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Total parenteral nutrition (TPN) is a milestone contribution to the surgical field. TPN is a
life-saving modality and has improved the perioperative mortality and morbidity for patients with
malnutrition undergoing surgery, espically in paitents with gastric cancer. Surgeons are
encouraged to undertake aggressive radical surgery for gastric cancer only with good nutritional
support. However, conventional TPN lacks many important nutrients, including glutamine.
Glutamine is the important nutrients for enterocytes, immune cells, and cancer cell. Glutamine
supplemented TPN may enhance patient immunity, and may be the advancement of TPN in 21st
century. However, the detailed mechanisms of GIn-TPN effects on gastric cancer surgery are

unknown.

As surgical skill and perioperative care progress, surgeons are more aggressive in doing surgery
for gastric cancers to obtain good treatment result. Radical surgery lymph node dissection D2,
D4 may cause the more stressful insult to the patients, as compared with conventional
conservative surgery. However, physiological responses of patients to such stressful operation
are not well understood. Recent studies revealed that cytokines, especially IL-6, are deeply
involved in response to surgical stress. Local and circulatory (systemic) cytokine may have
different functions in the patients receiving surgery. Local cytokine may involve the effect on
immune function and wound healing process after surgery. Systemic hyperresponse of some
cytokines may have detrimental actions to induce remote organ injury. However, characteristics
of local and systemic IL-6 dynamics influenced by GIn-TPN in the patients with gastric cancer
during perioperative period were not clarified. Therefore, first purpose of this study is to
determine GIn-TPN effects on postoperative IL-6 response to gastric cancer surgery. Factors
influencing the IL-6 production in gastric cancer surgery are not well studied. Extended lymph
dissection may be indicated for advanced gastric cancer, but may also cause grave tissue injury
and stress to the patients.

Our previous studies have investigated the influences of glutamine on the nitrogen balance.
However, it is unclear whether GIn-TPN influence cytokine production in patients after gastric
cancer surgery. This study i1s designed to investigate whether GIn-TPN will influence IL-6
production in patient following surgery for gastric cancer. Patients with gastric cancer receive,
randomly, standard total parenteral nutrition (S-TPN group, n=20) or GIn-TPN (GIn-TPN group,
n=20) after the operation. The nutrition fluid to both groups are isocaloric (30 kcal/kg/D) and
isonitrogenic (1.5 gN/kg/D) between two groups. GIn-TPN group received 30% Gln in total
amino acids. Samples of venous blood are collected on preoperative day (Pre), post-operative
day 7 (POD7). Levels of IL-6 in plasma are determined. The characteristics of patients and
lymph node dissection (D2 and D4) in the both groups are comparable.

GIn-TPN supply might have effect modulate cytokines responses after surgery. GIn-TPN
might provide better regulation of cytokine responses after surgery than standard parenteral
nutrition. After analyse the clinical results, we will test if patients receiving GIn-TPN might

have less postoperative complications than patients receiving standard TPN.

IL-6 has been reported to affect various kinds of tumor behavior, including tumor



proliferation; differentiation, invasion et al. Gln may have effects on niodulating patient IL-6
response. However, GIn’s actions under IL-6 on gastric cancer growth have not been well
studied. In vitro study of this investigation is designed to evaluate the Gln action under IL-6 on
apoptosis of gastric cancer cells. The action of additional Gln (0, 1, 2, 3 mM) under IL-6 (0, 20
40, and 80 ng/ml) in the culture medium on the gastric cancer apoptosis will be determined using
flowcytometry and gel electrophoresis.

This investigation can provide information of GIn-TPN’s effect on perioperative local and
systemic IL-6 response in gastric cancer surgery. It will be determined whether perioperative
IL-6 affects cancer recurrence and patient survival. In vitro, GIn’s action on gastric cancer cell
apoptosis will be determined. Modification of IL-6 response by GIn-TPN may be anticipated
for nutritional therapy for patient undergoing gastric cancer.
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Abstract—Background: Gln is an important substrate for enterocyte and rapid proliferation cells. Studies have shown
that parenteral supplementation of Gln maintains the intracellular GIn pool, improves nitrogen balance and shortens hos-
pital stay. However, some studies showed Gin-supplemented TPN had no effect on restoring the Gln pooil in critically ill
patients. Objective:To evaluate the effect of glutamine (GIn) dipeptide supplementation of total parenteral nutrition (TPN)
on postoperative nitrogen balance and immune response of patients undergoing surgery. Methods: This study is a pro-
spective, randomized double-blind clinical trial. APACHE Il score and TISS were used to evaluate the patients after admis-
sion. Forty-eight patients with major abdominal surgery were allocated to two groups to receive isonitrogenous
(0.228 g nitrogen/kg/day) and isoenergetic (30 kcal/kg/day) TPN for 6 days. Two groups (Conv and Ala-GIn) were
further divided to high (APACHE > 6) and low (APACHE <6) groups. Control group (Conv) received 1.5 g amino
acids/kg/day, whereas the Ala-Gln group received 0.972 g amino acids/kg/day and 0.417 g of L-alanyl-L-glutamine (Ala-
GIn) /kg/day. Blood samples were collected on day 1and day 6 after surgery for plasma amino acid and CD4, CD8 cell
and T lymphocyte analysis. Cumulative nitrogen balance were also measured on day 2, 3, 4, 5 postoperatively. Results:
Although there was a tendency to have better cumulative nitrogen balance on the postoperative days in the Ala-Gin
group, no significant difference was observed between two groups. However, a better significant cumulative nitrogen
balance was observed on the 2nd, 3rd and 5th postoperative day in ihe Ala-Gln group than in the Conv group in patients
with APACHE Il < 6, whereas no significant difference was noted in patients with APACHE il > 6. No difference in urine
3-methylhistidine excretion were observed between the 2 groups. Patients in the Ala-Gln group had significant higherT
lymphocyte and CD4 cells than did those in the Conv group. Conclusion: TPN supplemented with Gin dipeptide had
beneficial effect on enhancing the immune response. However, the effect of Ala-GIn administration on improving nitro-
gen economy was only observed in patients with low APACHE Il scores. These results may indicate that GIn required for
reversing the catabolic condition may depend on the characteristics and severity of the diseases. © 2002 Published by

Elsevier Science Ltd.

Key words: glutamine; glutamine dipeptides; abdominal =~ major surgery, muscle and lung Gln effluxes are
surgery accelerated to provide substrate for the gut, immune

cells and kidney, which may consequently result in
profound decline in muscle-free Gln concentrations
(8,9). Total parenteral nutrition (TPN) is commonly
used in the treatment of critically ill patients. Since
commercially available amino acid solutions do not
contain Gln because of its instability in aqueous
solution, conventional TPN does not prevent stress
induced GIn depletion. Some previous studies indicated
that administration of free Gln or Gln-containing
depeptides improve nitrogen balance and maintain
intracellular Gln pool, enhance lymphocyte recovery,
cysteinyl-leukotriene generation, and shortened hospital
stay in surgical patients (10, 11). However, a study by
Palmer et al. (12) showed that TPN supplemented with
crystalline L-Gln appears to have no effect on muscle

Introduction

Surgical trauma induces an altered protein metabolism
that is characterized by negative nitrogen balance and
changes in the pattern of plasma-free amino acids (1, 2).
Glutamine (Gln) is the most abundant free amino acid
in plasma and the tissue pool (3). It is an important
substrate for enterocyte and other rapidly proliferating
cells (4). Numerous studies have established that
hypercatabolic and hypermetabolic states are associated
with profound Gln deprivation (5-8). The extent and
duration of the Gln depletion are proportional to the
severity of patient illness. In critically illness or during
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and plasma biochemical changes in critically ill patients.
Also. Karner et al. (13) demonstrated that TPN
supplemented with a solution containing Glin either in
free or in dipeptide form did not restore the intracellular
GIn pool in skeletal muscle in dogs with sepsis. The
discrepancies between these studies may result from
the duration and dosage of Gln administered. Besides,
the characteristics and severity of diseases may also
play important roles in influencing the efficacy of Gln
supplementation. In this study, we administered a Gin
dipeptide to patients, postoperatively in order to
investigate the effect of synthetic GIn supplementation
on nitrogen economy and immune states. Further, we
evaluated whether the Gin effect are dependent on the
severity of stress of the patients after surgery.

Patients and methods

This study comprised patients who had no major
metabolic, circulatory and renal diseases and were all
admitted for elective abdominal surgery. No emergency
cases were included. Chronic health evaluation
(APACHE 1II) score and Therapeutic Intervention
Scoring System (TISS) were evaluated after admission.
Patients with APACHE II between 2-10 and TISS > 10
were included. A total of 48 patients (28 males, 20
females, age range 40-82 years, mean 66 years) were
enrolled from 2 centers. These patients were randomly

allocated to either a test group or a control group.

Demography for all patients was summarized in
Table 1. This study was approved by the ethical
committee of the College of Medicine, National Taiwan
University, and Veterans General Hospital, Taipei,
Taiwan. The purpose of the experiment was explained
to the patients, and informed consent of the patients
were obtained before the study started.

All pateints received TPN given continuously during
six days with 0.228g/kg nitrogen (isonitrogenous) and
30 kcal/kg daily (isocaloric) postoperatively. Patients of
the control group (Conv group, n=23) were adminis-
tered a commercially available amino acid solution
(Moriamin SN 10%, Chinese Pharmaceuticals, Taipei,

Taiwan). The Conv group received 1.5 g amino acid/kg/
d. Patients of the test group (Ala-Gln group, n=25)
received 0.972g amino acid/kg/d supplemented with
0.417g/kg/d L-Alanyl-.-Glutamine which provide
0.28 g/kg/d glutamine (Dipeptiven, Fresenius Kabi,
Bad Homburg, Germany). The nonprotein calories were
given as glucose and fat in a ratio of 70:30. The GIn
containing solutions were prepared by the clinical
pharmacist under aseptic condition and were adjusted
to the weight of each individual patient. The amino
aicds and glucose mixture with other electrolytes,
vitamins and trace elements were administered through
a central venous catheter. Fat emulsion (Lipovenos
20%, Fresenius AG, Germany) 0.8 g/kg/d was given
during 5 hours through a separate peripheral or central
venous line in both groups. Half dose was administered
on the first day. and the entire dose was given thereafter
during the remaining days. Since this study was a
randomized, controlled double-blind clinical trial, test
and control solutions were packed at the same size and
packaging materials have the same appearance. Neither
the patient nor the investigator knew if the applied TPN
regimen were with or without Ala-Gin.

Urine and drainage fluid were collected throughout
the study. Nonprotein nitrogen content was measured
by a colorimetric method. Nitrogen loss in stool and
from the skin were estimated as 2.0 g/day in the study.
Cumulative nitrogen balance was calculated from post-
operative day 2 to day 5.

Routine blood chemistry was measured before sur-
gery. The blood samples were also obtained on post-
operative day | before TPN infusion and on day 6 after
TPN administration for routine laboratory test, and
analysis of plasma-free amino acid as well as the
population of T lymphocyte. Routine biochemical
measurements were assessed by standard methods.
Plasma free amino acid and urine 3-methylhistidine
were determined by the standard ninhydrin technology
(Model 6300, Beckman Instrument, Palo Alto, CA,
USA) after deproteinization of the plasma or urine with
50% salicylic acid (14). Flow cytometry was used to
determine the proportions of CD4+ and CD8+
lymphocytes in fresh blood. One hundred microliters
of blood was incubated for 15 min at +4°C with 10 ul of

Table 1 Demographic datua of patients
Ala-GLN Control
APACHE < 6 APACHE>6 APACHE < 6 APACHE>6

Age (years) 61.7+11.2 70.1£6.0 64.54+7.6 70.6+8.7
Weight (kg) 57.7+8.6 56.3+10.1 553+8.6 59.8+12.0
Height (em) 160.45+6.7 156.0+6.1 158.8+8.0 161.3+9.0
Male, Femule 4/6 10/5 6/5 8/4
Diagnosis:

Gastric Ca 6 12 6 8

Pancreas Ca 3 1 2 2
Colon Ca 0 1 2 1

Hepatoma 1 0 1 0

Adenocuarcinoma of duodenum 0 0 0 1

() | 4]

Rectal adenocarcinoma




phycoerythrin-conjugated (PE) mouse monoclonal an‘ti-
human CD4+ (0.48 pg/ml) and phycoerythrin-conju-
gated (PE) mouse anti-human CD8 + (0.3 nug/mi) (Im-
munotech, Marseille, France). Red blood cells were then
hemolysed with lysing buffer. Fluorescence data were
collected on 5 x 10* viable cells and analyzed by flow
cytometry (Coulter, Miami, FL, USA).

Statistics

The data are expressed as mean + SEM, repeated
measure analysis of variance (ANOVA) were used to
compare the treatment differences at each day, and t-test
was used for the difference between the 2 groups. A
P value <0.05 was considered significant. A normal
probability plot was used for detecting the model
residuals in the analysis of variance. Since moderate
departures from normality are usually of little concern
in the fixed effects analysis of variance, and the F-test
was only slightly affected, the analysis of variance was
robust to the normality assumption.

Results

No adverse reactions were found after the peptide-
containing solution was administered. The patients had
normal plasma biochemistry values at baseline and on
day 6 after operation in either Conv or Ala-Gln groups.

Although there was a tendency to have better
cumulative nitrogen balance on the postoperative days
in the Ala-Gln group, no significant difference was
observed between the 2 groups. However, significant
better cumulative nitrogen balance was observed on the
2nd, 3rd and 5th postoperative day than those in the
Conv group in patients with APACHE II <6, whereas
no significant difference was noted in patients with
higher APACHE II score (Fig. 1). There was no
difference in plasma Gln concentrations after TPN
administration between the 2 groups. However, plasma
Gln concentrations in all the 10 patients (n=10) with
APACHE II <6 were elevated, whereas plasma Gin
concentration in 8 patients in the Conv group (n=11)
were decreased on postoperative day 6 as compared with
day 1. The changes between postoperative day 1 and 6
were significantly different between the 2 groups in the
APACHE <6. This phenomenon was not observed in
the patients with APACHE II > 6 (Table 2). In patients
with APACHE II <6, urine 3-methylhistidine concen-
trations on the postoperative day 6 were significantly
lower than day 1, in both Ala-Gln and Conv groups.
The reduction of urine 3-methylhistidine excretion after
infusing TPN for 6 days was not obvious in patients
with APACHE II > 6 (Table 3). Patients in the Ala-Gln
group had higher proportion of T lymphocyte and CD4
cells than did those in the Conv group (Table 4). The
proportion of CD4 cells was greater after TPN
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Fig. 1 Cumulative nitrogen balance in patients receiving TPN
supplemented with L-alanyl-L-glutamine (Ala-Gin) or conventional
(Conv) TPN. (A) No statistically significant difference was observed
between the 2 groups on different postoperative days in all patients.
(B) Ala-Gln group had better cumulative nitrogen balance on day 2, 4,
5 postoperatively in patients with APACHE II <é6. (C) No significant
difference was observed between the 2 groups on different
postoperative days in patients with APACHE II > 6. Mean+SEM,
significant between 2 groups, *P<0.05. g Ala-Gin; O Conv.

administration for 6 days. Adverse effects were listed
in Table 5. There was no mortality and no significant
different adverse effects or morbidity between the two
groups.

Discussion

Gln is a very important amino acid because it is the
primary nitrogen donor in DNA synthesis at the cellular
level and is involved in interorgan nitrogen transport
and bicarbonate generation in the kidney (15, 16). When
metabolic demand for GIn exceeds available supply as
occurs in critically illness, a relative deficiency results.
After operation and trauma, a negative nitrogen balance
is observed with Gln deprivation in muscle mass. This
alteration is not prevented by administrating conven-
tional TPN after operation. Studies by Pettersson et al.
(17) and Hammargqvist et al. (5, 10) showed that TPN
with GIn may spare free Gln in muscle, improve
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Table 2 Plasma glutamine concentration on day 1 postoperatively
and on day 6 after TPN administration

Conv Ala-Gln
Ali patients (23) (25)
Day I® 471.6+18.1 531.7+49.8
Day 6 485.0+20.2 523.5+29.2
Changes (day 6-day 1) 13.2+31.1 -16.8+32.9
APACHEII <6 (I (10)
Day 1 499.94+30.5 512.2+36.7
Day 6 506.3+29.7 567.9+53.6
Changes (day 6-day 1) 6.2+30.2 99.6+42.5*
APACHE 11 >6 (12) (15)
Day 1 443.3417.1 540.1+70.2
Day 6 461.5+26.6 502.9434.7
Changes (day 6-day 1) 24.5+27.2 3.5+34.7

#Day | represent the data obtained before TPN administration.
Figures in parentheses indicate number of patients.
*Significantly different from the Conv group (P<0.03).

Table 3 Urine 3-methylhistidine concentrations on day 1 post-
operatively and on day 6 after TPN administration

Conv Ala-Gln
All patients (23) (25)
Day 17 136.1+20.0 113.5+139
Day 6 82.3+8.8 72.0+10.8
Changes (day 6-day 1) ~59.0+15.3 —-49.5+18.7
APACHE Il <6 (1) (10)
Day 1 136.7+26.7 125.1421.1
Day 6 71.847.7* 60.8+16.4*
Changes (day 6-day 1) —64.84+25.6 -66.8+15.3
APACHE II>6 (12) (15)
Day | 136.0+24.9 109.14+15.8
Day 6 73.3+124 68.2+10.3
Changes (day 6-day 1) -52.64+21.0 -379+214

“Day | represent the data obtained before TPN administration.
*Significantly different from day 1.
Figures in parentheses indicate number of patients.

Table 4 Blood T lymphocyte, CD4, CD8 cell and total lymphocyte
count in 2 TPN groups on day 1 postoperatively and day 6 after TPN
administration

Conv Ala-Gin

Day 1 23) (25)

T lymphocyte (%) 57.09+2.52 65.95+2.18*

CD4 (%) 34.68+1.91 36.84+1.89

CD8 (%) 20.87+9.41 25.06+1.94

Total Lymphocyte ( x 10%/mt) 107.33+9.89 107.07+9.18
Day 6 (23) (25)

T lymphocyte (%) 62.0+2.62 69.72 +£2.85*

CD4 (%) 41.76+2.487 46.69+2.32%7

CD8 (%) 18.53+1.75 20.3841.61

Total Lymphocyte ( x 10%/ml) 130.6+15.29 114.19+10.68

*Significantly different from Conv group.
*Significantly different from the corresponding group on day 1|

postoperatively.
Figures in parentheses indicate number of patients.

nitrogen balance and attenuate postoperative muscle
decline in protein synthesis in surgical patients. Also, a
study by Ardawi et al. (18) has shown that addition of
Gln to TPN enhanced muscle protein synthesis and
decreased protein degradation in septic rats. Morlion
et al. (11) demonstrated that Gln dipeptide supplemen-
tation in TPN resulted in maintenance of plasma Gln

Table 5 Summary of adverse events

Ala-Gln Conv
Total =25 Total=23
N (%) N (%) P-value
COPD aggravated 0 (0.00) 1 (4.35) 0.479
Cath lost 2 (8.00) 1 (4.35) 1.000
Fever 3 (12.00) 0 (0.00) 0.235
Tachycardia 1 (4.00) 0 (0.00) 1.000
Pleural effusion 1 (4.00) 0 (0.00) 1.000
Hyperglycemia 3 (12.00) 2 (8.70) 1.000
Wound infection 0 (0.00) 0 (0.00) 1.000
Leakage 0 (0.00) 0 (0.00) 1.000
Mortality 0 (0.00) 0 (0.00) 1.000

P-value: Test for equality between treatments using Fisher’s exact test.
COPD: Chronic obstructive pulmonary disease.

Fever: Only transit fever, without evidence of infection.

Pleural effusion: X-ray finding without symptoms.

levels on the postoperative days and had beneficial effect
on nitrogen economy in patients undergoing major
surgery. In our study, almost 30% of the total amino
acid was isonitrogenously substituted by Gln, which
might have resulted in a lower amount of essential
amino acid in the Ala-Gln group. However, this amount
was comparable to the reports by others, and was
thought to be adequate for protein anabolism of the
surgical patients (10, 11, 19).

In the present study, cumulative nitrogen balance on
the postoperative days did not differ signigicantly
between Gln and conventional group. The separation
into low and high APACHE groups was post hoc.
However, it is interesting that a better cumulative
nitrogen balance was observed in the Ala-Gln group
than the Conv group in the patients with APACHE II
<6. Further studies using at least four randomized
groups will be anticipated to confirm the hypothesis. In
the population of patients with lower APACHE II
score, plasma Gln levels were significantly elevated in
the Ala-Gln group than in the Conv group. These
finding may indicate that the Gln-dipeptide-containing
solution increased plasma GIn levels and improved
nitrogen economy only in patients with lower disease
severity. Previous studies have shown that 13-20g Gln
is generally administrated for a 60-70kg patient after
major injury or uncomplicated elective surgery (5, 10,
11, 17, 20). Palmer et al. (12) reported that TPN
supplemented with 25g crystalline 1-Gln appeared
inadequate to counteract the muscle and plasma
biochemical changes in critically ill patients. Also, a
study by Karner et al. (13) showed that a Gin supply
equivalent to 26 g in a patient weighing 70kg had no
effect on intramuscular Gln levels in sepsis. It is
suggested that patients with multiple injury, burns,
sepsis, as well as following bone marrow transplantation
may require higher dose of Gln (21,22). In this study,
about 17-20g Gin for a 60-70 kg patient was adminis-
tered. It is possible that this amount of GIn was not
potent enough to reverse the catabolic condition in



severe diseases. Whether longer duration or larger dose
would alter this state requires further investigation.

3-methylhistidine is an amino acid presents in the
actin of skeletal muscle and the myosin of white fibers.
Studies have confirmed that skeletal muscle mass is
related to endogenous urinary 3-methylhistidine excre-
tion (23). Although urinary 3-methylhistidine does not
totally reflect muscle protein breakdown, it is an index
of muscle protein catabolism in trauma (23, 24). The
result in this study revealed that urine 3-methylhistidine
excretion was significantly lower on day 6 compared to
day 1 in patients with APACHE II<6, but not in
patients with higher APACHE II scores. This finding
indicated that in the patients with lower disease severity,
TPN administration attenuated the muscle protein
catabolism. However, compared with Conv solution,
Gin supplementation had no favorable effect on
reducing muscle protein breakdown in the present
experimental condition. Since urinary 3-methylhistidine
did not differ after TPN administration between the 2
groups, the beneficial effect on improving cumulative
nitrogen balance after Ala-Gln administration may
result from the anabolic effect of Gln on enhancing
body protein synthesis.

Gin is an important substrate for rapid proliferating
cells such as macrophages and lymphocytes (4, 25). Gln
supplementation in the Ala-Gln group may effect on the
immune system in patients with major surgery. Previous
studies have shown that major operations and injuries
result in a variable degree of immune dysfunction
(26-28). Li et al. (29) demonstrated that, compared
with chow-fed animals, conventional TPN depressed the
CD4 + /CD8 + ratio within the lamina propria, and that
the depression was reversed with Gin supplementation
of the TPN solution. A study by O’Riordain et al. (19)
evaluated the effect of Gln supplemented TPN on T-cell
response in patients undergoing elective colonic resec-
tion. They found that peripheral blood mononuclear cell
isolated from patients with Gln supplementation had
better T-cell response and DNA synthesis than the
control TPN group. Also, Alverdy et al. (30) reported
that addition of GIn to standard TPN solution
maintained T cell populations at levels similar to those
of chow-fed animals. In this study, the proportions of
CD4 + helper-type cells and T lymphocyte were signifi-
cantly higher in the Ala-Gln group than in the Conv
group. Since the immune response to infection is rapid,
the rate of Gin utilization might be high to provide
optimal conditions for such response (31). It is possible
that the priority of Gln in enhancing cellular immunity
is superior to that for nitrogen metabolism.

In summary, the present study shows that TPN
supplemented with Gln dipeptide had beneficial effect
immune response postoperatively. The effect of Ala-Gin
administration on increasing plasma Gln concentrations
and improving nitrogen economy was only observed in
patients with lower disease severity. Since the patients
with APACHE II score > 6 may have higher metabolic
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stress, the variation in plasma Gin levels and cumulative
nitrogen balance were wide in the Ala-Gln group, and
the favourable effect of Gin administration in nitrogen
metabolism was not obvious. These results may indicate
that the characteristics and severity of the diseases play
roles in determining the amount of Gin required.
Whether longer duration or higher doses of Gin
dipeptide may have favorable effect on nitrogen
economy and attenuate muscle protein breakdown
in diseases with higher severity required further
investigation.
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