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Morphological studies of the small intestine wvilli

of sheep

M. Teshfam#* I .Poustv* B. Radmehr* T .Nowrozian**

Introduction

Small intestine is the site of absorption of nearly
all digestible materials. Beceause of 1ts folds it provi-
des a vast area of absorption for different types of
nutrient materials. One can easily be impressed by such

an specialised system that these homogenous cell popula-
tion provide.

Until nineteen forties a general view was held that
these functions were performed by wvirtually static cell
population. Some cell division, confined to the crypts

. of the intestine was thought o represent minor repair
of cells damaged through the action of digestive enzymes

secreted into the lumen. This view was shattered in 1918
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by Leblond and Stevens Who reported that the mucosa was
1n a continuous state of renewal.

This view was confirmed 1n a series of elegant expe-
riments performed by auto-radiographic studies showlng
evidences for mitosis. Specially by using H3 -Thymidin
it was confirmed that mucosal cells were 1n a continuo-
us state of migration from the bottom of the crypts to
tips of villus, the whole epithelium being replaced
every 72 hours 1in rats.

This represents a turnover of about lO9 cells per
day for a young rat which is about 4% of the total num-
ber of cells 1n the animal's body.

As young enterocytes are migrating towards the tips
of villus they start to mature and as they are maturing
small intestinal enzymes specially brush border enzymes
increase in activity which finally they would participa-
te in digestion and absorption of proteilns,carbohydrates
and lipids.

Combination of wvillus morphology and enzyme measure-
ments will provide a firm ground for further investiga-
tions in this field in connection with the disease condi-
tions, and better understanding of what happens 1n gas-
tro-intestinal disorders.

Morphological and morphometric studies had been per-
formed in calves, pPigs and dogs but these studies were

very .lmitted in sheep, therefore follbwing studies were

designed and performed:
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Materials and Methods
1- Animal

5- one year old clinically healthy native Iranian
sheep (Shall breed), provided by the Universitli's animal
genetics and breeding centre were used.

Anima.s were fasted for 3 hours prior to the experi-
ment. Only water was available during the 3 hours fasting.
2= Sampling procedures:

Animals were first welghecd and thelr weight were re-
corded. They were slaughtered by severence of both caro-
tid arteries and veins.

Whole of the digestive tract was removed very quickly
and weighed and then small intestine from pylorus to the
ITleo-caecal valve was separated from 1ts mesenteric at-
tachments by the help of a pair of scissors. Total length
of the small intestine was measured and 21 sauwnpies were
taken respectively from 1,5,10,..... 90,95 and 99 percent
of the lenght.

Samples were sections of small intestine of about 10
centimetre long. The string holding a lable was tied los-
ely to one end and from the same end, the section was
flushed with neutral P.B.S. (phosphate buffer saline),
then the string was tightend. Clark's fixative was 1njec-
ted from the other end and another string was used to

close the end and form the loop(Fig 1) Samples were then

transferred and left in a container, containing clark's

fixative for one hour (Fig 1).
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Each loop was removed from the fixative and were cut
open from 1ts mesenteric attachment and then transferred
into 50 per cent alcohol until beling used for morpholo-
gical and morphometric studies.

At the time of measurements each sample was removed
and cut into 3 one centimetre and 3-two centimetre width
sections (Fig 2).

3- Morphological investigations (dissecting microscopic
villus typing).

Two centimetre width sections of each Sample(A,C.E)
were left in P.A.S(periodic acid shiff) for 3-5 minutes,
then sections were removed and after rinsing with tap wa-
ter was examined under the dissecting microscope (X 30)
for villus typing.

3 fields in the upper, Middle and lower region of
each section was examined and every single villi was
first typed according to its shape (Fig 3) and results
were recorded.

4- Light microscopic measurements:

All-one centimetre sections (B,D,F) (fig 2) were left
in 1 N HCl 60°C for nine minutes which will cause the
separation of mucosa from its underlying muscularis
mucosa (Fig 2). Sections were then removed from HEL and
rinsed with tap water and then stained with P.A.S. and
agaln rinsed after staining.

With the help of two forcepses the mucosa was sepa-
rated from muscularis mucosa and then fixed on paraffin

wax. Thin sections (villus rows) were sectioned by the
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help of a catarract knife under the dissecting milcroscope,
this technique was used to prepare slides instead of
traditional method. Sections were then put on the slide
and covered with a drop of glycerine and then covered
with cover slip and then examined under the ordinary
1ight microscope.

Using ordinary callbrated eyepeace graticule,villus
length (from its base to 1ts tip) of 20 tallest wvilli
were measured, villus width of these villus on their base
(on the widest point) and depth of their adjacent crypts
were measured (9 x 10) using a welble graticule and fol-
lowlng the technique explained by hill and kidder (4,5)
the i1ndex of the complexity of the mucosa and also the
mucosal volume was measured on each slide.

Statistical computing

All recorded datas related to villus types, villus
Length (V.L.) ,crypt depth(C.D), villus width(V.W)ratios

of VL/VW, VL/CD, index of the ratio of surface to volume

of the mucosa and mucosal volumne was subjectéd to analy-

sis of variance based on compledat randomized test.
Results and discussion:

Results from analysing datas collected from measure-
ments on different samples along the small intestine
related to villus types showed that all 5 types of wvilli
were present at each site, thils results agreed with the
finding in pige (2,3) in 1986. Tongue shape villi had
the highest number than other wvillus types 1n each sample

throughout the small intestine which 1ts average number
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stayed the samé”in all samples. Aﬁuéil intestinal sites ‘
bridge formed villi showed very little alterations.
Ridged villli were higher in number in proximal and middle
small intestine but significantly(P<0.05) decreased in
distal small intestine. 1n contrast leaf and finger sha-
pe villl were lower in number in proximal and middle

small 1ntestine but increased significantly (P < 0.05)
towards the distal end (Fig 4) Analyvsed data from measure-

ments on villus length and width showed that there was a
significant (P<0.05) and steady reduction in both measu-
red parametrs from proximal to distal end of the small
intestine.

Changes 1n crypt depth, ratios of wvillus length to-
villus width (VL/VW) and villus length to crypt depth
(VL/CD) were not significant on all samples taken along
the small intestine. A steady and significant (P < 0.05)
drop i1n the mucosal volume and the index of the ratio of
the surface volume of the mucosa from the proximal to
distal small intestihe was pronounced after analysing
the relevant data. This drop in mucosal volume and the
index of the surface to volume of the mucosa probably is
produced beacause of the reduction in villus length and
villus width that was reported earlier in this paper,
therefore as 1t 1s expected most of the absorption of
different nutrient materials takes place in proximal
small intestine this reduction in size and volume of

the mucosa will cause a smaller area of absorption for

the food materials and consequently not a suitable area

for enzyme activities in the distal small intestine.
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DISSECTING AND LIGHT MICROSCOPIC MEASUREMENTS
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