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1. Introduction

 Horseradish (Armoracia rusticana) is a peren-

nial crop belonging to the Brassicaceae family, and 

its roots are widely used for culinary purposes. 

Horseradish root has anti-inflammatory and anti-

oxidative activities; it can reportedly suppress 

TNF-α and IL-6 release in J774A.1 macrophages 

treated with lipopolysaccharide (LPS)1. Additionally, 

it is effective in the treatment of acute sinusitis, bron-

chitis, and urinary bladder infections2 and inhibits cell 

proliferation in colon and lung cancer cells3. Wasabi 

is a pungent spice belonging to the Brassicaceae 

family and the beneficial effects of its leaves and roots 

have been studied4. However, horseradish leaves are 

often discarded because they are not considered 

edible. Therefore, the beneficial effects of horseradish 

leaves are poorly documented5,6.

 Cholic acid (CA) is a major primary bile acid 

(BA) synthesized from cholesterol in the liver. CA is 

conjugated with taurine or glycine and plays an 

essential role in digestion as it emulsifies and solubi-

lizes fat in the small intestine. Most primary bile 
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acids are reabsorbed in the distal ileum and recycled 

to the liver. However, small amounts of primary bile 

acids transit to the large intestine where taurine or 

glycine become unconjugated from the primary BA. 

Excessively secreted CA is metabolized to secondary 

BAs such as deoxycholic acid (DCA) in the colon7-9. 

DCA is a risk factor for inflammation and cancer of 

the colon and inhibits macrophage activation9,10. 

Studies have shown that the proliferation of colonic 

mucosal cells was stimulated by CA11 and that CA is 

also a promoter of cancer of the large intestine12. In 

this study, we explored the therapeutic effects of 

horseradish leaf extracts (HLE) on the negative 

impact induced by CA in mice.

2. Materials and Methods

Chemicals and preparation of HLE

 Cholic acid was purchased from Fujifilm Wako 

Pure Chemical Corporation (Osaka, Japan). HLE 

was provided by Amino Up Co., Ltd. (Sapporo, 

Japan).

 HLE was prepared as follows: (1) Dried horse-

radish leaves were heated in water at 70°C for 120 

min; (2) hot water extract of horseradish leaves and 

the resulting extract were centrifuged at 5000×g for 

10 min; (3) the supernatant was collected and 

filtered; (4) dilution agent (dextrin) was added to the 

supernatant; (5) the supernatant was heated at 80°C 

for 30 min and freeze-dried for later use. This 

extraction was performed by Amino Up Co., Ltd. 

The solid capture rate of HEL is about 24% and the 

same quantity of pinedex was added as vehicle.

Animals and experimental design

 Male ICR mice (5 weeks old) were obtained 

from Kiwa Laboratory Animals Co., Ltd. (Kimino, 

Japan). Mice were maintained at the following 

conditions: temperature of 24 ±1°C, relative 

humidity of 55 ± 5%, 12 h light/dark cycle, and 

acclimatization for one week before the start of 

experiments with free access to water and normal 

chow powdered food (MF; Oriental Yeast Co., Ltd, 

Tokyo, Japan). The mice were classified randomly 

into four groups (n=4-5 for each group): (1) normal 

diet as control group, (2) 1.2% (w/w) CA in normal 

chow powdered food, (3) 0.3% HLE (w/w) in 

normal chow powdered food, (4) and 1.2% 

CA+0.3% HLE in normal chow powdered food13, 

with inclusion of unpublished data. For CA mice, 

the normal diet was replaced with a diet supple-

mented with CA at 8 days after the start of the 

experiment. HLE mice were fed a diet containing 

HLE for the entire experimental period, and CA was 

supplemented with HLE after 8 days in the CA plus 

HLE mouse group. Food consumption and body 

weight were measured 2-3 times a week, and body 

weight gain was calculated. The mice were eutha-

nized intraperitoneally using a mixture of three types 

of anesthetic agents (medetomidine, midazolam, and 

butorphanol) and liver were removed and weighed. 

The large intestine was opened, and fecal contents 

were rinsed with phosphate-buffered saline and 

weighted. Weights of liver and the large intestine 

were calculated as per 100 g of the body weight and 

per 100 g of the body weight/ 1 cm of length, 

respectively. Animal experiments were approved by 

the Institutional Animal Care and Use Committee 

(permission number: kyo31-2) and performed 

according to the Tokyo Healthcare University 

Animal Experimentation Regulations. 

Statistical Analysis

 Results are presented as mean ± standard error 

of the mean (SEM). Statistical analyses were 

performed by Student’s t-test and a p value of less 

than 0.05 was considered as statistically significant. 

3. Results

Effects of HLE on body weight in mice fed a diet 

supplemented with CA

 Changes in the body weight gain of mice are 

shown in Fig. 1. The control mice had gained 6.64 ± 

0.52 g of body weight on day 12. However, the 

CA-group mice showed 0.14 ± 0.65 g of weight gain 

which was reduced significantly compared to the 

control (2.1% of the control, p<0.0001). HLE signif-

icantly impaired the reduction of body weight 

compared to CA-supplementation (31.9% of the 
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control, 2.12 ± 0.76 g, p<0.05). Further, HLE inhib-

ited the reduction in body weight by CA by day 25 

(25.1% of the control, CA: 2.72 ± 1.28 g and 66.8% 

of the control, CA+HLE: 7.24 ± 1.48 g, p<0.05). A 

diet with HLE alone did not affect the body weight 

on days 12 or 25. The food intake per day was 

4.4-5.6 g in all groups.

Effects of HLE on the large intestine in mice fed a 

CA supplemented diet

 To study the effects of CA and/or HLE on 

colonic mucosa, we determined the weight of the 

large intestine (Fig. 2). CA significantly increased 

the weight of the large intestine (control: 0.077 ± 

0.003, 147% of the control, CA: 0.114 ± 0.011 g 

weight/body weight (100 g)/length, p<0.05). HLE 

blocked the increase in weight of the large intestine in 

CA mice (111% of the control, HLE+ CA: 0.086 ± 

0.003 g weight/body weight (100 g)/length, p<0.05). 

HLE administered alone caused a significant reduction 
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Fig. 1.  Effects of HLE on weight loss in mice fed a CA supplemented 

diet. Male ICR mice (5 weeks old, 29.7—36.5 g) were 

randomly divided into control group (Control), 0.3% (w/w) CA 

(CA), 1.2% HLE (HLE), and 0.3% CA + 1.2% HLE (CA + 

HLE). Data are expressed as mean ± standard error (SE).
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Fig. 2.   Effects of HLE on the weight of the large intestine in mice fed a CA supple-

mented diet. The relative weight of the large intestine is expressed as the 

weight/100 g BW/length. Data are expressed as means ± SE. Control: 

normal diet, CA: diet supplemented with CA, HLE: diet with HLE, HLE + 

CA: supplemented with HLE + CA.
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in the large intestine (69% of the control, HLE: 0.054 ± 

0.002 g weight/body weight (100 g)/length, p<0.0001). 

Effects of HLE on the liver weight in mice fed a CA 

supplemented diet

 Next, we evaluated the changes in liver weight 

(Fig. 3). CA supplementation induced a significant 

increase in the relative weight of the liver (control: 

0.052 ± 0.002 g weight/body weight (100 g), 163% 

of the control, CA: 0.085 ± 0.004 g, p < 0.001). 

However, changes in the relative weight of the liver 

remained unaffected in mice fed a diet supplemented 

with CA + HLE (168% of the control, 0.088 ± 0.003 

g weight/body weight (100 g)). Administration of 

HLE alone also did not affect the liver weight (105% 

of the control). 

4. Discussion

 Horseradish is a pungent spice that belongs to 

the Cruciferae family and its root extracts have 

several bioactivities including anti-inflammatory or 

anti-oxidative effects2,3. However, there are few 

studies of horseradish leaf extracts in experimental 

animals or humans 5,6. In this study, we investigated 

the effects of HLE on mice fed a CA supplemented 

diet, and found that HLE blocked the inhibitory 

effects of CA on the body weight gain without 

affecting the diet intake. We showed that the 

increase in colon weights was recovered by HLE in 

mice fed a CA-containing diet. However, HLE failed 

to affect the liver weight in CA mice.

 Feeding a diet supplemented with CA report-

edly increases the levels of fecal and colonic DCA14 

which is known to induce oxidative stress, cytotox-

icity, and apoptosis in experimental animals15-17. Oral 

administration of DCA has been also shown to 

enhance indomethacin-induced enteropathy in rats18. 

The mechanisms mediating the inhibitory effects of 

CA on the gain in bodyweight are unclear. However, 

the detrimental effects of CA may occur through 

oxidative stress-induced signaling. Glucosinolates 

are secondary plant metabolites abundantly found in 

Brassica plants and the amount in horseradish leaves 

and roots were almost equal19. Sinigrin is a glucosin-

olate found in horseradish leaves19 and reportedly 

has anti-inflammatory and antioxidant activities in 

rats20. Induction of anti-inflammatory and/or antioxi-

dant activity by HLE may be one of the mechanisms 

associated with the inhibition of the negative effects 

of CA on the body weight of mice. Further studies 

are required for the clarification of the detailed 

mechanism.

 In this study, CA increased the relative weights 

of the intestine and liver in mice. Epidemiologic 

studies have shown that a high-fat diet (HFD) 
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Fig. 3.   Effects of HLE on the liver weight in mice fed a CA supplemented diet.

  The relative weight of the liver is expressed as the weight/100 g BW. 

Data are expressed as the mean ± SE. Control: normal diet, CA: diet 

supplemented with CA, HLE: diet with HLE, HLE + CA: supplemented 

with HLE + CA
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induces elevated levels of fecal secondary bile acids, 

mainly DCA9,21. Furthermore, HFD induced intes-

tinal hyperpermeability, colonic inflammation, and 

hepatomegaly in rodents22-25. We showed that HLE 

blocked the decrease in body weight and the increase 

in intestine weight by CA administration. Anti-

inflammatory effect of HLE on the intestine may be, 

at least in part, a mechanism for inhibition of the 

negative impact such as loss body weight induced by 

CA. On the other hand, HLE failed to inhibit liver 

weight gain in mice fed a diet supplemented with 

CA, and a diet with HLE alone reduced the intestine 

weight but not the body or the liver weight, 

suggesting that the effects of HLE on the body 

weight and the liver occur via a different mechanism 

compared to the intestine. Recent studies have 

shown that BA are signaling molecules involved in 

several physiological functions via the activation of 

nuclear receptors26,27. These receptors have a selec-

tive affinity to different types of BAs and show 

different expression patterns, resulting in different 

roles for BAs. Different effects of CA on the organs 

or tissues may occur through signal transduction by 

various secondary BAs derived from CA. 
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