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Abstract
AIM: To study the intestinal permeability (IP) following stress
of abdominal operation and the different effects on IP of
enteral nutrition (EN) and parenteral nutrition (PN).

METHODS: Forty patients undergoing abdominal surgery
were randomized into EN group and PN group. Each group
received nutritional support of the same nitrogen and calorie
from postoperative day (POD) 3 to POD 11. On the day
before operation (POD-1), POD 7 and POD 12, 10 g of
lactulose and 5 g of mannitol were given orally, and urine
was collected for 6 hours. Urine excretion ratios of lactulose
and mannitol (L/M) were measured.

RESULTS: L/M ratios of EN group on POD-1, POD 7 and
POD 12 were 0.026±0.017, 0.059±0.026, 0.027±0.017,
respectively, and those of PN group were 0.025±0.013,
0.080±0.032, 0.047±0.021, respectively. Patients of both
groups had elevated L/M ratios on POD 7 vs. POD-1. However
the ratio returned toward control level in EN group by POD 12.
In contrast, PN group still had elevated L/M ratios on POD 12.

CONCLUSION: L/M ratio increases for a period of time after
surgical trauma and the loss of gut mucosal integrity can be
reversed by substitution of enteral nutrition.
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INTRODUCTION
Apart from the major function for digestion and absorption of
nutrients, intestine also acts as “a central organ of stress”. In
many pathological conditions such as severe trauma, operation,
chemotherapy and acute severe pancreatitis, intestine is a
barrier to prevent microorganisms and toxins in the lumen from
spreading to distant tissues and organs.
     Nutritional support has been used in clinical care for more
than forty years. Total parenteral nutrition (TPN) is the form
of nutritional support most suitable to patients with gut failure,
in which it is lifesaving[1]. However, studies have found that
TNP has many disadvantages, such as gut barrier dysfunction
and bacterial translocation. Enteral nutrition may not have these
disadvantages[2-4].
     Many studies have demonstrated that intestinal permeability

(IP) can reflect gut barrier function[5,6]. When the integrity of
gut mucosal barrier is damaged, increased intestinal permeability
may occur. The excretion ratio of L/M of urine has been used to
measure intestinal permeability[7]. However, few studies have
directly comparied the effect of EN versus PN on intestinal
permeability after surgical trauma. Therefore, the present study
was to observe intestinal permeability following operation and
to investigate the different effects of enteral nutrition and
parenteral nutrition on IP.

MATERIALS AND METHODS
Patients
A prospective and randomized study was designed. Forty
patients with digestive tract tumor were enrolled. All the
patients had normal liver and kidney functions but no metabolic
diseases. Informed consent was obtained from all the patients
preoperatively.
    All the patients were randomized intraoperatively after
complete resection of tumor. The groups were defined as
follows. EN group: Patients received enteral nutrition via
jejunostomy tube or nasojejunal tube starting from POD 3. All
the tubes were placed approximately 20 cm distal to the ligament
of Treitz. PN group: Patients received total parenteral nutrition
via central venous catheter starting from POD 3. Control group:
It consisted of twenty healthy volunteers. All controls underwent
an overnight fast and took the test solution orally.

Nutrition
All the patients of the two groups received isonitrogenous
(0.1728 g/Kg/d) and isocaloric (30 Kcal/Kg/d) nutritional
support starting from POD 3. The aim of enteral or parenteral
nutrition was to meet 50 % of nutritional requirements
according to the protocol and GI tolerance of the patient on
POD3, 75 % on the next day and 100 % on POD5.
     EN group: Patients received Isosource (Novartis Corp,
Switzerland) fluid polymeric formulation containing 14 %
protein, 29 % fat, 57 % carbohydrate calories. Nutrient solution
was given at a steady speed.
     PN group: Patients received total parenteral nutrition.
Amino acids, fat, glucose and minerals were mixed and
infused steadily.

Lactulose/mannitol test
Intestinal permeability was performed on POD-1, POD7 and
POD12. All the patients fasted for at least 6 hours and their
bladders were emptied before the test. The test solution
consisted of 10 g of lactulose and 5 g of mannitol in a total
volume of 50 mL with osmotic pressure 1 200 mOsm/L. The
solution was given via the jejunostomy tubes or by nasojejunal
or oral routes. The urine volume was collected for the
subsequent 6 hours. One hour after the test started, the patients
were encouraged to drink. After 2 h, liberal intake of food was
allowed. The urine volume was recorded, and 10-mL portion
was frozen and stored at -80 .

Analysis
Urinary lactulose and mannitol were assayed using high-



pressure liquid chromatography (HPLC) as described by Willems
D and colleagues[8]. Calibration was performed on a daily basis
with authentic standards at multiple concentrations, and the
experimental standards were diluted so that the areas of all
peaks fell within the calibration range. Fractional excretions
(lactulose and mannitol) and L/M ratios were calculated.
Fractional excretion was defined as the fraction of the gavaged
dose recovered in the urine sample, and L/M ratio was a ratio of
fractional excretions (lactulose-mannitol).

Statistical analysis
Statistical analysis was performed using analysis of variance
(ANOVA) when comparing mean L/M ratios within groups
and by an independent t test for differences between groups
and vs control. Enumeration data were analyzed by χ2 square
test. Differences were considered significant when P<0.05,
and obviously significant when P<0.01. All values were
expressed as means ±SD.

RESULTS

Patients’ general data
From April 2000 to July 2001, forty patients with digestive
tract tumors were randomized to receive enteral nutrition or
total parenteral nutrition. Preoperative and procedure related
data for the two groups are listed in Table 1.

Table 1  Comparison of preoperative and procedure related
data between experimental groups

EN group PN group

Age (y) 50.8±14.9 53.1±15.6
Sex (M/F)    13/7    11/9
Weight (Kg) 60.0±6.8 61.3±12.3
Cancer of stomach      15      11
Cancer of colon        5        9
Complete gastrectomy        7        5
Partial gastrectomy        8        6
Left hemicolectomy        4        5
Right hemicolectomy        1        4

Figure 1  Mean ratio of recovered lactulose to mannitol (L/M) in
the urine. A significant elevated ratio was seen on POD7 vs that
on POD-1 in both groups (P<0.01). Significant decreases in the
ratio were seen in both groups on POD12 vs POD7 (P<0.01). The
L/M ratio of EN group was significantly lower than PN group
on POD7 (P<0.05) and on POD12 (P<0.01).

Intestinal permeability
Figure 1 depicts the mean L/M ratios for all groups. On POD-1,
there were no significant differences in EN group (0.026±0.017)
and PN group (0.025±0.013) vs control (0.028±0.012) (P>0.05).
Also there was no significant difference in EN group vs PN

group (P>0.05). On POD7, there was one-fold to two-fold
increase in the L/M ratios in both EN group (0.059±0.026)
and PN group (0.080±0.032) vs that on POD-1 (P<0.01).
However, there was a significant difference between PN group
and EN group (P<0.05). On POD12, there was a significant
difference in L/M ratios in both EN group and PN group vs.
that on POD7 (P<0.01). However, there was a decreasing trend
in L/M ratio in EN group (0.027±0.017) vs. that on POD-1
(P>0.05), while there was a significant difference in PN group
(0.047±0.021) vs. that on POD-1 (P<0.01). There was a
significant difference between PN group and EN group on
POD12 (P<0.01).

DISCUSSION
Small intestinal permeability has been used to quantify the
damage of gut mucosal barrier[9,10]. Intestinal permeability
changes have been detected by oral administration of probes
such as 51Cr-EDTA, sucrose, lactulose, cellobiose, and
polyethylene glycol[11-14]. The measurement of urinary excretion
of nonmetabolized sugars has been widely used as a
noninvasive method to assess mucosal integrity of the small
bowel[15-17]. Monosaccharides such as mannitol and L-rhamnose
pass through the transcellular routes of aqueous pores,
reflecting the degree of absorption of small molecules (0.65 nm).
Disaccharides, including lactulose and cellobiose, pass through
the intercellular junctional complexes and extrusion zones at
the villous tips, reflecting the permeability of large molecules
(0.93 nm). The permeabilities of mono- and disaccharides are
usually compared and expressed as an excretion ratio such as
lactulose/mannitol or lactulose/L-rhamnose in urine samples.
Lactulose and mannitol represent ideal compounds for
measuring differential sugar absorption because they have a
negligible affinity for the monosaccharide transport system
and are passively absorbed and not metabolized before urine
excretion. Intraindividual differences in gastric emptying,
small intestinal transit, and urinary excretion are therefore
eliminated[5-7,16].
   Several enzymatic, colorimetric, and thin-layer
chromatographic methods have been developed for the
determination of lactulose and mannitol[5,6]. However, most of
them are time-consuming and do not allow a simultaneous
assay of both sugars. More recently, gas chromatographic and
HPLC procedures have been proposed to overcome these
problems[8,18]. Data from our study suggested that HPLC was a
good method of measuring lactulose and mannitol. Our data
also showed that L/M ratios could reflect intestinal permeability.
      Sepsis, systemic inflammatory response and trauma in both
animal and human are associated with gut mucosal damage
and dysfunction[19-21]. Gut dysfunction is a common problem,
resulting in loss of gut mucosal barrier selectivity, increased
permeability to various hydrophilic solutes and translocation
of bacterial products into the circulation, which may then
further increase the inflammatory response in distant organs,
leading to multiple organ dysfunction and death[22]. As a result,
many authors considered the gut as an “engine” that drived
sepsis. One possible contributory mechanism to endotoxin-
induced gut mucosal damage was the increased apoptosis[11].
Inflammatory mediators enhanced apoptosis in a large
number of cell lines. In intact animals, increased cardiac and
hepatic apoptosis during sepsis might contribute to sepsis-
related dysfunction of those organs. Thus paracellular tight
junction may be injured and intestinal permeability increases.
Our study showed an increased permeability after the stress of
surgical trauma.
      Nowadays nutritional support has become a routine therapy
method. In the stress condition, proper nutritional support may
provide necessary nutrients, reduce clinical complications and
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promote patients’ recovery from illness[3]. Total parenteral
nutrition (TPN) provides significant benefits to surgical
patients. However, there are still many complications. The
effects of total parenteral nutrition on the gastrointestinal tract
include decreasing brush-border hydrolase and nutrient-
transporter activity, increasing mucosal permeability, and
decreasing microvillus height[23-25]. Thus TPN is complicated
by bacterial translocation (BT). Enteral nutrition after stress
can maintain immunocompetence, and promote wound
healing. Furthermore, it is considered that enteral nutrition can
maintain gut barrier integrity, reduce septic complications[26]

and the risk of death of critical care patients[3, 27]. In our study,
we used L/M ratio as a marker to reflect gut mucosal barrier.
On POD7, L/M ratios in both EN group and PN group were
elevated, but L/M ratio of EN group was significantly lower
than that of PN group. And on POD12, L/M ratio of EN group
returned to the level of POD-1, while L/M ratio of PN group
was still higher  than that of POD-1 and EN group.
     It is concluded that L/M ratio increases in a period of time
after surgical trauma and institution of enteral nutrition can
reverse the loss of gut mucosal integrity.
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