
Prevention by Mannan and other Sugars of in 
Vitro Damage of Rat Fetal Small Intestine 

Induced by Cereal Prolamin Peptides Toxic for 
Human Celiac Intestine1 

,\HS'I'K:\~'I'. I'eptic-tryptic-cot;i/yrn and peptic-tr) ptic di- 
gests were ol)t;rined, simul;iting in vivo protein digestion, 
from pure "bread" \r.heat gliadins and from rye, barley, 
and oats prol;rmine and tested on small intestine cnltures 
from fetal rats. When tested at  ;I concentration of 0.1 nig 
of peptideslml of culture medium the peptic-tryptic-cota- 
zyrn and peptic-tryptic digests of gliadin and prolaniines 
wcre very ;ictivc in slowing in ritro development of' fetal 
rat intestine and in increasing the occurrence and sc\crit! 
of degenerative ch;rngcs. 'l'lie ;rhility of some sug;irs to 
interfere with inhibition of fet;il intestinal morphogenesis 
inducctl by t l ~ c s e  peptides was also tested. \ lannan a t  a 
concentration of 0.1 mM was effective in ;illowing intestinal 
n~orphogenesis to take  place in the presence of prolamine 
peptic-tryptic-cotaqm ant1 prolamine peptic-tryptic di- 
gests of the  four t o ~ i c  cereals. Sorne oligomers of N-acctyl- 
glucosamine wcre nlso effectitc in 1)locking the inhibitor! 
effect of "bread" trheat gliadin pcptirles. 'l'hesc data arc  
compatible with the h jpo t l~es i s  tI1;1t some sugars ma! n c r t  
;I protective effect on tlie toxic :rctivity of cereal prolamin 
peptides on the hunr;in ccliac intestine. (Pediutr Res 22: 
703-707, 1987) 

i -kl)re\ iations 

lY1'<', peptic-lr! ptic-cotazyrn 
IYI', peptic-lr) ptic 

cfli.ct and  allo\ved rnorpliologic;~l impro\cment  ol' intc\tirlal 
mucosa speclniens of patients \\it11 act i \c  cell:rc tii\casc also in 
the presence of \vlicat gliadin pel,tides (0).  

I'rolarnin peptides from 311 the to\ic cereal\ in ccliac d 1 s c . a ~ ~  
as ~ c l l  as some pcptides prepa~.cd tioln A-gliadin (7) .  \\.I~ic.h arc 
toxic it/ vilt.c~ for l i ~ l m a n  ;ttrophic small intestinal mucosa (8).  arc 
;ill ahle to aggl~ltinute ~~ndiff;.rentiatcti K 502  (S )  ccllc (0 .  10). 
Ilo\vcver. prolamin pcptides from ]-ice and ni;~i/c ( 10) anti the 
peptides of.4-gliadin \i~liicli arc not ahlc to damngc the c i~l turcd 
ccliac mucosa (7) .  do not agglutinate these cells. M a n n a n  and  
oligomers of N-acetyl-glucosa~i~i~ic. N. N'-diacct!~lcI~it~~I~iose and 
U. N ' .  N"-triacct~lcl~itoriose \\.ere \ c r )  cfkcti \ .c in inhibi t~ng thc 
agglutinating acti\,ity of prolamin peptides obtained l iom 131.cad 
\\heat. bar-lc!. ~-!c. and  oirt\ as \vcll as that ol'thc ircti\c A-gliaclin 
peptides. 

(iliadin peptitics are alco ahle to re\.ersil>l! inhibit the devel- 
oprnent and rnorplio~enesis o f the  i m m ~ ~ t u r c  small intestine I'rorn 
17-d;1!.-old rat fitus. \vliereas the! h a \ c  no e lkc t  o n  tlic i t /  1.ri1.o 
cultured. dilti-rcntiated jqjunum ti-om 7 I-cia!-oltl rat 12tus ( I  I. 
17). Mor-eo\.er. prolamin pcptides i'rom [-ye. oats. harle!. and 
sol-gliurn show in this i t /  \.itr.o systeni an  acti\it! \imilar to h~.eati 
\\.lieat gliadin peptitits. ~vhercas  prolamin peptide\ fi-om r-ice and 
niai/e are inacti \e ( 13). 

llercin M C  describe tlie results ol'filrtlicr invcstig;ttions under- 
tuhen to confirm the h!l>othesis that tlic it1 vilt.o toxic, cll;'c~s 
induced by bread \vlieat. bar-lei. r \c .  and oats on rat t;'tus 
intestinal mucosa ma!. he prevented b! rnannan ant1 othel-sugars. 

;'ciiai. discasc is a well-known entcropatli!. whose s!mptoms I'urc hr-cad wheat ( l't.i/ic.iotr t r c , \ l i ~ . i / t ~ l .  var. S. I'astorc). r i le 
arc. ir-iggcl-cd by the presence i l l  the diet of\vhcat.  I>:rrle!. I-!.c. or (01-1 . - r r  srrlr~,tr bar. Rorna). rnai/e (/cw trlig,.\ \ a s .  H 7 3 ) .  I-ye 
oats. Iticc and  mai/c 31.12 well tole~.;~ted by eeIi;rc patielits. I:;IIcIILI~ (.J'('(.r//(' (,('~.c'r//(' \ a r .  500 1<;). t>arIe! ( /lot.(/~~i/tt1 1,1i(ytrt.(' \ ;ir. 
I ( ( I )  h a \ c  131-oposcd the organ cult~lr-c of h i ~ m a n  small Arma).  sol-gliurn (.\ 'c~t:~/rirti~ i,ic(yiir.c> \,a[-. NK 120). and oats 

i: listl!lal l>iol,sies as an  it1 1.1it.o model ol' celiac disease. Flat (.I~.c,trrr .\iiiil,rr u l - .  A\tra) \vcre kindl! s ~ ~ p p l i e d  I>! thC Istitutc~ 
intestinal mllcosa o f  celiac patients with active disease slio\\ed Spel-inlentale per la ('ercalicoltura. Rome. Ital!. f'rolamin fl'ac- 
mor.l>llologic:1l and biocllcmical impl-o\.cmcnt \vhcn c~ l l tu~ .cd  in tions \\ere extracted 11-c~ni the a h o \ c  mentionetl c~c~.e:tls \\,it11 an  
;I glutcn-li.ce m c d i ~ ~ m .  1 [owcver-, n o  i m p r o ~ e r n c n t  oc,curre(i \ \hen e\l>erirncntal procedure identicxl t o  that descr-ibcd 11! ~ \ ~ ~ ~ - i c c l i i c >  

(issue w a  ~ L I I ~ L I I - ~ ~  in the I,rc\cncc 01' gliadin fr-actions or  (2i (11. ( 13). I"P<' digests of the prolaniin l.raction5 \verc pl.c.l>a~-~d 
pcl)tidcs ( 2 - 5 ) .  111 this system. mannan  cshibitcd a protecti \c~ a\  descril>ed b! Auric~vll~o ('1 (11. ( 1.3). I"1' digest\ 01' t h ~  puriliCd 

prolamin i'ractions \\.CI-C prepared ii)llo\\ ing a t\\o-step procedure 
repor-ted h!. de  R I ~ I ~  (,I 01. ( 17): i l l  order t0 i~l;lctl\:itc tlie prOtcO- 

I ( C C C I \ C ~ I  S : I I ~ L I ~ I I !  0. I< )SJ :  : I C C C I ~ ~ C ~ I  \11gt1\1 J. 1')s' I!tic cn/!mes. 1'1 digc\t\ ~ i ~ 1 - c  sul>rnitted to Ileatiny at 100" ( '  
( ' o r r c \ l > < ~ ~ ~ c l c ~ ~ ~ ~ c  l ' ~ < i l  S:IIL:IIOIC , A L I ~ I L C ~ I I O .  ( I I I I I V ; I  I ' L Y ~ I : I ~ I I ~ ~ , I .  1 1  I : I C ~ I ~ ~ . I '  e l l  

LIC~ICIIILI L, ( ' I I I ~ L I ~ ) : I , I .  \ 'I,I S . ~ ' : I I ~ \ I I ~ I .  5 .  SO1 3 1 .  \ : I ~ I L . \  l ldl! 
f i r  30 nirn. 
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MO). N, N'-diacetylchitobiose and N. N'. N"-triacetylcliitotriose 
were prepared from Sigma Chemical Company. 

For the in vitro culture of fetal Jejunum. pregnant Wistar rats 
were anesthetized with ether and 17-day-old fetuses were re- 
moved at laparotorny. Fetal jejunum segments were isolated and 
cultured in vitro for 48 h in a serum-free medium according to 
the method described by de Ritis el a/. (14). Jejunal segments 
from the same fetus were cultured in the absence and in the 
presence of the above mentioned digests. All the peptide mixtures 
were sterilized before addition to the incubation medium by 
filtration through 0.22 mp Millipore filters. Differentiation of 
fetal rat jejunum was followed morphologically by light micros- 
copy as reported by de Ritis ct a/. (14) without knowledge of the 
culture conditions. A morphologic assessment of histologic 
changes during organ culture of 17-day-old fetus intestine was 
performed on the more external part of the tissue where the 
epithelium showed more clearly developmental changes in the 
absence of gliadin pcptidcs. In this part of the tissue specimen 
we constantly observed well-formed villi that do not develop in 
the more internal part of the intestinal segment probably as the 
eonsequence of the more difficult penetration of the tissue by 
the culture medium. The first five sections were cut off and the 
following 10-20 sections were evaluated. No appreciable varia- 
tions in the developmental pattern of intestinal mucosa were 
observed among these histologic sections. 

RESULTS 

Before culture, jejunal mucosa from forty five 17-day-old 
fetuses did not show any villus. and only undifferentiated cuboi- 
dal stratified epithelia lining the lumen were present (Figs. 1A 
and 2A); no goblet cells could be detected in any uncultured 
fetuses (Tables 1 and 2). After 48 11 of it1 1'iir.o culture in the 
absence of peptides (Tables 1 and 2), formed villi were present 
in 33 fetal jejunum segments (Figs. 1 B and 2B) and rudimentary 
villi were observed in jejunal segments from 10 other fctuses: 
villi did not develop in only two cultured fetuses. In all 45 

cultured fetuses the epithelial lining consisted exclusively of 
simple columnar epithelium and goblet cells wcre present in 2 1 
fetuses. Slight patchy degenerative changes were observed only 
in a few cultured jejunal segments from one fetus. These findings 
confirm previous results by de Ritis e f  rrl. (12) and Auricchio ci 
01. (1 1 .  13) showing that differentiation and maturation of small 
intestinal mucosa from rat fetuses take place in vitro in a way 
comparable to in i , i ~ ~ o  conditions. 

When tested at a concentration of 0.1 mg of peptides/ml of 
culture mcdium the prolamine-PTC and prolamine-PT digest 
from bread wheat. rye. oats. and barley were very active in 
slowing down in 1.ifr.o development of fetal rat intestine and in 
increasing occurrence and severity of degenerative changes (Ta- 
bles 1 and 2). After 48 h culture in the presence of PTC or PT 
of prolamines digests from the four toxic cereals, well-developed 
villi were absent in most cultures (Figs. 1 C and 2C)  and rudi- 
mentary villi were present only in a few cultures. Furthermore 
goblet cells were present only in one culture with prolamin 
peptides from oats (Tables 1 and 2). Av:ilable findings d o  not 
indicate any significant difference between activities of PT- or 
PTC-digests of prolamines from each cereal in slowing down in 
vifro development of fetal rat intestine. 

We also tested the ability of some sugars to interfere with 
inhibition of fetal intestinal morphogenesis induced by peptides 
of brcad wheat, barley, rye, and oat prolamines. The data sum- 
marized in Tables 1 and 2 show that mannan at a concentration 
of 0.1 mM was largely effective in allowing intestinal morpho- 
genesis to  take place in the presence of PTC- or PT-digests of 
prolamines from any of the four toxic cereals (Fig 1 D). Mannan 
did not show any effect on the in vitro development of the fetal 
rat intestine in the absence of toxic prolamine peptides. N. N'- 
diacetylchitobiose and N, N'.  Nu-triacetylchitotriose at a concen- 
tration as low as 3 mM were both effective (Fig. 211) and 
completely removed the inhibitory effect of bread wheat gliadin 
peptides. Mannose and N-acetylglucosamine were ineffective 
even when tested at concentration as high as 50 and 200 mM. 
respectively. 

Fig. 1 .  Effect of P T  digest of prolamines from barley and protective effect of mannan on in 1,irr-o development and morphogenesis of jejunum 
fiom 17-day-old rat fetus. A .  jejunal mucosa before culture. The epithelium consists of stratified undifferentiated cells and no villi are present. B, 
jejunal mucosa after 48 h culture and D. jejunal mucosa afier 48-h culture in the presence of the P T  prolamin digest (0.1 mg/ml) from barley and 
mannan (0. I mM): well-developed villi and an epithelium consisting of single layer of relatively differentiated cells are evident. C, jejunal mucosa 
after 48-h culture in the presence of the prolamin digest (0.1 nig/ml) fiom harleq. N o  vill~ developed on the surface which is lined by cuboidal and 
columnar epithelial cells. Degenerative changes are evident. 



I.'ig. 2.  f:fli.ct 01' ! ' I ( '  tligc5t o l 'g l lad in\  I r o m  brcad wheat (\ar-. S. Pastor-c) and pr-otcctl\c c1l'ci.t of N. Y' .  Y " - t r ~ a c c t ! l i ~ l i i t ~ i t ~ ~ o ~ ~ ~  o i l  11, \ i i r r ~  

i l c ~ ~ c l o ~ ~ ~ ~ i c ~ i t  :11ic1 r ~ ~ ~ ~ r p l i i ) g c ~ ~ c \ ~ \  ~ S ~ J C ~ ~ L I ~ ~ I I I I ~  I ' ror~i l 7 - ~ 1 ~ 1 ~ - o I ~ l  I-LII i>t11\. 1 .  .jc.juti:~l r11uro\:i h c i ' ~ ) r ~  e ~ ~ l t ~ ~ r c .  1 ' 1 1 ~  c p ~ t l ~ c l i u r ~ i  c,i i11\1\t\ 01' \tr;ititiciI 
undillkr-cntiatcd cell\ arid no v l l l ~  arc pr-c\clit. /I. i c j ~ i n a l  m u c o w  ai icr 48-11 cu l tu ic  and I ) .  i c iunal  muco\a nlicr- 48-11 r ~ i l t u r c  111 l l ic prc\ciicc o i ' l ' l  ( '  

glladin d ~ g c \ t  (0.1 nrg/ml) ol 'hrcad \\lieat ( ~ a r .  S. I'astorc) :inii h. S'. N"-tr-iacct>Icliitotr~o\e ( 3  mM1-  \\ell-iic\cl~:~)cci \IIII 21-c l,~-i'\i'iit \ \ l i ~ c l i  .ir-c 
l ined by a single 1a)i.r o l ' d ~ l k r c n t i a t c d  co lu~n i~ : t r  cpithclial ccl l j .  ( . ~ q u n a l  muco\a a l ic r  48-11 c i ~ l t u r c  In  t l lc pr-c\cnci' 01' ['.I ( gl~;rdin d ~ g c \ t  (0. I ing! 
m l )  of hrcatl wheat Iv:rs. S. I'astorc). V i l l ~  arc abscnt f i o m  tire muco\al surlilcc \vliich 15 I ~ n c t i  111-irnar-il! I)! i x~ lu~ i i r l a r -  ~ ~ l l ~ t l ~ ~ l i a l  i.cll\. I ) cg i , r~~~r -a t~ \ i ,  

charlgcs arc cvidcrit. 

I lncul iur-cr l  17-~1;1~-o1(1 li.tu\cs 1321 32 -3 2 
A l i c r  48-11 cu1t111-c 

Wi thout  p c l ~ t ~ d c s "  (31 )  ?. X -- 11 3 7 I5  
(;liaclin p c l ~ t ~ d e \  1'1-om hcxaploicl (30)  3 1 > J 37 I 4 

wheat 0. I mg/~nl:j:$" 
<ili;tdin pcptldc\ l'rom licxal,lo~cl (-37) 3 15 I 0 I 36 1 (1 0 

* Nuri i l )cr i ) l l i . tu\c\ e a m l n c t i  or  ol'li.tal 1ciu11:i c i i l t ~~ i ' c t l  15 \ I lo \ \n  111 p a r c ~ i t l ~ c \ c ~ .  

I -1-. sltglit t lcgcncr :~t~\c  change$: ++. large Iiccrottc arcas. 
:I: SIX c ~ l I t ~ ~ r c \  at 0.5 r r ~ g / ~ i i I .  
$ I if?ceri ~IIIILII-~S \\ ~ t l i  I' I gli:tcl~ti ~ ~ c ~ ~ t ~ c l c ~ .  
11 I.'iglit c~ l l tu t -c \  a i  0.5 m g / ~ n I .  
TI 'I wcrity cult i i rc\ \\i l l1 1 ' 1  gliarliri pc l~ t idc \  
** One culture at I rng/ml. 
'1.1- One c u l t l ~ r c  at 2 mg/ml .  
1;rcquctlcy d i s t ~ - ~ l , u t ~ o ~ i  al laly\ l \  I>> '. I hc t n o  group\ rucl~mcntai.! ;ind pl.r\cnl 21-c ~ > o o l ~ ~ i  li11- t l ~ c   anal!\^\. 
" I>itlkrcricc I'ro111 tlic v;iluc I ~ c l i i r c  CLII~III~. x ' = 40.05. 11 < 0.00 I 
" l l i l l2rc11cc tict\\ccri t l ic v:t l i~cj :11'tc1- CIII~LII-c \\.I~II :111cl t! i t h o i ~ t  1)iyticIcs. ' = 40. I I. 11 < O.O(! 1 

' 1) i lkrcl lcc I,ctnccii the v :~ l i~c \  a l ic l  cl l l turc wit11 gliatlln ~ ) c l ~ l ~ t l e \  slid gl lai l i l i  pcpl i i lc\  \ i ~ t l l  mal l l ian. \ ' = J I .35. 11 < 0.0tl I  
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