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Development of the small intestine of piglets in 
response to prenatal elevation of glucocorticoids 
L.A. Bate, W. Ireland, B.J. Connell and B. Grimmelt 
Department of Anatomy and Physiology, University of Prince Edward Island, Canada 

Summary. The effects of prenatal adrenal stimulation 
and synthetic glucocorticoicl supplementation on 
developrncnt of the gastro-intestinal tract of the piglet 
were investigated. Twelve pregnant sows were treated 
with either ACTH infusion. Isoflupredone injection or  
Saline between days I05 and 112 of gestation. Neonatal 
pigs were weighed. bled and sacrificed at  0 or  at 6 h. 
Piglets sacrificed at 6 h were fed bovine colostrum. 
Trailsvcrse sections were prcpared from the duucienuin. 
i e j ~ ~ n u m  ancl ileum for measurcment of thc villus 
amplification factor (VAF) and basal membrane 
circunifercnce. Sows in the ACTH group showed an 
cle\,ation in cortisol in response to infusion: this 
decreased aftcr infusion and then rose again at 
parturition. Piglcts from both the ACTH and Saline 
groups had more villus surface area per unit o f  body 
weight (BW) than those born to Isotluprcdone-treated 
animals. The BW of the ACTH piglets was lowcr 
( P  < 0.05) than those of piglets in the other groups. 
Whcn the weight of thc stomach and the Small Intestine 
(SI)  was cxpressetl as a function of thc body weight, 
tlic stomach and S1:BW ratio was larger ( p  < 0.05) in 
pigs born to ACTH-treated sows. The  circumfcrence of 
the ilcurn was larger at 6 h than at 0 h. Control pigs 
had a higher concentration of bovine IgG at 4 and 6 h 
( P  < 0.05). Observations of thc light microscvpic 
preparations indicated a less organized epithelium in 
both ACTH and isotluprcdone pigs sacrificed at O Ii. 
Light and EM preparations of ileum from ACTH pigs 
sacrificed at 6 h .  showcd an abundance of dark-stained 
vacuoles. characteristic of IgG-containing structures. 
These became lcss evident in piglets from the 
Isotlupredone group and even less so  in thc control 
groups. The consequences of these phenomena in terms 
of absorptive capacity are discusscd. 
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Introduction 

Endocriiic mechanisms controlling events leading to  
the cessatioil of immunoglobulin transfer to the 
circulation in the piglet have been extensively studied but 
arc still not completely understood (Patt. 1977: Szeky ct 
al..  1970: Smith and Pcacock. 1980). Glucocorticoids 
seem t o  play an important coiltrolling role in this process 
(Patt and Ebcrhart ,  1976). Prenatal stimulation of the 
sow with A C T H  up to parturition, or elevation of cortisol . . 
by rncans of continuous exposure to cold from day 105 of 
gestation until parturition, have resultcd in elevated 
scrum immunoglobulins G (IgG) in piglets (Batc and 
Hacker. 1C)SSa.b). The  ubscrved elevatioil in serum IgG 
could be attributed either to an increase in the absorptive 
area of the G1 tract o r  to  an  increase in the a b s o r p t i ~ c  
capacity of it.  o r  possibly both. Glucocorticoids arc 
catabolic in most organs of thc animal (Nelson. 1980). 
It has bee11 fc~und. however. that glucocorticoicls are 
anabolic in the digestive and i~rogenital tract of rats 
(Silher and Porter. 1953). Therefore. if piglcts respond 
to  glucocorticoitls in a similar way. it is conceivable 
that they could have a more developed small intestine 
with a largcr absorptive area.  Furthermore,  Patt (1977) 
suggested that the process of IgG absorption in the 
pig may depend o n  an optimal conecntration of 
glucocorticoicls. The elevation of glucucurticoid in 
the sow prior to parturition. has resulted in several 
otlicr physiological and behavioural changes which are 
considered bcncficial to the piglet (Bate. 1991: Hate and 
Grimmelt, 1991). Thercforc. the purpose of this study 
was to investigate the influence of prepartal elevation of 
cortisol. and-supplementation with ' ~ s o f l u ~ r e d o n e  ( a  
synthetic glucocorticoids) o n  the development and 
absorptive characteristics of the G1 tract in the 
neonatal pig. 
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Materials and methods 

Animals and tissue processing 

Pregnant. cross bred priniiparous sows (n = I?) wcrc 
randomly assigned to a control. o r  ACTH o r  
Isoflupredone treatments. These aninials Lvere placed in 
gestation stalls on day 101 of gcstation. The!, received a 
14% protein commercial diet. at the same time being 
allowed free access to water tlirougli drinking nipples. 
The room in which the aninials were housed was 
maintained at 18 to 20" C and subjected to  a I4 l1 d-' of 
fluol-cscent light at an intensity of 185-240 lux at eye 
level. O n  day 103 of gcstation. tlie sows \I1ere 
catheterized through the ear vein. followi~ig tlie 
technique of Bate and Hacker (108.5~). l'he catheters 
were kept patent with a saline 1V drip (0 .9% NaCl 
Tra\lenol Company Ltd.. Toronto) at a rate of 1 L d-l. 
Treatment started on day 105 of gestation at O8:OO 11. 
Control animals were continuously infused uith saline at 
an avcraec rate of 1 L d-l. A second group rccei\wi 
porcine KCTH (Sigma Chemical Ltd.. S; ~ o ; l i s .  MO) at 
a rate of 1 IU kg-' d-l in a similar saline infusion. The 
third group was injected every day with 3 . 7  pg k g '  of 
isofluprcdone acetate 1M (Predef R ?X. Upjoll~i Inter- 
American Corporation. Orangeville. Ontario).  This 
group also received a continuous infusion of saline. 
All infusions were dispensed by a Gilson Miniplus 3 
peristaltic pump. Blood samples were collectecl through 
the catheters every day between 08:30 and 9:OO h. Plasma 
was separated from the samples and stored at 2 0 "  C for 
later measurement of cortisol concentrations. In the 
following discussion, piglets born to so\t3s treated wit11 
ACTH. saline or  Isoflupredone will be referred to as 
ACTH,  Control and Isoflupredone piglets respectively. 
A t  birth the piglets were divided into t\vo groups: those 
to be sacrificed immediately and those to be sacrificed at 
6 h of life (Piglets born I", 3"' and 5"'). Prior to sacrifice 
by CO, inhalation in a sealed chamber. hoth groups had 
blood samples taken. In addition the piglets sacrificecl at 
6 h were kept in an incubator maintained at 3.3 to 35" C 
(Mount.  1968). fed 12.5 m L  bovine colostrum kg-' at  30 
min. 2h, and 4h. and had blood samples taken at these 
tlnies. 

After sacrifice. all piglets were weighed prior to 
cxsanguination. and their G1 tract was rcniovcd. The 
stomach was then opened. emptied and weighed. while 
tlic small intestine (SI)  was separated from its mescnteric 
attachments and weighed. The weight of the large 
intestine (LI)  was also I-ecorded. A sample of the ileum 
was removed and fixed in 1 %  glutaraldeliyde and 4% 
formaldehyde in phosphate buffer. for electl-on 
microscopy following the McDowcll and Trump (1976) 
technique. The rest of the S1 was then fixecl in formalin 
buffer for light microscopy. After fixation the S1 length 
was recorded and the internal fluid was then removed 
and the tissue weighed again. Thereafter. samples from 
the duodenum. jcjunum and ileum \\ere subseq~~en t ly  
excised. 

These were then processed for LM. using a Fisher 
tissue processor model 166-MP. f o l l o ~ e c l  by wax 

embedding ancl sectioning at 6 pm nit11 a Spcnccl- 
microtome niodel 820. Subscclucntl! tlic slidcs \ \crc 
stained with Heniatoxylin and Eosin (1-una. 19(>(1). 
Samples for E M  were postfixed in l"41 osmium tctro\iclc 
in 0. IM plio5phate buffer. deliydratctl nncl cmhccldccl in 
an cpon-araldite mixture. Semi-thin (0.5-0.6 pm) and 
thin (70-80 nm) sections werc cut \\,it11 a Rcichel-t-.l~~ng 
Ultraci~t  microtonie.  sing glass kni\cs. 71.1~c semi-thin 
sections were stained with l  toluidinc hluc in l"11 
sodium boratc. and analvzed to determine the hest 
specimen area for E M  \,icwing. Excess tissue u,as then 
trimmed off. Thin sections were  laced in 200 mcsli 
coppcr grids and stained with saturated uran! l acetate in 
50%, ethanol for 30 min. followed b), Icad citrntc. (Sitto 
stain) for 2 min. The thin sections \\.ere \ ic~vccl \\'it11 a 
Hitachi H7000 electron nlicroscope. Tlic wmi-thin 
sections werc photographed on a Zciss Il-7083 
Transmitted-Light Photomicroscope 1 I 1 .  

Measurements 

The Villus Amplification Factor (Vf\F) and tlie 
boundary of LM samples were determined follo\ving the 
method described by Mayhcw (1982) with the use of a 
Leitr Wetzlar Neo Promar microscope moclcl 513730. 
One  Isoflupredone sow. was removecl from the 
experiment bccailse its farroiving was unobscr\-ccl. 
Serum samples from all sows were anal!,zed for cortisol 
using a solid phase Radioinlmunoass;~! (Lliagnostic 
Product Col-poration. Los Angeles C A . ) .  Inter- and 
intra-assay coet'ficient of variations \\{ere 7.9 and 
3..3% respectibel!. Bovine IgG was dctcrniincd by radial 
imniunocliffusion following tlie procedure dc\clopcd b!, 
Mancini et al. (1065). with the modifications dcscrihcd 
by Bate and Hacker (l98Sa). All animal5 were handled in 
accordance \vith regulations of the Canaclian Council on 
Animal Care.  

The absorptive area of the villi in each section \ \a< 
calculated h!, multiplying the V A F  times the hounclar! 
value for each scction. All parameters were anal!,zcd 
using general linear models from SAS. ancl the diffcrcncc 
among treatments determined by Duncan's test \vitliin 
the sanie program (Spector et al.. 1085). 

Results 

The concentration of cortisol in tlie AC'T'I-I sou.; 
increased in response to ACTH stimulation: it cleclincd 
once tlic stimulation was rcmoveti on da! l 12 of gestation. 
and thereafter increased at the time of parturition (Tahle 
1).  Isoflupredone did not modify the levels ot'cortisol in 
sows. ACTH piglets weighed less ( P  < 0.05) than those 
on the other treatments (Table 2) .  The weight of the 
fresh stomach. S1 and L1 was similar in the trio 
experimental groups: nor did the weight and  the length 
of the S1 after fixation differ among experinie~ital groups 
( P  > 0.05). When the stomach and S1 wcrc csprcssed in 
terms of units of body weight. however. the ACTH 
piglets had larger S1 (P  < 0 . 0 5 )  than those from the othcr 
groups. Circumference. VAFof the S1 \vcrc not influenced 
by treatment ( P  > 0.05). The surface area of jcJunum. 
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Table 1. Serum concentration of cortlsol (ng1mL) ~n sows treated w~th  ACTH, Sal~ne or lsoflupredone during late gestation 

Day of 
Gestation* 

Treatment 

ACTH Control 

' Days 105-113 represent the perlod coverlng before. dur~ng and ~mmed~ately after treatment was completed. Days 3 to - 1  represent the period before parturltlon. Day 0 
represents farrowing day 

Table 2. Paramenters of newborn piglets born to sows exposed to either ACTH, lsoflupredone or Saline prior to parturition (meon + 50) 

( Parameter 

I Body weiaht (g) 1 11 70a 2 36.4 I 1 330b r 52.0 1 131gb i 48.9 I 

Treatment 

Control 

Circ. Duod. (mm) 1 6.ga + 0.59 1 6.ga f 0.54 15.1a I 0.64 

Circ. Jej. (mm) 1 6.5" ' 0.48 1 6.ga i- 0.54 

Circ. Ile. (mm) 14.4" t 0.42 1 4.9" + 0.62 

VAF. Duod. 8.95a i- 0.87 9.4ga + 0.66 9.20" t 0.81 

lsoflupredone 

Stomach (g) 

Small Int. (g) 

Large Int. (g) 

SI length (cm) 

StomachIBW (malq) 

1 VAF. Jej. 1 9.71a : 0.77 1 9.61a i 0.61 1 8.51" 0.53 I 
1 VAF. Ile. I 8.45a ? 0.65 1 8.89" L 0.66 1 8.14a i 0.50 I 

6.78a r 0.18 

55.1a + 1.9 

13.9" i 0.72 

283" 1 7.65 

6.02" I 0.16 1 

I Area Duod.1BW 1 0.14a + 0.01 1 0.12" r 0.01 1 0.11" 2 0.01 1 

7.26" + 0.28 

56.1a i 2.3 

14.5a i 0.78 

301 a k 6.83 

5.48b i 0.09 

6.82a - 0.23 

55.1" I 2.6 

15.Ia + 1.02 

303a + 7.21 

5.22b 1 0.12 

Area Jej./BW 

Area Ile./BW 

" Values wltti different superscript In a row are d~fferent iP 0 05) 

0.1 2ab + 0.01 

O. lOa  r 0.01 

0.14a I 0.01 

0.1 1" ! 0.01 

O . l O b  + 0.01 

O.Oga r 0.01 
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ACTH + 
Saline 
---l&-- 

Isoflupredone 
. . . . ..a. . . . . 

T I M E  
Fig. 1. Plasma concentration of lmmunoglobulin G for the flrst 6 h of life in piglets born to sows treated wlth ACTH, lsoflupredone or Salme 
prior to parturition. 

when expressed in terms of units of body weight. was 
larger in ACTH piglets (P < 0.05). The serum 
concentration of Bovine IgC was similar in all groups 
at 7 h but at 4 and 6 hours the concentration of IgC 
was lower in ACTH and Isoflupredone piglets (I' < 
0 . 0 5 )  (Fig. l ) .  

Light microscopy of sections of ileum of those 
animals sacrificed at 0 h reflected the state of the gut 
epithelium before it is exposed to colostrum. Control 
animals exhibited a columnar epithelium. Nuclei in thc 
cells at the bottom of the villi, were basal. whereas 
nuclei in cells near the tip of the villus tendecl to bc 
closer to the cell apex. Small. clear vacuoles (3 pm) 
were found near the apices of many cells (Figs. 2.  3). 
In some sections, goblet cells were found in a ratio 
of one goblet cell per ten enterocytes. Enteroc!,tes in 
one of the control animals contained large clear 
vacuoles that completely filled the cytoplasm except 
for a thin rim. 

There was little difference between the epithelium 
observed in A C T H  or  Isoflupredone animals sacrificed 
at 0 h.  The epithelium in these animals appeared to be 
more disorganized than in the controls. In some places 
the nuclei of these cells gave the appearance of that 

of a pseudo-stratified columnar e p i t h e l i ~ ~ m .  Some 
enterocytes had a triangular outline rather than being 
columnar. Small clear vacuoles were present ncor the 
anices in these cells. 

The epithelium of tlie control animals sacrificed at 
h h was characterizecl b y  cells that had n i~~ l t ip l c .  clear 
vacuoles of all sizes. These cells appeared more 
prevalent near the base of the villus. A few cells 
contained small (1  pm) dark vacuoles in the region 
of the nucleus. Nucleoli were predon~inant and 
sometimes double. In some animals of this group. the 
gut epithelium appeared similar to control animals 
killed at 0 h. Isoflupredone animals sacrificecl at 0 
hours, had ileal epithelium different from that of the 
controls. While there were many small. clcar. apical 
vacuoles, these cells also contained numerous circuln~.. 
dark-staining vacuoles. ACTH piglets sacl-ificcd at h h 
had more evident dark-staining vacuolcs. and less 
prevalent clear-staining vacuoles than Isoflupredone 
animals sacrificed at 6 h (Figs. 4. 5 ) .  These dark- 
stained vacuoles reprcscnt the presence of the 
colostrum immunoglobulins which are either i n  transit 
to the basal membrane for transfer to  tlie circulation 
o r  are in the process of being internally digested b! 



Fig. 2. L~ght  m~crograph of Ileum v~llus of p~glets born to sows treated w ~ t h  Sal~ne (A) soflupredone (B), ACTH (C) and sacrif~ced 
at 0 hour Arrowheads lnd~cate clear vacuoles character~st~c of newborn gut Bar represents 100 pm 



Fig. 3. Electron m~crograph of Ileum cell taken from p~glets born to sows treated w ~ t h  Sal~ne [A) Isoflupredone (B) ACTH (C) and saclif~ceu 
at 0 hour Arrouheads ~nd~ca te  clear vacuoles characterlst~c of newborn gut Bar represents 3 r i l l l  

- 



Ftg. 4. Llght micrograph of Ileum v~llus of plylets born to sows treated wlth Saline (A) lsoflupredone (B), ACTH (C) and sacr~f~ced 
at 6 hours Arrowheads ~nd~ca tc  dark sta~ned vacuoles conta~ning IgG Bar represents 100 11111 



Fig. 5. Electron rnlcrograph of Ileum cell taken from plglets boln to sows treated w ~ t h  Sallne (A) lsoflupredone (B), ACTH (C) and 
sacrlflced at 6 hours Arrowheads lnd~cate dark stained vacuoles contalnlng IgG Bar represents 3 11111 

~~~~~ - 
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phogol!,sosorne~ (Kraehenbuhl and Campiche. 1969). 

Discussion 

Thc observed decreasc in body weight of ACTH 
piglets occurred as a result of euposure to glucocorticoids 
(Nelson, 1980). The :ibsolutc \\,eight of the stomach and 
S1 was similar in all groups. therefore, proportionally. 
ACTH animals have a higher stomach: B W  and SI:BW 
ratio than controls. The stomach:BW and SI:BW ratios 
confirm this and suggest that the elevation in cortisol 
resulting from the ACTH treatment, may have triggered 
some anabolic process in the digestive tract. consistent 
with the findings of Silber and Porter (195.3). However, 
this clc\,atcd ratio did not translate into an elevation 
of circul~iting IgG after 6 h of life as was expected, 
based upon previous observations by Bate and Hacker 
(1985a. b ) .  

The time during which the new born e p i t h e l i ~ ~ m  is 
able to absorb macronlolecules is limited (Lecce. 1973: 
Murata and Namioka, 1977: Frenyo. 1987). This period 
can be lengthened by not exposing the animal to food 
(Lecce and Morgan. 1967: Vcllenga et al.. 1988). It is 
nell established that only fetal enterocytcs have the 
capacity for absorbing n~acromolecules from colostrum 
and transferring them to the circulation (Smith and 
Jarvis. 1978: Moog. 1079). The termination of this 
process. which results in the incorporation of 
immunoglobulins into the circulation. can be attributed 
to one of two phenomena: first, the epithelium loses the 

The disorder observed in the epithelium of ACTH and 
Isoflupredone piglets. characteristic of enterocyte 
replaccment (Smith and Peacock. 1980). suggests that 
this prc'cess started in these pigs while in utero. probably 
in response to the decline of glucocorticoids which 
followed stopping the treatment. 

The main difference between this experiment and 
previous ones (Bate and Hacker. 1985a.b) was that in 
this study the treatment finished on day 112 of gestation 
instead of at parturition. This resulted in a decrease of 
maternal cortisol. prior to the peak occurring at 
parturition. as opposed to a sustained elevation in 
glucocorticoid le\.els lasting until parturition. 

It would appear that once the levels of glucocorticoid 
decrease. at the end of stimulation. the process of 
transferring IgG to the circulation becomes impaired 
and results in the accumulation of IgG-filled vacuoles. 
Patt (1977) suggested that there may be an optimal 
glucocorticoid range below which immunoglobuiin 
absorption is impaired in piglets. In view of the findings 
in this study. i t  is possible that such a threshold Inay 
be crossed as the concentration of glucocorticoid 
between in circulation. 

S t ~ ~ d i e s  whereby cortisol concentration peaks at 
different times prior to parturition could help clarify the 
relationship between in utero levels of cortisol. and 
~tbsorptive capacity. It can be tentatively concluded that 
the process leading to the tcrmination of absorptive 
capacity in the newborn pig is controlled to a marked 
degree by a decrease in glucocorticoids. 

ability to transfer niacromolecules to the circulation, 
altIiouzh absorption still takes place (Patt-  1977); Acknowledgements. Thanks are due to Mr.  D. Condon. A. Deluca, 
secondly. the fetal enterocytcs are replaced by mature J ,  crossley and D, ~~i~~~~~ for their technical assistance. T~~ 
011CS   MOO^. 1979). Before this process of cell contributions of the Natural Sciences and Engineering Research 
replaccment is completed however. the competence of Council of Canada and Agriculture Canada grant 88 021 are 
the fetal enterocyte to t r3 t l~fer  the absorbed appreciated and acknowledged, 
n~acrornolecules is imnaired (Patt .  1977). I t  is well 
documented that the pr;cessof incorporation of IgG into 
circulation stops when the enterocytes arc unable to 
discard the absorbed IgG through the basal or  lateral 
membranes (Clarke and Hardy, 1971). rather than 131 
cessation in the uptake of IgG from colostrum. In the 
meantime. the enterocytes accumulate IgG in their 
cytoplasm to he catabolized within phagolysosomes 
(Brow11 and Moon. 1979). The dark-staining vacuolcs, 
so abundant in ACTH and partially abundant in 
Isoflupredone piglets, have been identified by Szeky et 
al. (1979) to be IgG-filled vacuoles. which may be 
phagolysosomes (Kraehenbuhl and Campiche, 1969). 
Thcrcfore. i t  appears that this phenomena was triggered 
to a larse eutent in ACTH and to a lesser eutent in 
Isofluprcdonc piglets. 

Cell replacement. leading to the termination of the 
;ibsorptive period. has also been attributed to 
glucocorticoid influences (Clarke and Hardy. 1971). This 
theory fits well the sequence of events taking place 
around parturition (Molokwu and Wagner. 1973) where 
a normal elevation of cortisol seems to initiate the 
process of cell replacement which culminates in thc total 
inability to absorb furthel- IgG after about 10 days. 
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