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MATERIALS AND METHODS

INTRODUCTION
The importance of luminal nutrients
lor maintaining normal mass and function
of the mature small intestine has been
demonstrated in several studies, most of which

used parenteral feeding as

a tool to

assess

Ten large white piglets were separated

from the sows and prevented from sucking at

birth. Their gestational age were between 1 1 3

to 1 15 days with the average birth weight
1 .3 + 0.32 kg. Two piglets from each

of
of

the effect of intraluminal nutrition. The effect

five litters were separated into tvvo groups

of enteral feeding on the gastrointestinal tract
in newborn animals is different from the effect

one group was fed by orogastric tube (OGF)

in mature animals. Enteral feeding promotes

arterial cannulation was used in preference to

small intestinal development in newborn
animals (Koga et al., '1 975, Goldstein et al.,
'1985; Gall et al., 1987 Morgan et at.,
1987; Castillo et al., 1988, 1990; Shulman,
1988), whereas several studies in mature
animals have shown that enteral feeding
required

to

prevent decreases

is

in the mass

and normal functions of the small intestine

1974 Levine et al., 1974,
Eastwood, 1977, Spector et al., 1977,
Hughes & Dowling, 1980; Meurling & Roo,
1 98'1 ;
Hughes & Ducker, 1982; Weser
(Cameron

et al.,

et al., 1982a,b; Popp & Wagner, 1984;
Weser et al., 1985; Raul et al., 1987;
Shulman, 1988).
There have been a limited number of
studies

of the effects of intraluminal

nulrition

on gastrointestinal development using the pig-

lets as an experimental model (Goldstein et

al., '1985; Morgan et al., 1987), but none
on piglets aged 0 - 24 hours. The present
experiment was conducted

of

to study the effect

intraluminal nutrition, excluding colostral

growth promoting substance, on postnatal
development

during the

of the small intestine in

trst 24

hours after birth.

piglets

and the other parenterally

surgical cannulation

of

(TPN).

:

Umbitical

deeper blood vessels

in order to avoid stress of surgery and

to

minimize the possibility o{ wound infection

in

the animals. Cannulations were carried out
using full aseptic procedures. Two blood
samples (Z mt. each) were collected at birth

and at 24 hours for blood

glucose

determination.

Each pair of piglets was kept in the

same crate but the individuals were
separated from each other by a perspex
partition. The temperature in the crale was
mainlained between 32-38'C by a heating
lamp suspended above the crate. All piglets
in both groups were given the same nutrient
solution with an equivalent nutritional value
(taUte t). R totat volume of 250 ml was
infused into each piglet

in the TpN group,
whereas distilled water (20-BO ml) was
added to the solution fed to the OGF group
to make up the total volume Ied lo ZZO
mlzkg bw, which was within the range of
colostrum intake of naturally suckled piglets
(Le Diviotcfr & Noblet, 1981). The solution
was then divided into eight meats (tabte Z)
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and given to the piglets by an orogastric
tube (Feeding Tube, Pharmaseat, USA)

introduced into the stomach

via

the

oesophagus before and removed after each

meal. The nutritional composition of the
nutrient solution and the energy provided to

the piglets are shown in Table

3.

The

solution was infused continuously into each
piglet in the TPN group at a combined rate

of 11.5 mllhr by a multichannel peristaltic
pump (Peristaltic Pump p-3, pharmacia,

43

1996

analyzed for DNA, RNA and protein contents

to the method described by Xu
et al (1992). Mucosal lactase activity was
assayed using the method described by
according

Dahlqvist

(1964) as moditied by Manners &

Stevens

(1972). The tissue samples were

fixed and examined microscopically using the

by

(1992). The
serum glucose concentrations in the blood
samples collected from the piglets at birth
and bef ore euthanasia were determined
technique described

Xu et al

Sweden).

using a commercially available enzymatic UV

Atler 24 hours, all piglets were
euthanased. The whole of gastrointestinal
tract was removed and dissected on ice

test wiih hexokinase (Uni-Xit

according to the method of Widdowson et al

(1976).
into

The smail intestine was separated

5

parts, the length of each part was
measured and the tissue were wighed using

the method described by Tungthanathanich
et al (1992). The mucosa were scraped and
Table

1

All data were subjected to analysis
of covariance using birth weight as a
covariate, as the body weight

10ol, Amino

All data were analysed by computer
the SAS and M|N|TAB programs.

the piglets

TPN

acid2

2ooto Faily acid3
0.9ala Sodium chloridea

at birth

could

have affected the outcome of the experiment.

the nutrient solution given to
(rnru) ano by orogastric feeding (ocF).

Dextrosel

Clucose HK,

Foche, Switzerland).

Composition of

CONSTITUENTS

ll

20 mllkg bw
50 mllkg bw
30 mllkg bw
add to make up to total
volume to 250 ml.

by total parenteral

using

nutrition

OGF

20 mllkg bw
50 ml,/kg bw
30 mtzkg bw
add to make up the total volume

to 250

ml.*

*

add distiiled water to make up the totar feeding vorume
of the oGF group =
22o mltkg bw per 24 hrs' (osmolality varied between 770-930
mosmzl because of the

different amounts

ol

o.9o/o sodium chloride solution required

250 ml for the TpN group)

to make the total volume up to

'r'l5fl"lr#axrl]rnelc{1fio{
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Table

2

Feeding times and volumes

of

sJ?J.

ilfi 6

au-ufi

1

nutrient solution given

Nn:1Fr&J -

finnrsil 2539
c

to the piglets by

orogastric

feeding (OGF).

FEED

Table

3

TIME AFTER BIRTH

(hrs)

VOLUME

1t'

2

20

2nd

4

20

l,d

6

20

4tn

8

2O

5'n

10

40

6'n

i4

.+u

7tn

18

40

B'n

22

20

Nutrient and energy intake
nutrition

(TPN) and by orgastric feeding (OCf;. The energy intakes were the same

in both

groups.

INTAKE

g/kg bw
Dextrosel (15.72 kJtg)
Fatty acid2 (aZ ,.Jtg)
Amino acid3 (ll.z xltg)

kt/kg

10

151

6

zqt

5

861

Total energy

495

Usable energy*

409

*Usable energy
the first

bw)

of the piglets given nutrient solution by total parenteral

CONSTITUENTS

is the energy which is

produced by metabolism

24 hours the piglet can metabolize

Dextrose

5Oo/o

Synthamine

,

"lravenol, Australia

17 with

electrolytes, Travenol, Australia

lntralipid 2oo/o, Kabi Vitrum AB, Sweden
Travenol, Australia

bw

ot lactose and lipid,

during

protein only at a very low rate (tr,,tettor & Cockburn,

1eB6).

1
2
3
4

{mllkg

KKU. Vet. J. Vol. e

No.r

January

- June

45

1g96

RESULTS

there were no differences in epithelial cell
height, nuclear shape and position, and

There were no major differences
between the TPN and OGF groups, except
a greater small intestinal length in the
orogastrically feed piglets. Orogastric feeding

cytoplasmic consistency between the two
groups, there was a higher ratio of goblet

was associated with increased small intestinal
length, but not weight. The total length of

TPN group. Also the viltous width in the
upper jejunum was signilicantly greater in the

the small intestine and the jejunal and ileal
length in the OGF group were significanily

OGF group compared
(raote s)

cells to columnar absorptive cells, and the villi

appeared more compact

longer than those of the TpN group (e.O.OOt
)

(faUte

a).

in the ileum of

to the TpN

the

group

There was no detectable effect ol

The total weights of the intact
small intestinal and the intestinal mucosa

orogastric f eeding compared to total
parenteral nutrition on the mucosal RNA,

and muscle were not significantly different.
Neither were the mucosal and muscular

DNA and protein content or the RNA

weights

of the different

regions of the small

intestine.

When comparisons were

and protein

:

DNA

;

DNA ratios. There were no
significant differences between groups for

the lactase activity per mucosal weight and
for the total lactase activity. The serum

made

between the OGF and TpN groups, orogastric

glucose concentrations

feeding had little effect on the microscopic

difference

of the small intestine compared
to parenterat feeding (figs. 1 and 2). White

and 24 hours were not different for

appearance

Table

4

Mean

at 24 hours and the

in glucose levels

between birth
the

OGF and TPN groups.

t

SD' for the small intestinal lengths (cm.) of the pigtets in the
oGF and
TPN groups. (*** = p a 0.001).

Parameters

Total length
Duodenum

Jejunum *x*

ileum ***

OGF

t
12.96 +
'189.32 +
189.32 +
391.60

1

TPN

8.23

353.76 + 20.96

2.29

+
1 71 .00 +
71 .00 t

8.88
8.88

1

1

1.76

2.08
9.85
9.85
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SD. for the villous width (m.) in the small intestine of the piglets in the

OGF and TPN groups.

(** = P < 0'001).
TPN

OGF

Parameters

Duodenum

84.2 + 5.4

80.2 +

Upper jejunum **

78.8 + 6.4

67.0 + 3.7

Lower jejunum

71.6

Upper ileum

69.2 + 4.2

64.0 + 3.8

Lower ileum

60.6 + 4.2

61

t

63.6 +

5.0

Retention

DISCUSSION

of

4.9

8.4

.4 + 3.8
intestinal contents may

cause physical stretch of the intestine during

Ttre greater length in the enterally

the measurement of its length. ln the present

to drip

fed than in the parenterally led piglets may

experiment, no fluid was seen

to ( 1 ) ingesta remaining in
the intestine at post- mortem and causing
physical stretch of the intestine during the

the intesiine at post-mortem. Moreover, the
length was about 10% grealer which was

have been due

measurement process, (2 ) physiological

by the combined effects
of the intraluminal contents and the
viscoelastic properties of the small intestinal
smooth muscle (Meiss, 19Bg) or (3) growth.
Although there was a significantly greater
elongation caused

in small

in

from

to be too large to be caused by
physical stretch. lf the greater small intestinal
length had been due to stretch of the
intestine, there should have been a difference
in small intestinal wall thickness between
enterally and parenterally fed piglets. But no

considered

such difference was evident. This might

be

the

due to lhe loss oJ tone of the intestinal

in the parenterally fed
piglets, there was no difference in the

smooth muscle when the animals were

or mucosal DNA content of the small
intestine. Furthermore, both mucosal RNA

weight of evidence suggests that the greater

increase

intestinal length

enterally fed than
weight

: DNA ratios of
the two group showed no significant
contents and mucosal RNA

euthanased (ScnotietO,

1968).

Therefore. the

in the OGF
group was more likely to be due to
length of the small intestine

physiological elongation. The concept

of

differences in all parts of the small intestine.

physiological elongation arises lrom previous

These results therefore support the view that

studies showing that the presence and

the greater length in the enterally fed piglets

texture ol the food in the small intestine can

was not due to growth.

influence its

the

length. Morgan et al. (1987)

KKU. Vet. J, Vol. e
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and Goldstein et al. ( t OaS) studied the
effect of TPN on gastrointestinal development
in 3-day-old piglets and 6-week-old piglets,
respectively,

for 3 weeks. Goldstein et

al.

(1985) found that the distat smail intestine
in the TPN animals was 16alo shorter than
that o{ animals given the same formula by
intragastric infusion, and 35olo shorter than

47

1g9s

reports of Cameron et al., ('l

et al., (1980) who reported similar effects of
TPN on morphology of the small intestine

rats. And the greater villous width in
the OGF group compared to the TPN group
possibly related to the uptake of nutrient
solution along the villi.
Except the length, the present study

showed no signif icant

et al. (1987) found that the proximat

development

smail

length of the ploximal small intestine of
intragastrically fed piglets and 65o/o ol lhe

in naturally suckled piglets. Koga et
al. (1975) concluded for puppies that the
passage of diet through the small intestine
is essential for an increase in its length to
occur. Other studies (Castillo et al., 1 g88,
1990) have shown tnit tne intestine is
length

shorter in TPN fed rats compared to that of

rats ted intragastrically.
Furthermore, while previous studies

in

mature

that in animals fed solid food. Also Morgan
intestine in TPN piglets was only 73alo of the

974) and Heitman

diff

erences in the

of the small intestine between
the TPN and OGF groups. These
inconsistencies with the previous studies
could be due to variations in age and to
species differences and, especially to the
duration of the experimental period, which
was longer in most previous studies. The
present study appears to be the first to use
unsuckled piglets

0-24

hours old.

Generally the results

of the present
study showed no beneficial effect of enteral
compared to parenteral feeding on postnatal
development of the small intestine. This

have shown marked reductions in mucosal
thickness, villous height and crypt depth

does not accord with the work

(especially in the proximal small intestine)

in

largely developed the hypothesis that enteral

TPN animals compared to intragastrically fed

feeding in newborn infants stimulates
metabolic and postnatal gastrointestinal
adaptation to extrauterine nutrition through

animals (Castillo et al.,

19BB;

1990;

1977: Goldstein et al., 1985;
Koga et al., 1975; Morgan et al., 1987),
Eastwood,

of

Aynsley-

Green and colleagues who introduced and

the release of gut peptides (Aynsley-Green,

there was no significant difference in the
histological structure of the small intestine
between the TPN and OGF groups in the
present experiment. However, the more

1983, 1 985, 1 989). Furthermore it does
not support the idea prevalent in hospital

compact villi and the greater number of goblet

cells in the TPN group compared to the OGF

preterm and full term babies (ScnanOter,
1988). There are two possible causes

group found here are

for this apparent discrepancy. Firstly,

in

accord with the

neonatal units that enteral feeding is
important for gut development in both

it

is

48
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possible that during the first

24

1
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hours enteral

has demonstrated that luminal growth factors

feeding has no apparent e{fect on postnatal
growth of the small intestine whereas in the

in the intestine can be digested by

neonatal unit the infants are generally fed

enterally for longer periods (Schandler,
1988). Thus if the present experiment had
been continued for

effects

of

a

longer period, beneficial

enteral feeding on small intestinal

development may have become apparent.
Secondly enteral feeding

of

nutrient solution

in the orm of an elemental diet is not
effective in protecting endogenous growth
factors for example salivary EGF, irom
f

digestion

by luminal protease.

Feeding

an

elemental diet either parenlerally

or enterally
has previously been shown to be associated
with intestinal atrophy, and this atrophy can
be prevented by enteral feeding of whole
protein rather than the constituent amino acicjs

(Playford

et at., 1993). An in vitro

study

proteases, but this degradation can be
prevented by the presence of food proteins,
probably via occupation

of the active sites of
the enzymes (Playford et al., 1993). Therefore,
it is possible that whereas f ood protein
prevents digestion

of

luminal growth factors,

the nutrient solution used in the present
experiment does not. Thus the nutrient
solutron used here might cause different
results from those in newborn infants in
hospital neonatal units where intants are
generally fed human milk (Schandler, 198g.).

Finally,

it is concluded that except

the length, luminal nutrition showed no effects
on growth parameters of the smail intestine

in the newbor.n
hours after birth.

piglets during

the first

Z4
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(B)

Figure

'l

villi in the upper

jejunum

(magnification x 96)

of the pigrets

in

the ocF (A) and rpN (B) groups.
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rcs

Figure

.t

2 Villi in the upper jejunum of the piglets in the OGF (n)
(magnificatio n

x 428)

and TpN (B) groups.
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THE EFFECT OF INTRALUMINAL NUTRITION ON POSTNATAL
DEVELOPMENT OF THE SMALL INTESTINE IN PIGLETS
DURING THE FIRST zq HOUHS AFTER BIRTH
Prapaporn Tungthanathanichl

W. Reynoldsz
Heather V. Simpson2

Gordon

David

J.

Mellor2

ABSTRACT
To investigate the eff ect of intraluminal nutrition on postnatal development of the
small intestine, 10 unsuckled newborn piglets (1.2-1.6 kg bw) were devided into 2 groups;
one fed by total parenteral nutrition (TpN) (cHo = 10. protein = 5, Fat = 6 gm/.kg
;
bw) and the other by orogastric feeding (ocr), with the same TpN solution with equal
caloric value. Atter 24 hours, the piglets were weighed, euthanased and the small intestine
(Sl) removed. The Sl was weighed, its length measured while suspending vertically, then
divided into 5 parts , duodenum, upper jejunum, lower jejunum, upper ileum and lower
ileum,
and the mucosa scraped off and weighed. The mucosal RNA, DNA, protein and lactase
concentrations tn each segment were Cetermined. All data were analyzed
by anaiysis of
covariance The length of total Sl, jejunum and ileum of the OGF group were longer
than

(p . 0.001), but the circumference, wall thickness, the total, mucosal
and muscular weights and the biochemical parameters of any part of the small intestine
were not different. lt is concluded that during the first 24 hours after birth,
luminal nutrition
had no effects on other growth parameters of the small intestine in the piglets,
except the
those of the TPN group

length, when compared to total parenteral nutrition. This is likely to be
due to physioiogical
elongation rather than growth.

keywords :

intraluminal nutrition, total parenteral nutrition (TPN), postnatal development.
small
intestine
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