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ABSTRACT 

Background: Marine brown algae, Kjellmaniella crassifolia Miyabe (Gagome) is extensively 

harvested in Northern Japan and is known to help improve the immune system and prevent 

lifestyle diseases by its functional constituents, particularly the polysaccharide fucoidan. 

However, since most scientific findings come from animal studies, we examined its potential 

effectiveness in humans to raise immune functions, using small amounts of Gagome to avoid 

overconsumption of iodide.  

 

Methods: We set up a double-blind, placebo-controlled clinical trial (n=30 subjects for 

Gagome consumption; n=30 for placebo), in which 0.8 gram/day of Gagome containing 200 

mg as dietary fiber (ca. 80 mg as fucoidan) was ingested for 8 weeks. The primary end-point 

was natural killer (NK) cell activity while other immune-related biomarkers, such as 

immunoglobulins (IgM and IgA) and cytokines (IL-12 and IFN-) were secondary end-points. 

 

Results: No adverse effects were observed during the course of the clinical trial. We found that 

8-week daily Gagome intake raised NK cell activities for the group with a relatively higher 
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baseline number of NK cells (p=0.03). We also demonstrated that Gagome intake exerted a 

tendency to stimulate IgA secretion. These results indicate the possibility that Gagome intake 

may potentiate host defense systems in human as seen in animal studies. 

 

Conclusion: In this study, we used small amounts of Gagome (0.8 g daily) as an active test 

sample to avoid overconsumption of iodide, and found that this amount could enhance NK cell 

activities, particularly in the subclass with initially higher NK cell numbers. We also found an 

appreciable increment of IgA. With all of these facts, it seems that Gagome intake activates 

immune responses that contribute to the promotion of health through stimulation of the immune 

system. 
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INTRODUCTION 

Kjellmaniella crassifolia Miyabe (Gagome) is a traditional seafood in Japan and is commonly 

consumed in daily life. Gagome, which is rich in polysaccharides, exhibits a wide variety of 

biological activities. These polysaccharides are popular as functional ingredients beneficial for 

health. There are three major functional constituents of Gagome: fucoidan, alginate, and 

laminarin [1]. In particular, the immunomodulatory functions of Gagome have been well 

demonstrated in a murine model, in which the phagocytic activity of peritoneal macrophages 

was enhanced by its oral administration [2].  

Fucoidan, which is rich in polysaccharides, shows anti-allergic activity by suppression of 

Th2-dominant responses in mice [3] and prevented Helicobacter pyroli infection in Mongolian 

gerbils [4]. Fucoidan also exerted a prophylactic effect against enteral prion infection in mice 

[5], and an anti-tumor effect mediated by interferon (IFN)--activated natural killer (NK) cells 

in mice [6]. Moreover, this particular polysaccharide was found to inhibit proliferation and 

induce apoptosis in human lymphoma cell lines [7].  

It is of note that fucoidan isolated from Gagome is rich in more sulfated polysaccharides 

than those from other brown algae [8]. Most studies on fucoidan have been performed in mice 

and rats; therefore, little is known about its biological action in humans. In one human trial, 

fucoidan extracted from Gagome was administered for 4 weeks [9]. The production of Th1-

type cytokines (IL-12 and IFN-) was stimulated by Gagome-derived fucoidan, demonstrating 

that fucoidan is effective for stimulating the immune function in humans. These results of 

murine and human studies together support the theory that Gagome intake may be beneficial 

for our health promotion.  

In addition to fucoidan, Gagome contains other bioactive compounds, such as alginate, an 
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oligosaccharide that protects neural cells from apoptosis caused by oxidative stress [10], and 

stimulates cytokine secretion following intraperitoneal administration [11]. Alginate 

administration also decreased uptake of cholesterol and glucose uptake in overweight male 

subjects [12]. On the other hand, laminarin, another oligosaccharide contained in Gagome, 

lowered blood cholesterol [13] and facilitated wound healing [14].  

Yan et al. demonstrated that Gagome extract modulates both intestinal and systemic 

immune responses [15]. The production of cytokines from antigen-specific T cells in lymph 

nodes and their proliferative response were significantly increased in association with an 

increase of memory T cells and antigen-specific IgA levels. Subsequently, Gagome is an 

effective immunomodulator and a potent adjuvant for both intestinal and systemic immune 

responses. 

There are only a few reports of beneficial effects of Gagome in humans; therefore, we tried 

to elucidate the beneficial health effects, particularly in association with its immune function. 

Although Gagome has been promoted as a healthy food, excessive intake of Gagome may lead 

to deterioration of thyroid diseases due to the toxicity of iodide. We carefully determined the 

daily amount of Gagome in this study keeping in mind the risk of iodide overconsumption. 

 

SUBJECTS AND METHODS 

Subjects  

We recruited healthy Japanese men and women between the ages of 35 and 65 years who were 

living in Ebetsu City and neighboring communities in Hokkaido, Japan. Volunteers who met 

any of the following criteria were excluded from participation in this study: 1) frequent intake 

(more than 5 days a week) of any type of seaweed, 2) any current relevant infections, 3) current 

use of immunomodulating drugs (antibiotics, immunosuppressive medicine, anti-inflammatory 

medicine), Chinese herbs, supplements (such as mushroom, yeast, or lactic acid bacteria 

preparations, or seaweed), 4) current use of any medicine for diarrhea or constipation, 5) history 

of significant illness, 6) pregnancy or lactation, 7) heavy smoking (more than 20 cigarettes/day) 

and/or excessive alcohol consumption (more than 20 g alcohol/day), and 8) history of severe 

allergic reaction to food. Participants were asked to terminate the intake of any foods or 

supplements containing Gagome. 

The sample size was statistically determined to obtain a power of 80% with an alpha value 

if 0.05%. It was calculated that a sample size of 60 (30 in the active test food group and 30 in 

the placebo food group) was required for an effect to be demonstrated. 
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Test Samples  

The Gagome used in this study was harvested from the southern coastal area of Hokkaido, 

Japan. Two types of test sample were prepared, one active Gagome sample and the other a non-

active placebo containing mostly dextrin rather than Gagome. The active sample (four 

capsules/day) contained 0.2 g of Gagome dietary fiber (corresponding to ca. 80 mg fucoidan 

fiber) and other constituents (e.g., gelatin), while the placebo sample contained dextrin in place 

of Gagome. The active sample contained 3.0 mg of iodide, the maximum recommended daily 

amount as defined in Japan [16]. Detailed nutrient compositions of the two samples are shown 

in Table 1. 

 

Table 1. Profile of samples 

 Placebo Gagome 

Calories (kcal) 3.6 3.9 

Water (g) 0.1 0.1 

Proteins (g) 0.3 0.2 

Lipids (g) 0.0 0.0 

Carbohydrates (g) 0.7 0.7 

Ash (g) 0.2 0.0 

Sodium (mg) 0.0 0.4 

Dietary fiber (g) 0.2 0.0 

 

Study Design  

The clinical trial was performed in a placebo-controlled, randomized, double-blind clinical trial. 

Subjects were randomly divided into two groups, an active Gagome group (n=30) and a control 

(placebo) group (n=30) (Fig. 1). All of the subjects consumed 0.8 g/day (4 capsules/day) of 

either active Gagome or placebo for 8 weeks. The active capsules contained 200 mg of fucoidan 

dietary fiber. We advised the volunteers not to change their daily lifestyle, including meals, 

exercise, and alcohol consumption during this study. A blood sample was collected at week 0 

(W0) before intake of the first test sample, and at week 4 (W4) and week 8 (W8). 

 

Assessment of Immunogenicity  

Chromium-51 (51Cr) release assays were used to measure NK cell activity (PerkinElmer, 

Waltham, MA) at weeks 0, 4, and 8. Target cells were labeled with 51Cr, and the label was then 

released from the target cells by cytolysis. The supernatants from centrifugation could be 

counted directly by a gamma counter. All measurements were performed by the SRL clinical 

laboratory (Tokyo, Japan). 
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Serum Biochemical Measurement  

Hematological analyses were carried out for all types of blood cells [white blood cells (WBC), 

red blood cells (RBC), hemoglobin (Hb), hematocrit (Ht), and platelet count (Plt)]. Serum 

biochemical analyses were carried out on blood samples obtained at weeks 0, 4, and 8, 

including total immunoglobulin M (IgM), total immunoglobulin A (IgA), liver function test 

[aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl 

transpeptidase (γ-GTP), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH)], renal 

function test [blood urea nitrogen (BUN), creatinine (CRE), and ureic acid (UA)], serum lipids 

[total cholesterol (T-Cho), low density lipoprotein cholesterol (LDL-Cho), high density 

lipoprotein cholesterol (HDL-Cho), and Triglyceride (TG)], C-reactive protein (CRP), and 

blood glucose. These biomarkers were measured at a clinical laboratory testing center (Sapporo 

Clinical Laboratory Inc., Sapporo, Japan). 

 

Questionnaire  

All subjects were asked to report daily on any symptoms, fatigue levels, and defecation 

experienced during the study. For each symptom, levels of severity were set by degrees from 0 

to 100 mm and poor to good, respectively (visual analogue scale, VAS). Total numbers were 

summed up for analysis, and incidence rates (%) for each symptom were divided by the total 

incidence.  

 

Statistical Analysis  

All data were collected and analyzed independently of the investigators, who did not have 

access to the data or to its analysis. Only data analysts could access the data to perform 

statistical analyses. As for compliance, data were stored and maintained on secure servers, and 

backed up daily. Security updates were made in a timely manner regularly to ensure appropriate 

protection of the database. Between-group comparisons were assessed by Student’s t-test. The 

interaction between the group and the period of consumption (group-by-time interaction) was 

analyzed using repeated-measures analysis of variance (ANOVA). Between-group 

comparisons of actual values and the amount of change from baseline were assessed by 

Student’s t-test. Statistical analyses were performed using SPSS Statistic 20 (IBM, NY). A 

significance level of p < 0.05 was considered to indicate significance. 

 

Ethics Committee  

Ethical clearance was obtained from the ethics committee of Hokkaido Information University 

before the study was initiated (certificate number: 2015-14). Informed consent was obtained 
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after the contents of this study were explained to participants. Any undesirable events affecting 

a subject’s health during the course of the study were defined as adverse events. If a subject 

asked to be released from the study, the protocol was immediately terminated for that subject. 

This study was conducted in accordance with the Declaration of Helsinki. This study was 

registered at the UMIN Clinical Trial Registry (UMIN000019451) on October 23, 2015. 

 

RESULTS  

Baseline and demographic data  

Participants were recruited from among the residents of Ebetsu City (Hokkaido, Japan) and 

neighboring communities. The flow of participant involvement through the trial is shown in 

Figure 1. Subjects who provided consent (n=117) were assessed for eligibility, and a total of 

60 subjects were enrolled in this study. All enrolled subjects were randomized to one of the two 

intervention groups (Gagome group, n=30; placebo group, n=30). During the course of this 

study, 2 subjects discontinued the trial for personal reasons, due to starting of medication or 

relocation of residence. Thus, the number of evaluable subjects was 58 (Gagome group, n=29; 

placebo group, n=29).  

 

 

Figure 1. Flow diagram of the clinical trial. Values in parentheses indicate the number of 

participants. 
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There were no significant differences between the Gagome and placebo groups with regard 

to gender, age, body mass index (BMI), natural killer cell activity, or intake rate of test foods 

(Table 2).  

 

Table 2. Characteristics of subjects in the placebo and Gagome groups at the screening 

test.  

Characteristic Placebo Gagome p 

Subjects, n 29 29 - 

Male, n 5 5 1.00 

Age, years 51.69±8.23 50.00±7.39 0.41 

Body mass index, kg/m2 20.66±3.15 20.33±2.55 0.66 

Natural killer cell activity, % 18.76±7.87 19.41±7.31 0.74 

Intake rate, % 99.13±2.06 98.89±3.68 0.54 

Statistical analysis was performed by Student’s t-test for age, height, body weight, BMI, body fat percentage, 

and natural killer cell activity; by the chi-square test for gender; and by Mann–Whitney U test for intake rate. 

n; number of subjects. Values shown are means ± standard deviations (SDs). 

 

Serum biochemical data and vital signs  

We found no abnormal biochemical data for liver or renal functions, blood glucose, blood lipid, 

or CRP that would indicate any adverse effect in the Gagome or placebo group during the trial 

(Table 3). Values shown are means ± standard deviations (SDs). Vital signs (blood pressure, 

pulse, and body temperature) raised no safety concerns during the trial (data not shown). 

 

     Table 3. Biochemical data.  

    W0 W4 W8 

WBC Placebo 4.78±1.26 4.88±1.42 4.95±1.55 

(×103/μl) Gagome 4.83±1.05 4.76±0.95 4.82±0.95 

RBC Placebo 455.38±45.88 457.10±45.88 463.93±52.81 

(×104/μl) Gagome 427.47±33.87 432.39±32.96 438.28±34.78 

Hb Placebo 13.64±1.64 13.51±1.62 13.76±1.76 

(g/dl) Gagome 13.26±0.99 13.24±0.94 13.52±0.96 

Ht Placebo 41.64±3.79 41.29±4.12 41.80±4.49 

(%) Gagome 40.16±2.95 40.55±2.70 40.99±2.62 

Plt Placebo 24.83±6.76 25.18±6.39 26.10±6.49 

(×104/μl) Gagome 23.63±5.47 23.68±4.45 24.10±5.57 

AST Placebo 20.38±4.21 21.97±6.68 21.69±5.46 
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    W0 W4 W8 

(U/l) Gagome 21.83±4.69 21.07±4.74 22.79±5.66 

ALT Placebo 16.72±7.37 17.52±8.75 18.79±9.87 

(U/l) Gagome 18.10±7.30 16.71±5.37 19.76±7.92 

γ-GTP Placebo 19.79±10.97 20.24±11.74 21.21±12.53 

(U/l) Gagome 22.63±12.58 22.57±13.18 23.41±13.27 

ALP Placebo 179.38±49.36 181.79±50.93 185.48±51.00 

(U/l) Gagome 191.90±49.30 189.96±48.67 192.41±49.28 

LDH Placebo 181.24±29.55 188.34±27.94 188.52±28.97 

(U/l) Gagome 184.93±22.20 186.71±32.20 187.34±26.55 

BUN Placebo 13.26±3.66 13.20±3.57 14.05±4.05 

(mg/dl) Gagome 12.95±3.28 12.81±3.45 13.71±2.95 

CRE Placebo 0.76±0.13 0.74±0.12 0.74±0.13 

(mg/dl) Gagome 0.75±0.13 0.76±0.12 0.75±0.11 

UA Placebo 4.38±0.86 4.43±0.94 4.48±0.95 

(mg/dl) Gagome 4.32±1.11 4.38±1.22 4.29±1.34 

T-Cho Placebo 208.03±34.16 210.38±37.29 213.79±33.45 

(mg/dl) Gagome 210.70±26.57 213.82±24.11 222.48±26.34 

LDL-Cho Placebo 123.10±30.72 127.34±33.03 128.76±29.43 

(mg/dl) Gagome 124.53±26.44 128.68±26.10 134.24±26.93 

HDL-Cho Placebo 76.62±18.97 76.72±18.52 75.52±18.12 

(mg/dl) Gagome 80.27±14.79 79.79±16.96 79.72±15.12 

TG Placebo 82.86±37.56 73.17±30.98 81.97±38.85 

(mg/dl) Gagome 72.40±27.53 76.54±41.74 78.69±37.49 

Glucose Placebo 86.17±9.24 85.72±5.15 85.00±5.83 

(mg/dl) Gagome 84.53±6.07 84.75±7.73 85.59±6.22 

HbA1c Placebo 5.19±0.25 5.26±0.26 5.37±0.27 

(%) Gagome 5.17±0.28 5.19±0.29 5.29±0.29 

TSH Placebo 1.70±0.87 1.78±0.95 1.81±1.06 

(μIU/ml) Gagome 1.81±1.21 3.34±3.37 3.05±3.22 

T4 Placebo 7.34±1.06 7.00±0.79 7.18±0.99 

(μg/dl) Gagome 6.97±0.84 6.68±0.90 6.66±0.91 

CRP Placebo 0.07±0.15 0.05±0.05 0.06±0.06 

(mg/dl) Gagome 0.03±0.03 0.04±0.04 0.03±0.02 

     Values shown are means ± standard deviations (SDs). 
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NK cell activity  

As for immunological biomarkers, we measured NK cell activity and lymphocyte population 

analysis. The number of NK cells is critical for determining NK cell activity. Therefore, we 

carried out both overall and subclass analyses depending on baseline NK cell number for more 

detailed investigations. The average baseline NK cell number (120 × 103/l) was used as the 

cut-off between the low-NK-population and high-NK-population groups, respectively. As 

shown in Fig. 2a, we found no significant difference at either W4 or W8 in all subjects. In 

subclass analysis, we found marked increase of NK cell activity at W8 in the high-NK-

population group, as shown in Fig. 2b (p=0.03). 

(a)                                   (b) 

 

Figure 2. Differences in NK cell activity according to Gagome administration. (a) Difference 

in NK cell activity of all subjects. (b) Difference in NK cell activity in subjects whose baseline 

NK cell number was 120 × 103/l or more (placebo, n=12; Gagome, n=9). *p=0.03 

 

Change of immunoglobulin profiles  

We examined the effect of Gagome on the production of immunoglobulins, IgM and IgA. These 

immunoglobulins IgM and IgA are known to be good biomarkers to detect early-phase change 

of immunoglobulin profiles and gut immunity, respectively. We found no difference in IgM 

changes between the two groups at W8 (p=0.93) (Fig. 3a). On the other hand, an apparent 

increase of IgA was observed at both W4 (p=0.2) and W8 (p=0.21) in the Gagome group (Fig. 

3b). 

    (a)                               (b) 

 

Figure 3.  Changes of immunoglobulins. (a) IgM and (b) IgA levels in response to intake of 

Gagome and placebo. 

-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00
10.00

W0 W4 W8

(⊿
%
)

Placebo

Gagome

-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00

10.00

W0 W4 W8

(⊿
%
)

Placebo

Gagome

-4.00

-2.00

0.00

2.00

4.00

6.00

8.00

W0 W4 W8

(⊿
m

g
/d

l)

Placebo
Gagome

-4.00

-2.00

0.00

2.00

4.00

6.00

8.00

W0 W4 W8

(⊿
m

g
/d

l)

Placebo
Gagome

* 



Functional Foods in Health and Disease 2017; 7(10):758-772                        Page 767 of 772 
 

Change of cytokines 

We examined Th1-type cytokine levels to examine the effect of Gagome on immune function. 

In contrast, we found no difference in IL-12 change between the two groups (Fig. 4a), we 

identified higher IFN- production by Gagome than by placebo at W4, but not statistically 

significant (p=0.27) (Fig. 4b). 

    (a)                                (b) 

 

Figure 4. Changes of Th1-type cytokines. (a) IL-12 and (b) IFN- levels in response to 

Gagome or placebo. 

 

Questionnaire of effect of Gagome on various subjects 

All subjects were asked to make a daily report of any symptoms regarding fatigability and 

defecation during the study. In between-group analysis of physical fatigability, the VAS value 

of change was improved neither W4 nor W8 between the placebo and Gagome groups (p=0.9 

at W8) (Fig. 5a). On the other hand, we could identify a tendency of improvement by Gagome 

for mental fatigability, even though statistically not significant (p=0.3 at W8) (Fig. 5b). As for 

defecation, we expected this effect due to the presence of extra dietary fiber but observed little 

difference compared with the placebo (data not shown). 

    (a)                                (b) 

 

Figure 5. VAS study of Gagome on physical and mental fatigabilities in response to Gagome 

or placebo. (a) Change of physical fatigability (b) Change of mental fatigability. 
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DISCUSSION 

It is generally accepted that polysaccharides from various natural sources such as mushrooms 

and seaweed are potent immune-boosting natural compounds useful for health promotion. One 

report showed that intraperitoneally and orally administered -(1,3-1,6) glucan isolated from 

Aureobastidium pullulans prevented the reduction of the number of NK- and IFN--positive 

cells induced by implantation of tumor cells [17]. This suggested that the anti-tumor effect of 

the -glucan was due to the enhancement of intestinal immune functions by way of NK cell 

activation through IL-12 and IFN-  production. 

Seaweeds such as Gagome and Mekabu are rich in bioactive polysaccharides. Animal 

studies on the use of Gagome and other seaweeds have been extensively performed, focusing 

on the improvement of lifestyle diseases. In particular, brown algae is a group of traditional 

seaweeds that have long been consumed in Japan and other East Asian countries. Recently, 

there has been increasing interest in the use of brown algae as health foods as they contain 

several polysaccharides, particularly fucoidan, from the point of view of metal chelation and 

immunomodulation [1, 2].  

To the best of our knowledge, human studies on Gagome are limited. Thus, it would be 

worthwhile if we could prove the health effects of Gagome in humans. Concerning this issue, 

a research group reported the efficacy of fucoidan extracted from Gagome in healthy adults [9]. 

In a randomized, double-blind, placebo-controlled study, 30 subjects who consumed extracted 

Gagome dietary fiber (200 mg/day) or placebo for 4 weeks were enrolled. Intake of this amount 

of fucoidan for 4 weeks significantly suppressed the decrease in production of the Th1-type 

cell-derived cytokines IFN- and IL-12. They concluded that Gagome-derived extracted 

fucoidan (200 mg/day) was a useful and safe food ingredient to support immune function.  

On the other hand, in this study Gagome overall was less effective than expected (Fig. 2). 

We could only demonstrate a significant elevation of NK cell activities by Gagome in the group 

with higher baseline number of NK cells. In this study, we used a much lower amount of 

Gagome fucoidan (ca. 80 mg/day) than in the previously mentioned study. We could not set the 

optimal and sufficient dose of Gagome fucoidan (200 mg/day) used in the previous study [9] 

because of the upper limit of iodine intake recommended by Food Safety in Japan [16]. In the 

end, we had to use a relatively lower amount of Gagome, which was not enough to elicit the 

immune response of NK cell activity.  

Concerning elevation of NK cell activity in response to fucoidan, it is hypothesized that 

IL-12 induces the differentiation of Th-1 cells, resulting in IFN- production followed by NK 

cell activation. In view of signal transduction, there was no clear enhancement of either IL-12 

or IFN- production (Fig. 4). As for potential factors affecting the outcomes, we considered the 
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potential that NK cell activities of participating subjects were as a total higher. Likewise, we 

sometimes experienced that increase of NK cell activities in response to functional foods are 

not well observed for groups with higher baseline NK cell activities; it hinders clear detection 

of the effectiveness of immune stimulation. Nevertheless, the data obtained by the current study 

suggests the possibility that Gagome intake at least in part stimulates the Th-1 type pathway 

for NK cell activation. In order to further investigate this possibility, it would be worthwhile to 

perform these experiments by recruiting subjects with initially low NK cell activity. Moreover, 

it may be necessary to process Gagome fucoidan dietary fiber to contain a lower amount of 

iodide, which would make it possible to increase the dosage. In those conditions, we may be 

able to clearly prove that Gagome intake plays an important role in the stimulation of immune 

mechanisms. 

The luminal environment of the intestines affecting the systemic immune response is 

increasingly recognized as of great importance [18-20]. Mucosal immunity including the 

function of microbiota is the key to understanding the health aspects of many foods. As major 

luminal contents in the intestines, components of a normal diet should stimulate innate immune 

cells, providing a link between food components and specific immunity, where IgA plays an 

essential role. Yan et al demonstrated that Gagome markedly enhanced cytokine production 

and intestinal antigen-specific IgA antibody after systemic immunization [15]. We 

demonstrated that IgA levels were raised in response to Gagome intake. Another report 

demonstrated that highly viscous polysaccharide extract from Gagome stimulated the secretion 

of IgA in spleen cells and Peyer’s patch cells in mice [2]. The result of this animal experiment 

is consistent with our current results, as shown in Figure 3. 

IgA is the main immunoglobulin of the mucosal immune system [21]. In particular, it 

provides an anti-infectious mechanism by neutralizing pathogens and their toxins, preventing 

pathogens from binding to mucosal surfaces and enhancing the protective effects of other 

immune factors [2]. Therefore, it seems administration of Gagome would be beneficial in 

preventing intestinal infectious diseases. From these results, it is conceivable that Gagome 

dietary supplementation could effectively enhance both intestinal and the whole body health. 

Lastly, we demonstrated that the continuous intake of Gagome may be beneficial for 

boosting the immune system and may be recommended for subjects who are poor immune 

responders due to aging or chronic diseases. Furthermore, the current study provided some 

evidence that Gagome intake would activate adaptive and innate immune responses. As for 

other functional materials other than fucoidan, alginate can protect cells from apoptosis by 

inducing the secretion of specific cytokines and also regulating the uptake of cholesterol and 

glucose [10-12]. Laminarin, on the other hand, has activities to lower blood cholesterol, in 
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addition to facilitating wound healing [13, 14]. Therefore, the structurally various types of -

glucan contained within these functional materials are considered to play specific roles in the 

immune responses [22]. We also discovered a new aspect of Gagome. From the results of 

questionnaires, we found some evidence suggesting that Gagome may be effective for the 

improvement of mental stress or mental “fatigability” (Fig. 5). Microbiota are widely involved 

in the intestine-brain axis; this aspect of Gagome needs further investigation. In conclusion, 

based on the findings demonstrated in this study, we expect that Gagome dietary 

supplementation potentiates the host defense system and protects the human body from various 

kind of diseases related to immune systems.  

 

List of Abbreviations: NK, natural killer; IL-12 and IFN-, cytokines; 51Cr, Chromium-51; 

WBC, white blood cells; RBC, red blood cells;Hb, hemoglobin; Ht, hemocrit; Plt, platelet 

count; IgM, total immunoglobulin M; IgA, total immunoglobulin A; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase; -GTP, renal transpeptidase;  ALP, alkaline 

phosphatase; LDH, lactate dehydrogenase; BUN, blood urea nitrogen; CRE, creatinine; UA, 

ureic acid; T-Cho, total cholesterol; LDL-Cho, low density lipoprotein cholesterol; HDL-Cho, 

high density lipoprotein cholesterol; TG, Triglyceride; CRP, C-reactive protein; VAS, visual 

analogue scale; ANOVA, analysis of variance; BMI, body mass index; SD, standard deviation. 
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