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Abstract

AIM: To evaluate whether the effect of GIn dipeptide-
enriched total parenteral nutrition (TPN) on postoperative
cytokine alteration depended on the disease severity of
surgical patients.

METHODS: Forty-eight patients with major abdominal
surgery were allocated to two groups to receive
isonitrogenous (0.228 g nitrogen/kg per d) and isocaloric
(30 kcal/kg per d) TPN for 6 d. Control group (Conv)
using conventional TPN solution received 1.5 g amino
acids/kg per day, whereas the test group received 0.972 g
amino acids/kg per day and 0.417 g L-alanyl-L-glutamine
(Ala-GIn)/kg per day. Blood samples were collected on
d 1 and d 6 postoperatively for plasma interleukin (IL)-2,
IL-6, IL-8, and interferon (IFN)-y analysis.

RESULTS: Plasma IL-2 and IFN-y were not detectable.
IL-6 concentrations were significantly lower on the 6%
postoperative day in the Ala-GIn group than those in the
Conv group in patients with APACHE 11<6, whereas no
difference was noted in patients with APACHE 11>6. There
was no difference in IL-8 levels between the two groups.
No difference in cumulative nitrogen balance was observed
on d 2-5 after the operation between the two groups
(Ala-GIn -3.2+1.6 g vs Conv -6.5+2.7 g). A significant
inverse correlation was noted between plasma IL-6 levels

and cumulative nitrogen balance postoperatively in the
Ala-GIn group, whereas no such correlation was observed
in the Conv group.

CONCLUSION: TPN supplemented with GIn dipeptide had
no effect on plasma IL-8 levels after surgery. However,
GIn supplementation had a beneficial effect on decreasing
systemic IL-6 production after surgery in patients with
low admission illness severity, and lower plasma IL-6 may
improve nitrogen balance in patients with abdominal
surgery when GIn was administered.
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INTRODUCTION

Glutamine (Gln) is the most abundant amino acid in plasma
and in the intracellular free amino acid pool™. It is essential
for a wide variety of physiologic process, in particular, the
growth and function of immune cells including lymphocytes
and macrophages™. Gln has traditionally been thought as a
nonessential amino acid; however, previous reports have
shown that Gln depletion occurs in critically injured patients.
The extent and duration of Gln depletion are proportional
to the severity of illness™*. Laboratory and clinical data
suggest that Gln is essential during certain catabolic
conditions, such as burns, major surgery, and infection®?.
Total parenteral nutrition (TPN) is widely used in the
treatment of critically ill patients. Conventional TPN
solution does not contain Gln, because Gln is relatively
unstable in solution during heat sterilization and long-term
storage. Exogenous Gln may be required to satisfy the body’s
Gln requirement under stressed conditions. Previous studies
have shown that TPN supplemented with Gln improved
nitrogen balance, enhanced immune response and shortened
hospital stay in surgical patients? .

Surgery is known to impair the immune response,
and may consequently increase risk of postoperative
infection and sepsis!"®. The decrease in the plasma Gln
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level following major surgery may contribute to the state
of immunosuppression'". Studies have shown that
depressed Gln concentrations were associated with reduced
proliferation of lymphocyte in healthy volunteers, and
Gln depletion may be partly responsible for T cell suppression
seen in severely stressed patients!™>'\. In addition to its role
in lymphocyte function, Gln may have an indirect effect to
mediate a reduction in proinflammatory cytokine release.
Parry-Billings ef a/”!, demonstrated that plasma Gln level
was negatively correlated with the production of interleukin
(IL)-6 under major surgery. De Beaux ez 2", showed that
Gln-supplemented TPN significantly reduced blood
mononuclear cell IL-8 release in severe acute pancreatitis
patients. A previous report by our laboratory have shown
that the effect of Gln administration on improving nitrogen
economy was only observed in patients with low, but not
high Chronic Health Evaluation (APACHE II) scores!"".
This result indicates that the effect of Gln on attenuating
catabolic response may depend on the characteristics and
severity of the diseases. We hypothesized that the effect of
synthetic Gln supplementation on proinflaimmatory cytokine
release was also associated with the severity of diseases. In
this study, we administered a Gln-dipeptide containing TPN
to patients postoperatively to investigate the effect of
synthetic Gln-dipeptide on cytokine production after surgery.
Also, the Gln effect on the severity of stress and cytokine
production was evaluated.

MATERIALS AND METHODS

Patients

This was a randomized, double-blind, parallel multicenter
clinical trial carried out in National Taiwan University
Hospital and Veterans General Hospital, Taipei, Taiwan.
This study was performed from August 1999 to May 2000,
and was approved by the ethical committee of the two
centers. Patients with major metabolic, circulatory, and renal
diseases were excluded, and no emergency cases were
included. Only major gastrointestinal surgery patients who
needed TPN for nutritional support were enrolled. APACHE
II score and Therapeutic Intervention Scoring system
(TISS) were evaluated after admission!'. Patients with
APACHE 1II between 2-10 and TISS>10 were included.
The informed consent was obtained from each patient before
the experiment was performed. A total of 48 patients (28

Table 1 Demographic data of the patients

males and 20 females, age range 40-82 years, mean 66 years)
were included. These patients were randomly allocated to
either a test group or a control group. The separation of
patients into low and high APACHE II groups was post
hoc. Since patients with APACHE II score between 2 and
10 were enrolled, we chose the midpoint 6 as the cut-off
point to differentiate low- and high-disease severity in this
study. Demogtaphic for all patients is summarized in Table 1.

Feeding regimen

The two groups were isonitrogenous and isocaloric. Nitrogen
intake was 0.228 g/kg body weight per ds. Caloric intake
was 30 kcal/kg per ds. The nonprotein caloties were given
as dextrose and fat in a ratio of 70:30. Patients of the
control group (Conv group, # = 23) were administered a
commercially available amino acid solution (Moriamin-SN
10%, Chinese Pharmaceuticals, Taipei, Taiwan). The Conv
group received 1.5 g amino acid/kg per day. Patients of
the test group (L-alanyl-L-glutamine (Ala-Gln) group, 7 = 25)
received 0.972 g amino acid/kg per day supplemented with
0.417 g/kg per ds Ala-Gln, which provide 0.28 g Gln/kg
per day (Dipeptiven, Fresenius Kabi, Bad Homburg,
Germany). The Gln containing solutions were prepared by
the clinical pharmacist under aseptic condition and adjusted
to the weight of each individual patient. The amino acids
and dextrose mixture with electrolytes, vitamins, and trace
elements were administered through a central venous
catheter. Fat emulsion (Lipovenos 20%, Fresenius AG,
Germany) was given through a separate canal in the central
venous line. Half strength was administered on the 1% d,
and full strength was given thereafter for the remaining
days. During the experimental period, no enteral nutrition
was administered. Neither the patients nor the investigator
knew that the applied TPN regimens were with or without
Ala-Gln.

Measurements of the plasma parameters and cumulative
nitrogen balance

Routine clinical chemistry was measured before and after
the surgery. The blood samples were also obtained on
postoperative d 1 and on d 6 after TPN administration for
analysis of plasma cytokine concentrations. Cytokines
including 1L-2, IL-6, IL-8, and interferon (IFN)-y were
measured using a commercially available ELISA in microtiter

Ala-GIn group Conv group
All patients APACHE <6 APACHE >6 All patients APACHE <6 APACHE >6

Age (yr) 66.7+9.0 61.7£11.2 70.1£6.0 67.618.4 64.5£7.6 70.618.7
Weight (kg) 56.919.1 57.7+8.6 56.3+10.1 57.6+10.3 55.348.6 59.8412.0
Height (cm) 157.816.4 160.416.7 156.016.1 160.118.3 158.848.0 161.319.0
Male/female 14/11 4/6 10/5 14/9 6/5 8/4
Diagnosis:

Gastric Ca 18 6 12 14 6 8

Pancreas Ca 4 3 1 4 2 2

Colon Ca 1 0 1 3 2 1

Hepatoma 1 1 0 1 1 0

Duodenal Ca 0 0 0 1 0 1

Rectal Ca 1 0 1 0 0 0
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plates (BioSource International, Camarillo, CA, USA).
Antibody specific for human 1L.-2, IL-6, 1L-8, and IFN-y
were coated onto the wells of microtiter stripes provided.
Urine and drainage was collected throughout the study,
and cumulative nitrogen balance was calculated from
postoperative d 2-5 as previously described!''.

Statistics

The data are expressed as meantSD, repeated measure
analysis of variance were used to compare the treatment
differences at each day, and #test was used for the difference
between the two groups. Pearson’s correlation coefficients
were used to calculate the linear relationship between plasma
1L-6 and cumulative nitrogen balance of the patients. A
P value <0.05 was considered significant.

RESULTS

Most of the patients had laboratory values within normal
range at baseline and on d 6 after the operation despite the
patients being administered with Conv or Ala-Gln solution
(data not shown). No adverse reactions were found after
the Gln-dipeptide containing solution was administered.

Plasma IL.-2 and IFN-y levels were not detectable.
Plasma IL-6 concentrations were significantly lower after
TPN administration for 6 d, regardless whether the patients
were in Conv group or Ala-Gln group. In patients with
APACHE I11<6, plasma IL-6 concentrations on the
postoperative d 6 in the Ala-Gln group were significantly
lower than those in the Conv group. However, there were
no differences in IL.-6 concentrations between the two
groups after infusing TPN for 6 d in patients with APACHE
1I>6 (Table 2). No significant difference in plasma IL-8
concentrations were observed between the postoperative
d 6 and d 1, regardless whether the patients were infused
with Ala-Gln or Conv solution. Also, there were no
differences in IL-8 levels between the two groups on d 6
and 1 postoperatively (Table 3).

There was no difference in cumulative nitrogen balance
on days 2-5 after the operation between the two groups
(Ala-GlIn -3.2+1.6 g »s Conv -6.522.7 g). A significant inverse
correlation was observed between plasma IL-6 levels on
d 6 and cumulative nitrogen balance postoperatively in the

Table 2 Plasma IL-6 concentrations on d 1 postoperatively and on
d 6 after TPN administration

Conv (pg/mL) Ala-GlIn (pg/mL)

All patients (23) (25)

D1 38.8431.5 52.5+48.7

D6 12.4+12.1° 7.945.9
APACHETI<6 a1 (10)

D1 31.2421.8 37.1£35.4

D6 11.9+10.5* 3.241.9°0
APACHEII>6 12) (15)

D1 45.1+41.7 59.8+53.4

Do 12.9414.8* 16.1£17.2°

'D 1represents the data obtained after TPN administration. Figures in parentheses
indicate number of patients. *P<0.05 vs d 1 after Surgery. °P = 0.029 from Conv
group D 6in APACHE Il < 6.

Ala-Gln group (P = 0.027), whereas no such correlation
was noted in the Conv group (P = 0.919) (Table 4).

Table 3 Plasma IL-8 concentrations on d 1 postoperatively and on
d 6 after TPN administration

Conv (pg/mL) Ala-GIn (pg/mL)

All patients (23) (25)

D1 18.9+8.4 37.6+46.1

D6 28.3+22.4 64.6+62.8
APACHEII<6 (11) (10)

D1 19.4+9.9 15.649.0

D6 36.9+45.9 24.5+8.9
APACHEII>6 12) (15)

D1 18.5+7.3 48.4+52.3

D6 31.0+30.4 81.3+67.9

D 1represents the data obtained before TPN administration. Figures in parentheses
indicate number of patients.

Table 4 Correlation between plasma IL-6 concentrations and
cumulative nitrogen balance postoperatively

r P
Total patients (38) -0.2092 0.249
Ala-GIn group (20) -0.6608 0.027
Conv group (18) 0.033 0.919

*P<0.05 using pearson’s correlation.

DISCUSSION

In this study, we analyzed plasma IL-2, IL-6, IL-8, and
IFN-y concentrations on postoperative days, because these
cytokines are involved in the response to tissue injury!**.
IL-2 is produced by mitogen-stimulated T lymphocyte, and
was originally isolated as a T-cell growth factor. IFN-y
promotes production of proinflammatory mediator such
as IL-1 and TNF-0"?. 11.-18, TNF-0, and 1L.-6 are major
mediators of inflammation and acute phase response. We
only measured 1L-6 levels, because TNF-ot and IL-1 have
rarely been detected in the plasma of injured patients®?'.
In this study, plasma IL-2 and IFN-Y were not detectable
either. It is possible that the cytokines ate bioactive in biologic
fluid at levels well below the range of detectability by current
immunoassays®!. The effect of Gln supplementation on
plasma IL-2 and IFN-y cannot be found in this study.
IL-8 is a chemotactic and activating factor for immune
response. Previous reports had shown that plasma 11.-8
concentration were much higher in patients with sepsis
compared with noninfectious shock, and associated with a
fatal outcome!””. Study by De Beaux e /', showed that
Gln-supplemented TPN reduces 7 vitro blood mononuclear
cell IL-8 release in acute pancreatitis. In this study, no
significant differences in plasma IL-8 concentrations were
observed between the postoperative d 1 and 6. Also, there
were no differences in 1L-8 levels between the two groups
on postopetative days. This result indicated that Gln
administration did not influence the changes of 1L-8 in
surgical patients. Since 1L.-8 is associated with clinical,
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biochemical, and inflammatory matkers of sepsis®*, it is

compatible to the fact that patients in this study were not
complicated with infection, as shown in our previous report"".

IL-6 is a multifunctional cytokine expressed by a variety
of cells. Cruickshank er a/PY, reported that systemic
response of IL-6 to surgical trauma increased with the
severity of surgical insult. Elevation of 1L-6 after trauma
and elective surgery has been associated with infectious
mortbidity as well as mortality®. Foex and Shelly® suggest
that I1.-6 is a sensitive marker of tissue damage after surgery.
In this study, we observed that plasma IL-6 concentrations
significantly reduced after TPN administration for 6 d,
regardless whether the patients were in Conv group or
Ala-Gln group. This result might mean that TPN formula
administration attenuated the inflammatory response of the
surgical insult. The result also showed that plasma IL-6 levels
on postoperative d 6 in the Ala-Gln group were significantly
lower than the Conv group in patients with APACHE II<:6,
but not in patients with higher APACHE II scores. This
finding suggests that in patients with lower disease severity,
TPN supplemented with Gln had a significant favorable
effect on reducing inflammatory response postoperatively.
Studies have shown that after operation and trauma, Gln
deprivation is observed and the severity of Gln deprivation
is proportional to the severity of diseasesP?. It is possible
that in patients with lower APACHE 1II score, the demand
of Gln is much less than the patients with higher score,
and Gln supplementation provides adequate substrate for
the function of immune system, and thus reduced the
inflammatory response of the surgical insult. Palmer ¢# a/,
showed that TPN supplemented with Gln had no effect on
muscle and plasma biochemical changes in critically ill
patients. Since this study was a post hoc investigation,
whether higher dose of Gln may have beneficial effect on
reducing IL.-6 concentrations in patients with higher disease
severity needs to be clarified.

In this study, we observed a negative correlation between
plasma IL-6 and cumulative nitrogen balance postoperatively
in the Ala-Gln group, whereas such correlation was not
found when data of all patients were pooled and in the
Conv group. This finding may indicate that the severity of
protein catabolism cannot be predicted by plasma IL-6 level,
possibly because the variation of nitrogen loss and plasma
1L-6 levels was wide among individual surgical patient.
However, Gln administration may consistently improve
nitrogen balance and reduced plasma IL-6, and thereby a
negative correlation between cumulative nitrogen balance
and plasma IL-6 was found. Since nitrogen balance
represents a complicated net result of protein catabolism
and synthesis in the body, whether Gln play roles in
modulating the relationship between IL-6 and protein
metabolism required further investigation.

In summary, this study showed that TPN supplemented
with Gln dipeptide had no significant influence on plasma
1L-8 levels after surgery. However, Gln supplementation
had a beneficial effect on dectreasing systemic IL-6 production
after surgery in patients with low admission illness severity,
and lower plasma IL-6 may improve nitrogen balance in
patients with abdominal surgery when Gln was administered.
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