the dis-
ease-specific inflammatory bowel disease question-
naire or non-disease specific sickness impact profile
scales that would justify the introduction of a new
treatment.

The main focus of research performed in short
bowel has been to increase absolute intestinal absorp-

tion. However, in most studies assessing the effects of
pharmacological interventions, the dietary intake has
been fixated during balance studies. Therefore, in con-
trast to these “physiological studies,” the effect on
dietary intake of these interventions, and thereby on
the true spontaneous absolute absorption, has not been
established in vivo in the everyday settings of the indi-
vidual patient. For instance, pharmacological agents
could (i.e., due to an effect on gastric emptying) induce
a sensation of satiety, thereby also reducing the overall
dietary intake. Alternatively, pharmacological agents
could promote appetite and increase overall absorption
merely by increasing oral intake.

Even in studies in which a true increase in intesti-
nal absorption has been established, the outcomes may
differ in individual patients. It is possible that an
improved energy and macronutrient balance in some
patients may lead to changes in body weight and com-
position and, in others, to a change in basal metabolic
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Table 2
Considerations When Evaluating Studies
Using Exogenous Adaptive Agents

42

Which type of SBS patients were selected for the study
(colon vs. no colon, time from last resection, time on
HPN, cause of SBS e.g. Crohn’s disease vs. mesenteric
infarction, previous use of exogenous adaptive
agents)?

Were dietary modifications or oral rehydration
solutions part of the intervention?

Were anti-diarrhea and anti-secretory agents
maximized?

If tapering of parenteral support is considered as an
endpoint, was there supportive evidence that the
patients studied demonstrated a need for parenteral
support in the first place?

Were nutritional and fluid balance studies performed
before and after the intervention?

Was the hydrational status of the patients evaluated
by reporting changes in oral intake, parenteral support,
urine production, and presence of edema?

Did the intervention change renal function evaluated
by e.g. creatinine clearance?

Did the intervention change dietary intake?
Did the intervention change body composition?
Was the nutritional status of the patients evaluated?

Was muscle function evaluated (exercise test, hand
grip, etc.)?

Did the study include direct or indirect measurements
of changes in bowel morphology (biopsies, plasma
citrulline, etc.)?

Did the study include other measurements of intestinal
absorption (d-Xylose absorption, measurements of
mannitol/lactulose absorption, etc.)?

Did the study include measurements of changes in
quality of life?

Did the study include measurements of treatment
satisfaction?

Did the study consider financial issues in relation to
introduction of the new treatment?

Did the study register adverse events in relation to
treatment and disclose potential risks involved in the
treatment?
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rate, whereas some may increase their physical activ-
ity. Improved fluid and electrolyte balance may allow
for increased perspiration and production of urine and
sweat. Thus, to get a more precise picture of the indi-
vidual short bowel patient, each of these parameters
ideally should be measured in long-term experiments.

Because of the vast requirements and efforts to
conduct such experiments, the ability to wean patients
from PN has been used as a surrogate marker of an
effect of given treatments. However, unless the pre-
treatment need for PN has been verified, such an end-
point is invalid. Most home PN patients can be
reduced in PN for shorter or longer periods, especially
patients with colon-in-continuity. They may even com-
pensate for these changes in energy, macronutrient,
fluid, and electrolyte balances.

Citrulline has a unique metabolism that has
prompted suggestion that plasma citrulline level could
be a reliable marker of gut function (18). Several stud-
ies have found a strong and significant correlation
between postabsorptive plasma or serum citrulline
concentration and remnant small bowel length (19,20).
A threshold plasma citrulline of 19 umol/l has even
been suggested as a reliable biomarker of the probabil-
ity of PN weaning (18). However, results concerning
the relationship between citrulline and intestinal
absorptive function are less impressive (21). Thus, cit-
rulline may reflect remnant intestinal mucosal mass,
but it may not necessarily demonstrate how well the
patient will utilize this mass. Furthermore, it is
unlikely that citrulline concentration reflects the vari-
ous aspects of gut absorption since it not only involves
small bowel mucosa, but also the trophic effects of
pancreatic-biliary secretions, gut motility and colonic
absorption. Finally, given the alternative, making
every effort to free a patient of PN should always be
attempted vs relying on a lab value that might suggest
a patient might not be able to successfully wean off
of PN.

In spite of these difficulties, the search for factors
to enhance bowel adaptation and increase the assimila-
tion of macronutrients and absorption of wet weight,
thereby decreasing the need for PN, is intensive.
Although, the evidence is weak, a comparison of the
results obtained in short-term clinical trials employing
growth hormone and GLP-2 is presented.
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EFFECTS OF GROWTH HORMONE,
GLUTAMINE, AND GLUCAGON-LIKE
PEPTIDE 2 IN CLINICAL STUDIES

Wet-weight Absorption

Byrne and Wilmore were the first to introduce the con-
cept of “bowel rehabilitation” with the introduction of
high dose (0.14 mg/kg/day) growth hormone, gluta-
mine, and a high complex carbohydrate diet in the treat-
ment of short bowel patients (22). The wet-weight
absorption increased ~0.7 kg/d (from 1.7 to 2.4 kg/day),
and sodium absorption increased ~40 mmol/d (from 74
to 113 mmol/day) over four weeks of treatment. From
the baseline absorptive parameters, the actual need for
parenteral fluid and sodium could be questioned in the
majority of the patients in that study, according to the
borderlines of intestinal failure defined by Jeppesen, et
al (23). All eight patients in the Byrne and Wilmore
study had a colon-in-continuity, and, in addition to
dietary changes toward a high-carbohydrate diet, they
were also given oral rehydration solutions as a part
of the “rehabilitation.” Therefore, the effects may be
related to dietary changes and rehydration solutions,
rather than growth hormone and glutamine. Although
significant, the effect of growth hormone (0.13
mg/kg/day) and oral glutamine on intestinal sodium and
potassium absorption was less than 5 mmol/day in the
placebo-controlled, double blind study by Scolapio, et al
(24). No effect was described on wet-weight absorption.
In contrast, growth hormone (0.11 mg/kg/day) and glu-
tamine, both orally and parenterally administered,
tended to decrease wet-weight absorption and increase
fecal excretion of sodium and potassium, which reached
significance (p < 0.05) in comparison with baseline val-
ues from the study of Szkudlarek, et al (25). However,
this was contrasted by clinical findings of generalized
edema, increased body weight, a need for diuretics, and
a reduction in parenteral saline during treatment. The
patients were probably in the process of excreting water
and sodium accumulated during the treatment at the
time of the post-treatment balance studies five days after
termination of treatment. In the lower dose studies from
Ellegaard (growth hormone 0.024 mg/kg/day) (26) and
Seguy (0.05 mg/kg/day) (27), no significant positive
effects on either wet-weight or sodium absorption were
seen. The efficacy data of somatotropin (0.1 mg/kg/day
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for 4 weeks) in a randomized, double-blind parallel
group study of 41 patients with SBS (mainly with a pre-
served colon and stool volume less than 3 L/day) who
were PN-dependent have recently been published by
Byrne, et al (28). The protocol for weaning from PN
was based on pre-established weaning criteria, mainly
based on body weight, measurement of total body
water by bioimpedance analysis (BIA) and measure-
ments of serum sodium, potassium and bicarbonate. A
significantly greater reduction from baseline in total
parenteral volume occurred in recipients of somatropin
(Zorptive™) plus glutamine or somatropin (Zorptive™)
alone than in placebo plus glutamine recipients (7.7
and -5.9 vs 3.8 L/week). Thus, the effect of somat-
ropin (Zorptive™) and glutamine averages 0.5-0.6
L/day compared to the placebo group. However, in all
groups, the oral fluid intake was approximately 0.5
L/day higher in relation to treatment at week six com-
pared to baseline values at week two. Balance studies on
intestinal absorption were not performed and the results
on urinary excretion were not given.

The effects of growth hormone are global and not
specific for the intestine. It has recently been reported
that growth hormone increases extracellular volume
by stimulating sodium reabsorption in the distal
nephron and preventing pressure natriuresis (29).
Therefore, when employing BIA in the weaning from
parenteral support, it should be considered that the
effects of growth hormone on fluid balance in short
bowel patients may be related to effects on the kidneys
and the extracellular space rather than on the intestine.

In a study with native GLP-2 by Jeppesen, et al,
eight patients were treated with 400 mcg of GLP-2
twice a day, given subcutaneously for 35 days in an
open label study (corresponding to 0.013 + 0.002
mg/kg/day, a range of 0.011-0.017 mg/kg/day) (30).
Four patients with a mean residual jejunal length of 83
cm required home PN; 4 patients with a mean ileal
resection of 106 cm did not. None of the patients had
colon-in-continuity. Their average wet-weight absorp-
tion was 1.2 + 1.7 kg/day at baseline and the wet-weight
absorption increased by ~0.4 + 0.5 kg/day (p = 0.04).

In a subsequent open label pilot study with 16 short
bowel patients (six with remnant parts of the colon)
employing a dipeptidyl peptidase IV resistant GLP-2
analog, Teduglutide, in doses of 0.03 to 0.15 mg/kg/day,
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wet-weight absorption increased by ~0.7 = 0.5 kg/day (p
< 0.001), thereby significantly increasing urine weight
by ~0.6 + 0.5 kg/day (p < 0.001) and sodium excretion
by ~50 + 40 mmol/day (p < 0.001) (31).

Energy Absorption

In the initial study by Byrne and Wilmore, the baseline
dietary energy intake was 2,692 kcal/day, 1,618
kcal/day (60%) of which was absorbed (22). Thus,
according to the borderlines that define intestinal fail-
ure suggested by Jeppesen, et al (23), the majority of
these patients did not need parenteral energy. After
three weeks of treatment, the intake and absorption
were 2,367 and 1,759 kcal/day (74%), respectively,
which was a significant improvement (p < 0.003), but
only an increase of 141 kcal/day in absolute amounts.
In this study by Byrne and Wilmore, all eight short
bowel patients had a colon-in-continuity. As stated, the
“rehabilitation” included a high-carbohydrate, low-fat
diet, which in itself is known to increase the energy
absorption in this segment of short bowel patients. Sup-
porting the hypothesis that diet alone resulted in this
effect, intestinal fat absorption did not improve. In the
study by Scolapio, et al, where only two of eight
patients had colon-in-continuity, high-carbohydrate
diets were provided in both the placebo and treatment
arms (24). Energy absorption was not measured, but no
changes were observed regarding nitrogen or fat
absorption. In the studies by Ellegaard, et al (26) and
Szkudlarek, et al (25), no changes were found in intesti-
nal energy, fat or nitrogen absorption. In the study by
Seguy, et al, growth hormone (0.05 mg/kg/day, nine of
12 patients with colon-in-continuity) and an unre-
stricted hyperphagic diet increased intestinal absorp-
tion of nitrogen by 14 + 6% (p < 0.040), carbohydrates
by 10 = 4% (p < 0.040), and energy by 15 = 5% (p <
0.002), which in absolute terms was ~400 kcal/day
(27). Fat absorption was unaffected by the treatment.
During growth hormone treatment the mean dietary
energy intake was ~200 kcal/day higher.

In a study using somatropin (Zorptive™), the
mean reductions from baseline in total PN calories
were significantly greater in recipients of somatropin
(Zorptive™) plus glutamine or somatropin (Zorp-
tive™) alone than in recipients of placebo plus gluta-
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mine (5,751 and 4,338 versus 2,633 kcal/week) (p <
0.001 and p < 0.01, respectively) (28). Thus, the effect
of the combined therapy of somatropin (Zorptive™)
plus glutamine would correspond to an effect of
~400-500 kcal/day. However, although not statisti-
cally significant, the diet energy intake was 200
kcal/day higher during treatment with somatropin
(Zorptive™) plus glutamine compared to baseline.

In the study with native GLP-2, the absolute
energy absorption tended to increase by ~100 kcal/day,
p = 0.09. The trend towards improvement in the
absolute amount of energy absorbed was obtained in
spite of a non-significant decrease in energy intake of
~50 kcal/day, which means that the reduction in the
energy malabsorbed (equal to the stomal excretion)
was proportionally larger ~150 kcal/day.

In the study employing 16 short bowel patients
(six with remnant colonic segments), the dipeptidyl
peptidase IV resistant GLP-2 analog, Teduglutide, in
doses 0.03 to 0.15 mg/kg/day, reduced fecal energy
excretion by ~200 kcal/day (p = 0.04), but this only
translated into a significant increase in intestinal
absorption of ~250 kcal/day in a post-hoc defined sub-
set of patients with high dietary compliance during
balance studies. No significant changes were seen in
the absorption of individual macronutrients (31).

Body Weight, Composition,

and Urine Creatinine Excretion

In the growth-hormone study by Byrne, et al, a weight
gain of 5.4 + 1.2 kg was described in all eight patients
after 21 days of treatment (22). Occurrences of edema
were not reported, but increases in body weight of this
size are difficult to explain considering the magnitude
of the summarized effect of approximately 3000 kcal
(or ~150 kcal/day) on the energy balance over the 21
days of treatment. In the study by Byrne, et al, neither
body composition nor urine creatinine excretion was
measured. In the eight-week growth-hormone (0.024
mg/kg/day) study by Ellegérd, et al, an increase in lean
body mass of 2.5 kg and a decrease in fat mass of 0.1
kg were found (26). Total body potassium increased
4.7%, equivalent to 1.1 £ 0.4 kg of body cell mass,
which was parallel to the 5.6% increase in lean body

(continued on page 49)
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mass measured by dual energy x-ray absorptiometry
(DXA). Ellegard, et al concluded that the increase in
lean body mass was derived from both increased body
cell mass and extracellular water. Using DXA mea-
surements, Scolapio, et al found an increase in lean
body mass of 3.96 + 0.5 kg and a decrease in percent
body fat of 2.51+ 0.4%, which corresponded to
approximately 1.0 kg compared to placebo (32). Sco-
lapio, et al concluded that the increased body weight
during treatment with high doses of growth hormone
was mainly caused by the increase in extracellular
water and the presence of peripheral edema, which
was encountered in all eight patients treated. In the
study by Szkudlarek, et al, a weight gain of 1.0 + 0.3
kg (p < 0.050) was measured daily for five days after
four weeks of treatment. DXA evaluation indicated
that lean body mass increased 2.9 kg (p < 0.001) and
fat mass decreased 2.4 kg (p < 0.001) compared with
baseline, whereas the changes were not significant in
comparison to placebo. No changes were seen in uri-
nary creatinine excretion (33). The most likely expla-
nation of the rather modest weight gain and increase in
lean body mass in the high dose study of Szkudlarek,
et al could be the timing of measurements. The
patients had been off growth hormone and glutamine
for five days, when the DXA-scan measurements were
performed. At this time, generalized edema, which
occurred in all eight patients, were on the decline. In
the other studies, lean body mass was measured while
patients were still receiving treatment. In the study by
Seguy, et al, body weight increased 2.0 kg (p < 0.003)
and lean body mass, measured by bioimpedance,
increased 2.2 kg (p < 0.006) (27). No adverse events to
the growth hormone treatment were encountered.

In the study on somatropin (Zorptive™), a weight
loss of 5.2 kg of body weight was observed from week
two (pre-treatment) to week 18 (12 weeks post-treat-
ment) in patients treated with the combined therapy of
somatropin (Zorptive™) plus glutamine. This weight
loss closely reflects the anticipated weight loss derived
by calculation of the energy deficit obtained by reduction
of the parenteral energy support of ~450 kcal/day (28).

In the 35-day study with native GLP-2 treatment,
the overall increase in energy absorption of 4,500
kcal translated into a significant increase in body
weight of 1.2 + 1.0 kg (p = 0.010) (30). Lean body
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mass improved by 2.9 = 1.9 kg (p = 0.004), and fat
mass decreased by 1.8 = 1.3 kg (p = 0.007). The study
demonstrated positive findings on urine creatinine
excretion (0.7 £ 0.7 mmol/day, p = 0.02), which could
suggest an increase in muscle mass in relation to GLP-
2 treatment. An alternative hypothesis is that GLP-2
improves hydrational status and thereby renal function
and creatinine clearance in these patients, who often
suffer from reversible renal impairment due to inter-
mittent dehydration (34).

In the three-week study of the GLP-2 analog,
Teduglutide, no changes were seen in body weight (0.9
+ 2.1 kg, 0.12) (31).

CONCLUSION

Since none of the studies employing hormonal therapy
thus far have demonstrated ongoing effects after termi-
nation of treatment, there is a need for sustained treat-
ment. However, side effects such as swelling, fluid
retentions symptoms, hyperglycemia, myalgia, arthral-
gia, gynecomastia, carpal tunnel syndrome, nightmares,
and insomnia reported in the high-dose growth-hor-
mone studies in short bowel patients may jeopardize the
long-tem use of the drug. Abdominal pain is described
in patients treated with GLP-2. In addition, long-term
treatment with any growth factor could be questioned
due to a theoretical risk of stimulating tumor growth
(35). At present, it is therefore recommended that treat-
ment of short bowel patients with intestinal growth fac-
tors should be initiated in research settings only, and that
close surveillance and monitoring of long-term effects is
a necessary part of the protocol.

It is believed that a host of growth factors, such as
insulin-like growth factor (IGF-I/II), peptide YY,
glucagon-like peptide 1 (GLP-1), neurotensin, ker-
atinocyte growth factor (KGF), transforming growth
factor (TGF alfa and beta), fibroblast growth factor
(FGF), hepatocyte growth factor (HGF), epidermal
growth factor (EGF), control the integrity and growth
of the intestinal mucosa. In order to understand the
complexity of these processes, the key players need to
be identified, and subsequently the degree of regula-
tion, crosstalk and transactivation between these fac-
tors needs to be understood. In this respect, GH and
GLP-2 are just the first candidates identified.
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For now, when treating short bowel patients, max-

imizing effects of less costly dietary interventions, oral
rehydration solutions and medications known to have
a positive effect on intestinal function (anti-diarrhea
and anti-secretory agents) is the prudent first step. W
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