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Abstract

AIM: To evaluate the protective effect and mechanism of
glutamine on the intestinal barrier function in total
parenteral nutrition (TPN) rats with trauma or endotoxemia.

METHODS: To perform prospective, randomized and
controlled animal experimentation of rats with surgical
trauma, TPN and endotoxemia, thirty-four male, adult
Sprague Dawley rats were divided into four groups: control
group (n=8), TPN group (n=9), trauma and endotoxemia
group (LPS, n=8) and trauma plus endotoxemia
supplemented with glutamine in TPN solution group (GIn.
group, n=9). All groups except the control group were
given TPN solutions in 7-day experimental period. For GIn
group, 1 000 mg/kg/d of glutamine was added to TPN
solution during day 1-6. On the 7™ day all the animals
were gavaged with lactulose (66 mg) and mannitol (50 mg)
in 2 ml of normal saline. Then 24 h urine with preservative
was collected and kept at -20 C. On day 8, under intra-
peritoneal anesthesia using 100 mg/kg ketamin, the
intestine, liver, mesenteric lymph nodes and blood were
taken for examination.

RESULTS: The body weight of LPS group decreased most
among the four groups. The structure of small intestinal
mucosa in TPN group, LPS group and GIn group showed
impairments of different degrees, and the damage of small
intestinal mucosa in GIn group was remarkably alleviated.
The concentrations of interleukins in small intestine mucosa
were lower (for IL-4 and IL-6) or the lowest (IL-10) in GIn
group. The IgA level in the blood plasma and the mucosa
of GIn group was the highest among all of the groups. The
urine lactulose/mannitol test showed that the intestinal
permeability in LPS group was lower than that in TPN group
(P<0.001), but there was no difference between LPS group
and GIn group. The rate of bacterial translocation in GIn
group was lower than that in LPS group (P<0.02).

CONCLUSION: Prophylactic treatment with glutamine
could minimize the increments of intestinal permeability
and bacterial translocation caused by trauma and
endotoxemia in rats treated with TPN.
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INTRODUCTION

Trauma, burn, infection, surgical operations and the use of
intravenous alimentation over along period can damage the
barrier function of the intestine, leading to atrophy of the
intestinal mucosa, increase of mucosal permeability, decrease
of immunity, and occurrence of bacterial/endotoxin
translocation!*®, If the causes could not be removed or the
stressistoo severe when the intestinal barrier is protected, the
damage of the intestinal mucosa would become more severe
and multiple organ dysfunction syndrome (MODS) would
ensue. These adverse outcomes are commonly seen clinically
and methods of their prevention need to be investigated.
Therefore we studied the mechanism of protective effect of
glutamine on the intestinal barrier function in TPN rats with
trauma and endotoxemia.

MATERIALS AND METHODS

Experimental animals and grouping

Adult, healthy male Sprague-Dawley rats, with body weight
of 150-180 g (supplied by Shanghai Experimental Animal
Center, the Chinese Academy of Sciences) were used. The
rats were fed for over aweek in our lab for their adaptation
and then were put into metabolic cages for 5-7 days. The
temperature in the animal rooms was 17-21 C with 60 %
humidity and illumination of 12 h/day (6:00-18:00). During
the adaptation period all rats were fed with regular rat chow
and tap water ad libitum. When therat’ s weight reached 200-
300 g, thirty-four rats were chosen randomly and divided into
four groups: 1. control group (n=8), fed rat chow and tap water
freely; 2. TPN group (n=9), infused with a whole nutrients
solution through a central venous catheter, and with drinking
water ad libitum; 3. LPS group (trauma+ TPN + endotoxemia,
n=8), in which an exploratory laparotomy and central venous
catheterization served asthe trauma. After this, TPN wastheir
sole nutrition source plus drinking water ad libitum. On the 7"
day 5 mg/kg of lipopolysaccharide (LPS) was injected
intraperitoneally; 4. Gln group, (trauma+ TPN + endotoxemia
+ glutamine, n=9) in which all the treatments were the same as
LPS group but on days 2-6, 1 000 mg/kg/d glutamine
(Dipeptiven) was added to TPN solution. All groups except
the control one received isonitrogenous, isocaloric and
isovolumic TPN solution during the 7-day period. All the
protocols and procedures were approved by our University
Committee of Animal Experiment Administration.

Intravenous nutrients and other relevant chemicals

TPN ingredients 11.4 % compound amino acids injection
(Novamin), 20 % mid-long chain fat emulsion (Lipovenoes
MCT), Dipeptiven (alanyl-glutamine dipeptide solution),
multivitamin mixture (Soluvit, Vitalipid) and atrace element
mixture (Addamel), all from Sino-Sweden and Fresenius
Pharmaceutical Corp. LTD.

Chemicals and reagents Lipopolysaccharide (LPS, from E
Coli, 055: B5) was purchased from Sigma Co.; IL-4 from
Diaclone Co.of France; IL-6 and IL-10, from Biosource Co.,
USA; and IgA, from Bethyl Co.USA.
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Experimental model

Operation procedures Under anaesthesia of 100 mg/kg of
ketamin injected into the animals intraperitoneally, the TPN
model was constructed and arotary transfusion apparatus was
used for TPN infusion'®”, For surgical trauma, the animal’ s
abdomen after shaving and incision (4 cm in length) was
exposed and examined from the epigastrium to the pelvic
cavity. The incision was sutured in double layers with silk
suture No. 1 and operation was performed aseptically.

TPN solution The rats were put in the metabolic cages after
surgical recovery. Each rat received 230 cal/kg body wt of
calories and 1.42 g nitrogen/kg each day in 50 ml of TPN
solution. Theratio of glucoseto lipid in thissolution was 2:1,
and nonprotein calorie to nitrogen (kcal/g), 137:1.
Multivitamins, electrolytes, trace elements and 500 units of
heparin were aso included in the TPN solution. All the nutrient
solutions were prepared under aseptic conditions daily and the
infusion was done with an injecting micropump continuously
and uniformly during 24 h each day. The TPN infusion was
started immediately after recovery from the laparotomy. On
the first and last days of the experiment, each rat was given
half of the total calories without any changes of other TPN
ingredients.

Inducing endotoxemia On the 7" day of the experiment, 5
mg/kg of LPSin 5 ml of sterile distilled water was injected
into the animals' peritoneal cavity to cause a septic state.
Lactulose and mannitol solution gavage On the 7*" day of
the experiment, 66 mg of lactulose and 50 mg of mannitol
dissolved in 2 ml of normal saline were gavaged. Twenty-four
hour urine was collected, with the volume recorded and 0.2
ml of mercury salicylosulfide added. Then 5 ml of the urine
specimen was stored at -20 °C until measured.

Samples preparation and measurements

Twenty-four hours after gavaging with lactulose and mannitol
and injecting endotoxin, 100 mg/kg of ketamine was injected
intraperitoneally as an anesthetic. After the laparotomy was
done, tissue and blood sampleswere collected and examinations
were performed.

Bacteriological test 0.5 ml of blood from the portal vein was
drawn for culture. One gram of anterior lobe liver tissue and
about 0.5 g mesenteric lymph nodes were excised. Each sample
was put in a tissue homogenizer and an equivalent amount of
normal saline was added before they were homogenized. The
specimens were sent to microbiological laboratory for aerobic
culture and bacterial identification by morphological and
biochemical examinations.

Bacterial culture (1) 10 Wl homogenates of the lymph nodes
and liver homogenates were separately taken and put on blood
agar plates. Another 10 gl lymph nodes and liver homogenates
were mixed with 10 ml saline for a dilution and the diluted
sampleswere inoculated al so on blood agar plates. (2) 0.5 ml of
portal vein blood was inoculated into 4.5 ml of common broth
for bacterial enrichment of 16 hours, then 20 pl of the enrichment
solution was inoculated on blood agar plates. (3) The cultured
mediawere put in aCO,incubator at 35 ‘C for 24-48 hours. If
there was no bacterial growth, they would be regarded as
negative, but if there was growth, it would be further identified.
Identification of bacteria First, Gram stained smears were
made to determine whether they were coccus or bacillus and
G+ or G-. Second, biochemical and serological identifications
were made using standard and routine methods.

Preparation and examination of small intestine specimens
Thewhole small intestine below the Treitz ligament was excised
and immediately placed inicy 0.9 % saline. Theintestine was
opened longitudinally and the contents of the intestine were
washed out with icy saline. Two cm of proximal jejunum and
distal ileum was cut and put into 10 % neutral formalin solution

promptly and sent to be examined histologically.

Histological examination of intestinal mucosa Specimens
were embedded in paraffin, 4 mm sections made and stained
with H.E., analyzed with an HPIAS-1000 Multimedia Color
Analysis System. Three low power (10x10) fields in each
slide were read. The length of 5 villi, the depth of 5 crypts
and the thickness of the mucosa at 5 sites were read and
analyzed. The average value was cal culated and documented.
All the manipulations were done blindly by two experienced
pathol ogists.

Bloodletting and animal execution Three ml of blood from
theright ventricle was drawn and 1 250 u of heparin was added.
The blood was centrifuged and the serum was stored at -70 C.
Then the animals were sacrificed by exsanguination.
Lactulose/mannitol test The lactulose and mannitol
concentrations in the preserved urine sample were measured
by a high-performance liquid chromatograph (Waters Co.,
USA). The ion-exchange column used was bought from
Transgenomic Co., USA. The ratio between the two sugars
was then calcul ated.

Identification of the interleukins About 5 cm intestine
segments from the upper, middle and lower paste were resected
and then the surfaces of the mucosa were dried with cotton
swabs. The mucous membrane of the icy specimens was
scraped, weighed and divided into two equal parts. They were
immediately put into liquid nitrogen and then stored at -70 °C.
For the tests, the specimens were melted to room temperature,
and 1 ml normal saline was added before homogenates were
made. The homogenates were then centrifuged for 15 minutes
at 4 'C andthen IL-4, IL-6 and IL-10 in the supernatants were
measured with ELISA method described by Kudsk!®. The
results were described as pg/g of mucosal tissue of the small
intestine.

Determination of IgA The frozen samples of blood plasma
and the mucosa of the small intestine were melted to room
temperature and the concentration of 1gA in them was measured
by ELISA method. The results were shown as IgA pg/ml of
blood plasmaand IgA pg/g of small intestinal mucosa.

Statistical analysis

All the values were expressed as the mean +SD. One-way
ANOVA was used to check the differences between them.
ChiSquare test was used to check the differences of bacterial
trang ocation rates between the groups. When P was less than
0.05, the difference was considered statistically significant.
The degree of correlation was described using Pearson
Correlation coefficient. Software SPSS10.0 was used in all
statistical analyses.

RESULTS

Body weight

The body weight changes of the animals in each group are
illustrated in Figure 1. At the beginning of the experiment there
was no difference in the body weight of the animals among
the groups. At the end of the experiment, the body weight
decrease was greatest in the animals of LPS group.

Morphology and morphometry of small intestinal mucous
membrane

The degree of damage of villi and crypts and the thinning of
mucous membranein jejunum and ileum were most significant
in LPS group among all groups (Figure 2 and 3).

Interleukins of small intestinal mucosal tissue
The concentrationsof IL-4 and IL-6 in GIn group were the lowest
among these groups except control group. 1L-10 level in GIn
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group was also the lowest among the four groups, and it was
significantly lower than that in TPN group (P<0.01, Figure 4).
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Figure 1 Graphs of body weight changes. (a) Graphs of body
weights of animals at the start and end of the experiment; Day
1 means the date when experiments started; Day 8 means the
date when experiments ended; °P<0.001, vs control group, TPN
group, and GIn group; (b) The illustration of body weight in-
crease or decrease at the endpoint of the experiment; 2P<0.001, vs
TPN group, LPS group and GIn group; °P<0.02, vs LPS group;
°P<0.03, vs GIn group.

600 [ 0 Control group
500 @ O TPN group
5 @ LPS group
400 b a B GIn group
§ 300/
200 - T [
a . d
100 - T
0 | 1
Thickness Length Depth
350 of mucosa of villus of crypt
a c [] Control group
300 [] TPN group
| ] LPS group
20 b a M GIn group
g 200 [ g
150 1 e
100 1
50
0 -
Thickness Length Depth
of mucosa of villus of crypt

Figure 3 Graphs of morphometry of small intestinal mucosa.
(a) Morphometry of jejunal mucous membrane; P<0.01, vs TPN
group, LPS group and GlIn group; °P<0.01, vs TPN group and
LPS group;°P<0.02, vs LPS group; 9P<0.04, vs GIn group; (b)
Morphometry of ileal mucous membrane; ?P<0.004, vs TPN
group, LPS group and GIn group; °P<0.005, vs LPS group;
°P<0.02, vs GIn group; 9P<0.02, vs GIn group; ®P<0.001, vs TPN
group and GIn group.

Figure 2 Alterations of structure in mucous membrane of small
intestine under microscope. A. The normal structure of jejunum
mucosa in normal group rats; B. The normal structure of ileal
mucosa in normal group rats; C. Slice of the structure of ileal
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mucosa in TPN group. The section shows an evident damage
in mucosal architecture. The villi become shorter, blunted and
swollen. Infiltration of leukocytes occurs within the lamina
propria. The lymphatic ducts in lamina propria reveal dilata-
tion and edematous; D. Slice of the jejunal mucosa of LPS group.
The villi are more sparse and shorter than control group. It
also shows infiltration of leukocytes within lamina propria,
and dilatation of lymphatic ducts in lamina propria; E. The
section of ileum mucosa of GIn group. The morphology of il-
eal mucosa is similar to that of control group (B).
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Figure 4 Graph of interleukins in mucous membrane of small
intestine. ®P<0.02, vs TPN group; ®°P<0.001, vs Control group,
LPS group, GlIn group; °P<0.01, vs GIn group.

IgA levels in plasma and small intestinal mucous membrane
IgA levelsin blood plasmain GIn group were the highest
among the four groups, and so was that in small intestinal
mucosa. Therewasapostive correlation for IgAs|evel between
those in plasma and small intestinal mucosa (r=0.961, P<0.04,
Table 1).

Table 1 IgA Levels in blood plasma and small intestinal mu-
cous membrane

Blood plasma

Mucosal tissue

1gA (ug/ml) I9A (ug/g)
Control Group 146.73+50.98? 507.48+167.39°
Group TPN 133.94+64.41° 544.62+100.78¢
Group LPS 194.52+111.18 611.89+171.60
Group GIn 255.13+160.59 827.89+279.96

Note: Values were expressed as mean + SD; 2P<0.02, vs GIn
group; °P<0.04, vs GIn group; °P<0.01, vs GIn group; P<0.02,
vs GIn group; There “s a positive correlation for IgA levels in
blood plasma and mucosal tissues (r=0.961, P<0.04).

Correlation of IgA with interleukines

There was no significant correlation between IgA level in
plasma and mucosa with the level of interleukins in mucosal
tissue of small intestine (Table 2).

Table 2 Correlation of IgAs with interleukins

IgA of blood plasma IgA of mucous membrane

IL-4 IL-6 IL-10 IL-4 IL-6 IL-10
r value -0.562 -0.584 -0.744 -0.614 -0.373 -0.396
P value 0.438 0.416 0.256 0.386  0.627 0.604
Correlation? no no no no no no

Note: Values were expressed as mean + SD; *There was no
correlations between each IgA level in plasma and mucosal
tissue with that of three interleukins respectively in intes-
tinal mucosa.

Lactulose and mannitol (L/M) test

The recovery rates of lactulose and mannitol in the urine of
TPN group, LPS group and GIn group were increased. The
ratio of L/M was the biggest in LPS group, and the value of
theratio in LPS group was not different statistically from that
in GIn group (Figure 5).
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Figure 5 lllustration of dual sugar test. (a) Recovery rate of
urine for lactulose and mannitol; (b) Graphic of intestinal per-
meability expressed by L/M ratio. ®P<0.003, vs control group;
®P<0.001, vs control groups and TPN groups.

Bacterial identification and translocation

The results of bacterial culture were labeled as positive when
the CFU found per gram of tissue (or ml of blood) was more
than or equivalent to 10%% . In LPS group the rate of bacterial
trand ocation was the highest. The second highest rate was seen
in TPN group. The logarithm of the number of translocated
bacteria correlated positively with the bacterial translocation
rate (Table 3). The bacteriatrand ocated, in order of frequency,
were proteus, E. coli, enterococcus and other Gram negative
bacteria. One or two, even three bacteriawere usually recovered
from the same organ when translocation was present!®®.,

Table 3 Bacteriologic tests

MLN Liver PVB Rate of BT Logarithm of TB

Control group 3/8 0/8 0/8
TPN group 4/9 479 4/9
LPS group 5/8 6/8 7/8
GIn group 2/8 5/8 3/8

12.5 % (3/24)
44.4% (12/27)
75.0% (18/24)°
41.7% (10/24)°

0.5414+1.4799¢
2.3279+2.3609
3.0782+2.2824¢
1.5845+2.3209

Note: Values were expressed as mean + SD; MLN, mesenteric
lymph node; PVB, portal vein blood; BT, bacterial translocation;
TB, translocated bacteria; BTR, rate of BT; 2P<0.01, vs TPN group
and LPS group; °P<0.02, vs GIn group; °P<0.03, vs group control;
4P<0.01, vs TPN group and LPS group; ¢P<0.01, vs GIn group;
The rate of bacterial translocation is positively correlated to
the logarithm of the number of translocated bacteria (r=0.978,
P<0.022, P<0.03).

DISCUSSION
Damage of intestinal barrier function and the resulting bacterial
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translocation and endotoxemia caused by stress was well
documented in the literaturel®* 114, How to protect this barrier
function and prevent bacterial trand ocation and toxemiaduring
stress are important research topicg*>17,

Animal experiments showed some good resultsin protecting
intestinal barrier function and decreasing bacterial
translocation, toxemia and enterogenous infection by various
measuregl® & o 15 1722, 301 - G|ytamine has many biological
functiong?24, It comprises more than 50 percent of the body’ s
free amino acid pool and isaprecursor for synthesis of nucleic
acids and glutathione. It isthe main fuel for rapid proliferating
and dividing cells such as enterocytes, lymphocytes, and other
immunocytes etc. It can promote hyperplasia of the epithelial
cells of ileum and colon'®!. The structure and function of small
intestinal mucosa are maintained and theincrement of intestinal
permeability is reduced when glutamine is supplemented to
animalsfed parenterally?*%, Besides, glutamine could enhance
body’ simmunity through immune modulation'® > 2!, Results
from aseries of experimentsand clinicd investigationsindicate
that supplementation with glutamine parenterally and/or
enterally has improved the gut barrier function and body’ s
immunity when used in human and animalg** 1722391 |t has
been generally accepted that glutamine could maintain
intestinal barrier function through the improvement of
architecture of small intestinal mucosa. Formerly, researches
along thisline usually paid attention to only one aspect of the
functions of the intestinal barrier. For this reason, no
interrelationship among the permeability and immunity of
intestinal mucosa and bacterial transl ocation was discussed or
fully explained'® 1130,

It is known that the cause of the damage of intestinal
permesability in animalsfed with TPN is mainly the atrophy of
intestinal mucous membrane*- #1, The mechanism of the
increase of intestina permeability caused by endotoxin isvery
complicated. It may relate to many inflammation mediators
such as cytokines, vasoactive amines and oxygen free
radical §%%, The problem needs further investigation. Our
experiment showed that injection of LPS intraperitoneally to
rats indeed led to impairment of gut barrier function and an
increase in bacterial translocation. Although there were no
differences in body weight change when comparing that in
glutamine-supplemented group with those in TPN group and
LPS group, the damage of architecture of small intestinal
mucosa in the former, especially in mucous membrane of
ileum, was grestly dleviated than thosein the latter two groups.

Glutamine has avisible effect on the secretion of interleukins
in mucous membrane of small intestine. The threeinterleukins
in small intestinal mucosain glutamine group were lower (for
IL-4 and IL-6) or lowest (IL-10) than thosein other groups of
our experiment. There are different opinions about the effects
of interleukins on intestinal barrier function. Some authors
mentioned that intestinal IL-4 and IL-10 were important in
maintaining IgA concentration in the respiratory and alimentary
tracts and in the blood®. In the present experiment, we have
not found a correlation between IgA level and IL-4 and IL-10
levelsin intestinal mucosa. It has been considered that type |1
cytokines such as IL-4 and IL-10 have an anti-inflammatory
function and then it could alleviate tissue and cell damage
caused inflammatory mediators and type | cytokines such as
IL-61%"%1, But therewas areport that held acompletely different
opinion“¥, We could see from our experiment that glutamine
could reduce secretion of interleukins, and it seems that the
lower interleukin concentrations are beneficial in reducing the
damage of intestinal permeability!“?,

It isknown that the digestive tract is the largest immune
organ in human body and intestinal mucosal 1gA isthe first
defenseline of intestineimmunity barrier. Thishasanimportant
function in preventing bacterial adherence and translocation

within intestinal lumen. In our experiment, the IgA levelsin
blood and intestinal mucosa in glutamine group were the
highest among all groups. There was statistically significant
difference between the mucosal IgA levelsin glutamine group
and those in the control and TPN groups. This result meant
that the alleviation of bacterial translocation rate in animals
supplemented with glutamine correlated with the increase of
IgA secretion in mucous membrane of the small intestine.
Therewas apositive correlation between | gA levelsin mucous
membrane and blood plasma. It confirmed that the intestine
isavital organ for IgA secretionl®2.

Many changes of the immunological indicators in our
experiment did not reach a statistically significant level. The
reason for this might be that our experiment and observation
period ended at the time when the peak of stress reaction had
just passed and the animals had no sufficient recovery timel*2,
In this experiment we have made amodel in which the animal
isinjured by laparotomy and parenteral nutrition, and
endotoxemiais caused by an injection with a higher dosage of
LPS intraperitoneally 6 days after the injury. The protective
mechanism of glutamine on gut barrier was investigated. We
found that the model simulated well the conditions of the
clinical infectious complications.

In summary, using 1 000 mg/kg/d glutamine parenterally
can alleviate the atrophy and impairment of the mucous
membrane of small intestine in rats. It can also increase the
concentration of IgA and decrease concentrations of IL-4, IL-
6 and IL-10 that are secreted by the mucous membrane of small
intestine. Thus, the immune function of the small intestinal
mucosa was modulated and the damage of gut barrier caused
by trauma and endotoxemia was alleviated. The rate of
bacterial translocation was also decreased. Changes of
intestinal permeability measured with the dual sugar test did
not completely correlated with alterations of gut barrier
functioni*Y,
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