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Effects of young barley leaf powder on irritable bowel syndrome in rats.
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Summary

In order to obtain an effective diet composition to relieve irritable bowel syndrome (IBS), an experiment using rats
as a model was performed. Male 7 week-old Wistar rats were maintained for one week on five diets; (i) 0% cellulose
(C-0), (i1) 3% cellulose (C-3), (iii) 5% cellulose (C-5), (iv) 3% young barley leaf powder (YBLP) plus 3% cellulose (Y-3+C-3),
and (v) 10% YBLP (Y-10). The IBS of rat was produced by restraining a rat in a tight holder for four hrs. The
degree of IBS was assessed by measuring fecal excretion frequency and serotonin concentration in serum and co-
lonic mucosa. Under restraint stress, the number of feces in the groups of C-0 and C-3 were more than those in
C-5 without (control). Restraint stress could have stimulated secretion of a large quantity of serotonin from colonic
mucosa, resulting in abnormal intestinal movement. However, such fecal excretion increment was not observed in the
group of Y-3+C-3, suggesting that YBLP inhibits stress-induced IBS.

Keywords: rats, young barley leaf powder, restraint stress, serotonin, feces, irritable bowel syndrome

Introduction

Typical Japanese style meals are considered to have
good compositions from their nutritional viewpoints, and
the life longevity of Japanese could be attributed to a high
composition of dietary fiber. Because of insufficient dietary
fiber intake, various health problems could be observed in
many countries including Japan. Thus, it is recommended
that, even in Japanese-style meals, higher amounts of di-
etary fibers should be taken daily. Different types of di-
etary fibers are contained in various foods, and some of
them may be effective than others to regulate systemic
hormone levels as well as their secretion from the diges-
tive tract.

Irritable bowel syndrome (IBS) is a functional disorder
accompanied with symptoms such as diarrhea and consti-
pation without any pathological change of the digestive

tract?. Various stresses make the syndrome more serious,

so that the quality of life may be lowered?™®. Recently, the
number of IBS patients in Japan is increasing®, especially
in young people®. The main morbid state of IBS is consid-
ered to be in an abnormal relationship between the brain
and intestine” ¥, Serotonin (5-hydroxytryptamine: 5-HT),
which is distributed both in the brain and intestine, is
known to take part in this relationship®?.

A number of methods to create IBS model in rats by
restraint stress have been reported'®'?. This restraint
stress may lead to abnormal fecal excretion due to stimu-
lation of intestinal movement!?. The quantity and fre-
quency of fecal excretion were observed as markers of
abnormal movement of the digestive tract!®!V. Serotonin
might be involved in the stress-induced alteration of intes-
tinal movement”?.

Young barley leaf powder (YBLP) is rich in dietary fi-
bers and it has been known as a component material of

“AOJIRU, green juice”. There are many papers on effects
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of YBLP on the gastrointestinal functions™*”. YBLP sup-
plementation increased fecal quantity’'®© and defecation
frequency and improved other fecal characteristics'®!?. In
the present study, the authors intended to investigate ef-
fects of YBLP on relief-related parameters in a rat model
of IBS.

Materials and Methods

1. Diets

We prepared five diets, containing cellulose or/and
YBLP as follows (Table 1): (i) Diet of 0% cellulose (C-0), (ii)
3% cellulose (C-3), (iii) 5% cellulose (C-5), (iv) 3% YBLP plus
3% cellulose (Y-3+C-3), and (v) 10% YBLP (Y-10).

2. Animals

A total of 75 male Wistar rats (6 weeks old, purchased
from SLC Co. Ltd., Hamamatsu, Japan) were fed on AIN-
93G one week. Then, they were divided into 5 groups,
each composed of fifteen rats, and fed on the respective
diets (C-0, C-3, C-5, Y-3+C-3, and Y-10, Table 1) ad libitum
for one week.

The rats were kept under 12 hrs light (7:00~19:00) -
dark (19:00~7:00) cycles in feeding cages individually with
a meshed bottom.

The experiments were performed under the permission
of the Laboratory Animal Ethic Commission of Osaka
Aoyama University (No. 14-25).

3. Restraint stress'”

On the last day of the feeding period, restraint stress
was given by holding each rat (»=10) in a tight holder
made from stainless steel wires for four hrs from 7:00 to

11:00 am. Rats (n = 5) without stress were kept in a 30cm

Table 1 Composition of experimental diets.

square feeding cage. During the restraint hours, neither

food nor water was given to the rats.

4. Fecal excretion

The number, weight, and color of the feces excreted
during the restraint period were recorded, and their indi-
vidual body weights were measured before and after the
restraint. The dry weights of the feces were measured

after lyophilization of the wet feces.

5. Preparation of serum and colonic mucosa samples
Immediately after the restraint stress period, the rats
were decapitated under light anesthesia and blood sam-
ples were collected. Serum samples were prepared by cen-
trifugation of the blood at 3,000 rpm at 4C for ten min-
utes, and stored at —30C until use. The colonic mucosa
was obtained by scraping with two pieces of slide glass
after washing out the colonic contents with a saline solu-

tion, and stored at —30C until use.

6. Determination of serotonin concentrations

The colonic mucosa was homogenized in sterilized phos-
phate buffered saline. The serotonin concentrations in se-
rum and in colonic mucosa were determined by Serotonin
ELISA kit (Enzo Life Sciences Inc., NY, USA).

7. Protein determination
Protein in colonic mucosa was determined by the Lowry

method'®.

8. Reagents
The reagents were of the JIS Special Grade or its equiv-

alent.

Diets

3% YBLP +

I . 0% Cellulose 3% Cellulose 5% Cellulose o 10% YBLP
ngredients (C0) (C3) (C5) 3% Cellulose (Y-10)
(g/kg) (Y-3+C3)
Casein 200.0 200.0 200.0 200.0 200.0
Gelatinized corn strach 579.5 549.5 529.5 519.5 479.5
Sucrose 100.0 100.0 100.0 100.0 100.0
Soybean oil 70.0 70.0 70.0 70.0 70.0
Mineral mixturea 35.0 35.0 35.0 35.0 35.0
Vitamin mixturea 10.0 10.0 10.0 10.0 10.0
L- Cystine 30 30 30 30 30
Choline bitartrate 25 25 25 25 25
Cellulose” - 30.0 50.0 30.0 -
YBLP* - - - 30.0 100.0

* Mineral mixture and vitamin mixture were prepared according to the AIN-93G formulation®.

b Cellulose is Just Fiber BH-200EXT (Morimura Bros., Inc.).

“Young barley leaf powder (Toyo Shinyaku Co., Ltd.). The compositions (%) were as follows: water (2.1), protein (30.1), lipid (7.0),
ashes (7.7), carbohydrate (8.4), dietary fiber (44.7). Dietary fiber was measured enzymatic-gravimetric method.
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9. Statistical analysis

The values were expressed by means+SD. For signifi-
cant differences of the biochemical values compared with
the control (C-5, without stress), Dunnett’s test was used.
For comparison of the biochemical values between the
stress (+) and the stress (=) in the same diet group,
Welch'’s t-test was used. Statistical analyses were per-
formed with the software Excel 2010 (Microsoft) and
Statcel 3 (OMS Publishing Co., Japan), add-in forms on

Excel.

Table 2 Body weights and food intakes.

Results

1. Diet consumption and body weight changes

There were no significant differences among the body
weights and daily amounts of food intake of the respective
diet groups (Table 2).

2. The number and wet weight of feces

The body weight reduction and the number, weight and
moisture content of the feces collected for four hrs of the
restraint per are shown in Table 3. The body weight re-
duction was not affected by restraint stress in all groups.
Under restraint stress, compared with the control, signifi-

cant differences were found in C-0 and Y-10 in the number

Boby weight (g)

Diet groups Food intake (g/day)
Initial Final
C-5 (Control) 1853 + 75 2129 = 70 171 = 11
C-0 1820 = 79 2161 = 80 180 = 1.3
C-3 1838 + 81 2121 + 69 166 = 09
Y-3+C-3 1853 + 53 2174 += 47 173 = 1.0
Y-10 1820 + 77 2132 + 92 188 + 09

The values are expressed as mean = SD.

For significant of differences of the biochemical values compared with the control (C-5, without

stress), the Dunnett’s test was used.

Diet groups; C-0: 0% Cellulose, C-3: 3% Cellulose, C-5: 5% Cellulose, Y-3+ C-3: 3% Young barley
leaf powder + 3% Cellulose, Y-10: 10% Young barley leaf powder

Table 3 Effect of the restraint stress on body-weight-reguctions, fecal numbers and fecal wet weights.

Boby weight reduc-

Feces during 4 hrs

tion during 4 hrs (%) Numbers Wet weight (g) Wet weight / a fece Moisture content (%)
Stress (—)
C-5 (Control) 228 £ 042 340 £ 241 026 = 018 009 = 0.05 576 £ 89
cO0 239 £ 035 220 £ 192 014 = 013 004 = 0.02 565 £ 16.8
C-3 214 = 0.20 240 + 182 0.19 = 007 007 = 0.04 502 + 11.7
Y-3+C-3 275 £ 055 240 £ 288 031 = 021 013 = 015 529 £ 68
Y-10 316 = 0.31 540 + 527 058 = 0.16 007 = 0.03 536 £ 7.2
Stress (+)
C5 230 = 1.29 6.80 + 301 0.88 + 034*" 016 = 007 524 + 134
(oX(] 232 = 047 950 + 284*F 059 = 0337 006 = 003 535 = 96
C3 279 + 146 780 + 3267 079 = 019" 012 = 007 486 + 153
Y-3+C-3 368 + 225 340 += 178 0.37 = 0.30 0.13 = 0.06 492 + 84
Y-10 305 = 1.88 1020 = 4.92* 079 = 0.09* 0.09 = 0.08 518 + 102

The values are expressed as mean * SD.

**For significant of differences of the biochemical values compared with the control (C-5, without stress), the Dunnett’s test

was used (*P < 0.05, P < 0.01).

TFor comparison of the biochemical values between the Stress (+) and the Stress (—) in the same diet, the Welch's t-test was

used (P < 0.05).

Body weight reduction was calculated as the ratio of the amount of the reduced weight after the restraint stress to the whole

body weight before the restraint stress.

The rats with the restraint stress were designated by (+), and without the stress, (—).
Diet groups; C-0: 0% Cellulose, C-3: 3% Cellulose, C-5: 5% Cellulose, Y-3+ C-3: 3% Young barley leaf powder + 3% Cellulose, Y-10:

10% Young barley leaf powder
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of feces. In C-0 and C-3 under restraint stress, higher the
number of feces were observed than in C-0 or C-3 without
restraint stress. On the other hand, the number of feces in
C-5 and Y-3+C-3 were not affected by restraint stress.
However, the effects of restraint stress seemed greatly

different among the individuals, resulting no significant

differences in the average values; this tendency was re-

vealed more markedly in the diet groups of C-0, C-3, C-5
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Fig. 1 Distribution of the number of feces by individual rats.
®, O, O: The rats with restraint stress

X: The rats without restraint stress

Diet groups; C-0: 0% Cellulose, C-3: 3% Cellulose, C-5: 5%
Cellulose, Y-3+C-3: 3% Young barley leaf powder+3%
Cellulose, Y-10: 10% Young barley leaf powder

and Y-10 (Fig. 1). The fecal wet weights of C-0, C-3 and C-5
were significantly increased by restraint stress.

The water contents of feces were approximately 50% in
all groups, and these were not affected by stress.

The colors of feces were as follows; C-0: black, C-3 and
C-5: ochre, Y-3+C-3 and Y-10: green.
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Serotonin concentration
in colonic mucosa (ng/mg-protein)

Relationship between the concentration of serotonin in

colonic mucosa and the number of feces in the restraint

stress rats.

 Significance was calculated using Pearson’s correlation

coefficient.

@®: The rats fed 5% Cellulose (C-5), 0% Cellulose (C-0) and
3% Cellulose (C-3) diets.

O: The rats fed 3% Young barley leaf powder+3%
Cellulose (Y-3+C-3) diet.

©O: The rats fed 10% Young barley leaf powder diet.

Table 4 Effect of the serotonin concentration in serum and colonic mucosa.

Serotonin concentration

Serum (ng/mL)

Colonic mucosa
(ng/mg-protein)

Stress (—)
C-5 (Control)
C0
C-3
Y-3+C-3
Y-10

Stress (+)
CH
C-0
C-3
Y-3+C-3
Y-10

0.345
0.383
0417
0.325
0.445

0478
0.493
0479
0.439
0.526

0.055
0.025
0.023
0.089
0.038"

+ + H+ H+

0.046™" 1
0.068"
0.051"
0.051*
0.023** "

H H H+ +

0375 = 0123
0.302 = 0.084
0415 = 0.206
0.365 = 0.104
0.306 = 0.089
0872 = 0119"7°
0984 = 0.095""*
0910 = 0187771
0896 + 0.133"""
0934 = 0.193"71

The values are expressed as mean = SD.
*For significant of differences of the biochemical values compared with the con-
trol (C-5, without stress), the Dunnett’s test was used (P < 0.01).
7. TTFor comparison of the biochemical values between the Stress (+) and the
Stress (—) in the same diet, the Welch’s t-test was used (TP < 0.05, 7P <0.01).
The rats with the restraint stress were designated by (+), and without the stress,

(=)

Diet groups; C-0: 0% Cellulose, C-3: 3% Cellulose, C-5: 5% Cellulose, Y-3+ C-3: 3%

Young barley leaf powder +3% Cellulose, Y-10: 10% Young barley leaf powder
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3. Serotonin concentration in serum and in colonic mu-
cosa

Under restraint stress, the serotonin concentrations in
serum as well as in colonic mucosa were significantly ele-
vated compared to the control (Table 4). Y-10 without re-
straint stress showed a significantly higher level of serum
serotonin concentration than the control.

In all groups, serotonin concentrations in colonic mucosa
were significantly elevated compared to those without re-
straint stress. In the rats given restraint stress, there was
a positive correlation between the serotonin concentra-
tions in colonic mucosa and the number of feces (Fig. 2;
r=0.291, P=0.013). However in Y-3+C-3, the number of
feces was smaller, and the serum serotonin concentration
was not influenced by restraint stress, suggesting the ex-
istence of an effective component in YBLP different from

cellulose.

Discussion

As described in the introduction, the pathogenetic rela-
tion of serotonin to the symptoms of IBS seems important.
In the present study we observed in rats given restraint
stress: (1) increases of fecal numbers and wet weights in
the groups of C-0, C-3, C-5 and Y-10, but no effect on fecal
numbers and wet weights in Y-3+C-3, (2) an elevation of
colonic and serum serotonin, but no effect on serum sero-
tonin in Y-3+C-3, and (3) a positive correlation between
the serotonin concentration in colonic mucosa and the
number of feces. The above results suggested that the
abnormal intestinal movement was caused by increased
serotonin concentrations. There was no significant differ-
ence in the number of feces among the groups of C-0, C-3,
C-5 (Table 3). Also in these groups, both serum and colon-
ic serotonin concentration showed similar values. The in-
crease in fecal numbers by stress tended to decline in the
order of C-0, C-3, and C-5; this means that the fiber-free
diet brought about abnormal fecal excretion. Therefore,
dietary fibers seem to be essential to relieve IBS. Both the
number and the wet weight of feces in Y-3+C-3 were less
than those in C-5. Y-3+C-3 showed less fecal excretion
than C-5, although the amount of dietary fiber in Y-3+C-3
was almost the same as in C-b.

Serotonin is considered to be strongly related to the
neuronal effect on intestinal movement™. Serotonin is
synthesized in the enterochromaffin (EC) cell, secreted
near the target cells activating their receptors®. Also, the
serotonin secretion is affected by intestinal bacterial flora
and their products such as short chain fatty acids'> 9.

Thus, dietary fibers, through fermentation by intestinal

bacterial flora, could contribute to relieve IBS?,

YBLP contains of minerals such as Ca, Mg, K, P, Zn, Cu,
Fe, Mg, Cr and so on, proteins, lipids, vitamins such as B
complexes, C, E, K, and dietary fibers?’. Bacterial flora in
the intestine and production of short chain fatty acids are
likely to be affected by YBLP intake®'”. The extract of
YBLP remaining after the removal of dietary fiber could
suppress the incidence of stomach ulcer caused by stress
in rats®.

In the present study, the colonic serotonin concentration
in the rats of Y-10 given restraint stress was higher than
that of the control rats, and also their serotonin levels
were similar to those other of groups. It is not likely that
YBLP specially promoted serotonin synthesis. On the oth-
er hand, in the rats of Y-3+C-3 give restraint stress, both
the number and wet weight of feces tended to be less than
those in other groups given restraint stress, in spite of
almost the same contents of dietary fiber as in C-5. This
may suggest on effect of some components in YBLP other
than pure cellulose. If YBLP suppresses neither biosyn-
thesis nor secretion of serotonin, it might inhibit the bind-
ing of serotonin to its receptor or obstruct the signal trans-

port from the serotonin-receptor site.

Conclusions

The rats, given restraint stress, secreted more serotonin
in the colonic mucosa than the control rats. Out of these
rats, the number and wet weight of feces increased in the
group of the cellulose diet without YBLP. When the rats
was fed the diet containing cellulose plus YBLP and given
restraint stress, they showed no increment in the number
and wet weight of feces, in spite of an elevation of the se-
rotonin concentration in colonic mucosa. Therefore, some
components in YBLP other than cellulose may also have
contributed to relieve the symptoms of IBS such as abnor-

mal fecal excretion occurring in restraint-stressed rats.
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