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Abstract

AIM: To investigate the effects of glutamine (GLN)-
enriched diets before and GLN-containing total parenteral
nutrition (TPN) after sepsis or both on the secretion of
cytokines and their mRNA expression levels in splenocytes
of rats with septic peritonitis.

METHODS: Rats were assigned to a control group and 4
experimental groups. The control group and experimental
groups 1 and 2 were fed a semipurified diet, while
experimental groups 3 and 4 had part of the casein
replaced by GLN which provided 25% of the total nitrogen.
After rats were fed with these diets for 10 d, sepsis was
induced by cecal ligation and puncture (CLP), whereas
the control group underwent a sham operation, at the
same time, an internal jugular vein was cannulated. All
rats were maintained on TPN for 3 d. The control group
and experimental groups 1 and 3 were infused with
conventional TPN, while the TPN in experimental groups
2 and 4 was supplemented with GLN, providing 25% of
the total nitrogen in the TPN solution. All rats were
kiued 3 d after sham operation or CLP to examine their
splenocyte subpopulation distribution and cytokine
expression levels.

RESULTS: Most cytokines could not be detected in plasma
except for IL-10. No difference in plasma IL-10 was
observed among the 5 groups. The IL-2, IL.-4, IL-10, and
TNF-a. mRNA expression levels in splenocytes were
significantly higher in experimental groups 2 and 4 than
in the control group and group 1. The mRNA expression
of IFN-y was significantly higher in the GLN-supplemented
groups than in the control group and experimental group
1. The proportion of CD45Ra+ was increased, while those
of CD3+ and CD4+ were decreased in experimental group
1 after CLP was performed. There were no differences in

spleen CD3+ lymphocyte distributions between the control
and GLN-supplemented groups.

CONCLUSION: GLN supplementation can maintain T-
lymphocyte populations in the spleen and significantly
enhance the mRNA expression levels of Thl and Th2
cytokines and TNF-a in the spleen of rats with septic
peritonitis.
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INTRODUCTION

Surgery and trauma induce a generalized state of
immunodepression that is correlated with sepsis. Sepsis
initiates profound physiologic changes which are characterized
by hypermetabolism, altered glucose dynamics, accelerated
lipolysis, and alterations in protein metabolism!"l. These
metabolic abnormalities occurring during sepsis are mainly
resulted from the secretion of cytokines produced by cells
of the immune system and a variety of other tissues.
Circulating cytokine levels are usually used as markers of
injury ot infection™. Howevet, some cytokines are not
detectable at the site of injury or in the systemic circulation
due to surgery or sepsis, because the peak time of action
varies among cytokines, and many cytokines are bioactive
at levels well below the range of detection limit by current
immunoassays®. Recently, a real-time reverse-transcription
polymerase chain reaction (RT-PCR) has been widely used
to quantify cytokine profiles in immune cells and inflamed
tissues. This technique is very sensitive and accurate and
can be performed on vetry small samples!*l.

Total parenteral nutrition (IPN) is commonly used in
the treatment of critically ill patients. Sepsis has been shown
to reduce mesenteric blood flow, and adversely affect the
batrier and metabolic functions of the small intestinel*.
Gardiner ez a/"), suggested that under a condition of gut-
derived sepsis, the parenteral rather than the enteral route
had benefits of improving survival in rats. With TPN,
adequate caloric and protein intake can be provided.
However, a prolonged duration of TPN depresses
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proinflammatory cytokine production, and impairs the host
defense against bacterial infection!®. Recently, glutamine
(GLN) has elicited great interest, because it has been shown
to possess numerous useful physiologic properties. The
beneficial effects of supplying GLN on metabolic stress
conditions include increasing nitrogen retention, preservation
of the integrity of the intestinal mucosal and intestinal
permeability, maintenance of immunologic functions, and
reducing infections”'?. We also demonstrated that
preventive use of a GLN-enriched enteral diet could
enhance peritoneal macrophage phagocytic activity, and that
GLN supplementation before or after sepsis could promote
proliferation of total lymphocytes in gut-associated lymphoid
tissues and enhanced immunoglobulin IgA secretion in septic
rats!>', In order to understand the protective mechanisms
of GLN, the roles of cytokines in inflammation and immune
responses of septic hosts need to be further explored. A
study by Wu ez al"”, investigated the relation between cytokine
mRNA expression levels and organ damage after sepsis.
Howevert, to the best of our knowledge, there is no study
investigating the effects of GLN administration on mRNA
expression levels of Thl and Th2 cytokines in the spleen
of septic rats. Therefore, we administered either a GLN-
enriched diet before, GLN-containing TPN after sepsis, or
both to investigate the timing of GLN used on splenic
cytokine mRNA expression in septic peritonitis. Also, the
distribution of splenocyte subpopulations was analyzed to
understand the effects of GLN on the phenotype of splenic
lymphocytes in septic conditions. We used cecal ligation and
puncture (CLP) as the sepsis model in this study, because
this model mimics a visceral perforation, and is clinically
more relevant than direct intravascular injection of bacteria
or pure endotoxin®'.

MATERIALS AND METHODS

Animals

Male Wistar rats aged 8 wk and weighing 200-230 g were
used in this study. All rats were housed in temperature- and
humidity-controlled rooms and allowed free access to
standard rat chow for 1 wk prior to the experiment. The
care of the animals followed the guidelines for the care and
use of laboratory animals established by the Animal Care
Committee of National Taiwan University Hospital, and
protocols were approved by the committee.

Study protocol

Rats were randomly assigned to a control group and 4
experimental groups. The control group and experimental
groups 1 and 2 were fed a common semipurified diet. Rats
in experimental groups 3 and 4 were fed an identical diet
except that part of casein was replaced by GLN, which
provided 25% of the nitrogen (Table 1). After rats were
fed the respective diets for 10 d, sepsis in the experimental
groups was induced by CLP, whereas the control group
underwent a sham operation. CLP was performed according
to the method of Wichterman e a/'". Briefly, rats wete
anesthetized with intrapetitoneal pentobarbital (50 mg/kg),
and the abdomen was opened through a midline incision.
The cecum was isolated, and a 3-0 silk ligature was placed

around it, ligating the cecum just below the ileocecal valve.
The cecum was then punctured twice with an 18-gauge needle
and placed back into the abdomen. The abdominal wound
was closed in layers. Immediately after the sham or CLP
operation, all rats underwent placement of a catheter for
TPN infusion. A silicon catheter (Dow Corning, Midland,
MI, USA) was inserted into the right internal jugular vein.
The distal end of the catheter was tunneled subcutaneously
to the back of the neck, and exited through a coiled spring,
which was attached to a swivel allowing free mobility of
animals inside individual cages. Two milliliters per hour were
administered on the first day. Full-strength TPN was given
thereafter, and continued for a period of 3 d. The infusion
speed was controlled by a Terufusion pump (Model STC-
503, Terumo, Tokyo, Japan). The TPN solution without
fat was prepared in a laminar flow hood. Sterilized fat
emulsions were added to the TPN solution daily just before
use. The TPN solution was infused for the entire day at
room temperature. All animals were allowed to drink water
freely, and no enteral nutrition was administered during the
petiod of TPN. The control group and experimental groups
1 and 3 were infused with conventional TPN. The TPN
solutions for experimental groups 2 and 4 were supplemented
with GLN, which provided 25% of the total amino acid
nitrogen in the TPN solution. TPN provided 280 kcal/kg
body weight for the rats. The kcal density of the TPN
solution was 1 kcal/mL, and the kcal/nitrogen ratio was
120:1. The TPN solutions were isonitrogenous and identical
in nutrient compositions except for the difference in the
amino acid content (Table 2). There were 5 groups of rats
in this study: control group, GLN not supplemented before
or after the sham operation (# = 9); group 1, GLN not
supplemented before or after CLP (-/-) (# = 11); group 2,
a semipurified diet given before and GLN-containing TPN
after CLP (-/+) (n = 9); group 3, a GLN-enriched diet given
before and conventional TPN after CLP (+/-) (» = 9); and
group 4, a GLN-enriched diet given before and GLN-
containing TPN after CLP (+/+) (» = 11).

Table 1 Compositions of semipurified diet (g/kg)

Ingredients GLN-supplemented Without GLN
Casein 165 220
GLN 45 -
Total nitrogen 34.4 34.4
Cornstarch 667 657
Soybean oil 44 44
Vitamin mixture' 10 10
Salt mixture? 35 35
Methyl-cellulose 30 30
Choline chloride 1 1
DL-methionine 3 3

'The vitamin mixture contained the following (mg/ g): thiamin hydrochloride
0.6, riboflavin 0.6, pyridoxine hydrochloride 0.7, nicotinic acid 3, calcium
pantothenate 1.6, D-biotin 0.02, cyanocobalamin 0.001, retinyl palmitate 1.6, DL-
a-tocopherol acetate 20, cholecalciferol 0.25, and menaquinone 0.005. 2 The salt
mixture contained the following (mg/ g): calcium phosphate diabasic 500, sodium
chloride 74, potassium sulphate 52, potassium citrate monohydrate 220, magnesium
oxide 24, manganese carbonate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric
carbonate 0.3, potassium iodate 0.01, sodium selenite 0.01, and chromium
potassium sulphate 0.55.
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Table 2 Compositions of TPN solution (mL/L)

GLN-supplemented Without GLN
Glucose 50% 418 412
Fat emulsion 20% 50 50
Moriamin-SN 10%* 417 556
GLN 11 -
Infuvita? 8 8
NaCl 3% 35 35
KC17% 10 10
KsPO,48.7% 10 10
Ca-gluconate 10 10
MgSO, 4 4
ZnSO, 2 2
Choline chloride (g) 1 1

'From Chinese Pharmaceuticals, Taipei, Taiwan. Contents per deciliter: Leu 1 250mg,
Tle 560 mg, Lys acetate 1240 mg, Met 350 mg, Phe 935 mg, Thr 650 mg, Trp 130 mg,
Val450 mg, Ala 620 mg, Arg 790 mg, Asp 380 mg, Cys 100 mg, Glu 650 mg, His
600 mg, Pro 330 mg, Ser 220 mg, Tyr 35 mg, and aminoacetic acid (Gly) 1570 mg.
2From Yu-Liang Pharmaceuticals, Taoyuan, Taiwan. Contents per milliliter:
ascorbic acid 20 mg, vitamin A 660 IU, ergocalciferol 40 IU, thiamine HC1 0.6 mg,
riboflavin 0.72 mg, niacinamide 8 mg, pyridoxine HCI1 0.8 mg, D-panthenol
3 mg, dl-a-tocopheryl acetate 2 mg, biotin 12 pg, folic acid 80 pg, and
cyanocobalamin 1 pg.

Measurements and analytical procedures

TPN was continued until kiuing on d 3 after CLP, at
which time rats were weighed and anesthetized. After a
middle abdominal incision was made, 10 mIL PBS was
injected intraperitoneally, and peritoneal lavage fluid (PLF)
was collected for nitric oxide (NO) measurement. Splenocytes
were obtained by mechanical disruption of the spleen with
a spatula on a stainless steel mesh. Cell suspensions were
passed through a sterile nylon mesh to remove debris. RBCs
were lysed by sterile distilled water for 15 s, and immediately
neutralized to isotonic cell suspensions. After being washed
with PBS thrics (300 r/min centrifugation for 5 min),
splenocytes were resuspended in RPMI-1640 with antibiotics
and fetal calf serum. The number of isolated splenocytes
was determined by a hemacytometric count using the trypan
blue dye exclusion method.

Plasma cytokine immunoassay 11.-2, I1.-4, I1.-10, and
IFN-y concentrations in plasma were determined by
commercially available ELISA kits (Amersham Pharmacia
Biotech, Buckinghamshire, UK).

Determination of NO;/NO; in peritoneal lavage fluid
NO was highly unstable in solution and could not readily be
assayed. However, NO was converted to stable nitrite and
nitrate ions in aqueous solution. After conversion of nitrate
to nitrite using nitrate reductase, nitrite concentrations
were measured using the Griess reagent. NO5/NO,
concentrations in PLF were determined with a commercial
kit (Assay Designs, Ann Arbor, MI, USA). Procedures were
described in the manufacturet’s instructions.
Lymphocyte subpopulations in the spleen Flow
cytometry was used to determine the proportions of
CD45Ra, CD3, CD4, and CDS8 from splenocytes. Cells at
10° wete suspended in 100 pL HBSS containing fluorescein-
conjugated mouse anti-rat CD3 (Serotec, Oxford, UK) and
phycoerythrin-conjugated mouse anti-rat CD45Ra (Serotec)
to distinguish T and B cells, respectively. Fluorescein-
conjugated mouse anti-rat CD8 and phycoerythrin-

conjugated mouse anti-rat CD4 (Serotec) were used to
identify T helper cells and cytotoxic T lymphocytes,
respectively. After being stained for 15 min, 1 mL red blood
cell (RBC) lysing buffer (Serotec) was added to lyse the
RBCs and to fix the stained lymphocytes. Fluorescence data
were collected on 5%10* viable cells and analyzed by flow
cytometry (Coulter, Miami, FL, USA).

Real-time reverse-transcription polymerase chain
reaction (RT-PCR) method The primers of cytokines
(IL-2, IL-4, 1L-10, TNF-a, and IFN-B) and the
housekeeping gene (18S rRNA) were purchased from
Applied Biosystems (Foster City, CA, USA). Total RNA
from rat spleens was isolated using the TRIzol reagent
according to the manufacturer’s protocol. RNA was reverse-
transcribed using the reverse transcript system (Frementas,
Vilnius, Lithuania). Briefly, 20 pL water containing 2 pug
RNA was mixed with 1 pL oligo (dT) primer (0.5 pg/pL)
and incubated for 5 min at 70 “C. To the mixture, 4 ul. 5%
RT-buffer, 2 uL. ANTP (10 mmol/L), 1 uL. RNase inhibitor,
and 1 pL. MultiScribe-RT (200u/pL) were added and
incubated at 37 “C for 5 min, then at 42 C for 60 min.
The reaction was stopped by heating the samples for 10 min
to 70 C. cDNA was used for the real-time PCR assay
performed with an ABI 7700 sequence detection system
(PE Applied Biosystems, Foster City, CA) according to
supplied guidelines. PCR reaction for IL-2, IL-4, and IL-10
was carried out using a TagMan PCR kit (Applied Biosystems).

Statistical analysis

Data were expressed as mean®SD. Differences among
groups were analyzed by one-way ANOVA using Fisher’s
test. P<0.05 was considered statistically significant.

RESULTS

Plasma cytokine concentrations

Plasma levels of 11.-2, I1.-4, and IFN-y could not be detected
across groups 3 d after CLP. There were no differences in plasma
IL-10 concentrations among all groups (data not shown).

NO;/NO; concentration in peritoneal lavage fluid

The NO;5;/NO; concentration in group 4 (+/+) was
significantly higher than that in the control group (P<0.05),
and showed no difference from the other experimental groups
(control, 11.2£9.1 pmol/L; group 1, 17.4+14.7 umol/L;
group 2, 15.6£11.2 umol/L; group 3, 21.5£14.4 umol/L;
group 4, 28.1£16.9 umol/L).

Cytokine mRNA expression levels

IL-2, IL-4, IL-10, and TNF-a mRNA expression levels in
splenocytes were significantly higher in groups 2 (-/+) and
4 (+/+) than in the control group and group 1 (-/-). IL-2
and IL-4 mRNA expressions in group 3 (+/-) wete higher
than in the control group, but showed no differences from
those in group 1 (-/-). Thetre were no differences in I1.-10
and TNF-a mRNA expression levels between the control
group and experimental groups 1 and 3. mRNA expression
levels of IFN-y were significantly higher in the GLN-
supplemented groups (groups 2, 3, and 4) than in the control
group and group 1 (Figure 1).
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Figure 1 Expression of interleukin (IL)-2, IL-4, IL-10, interferon (IFN)-y and tumor necrosis factor (TNF)-o. messenger RNA in the spleen as
determined by RT-PCR (control, n = 9; group 1, n = 11; group 2, n = 9; group 3, n = 9; group 4, n = 11). A: Expression of IL-2 messenger RNA in
the spleen. 2P<0.05 vs control group and group 1 (-/-); B: Expression of IL-4 messenger RNA in the spleen. °P<0.05 vs control group and group
1 (-/-); C: Expression of IL-10 messenger RNA in the spleen. °P<0.05 vs control group, group 1 (-/-) and group 3 (+/-); 8P<0.05 vs control group and
group 1 (-/-); D: Expression of IFN-y messenger RNA in the spleen. 'P<0.05 vs experimental groups 2, 3, 4; E: Expression of TNF-a
messenger RNA in the spleen. ¥P<0.05 vs group 2 (-/+), group 3 (+/-) and group 4 (+/+).
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Figure 2 Distributions of CD45Ra*, CD3*, CD4*, and CD8" in
splenocytes from control group and experimental groups 3 d after
CLP. ?P<0.05 vs the other groups; °P<0.05 vs control group.

Lymphocyte subpopulations

Proportions of CD45Ra+ in splenocytes were significantly
higher, whereas CD4+ was significantly lower in the
experimental groups than in the control group. No significant
differences in CD45Ra+ or CD4+ distributions wete observed
among the 4 experimental groups. The proportions of CD3+
in group 1 (-/-) were significantly lower than in the control
group, whereas no differences were observed among the
control and Gln supplemented groups (Figure 2).

DISCUSSION

In this study, we administered TPN to rats for 3 d and then
kiued them, because in a preliminary study, we found that
the total number of Peyer’s patches on the serosal side of
the intestine was much greater on the 3™ d than on any
other days after CLP. This is consistent with the observation
that the severity of infection and mortality were the highest

at this time point in septic peritonitis!”.

Analysis of cytokine profiles plays a central part in the
characterization of disease-related inflammatory pathways
and the identification of functional properties of immune
cell subpopulations. In this study, we wete unable to detect
plasma IL-2, IL-4, or IFN-y on d 3 after CLP. This result is
consistent with our previous report that plasma IL-2 and
IFN-y were not detectable 24 h after CLP"®. Cruickshank
et al™, also reported that plasma IL-1, TNF, and IFN-y
were rarely detected in the plasma of injured patients. In
order to understand the possible roles of GLN in systemic
cytokine expression after sepsis, expression levels of IL-2,
IFN-y, IL-4, IL-10, and TNF-ao mRNA in the spleen were
measured. IL-2 and IFN-y are produced by Thl
lymphocytes. Thl cytokines could enhance cell-mediated
immunity. A predominant Thl effect could result in
activation of macrophages and T lymphocytes, particulatly
in cytotoxic and delayed-hypersensitive cells. Th2 cytokines,
including IL.-4 and IL-10, enhance humoral immunity. A
predominant Th2 effect results in activation of B
lymphocytes and upregulation of IgG1, IgA, and IgE
production and mucosal immunity?®. The effects of Thl
or Th2 lymphocytes are counter-regulatory. In this study,
we used real-time RT-PCR to quantify cytokine mRNA
expressions in the spleen. Real-time RT-PCR has been
proven to have a good correlation in transcription levels
with competitive RT-PCR, and to be a sensitive and rapid
tool for quantifying mRNA expression®. The results
demonstrated that mRNA expression levels of 11-2, IFN-y,
IL-4, and IL-10 in splenocytes were significantly higher in
GLN-supplemented groups than in the control group. This
finding indicates that GLN enhanced both Thl and Th2
cytokine mRINA expression levels in septic conditions, and
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GLN administered after CLP had a greater effect than
before CLP on cytokine mRNA expression.

In this study, we found that the splenocyte proportion
of CD45Ra+ was increased, while those of CD3 and CD4
were decreased in group 1 after CLP was performed. These
findings suggest that cellular immunity was suppressed and
humoral immunity was enhanced under the condition of
extracellular infection. Although GLN supplementation seemed
to have no effect on the splenic total B (CD45Ra+) lymphocyte
distribution in this study, our previous report with the same
study design showed that GLN supplementation promoted
plasma and intestinal IgA secretion in septic rats!"l. This is
consistent with the increased IL-4, IL-10 mRNA expression
levels in the present study. A study by Fukatsu ez af*'),
revealed that TPN could decrease 11.-4 and 11.-10 mRNA
expression levels in lipopolysaccharide-stimulated intestinal
laminar propria cells, but GLN supplementation preserved
the expression and maintained the intestinal IgA secretion.

1L-2 has effects principally on promotion of growth
and differentiation of T lymphocytes. IFN-y plays a major
regulatory role in the macrophage antimicrobial mechanism.
TNF-a is a proinflammatory cytokine that could activate
macrophages?”. In this study we found that groups with
GLN supplementation after CLP had significantly higher
IL-2, IFN-y, and TNF-a mRNA expression levels than the
control group and the group without GLN. These findings
are consistent with the results that GLN supplementation
helped maintain total T lymphocyte populations in the spleen
and enhanced peritoneal macrophage phagocytotic activity
as previously desctribed™. Moteover, we also observed that
the NO; /NO, concentration was significantly higher in
group 4 (+/+) than in the control group. NO is a simple
and unstable free radical produced in large quantities during
host defense and immunologic reactions. Because it has
cytotoxic properties and is generated by activated
macrophages, it has been considered to play a role in
nonspecific immunity®. It is possible that macrophages are
activated after TNF-a and IFN-y expression which may
consequently promote the release of NO, thus enhancing
the phagocytic activity of peritoneal macrophages.

In summary, this study showed that GLN administration,
especially that administered after CLP, significantly
enhanced the mRNA expression levels of Thl and Th2
cytokines. The mRNA expression of proinflimmatory
cytokine, TNF-a, was also increased when GLN was
administered. Although the effects of Thl and Th2
lymphocytes are counter-regulatory, cytokine mRNA
expression and protein secretion may be regulated by
different mechanisms in various tissues and organs, and
the influence of the ultimate immune response on specific
tissues or organs may vary. Whether there are intracellular
factors which regulate the post-transcriptional expression
of these cytokines requires further investigation.
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