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Introduction: Evidence indicates that, in animal models, Antrodia cinnamomea (AC) mycelium is in vitro
hypotensively active. Convincing evidence of the clinically relevant benefits of AC mycelium in humans,
however, is unclear. Hence, this pilot randomised clinical trial was conducted to assess the effects of AC
mycelium on blood pressure and other cardiovascular risk factors in patients with mild hypertension.
Methods: Forty-one patients with systolic blood pressure (SBP) between 130 and 179 mmHg or diastolic
blood pressure (DBP) between 85 and 109 mmHg were randomised then treated with either AC mycelium
or starch (placebo) for 8 weeks and were followed up for an additional 2 weeks.

Results: SBP in the patients treated with AC mycelium was significantly lower (144.86+11.34 to
133.10 £ 10.90 mmHg; p <0.05) than in patients treated with the placebo. DBP was also significantly
(p <0.05) lower (it fell from 96.19 4 7.42 to 91.38 4 7.56 mmHg) after 8 weeks of AC mycelium treatment.
There were no significant changes in anthropometric, lipid profile, or biochemical parameters between
the placebo- and AC mycelium-treated groups, except for reduced plasma renin activity after AC
mycelium treatment.

Conclusions: There were neither adverse events nor abnormal laboratory findings throughout the study
period, which suggested that AC mycelium significantly reduced mild hypertension; this might support
the hypothesis that it is a safe alternative treatment for mild hypertension.

Trial registration: Chung Shan Medical University Hospital Internal Review Board approval number:

CS11043; ClinicalTrial.gov registration number: NCT02532699.

© 2016 Elsevier GmbH. All rights reserved.
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Research Center; BMI, body mass index; BUN, blood urea nitrogen; BW, body
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1. Introduction

In 2013, the World Health Organization pointed out that
hypertension is a global public health problem [1]. High blood
pressure (BP) affects one in four adults worldwide and accounts for
40% of cardiovascular-related deaths [2]. Finding a viable
preventative treatment is therefore crucial for helping to decrease
the incidence and, therefore, the morbidity and mortality of the
disease. In essence, practicing a healthy lifestyle and diet would be
recommended as the first-line treatment in preventing hyperten-
sion. Mushrooms, for example, have significant medicinal value for
diseases such as hypertension [3].

Antrodia cinnamomea (AC)(niu-chang-chih in Chinese) is a
unique medicinal mushroom endemic to Taiwan. Primary
investigations have revealed that AC is rich in numerous nutrients
[4] - terpenoids, alkaloids, polysaccharides, proteins, and vitamins
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- and has been used to treat various disorders, including
hypertension [5]. Subsequently, a well-designed, preclinical study
[6] was conducted to demonstrate that 10 mg/kg bw methanolic
extract of a solid-state culture of AC was associated with a BP-
reducing effect in spontaneously hypertensive rats, resulting in
decreased systolic and diastolic BP. However, no study has yet used
AC mycelium as a single agent on hypertensive patients to assess
whether it is efficacious as a treatment. To investigate the
cardiometabolic benefits of AC mycelium in humans, a randomized
placebo-controlled trial was done.

2. Materials and methods
2.1. Patients and eligibility

This research protocol was approved by the institutional review
board (IRB) of Chung Shan Medical University Hospital (Taichung,
Taiwan; IRB No.: CS11043) and was assigned the National Clinical
Trial (NCT) number: NCT02532699. Written informed consent
from all participants in this study was obtained before their
enrollment. Eligible participants were untreated hypertensive men
or women between 20 and 80 years old with an SBP between 130
and 179 mmHg or a DBP between 85 and 109 mmHg measured in a
sitting position. Participants were excluded if they had a history of
major cardiovascular disease, severe liver dysfunction, insulin-
dependent diabetes mellitus, or stroke. They were also excluded if
they routinely consumed alcohol, were pregnant, or were unable to
comprehend the study instructions.

2.2. Sample preparation and high-performance liquid
chromatography (HPLC) analysis

AC (BCRC 35398) obtained from the Bioresources Collection and
Research Center (BCRC) in the Food Industry Research and
Development Institute (Hsinchu, Taiwan) was maintained on
potato dextrose agar at 26 °C. After the AC had been incubated for
15 days, a mycelium agar block (0.5 cm?) was removed, transferred
to a 2-L Erlenmeyer flask containing 1.3 L of synthetic medium
(1.0% glucose, 0.5% soybean powder, 0.5% peptone, and 0.01%
MgSO0,, adjusted to pH 4.0) and incubated for 5days at 28°C on a
rotary shaker (120 rpm). The fermentation process was then scaled
up from a 2-L shake flask to 500-L fermenters for 5 days and 5-ton
fermenters for 10 days. At the end of the fermentation process, the
submerged fermentation culturing AC mycelium was harvested,
lyophilized, ground into powder, and stored at 22°C. The dry
sample was then analyzed using high-performance liquid chro-
matography (HPLC) to evaluate the active adenosine, antrosterol,
and gamma aminobutyric acid (GABA) content in the mycelium
based on its dry weight. HPLC analyses of adenosine, antrosterol,
and GABA in the AC powder were performed using the same
procedures described elsewhere (|7-9]). The chemical composi-
tional analysis, including calories, proteins, fats, carbohydrates,
and sodium of three capsules containing freeze-dried mycelium
were determined according to official Association Of Analytical
Communities methods [10].

2.3. Study design

This 8-week double-blind randomized placebo-controlled
parallel study with a 2-week follow-up period was performed in
adult human subjects with mild hypertension [11], adhered to the
CONSORT statement and carried out in accordance with The Code
of Ethics of the World Medical Association. A random allocation
sequence for assigning participants to one of the two study groups
was created using a computerized random generator and
concealed from the researchers to prevent selection and detection

biases. Consenting eligible participants were treated for 8 weeks
with three capsules per day containing either 420mg of AC
mycelium or 420 mg of starch (placebo) of similar appearance and
taste. This dose of AC mycelium was chosen based on a pilot study
which showed that it reduced SBP and DBP (data not shown). The
participants were required to visit Chung Shan Medical University
Hospital at baseline, every two weeks during the intervention
period (8 weeks), and at follow-up 2 weeks after treatment had
ended. During each study visit, SBP and DBP were recorded, fasting
blood samples were collected, and anthropometric measurements
were taken. Compliance was evaluated using a food diary and
monitored using biweekly telephone calls.

2.4. Measurements

During all study visits, anthropometric measurements -
weight, body mass index (BMI), and body fat percentage - were
taken. BP tests were done according to World Health Organization
guidelines [12] using a semi-automated digital blood pressure
monitor (Rossmax InnoTek Corp., Taipei, Taiwan) and were
supervised by a nurse. Participants were asked to avoid consuming
caffeine or smoking 30 min before their appointment and had to
rest in a seated position for 10min before beginning the
measurements. Fasting blood samples were collected for lipid
panels, serum biochemistry, and oxidative values. For lipid panels
and serum biochemistry analysis, the serum was separated from
the blood after it has been centrifuged; it was then examined using
an automated biochemistry analyzer (UniCel DxC 800 Synchron
Clinical Systems; Beckman Coulter, California, USA), which
included analyses of fasting blood glucose (FBG), triacylglycerol
(TG), total cholesterol (TC), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), creatinine, blood urea nitrogen (BUN),
aspartate aminotransferase (AST), and alanine aminotransferase
(ALT). Plasma renin activity (PRA) was measured using a
commercial ELISA kit (Ibl-America, Minneapolis, MN, USA). Six
oxidative stress biomarkers [thiobarbituric acid-reactive sub-
stance (TBARS), trolox equivalent antioxidant capacity (TEAC),
glutathione (GSH), glutathione peroxidase (GSH-Px), glutathione
reductase (GSH-Rd), and superoxide dismutase (SOD)] were used
in whole blood with ethylenediamine tetraacetic acid (EDTA). Lipid
peroxidation levels were expressed as the reaction product of
malondialdehyde with TBARS [13]. The plasma total antioxidant
capacity was estimated by GSH and TEAC based on the procedures
described elsewhere [14]. Activity levels of GSH-Px and GSH-Rd in
erythrocytes were assessed using methods described elsewhere
[15,16], respectively. SOD activity was measured using commer-
cially available assay kits (Randox, UK).

2.5. Sample size and statistical analysis

Based on the observations of a similar study [17], a change of
10mmHg in SBP or DBP +standard deviation (SD)=13 was
considered significant for determining the sample size: approxi-
mately 16 participants would be required («=0.05 and 1-3=0.8).
Because 20% losses from follow-up were considered possible, at
least 20 participants per group had to be enrolled. Data are
presented as mean =+ SD. Paired t tests were used to compare
variables before and after the intervention. Differences between
groups were evaluated using Student’s t test. SPSS 18.0 for
Windows (SPSS Inc., Chicago, IL, USA) was used for all statistical
analysis. Significance was set at p <0.05.

3. Results

Of the 48 patients invited to participate in the study, 6 did not
meet the inclusion criteria, and 1 withdrew for personal reasons
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Fig. 1. CONSORT flow diagram.

unrelated to the trial. Participants were randomly assigned for AC
mycelium (n>20) or starch placebo treatment (n>20); 21
participants from the AC mycelium group and 20 from the placebo
group completed the study (Fig. 1).

The overall sample had a mean baseline SBP > 140 mmHg and a
mean baseline DBP > 90 mmHg, a healthy fasting lipid profile with
normal hepatic functions, and renal values within the normal
ranges (Table 1) [18]. Differences between the mean age, mean
body weight, mean body fat, mean BMI, and mean resting SBPs and
DBPs were nonsignificant, and the biochemical indices - FBG, TG,
TC, HDL, and LDL - were not significantly different.

3.1. Effects of AC mycelium on blood pressure

At baseline, the mean SBP/DBP in the AC mycelium-treated and
placebo-treated groups were 144.86 +11.34/96.19 + 7.42 mmHg
and 145.70 +10.91/98.30 + 6.91 mmHg, respectively (Fig. 2). There
were no significant changes in either SBP (145.70+10.91 to
142.20 +15.06 mmHg) or DBP (98.30 + 6.91 t0 96.05 4 8.27 mmHg)
values in the placebo group. The mean SBP in the AC mycelium-
treated group was significantly lower (it fell by 11.76 mmHg), and
continued to be so, even during the 10th week follow-up visit.
Similarly, the mean DBP in the AC mycelium-treated group
participants with elevated DBP at week 8 was 4.81 mmHg lower
and during the 10th week follow-up visit was 5.0 mmHg lower
compared with baseline, these differences at week 8 were
significant (p<0.05) in both the intergroup and intragroup
comparisons.

Table 1

Baseline demographic, anthropometric, lipid profile and biochemical character-
istics of mild hypertensive human subjects assigned to receive either AC mycelia or
starch placebo.

Characteristics Groups®

AC mycelia (n=21) Placebo (n=20)
Male (n) 17 15
Female (n) 4 5
Age (y) 39.76 +10.07 40.15+12.31
BW (kg) 77.22 +17.64 74.74 +14.35
Body fat (%) 28.14+10.28 2727+5.6
BMI (kg/m? 26.66 +5.21 26.38 +4.18
SBP (mmHg) 144.86 + 11.34 145.7 £10.91
DBP (mmHg) 96.19 £7.42 98.3+£6.91
FBG (mg/dl) 97.48 +10.38 100.6 +11.83
TG (mg/dl) 171.71 £110.03 172.85+97.24
TC (mg/dl) 203.9+31.68 196.45 +30.14
HDL (mg/dl) 43.84+7.81 43.65+7.57
LDL (mg/dl) 121.95+27.24 119.46 4 29.82
Creatinine (mg/dl) 0.88+0.2 0.88+0.18
BUN (mg/dl) 9.47+0.2 104+2.8
AST (IU/1) 24.38 +£6.52 25.4+9.19
ALT (I1U[1) 29.48 +19.26 30.2+21.96

Values are presented as mean+SD. BMI: Body mass index; SBP: systolic blood
pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; TG:
triacylglycerol; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-
density lipoprotein; BUN: blood urea nitrogen; AST: aspartate aminotransferase;
ALT: alanine aminotransferase.

2 No significant between-group differences were found.
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Fig. 2. The mean SBP and DBP in patients from the treatment group (n=21) and the
placebo group (n=20) during 10 weeks of study. Data were expressed as mean = SD.
*Statistically significant (p < 0.05) when compared to baseline values. ®Statistically
significant (p <0.05) when compared to placebo group. SBP: systolic blood
pressure; DBP: diastolic blood pressure.

3.2. Effects of AC mycelium on anthropometric, lipid profile, and blood
biochemical values

Changes in body fat values were not statistically significant
(Table 2). In the AC mycelium-treated group, body weight
decreased from 77.22+17.64 to 76.1 £16.96kg with a parallel
reduction in BMI (26.66+5.21 to 26.28 =5.01) nonsignificant
compared with baseline or the placebo group.

TC levels in the lipid profile were significantly (p < 0.05) lower
(203.90+31.68 to 190.57 +-31.28) in the AC mycelium-treated
group, but not in the placebo group (196.45+30.14 to
199.05 +32.96). Changes in other parameters — TG, HDL, and LDL
levels — were not significantly different in either group (Table 2).

The participants’ mean FBG continuously fell in both groups
(Table 2). However, all FBG values were within the normal range

Table 2

[18]. Creatinine, BUN, and ALT levels were not significantly
different between the two groups (Table 2), but AST levels were
significantly higher after 8 weeks of AC mycelium treatment, and
PRA significantly (p <0.05) lower than in the control group
(Table 2).

3.3. Effects of AC mycelium on oxidative stress status and antioxidant
enzyme activities

The antioxidant capacity of the AC mycelium-treated and
placebo groups was measured, using the TEAC assays, as
scavenging free radicals. There was no significant difference in
this activity between the two groups (Table 3). However, after 8
weeks of AC mycelium treatment, there was a significant (p < 0.05)
decrease in the TBARS level (Table 3). AC mycelium treatment was
also linked with a significant (p <0.05), compared with the
baseline, decrease in GSH-Px and GSH-Rd activities during week 8
(Table 3).

3.4. Chemical composition and major active compounds in AC
mycelium

Recently, multiple components of food or herbs have been
analyzed for their authenticity, consistency, and stability. The
chemical composition analysis of freeze-dried AC mycelium
showed 3.83% moisture, 35.54% ash, 28.70% crude protein, 9.56%
crude fat, and 22.37% carbohydrate. There were symmetrical peaks
for adenosine (Fig. 1A; bottom), antrosterol (Fig. 1B; bottom), GABA
(Fig. 1C; bottom), and their standards (top). The retention times of
adenosine, antrosterol, and GABA were 9.367,9.600, and 7.800 min,
respectively. The quantification was done using peak area ratios of
the compound to internal standards. The levels of adenosine,
antrosterol, and GABA in AC mycelium were 1.18, 4.52, and
5.15 mg/g, respectively (Fig. 3).

3.5. Safety and tolerability
Safety of AC mycelium treatment was assessed using metabolic

variables. Liver and kidney functions were not affected, as shown
by various blood serum parameters. Throughout the 8-week

Effects of dietary AC mycelia on anthropometric, lipid profile and biochemical characteristics of mild hypertensive human subjects over 8 weeks.

Parameters Groups

A. cinnamomea mycelia (n=21)

Placebo (n=20)

Baseline End of study Baseline End of study
Anthropometric values
BW (kg) 7722 £17.64 76.1 £16.96° 74.74 £ 14.35 73.66 +14.33*
Body fat (%) 28.14+10.28 27.55+10.91 27.27+5.6 27.02+6.85
BMI (kg/m?) 26.66 +5.21 26.28 +5.01° 26.38+4.18 25.97 +£4.06*
Lipid profiles
TG (mg/dl) 171.71 £ 110.03 157.05 +98.61 172.85+97.24 192.1 +149.61
TC (mg/dl) 203.9+31.68 190.57 £31.28% 196.45 +30.14 199.05 +32.96
HDL (mg/dl) 43.84+7.81 42.9+736 43.65+7.57 44.55+7.37
LDL (mg/dl) 121.95+27.24 116.15+27.21 119.46 +29.82 119.21+31.7
Blood biochemical values
FBG (mg/dl) 97.48 +10.38 89.48 + 8.15° 100.6 +11.83 90.3 -+ 7.09*
Creatinine (mg/dl) 0.88+£0.2 0.83+£0.12 0.88+0.18 0.85+0.19
BUN (mg/dl) 947+22 10.24+2.21 104+2.8 11.2+2.86
AST (1U/1) 24.38+6.52 21.05+5.10° 25.4+9.19 25.85 +14.07
ALT (IU/1) 29.48 +19.26 28.9+21 30.2+21.96 33+£28.79
PRA (ng/mlh) 2.57+0.88 1.84+0.66"" 2.78 £0.89 2.84+0.74

Values are presented as mean + SD. BW: Body weight; BMI: Body mass index; TG: triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; FBG: fasting blood glucose; BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; PRA: plasma renin activity.

¢ Statistically significant (p < 0.05) when compared to baseline values.
b Statistically significant (p < 0.05) when compared to placebo group.
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Table 3
Effects of dietary AC mycelia on oxidative stress status and antioxidant enzyme activities of mild hypertensive human subjects over 8 weeks.
Parameters Groups
A. cinnamomea mycelia (n=21) Placebo (n=20)
Baseline End of study Baseline End of study
Oxidative stress status
TEAC (mol Trolox equivalent)/mL 8.87+0.58 8.68 +0.67 8.82+0.84 8.6 +0.46
TBARS pwmol/mL 1.34+0.6 0.83+0.53° 1.55+0.54 1.34+0.89
Antioxidant enzyme activities
GSH (nM) 1.69+0.59 1.73+0.4° 1.39+0.54 1.06 +0.63
GSH-Px (IU/g Hb) 25.93+6.83 34.2149.53%° 26.16 £6.45 24.88+6.77
GSH-Rd 434427 7.46 +3.05*P 4.26+2.82 4.23+2.57
SOD (IU/g Hb) 1778.25+375.14 1807.4 +296.58 1823.74 £362.32 1727.26 +345.93

Values are presented as mean + SD. TEAC: trolox equivalent antioxidant capacity; TBARS: thiobarbituric acid reactive substances; GSH: glutathione; GSH-Px: glutathione

peroxidase; GSH-Rd: glutathione reductase; SOD: superoxide dismutase.
¢ Statistically significant (p < 0.05) when compared to baseline values.
b Statistically significant (p < 0.05) when compared to placebo group.

intervention, there were no adverse events nor any other
complications reported. All laboratory safety parameters remained
within normal reference limits.

4. Discussion

There are few published reports with an accurate assessment of
the bioactive components on submerged culture of AC mycelium.
This is the first double-blinded, randomized controlled clinical trial
to investigate the effects and safety of 8 weeks of treatment with
three daily capsules of AC mycelium. We found that AC mycelium
treatment lowered mean SBP (significant compared with the
placebo group) and DBP levels to 10.01 and 4.81 mmHg,
respectively, from baseline. This was associated with a 16-40%
reduction in the risk of cardiovascular events [19,20]. Furthermore,
this outcome was expected in light of the results from a previous
animal study using spontaneously hypertensive rats [6]; thus,
indicating the effectiveness of AC mycelium in controlling BP.

The mechanism that AC mycelium uses to reduce BP might be
associated with the renin-angiotension system (RAS), a regulatory
cascade initiated by the secretion of renin, which is crucial for the
homeostatic control of arterial pressure [21]. Dysregulation of the
RAS has been associated with hypertension. Compared with the
placebo, AC mycelium significantly reduced PRA by a maximum of
36% on week 8, which suggested that AC mycelium is a potent
inhibitor of renin, and that its bioavailability is sufficient to lower
BP after short-term oral treatment. Thus, it is reasonable to assume
that the decline in PRA is linked to the downstream inhibition of
angiotensin Il formation, which further decreases the sympathetic
outflow that leads to hypertension.

In terms of anthropometric values, BW and BMI decreased from
pre- to post- intervention in both groups. These reductions might
have been the result of the participants’ awareness of higher-
energy foods by keeping a detailed dietary diary. A pre-clinical
study [22] of a rat model confirmed that AC mycelium reduced
serum TC, TG, and LDL. The present study found a significant
reduction of TC levels, but not TG or LDL levels, after 8 weeks of AC
mycelium treatment. In an animal models [23], after 5 weeks of AC
mycelium treament, FBG levels in rats with streptozotocin-
induced diabetes were significantly reduced. Consistently, the
results of the present study showed that AC mycelium treatment
considerably lowered the overall mean FBG, which supports its use
for treating humans with diabetes. However, mean FBG levels in
the placebo group also fell after 8 weeks of treament with potato
starch. These attenuated blood sugar levels might contribute to the
formation of starch resistant to digestive enzymes and has been

shown to help maintain glycemic health by improving insulin
secretion [24].

In addition to its therapeutic value for treating hypertension,
hypercholesterolemia, and hyperglycemia, AC mycelium was
therapeutic for patients with mildly elevated hypertension: an
animal study [25] reported that antrosterol, a bioactive aompound
in AC mycelium significantly prevented the elevation of AST and
ALT in mice with carbon tetrachloride-induced liver damage.
According to biochemical indices, antrosterol-containing AC
mycelium treatment significantly reduced AST levels. However,
there was no significant difference in ALT levels. In the present
study, after 8 weeks of AC mycelium treatment, neither AST nor ALT
levels increased and they remained within the normal range [18].
The implication is that AC mycelium is not hepatotoxic, and that, in
human adults, it is feasible, safe and well-tolerated.

One study [26] of this Chinese medicine hypothesized that the
beneficial effects of AC mycelium were related to its abilities to
mediate antioxidants, scavenge free radicals, and inhibit inflam-
matory mediators. In the present study, however, AC mycelium-
treated group had no significant changes in TEAC, a biomarker of
the total antioxidant capacity of peripheral blood plasma [27]. In
contrast, TBARS levels, an indicator of lipid peroxidation and
oxidative stress, were significantly lower in the AC mycelium-
treated group than in the placebo group. Increases in GSH levels
and GSH-Px and GSH-Rd activities were significant, increases in
SOD activity were not. This suggested that AC mycelium might
contribute to the suppression of inflammatory activity that is
ultimately associated with anti-hypertension effects.

Other studies [28,29] have shown that GABA-enriched (the
GABA equivalent of 10mg/day) or adenosine-enriched foods
significantly reduced BP (at least 11.1/1mmHg for SBP and
7.4/0 mmHg for DBP, respectively, during week 8) in randomized
controlled trials. Based on our HPLC analysis, treatment with three
capsules of AC mycelium increased the GABA and adenosine
intakes to 15.15mg/day and 3.54 mg/day, respectively. In the
present study, after 8 weeks, the AC mycelium treatment lowered
SBP by approximately 10 mmHg and DBP by 5mmHg, which
indicated that the hypotensive effect can be attributed to these
compounds.

Furthermore, tests on the toxicity of AC mycelium were done in
vitro and in vivo. Findings from various toxicity assessments [30,31]
indicated that AC mycelium from liquid fermentation at the highest
dose of 3000 mg/kg BW/day are safe. Considering that no adverse
events were reported in the present study, and that all laboratory
safety parameters remained within normal limits, AC mycelium
might be safe for adult therapy. However, larger sized samples and
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Fig. 3. HPLC chromatograms obtained from analyses of (A) adenosine, (B) antrosterolm and (C) GABA in AC mycelium. Top: standards; Bottom: samples; GABA: gamma-

aminobutyric acid.

longer term trials are needed in future studies to provide greater
insights into the effects of AC mycelium on the cardiovascular
system.

5. Conclusion

This is the first clinical investigation that explores the anti-
hypertensive effect of fermented AC mycelium in patients with
mild hypertension. Overall, AC mycelium treatment for 8 weeks
reduced mean SBP and DBP by inhibiting PRA, which is linked to
the downstream inhibition of angiotensin II formation. In turn,
sympathetic outflow is decreased, which leads to hypertension. In
addition to its blood pressure-lowering properties, AC mycelium
also significantly reduces oxidative stress. Furthermore, none of
our participants experienced any adverse events during the study,
which suggested that AC mycelium is a safe alternative treatment

for high blood pressure in mildly hypertensives but currently
unmedicated patients.
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