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SUMMARY Large numbers of cells are shed from small intestinal mucosa but they are so
rapidly destroyed that there is little direct information about their morphological types.
Material obtained by washing the human and rat small intestine was immediately processed
and examined by light and electron microscopy. Small intestinal epithelial cells could not be
identified by light microscopy but were readily recognized-by the presence of brush bordersusing the electron microscope. Eighty to 85 % of the cells from both rats and patients with
normal small intestinal mucosa were intestinal absorptive cells. This was also the case in
four patients with the coeliac syndrome and flat intestinal mucosa. These findings provide
further support for the view that measurements of cell loss using intestinal washing techniques
and the DNA-loss method, reflect predominantly small intestinal epithelial cell loss and
turnover.

intestinal mucosa of man and rat with normal
saline.
The method for rats has been described
(Loehry et al, 1969). In anaesthetized normal rats
the small intestine was occluded at the duodenojejunal flexure. Saline was washed through the
entire length of the small bowel and collected
from the terminal ileum. There was no possibility
oxyribonucleic acid (DNA) content of the speci- of the cells in the specimens having come from
mens (Croft and Lubran, 1965). Using this anywhere except small bowel mucosa.
In seven patients a 5 cm segment of small
method it appeared that some 20 to 50 million
cells per minute are lost from the whole human intestine was washed by a method designed to
small intestine. For the method to be a true prevent contaminating material from entering
reflection of epithelial cell loss it is necessary to the segment from above (Croft et al, 1968a). A
establish that the cells in the specimens were pre- triple-lumen tube was used and specimens were
dominantly intestinal epithelial cells. In this obtained from proximal and distal to the site of
paper we have made a quantitative assessment of entry of the washing fluid. The fluid that flowed
the proportion of the various cell types found in proximally prevented material from the stomach,
biliary system, and pancreas from contaminating
small intestinal washings.
the distal specimen which was the one collected
Methods
and used for the experiments. By this technique
the washings were thought to contain material
COLLECTION OF CELLS
Cells were obtained in vivo by washing the small arising from small intestinal mucosa alone.
A method of measuring the rate of cell loss from
the intact small intestinal mucosa of man (Croft,
Loehry, Taylor, and Cole, 1968a) and rat
(Loehry, Croft, Singh, and Creamer, 1969) was
believed to assess the epithelial cell loss and turnover. The techniques involved washing the
luminal surface of the mucosa with saline and
calculating the number of cells lost from the de-

'Presented to British Society of Gastroenterology on 9 November
1968.
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For light microscopy
Clumps of cells were picked up with a Pasteur
pipette as soon as the washing fluid was retrieved.
They were spread and partially dried on a glass
slide. They were then fixed in a 90% ethanol
solution, stained with haemotoxylin and eosin,
and examined under low and high power of the
light microscope.
For electron microscopy
Clumps of cells were picked up as above and
dropped into a 4% gluteraldehyde solution,
buffered with sodium cacodylate at 4°C, and left
for two hours. The tissue was then stained in
osmium tetroxide, dehydrated in graded alcohols,
embedded in Epon 812, and cut with glass knives
on a LKB microtome. The sections were poststained with uranyl acetate and lead citrate and
examined in a Siemen's Elmiskop I.
In preliminary studies it was found that supernatant fluid, obtained after allowing cell clumps
to settle under gravity, contained an insignificant
number of cells (and quantity of DNA) in relation
to the number present in the cell clumps. We
believe that the clumps were mainly composed of
cells that had aggregated after shedding, and that
there were very few cells free in the supernatant.
The cells in the clumps appeared to be representative of the various cell types, but an attempt to
prove this, by spinning down the cells and examining the pellet, was unsuccessful, because centrifugation severely damaged the cells and identification of them was impossible.

Results
The cells obtained from both rats and patients
were very similar, differing only in that those
from the rats tended to be better preserved.
LIGHT MICROSCOPY
The cells were mostly rounded or oval with a
nucleus which was often fragmented. No fine
structures of the cells, such as a brush border,
could be identified, and it was not possible to
say, even at high magnification, what the cell
types were (Figure 1).

well preserved (Figure 2). The main bodies of
the cells showed severe vacuolation, but the
mitochondria, nucleus, and cell boundaries could
be distinguished (Figure 3). The cells appeared
either singly, when they tended to be aspherical,
or, in groups of two or more when they tended
to retain their cylindrical form. Occasional
goblet cells, distended by droplets of mucin,
were seen (Figure 4).
Leucocytes
These were identified by the numerous electrondense bodies within the cytoplasm (Figure 5),
and these bodies are a ready means of identification of these cells and are not found in surface
epithelial cells. The characteristic centriole
adjacent to the nucleus was not seen, but, as cell
preservation was not very good and these cells
were few in number, the centriole may not have
been sectioned.

Unidentifiable cells
Some cells had so disintegrated as to be impossible to identify with certainty; often all that
remained was a simple outline of what had
obviously been a cell. These structures, which
formed a small proportion of the total, were
termed 'unidentifiable' cells.

CELL COUNTS

Cell counts were performed under electron
microscopy on the following specimens:
1 Cell washings from four rats with morphologically normal small intestinal mucosae.
2 Cell washings from three patients with morphologically normal small intestinal mucosae.
3 Cell washings from four patients with the
coeliac syndrome, that is, with flat jejunal
mucosae.

The results of these cell counts are shown in the

Percentage of Total Cells

Leuco- Unidenti- Small
No. of Total
Intestinal
cytes fiable
Speci- Cells
mens
Examined
Cells
Epithelial
Cells
Rat
(normal

mucosa)

4

293

5

10

85

Human

Under the electron microscope different cellular
structures could be distinguished and various cell
types identified.

(normal
mucosa)

3

288

2

18

80

Coeliac
syndrome
(flat
mucosa)

4

394

5

13

82

Surface epithelial cells
These could be identified readily by the presence
of microvilli, as the brush borders were relatively

Table Percentage of cells obtainedfrom small intestinal
washings of rat and man that were leucocytes, unidentifiable cells, and absorptive cells

ELECTRON MICROSCOPY
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Fig. 1 CeMs from human small intestinal washings
under high power ( x 1,000) of the light
microscope. The cells are in various stages of disintegration and their nwrphological type cannot be
identified.
as seen
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Fig. 2 Electron micrograph (x 5,000) of a clump
offour surface epithelial cells which have remained
together. They have retained their columnar shapes

and their brush borders are intact.
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Fig. 3 Electron photomicrograph ( x 10,000) of a
single intestinal epithelial cell from a human washing.
It is recognizable as an absorptive cell, despite its
rounded shape, by a few scattered microvilli which
are the remains of the brush border. It is disintegrating and vacuoles have appeared, but the
nucleus and mitochondria can be identified.

Table. Eighty to 85 % of the cells were shown to
be recognizable intestinal absorptive cells.

Discussion

Exfoliative cytology depends on the correct
identification of cell types which is often possible
under the light microscope by using different
stains. Cells obtained from the small intestinal
lumen are damaged or destroyed very rapidly,
probably because of the high enzyme content of
the cell itself and of the intestinal luminal fluid.
For this reason it was found to be impossible to
identify exfoliated intestinal cells under the light
microscope. However, as shown by the illustrations, most cells from intestinal washings could
be accurately identified under the electron
microscope.
The brush border of the epithelial cells remains

relatively intact after shedding (Miller and Crane,
1961). It also tends to expand more than the
other cell boundaries when the cell is isolated.
This results in the brush border of each cell
forming a large part of the surface of an almost
spherical cell (Figure 3), instead of forming the
top of a cylinder as it does in the intact tissue.
This is why, when these cells are sectioned for
electron microscopy, a very much higher proportion of them show evidence of a brush border
than might otherwise be expected.
Although the microvilli were fairly well preserved the remainder of the cell showed marked
vacuolation which is evidence of severe cell
damage. This could have been because these
were aged cells cast from the villous tips at the
end of their life span (Creamer, Shorter, and
Bamforth, 1961). However, there was a delay of
at least 15 minutes from the time the cell was
shed to the time when it was collected and
fixed. During the interval these changes could
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Fig. 5 Electron micrograph (x 10,000) of a leucocyte
showing the nucleus and numerous intracellular
electron-dense granules.
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Fig. 4 Electron micrograph ( x 10,000) of a goblet
cell. Large droplets of macin are about to be discharged. The nucleus and other intracellular structures
are compressed towards the opposite pole of the cell.
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have developed. We think that many of the
'unidentifiable cells' were severely damaged
epithelial cells.
Other methods that we used to obtain cellsfrom
the small intestinal lumen proved to be unsatisfactory as the cells were too damaged to be
identified at all. These methods included simple
aspiration of 'succus entericus', and the conventional small intestinal perfusion technique
(Cooper, Levitan, Fordtran, and Ingelfinger,
1966). Examination of specimens obtained by
these methods showed the cells to have been
completely disrupted and converted to an amorphous mass. This was probably due to the fact
that they had lain in the lumen for a longer
period than the cells obtained by the washing
techniques. Our results suggested that when the
interval between the cells being retrieved from
the gut and being fixed was longer than 15
minutes, the cells were too severely damaged to
be identified.
A surprising finding was the high percentage of
epithelial cells and low percentage of white cells
in the washings from patients with the coeliac
syndrome. The epithelial surface of the jejunal
mucosa in these patients is heavily infiltrated with
leucocytes as seen both under the light microscope and also under the electron microscope.
Some of these patients have been shown to have
high rates of DNA and cell loss, a phenomenon
we have termed 'exfoliative enteropathy' (Croft,
Loehry, and Creamer, 1968b). If inflammatory
cells were shed in significant numbers in these
patients they could cause a high level of DNA in
cell washings, which would not represent
epithelial cell loss or turnover. This, however,
was not the case for the contribution of inflammatory cells was small (Table). Furthermore
one patient had the same percentage of inflammatory cells (3 %) before treatment, when the
rate of loss of DNA from the small bowel was
high (20-6 m,ug atom3 DNA-P/min), as she did
after clinically successful treatment with a glutenfree diet, when the rate of loss was low (3-2 m,pg
atoms DNA-P/min).

