View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by KnowledgeBank at OSU

Evaluating a Premature Piglet M odel to Assess the Nutritional Needs of the Human
Neonate

Sarah M cCready
Advisor: Dr. Pasha A. Lyvers Peffer


https://core.ac.uk/display/159582776?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ABSTRACT

Research suggests that the premature neonate is unaldkease of necessary enteral
nutrition due to an immature gastro-intestinal tracteréfore, a more in-depth
understanding of total parenteral nutrition is required.retuly, the effects of specific
nutrients on the development of the small intestind® premature infant remain largely
unknown. In response to this lack of knowledge, thenrabjective of this project was to
evaluate the effects of increased arachidonic (AA) andsitexaenoic (DHA) acid
supplementation in total parenteral nutrition (TPN) o pre-term gastro-intestinal tract.
The hypothesis was that AA and DHA supplementation weaad to an increase in
mucosal surface area of the small intestine supporting supptation of AA and DHA
as vital components of pre-term infant formulas for praj@elopment of digestive
function, which is essential for the wellbeing of thevhern. Piglets were collected by
caesarean section at 106 d of gestation and equippednattegial umbilical catheter
for TPN delivery, as well as maintained in a heat anditiity controlled incubator for 6
d. Piglets were fed one of three diets: a contrd| didtow DHA: AA diet (0.3and 0.69%
of total fatty acids as DHA and AA, respectively) arliigh DHA: AA diet (6 and 14%
of total fatty acids as DHA and AA, respectively). tihe first trial, premature piglets
displayed symptoms of feed intolerance and failed to surwikide in the second trial
only premature piglets receiving control TPN reached equivéld-term age. In
response, piglets were removed by cesarean sectldd at of gestation and
administered the same dietary regimens as premature Phigee piglets were viable for
tissue collection. Histological analysis of theijaim and ileum indicated a marked
difference in the intestinal morphology of the pigleceiving the high AA/DHA TPN
formula, however, it cannot be concluded that this istdwetreatment effect.

INTRODUCTION

The average gestation in humans is 40 wk, however, apprieynia% of all
pregnancies result in pre-term birth. The majoritpreterm infants have not developed
sufficiently in-utero to survive without intensive care am@é of the most critical aspects
in their post-natal development is the nutrition thegeive. However, the pre-term
infant, deprived of the development it would have expeedneithin the last several

weeks in utero, is born with an immature gastro-intestnaat which is sensitive to

nutritional strategie’s



In contrast to full term infants, where enteral riign promotes intestinal growth
and maturation, premature infants may be unable to utiliréents delivered via the
gastro-intestinal tract and may develop necrotizing eatditis (NEC) when fed
enterally. Necrotizing enterocolitis is one of the most comraarergencies associated
with nutritional management of neonates and can leadptethora of debilitating
problems and ultimately death.Instead, many preterm infants are fed via total
parenteral nutrition (TPN), which administers nutrianteavenously. Although the use
of TPN is a widely accepted practice for nutritional ngeamaent of the premature
neonate, several potential problems exist. Becausatd#tinal tract is by-passed during
TPN and is not being directly stimulated by nutrientwaely, atrophy of the
gastrointestinal tract can result. As a direct resiulhis atrophy, the infant’s ability to
digest food and absorb nutrients may be seriouslytatfeavhich further compromises
the premature infarit For infants who are prematurely removed from the makerna
environment that provides essential nutrients which aidardevelopment of the fetal Gl
tract before birth, it is necessary to create thet tigllance of nutrition in order to
stimulate post-natal gastro-intestinal growth and devedmpmAs a result, the infant can
eventually be transitioned to enteral nutrition and édaingerous conditions such as
NEC.

Current research indicates that certain polyunsatlifatey acids, or PUFAs, may
have beneficial effects on intestinal growth and mepain adults, PUFAs are provided
by either dietary fat or synthesized de novo. Althouglstrsan be synthesized naturally,
linoleic anda-linolenic fatty acids must be obtained from the dret are collectively

known as essential fatty acids (EFA). Linoleic argholenic acids serve as precursors



in the synthesis of other PUFA, such as arachidonic @& docosahexaenoic acid
(DHA). During the last trimester of pregnancy, thes#R are delivered across the
placenta and accumulate rapidly in the braiividence suggests that infants cannot
synthesize these fatty acids at rates required fomaptrowth and developmeht
necessitating the supplementation of these fatty awidie infant’s diet. When infants
are subjected to a decreased amount of these two PUFA atteeimplications on the
health and proper development of the newbdrn.

Although these two fatty acids work together to promot@g@rgrowth of the
neonate, arachidonic and docosahexaenoic acid eachndaxdual roles. While DHA
accumulates in greatest concentrations in the devegjdyain and is suggested to play a
role in neural functiof) AA is especially important in the formation of esemoids,
which are compounds that include prostaglandins, leukotramshromboxanés.
Prostaglandins and the other eicosanoids have hornikenprbperties and may be
important for intestinal development. Studies sugdesptostaglandins derived from
arachidonic acid, play a role in proper membrane andlaetlievelopment in the small
intestind®. They work specifically by stimulating mucous secretighich in turn helps
to protect the sensitive epithelial lining of the digestract® Current fatty acid research
indicates that a diet rich in long chain PUFA promoteskathrecovery and growth in
intestinal mucosa. For example, reduced intestinalcideea and absorptive abilities,
as a consequence of malnourishment, are improved irtpfgtba formula containing
increased amounts of long chain PUEAWhile results of this study imply that the long
chain PUFA used in the diet had a beneficial effedtherrecovery of the Gl tract, the

benefits of individual long-chain PUFA remain unknowraasixture of fatty acids was



included in the diet. Furthermore, the impact of thaty ficids on gastrointestinal
maturity in the premature neonate, which may also strffen reduced surface area and
absorptive abilities, is not known.

Currently, the effects of specific nutrients, includPigFA, on the development
of the small intestine of the premature infant rentaigely unknown. As research
suggests that the premature neonate is unable to makenesess$ary enteral nutrition
due to an immature gastro-intestinal tract, a more inhdepderstanding of total
parenteral nutrition is required, however, the lack sfiigable animal model limits
advances in this area. In response to this lack of knowldagenain objective of this
project was to evaluate the effects of increased ARRAHA supplementation in TPN on
the gastro-intestinal tract in a premature piglet modéke hypothesis was that AA and
DHA supplementation would lead to an increase in mucasédce area of the small
intestine supporting supplementation of AA and DHA as ebahponents of pre-term
infant formulas for proper development of digestive fiargtwhich is essential for the
wellbeing of the newborn. The comparable level of matatitbirth between the piglet
and human neonate and anatomical similarities betveetwio make the piglet a useful

model for this study".

MATERIALSAND METHODS

Animals. Pregnant sows were sedated using ketamine (11-15 mg/kg) andineginta
under general anesthesia (isoflurane) for delivery défsgia cesarean section. Sows
were positioned in right lateral recumbency withlgferear limb elevated and retracted

caudally. While under isoflurane gas anesthesia, andnocigas made in the paralumbar



fossa and piglets were removed manually through anamcisione of the uterine horns.
Immediately following delivery, the umbilicus piglets was affixed with an umbilical
clamp, air passages cleared, and piglets were stimu@teanmence respiration. After
towel drying, piglets were placed into an infant incub&tar Shields 100C), which
maintained a temperature of 35 C and 100% humidity, witla@#tygen to ensure
arterial blood oxygen saturation.

Premature piglets were delivered for the first two studie36 d of gestation,
n=8/study). In addition a third study was conducted witlhtéum piglets (113 d of
gestation, n=16). Piglets were catheterized accordi@yte et. al., (1992). Briefly,
piglets were placed in a lateral recumbency, the ucabidirea cleaned serially three
times with betadine, and following ligation with a cottbread to prevent bleeding, the
umbilicus was cut to a length of approximately one incb.lotally anesthetize the
umbilical area, lidocaine was injected into multiple sivé the umbilical stump. The
dorsal aorta was dilated and a 3.5- F polyvinyl cathdteed with a three-way stop
cock was inserted 18 cm for premature or 22 cm for fathteiglets. The catheter was
flushed with heparanized saline and subsequently sutured ¢ortdhetump and the skin.
Triple antibiotic ointment was applied to the area deddatheter was further secured
using elastic tape around the piglet’s midline. Pighetee returned to the incubator and
monitored to ensure proper recovery from anesthesiana®uee piglets were maintained
in the incubators for the length of the study (6d) toadahthermoneutrality (35 C) and
additional oxygen supply. Full term piglets were moteedhdividual cages and
maintained at 30 C. To reduce the risk of infection, gewtar(2.0 mg/kg) and

penicillin (5000 U/kg) were administered through 1V once dailythe first three days.



For studies two and three, maternal blood was collectedardiac puncture while the
sow was under general anesthesia. Serum was asepiregdfred and 5 mL was
infused through the umbilical catheter at 6, 12, and 24eh hiftth to provide maternal
antibodies to the immunodeficient piglets accordingangid and colleagu€'s

Dietary Treatments. Total parentral nutrition was formulated according to Vé¢yke
and colleaguéé. for full-term pigs and modified according to Sangitd @olleague$
for premature piglets. Piglets were fed either a coitPN diet with no supplemental
AA: DHA, a low diet, which consisted of an AA: DHAtra of 0.69 to 0.3%, or a high
diet, in which the AA: DHA ratio was 14.0 to 16.0% (Tall). Diets consisted of a
mixture of commercial products (Hospira Lakeforest, ih)addition, AA and DHA lipid
emulsions were developed and supplemented with the conainar@ilucts. The AA
emulsion was derived from a spray dried algal source (ABNymbia, MD), and DHA
was utilized in an oil form (donated by Martek; Winchesker). Lipid emulsions were
formulated using 20% lipid, 1.2% egg phosphatide, and 2.5% glycPrels were
prepared aseptically in a fume hood and used within 24 repapation. For premature
piglets, TPN was delivered via volumetric infusion pumpa &ite of 90 mL/ kg body
weight per day during the first 24 h of infusion and graduatlyeased to a maximal rate
of 180 mL/kg body weight per day by d 3 postnatal to promatgemate growth. For full
term piglets, TPN was infused initially at a rate of bil2kg body weight and

subsequently increased to 225 mL/kg.



Table 1: TPN Diet Formulations

Ingredient, % Control (-AA-DHA) Low AA/DHA High AA/ DHA
AA Emulsion’ 0 0.1 2

DHA Emulsion’ 0 0.2 55

Liposyn II, 20% _ 155 15.2 8

Aminosyn 8.5%* 53 53 53

Dextrose? 14 .4 14 4 14 .4
IMVI-Pediatric 05 0.5 05

MTE-4* 0.01 0.01 0.01

Ca gluconate 0.075 0.075 0.075

T Emulsion were mads using 20% lipid, 1.2 % egg phosphatide, and 2.5 % glycerol
2 Aminosyn 8. 5% and glycerol were increased o 62.5 % and 20%, respectively for full-term pigs
* Additional Na:Se0; and KIO: were added to mest nutrient requirements of pigs

Tissue Collection: Piglets were euthanized by IV injection of sodium pbatbital and
tissues collected. Following euthanasia, piglets witnated dorsally and an incision
was made in the thoracic cavity in order to removdehgth of the small intestine. The
small intestine was excised by securing a hemostae giyibric sphincter to mark the
beginning of the small intestine. The intestine wetfollowed while removing it from
surrounding viscera until the ileo-cecal junction washed. A second hemostat was

used to clamp this junction, and the lengt

of the small intestine was removed and
looped six times in order to determine th¢
general location of the three segments:
duodenum, jejunum and iledf(Fig 1).
Two one inch jejunal segments were removed from thipomt of the Figure 1
fourth loop, rinsed with saline, and placed in Pféfetive (Anatech; Battle Creek,

MI). lleal samples were removed from the midpointhaf sixth loop and placed in fixed.
Samples remained in fixative for 24 hours, and were subsdyguehydrated using

increasing concentrations of ethanol according to pobtmodified by Ottobré®.



Intestinal samples were then embedded using Parapiasiffin (Kendall; Mansfield,
MA). Embedded intestinal samples were sliced translyeas& um in thickness using a
microtome. Eight total slides were made for each piglaich included two slides from
each jejunal and ileal section. Slides were thaimetl using Hematoxylin and Eosin
techniqué® .

Intestinal Morphology: A villus height: crypt depth ratio measurement was average
for each individual piglet jejunal and ileal sample. agigrements were taken using a
micrometer with an average of five measurements i pliepared for each intestinal
sample. Crypt depth and villus height measurements vegie atcording to Nunez, et
al”®>. Measurements of the villus height were taken bytsityahe micrometer at the
villus-crypt junction and measuring to the tip of the villihis measurement was
repeated five times on different villi throughout thelali Crypt depth measurements
were taken starting at the nadir of the crypt to thesvcrypt junction, and were also
repeated five times on different crypts throughout tltee sIProper care was taken to
only measure intact villi and crypts in order to ensuranhbst representative

measurement.

RESULTS

In the first trial, observation of edema within 2 d céipiature birth and
subsequent blood chemistries (elevated blood glucose and plesanaitrogen)
suggested pigs were unable to tolerate initial rates ofiffeion, which resulted in
mortality. In response to the increased mortalityrauthe first trial, nutrient and fluid

intakes were gradually increased from the initial rat®@0ofL/kg, to 120 mL/kg for d 2



and then a maximal rate of 180 mL/kg by d 3 to promote modgratgh. Optimization
of the nutritional regimen corresponded to reduced nikyrtakes, however, five of the
initial eight pigs exhibited signs of infection and subsedueiied. Surviving piglets
were transitioned to an enteral diet, but showed

clinical signs of necrotizing enterocolitis (NEC)

upon introduction of the diet and were euthanized
In response to the low success rate of the premat
piglets, full term piglets were administered the
formulated TPN diet for the third study.
Unexpectedly, clinical symptoms of NEC including distemt@and Figure 2
discoloration of the lower abdomen were observeg 2fri Pigs were subsequently
euthanized and samples from viable piglets were colleéotedamine the condition of
the small intestine.

The pig (n=1) receiving the TPN formulated to contain lighcentrations of AA
and DHA (14 and 6%, respectively) that showed clinicalss@NEC had a decreased
villus: crypt ratio (Table 2) compared to control pigs (n=2)

Table 2. Mean Ratio (+ SE) of villus height to crypt depth.

Treatment Pig Jejunum lleum
High 1 5.17+0.66 2.32+0.17
Control 6 6.35+0.84 7.00+1.10
Control 8 5.64+0.54 3.85+0.14

In addition, the villi appeared attenuated (Fig 3a) which ssigdeeduced
absorptive capacity. Assessment of the ileal andgjsamples indicated increased
crypt depth, and possibly attempted repair of the necrotinbegtine. Intestinal sections

from the control piglets suggest an increased villughtecrypt depth ratio in



comparison to the piglet receiving the high AA:DHA dighich is characteristic of a

increased absorptive ability (Fig 3b and 3c).

CONCLUSION

Because of their striking similarities to human neesats well as their
availability for study piglets are an ideal model foe uman infant, however, limited
studies have utilized the piglet as a model to assessléhef AA and DHA in postnatal
development of the gastrointestinal tract . As nedeeontinues to highlight the
importance of these PUFA for the neofiagemore in-depth understanding of total
parentral nutrition and its lipid components were thestfas this study.

In order to study the effects of these PUFA and tlodgr in the development of
the pre-term infant’s Gl tract, AA and DHA were supplateel to mimic concentrations
supplied by breast milk or reported to be delivered to thes fehile in utero during the
last third of gestation. Results of the initial stulgwed a decreased survival rate. In
accordance with research conducted by Sangild and colletiguesased plasma urea-
nitrogen levels of premature piglets were indicative tfed intolerance as a result of
initial infusion rates of the TPN diets. In respgnsee infusion protocol was adjusted so
that diets were infused at a reduced rate during the secalndXreduced rate of initial

infusion corresponded to an increase in survivability, dw@s, optimal growth and



development were not achieved and 60% of the piglets diedudnknown causes.
Surviving piglets were transitioned to an enteral diemiere euthanized due to declining
health and symptoms of infection. .

As a result of the complications encountered withezutg pre-term piglets, full
term piglets were used to evaluate the TPN diets. filherm piglets were subjected to
the same protocol as the prior studies, including the erpatal diets. Full term pigs
were able to tolerate maximal rates of infusion (22%kgribody weight) by d 2 following
initial rates of 112 mL/kg body weight during the first 2dfliife. A loss of eight of the
full term piglets occurred within 24 h of removal fronetsow due to infusion pump
malfunction. Progressive loss of five pigs whichpthyed symptoms (lethargy,
discoloration of lower limbs) similar to the prematpigs, occurred over the course of
the 6 d trial. Surviving piglets were subsequently euthanizéaand of the trial due to
clinical observations of NEC.

Histological measurements made from ileal and jejsaaiples collected from
full term pigs following clinical observation of NECditated a marked difference in the
intestinal morphology of the pig receiving the high AA:RFbrmula. However, it
cannot be concluded that this was due to treatment efemtly one pig was available
for measurement. A difference in the crypt depth; vileght ratio was observed, and
villi in the high diet pig appeared attenuated.

The symptoms of lethargy, abdominal distension, geséstinal legions and
hemorrhage, as well as histological analysis of ttestme noted in the current study are
in agreement with the onset of clinical NEC reporte&baypgild and colleagué$,

Future research, however, will be necessary in oodenderstand the underlying causes



of morbidity associated with the current study. A greatelerstanding of the factors
which influence survivability of pigs receiving TPN will beaessary to establish the pig
model for assessing AA and DHA in postnatal development.

The author would like to acknowledge Julliette Hanson, @n®ttobre, and
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