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Abstract

Constipation is an area of concern in people’s health. Consequently, health
care practitioners recommend lifestyle changes including increasing fiber in-
take and exercise. This study examined the effect of pea hull fiber (PHF) on
loperamide-induced constipation in rats. The rats were fed either a vehicle
diet or a diet enriched with PHF. The groups were divided into either a saline
or loperamide injection to induce sub-acute constipation. Fecal Pellet Output
(FPO) was measured for 3 days. In the saline-treated rats, PHF increased wet
and dry fecal weights on day 1 and 2, and increased FPO on day 2 compared
to the saline-treated rats on the vehicle diet. In the loperamide model, PHF
increased FPO, had higher wet and dry fecal weights on day 1 compared
to the loperamide-treated vehicle diet rats. Addition of PHF into the diet
may help improve intestinal transit in a loperamide-induced constipation rat
model.
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1. Introduction

For many people, bowel irregularity is an area of great concern in their health
[1]. Constipation is clinically defined as infrequent and difficult defecation (<3
bowel movements per week), feeling of incomplete evacuation, and passage of
hard stools in addition to abdominal discomfort and bloating. It has been esti-
mated that ~15% of adults worldwide suffer from constipation [1]. There are

many people, that do not meet the clinical definition of constipation, yet they
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still have abdominal discomfort (including irregular bowel movements, intestin-
al pain and bloating). It is interesting to note that this type of sub-clinical con-
stipation is more common in females than males and it increases with age [2].
Just as in patients with constipation, if left untreated, these patients may expe-
rience a decrease in quality of life, disturbance of everyday activities, and even
depression [2]. In response to these concerns, health care practitioners typically
recommend dietary and lifestyle modifications including increasing fiber and
water intake and increasing physical exercise. Most western countries fall short
on the daily recommended intake of whole grain, vegetables, and overall fiber.
While the recommended fiber intake is 25 to 35 g each day, most adults only
consume 16 to 19 g daily [3]. In Canada, it has even been stated that, amazingly,
the main source of dietary fiber is white flour [4]!

Recent systematic literature reviews on the role of fiber supplementation in
patients with chronic constipation, identified 13 clinical trials and 9 different types
of dietary fiber. These reviews found that when consumed in adequate amounts
dietary fibers can help improve stool consistency, and stool frequency [5] [6] [7].
Based on previous studies, four characteristics of fiber are critical for clinical ef-
ficacy in patients with constipation including solubility, rate of fermentation, vis-
cosity and gel formation [8]. Soluble fibers are fermented into the colon, absorb
water and form a gel in the intestine. The ability of soluble fibers to hold water
helps soften the stool making it easier to pass. On the other hand, insoluble fi-
bers are not extensively fermented, do not absorb water, but they do provide
bulk which is helpful in improving intestinal transit time. Both soluble and in-
soluble fibers have been well-studied in various therapeutic areas; however, a small
number have focused on the management of chronic constipation, and an even
smaller number of trials have studied insoluble fiber [9].

Oat hull fiber, an insoluble fiber, is isolated from the outer most layer of the
oat grain and is comprised of ~85% - 90% of non-digestible carbohydrate, most
of it as insoluble fiber (cellulose and hemicellulose). To date three human studies
have examined the effect of oat hull fiber supplementation in patients with chronic
constipation [10] [11]. Overall, these studies reported a global laxative effect of
oat hull fiber in these patients. Interestingly, to our knowledge only one study
has evaluated the effect of pea hull fiber, another insoluble fiber, on intestinal tran-
sit in rats. In this study by Hansen ef al, supplementation of a rat diet with pea
hulls (13.5 g of fibers/100g of dry diet) decreased transit time from 37h in the
vehicle group to 23 h in the supplemented group [12]. Given the beneficial clin-
ical effects reported with oat hull fiber and chronic constipation, coupled with
the rat study demonstrating improved transit time with pea hull fiber (PHF) we
hypothesized that addition of PHF in a loperamide-induced constipation rat mod-
el [13] [14] would help improve bowel function. PHF has been chosen for this
study compared to other hulls because pea crops are increasing today for vegetal
protein production and PHF has become a highly available by-products with po-

tential health benefits to investigate.
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2. Materials and Methods
2.1. Ethical Statement

All the experiments were conducted according to the French Regulations for
Animal Experimentation and authorized under the project number APAFIS#16287-
201807251642419 v2.

2.2. Study Design: Animal Management

Sixty, male, 150 g Wistar rats (Janvier Labs, St Berthevin, France) were indivi-
dually housed in a high performance Individually Ventilated Cages rack (Inno-
rack®, INNOVIVE, France). Food and water were ad libitum. All animals were
maintained in a temperature (22.0°C * 2°C) and humidity (40% - 50%) con-
trolled room on a 12-h light (07:00 AM-07:00 PM)/12-h dark cycle.

The vehicle diet (containing 4.9% crude fibers), as well as the diet containing a
fiber supplementation with PHF (ROQUETTE, France) (vehicle diet + 11% pea
hulls fiber corresponding to an 8%-fiber enrichment as pea hulls contains 93% of
fiber in the final product) were purchased from SSNIFF and had the same for-
mulation procedure (1534 SM/RM control; SSNIFF, Germany). PHF was com-
posed with 93% fiber with 50% as cellulose, 20% as hemicellulose and 23% as
pectin and was the only product used for the fiber supplementation of the con-
trol diet.

During the 11-day acclimation period (Figure 1), all animals were fed the ve-
hicle diet after which they were randomized to either the vehicle diet (n = 30) or
the PHF-enriched diet (n = 30) for 3 days. Beginning on the 6™ day of the accli-
mation period, the animals were habituated to intraperitoneal (ip) injections
with daily administration of saline (10 mL/Kg) for 6 days. On Day 1 of the expe-
riment, the rats were matched by body weight and divided into four homogen-
ous groups (n = 15/group) as follows: vehicle diet/saline, vehicle diet/loperamide,
pea hull diet/saline, or pea hull diet/loperamide.

The primary objective was to determine the impact of PHF supplementation
on fecal pellet output (FPO) in both healthy and constipated rats. The secondary
objectives were fecal wet and dry weight. Food consumption and body weight
gain were measured to evaluate the pea hulls intake. At the end of the experi-

mental period, the rats were euthanized according to European ethical regula-

tion.
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Figure 1. Animal study procedure.
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2.3. Food intake and Body Weight Measurements

During the acclimation period described above, body weight and food intake
were measured every day in order to ensure an optimal habituation to the injec-
tion procedures. On the four days of the experimental procedure itself, the 24

h-food intake and body weight of each animal were measured daily.

2.4. Loperamide-Induced Constipation

Loperamide is a p-opioid receptor agonist widely applied for establishing con-
stipation animal models. Beginning on Day 1 through Day 3 of the experiment,
the rats received ip injections of either saline or loperamide hydrochloride at 5
mg/kg (Sigma-Aldrich, St Quentin-Fallavier, France) [15] [16]. The rats received
ip injections every 12 h beginning at 8:30 am on Day 1 of the experiment for a

total of 5 injections.

2.5. Treatment

Beginning on Day 1 of the experiment (08:00 AM) to the end of the study (Day
3), rats were fed either with the vehicle diet (N = 29: vehicle/saline (n = 14) and
vehicle/loperamide (n = 15) groups) or the pea hulls-enriched diet (n = 30: pea
hulls/saline (n = 15) and pea hulls/loperamide (n = 15) groups).

Diets were presented in pellet form.

2.6. FPO Measurements

On Day 1 (Figure 1), at 8:00 AM, treatment started for four days through the
diets. Thirty minutes later (8:30 AM), animals received an ip injection of either
saline or loperamide at 5 mg/kg (ip n°1). One hour after the ip n°1 (9:30 AM), a
FPO measurement was performed over 8 hours (diurnal phase 1), including fec-
es counts, frequency, and fecal wet weight. After this first FPO, the feces pro-
duced during the following four hours were collected and were withdrawn from
the cage preventing coprophagia. At 8:30 pm the animals received a second ip
injection of either saline or loperamide (ip n°2) and FPO measurements were
performed over 8 hours during the first night (nocturnal 1), including feces counts,
frequency and fecal wet weight. After this second FPO, the feces produced dur-
ing the following four [4] hours were collected.

On Day 2, at 8:30 am, the animals received a third ip injection of either saline
or loperamide at 5 mg/kg (ip n°3). One hour after the ip n°3 (9:30 AM), the
third FPO measurement was performed over 8 hours (diurnal 2) including feces
counts, frequency and fecal wet weight. After the third FPO measurement, the
feces produced during the following four hours were collected. At 8:30 pm, the
animals received the fourth ip injection of either saline or loperamide at 5 mg/kg
(ip n°4). After ip n°4, a fourth FPO measurement was performed over 8 hours
during the second night (nocturnal 2), including feces counts, frequency and
fecal wet weight. After this fourth FPO measurement, the feces produced during

the following four hours were collected.
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On Day 3, at 8:30 am, the animals received the last ip injection of either saline
or loperamide at 5 mg/kg (ip n°5). One hour after the ip n°5, a fifth and last FPO
measurement was performed over 8 hours (diurnal 3), including feces counts,
frequency and fecal wet weight. Consequently, the FPO measurement on Day 3
lasted eight diurnal hours.

FPO was based on the following principle: every 30 minutes over 8 hours, the
number of fecal pellets was noted, and the feces were then collected in a single
pre-weighed 50 ml falcon (falcon + cap). The Falcon was always hermetically
sealed between each feces collection in order to prevent moisture loss. At the end
of each FPO measurement, each fraction was weighed (=wet weight). Then, the
fecal pellets were dehydrated in a dry heat oven, heated to about 55°C - 60°C for
48 h (=dry weight). The percentage of water content was estimated for each frac-
tion by the difference between its wet weight and its dry weight. For each frac-
tion between the FPO measurements (4 hours of harvest), the fecal pellets were
counted and collected into a single pre-weighed 50 ml falcon (falcon + cap).
Then the fecal pellets were dehydrated in a dry heat oven, heated to about 55°C -
60°C for 48 h in order to obtain the dry weight.

Food intake was also monitored all along FPO measurement.

2.7. Statistical Analyses

Data are presented as mean + SEM. Statistical analyses were performed with the
Statview 5.0.1 program (Statview software, Cary, NC, USA).For the comparison
of four groups statistical analyses were performed using a repeated-measures
ANOVA for body weight, body weight gain and food intake and a one-way
ANOVA for the other parameters (for example: number of fecal pellets). When
ANOVA analyses revealed a significant effect, post-hoc analyses were done us-
ing a Fischer’s PLSD test. Risk a was fixed at 0.05.

3. Results
3.1. Body Weight and Food Intake

Body weight and body weight gain were not different between the groups during
the experimental period (data not shown). One animal was withdrawn from the
vehicle diet/saline group because it failed to gain weight. There was a decrease in
food intake on day 2 in the vehicle diet/loperamide group compared to the ve-
hicle diet/saline group (16.88 + 1.17 g vs. 26.02 £ 0.93 g; p < 0.0001, respective-
ly). Moreover, the repeated measures ANOVA analysis reveals a significant dif-
ference in food intake between the experimental groups (F = 4.807; p = 0.0048)
throughout the treatment period. Post-hoc analyses showed a decrease in food
intake for vehicle diet/loperamide group compared to the vehicle diet/saline on
Day 2 (16.88 + 1.17 g vs. 26.02 + 0.93 g, respectively, p < 0.0001) and for the pea
hull diet/loperamide when compared to pea hull diet/saline at Day 2 (23.10 *
1.12 vs. 27.91 *+ 1.36 g respectively; p = 0.0046). On Days 2 and 3 there was an
increase in food intake when comparing the pea hull diet/loperamide to the ve-
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hicle diet/loperamide at D2 (p = 0.0003) and D3 (33.09 + 2.89 g for the pea hull
diet/loperamide group vs. 26.06 + 1.28 g for the vehicle diet/loperamide group; p
= 0.0069).

3.2. Fecal Pellet Number

As shown in Figure 2, animals in the vehicle diet/loperamide group had a de-
crease in the number of pellets over 24 hours (24.2 + 2.3 pellets) compared to the
vehicle diet/saline group on D1 (47.3 £ 3.6 pellets; p < 0.0001) and D2 (47.7
3.6 pellets for the vehicle diet/loperamide group vs. 63.6 + 2.5 pellets for the ve-
hicle diet/saline group; p = 0.002).

Animals in the pea hull diet/loperamide group had a decrease in the number
of pellets on Day 1 (35.2 + 2.4 pellets) compared to the pea hull diet/saline group
(54.1 + 4.0 pellets, p < 0.0001). Similarly, on Day 2 the pea hull diet/loperamide
group had a lower number of pellets compared to the pea hull diet/saline group
(48.2 = 2.8 pellets vs. 75.8 £ 4.4 pellets, respectively; p < 0.0001). In addition,
PHF supplementation induced an increase in total fecal pellet number over 24 h
at Day 1 in constipated rats (35.2 * 2.4 pellets for the pea hull diet/loperamide
group vs. 24.2 + 2.3 pellets for the vehicle diet/loperamide group; p = 0.0157)
and at Day 2 only in non-constipated rats (75.8 + 4.4 pellets for the pea
hulls/saline group vs. 63.6 = 2.5 pellets for the vehicle diet/saline group; p =
0.0157).

As both interventions (PHF supplementation and loperamide injection) in-
duced significant modification of food intake, the correlation between food in-
take and FPO was investigated (data not shown). The correlation factor was not
significant (R* = 0.0006), consequently the significant difference in food intake

did not significantly impact neither FPO nor body weight and the significant
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Figure 2. Total number of fecal pellets over each 24 h period. (a) Total number of fecal
pellets over the first 24 h period (D1); (b) Total number of fecal pellets over the second 24
h period (D2) of the vehicle/saline (n = 14; white bars), vehicle/loperamide (n = 15; white
dotted bars), pea hulls/saline (n = 15; grey bars) and pea hulls/loperamide (n = 15; grey
dotted bars) groups. Data are presented as mean +/— SEM. Bars sharing the same letter
are not significantly different according to Fisher’s PLSD Test (p < 0.05).
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effect of PHF on FPO was due to the increase in fecal bulk linked to the con-
sumption of highly insoluble fiber.

3.3. Fecal Wet Weight

As shown in Figure 3, 24 h fecal wet weight decreased during Day 1 in the ve-
hicle diet/loperamide group (1.56 * 0.22 g) compared to the vehicle diet/saline
group (2.89 + 0.19 g; p = 0.0002). Similarly on D1, the pea hull diet/loperamide
group had a lower fecal wet weight than the pea hull diet/saline group on both
D1 (2.85 + 0.31 g vs. 3.58 £ 0.21 g; p = 0.0322) and D2 (3.45 + 0.17 g vs. 4.70
0.24 g, respectively; p < 0.0001). In the non-constipated state, pea hull-treated
animals showed an increase in fecal wet weight over 24 h when compared to the
vehicle diet/saline group at Day 1 (p = 0.0453) and Day 2 (4.70 + 0.24 g for the
pea hull/saline group vs. 3.64 + 0.12 g for the vehicle diet/saline group; p =
0.0007). In the constipated state, pea hull-treated animals showed an increase in
fecal wet weight over 24 h when compared to vehicle diet/loperamide group at
Day 1 only (2.85 + 0.31 g for pea hull/loperamide group vs. 1.56 + 0.22 g for the
vehicle diet/loperamide group, respectively; p = 0.0003).

3.4. Fecal Dry Weight

Fecal dry weight was lower in the vehicle diet/loperamide group compared to the
vehicle diet/saline group (0.94 + 0.09 g vs. 1.61 + 0.10 g, respectively; p < 0.0001)
on Day 1 but was not different between the groups in Day 2 (Figure 4). In the
pea hull diet groups, loperamide led to a decrease in fecal dry weight on Day 1
(1.41 £ 0.10 g) and Day 2 (2.05 = 0.12 g) when compared to the saline treated
group on Day 1 (2.03 + 0.10 g, p < 0.0001) and Day 2 (2.84 + 0.21 g, p = 0.0028).

In the non-constipated state, pea hull-treated animals had increased fecal dry
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Figure 3. Fecal wet weight over each 24 h period. (a) Fecal wet weight over the first 24 h
period (D1) and (b) Fecal wet weight over the second 24 h period (D2) of the vehicle/sa-
line (n = 14; white bars), vehicle/loperamide (n = 15; white dotted bars), pea hulls/saline
(n = 15; grey bars) and pea hulls/loperamide (n = 15; grey dotted bars) groups. Data are
presented as mean +/— SEM. Bars sharing the same letter are not significantly different
according to Fisher’s PLSD Test (p < 0.05).
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Figure 4. Fecal dry weight over each 24 h period. (a) Fecal dry weight over the first 24 h
period (D1) and (b) Fecal dry weight over the second 24 h period (D2) of the vehicle/sa-
line (n = 14; white bars), vehicle/loperamide (n = 15; white dotted bars), pea hulls/saline
(n = 15; grey bars) and pea hulls/loperamide (n = 15; grey dotted bars) groups. Data are
presented as mean +/— SEM. Bars sharing the same letter are not significantly different
according to Fisher’s PLSD Test (p < 0.05).

weight over 24 h compared to vehicle diet/saline group at D1 (p = 0.0044) and
D2 (2.84 = 0.21 g for the pea hull/saline group vs. 2.26 + 0.09 g for the vehicle
diet/saline group; p = 0.0072). In constipation state, pea hull-treated animals had
an increase in fecal dry weight over 24 h when compared to vehicle diet/lopera-

mide group at D1 only (p = 0.0014).

3.5. Cumulative FPO

Loperamide decreased cumulative FPO over the 56 h experimental period in
both the vehicle and pea hull diet groups (Figure 5(a)). Supplementation with
pea hull fiber led to an increase in cumulative FPO over 56 h both in non-constipated
(from the nocturnal phase of Day 1 to Day 3) and constipation states (From Day
1 to Day 3), when compared to animals fed with the vehicle diet.

These effects in total number of fecal pellets appeared sustained over 56 h as
the same variations were observed among groups, as shown in Figure 5(c), both
in non-constipated (148.07 * 8.48 pellets for the pea hull/saline group vs. 123.64
* 5.93 pellets for the vehicle diet/saline group; p = 0.0077) and constipated con-
ditions (105.00 * 5.55 pellets for the pea hull/loperamide group vs. 85.20 + 3.84
pellets for the vehicle diet/loperamide group; p = 0.0264).

4. Discussion

Many adults in western countries consistently fail to consume the recommended
daily amount of fiber, so it is not surprising that constipation and bowel irregu-
larity are top concerns for many patients. Dietary supplementation with fiber
has been shown to have a beneficial impact on constipation [5] [9]. To date, li-
mited studies in humans with oat hull fiber and one study in PHF have sug-

gested a positive effect of these insoluble fibers on intestinal transit. This study
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Figure 5. Cumulative FPO. (a) Total number of fecal pellets over 56 h; (b) cumulative
FPO over 56 h; and (c) total number of fecal pellets over 72 h (Day 1 to Day 3) of the ve-
hicle/saline (n = 14; white bars), vehicle/loperamide (n = 15; white dotted bars), pea
hulls/saline (n = 15; grey bars) and pea hulls/loperamide (n = 15; grey dotted bars)
groups. Data are presented as mean +/— SEM. Bars sharing the same letter are not signif-
icantly different according to Fisher’s PLSD Test (p < 0.05).

was designed to evaluate the effect of PHF (8% fiber) on fecal output in a lope-
ramide-induced constipation rat model.

In the present study, rats were fed either a vehicle diet (4.8% fiber) or a diet
supplemented with PHF (8% fiber). The ground pea hulls were 93% fiber with
50% as cellulose, 25% as hemicellulose and 25% as pectin. This fiber dose was
selected because it has been shown in previous studies to beneficially effect in-

testinal function in animal models, and it corresponds to a high fiber diet in
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humans [10] [12]. To induce constipation, rats were given an ip injection of lo-
peramide, a y-opioid receptor agonist, used as anti-diarrheic treatment. Its me-
chanism is based on two different actions, decreasing intestinal peristalsis there-
by slowing intestinal transit time, and by increasing water reabsorption in the
intestine.

Interestingly, both wet and dry weights were impacted by supplementation,
demonstrating that pea hulls had a low osmotic effect in the colon even at this
dosage. The increase in FPO was not due to an increase in the water content of
the feces. This means that this fiber would be well tolerated without much im-
pact on feces consistency in humans.

Repeated loperamide injections induced rapid and sustained constipation in
the treated animals, when compared to saline injections. Concerning the number
of fecal pellets, loperamide stopped inducing constipation during the second ex-
perimental night and consequently lasted 36 hours although injections were still
administered at 36 and 48 h (data not shown). The same observation can be
done for the fecal wet weight whereas the fecal dry weight remains low for the
loperamide groups until 48 h after the beginning of the experimental phase. It
seems that the effect of loperamide does not last longer than 48 h even with re-
peated injections every 12 hours. In a healthy, non-diarrheic subject, loperamide
effectiveness progressively decreases over time. Consequently, this model would
be suitable to mimic sub-acute constipation.

Pea hulls are composed of insoluble fibers such as cellulose (=55%) and he-
micellulose (=25%) and are also rich in polyphenols and soluble fibers as pectins.
In our study, pea hulls were able to reverse loperamide-induced constipation as
fiber supplemented groups had an increase in both FPO and total fecal pellet
number compared to the constipated controls. The insoluble structure of pea
hulls makes this ingredient poorly fermented in the colon. Its addition to the di-
et increased fecal bulk in both supplemented groups (healthy and constipated).
This increased volume in the colon may have helped counter the effects of lope-
ramide on peristalsis mediated by the u-opioid receptors. In addition to its im-
pacts on fecal parameters, pea hull supplementation also prevented the food in-
take decrease linked to loperamide treatment, demonstrating no effect on appe-
tite in the rats.

Although loperamide can only mimic a sub-acute constipation, we hypothes-
ize that the effect of pea hulls would remain as the insoluble fibers of the hulls
would be poorly fermented even after a long-term consumption [7] [17]. The
positive impact of pea hulls on transit observed in the present study, is in agree-
ment with a previous study demonstrating a decrease in transit time with a

13.5%-supplementation in healthy rats [12].

5. Conclusion

In conclusion, in a constipation model, pea hulls were able to seriously decrease
the effects of loperamide, a p-opioid receptor agonist, by increasing fecal bulk

weight. Rats supplemented with PHF and treated with loperamide, had a lower
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decrease in food intake compared to the vehicle diet/loperamide-treated animals.
In healthy rats, pea hulls induced higher FPO and fecal weight suggesting pea
hulls may be helpful in the improvement of intestinal health.
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Practical Applications

In the present study, we demonstrated that the use of the insoluble pea hull fiber
could improve bowel movements not only in healthy rats but also in animals
with subchronic constipation that was induced by a chemical agent.

We wanted here to demonstrate that insoluble fibers as pea hulls can have
positive impacts on health even if they are poorly fermented and that this kind of
food ingredient should be more largely considered to relieve moderate constipa-

tion.
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