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Efficacy of Different Triglycerides in Total Parenteral Nutrition for
Preventing Atrophy of the Gut in Traumatized Rats

Jaxos LinseseN, Pul); anp Guntaer Worrram, MD, PrD

From the Institute of Nutyition Science of the Technical University of Munich, Freising-Weihenstephan, Germany

ABSTRACT, Background: The efficacy of different fat emulsions
as components of a total parenteral nutrition (TPN) regimen on
the integrity of the gut was assessed in travmarized rats. With the
release of the short-chain fatty acids butyric or propionic acid
during the hydrolysis of a structured triglyceride containing bu-
tyric acid (C4-1-C4-TG) or the B-oxidation of nonanoic acid from
trinonanoin (CY9TQ), respectively, the infusion of these two trig-
Iycerides was supposed to reveal positive effects against the TPN-
induced atrophy of the intestine. Mefhods: After 3 days of fiber
free liquid diet, rats were traumatized (laparotomy) and catheter-
ized. Afterwards they received equicaloric TPN that delivered 1008
kJ (241 kealykg of body weight per day and 30% nonprotein calo-
ries as fat emulsion. The four fat emulsions tested in four groups
of six animals contained either long-chain triglycerides (LCT),
medium-chain triglycerides (MCT)-LCT (1:1), COTG/LCT (1: D) or
C4-L-C4-TG. Animals of a control group were infused with

Normally, the gastrointestinal barrier is highly effective
inpreventing translocation of the gut microorganisms into
systemic circulation. However, subsequent to stress of
thermal injury, major trauma, surgery, or immunosuppres-
sion this barrier of the human gut becomes impaired or
even breaks down.'? Additionally, these patients regularly
recelve total parenteral nutrition (TPN), which has been
shown to lead per se to atrophy of the gut mucosa after a
few days, followed by a relatively high rate of bacterial
translocation.™ Sepsis of “undefined origin” can be the
dangerous result.'’

In TPN with the lack of stimuli by oral food intake, the
prevention of bacterial translocation is concentrated on
isolated nutrients that reveal a positive effect toward the
maintenance of normal intestinal structure and function.
Different nutrients like short-chain fatty acids (SCFAs),
glutamine, glutamine peptides, nucleotides, and arginine
are under discussion.>® Usually, the SCFAs acetic, propi-
onic, and butyric acid are products of the microbial fer-
mentation of dietary fibers in the large bowel. Especially,
butyric acid is recognized as the predominant energy sub-
strate for colonozytes in vitro.® Moreover, mixtures of
SCFAs were also shown to reveal a trophic effect on the

isovolemic (.9% Na(Cl solution and were offered oral standard
chow. Results: After 7 days of MCT/LCT administration, the mass-
to-length ratic of the total small bowel as well as the masses of
mucosa/submucosa and muscularis/serosa in 10-cm segments of
the distal half of the small bowel were significantly higher than
that found in the other TPN groups or not different from con-
trols. Histometric measurement of the villus height in the ileum
revealed no statistically significant differences from controls for
the rats of the MCT/LCT and C4-1L-C4-TG groups. In the colon, no
statistically significant differences between TPN groups were
found for either parameter. Conclusions: Within the tested fatty
substirates the MCT/LCT fat emulsion revealed less structural
impairments in the distal half of the small bowel regarding mu-

cosa/submucosa (mass and villus height), but also muscularis/
serosa (mass).

mucosa of the small and large bowel when administered
as sodium salts either parenterally or by colonic infu-
sions.!-1* Although these forms of applications seem less
suitable for practical purposes, administration of triglyc-
erides within TPN, which would release SCFAs by triglyc-
eride hydrolysis or B-oxidation of their fatty acid compo-
nents, should be a tolerable and practicable measure. It
was shown in rabbits that infusion of a high doses of
trinonanoin (CY9TG) gives rise to plasma propionic acid;
additionally, plasma acetic and butyric acid concentrations
increased.” On the other hand, butyric acid as component
of a structured triglyceride should be easily released in
the plasma and transported o the cells. Consequently, in
this study the effects of these two friglycerides on the in-
tegrity of the rat intestine should be corapared with a con-
trol group receiving standard chow and saline infusions.
For the small knowledge even about the effects of “usual”
fat emulsions on morphologic alterations in the intestine
during TPN of a traumatized organism, long-chain triglye-
eride (LCT) and mediuni-chain triglyceride (MCT)-LCT fat
emulsions were administered in two further groups of
animals.

MATERIALS AND METHODS

Thirty male, sexually mature Wistar rats (270 to 320 g)
were housed in metabolic cages (5 per cage) and fed a
fiber-free liquid diet {(Nutricomp F, B. Braun Melsungen
AG, Melsungen, Germany) for 3 days to minimize the ef-
fects of residual fiber in the intestinal tract. On the 4th
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day the rats underwent standardized laparotomy and place-
ment of the subcutaneous part of the swivel apparatus
(Instech Laboratories Inc, Plymouth Meeting, PA). After
surgery, the animals were put into individual metabolic
cages and isotonic NaCl solution (0.9%; B. Braun
Melsungen AG) was infused. From afterncon (4 pm) of day
4 until morning (8 am) of day 5 administration of the TPN
started with a half dose. Continuous infusion (24 h/d) of
TPN solution as given in Table I lasted from the morning
of the first postoperative day (POD, day 5) until the morn-
ing of the 8th POD (day 12).

Postoperatively, the rats were randomly assigned to five
groups (6 animals each). Four groups received an equica-
loric TPN regimen differing only in the kind of fat emul-
sion. As fat compounds either LCT, MCT/LCT (1:1, wt/wt),
trinonanoin {COTG)/LCT (1:1, wt/wt) emulsions, or an
emulsion containing butyric acid in the sn-1,3 position of
glycerol and a fatty acid of commercially available soya
oil in sn-2 position (C4-L-C4-TG) were supplied. Thirty
percent of the nonprotein energy of the TPN regimen was
provided as fat (Table I). For the animals of the control
group, Na(l solution (0.9 %) was infused corresponding
to the TPN volume. For energy and nutrient supply, isoca-

loric amounts (conferring to the TPN regimen) of the stan-
dard chow ssniff R/M 10 (ssniff GmbH; Soest, Germany)
were offered to the control animals. The calculation of
the total infusion volume, the amount of standard food,
and the volume of liquid diet was based on the individual
body weights on day 1. Water was given ad libitum to all
rats during the whole study. The infusions were adminis-
tered by means of infusion pumps (Perfusor Secura FT; B.
Braun Melsungen) and the swivel system.

Every day in the morning the animals were weighed and
the wounds were mopped up with a disinfectant solution;
no other medication was applied. On the 8th POD the ani-
mals were anesthetized and maximal amount of blood was
drawn by puncture of vena cava inferior. EDTA plasma
samples were stored at —25°C until analysis of SCFA con-
centrations, After extraction'® SCFAs were determined by
means of gas chromatography (flame ionization detector
[FIDY), using pivalic acid as internal standard (all chemi-
cals were purchased from Sigma-Aldrich Chemie GmbH,
Deisenhofen, Germany). SCFAs were separated with a
Permabond FFAP column (50 m % 0.25 mm inner diam-
eter; Macherey Nagel, Diiren, Germany), installed in an
HP 5890 gas chromatograph with a FID (Hewlett Packard,

TaBLE 1
TPN regimen
Amount of Ene[‘gy supply Infusion Infusion
Nutrient preparations® nutrients volume rate
@1 k¥ Keal? (L) (L)
Glucose (60% wt/wt)§ 36.8 586 140 73.7 3.07
Amino acids (15% wt/wt)|| 9.4 157 38 62.5 2.60
Fat emulsions (20% wt/wt){
LCT#* 6.7 251 60 31.6 1.32
MCT/LCT (1:1, wi/wi)t 7.0 2561 60 33.2 1.38
COTG/LCT (1:1, wt/wt)ii 7.0 251 60 33.2 1.38
C4-1L-C4-TG 7.7 251 60 36.5 1.52
SEnergy 1008 241
Sodium chloride (5.85%) 15.0 0.63
K-/Mg-1-asparaginate (24.3%) 4.0 0.17
Potassium phosphate (9.6%) 6.0 0.25
Calcium (10%) 1.0 0.04
Cholin chloride (20%) 0.5 0.02
Solution of water-scluble vitamins§§ 1.3 0.05
Trace element solution]|] 1.3 0.05
ZLCT 196.8 8.20
IMCT/LCT 198.4 8.27
TCOTG/ALOT 198.4 8.27
2C4-1-CATG 201.7 8.40

TPN, total parenteral nutrition; LCT, long-chain triglyceride; MCT, medium-chain triglyceride; C9TG, trinonanoin; C4-1-C4-TG,
triglyceride emulsion containing butyric acid in the sn-1,3 position of glycerol and a fatty acid of commercially available soya oil

in the sn-2 position.

#*All preparations were from B. Braun Melsungen AG, Melsungen, Germany.

tValues are per kg body weight per day.
$Values are per kg body weight per hour.
§Glucose 50; Braun.

[Aminoplasmal: 15% E without carbohydrates.

MIn 100 ml: 2.5 g glycerol, 1.2 g phospholipids from egg yolk as emulsifier.

**Endolipide 20%.
+iLipofundin MCT 20%.
= tEmulsified together.

§§In 5 ml: 3 mg thiaminhydrochloride, 3.6 mg Na-riboflavin-5-phosphate, 40 mg nicotic acid amide, 4 mg pyridoxin hydrochloride,
16.5 mg Ca pantothenate, 113.3 mg Na ascorbate, 60 g biotin, 0.4 mg folic acid, 6 pg cyanocobalamine.

n 5 mL: 3mg Zn, 0.5 mg Cu, 0.01 mg Cr, 0.2 mg Mn.



Taufkirchen, Germany). After identification of the sub-
stances by retention times, quantification was made con-
cerning “relative response factors.” The concentrations of
B-hydroxybutyrate and acetoacetate in the plasma were
determined enzymatically.17¢

After blood sampling, the intestine from the pylorus to
the anus was rapidly excised, carefully freed of its mesen-
teric fat, and rinsed in cold saline. The bowel was
transsected at the ileocecal and cecocolonic junction and
after rinsing with NaCl solution the weight and length of
the small intestine and large intestine (without cecum)
were measured. All length determinations were done with
fixed tension of 10 g. The small intestine was transsected
at its half length to get comparable segments for the middle
jejunum between animals with different length of the small
bowel. Segments of 0.5-cm length were taken from the
distal duodenum (B), the middle of jejunum (), the distal
ileum (L), and the colon transversum (N) and fixed in
formaldehyde solution (4%, phosphate-buffered) for his-
tologic and histometric examination. Villus height (duode-
num, jejunum, and ileum) and mucosal height (colon) were
determined by light microscope after paraffin embedding
and staining with hematoxylin and eosin. Using an ocular
micrometer, 10 measurements were made per intestinal
segment; mean values were calculated for further statisti-
cal procedures.

Ten 10-cm segments of the gut were taken under 10 g of
tension, in the following, indicated with the capital letters
Athrough M: A, duodenum; C and D, proximal jejunum; E,
G, and H, middle of jejunum; I and J, distal jejunum; K,
ileum; and M, colon. The segments were opened longitu-
dinally, rinsed in Na(Cl solution, and blotted dry. The mu-
cosa and submucosa were completely removed by scrap-
ing with a glass slide. By weighing of the segments before
and after scrapping the mass of mucosa/submucosa could
be calculated. The mucosal-submucosal scrapings were
stored at —25°C until analysis of protein,'® RNA* and
DNA#

The results are expressed as means = SEM. Statistical
analysis was performed with SPSS, Version 6.0 (SPSS Inc,
Chicago, IL). After analysis of variance (one-factorial
model) comparisons of means were made with the Stu-
dent-Newman-Keuls test (snk-test) at an a-level of H%.

RESULTS

During the TPN period mean body weight of the rats
decreased up to 8% of the initial weight without showing
statistically significant differences between all groups. At
the end of the study, mean wet weights of the small bowel
and of the colon/rectum were significantly lower in all rats
of the TPN groups when compared with controls; between
TPN groups no differences could be found. If the weight
was related to the length of the small bowel, the rats of
the MCT/LCT group revealed a significantly higher mean
than animals of the other TPN groups (Fig. 1). No differ-
ences between groups were found for the weight per length
in the colon/rectum due to a similar decrease in length
and wet weight in all TPN groups.

As can be seen in Figure 2, the animals of the MCT/LCT
group revealed the highest masses for the mucosa/sub-
mucosa as well as for the muscularis/serosa in the 10-cm
segments of the small bowel of all TPN rats. Especially, in
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Fic. 1. Mass per length of the small bowel (mg/cm, mean = SEM) of trau-
matized rats (n = 6/group) after 7 days of TPN with different types of fat
emulsions and in controls (0.9% NaCl, standard chow). *Significantly dif-
ferent mean compared with control; *significantly different mean com-
pared with all other TPN groups; snk-test, p = .05).

the distal area of the small bowel the differences in the
weight of mucosa/submucosa between MCT/LCT animals
and controls further decreased and were no longer statis-
tically significant (segments E and H through K). Also mean
weights of muscularis/serosa were highest in the MCT/LCT
group when compared with the other TPN groups (statis-
tical significance for the segments I through K) and less
different from controls (missing statistical significance
between MCT/LCT and control group in the segments A
and H).

In the investigated parts of the large bowel no signifi-
cant differences between all groups were measured for
the wet weight of mucosa/submucosa; however, mean
masses of muscularis/serosa were significantly lower in
all TPN groups compared with controls without differ-
ences between TPN groups (Fig. 3).

The histologic examination of the gut mucosa showed
no impairments in animals from any group, but with
histometric evaluation of the villus height in the small
bowel a statistically significant decrease in all TPN groups
compared with controls was obtained in the duodenum
(Fig. 4). In the ileum, the MCT/LCT and the C4-L-C4-TG
groups showed no significant differences in mean villus
height compared with controls. Mean results of the
histometric examination of mucosal height in the colon of
all TPN groups were not significantly different from controls.

Mean protein and RNA values in the mucosa/submucosa
of the 10-cm segments of the duodenum and jejunum were
decreased in all TPN groups compared with the control
group (Table I1). The differences were no longer statisti-
cally significant in the ileum, where the highest values of
all TPN groups could be found for the animals of the MCT/
LCT group. When calculating the ratio of RNA to protein,
mean values of all groups were not statistically distinguish-
able. Mean DNA concentrations of mucosa/submucosa in
all investigated parts of the small bowel showed a high
range of variability (see SEM values) and revealed no sta-
tistical difference between all groups (with exception of
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Fie. 2. Mass of mucosa/submucosa and muscularis/serosa of 10-em seg-
ments {mg/10 cm, mean) in the small bowel of traumatized rats (n = 6/
group) atter 7 days of TPN with different types of fat emulsions and in
controls (0.9% NaCl, standard chow). *Significantly different mean com-
pared with control; *significantly different mean compared with all other
TPN groups; snk-test, ¢ = .05. Capital letters indicate 10 cm-segments;
for explanation see text.

MCT/LCT vs control in the ileum; Table II). For the colon,
mean results of the protein, RNA, and DNA analysis in the
mucosa/submucosa were not significantly different be-
tween all groups.

Plasma butyric acid concentrations in the C4-1-C4-TG
group were significantly increased after 7 days of TPN in-
fusion compared with the other TPN groups and with con-
trols (Table III). Additionally, this was the only TPN group
in which mean plasma acetic acid concentration was not
statistically distinguishable from controls. For the animals
of the CO9TG/LCT group no increase in plasma SCFA con-
centrations could be observed.

The animals of the MCT/LCT group revealed the highest
plasma B-hydroxybutyrate concenirations with 0.23 = 0.12
mmoVL; for the LCT, C9TG/LCT and C4-1-C4-TG groups plasma
concentrations of 0.05 = 0.01, 0.08 = 0.04, and 0.13 = 0.06
mmol/L were measured, respectively. Mean acetoacetate con-
centrations in all TPN groups were below 0.05 mmol/L.
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Fic. 3. Weight of mucosa/submucosa and muscularis/serosa (mg/10 cm,
mean = SEM) in the colon of traumatized rats (n = 6/group) after 7 days
of TPN with different types of fat emulsions and in controls (0.9% NaCl,
standard chow). *Significantly different mean compared with control; snk-
test, p = .05).

DISCUSSION

Because of the proven trophic effect of SCFAs on the
intestinal mucosa, the two fat emulsions C4-L-C4-TG or
CITG/LCT were supposed to reveal a distinctly less im-
paired intestine after 7 days of TPN when compared with
the other fat emulsions. However, the results of some gut
parameters investigated indicate an effect of the MCT/LCT
fat emulsion, which is the opposite of this hypothesis.
Moreover, not as much the villus-mucosal height, but the
masses of mucosa/submucosa and muscularis/serosa in
the (distal) small bowel, showed a smaller decrease when
the MCT/LCT fat emulsion was administered. Between the
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Fic. 4. Mucosal villus height (pm, mean) in the duodenum, jejunum, and
ileum as well as mucosal height in the colon of traumatized rats (n = 6/
group) after 7 days of TPN with different types of fat emulsions, expressed
as percent of the controls (0.0% NaCl, standard chow). *Significantly dif-
ferent mean compared with control; snk-test, # = .05).
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TaBLe O
Concentrations of protein, RNA, and DNA in the mucosa and submucosa of traumatized rats after 7 days of TPN and in controls
Group Duodenum Middle of jejurum Heum Colon

(n = 6/group) Protein® RNAT DNAY Protein* ~ RNAT PNAi Protein* RNAY DNAY Protein* RN %' DNAT
Control

Mean 62.5 3.67 400 37.3 2.72 317 24.4 2.85 413 17.8 1.36 202

SEM 3.0 0.22 34 2.6 0.28 23 2.6 0.51 50 1.8 0.14 24
LCT

Mean 41.3% 2.26% 367 28.2% 1.71% 362 199 1.66 328 22.1 1.38 321

SEM 2.7 0.09 23 1.1 0.07 17 1.1 0.05 33 2.2 0.08 22
MCT/LCT

Mean 38.7% 2.01% 208 26.2% 1.78% 331 23.9 2.66 227 205 1.73 337

SEM 2.1 0.09 19 1.4 0.15 59 14 0.20 21 2.1 0.12 72
COTG/LCT

Mean 40.3% 2.40% 350 23.5% 1.84% 344 20.0 2.12 283 17.9 1.33 318

SEM 3.8 0.17 28 14 0.22 26 1.4 0.27 28 1.8 0.10 20
C4-1-C4-TG

Mean 40.1% 2.03% 318 23.1% 1.52% 316 19.1 2.16 331 18.2 1.80 253

SEM 3.0 0.15 22 1.8 0.07 50 18 0.40 40 3.2 0.15 35

For abbreviations, see Table 1. TPN contained different types of fat emulsions; controls received standard chow (0.9% NaCl).

*Values are expressed in mg/10 cm.

tValues are expressed in mg/10 cm and 1g/10 cm for RNA and DNA, respectively.

FSignificantly different means compared with control; p = .05, snk-test.

"~ other TPN groups (LOT, CO9TG/LCT, and C4-L-C4-TG) no
distinct differences could be found in this study, but all
showed atrophic changes when compared with the con-
trol group. With missing differences in mean small bowel
villus height of the TPN groups, the higher 10-cm segment
masses in the MCT/LCT group should mainly result from
less atrophic gut muscle tissues. The differences in the
protein and RNA contents between groups were in good
agreement with the differences in the wet weighis of mu-
cosa/submucosa (Table II, Fig. 2). In the ileum, for ex-
ample, similar results for protein and RNA concentration
were obtained for the MCT/LCT and the control groups,
whereas no statistically significant differences in mucosal-
submucosal wet weight between these groups existed.

A positive dose-dependent effect of MCT given enter-
ally to rats on jejunal mass and jejunal mucosal protein
synthesis already has been described.?? Also, in a hepatec-
tomy model (rats) with parenteral nutrition, jejunal mu-
cosal protein content and protein synthesis increased with
increasing proportion of MCT, whereas no effect was found
in a trauma model (femoral fracture).”? The authors con-
cluded that the effects of MCT depend on the metabolic
state.

The observed effects of parenterally administered MCT
may be the result of a faster hydrolysis, cellular uptake,
and B-oxidation when compared with LCT emulsions.?%
Especially, the higher ketone body formation with infu-
sion of MCT/LCT fat emulsions® would provide an expla-
nation, because ketone bodies were shown to reveal a fa-
vorable effect on the mucosa of jejunum and colon.?% In
the present study the higher plasma concentration of -
hydroxybutyrate on the 8th postoperative day in the MCT/
LCT group was not statistically different from the means
in the other TPN groups. However, a protein-sparing ef-
fect of MCT ws LCT in catabolic states is documented even
without significant elevations of plasma ketone bodies.?%
Because visceral protein is one of the first protein sources
used in catabolic conditions, a protein-sparing effect of
MCT toward gut muscle tissues seems reasonable, and
speculation can be made about the consequences for the
focused problem of bacterial translocation (eg, higher

secretory immunoglobulin A). In studies with enteral MCT
administration, mucosal brush border membrane bound
enzyme activities and absorptive function was shown to
be better maintained than with LCT.?8%

Other investigators have focused on effects of different
nutrients on the muscularis/serosa of the intestine. In the
present experiment similar changes in the masses of mu-
cosa/submucosa and muscularis/serosa were shown indi-
cating an advantage of the MCT/LCT emulsion also for the
muscularis in the distal jejunum and ileum (Fig. 2). How-
ever, it has to be pointed out that in the duodenum (Fig. 2,
segment A) the mass of the muscularis/serosa was not
reduced in the animals of the MCT/LCT group, whereas
the decrease in mucosal-submucosal mass was highest in
this gut region for all TPN groups. Speculations about pos-
sible implications can not be given.

The expected positive effect of the frinonanoin-contain-
ing fat emulsion on intestinal integrity should mainly pro-
ceed from propionic acid/propionyl CoA released during
B-oxidation of nonanoic acid. In the present study no in-
crease in propionic acid or other SCFA concentrations was
measured in the plasma after C9TG/LCT infusion as found
in a previous experiment’® in which a much higher dose of
COTG was infused (33% vs 12% of total daily energy).
Propionyl CoA must have been released intracellularly, but
the main release probably was in the liver, which is the
most important organ for MCT metabolism.* This would
indicate that the previously measured increase in plasma

TasLe I
Concentrations of acetic, propionic, and butyric acid in the plasma
of traumatized rats afier 7 days of TPN and in controls

Group Acetic acid Propionic acid Butyric acid
(n = f/group) (pmol/L) (pmol/L) (pmol/L)
Control 746.8 = 169.5 219=73 34.1 x 1563
LCT 3387 £ 85.7* 76 = 1.0 2703
MCT/LCT 270.2 + 19.7¢ 78+ 13 4304
COTGHLCT 302.7 + 33.8* 115+ 1.6 3.6 08
CHL-CLTG 4993 = 923 140 =17 148.0 = 13.7*

Values are means = SEM. For abbreviations, see Table 1. Controls re-
ceived standard chow {0.9% NaCl).

#Significantly different mean compared with control; p = .05, snk-test.
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SCFAs can be seen as a consequence of overloading. How-
ever, utilization of even-numbered MCTs in tissues other
than the liver has been demonstrated,” and it seems un-
likely that nonanoic acid should not be metabolized in the
gut cells. Theoretically, with the given CI9TG doses more
propionic acid should have been provided to the organ-
ism than parenterally administered by Koruda and cowork-
ers,'! showing the trophic effect of Na salts of SCFAs on
the gut mucosa.

Although after a 7-day infusion of triacetin-LCT (1:1) a
reduced atrophy of the intestinal mucosa was found in
comparison with LCT administration,™ mean plasma ac-
etate concentrations were lower (<300 pmol/L) than ob-
tained in the C4-L-C4-TG group of the present experiment
{499 wmol/L, Table III). For the investigations that showed
a positive effect of parenteral or intracecal infusion of
SCFAs on gut integrity, no data on plasma SCFA values
were available.'®'* With respect to the molar ratio of
parenteral SCFAs (acetate:propionate: butyrate = 36:15:9)
administerd by Koruda and coworkers,!! higher plasma
values of propionic acid should have been reached in that
study compared with the present one with a plasma ratio
of 36:1:11. Butyrate, the preferred oxidative fuel of
colonocytes,*? improved colonic and even ileal mucosal
parameters after intracolonic infusion in coecectomized
rats fed a fiber-free elemental diet.”> However, the investi-
gated parameters of the ileumn and the colon in the C4-1-
C4-TG group revealed no distinct differences to the other
TPN groups in spite of a theoretically much higher supply
of butyrate to the colonocytes via systemic circulation.
The questions arising are whether by the IV route butyrate
is not as effective as shown with intracolonic instillation
and whether a certain ratio of the three main SCFAs is
necessary for revealing protective effects on the mucosa
of the small intestine; the latter suggestion would not be
in accordance with the favorable results found after
parenteral triacetin administration.®

In conclusion, after MCT/LCT administration structural
impairments in the distal half of the small bowel were
smallest within TPN groups referring to the mucosal vil-
lus height and the masses of mucosa/submucosa as well
as muscularis/serosa. However, further testing of the MCT/
LCT fat emulsion by means of functional parameters is
needed to clarify possible consequences of the results
shown for the problem of bacterial translocation. In the
proximal small bowel and the colon no distinct differences
between the tested fat emulsions could be found.
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