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villi at the crypt mouth. The intervillous ridges
(Loehry and Creamer, 1968) found between adjacent
crypts and joining up onto villi probably represent
the migration lines of the epithelial cells in this
region.

SUMMARY

Because it was found that cell migration from crypts
to villi in the small intestinal mucosa could not be a
direct process, cell turnover was studied in rats by
techniques evaluating cell loss. Small intestinal
perfusions were performed, desquamated cells
collected, and their total volume was assessed by the
rate of DNA loss in the perfusions. In addition
newly formed crypt cells were labelled with 59Fe,
and the radioactivity was counted in the cells
desquamated at varying time intervals after injection
of the isotope. It is likely that the epithelial cells
emerging from the crypts move round in some way to
be channelled onto villi. The intervillous ridges seen
between the adjacent crypts probably represent these
epithelial migration lines.
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Part II Cell loss in rats with an abnormal mucosa

The aims of this study were to produce a 'flattened'
small intestinal mucosa in rats, to study cell loss in
this situation, and to compare it with that in normal
animals.
Symons and Fairbairn (1962; 1963) have inves-

tigated the pathological changes in the rat small
intestinal mucosa after infestation with the nematode
Nippostrongylus brasiliensis. They have demon-
strated severe changes by the eighth to tenth days of
infection, with shortening or absence of villous
projections, lengthening of the crypts, and infiltra-
tion with inflammatory cells. They have stressed the
resemblance of the histological appearances to those
seen in coeliac disease and have demonstrated
diminished absorptive capacity (Symons, 1960a and
b) and a reduction in the activity of intracellular
enzymes during the attack (Symons and Fairbairn,
1963). In a further study Symons (1965) has analysed
epithelial cell kinetics with tritiated thymidine, and
has demonstrated both an increase in cell production
in the crypts and an increase in cell migration on the
villi in infected animals. Because of these observa-
tions this experimental model was used in the present
experiments.

METHODS

Rats were infested by subcutaneous injections of approxi-
mately 5,000 larvae of Nippostrongylus brasiliensis from a
stock culture. Small intestinal perfusions were always
performed on the ninth day of infection by the technique
described in the first part of this paper. The DNA
excretion rates were estimated and the radioactivity was
counted at once, after 10 hours, 24 hours, 36 hours, 48
hours, 60 hours, and 72 hours after an intravenous
injection of 10 gtc of 59Fe. Three rats were perfused at
each of these times.

RESULTS

DNA RATES The DNA rates were compared in five
normal and five infested rats (Fig. 5). The mean
DNA rate in the control group was 2-2 m,ug atoms
of DNA-P per minute (standard deviation 1.06),
and that in the infected group 6-9 (standard devia-
tion 3.05). The difference between the groups is
highly significant (p < 0001), establishing a con-
siderably increased cell loss in the rats with a
'flattened' mucosa.

It is obviously important to exclude other sources

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.1.16 on 1 January 1969. D

ow
nloaded from

 

http://gut.bmj.com/


Cell turnover in the rat small intestinal mucosa: an appraisal of cell loss
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FIG. 5. Comparison ofDNA excretion in small intestinal
perfusions in rats with a mucosa 'flattened' by infestation
and normal controls.

of DNA that may have affected the results. Inflam-
matory cells contain DNA, but stained sections of
cells from the perfusions showed that these rarely
made up more than 5% of the total number of cells
present. Similarly bacteria contain some DNA
(Croft, unpublished communication) but bacterial
counts were performed on several of the perfusions
and it was found that there were in no case signi-
ficant numbers to influence the results. Finally, it is
theoretically possible that DNA from the adult
worms may have contributed to the figures from the
infested rats. This, however, was considered
extremely unlikely as there were rarely any worms
washed out into the specimens after the second hour
of perfusion, and there was no significant difference
in the DNA rates from earlier or later specimens.

was counted (Fig. 7). The peak level is present earlier
than in the normal rats, suggesting more rapid take
up and excretion of the isotope.
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FIG. 6. Comparison of 59Fe excretion in small intestinal
perfusions in rats with a mucosa 'flattened' by infestation
and normal controls.
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Z9FE EXCRETION The radioactivity at the various
times in the hourly perfusions was compared with
that from the normal rats (Fig. 6). Initially there is
higher radioactivity in the perfusions of infected
animals, and it is likely that this represents a greater
exudation of 59Fe in plasma from an abnormal
mucosa. The peak radioactivity in the infected group
is in the 10 to 14-hour period after injection and is
considerably greater than in the normal rats.

GUT 59FE The radioactivity remaining in the small
intestine as a whole at various times in infected rats

FIG. 7. Radioactivity remaining in the whole of the small
intestine at time intervals after injection of 59Fe in infested
rats.

DISCUSSION

The DNA experiments demonstrate a considerably
increased rate of cell loss in the 'flattened' small
intestinal mucosa of rats infested with the nematode
Nippostrongylus brasiliensis, and support the findings
of Symons (1965) that there is a state of increased
cell turnover in this condition.
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After injection with 59Fe the labelled cells in the
infected rats were maximally exfoliated in the lOto 14-
hour period and must therefore have travelled to the
extrusion zones by this time. It is recognized of
course that the villi are considerably shortened in
this group, but not only is the peak of radioactivity
earlier, but the amount of radioactivity excreted at
this time is considerably higher than at any time in
the normal rats. This finding, together with the
increased DNA rate in this group, suggests a con-
siderable increase in cell turnover.
These experiments demonstrate how measure-

ments of cell loss may be employed in studying the
dynamic state of the small intestinal mucosa. The
DNA technique has been used in human studies
(Croft, Loehry, Taylor, and Cole, 1968) and these
have suggested an increased turnover state in patients
with coeliac disease (Croft, Loehry, and Creamer,
1968). The increased iron loss in the experimental
rats with an abnormal mucosa makes it of interest
to speculate on how much of the deficiency states in
coeliac disease may result, not so much from a
failure of absorption, but as a result of increased loss.

SUMMARY

Cell loss was estimated by DNA excretion and

labelling with 59Fe in rats with a small intestinal
mucosa 'flattened' after infestation with the nema-
tode Nippostrongylus brasiliensis. A considerably
increased rate of cell loss was demonstrated suggest-
ing an increased turnover state.
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