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ABSTRACT. Peptic-tryptic-Cotazym (PTC) digests were 
obtained, simulating in vivo protein digestion, from rice, 
maize, rye, oats, barley, and sorghum prolamines and 
tested on small intestine cultures from rat fetus. The PTC 
digests of the prolamine fractions from rice and maize, 
even when tested at a concentration as high as 0.5 mg/ml, 
did not affect in vitro differentiation and maturation of 
fetal rat jejunum that took place in vitro in a way compa- 
rable to what happens in vivo. On the contrary, the PTC 
digests of prolamines from rye, oats, barley, and sorghum 
were very active in slowing down in vitro development of 
fetal rat intestine. These results further strengthen earlier 
findings and all together show that there is a strong cor- 
relation between toxicity results of cereal and/or cereal 
components assessed with clinical trials or in vitro systems 
based on bioptic specimens of intestinal mucosa from celiac 
patients and with the culture of rat fetal intestine. There- 
fore, the rat fetal intestine culture is considered to be an 
adequate model for screening and investigating cereal pep- 
tides which are toxic for the celiac small intestinal mucosa. 
(Pediatr Res 18:1372-1378, 1984) 

Abbreviations 

PTC, peptic-tryptic-cotazym 
GP, gliadin peptides 

Celiac disease is an enteropathy occumng in genetically pre- 
disposed individuals (about 0.5/1000 of the general population) 
when wheat is a component of the diet. Under such circum- 
stances, diarrhea and several malabsorption symptoms are ob- 
served in association with intestinal mucosa atrophy. Soon after 
the discovery that wheat is the environmental factor triggering 
the appearance of malabsorption symptoms, it was demonstrated 
that wheat toxicitv resulted from the gliadin protein fraction and 
that the other w h a t  protein fractions, i.e. albumins, globulins, 
and glutenins, were harmless (6, 64, 65, 67). Later on it was 
shown (27, 28) that the ingestion of peptide mixtures obtained 
from wheat gluten after in vitro sequential digestion with prote- 
olytic enzymes also induces the typical symptoms in patients 
affected by celiac disease. Moreover, clinical trials have shown 
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that, in addition to wheat, rye, barley, and probably oats also 
have toxicity (7, 41), whereas rice and maize are considered 
nontoxic and are usually used as wheat substitutes in the diet of 
celiac patients. It is presumed, but not demonstrated, that toxicity 
of cereals other than wheat is associated with prolamine fractions 
equivalent to gliadins in the grain of these other species. 

The detection and characterization of cereal components that 
are toxic in celiac disease are very difficult because no animal 
models exist for this disease. Falchuk et al. (19,20) have proposed 
the organ culture of human small intestinal biopsies as an in 
vitro model of celiac disease. Jejunal specimens obtained from 
patients with active enteropathy show morphological and bio- 
chemical improvement when cultured in a gliadin-free medium. 
No improvement occurs when the tissue is cultured in the 
presence of gliadin peptides. Several other authors (23, 35, 36, 
40) have confirmed these findings, although Haury et al. (30) 
were not able to show a cytotoxic effect of various gliadin 
preparations on organ culture of small intestinal mucosa from 
ctliac children. 

Jejunal mucosa from celiac patients in remission and from 
normal subjects is not affected by the presence of gliadin in the 
culture medium. These findings led Falchuk et al. (21, 22) to 
suggest that gliadin must first initiate a set of events in vivo, 
possibly related to the immune system, before the cytotoxic effect 
on enterocytes can be displayed in vitro. Cultured intestinal 
epithelial tissues from celiac patients have been tested also by 
Jos et al. (36-38) who showed that peptides derived from purified 
gliadin fractions including a-, P-, 7-, and w-gliadins were toxic 
in celiac disease. These results were consistent with those by 
Hekkens et al. (32) who demonstrated that an a-gliadin fraction, 
coded A-gliadin (10, 49), was capable of producing changes in 
epithelial tissue characteristic of celiac disease when instilled 
directly into the small intestine of celiac patients and with those 
by Falchuk et al. (19) showing that this fraction had adverse 
effects on biopsied intestinal epithelium. Huge and co-workers 
(24-26) have developed a morphological, morphometric, and 
biochemical assessment of human duodenal biopsies from celiac 
patients maintained in organ culture and have tested with this in 
vitro system several gliadin fractions including a-gliadin and 
Frazer's fraction I11 and subfractions. Biopsies from patients with 
untreated celiac disease were susceptible to gliadin fractions, 
which provoked disorganization of crypt architecture, reduced 
height, and irregularities of enterocytes and crypt cells, together 
with detrition of surface epithelial cells and even tissue necrosis. 
Remission mucosas and biopsies from nonceliac controls showed 
no signs of impairment after gliadin exposure in vitro. A quan- 
titative assessment of histological changes during organ culture 
of small bowel mucosa has also been performed by Howdle et 
al. (34) who reported, however, a significant decrease of entero- 



IN VITRO TOXICITY OF CERE CAL PROTEINS AND PEPTIDES 1373 

cyte height in mucosa specimens, cultured in the presence of 
gliadin peptides, from treated celiac patients. 

Although very useful, in vitro systems based on bioptic speci- 
mens of intestinal mucosa from celiac patients cannot be used 
widely for research purposes for ethical reasons; these specimens, 
in fact, are only available for diagnosis. Moreover, limited avail- 
able specimens obviously cannot be standardized and may pro- 
vide poorly reproducible results. 

To overcome these limitations, we undertook a research pro- 
gram to evaluate whether the in vitro developing intestine from 
rat fetus was a suitable model for the study of peptides toxic in 
celiac disease. We considered this possibility because of the 
enterocyte changes seen in celiac disease (e.g. increased cell 
turnover, increased mitotic index and lengthening of crypts) 
suggestive of the emergence of less differentiated cells on the 
villus (68). We considered that the easiest way of exposing 
immature enterocytes throughout the differentiation cycle to 
wheat peptides would have been to let jejunal segments from 17- 
day-old rat fetuses (with no villi and with undifferentiated cu- 
boidal stratified epithelia lining the jejunum) to differentiate and 
mature in vitro in a culture medium containing test peptides. It 
was well known, at that time, that morphological maturation of 
fetal intestinal mucosa takes place under adequate in vitro con- 
ditions in a way comparable to what happens in vivo (16). First 
we demonstrated (17) that a PTC digest of hexaploid (bread) 
wheat gliadin, obtained by simulating in vivo protein digestion, 
was very active in inhibiting in vitro development and morpho- 
genesis of small intestine from 17- and 18-day-old rat fetuses, 
whereas it had no effect on the culture of jejunum from 2 l-day- 
old fetuses or from newborn rat. 

As Cornell and Townley (1 3) reported the fractionation of this 
PTC digest into 10 major peptidic fractions and showed the 
fraction eluted with 0.02 M phosphate buffer (coded as fraction 
9) to be extremely toxic for cultured mucosa of patients with 
active celiac disease, we also tested the effect of this fraction on 
rat fetal intestine; fraction 9 was much more active than the total 
gliadin digest in inhibiting differentiation of this fetal tissue (1 7). 
Then PTC digests were obtained from albumin, globulin, gliadin, 
and glutenin preparations from hexaploid (bread) wheat as well 
as from diploid (monococcum) and tetraploid (durum) wheat 
gliadins. The digest from bread wheat gliadins reversibly in- 
hibited in vitro development and morphogenesis of small intes- 
tine from 17-day-old rat fetuses, whereas all the other digests 
(obtained both from nongliadin fractions and from gliadins from 
other wheat species) were inactive (4). The PTC digest from 
bread wheat gliadins was also able to prevent recovery of and 
damage to the in vitro cultured small intestinal mucosa from 
patients with active celiac disease. The PTC digest from durum 
wheat gliadins caused a much less adverse effect on this human 
pathological tissue culture system (4). Both PTC digests did not 
cause any detectable effect on normal human small intestinal 
mucosa. 

This paper deals with investigations on the effects of prolam- 
ine-derived peptides from rice, maize, rye, oats, barley, and 
sorghum on small intestine cultures from rat fetus. In view of 
the very different levels of prolamine fractions in the kernels of 
different cereals (e.g. as an average, oats contains 4 g prolamine/ 
100 g of seed protein; wheat, 45; maize, 64; barley, 41; rice, 2; 
rye, 40; and sorghum, 55) (62), the purpose ofthese investigations 
was 2-fold. From one side, we intended to verify whether toxicity 
in celiac disease of rye, oats, and barley depends, as it is generally 
assumed but not proven, on the presence of prolamine-derived 
peptides with a biological activity similar to that exhibited by 
bread wheat gliadin peptides. From the other side, we intended 
to check whether the absence of toxicity of rice in celiac disease 
was due to the very low content of total prolamine in this cereal 
or rather to absence of toxicity of rice prolamine, as compared 
to bread wheat gliadin. Moreover, this paper contains an exten- 
sive critical review of all available data relevant to assess the 
value of the in vitro developing rat fetus jejunum for detecting 
and characterizing cereal components toxic in celiac disease. 

MATERIALS AND METHODS 

Pure rice (Oryza sativa var. Roma), maize (Zea mays var. 
B73), rye (Secale cereale var. 500-2"G), barley (Hordeum vulgare 
var. Arma), sorghum (Sorghum vulgare var. NK120), and oats 
(Avena sativa var. Astra) were kindly supplied by the Istituto 
Sperimentale per la Cerealicoltura in Rome. 

Prolamine fractions from the above cereals were obtained with 
an experimental procedure identical to that described by Auric- 
chio et al. (4) and summarized in Figure 1. Peptic-tryptic- 
Cotazym digests of the purified prolamine fractions were pre- 
pared following the three-step procedure of Bronstein et al. (1 1) 
as reported by de Ritis et al. (17). At the end of the whole 
procedure, PTC digests were submitted to ultrafiltration in an 
Amicon 400-mm cell equipped with a UM 2 Amicon membrane 
to remove compounds with molecular weight lower than 2,000 
and to obtain a peptide fraction with molecular weight in the 
range 2,000- 10,000. 

For the in vitro culture of fetal jejunum, pregnant Wistar rats 
were anesthetized with ether and 17-day-old fetuses were re- 
moved at laparatomy. 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 et a[. (16). Jejunal segments 
from the same fetus were cultured in the absence and in the 
presence of tested peptides. All the peptide mixtures were steri- 
lized before addition to the incubation medium by filtration 
through 0.22-pm Millipore filters. Differentiation of the fetal rat 
jejunum was followed morphologically by light microscopy as 
reported by de Ritis et al. (17). 

RESULTS 

Before culture, jejunal mucosa from 50 17-day-old rat fetuses 
did not show any villus, and only undifferentiated cuboidal 
stratified epithelia lining the lumen were present; very rudimen- 
tary villi with monostratified epithelial cells were observed in 
only four fetuses (Table 1; Fig. 2A). No goblet cells could be 
detected in all the uncultured fetuses. 

After 48 h of in vitro culture in the absence of peptides (Table 
1; Fig. 2B), well formed villi were present in 44 fetal jejunum 
segments and rudimentary villi were observed in jejunal segments 
from seven other fetuses. In 50 fetuses, the epithelial lining 
consisted exclusively of simple columnar epithelium and in 23 
cases goblet cells were detected. Patchy slight degenerative 
changes were observed only in a few cultured jejunal from 10 
fetuses. These findings confirm previous results by de Ritis et al. 
(17) and Auricchio et al. (4) showing that differentiation and 
maturation of small intestinal mucosa from rat fetuses takes 
place in vitro in a way comparable to in vivo differentiation. 

The peptic-tryptic-Cotazym digests of the prolamine fractions 
from rice and maize did not affect in vitro differentiation of fetal 
rat jejunum, even when tested at a concentration as high as 0.5 
mg/ml (Table 1. Fig. 2C). After 48-h culture in the presence of 
rice prolamine peptides, villi were present in all 22 cases: they 
were rudimentary in only five cases and well formed in all other 
cultures, with a differentiated columnar epithelium in all cases 
except two and goblet cells were present in three cases. Similar 
results were obtained with the maize prolamine peptides; villi 
were absent only in three cases, rudimentary in three, and well 
developed in 13 cases with differentiated columnar epithelium 
in 15 and goblet cells in two cultured fetal jejunum of 19 total 
(Table 1). 

In contrast to what was observed with rice and maize, the PTC 
digest of prolamines from rye, oats, barley, and sorghum were 
very active in slowing down in vitro development of fetal rat 
intestine and in increasing occurrence and severity of degenera- 
tive changes (Table 1; Fig. 20). Such effects were clearly observed 
also at the lowest peptide concentration tested (0.1 mg of pep- 
tides/ml of culture medium). After 48-h culture in the presence 
of rye, oat, barley, and sorghum prolamine peptides, well devel- 
oped villi were absent in the most tested cultures. Rudimentary 
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Whole cereal flour (100 g) 

Supernatant 
(discarded) 

Sediment 

Supernatant 
(discarded) 

sediTt 
Supernatant 
Dialysis against 
water at 4°C for 
48 lyophilization h, and 1 Sediment 

(discarded) 

Extraction with 1 liter of 0.04 M 
Na2HP04 containing 1.8 M (NH4)2S04, 
ph 7; centrifugation for 15 min 
at 16,000 x g 

Extraction as above with 0.04 M 
Na2HP04 containing 0.4 M (NH4)2S04, 
ph 7; centrifugation as above 

Extraction as above with 300 ml 
ethano1:water (70:30, v/v); 
centrifugation as above 

4. 
Prolamine 

Fig. I. Extraction of prolamine fractions from whole cereal flour. 

Table 1. Morphologic features in maturation of rat fetal jejunum cultured in vitro in the presence ofpeptides from dzferent cereals 

Villi Epithelium 

Monostratified Goblet Degenerative 
Sample* Absent Rudimentary Present Stratified Cuboidal Columnar Cells changes? 

Uncultered 
17-day fetuses (54) 50 4 50 3 I -c ++ 

After 48-h culture 
Without peptides (54) 3 7 44 4 50 23 10 
PTC rice prolamine 

0.1 mg/ml ( lo)  2 8 10 2 1 
0.5 mg/ml (12) 3 9 2 10 1 3 

PTC maize prolamine 
0.1 mg/ml (9) 1 2 6 2 7 2 2 
0.5 mg/ml (10) 2 1 7 2 8 4 

PTC rye prolamine 
0. I mg/ml(lO) 9 I 3 7 4 
0.5 mg/ml (10) 10 1 3 6 6 

PTC oat prolamine 
0.1 mg/ml(8) 6 2 3 5 5 
0.5 mg/ml (6) 5 1 3 3 4 

PTC barley prolamine 
0.1 mg/ml (I 2) 8 3 1 I 3 8 5 
0.5 mg/ml (10) 8 2 4 6 4 

PTC sorghum prolamine 
0.1 mglml(8) 6 2 2 6 2 
0.5 mg/ml (6) 6 2 4 1 1 

* Number of fetuses examined or of fetal jejuna cultured in parentheses. 
t + indicates slight degenerative changes; ++ indicates large necrotic areas. 

villi were present in only one test culture in the presence of rye in the presence of sorghum prolamine peptides, extensive degen- 
peptides in three cultures in the presence of oat peptides, in five erative changes with some areas of necrosis were observed. 
cultures in the presence of barley peptides, and in two cultures 
in the presence of sorghum peptides. Columnar epithelium was 
observed in 13 culture segments in the presence of rye prolamine DISCUSSION 

peptides, in eight segments in the presence of oat peptides, in 14 Toxicity in celiac diseuse of cereals other than wheat. If the 
segments in the presence of barley peptides, and in 10 cultured results described in Table 1 are compared with those previously 
segments in the presence of sorghum prolamine peptides. Goblet reported by Auricchio et al. (4) for PTC digests of bread wheat 
cells were absent in all the treated cultures. Last, in one culture gliadin, it is quite clear that no significant difference among 
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Fig. 2. Effect of peptic-tryptic-Cotazym digest of prolamines from rice and barley on in vitro development and morphogenesis of jejunum from 
17-day-old-rat fetus. A,  jejunal mucosa before culture. The mucosal epithelium consists of stratified undifferentiated cells and no villi are present. 
B, jejunal mucosa after 48-h culture; C, jejunal mucosa after 48-h culture in the presence of PTC prolamine digest (0.5 mg/ml) from rice. Well 
developed villi are present which are lined by a single layer of relatively differentiated columnar epithelial cells. Some goblet cells are also present 
(arrow). D, jejunal mucosa after 48-h culture in the presence of PTC prolamine digest from barley (0.5 mg/ml). Villi are absent from the mucosal 
surface which is lined by cuboidal and columnar epithelial cells. Degenerative changes are evident and no goblet cells could be identified. 

toxicities of PTC digests of rye, oats, barley, sorghum, and bread 
wheat prolamines for culture of rat fetal intestine could be 
detected under our experimental conditions. These findings, 
therefore, strongly support current views that toxicity of the 
above-mentioned cereals is associated with the prolamine frac- 
tions. Moreover, the doubtful toxicity of oats in celiac disease 
likely depends on the much lower content of prolamine in this 
cereal (see introduction for quantitative figures). On the other 
hand, our findings suggest that the lack of toxicity of rice and 
maize in celiac disease is not dependent on a different content 
of prolamine in the kernel but mainly on the absence of 
the toxic peptide sequences(s) in their prolamines. Interestingly 
enough, such constitutive differences among prolamine fractions 
not only exist among different cereal genera, but also among 
different wheat species, as it was clearly shown for total gliadin 
fractions from bread (hexaploid), durum (tetraploid), and mono- 
coccum (diploid) wheats by Auricchio et al. (4) and for purified 
a-gliadin fractions from bread and durum wheats (S. Auricchio, 
M. Cardelli, G. de Ritis, M. De Vincenzi, and V. Silano, in 
preparation). 

Significance of rat fetal intestine culture for testing cereal 
components toxic in celiac disease. As shown in Tables 2 and 3, 

there is a strong correlation between toxicity results of cereal 
and/or cereal components assessed with clinical trials or in vitro 
system based on bioptic specimens of intestinal mucosa from 
celiac patients and with the culture of rat fetal intestine. As a 
matter of fact, until now, no peptide or protein fraction known 
to be toxic in celiac disease has been shown to be harmless for 
the rat fetal intestine undergoing maturation and differentiation 
in vitro. Similarly, a number of peptide or protein fractions that 
are known to be harmless for celiac patients have also been 
proven to be so for the rat fetal intestine. All together these 
results suggest that the in vitro developing fetal rat intestine is an 
adequate model for screening of cereal peptides potentially toxic 
for celiac mucosa. 

It should be noted that, if properly used, this in vitro system is 
not prone to false positive results. In fact, the inhibitory effect of 
intestinal morphogenesis relevant for celiac disease should be 
reversible (that is the intestinal mucosa should undergo a normal 
morphogenesis if transferred to a fresh culture medium) and 
transient (that is no adverse effect should be detectable on in 
vitro cultured jejunal segments from 2 1-day-old rat fetus). More- 
over, if properly digested proteins and intestinal specimens sam- 
pled at the proper developmental stage are tested, the possibility 
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Table 2. Cereal and cereal components found to be toxic for celiac patients in vivo andlor in cultured intestinal systems 

In vitro In vitro 
In vivo intestinal mucosa from intestinal mucosa from 

Cereals Clinical trials celiac patients rat fetus 

Bread wheat Whole flour (2, 53, 54, 59, 64) 
(hexaploid) Gluten (I, 8, 5 1, 56-58, 60, 

65) 
Gliadins (42, 65, 67) 
a-Gliadin (37) a-Gliadin (23); ale-gliadin (17); a,o-Gliadin (1 7) 

A-gliadin (I 7, 18) 
Peptic-tryptic gluten digest Peptic-tryptic gluten digest (1 8, 

(28) 23, 25, 26) 
Peptic-tryptic gliadin digest Peptic-tryptic gliadin digest 

(1 1) (36-40) 
Peptic-tryptic-Cotazym glia- Peptic-tryptic-Cotazym gliadin Peptic-tryptic-Cotazym gliadin digest 

din digest (I 1, 14) digest (17, 37, 40, 61) (4, 5, 17, 61) 
Tryptic a-gliadin digest (33) 

Peptic-tryptic a-gliadin digest Peptic-tryptic a-gliadin digest (3) 
(18, 36-38) 

Peptic-tryptic P-gliadin digest 
(36-38) 

Peptic-tryptic y-gliadin digest 
(36-38) 

Peptic-tryptic w-gliadin digest 
(36-38) 

Peptic-tryptic-Cotazym a-gliadin di- 
gest (3) 

Rye Whole flour (64) 
Gluten (66) 

Peptic-tryptic-Cotazym prolamine 
digest (present paper) (5) 

Oats Whole flour (7,47, 64) Peptic-tryptic-Cotazym prlamine di- 
gest (present paper) (5) 

Gluten (66) 
Prolamine (Avenin) (7) 

Peptic-tryptic-Cotazym prolamine 
digest (present paper) (5) 

Barley Whole flour (7, 29, 52) 
Peptic-tryptic-Cotazym prolamine 

digest (present paper) 
Sorghum Peptic-tryptic-Cotazym prolamine 

digest (present paper) 

Table 3. Cereal and cereal components found to be not toxic for celiac patients in vivo and/or in cultured intestinal systems 

In vitro 
In vivo intestinal mucosa from In vitro 

Cereals clinical trials celiac patients intestinal mucosa from rat fetus 

Rice Whole flour (64) Peptic-tryptic-Cotazym prolamine 
digest (present paper) 

Maize Whole flour (64) Peptic-tryptic-Cotazym prolamine 
digest (present paper) 

Bread wheat protein Glutenins (65) Peptic-tryptic-Cotazym glutenin 
fractions digest (4, 6 1) 

Water-soluble protein fraction Peptic-tryptic-Cotazym globulin 
(albumins + globulins) (65) digest (4, 61) 

Albumins (6) Peptic-tryptic-Cotazym albumin 
digest (4, 17, 6 1) 

of false negative results, if any, is also very limited. This is not tiveness of the in vitro animal model discussed in this paper in 
the case when testing whole gliadin fractions; in fact, undigested detecting cereal components toxic in celiac disease may have 
A-gliadin was found to be nontoxic in this in vitro system (17), some implications in terms of pathogenetic mechanisms of celiac 
whereas predigested A-gliadin was toxic (4). Clearly, testing of disease. 
samples insoluble in the incubation medium can lead to false We have demonstrated that gliadin peptides are very active in 
negative results and only predigested proteins should be tested inhibiting in vitro development and morphogenesis of small 
in this system. intestine from 17- and 18-day-old rat fetus, whereas they have 

Significance of the rat fetal intestine culture as a model to no effect on the culture of the differentiated jejunum from 21- 
investigate pathogenetic mechanisms of celiac disease. The effec- day-old fetuses or from newborn rats (17). This may suggest that 
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one of the mechanisms likely underlying the mucosal damage in 
gluten-dependent enteropathy is a direct cytotoxic action of some 
cereal peptides on immature enterocytes or enterocytes charac- 
terized by immature-like cell membrane components. The fol- 
lowing observations also suggest that GP are able to induce in 
vitro adverse biological effects on relatively undifferentiated cell 
and tissue systems: 

(i) G P  are nontoxic for in vitro cultured histologically normal 
celiac small intestinal mucosa in remission, whereas they are 
toxic for the flat celiac mucosa, lined by immature enterocytes 
(18, 25). (ii) G P  have lectin-like properties; they bind to brush 
border glycoproteins of immature crypt cells of rat intestine and 
much less to brush border glycoproteins from enterocytes of the 
mature villous zone (44). (iii) GP are able to activate cell mem- 
brane adenylate cyclase in the flat celiac mucosa and not in the 
histologically normal mucosa of patients in remission (15). (iv) 
Last, G P  reduce in vitro viability of human embryo and tumor 
cell lines, whereas they are inactive on adult human cells (50). 

According to Weiser and Douglas (68), a defect of the cell 
surface membrane of the celiac enterocyte allows gliadin to act 
as a lectin and this reaction initiates cell toxicity. In our opinion, 
this could be due either to the presence on enterocytes of celiac 
patients of specific receptors acting as a target of cereal peptides 
or to a regression in celiac disease towards immature enterocyte 
determinants, which are susceptible to interaction with toxic 
cereal peptides. With reference to the latter hypothesis, it should 
be pointed out that the regression of the intestinal mucosa 
towards immature stages could possibly be induced by other 
primary causes acting in celiac disease. One of such primary 
causes could be the well known immunological hyperresponsive- 
ness to some cereal proteins occurring in celiac disease. If this 
immunological reaction is a part of the mechanisms underlying 
the appearance of the disease, we may speculate, according to 
Strober (63), that this happens because the small intestinal mu- 
cosa becomes the target of this immunological reaction, in the 
presence of certain cereal antigens. The turnover of enterocytes 
could therefore be accelerated with the emergence on the villi of 
immature epithelial cells which are susceptible to the toxic action 
of cereal peptides. 

Significance of the rat fetal intestine culture for the study of 
gluten-dependent enteropathies other than celiac disease. Several 
such enteropathies have been described in the literature. Bayless 
and Swanson (9) reported that patients with tropical sprue re- 
acted to a gluten-free diet with a decreased steatorrhea and with 
an improvement in the jejunal lesions. Hedberg et al. (31) 
described a postgastrectomy steatorrhea that was improved by a 
gluten-free diet. Levine et a/. (45) found that in some subjects 
convalescing from Laennec's cirrhosis, tubercolosis, or viral hep- 
atitis a significant increase in fecal fat excretion resulted upon 
addition of 10-150 g gluten daily to the diet; no effect was 
observed with normal individuals. Rudman et al. (55) demon- 
strated that patients with regional enteritis suffer f r~m'~as t ro in-  
testinal bleeding, increased steatorrhea, fever, diarrhea, and ab- 
dominal discomfort due to inclusion of gluten in the diet. More- 
over, temporary gluten intolerance (46) as well as gluten-sensitive 
diarrhea without evidence of celiac disease (12) and nonceliac 
gluten intolerance in infancy (48) have also been described. 

We speculate that, at least in some of these pathological 
conditions, basic physiological alterations, although different 
from those observed in celiac disease for being secondary (non- 
genetically determined) and transient (as they depend on other 
primary disease), may lead to an acceleration of enterocyte 
turnover similar to that observed in celiac disease. Therefore, the 
mechanisms through which gluten peptides induce toxic effects 
could be basically the same in secondary and primary gluten- 
dependent enteropathies and consist of a lectin-like interaction 
of gluten peptides with immature enterocytes. 
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