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ABSTRACT

Patients with Autoimmune Diseases (AD) are at in-
creased risk of complications, which adversely affect
the quality of life and prognosis. Recently, a large
amount of literature suggested reduced oxidative
stress by hydrogen supplements in reducing inflam-
mation and improving prognosis. In this study, clinical
trial NCT05196295, we randomly assigned different
dosages (low, medium, and high) of hydrogen-rich
coral calcium (HRCC) to patients with autoimmune
diseases, including Rheumatoid Arthritis (RA) and Sys-
temic Lupus Erythematosus (SLE) patients in Ming-
Sheng Hospital in Taiwan (age 54 years, 80% females).
Participants were measured with their baseline health
biomarkers including inflammatory indicators, haema-
tologic, urinary biomarkers, and health status prior to
the trial. Clinical and follow-up assessments were col-

ABBREVIATIONS

AD: Autoimmune Diseases; HRCC: Hydrogen-Rich Coral
Calcium; RA: Rheumatoid Arthritis; SLE: Systemic Lupus Ery-
thematosus; QOL: Quality of Life; CRP: C-Reactive Protein;
DAS-28: Disease Activity Score (the number 28 refers to the
28 joints that are examined in this assessment); 8-OHdAG 8-hy-
droxy-2’-deoxyguanosine, measurement of oxidative stress; IL-
6: Interleukin-6; BFI-T: Brief Fatigue Inventory-Taiwan; WBC:
White Blood Cells; RBC: Red Blood Cells; MCH: Mean Corpus-
cular Hemoglobin; MCV: Mean Corpuscular Volume; MCHC:
Mean Corpuscular Hemoglobin Concentration; HbA1C: Hemo-
globin Alc; TG: Triglycerides; CHOL: Cholesterol; HDL-C:
High Density Lipoproteins; LDL-C: Low Density Lipoproteins;
hs-CRP: High-Sensitivity CRP; ESR: Erythrocyte Sedimentation
Rate; eGFR: Estimated Glomerular Filtration Rate; PLT: Platelets

INTRODUCTION

Autoimmune diseases (AD) are inflammatory diseases that cause
the immune system to attack joints, bones, muscles, and organs
(van der Heijde D, ef al., 2018; Kumar BS, et al., 2017) affecting
approximately 5%-8% of the world population (Wang L, et al.,
2015). Common symptoms include joint pain, fatigue, skin prob-
lems, digestive issues, recurring fever, and inflammation-swelling,
redness, and warmth in a joint or affected area. AD can cause
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lected after 1 month of the treatment. We performed
analyses to compare the baseline with the changes
after the HRCC treatment. Together with the groups
treated with different dosages, the treatment demon-
strated no adverse effects on participants’ responses
to the HRCC. While the primary endpoint of the trial
was met, the potential therapeutic effects of HRCC
are addressed for future studies. This clinical trial of
HRCC in safety response is the first-in-human study.
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damage to vital organs, including the lungs, heart, nervous sys-
tem, kidneys, skin, and eyes, thereby affecting the quality of life
and survival time.

Patients with Rheumatoid Arthritis (RA) have poor Quality of
Life (QOL) resulting from the overproduction of pro-inflamma-
tory cytokines such as TNF-a and IL6, and often have an elevated
Erythrocyte Sedimentation Rate (ESR, also known as sedimenta-
tion rate), or C-Reactive Protein (CRP) level, which indicate the
presence of an inflammatory process in the body (Greenmyer JR,
et al., 2020). Patients with RA report a high level of disease activ-
ities, measured by the DAS-28 (Kumar BS, et al., 2017; Greenmyer
JR, et al., 2020), including measurement of patient feedback, joint
swelling and tenderness, CRP, and ESR, which is considered the
gold standard of RA remission (Sheehy C, et al., 2014; Greenmyer
JR, et al., 2020).

Current treatments of RA are based on biological response modi-
fiers (biologicals) such as inhibitors of TNF-alpha and certain
interleukins to overcome the overproduction of pro-inflamma-
tory cytokines (Tank ND, et al., 2017), and medications that slow
disease and prevent joint deformity, called Disease-Modifying
Antirheumatic Drugs (DMARDs) (Tank ND, et al., 2017). De-
spite all the options of treatments, RA patients experience sleep
and skin complications, movement difficulties, joint pains, and
stroke (Table 1).
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Table 1: Qualitative responses of the 15 patients

Number | Patient | Sex | Age Dosages Qualitative response before treatment Qualitative response after treatment
1 HRO013 F 48 6 Capsules/day N/A-patient did not Sleep improved, dry skin
report
2 HRO14 | F 52 6 Capsules/day RA hand symptoms Easier bowel movement, pains at joints
maintained
3 HRO15 | F 58 6 Capsules/day Sleep condition very bad; bad eye sight; Sleep improved, ear itchiness, dry hand and
anxiety eye improved
4 HRO16 | M | 84 6 Capsules/day Hear and eye sight problems Don't think HRCC
helps
5 HRO17 | F 55 6 Capsules/day Numb hands, easily anxious Knees became more
comfortable but conditions rebounded
6 HRO006 | F 68 3 Capsules/day Patients with lupus Joints pains
erythematosus,
pancreatic cancer
7 HRO008 56 3 Capsules/day Willing to try HRCC Energy improved
8 HRO10 57 3 Capsules/day Hypertension Sleep improved
treatment intake
9 HRO11 38 3 Capsules/day Walk habit, weight loss difficulty Ankles condition improved
10 HRO12 | F 50 3 Capsules/day Can't hear well Skin itchiness improved
11 HRO001 70 1 Capsule/day No specific changes Swelling wrist, breathing difficulty, hip pain
maintained
12 HRO002 32 1 Capsule/day N/A-patient did not report No specific changes
13 HRO003 40 1 Capsule/day Dry hands, lupus N/A-patient did not report
erythematosus,
sinusitis
14 HR004 | M 68 1 Capsule/day N/A-patient did not report Sleep difficulties
15 HR005 | F 54 1 Capsule/day N/A-patient did not report Brain fog improved, energy and sleep
conditions improved, measles and eczema
improved

While there is no cure for RA, patients can be effectively regulated with
supplements and self-management interventions (Ohta S, 2014). Recently,
a large body of scientific research has suggested active hydrogen molecules
as a therapeutic agent in preventing or treating inflammation and oxida-
tive-stress-related human or animal disease models (Ara J, et al, 2018;
Barancik M, et al., 2020; Ishibashi T, et al., 2012; Javorac D, et al., 2019;
Meng J, et al., 2016; Nakayama M, et al., 2017; Ohsawa I, et al., 2007; Ono
H, et al., 2017; Tamaki N, et al., 2016; Terasaki Y, et al., 2019). There are
many ways to use hydrogen such as inhalation of hydrogen, drinking Hy-
drogen-Rich Water (HRW), and molecular hydrogen as treatments (Yang
E et al.,, 2020). Hydrogen element in the clinical trial has been used in the
non-gaseous form, for example, HRW to improve patients with Parkin-
son’s disease. Hydrogen-rich saline containing 1 ppm hydrogen had started
to demonstrate effects in reducing the active phase of rheumatoid arthritis;
hydrogen-rich tablets in treating soft-tissue injuries in male occupational
athletes; oral hydrogen-rich capsules, a blend of the hydrogen-generating
minerals was also shown to improve insulin resistance in obese patients
(Yang E, et al., 2020).

It has been discovered with therapeutic antioxidants and anti-inflamma-
tory effects of molecular hydrogen in oxidative-stress-related diseases.
Molecular hydrogen selectively reduces cytotoxic oxygen radicals in brain
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injuries (Ohsawa L, et al., 2007); it is a unique biological capacity to act asan
antioxidative and anti-inflammatory substance against organ damage dur-
ing ischemia and inflammation therapeutic antioxidant for the improve-
ment of cerebral infarction in neuroprotection (Ono H, et al., 2017), an
anti-inflammatory agent in chronic-dialysis patients (Nakayama M, et al.,
2017), a diminisher of neurologic injury following experimental circula-
tory arrest in swine, an accelerator in the rat models of oral palatal wound
healing (Tamaki N, et al., 2016), and a regulator of reactive oxygen spe-
cies and oxidative stress in the cardiovascular and central nervous systems
(Barancik M, et al., 2020), an eliminator of the fine particles from the lungs
and blood by enhancing phagocytic activity (Choi J, et al., 2017).

Additional health benefits of hydrogen include antifatigue and positive
metabolic effects. Forced swimming mice drinking hydrogen water (Ara
J, et al., 2018) showed a reduction in blood glucose, lactate, and BUN in
serum after the treatment. Athletes showed boosting in running per-
formance, and torso strength in healthy adults given hydrogen inhalation
(Javorac D, et al., 2019). Further coral hydrate (Wu HT, et al., 2022), the
molecular hydrogen has shown effects in reducing total sleep time and
sleep falling time to improve alcohol intoxication in mice (Wu HT, et al.,
2022).
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Molecular hydrogen might protect against Rheumatoid Arthritis-Associ-
ated Interstitial Lung Disease (RA-ILD) by decreasing oxidative stress in
mice (Terasaki Y, et al., 2019). In addition, Meng Y, et al., 2016 discov-
ered decreased 8-hydroxy-2’-deoxyguanosine (8-OHdG), reduced oxi-
dative stress in fibrous synovial cells (RA-FLSs), and reduced abnormal
proliferation in RA mice (Meng Y, et al, 2016). In clinical trials, reduced
oxidative stress and disease activity has been demonstrated in patients
with rheumatoid arthritis treated with a high concentration of molecular
hydrogen (Ishibashi T, et al., 2012), reduced serum biomarkers for RA,
Tumor Necrosis Factor-a (TNF a), Interleukin-6 (IL-6), Matrix Metallo-
proteinase-3 (MMP-3), and urinary 8-hydroxydeoxyguanosine (8-OHdG)
were reported in the trial received infused molecular hydrogen in saline
(Ishibashi T, et al., 2014). The role of molecular hydrogen as a free radical,
or antioxidant in autoimmune oxidative stress, and the effects of molecular
hydrogen in inflammation reduction play a role in several preventive and
therapeutic applications. The latest international research shows that sup-
plementation of molecular hydrogen as an aid, adjuvant (Si Y, et al., 2021;
Yang E et al., 2020) can speed up the course of AD disease.

It is interesting to explore how molecular hydrogen may have the ability
to speed up recovery the of AD disease. The purpose of this study is to de-
termine the safety and possible efficacy of Hydrogen-Rich Coral Calcium
(HRCC), the molecular hydrogen in different dose exposures as the first
clinical study in AD patients.

MATERIALS AND METHODS
Safety measurements assessed

Our primary outcome measures are any adverse effects/symptoms (where
time frame is up to 28 days). Any adverse effects will be codified according
to Common Terminology Criteria for Adverse Events (NCI CTCAE v5.0).
Secondary outcome measures include-

« Changes in physiological parameter (Blood routine) (Time frame:
Change from baseline blood routine at day 28).

o Changes in physiological parameter (Urine routine) (Time frame:
Change from baseline urine routine at day 28) and

« Changes in Brief Fatigue Inventory-Taiwan (BFI-T) (6 questions) (Time
frame: Change from baseline BFI-T at day 28).

The BFI-T is a 9-item, 11-point scale developed to assess subjective fatigue.
The first three questions measure fatigue severity from 0, indicating “no
fatigue;” to 10. Full range from 0 to 100. The specific safety variables to
be assessed and laboratory tests to be conducted included urinary bio-
markers of sugar, protein, bilirubin, ketones, occult blood, specific gravity,
PH, urobilinogen, nitrite, leukocyte, and microscopic examination, Serum
biomarkers of Hemoglobin (HGB), WBC count, platelet, RBC count,
hematocrit, MCH, MCV, MCHC, Seg. neutrophils, lymphocyte, eosin-
ophilic, basophils, monocyte, SGPT, CRE, UA, AC sugar, HbAIC, TG,
CHOL, HDL-C, LDL-C, CRP, hs-CRP, ESR, and eGFR.

Study design

15 rheumatologic and autoimmune patients (14 RA patients and 1 System-
ic Lupus Erythematosus [SLE] patient) were recruited from the Min-Sheng
General Hospital for this study. Participants were screened by doctors for
their eligibility and underwent a series of tests (questionnaires and exam-
inations). Consenting participants will then be allocated into 3 groups by
different dosages (Low, n=5; Medium, n=>5; High, n=5). Patients receive a
different dosage, 1 (Low), 3 (Medium), or 6 (High) capsules of HRCC with
their conventional treatment every day for one month. Investigators exam-
ined for any changes in haematologic, urine analysis, and health status dur-
ing and following the exposure period.
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Materials

Hydrogen capsules (Pure hydrogen) were purchased from HoHo Biotech
Co., Ltd. (Taipei, Taiwan). Each hydrogen capsule contains 170 mg Hydro-
gen-Rich Coral Calcium (HRCC) with 1.7 x 10*' molecules of hydrogen
(around 24 cups of 1,200 ppb/0.6 mM, 200 ml of Hydrogen Water). There-
fore, the low dose contains 170 mg, the medium dose, 510 mg, and the high
dose contains 1,020 mg HRCC.

Timeline

Participants were instructed on the experimental procedure and obtained
their consent on week 0. Participants had their blood drawn and urine
tested at 10 ml, measured body weights, blood pressure, and blood oxy-
gen, received 7 days of capsule consumption, and completed the pre-test
BFI-T surveys during week 1. Participants had their body weights, blood
pressure, and blood oxygen measured, reported any adverse effects, and
received 21 days of capsule consumption and the instructions for intake on
week 2. Participants had their blood drawn and urine tested at 10 ml and
completed post-test BFI-T surveys on week 5. Research assistants provided
weekly care and reminded the time for a return.

Statistics

In this report, 14 RA patients are used for the analyses for DAS-28 and
BFI-T (RA-specific indicators). 15 (RA+SLE) patients are used for CRP,
ESR, and urinary and plasma indicators.

Data are expressed as mean and standard deviation (STD). Statics, p<0.05
indicates a significant difference. Analyses were conducted using paired
sample T-test. Statistical software Prism is used for statistical analyses.

RESULTS
Demographics

All the data are from the 15 patients (14 RA+1 SLE) (3 males, 12 females;
mean age: 54 years [range, 44-96]). The 14 RA patients are described below
(Table 2). No patients administered HRCC complained of any adverse ef-
fects or changes in general conditions such as hyper-or hypotension, pale-
ness, dizziness, diarrhea, pain, and general discomfort (Table 1). On the
contrary, 2 out of the 15 treated patients reported improved energy, 2 out of
15 patients improved sleep conditions, and 1 out of 15 relieved defecating
after the treatment (Table 1).

Table 2: The demographics and baseline of RA

Number of Total Male Female
patients 14 3 11
Age, mean * 66 74 49
SD days
BFI-T 59.28 73.33 55.45
DAS-28 5.18 6.39 4.85
DAS-28

Rheumatoid arthritis activity is measured by Disease Activity Score 28
(DAS-28) at a given moment in time. DAS-28 is calculated based on sever-
al different factors, including lab results, patient feedback, and joint swell-
ing and tenderness. Before the treatment, the average DAS score was above
the higher bound of the normal range of 5.1 (M=5.18, SD=1.59). After
the treatment, one sample t-test indicated that DAS-28 after the treatment
(M=4.64, SD=1.44) was significantly lower than DAS-28 before the treat-
ment where t(14)=2.64, p=0.02, d=13) (Figure I). Interestingly, the dose ef-
fects were pronounced in the DAS-28; the group treated with a high dosage
(6 capsules/day) significantly reduced the score and t(5)=4.4, p=0.01, d=4)
(Figures 2A-2C), while the medium (3 capsules/day) and low (1 capsule/
day) dosages did not show a difference.
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DAS-28
10 %

before after

Figure 1: Score before and after the treatments of DAS-28

Note: The normal range of DAS-28 falls between 3.2 and 5.1, indi-
cating moderate disease activity. Here scores below 3.2 indicate low
disease activity. Scores lower than 2.6 indicate disease remission.
Where mean +SEM, *p<0.05; **p<0.01; ***p<0.001 in paired stu-
dent t-test.
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Figure 2: Dose effects were illustrated in DAS-28 scores (A) DAS-28
with high dosage (B) DAS-28 with medium dosage (C) DAS-28 with
high dosage

Note: The normal range of DAS-28 falls between 3.2 and 5.1, indi-
cating moderate disease activity. Here scores below 3.2 indicate low
disease activity. Scores lower than 2.6 indicate disease remission.
Where mean+SEM, *p<0.05; **p<0.01; **p<0.001 in paired stu-
dent t-test.

Brief Fatigue Inventory-Taiwan (BFI-T)

BFI-T before the treatment was 59.29 (SD=14.92). BFI-T after the treat-
ment was 43.57 (SD=18.65). One sample t-test indicated significantly
lower BFI-T after the treatment t(14)=5.078, p=0.0002, d=13) (Figure 3).
This result indicated that HRCC treatments may enhance patients’ gen-
eral health conditions. Interestingly, the dose effects were pronounced in
BFI-T; the group treated with a high dosage (6 capsules/day) significantly
reduced the score t(5)=6, p=0.004, d=4). So does the medium dosage (3
capsules/day) t(4)=7, p=0.006, d=3) (Figures 4A-4C).
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Figure 3: Score before and after the treatment of BFI-T

Note: BFI-T score of 0 indicates very comfortable; a score of 100 in-
dicates very uncomfortable. Where mean + SEM, *p<0.05; **p<0.01;
**p<0.001 in paired student t-test.
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Figure 4: Dose effects were illustrated in BFI-T scores (A) BFI-T
with high dosage (B) BFI-T with medium dosage, (C) BFI-T with
high dosage

Note: BFI-T score of 0 indicates very comfortable; a score of 100 in-
dicates very uncomfortable. Where mean + SEM, *p<0.05; **p<0.01;
**p<0.001 in paired student t-test.

ESR and CRP

Erythrocyte sedimentation rate (ESR), known as sedimentation rate, and
the C-Reactive Protein (CRP), the protein liver produces in response to
inflammation are the indicators of the inflammatory process in the body.
People with rheumatoid arthritis often have elevated rates in both indica-
tors. CRP baseline was 2.8 mg/dl (SD=4.86), which decreased to 1.3 mg/dl
(SD=2.22) after the treatment (N=14). Interestingly, most of the low dosage
treated patients showed a trend of decrease in C.R.P. Despite no significant
difference being observed after the treatment; t(14)=1.47, p=0.17, d=13)
(Figure 5A), a trend of decrease in CRP is observed after the treatment.

ESR 60°

Before the treatment, the baseline was 53.27 (SD=42.27) and decreased
to 51.40 (SD=36.03) after the treatment (N=15). No significant difference
was found before and after the treatment, t(15)=0.29, p=0.77, d=14 (Figure
5B). Interestingly, most high dosage (6 capsules) treated patients showed
a trend of decrease in ESR60’; t(5)=1.73, p=0.16, d=4) (Figure 5C). Larger
groups of samples are interested in future studies.
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Figure 5: Average ESR and CRP of autoimmune disease patients (A)
CRP; (B) ESR 60’ (all the dosages); (C) ESR 60’ (6 capsules/day)
Note: Where the normal range of ESR (in males: <10, in females: <15
mm/1hr); CRP<1 mg/dL

Complete Blood Count (CBC)

Complete Blood Count (CBC) provides basic information about health,
which can be used to detect or monitor many different health conditions.
CBC s often considered along with other factors in determining the health
condition (Ahmed MM, et al., 2020). In this report, we examined HRCC
effects on WBC, including monocyte and neutrophil, RBC, HGB, and
platelets, the indicators associated with an inflammation response in the
patients.

WBC

WBC baseline was 6891 pL (SD=2051.5), which decreased to 5331 pL
(SD=1625.5) in a week and to 5331 pL (SD=2207.1) after the treatment.
Despite a normal baseline, one sample T-test was performed to investigate
the degree of changes. One sample T-test suggested a significant decrease
of WBC after the treatment; t(15)=2.27, p=0.04, d=14) (Figure 6A). Inter-
estingly, most of the dosages treated patients show a trend of increased
monocyte and decreased neutrophils. One sample t-test showed a signifi-
cant increase in monocytes from 6.22% (SD=5.17) to 7.47% (SD=5.24)
(Figure 6B); t(15)=2.55, p=0.02, d=14 and decrease in neutrophils from
67.76% (SD=12.95) to 55.72% (SD=13.74); t(15)=2.56, p=0.02, d=14 (Fig-
ure 6C). The WBC of low dosage (1 capsule/day) demonstrated a dose ef-
fect. Similar effects are shown in the neutrophil group.

WBC
15000 -
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5000
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Figure 6A: Average CBC in autoimmune disease patients and the
significant decrease of WBC after treatment

Note: The normal range of WBC is 3250~9160/ pL. Here, data rep-
resent mean + SEM, *p<0.05; **p<0.01; **p<0.001 in paired student
t-test.
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Figure 6B: Average WBC in autoimmune disease patients and sig-
nificant increase in monocytes

Note: The normal range of monocytes is 3.3%-8.9%. Here, data rep-
resent mean + SEM, *p<0.05; **p<0.01; ***p<0.001 in paired student
t-test.

Neutrophils

before after

Figure 6C: Average CBC in autoimmune disease patients and de-
creased count of neutrophils

Note: The normal range of neutrophils is 41.6%-74.4%. Here, data
represent mean + SEM, *p<0.05; **p<0.01; ***p<0.001 in paired stu-
dent t-test.

HGB

In both sex groups, the HGB baseline was 12.125 g/dL (SD=1.67), which
increased to 12.32 g/dL (SD=1.47) in a week and 12.75 g/dL (SD=1.98)
after the treatment. One sample t-test suggested no significant difference in
the changes found after the treatment; t(15)=0.5, p=0.62, d=14) (Figure 7).
The males showed a baseline of 10.4 g/dL, which increased to 11.1 g/dLina
week and 10.97 g/dL after the treatment. The females showed a baseline of
12.7 g/dL, which increased to 12.84 g/dL in a week, and to 13.43 g/dL after
the treatment. The overall values are increased in both groups, while 10.97
g/dL after the treatment is still out of the normal range for the males. 12.84
g/dL of females after the treatment is within the normal range.
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Figure 7: Average CBC in autoimmune disease patients and changes
in HGB

Note: The normal range of HGB males is 13.1~17.2 g/dL and females
is 11.0~15.2 g/dL

RBC

RBC baseline was 435.13 pL (SD=79.0) in the normal range decreased to
430 pl (SD=76.6) in a week and to 436.73 pl (SD=76.1) after the treatment.
One sample t-test suggested no

significant difference in the changes found after the treatment; t(15)=0.31,
p=0.21, d=14) (Figure 8A).

PIT

PLT baseline was 219 pL (SD=31.9) in the normal range, 239 uL (SD=91.3)
in a week, and 245 (SD=64.4) pL after the treatment. Although the baseline
was normal, one sample t-test was performed to investigate the degree of
changes resulting; t(15)=2.14, p=0.05, d=14) (Figure 8B). A trend of in-
crease in PLT is found after the treatment.
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Figure 8: Average CBC in autoimmune disease patients (A) RBC;
(B) PLT

Note: The normal range of RBC in males is 421~590 x 10*/ uL and
females is 378~525 x 10*/uL. Similarly the normal range of platelets
is 150~378 x 10%/puL.

DISCUSSION

This study protocol was approved for the IRB where the primary endpoint,
safety is established. This study illustrates that HRCC in the capsules with
different dosages, used for a month pronounced no toxicity, nor adver-
sity effects in ranges of the DAS-28, CRP, ESR, and plasma or urinary
biomarkers, nor unexpected circumstances in the patients. According to
patients’ qualitative responses, the use of hydrogen supplement HRCC did
not result in adverse acute side effects. Given the first safety, the endpoint
is established, and the efficacy endpoint can be pursued in future trials.
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Results of DAS-28 and BFI-T scores showed a significant decrease and a
trend of decreased ESR and CRP under the effect of treatments. This result
indicated that HRCC treatments might enhance patients’ general health
conditions and reduce the DAS-28 score. Nevertheless, larger groups of
longitudinal samples are interested in future studies to understand the ef-
fects of ESR and GRP. Given the fact that DAS-28 and BFI-T measure the
disease activities of the joints and the overall comfort levels, it is reasonable
the patients demonstrated an overall improvement in physical health in
a short timeframe. Serum and urinary biomarkers measure physiology;
therefore, it may take time to take effect. Future studies are recommended
to last for at least 3 months upon patients’ first visit in consideration of
increased experimental length.

In our study, a significant decrease in the WBCs and neutrophils and an
increase in the monocytes were demonstrated after the treatment. It is
worth exploring the role and mechanisms of HRCC in interacting with the
plasma and urinary biomarkers. For example, the role of HRCC in oxygen
transportation, the vital role of RBC. We also found a trend of increase in
estimated glomerular filtration rate (¢GFR), the measure of renal function
in two of the AD patients. eGFR baseline was 137.35 ml/min/1.73 m2, in
the normal range, increased to 154.05 ml/min/1.73 m2 after the treatment.
It is interesting to understand how HRCC plays a role in the inflamma-
tion and metabolic pathways, and how it interacts with the eGFR signaling
pathway.

Furthermore, patients reported improved energy, improved sleep condi-
tion, and defecating relief in the IRB qualitative responses which illustrate
the potential of hydrogen as an adjuvant used with medicines for RA and
other autoimmune diseases. Similar effects such as antifatigue effects were
seen in the chronic forced swimming mice drinking hydrogen water (Ara
J, et al., 2018) and boosting running performance, and torso strength in
healthy adults given hydrogen inhalation (Javorac D, et al., 2019). As a
few patients reported increased energy levels, it is worthwhile to explore
the effects of HRCC on the cell energy level, and the mechanisms regard-
ing the role of HRCC on the metabolic pathways. The limitations of the
study include its sample size, duration, and dosage, so safety signals that
arise from rare susceptibilities, longer use, or higher dosage may not be
detected. Also, as HRCC contains calcium, we may have to include more
biomarkers in addition to those for general and RA patients to better as-
sess the potential effects of calcium supplementation in the study. Future
experiments will include historical control and the RA treatment groups
as references.

Considering the results of safety, longitudinal and control studies can be
proceeded to answer additional questions such as the role of HRCC in
regulating RA-related biomarkers and the effects of HRCC in RA treat-
ments. Future studies will also look into the individual response of HRCC
in SLE patients versus in RA patients. In this report, the SLR (HR006) pa-
tient demonstrated increased PLT from the abnormal 148 x 10°/uL to 163
x 10°/uL, whereas 150~378 x 10°/uL is the normal range. This particular
patient also demonstrated decreased cholesterol (L.D.) from 137 to 81 (mg/
dL), while other patients do not illustrate such degrees of change. HRCC
effects in responses to different autoimmune diseases are worth to be in-
vestigated. Current side effects of RA treatments include serious infections,
hepatitis B infection in carriers of the virus, allergic reactions, nervous sys-
tem problems, blood problems, heart failure, Immune reactions including
lupus-like syndrome, liver problems, and psoriasis (Scheinfeld N, 2005).
While how the HRCC capsules act on the target or aid in regulating the
RA-related biomarkers is unknown, it is important to minimize patient
discomfort, reduce clinic visits, and reduce disability.

CONCLUSION

To date, the results of this study as the first human clinical trial suggested
that HRCC capsules are safe and do not result in adverse effects by dose.
Initial results of changes in biomarkers including alleviation in DAS-28,
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BFI-T, and WBC as a result of HRCC demonstrate the potential of HRCC
as an adjuvant to conventional RA and AD medicines. Future studies will
be conducted to validate the efficacy of HRCC in an effort to reduce the
side effects of current medicines and enhance the quality of life.
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