Br.J. Nutr. (1979) 42, 357 357

The effect of pectin on the structure and function of
the rat small intestine
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1. The effect of pectin on the structure and function of the rat small intestine was compared with that
of a standard pellet diet and of a fibre-free basal diet.

2. The length and wet weight of the small bowel was significantly greater inpect in-fed rats than in either
pellet- or basal-diet-fed rats.

3. Histological measurements of longitudinal sections from the small bowel showed a significantly greater
crypt depth and muscle layer thickness in the mid-jejunum and ileum of the pectin fed rats. Villous height
showed less variation.

4. The specific activity of alkaline phosphatase (EC 3.1.3.1) and leucyl-#-naphthylamidase (EC 3.4.11.1)
in mucosal scrapings was significantly lower in the upper jejunum of pectin-fed rats compared with either of
the other dietary groups. The differences were not so marked in mid-jejunum or ileum.

5. Glucose absorption measured in vivo from jejunal and ileal loops was similar in all three dietary
groups.

6. With two minor exceptions there were no significant differences in any of these measurements between
the pellet- and basal-diet-fed rats.

7. These findings could be explained by increased epithelial cell turnover caused by pectin. The possible
mechanisms of this are discussed.

8. The effect of pectin on the human small bowel requires study before it can be widely prescribed in
man.

There is increasing interest in both the physiological and pharmacological effects of
dietary fibre. Pectin, a partially methoxylated polymer of galacturonic acid is one form of
dietary fibre attracting particular attention, as it seems to have the most consistent hypo-
cholesterolaemic effect of all forms of fibre so far tested in man (Truswell, 1977). How
pectin acts as a hypocholesterolaemic agent is unclear, but it may be by interfering with
cholesterol absorption (Leveille & Sauberlich, 1966). Subjects taking pectin show an in-
crease in their faecal neutral steroid excretion as well as increased bile acid and faecal fat
excretion (Kay & Truswell, 1977). If pectin, or other similar plant materials, are to be used
pharmacologically, then more information is required about their effects both on the bowel
itself and on the absorption of nutrients and drugs.

Pectin-fed rats excrete an oral dose of paracetamol more rapidly than rats on a fibre-
free diet, the difference being due to more rapid absorption of paracetamol from the small
bowel (Brown et al. 1979). The present paper describes studies of the small intestine of rats
fed on a pectin diet compared with rats given either a fibre-free diet or a standard pelleted
diet. Changes in intestinal anatomy have been quantitated, functional changes have been
assessed by measuring in vivo glucose absorption from small bowel loops and biochemical
changes have been assessed by measuring mucosal protein and DNA, and the activity of
two brush border enzymes, alkaline phosphatase (EC 3.1.3.1) and leucyl-#-naphthyl-
amidase (EC 3.4.11.1).

MATERIALS AND METHODS
Animals
Female Wistar rats, initial weight 175-220 g were used.
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Caging
The rats were housed in cages with wire-mesh floors, thus eliminating contact with bedding
material.

Diets

Groups of six rats were given one of three diets, made up as follows: basal diet (g/kg)
contained 750 sucrose, 150 casein, 50 lard, 50 salts mixture with added vitamins; pectin
diet consisted of 180 g citrus pectin (Bulmer’s N.F. Pure; H. P. Bulmer, Hereford) added/kg
basal diet; pellet diet was Diet 41B (Oxoid Ltd, 20 Southwark Bridge Road, London
SE1 gHF).

Groups were initially matched for weight. The pectin-fed group had the lowest weight
gain, and the diet intake of the other two groups was adjusted twice weekly to give equal
weight gain in all three groups.

Operative procedure

After 12-15 weeks on the diet, animals were taken in random order from the three groups.
Laparotomy was performed on non-fasting animals under diethyl ether anaesthesia, and
the small bowel measured and segmented into five lengths. These segments of bowel were
measured in vivo so there was inevitably some variation between rats in their exact length.
The five segments were as follows: a, upper jejunum (approximately 150 mm) for morpho-
logy and biochemistry; b, ‘jejunal’ loop (approximately 250 mm) for glucose perfusion;
¢, mid-jejunum for morphology and biochemistry (as the total length of the small bowel
differed in the three groups the length of this segment was variable); d, ‘ileal’ loop (approxi-
mately 250 mm) for glucose perfusion; e, terminal ileum (approximately 100 mm) for
morphology and biochemistry.

Proximal and distal cannulas were inserted into segments b and d for glucose perfusion
(see p. 358) and the laparotomy closed. Rectal temperature was maintained at 37° through-
out with the aid of overhead lights.

Glucose absorption

Glucose absorption was measured by a modification of the in vivo recirculation perfusion
system of Sheff & Smyth (1955). After insertion of cannulas into segments b and d the
bowel was flushed clear of any food residue using Krebs-Ringer bicarbonate buffer at 37°
(Krebs & Henseleit, 1932). The animal was allowed to recover from anaesthesia in a re-
straining cage for 1 h. During this period Krebs-Ringer bicarbonate buffer at 37° was
perfused through the segments at a rate of 1-§ ml/min for 55 min, and the bowel then
flushed with air. Glucose absorption was measured from a solution of glucose (380 mg/
100 ml, 21 mmol/l) and polyethylene glycol 4000 (PEG, 1-25 g/100 ml) in Krebs—Ringer
bicarbonate buffer. The mixture was circulated by pump from a 40 ml reservoir at a rate of
15 ml/min. Samples (1-0 ml) were taken from the reservoir at zero time and at 10 min
intervals thereafter for measurement of glucose, and an additional o-5 ml was taken after
zero, 20 and 8o min of perfusion for measurement of PEG by the method of Hyden (1956).
The glucose concentration was corrected for fluid transfer using the PEG concentrations
and the amount of glucose absorbed/h calculated from the corrected glucose concentrations
at 20 and 80 min. Glucose absorption is expressed as zmol/mm per h.

Intestinal anatomy
After the glucose perfusions the animals were again anaesthetized with diethyl ether before
removal of the intestine. The stomach, small bowel and colon as far as the rectum were
removed. Adherent fat and mesentery were detached and the organs opened, washed and
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blotted dry with paper tissue before weighing. The small bowel was divided into the five
segments described previously and the length of each individual segment measured against
a vertical scale with the segment stretched by a § g weight.

Histology sections were cut from the proximal 10 mm of bowel of segments a, ¢ and e.
Well-orientated longitudinal sections, stained with haematoxylin and eosin were projected
at a known magnification. The sections were coded before projection so that the origin of
the section was unknown to the observer. The mean of five observations of total small
bowel wall thickness, muscle layer thickness, mucosal thickness and crypt depth was
calculated for each section.

Mucosal biochemistry
The remaining bowel from segments a, ¢ and e was washed twice with ice-cold saline
(9 g sodium chloride/l), and its mucosa then scraped off with a glass slide, and immediately
homogenized in 10 ml ice-cold normal saline/g tissue, using a motor-driven Potter-Elvehjem
homogenizer with a Teflon pestle and glass vessel. The homogenate was stored at —20°
until assayed. Mucosal DNA was measured by the method of Hatcher & Goldstein (1969),
mucosal protein by the method of Lowry ef al. (1951) and mucosal alkaline phosphatase
(EC 3.1.3.1) and leucyl-g-naphthylamidase (EC 3.4.11.1) by the method of Peters er al.

(1972).

Statistical analysis
Values are given as mean values with their standard errors. Comparisons between the
dietary groups were made using an unpaired Student’s ¢ test.

RESULTS
Diet intake and body-weight
Mean daily consumption per rat was 15-7 g pectin diet, 13-0 g basal diet and 15-5 g peliet
diet. The consumption of diet of the latter two groups was adjusted so that body-weights
of these animals matched those of the pectin-fed group. Mean daily protein intake (g/rat)
was pectin diet 1-93, basal diet 195, pellet diet 2-03.

Initial mean (+SE) body-weights (g) for pectin, basal- and pellet-diet groups were
1985, 19746 and 19846 respectively. Final mean body-weights (g) were 22949, 23646
and 2345 respectively. There was no significant difference between the body-weights of
the groups at the beginning or end of the experiment.

Small-bowel anatomy
The total length of small bowel was significantly greater in pectin-fed rats than in either
basal- or pellet-diet rats (P < 0-001 and P < 0-05 respectively). There was no significant
difference between the basal- and pellet-diet groups. As was intended, the lengths of the
measured segments (segments a, b, d and e) were similar. Though segment d was significantly
fonger in basal-diet-fed rats, the difference was small (Table 1}.

The wet weights of segments a, ¢ and e of small bowel from pectin-diet-fed rats was greater
than those from either basal- or pellet-diet-fed rats, the difference being most marked in
segments ¢ and e (Table 2). The weight of mucosal scrapings was also greater in all
three segments in the pectin-fed rats, although these differences were not all statistically
significant. There were no significant differences in either measurement between basal- and
pellet-diet-fed rats.
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Table 1. Length (mm) of five individual intestinal segmentst and the total length of small
bowel in three groups of rats fed on a basal, pectin or pellet diet}

(Mean values with their standard errors for groups of six rats for basal and pectin diets and of five
rats for the pellet diet)

Diet ... Basal Pectin Pellet
A R N r 4 Y

Segment Mean SE Mean SE Mean SE

a 142 7 121 15 172 33

b 285 8 294 12 279 16

¢ 191 20%** 343 40 228 36***

d 252 A 227 4 232 8

e 1y 9 It 1 115 1l
Total 988 JRE** 1102 14 1026 RV il

Differences between either the basal- or pellet-diet-fed groups and the pectin-fed group were statistically
significant: ***P < 0-005.

1 For details, see p. 358.

1 For details, see p. 358.

Table 2. Wet weight of intestinal segments (mg/mm length), and of mucosal scrapings (mg/mm
length) in three groups of rats fed on a basal, pectin or pellet diett

(Mean values with their standard errors for groups of six rats for basal and pectin diets and five
rats for the pellet diet)

Diet ... Basal Pectin Pellet
—" - ey ey
Segment Mean SE Mean SE Mean SE
Segment wt
a 4-8¢9 029 522 02 478 0°46
c 534 0-52* 676 026 512 0°30%**
e 418 0-52% 595 040 395 0-23%**
Mucosal wt
a 2:24 o-21* 277 012 2:10 O 1§¥F**
c 242 o 16** 321 o015 2-70 032
e 1-56 0-18* 2:08 020 1-82 025

Differences between either the basal- or pellet-diet-fed groups and the pectin-fed group were statistically
significant: * P < 005, ** P < 001, *** P < 0005.
1 For details, see p. 358.

Histological measurements
The total thickness of the small bowel wall in the three dietary groups was similar in seg-
ment a, but was significantly greater in the pectin-fed rats in both segments ¢ and e (Table 3).

This difference in segments ¢ and e arose partly from a greater muscle layer thickness in
the pectin-fed rats. In addition, the mucosa tended to be thicker in the pectin-fed rats,
though the difference was only significant in segment c.

Within the mucosa the striking finding was the increase in crypt depth in the pectin-fed
rats, which was highly significant in segments ¢ and e. Villous height showed less variation,
the only significant difference being that the villi of the pellet-fed rats were shorter in segment
¢ than those of either pectin- or basal-diet-fed rats.

Apart from a difference in villous height in segment ¢, there were no significant differences
between basal- and pellet-diet-fed rats in any measurement.
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Table 3. Total intestinal wall thickness, muscle layer thickness, mucosal thickness, crypt depth
and villous height (um) in three groups of rats fed on a basal, pectin or pellet diett

(Mean values with their standard errors for groups of rats fed on basal, pectin or pellet diets. Values
in parentheses show for each segment the number of animals from whom histological measurements

were made)
Diet ... Basal Pectin Pellet
A hl r L—_ﬂ f—"—J\'——'—\
Mean SE Mean SE Mean SE
Segment a 6) ©) @
Muscle 151 60 I 1 146 57
Mucosa 585 28 608 13 550 71
Crypt 223 28 244 9 229 32
Villus 362 7 364 16 321 47
Total 778 55 765 24 745 74
Segment ¢ 6) (5) (5
Muscle 103 48 141 48 59 4
Mucosa 537 20* 674 42 507 20%*
Crypt 174 [8%* 262 20 169 Jhk*
Villus 364 10 428 34 318 (ol
Total 678 42* 854 47 605 | Akl
Segment e (s) (6) ()}
Muscle It 45* 172 51 74 33F¥¥
Mucosa 444 13 486 24 454 33
Crypt 179 [o** 238 17 172 6**
Villus 265 16 248 20 282 30
Total 598 18* 702 32 565 JO**

Differences between either the basal- or pellet-diet-fed groups and the pectin-fed group were statistically
significant: * P < 005, ** P < o001, *** P < 0-005.
1 For details, see p. 358.

Small-bowel mucosal biochemistry

Mucosal DNA content (zg/mm intestine) was similar in all three dietary groups for all
three intestinal segments (Table 4).

Mucosal protein (xzg/mm intestine) tended to be greater in the pectin-fed rats, though
only in segment ¢ was the protein content significantly greater than in the basal-diet-fed
group (P < 0-05), and only in segment a was it significantly greater than in the pellet-diet-
fed group (P < o-01).

There was a striking reduction in the specific activity of both alkaline phosphatase and
leucyl-g-naphthylamidase (units/mg DNA) in the upper jejunum (segment a) from the
pectin-fed rats, compared with the rats given either the basal or pellet diet. These differences
were also seen when the enzyme specific activity was expressed per mg mucosal protein.
These differences were not so marked in either the mid-jejunum (segment c) or in the terminal
ileum (segment e). The specific activity of leucyl-g-naphthylamidase showed no significant
difference between the three groups of rats for these two distal intestinal segments. Some
differences were seen for alkaline phosphatase (Table 4) but the activity of this enzyme was
always very much lower in these two distal segments than in the upper jejunum. The rapid
‘fall off” in alkaline phosphatase specific activity down the bowel length, and the maintenance
of leucyl-g-naphthylamidase activity are in agreement with the work of others (Gleeson,
Dowling ef al. 1972).
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Table 4. Mucosal DNA and protein content (ug/mm intestine), alkaline phosphatase
(EC 3.1.3.1) and f-leucyl naphthylamidase (EC 3.4.11.1) activity (units/mg DNA) in three
groups of rats fed on a basal, pectin or pellet diett

(Mean values with their standard errors for groups of six rats fed basal and pectin diets and five
rats fed on the peliet diet)

Diet ... Basal Pectin Pellet
(___—J;ﬁ 4 A I} e A Y
Segment Mean SE Mean SE Mean SE
Mucosal DNA
a 189 20 197 2:4 163 1-6
c 216 22 209 26 189 2-8
e 100 20 148 i-9 12-6 2:3
Mucosal protein
a 321 43 381 27 283 [2%*
c 336 37 443 19 375 35
e 197 35 262 36 201 34
Alkaline phosphatase
a 1750 56-7* 548 8-0 1189 44
c 193 6-3* 7:0 I'5 10°0 52
e 56 08 42 04 2:2 oL R
Leucyl-#-naphthylamidase
a 195-8 37 4*** 522 134 112-8 220 2%%*
c 1262 14°4 1152 129 2272 68-0
€ 710 7:0 611 10°2 874 237

Differences between either the basal- or pellet-diet-fed groups and the pectin-fed group were statistically
significant: * P < 0-0§, ** P < o001, *** P < 0-005.
+ For details, see p. 358.

Table 5. Glucose absorption (umol/mm intestine per h) from in vivo intestinal loops in three
groups of rats fed on a basal, pectin or pellet diet*

(Mean values with their standard errors for groups of five rats fed on basal and pellet diets and for
six rats fed on the pectin diet)

Diet ... Basal Pectin Peliet
™ IR} I
Segment Mean SE Mean SE Mean SE
b 1-08 o012 1-27 013 I'10 0'09
d 1o 014 1-09 014 1:25 o17

* For details, see p. 358.

Apart from a difference in alkaline phosphatase in segment e, there were no significant
differences in mucosal biochemistry between basal- and pellet-diet-fed rats.

Glucose absorption
There were no significant differences in glucose absorption from either segment b or d
between the three dietary groups (Table 35).

Our values for glucose abosrption from the jejunal loop (segment b) are similar to those
of other workers (Gleeson, Cullen ef al. 1972). Our values for absorption from the more
distal segment d are higher than those of Gleeson, Cullen es al. (1972) probably because
our loop was more proximal than their terminal ileal segment.
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Table 6. Weights of stomach and caecum plus colon (g), in three groups of rats fed on a basal,
pectin or pellet diett

{Mean values with their standard errors for groups of six rats fed on basal and pectin diets and for
five rats fed on the pellet diet)

Diet ... Basal Pectin Pellet
A Al
s Al 8 ™ e N
Mean SE Mean SE Mean SE
Stomach 121 0:04 1-29 0'07 1-66 0-05***
Caecum and colon 1-63 O I*¥* 2-8¢9 o2 224 o 1**

Differences between either the basal- or pellet-diet-fed groups and the pectin-fed group were statistically
significant: ** P < o001, *** P < 0:005.
1 For details, see p. 358.

Anatomy of stomach and large bowel
The stomach was significantly heavier in the pellet-diet-fed rats than in either pectin- or
basal-diet-fed rats. The large bowel was significantly heavier in pectin-diet-fed rats than in
either pellet- or basal-diet-fed rats (Table 6).

DISCUSSION

The dietary content of pectin used in these studies may be considered high (180 g/kg diet)
but is similar to that used in other studies (Ershoff, 1974; Cullen & Oace, 1978). A 180 g
pectin/kg diet was chosen to give a dietary fibre content similar to that of the pellet diet. No
dietary fibre measurements are available for the pellet diet, but the crude fibre content of
51 g/kg suggests a dietary fibre content of 100200 g/kg. The pectin content of the pellet
diet is also unknown, but published values suggest that it is unlikely to be high. Therefore
the fact that we have found significant differences in morphology and biochemistry between
the small bowels of the pectin-diet-fed rats compared with those of both the pellet- and
basal-diet-fed rats strongly suggests that the differences observed are due to the pectin. The
pectin content of the experimental diet is also not entirely dissimilar from that used in
man. The dry weight of a human diet is approximately 500 g/d so that a pectin dose of
35 g/d (Jenkins ef al. 1975; Miettinen & Tarpila, 1977) represents 70 g/kg dry weight.

The differences between the small bowel of the pectin-fed rats and those of the other two
dietary groups were both in the muscle layer and in the mucosa. The caecum and colon
were also heavier in the pectin-fed rats. One possible explanation for the increased muscle-
layer thickness in the mid-jejunum and terminal ileum, and for the increased colonic weight
of the pectin-fed rats, is that pectin is having a ‘bulking’ effect. Pectin forms a viscous gel
when mixed with water, and the increased work of propelling this along the bowel might
lead to muscle hypertrophy. However, although previous workers feeding a variety of
bulking materials have all found an increase in colonic size, they have found little or no
change in small bowel dimensions (Addis, 1932; Wierda, 1950; Fischer, 1957; Dowling
et al. 1967). Furthermore, pectin is virtually completely metabolized within the bowel by
micro-organisms and causes only modest increases in stool weight, so that even the changes
in the colon may not be due to a bulking effect.

The alterations within the small-bowel mucosa of the pectin-fed rats are difficult to
interpret. The mucosal thickness, the weight of mucosal scrapings and the mucosal DNA
content were all greater in the pectin-fed rats though the differences were not always
statistically significant. The more constant and striking change in the mucosa was the
increased crypt depth of the pectin-fed rats, which was significant in both mid-jejunum and
terminal ileum. Villous height varied much less, the only significant difference being a
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greater villous height in the mid-jejunal segment of the pectin-fed rats compared with the
pellet-diet-fed rats. The increased crypt depth was associated with decreased brush border
enzyme activity in the pectin-fed rats. There was a reduction both in the total enzyme con-
tent (units/mm intestine) and in the enzyme activity expressed per mg DNA, and the de-
crease was greater in the upper and mid-jejunal segments. These findings could be explained
by increased epithelial cell turnover in the pectin-fed rats, resulting in crypt hyperplasia,
and less mature enterocytes with lower enzyme content forming the villi (Nordstrém &
Dahlgvist, 1973). Further studies of epithelial cell kinetics are required to confirm this
hypothesis. The fact that the histological changes are more marked in the distal segments of
bowel might suggest that the agent responsible for the increased turnover is one of the
products of bacterial breakdown of pectin. However, we have found the greatest changes
in enzyme activity in the proximal bowel, so that the possibility remains that pectin itself
might be the agent responsible. A third possibility is that pectin feeding alters the bacterial
flora of the rat small bowel (Cullen & Oace, 1978).

Despite the difficulties inherent in making linear measurements on histological sections of
small bowel (Dunnill & Whitehead, 1972) the close similarities between both the morpho-
logical and functional measurements in the basal diet and pellet-diet-fed rats make it un-
likely that the differences seen in the pectin-fed rats were due to artefact. In particular, the
increased length of the unfixed small bowel in the pectin-fed rats is unlikely to be due to
longitudinal stretching as both the wet weight of unfixed segments of bowel and the thick-
ness of the muscle layers in fixed histological sections are greater in the pectin-fed rats.
This increase in small-bowel length taken together with the tendency for villous height to be
greater in the pectin-fed rats suggests that these rats will have an increased absorptive
surface area. This may explain the more rapid absorption of paracetamol demonstrated
previously (Brown et al. 1979). It is relevant here that the absorptive capacity of the bowel as
measured by glucose absorption is not altered in the pectin-fed rats.

With only two minor exceptions, we have found no significant difference in any of the
morphological, biochemical or functional measurements between the small bowels of the
rats fed on the fibre-free basal diet, and those fed on the standard laboratory pelleted diet.
The lack of effect of the pellet diet confirms previous reports using other forms of fibre
(Addis, 1932; Fischer, 1957). However, Younoszai er al. (1978) found that both a pellet
diet and a synthetic diet with added cellulose or oats enhanced growth of the small intestine
compared with synthetic diet alone. Possible explanations of the difference between our
findings and those of Younoszai er al. (1978) are, first that they used weanling rats (body-
weight 50-80 g) whereas we used adult rats (body-weight 180-220 g), secondly that our
study period was longer (12—15 weeks v. 5 weeks), and thirdly that the composition of the
two pellet diets differed, particularly in respect of dietary fibre source.

The effect of pectin on human bowel morphology requires further investigation.
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