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Abstract. In this randomized, double‑blind, placebo 
controlled clinical trial, the effects of Dendropanax 
morbifera (D. morbifera) Léveille on heavy metal (cadmium 
and mercury) excretion as well as on lipid peroxidation and 
Cu, Zn‑superoxide dismutase (SOD1) activity were investi-
gated. For this study, tablets containing placebo or 300 mg of 
the leaf extract from D. morbifera Léveille were used. A total 
of 60 eligible healthy subjects were enrolled in this random-
ized, double‑blind, placebo‑controlled study. The differences 
in cadmium, mercury, and malondialdehyde (MDA) levels 
and SOD1 activity were measured in the serum 60 days after 
treatment with placebo or D. morbifera Léveille extracts. 
No significant differences between baseline characteristics 
and biochemical values were identified in subjects in the 
placebo and D. morbifera Léveille groups. Serum levels of 
cadmium, mercury and MDA decreased following consump-
tion of D. morbifera Léveille extracts; however, no significant 
differences were identified. In addition, female, but not male, 
subjects who consumed D. morbifera Léveille extracts showed 
a significant increase in SOD1 activity. This result suggests 
that chronic consumption of D. morbifera Léveille extract 
can help to facilitate excretion of cadmium and mercury from 
serum and increase the antioxidant capacity in humans.

Introduction

Heavy metal intoxication and/or oxidative stress are impli-
cated in numerous chronic diseases, including metabolic 
and neurological disorders. Environmental contamination by 
heavy metals such as cadmium (Cd) and mercury (Hg) is a 
serious international concern as these heavy metals can enter 
the food chain, accumulate in fishes and animals, and thus, 
endanger human health (1‑5). According to the World Health 
Organization, the limit of tolerable intake for Cd, methylmer-
cury and inorganic Hg in an adult human is 7, 1.6 and 4 µg/kg 
of body weight per week, respectively (6).

One of the possible mechanisms underlying the effects of 
Cd and Hg is oxidative cytotoxicity. Cd and Hg interaction with 
the carboxyl and sulfhydryl group of proteins results in free 
radical generation (7‑10). In addition, Cd and Hg can deplete 
antioxidant levels, resulting in an imbalance between oxidant 
and antioxidant ability. An increase in reactive oxygen species 
levels results in oxidation of polyunsaturated fatty acids, causing 
neuronal damage due to high acid content in the nervous system. 
In addition, our previous study demonstrated that Cd admin-
istration significantly increased lipid peroxidation and reduced 
levels of antioxidant enzymes such as Cu, Zn‑superoxide 
dismutase (SOD1), catalase and glutathione peroxidase (11).

Dendropanax morbifera Léveille (DML), which belongs 
to the family Araliaceae, is an endemic species found in the 
southwestern region of South Korea (12). Recently, studies 
have investigated the effects of DML on various conditions, 
including their antioxidant and antidotal capacities (11,13). 
For example, a methanol extract of the debarked stem of DML 
contains abundant phenolic and flavonoid compounds, which 
show strong antioxidant activities (13). In addition, our previous 
study demonstrated that DML extracts facilitate Cd excretion 
and suppress Cd‑induced lipid peroxidation in hippocampal 
homogenates (11). However, to the best of our knowledge, no 
clinical study has examined the possible health benefits of a 
DML extract on heavy metal and antioxidant levels in human 
subjects.
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The aim of the present randomized, double‑blind, 
placebo‑controlled cross‑over study was to examine the effects 
of repeated application of DML extract on the antioxidant 
status and oxidative damage in healthy adults.

Subjects and methods

Preparation of the test product from the leaf extract of 
DML. The DML extract used was manufactured by a good 
manufacturing practices‑certified company (Natural F&P 
Corp., Cheonwon, Korea). Fresh leaves from DML were 
obtained from Hambakjae Biopharm Co., Ltd. (Jeju, Korea). 
The plant was authenticated by two practitioners of traditional 
Asian medicine. Leaves from the plant samples (15 kg) were 
chopped, blended and soaked in 2 liters of 80% ethanol, and 
refluxed three times at 20˚C for 2 h. The insoluble materials 
were removed by centrifugation at 10,000 x g for 30 min, and 
the resulting supernatant was concentrated and freeze‑dried 
to obtain a powder. For the test product preparation, DML, 
stearin magnesium and silicon dioxide were mixed. For the 
placebo, microcrystalline cellulose  102 was mixed with 
lactose powder, and dextrin was added to obtain a tablet form. 
Food colors (red, yellow and blue) were also added to produce 
the same color as the test product (Table I). The raw materials 
used in the test product and placebo were placed in a mixer 
and blended sufficiently to ensure homogeneity; subsequently, 
these were made into tablet at 300 mg/tablet.

Stability testing for the test product and placebo. The test 
product and placebo were assessed for stability; moisture 
content (%); coliform group; lead (mg/kg), arsenic (mg/kg) and 
sodium (mg/100 g) levels; and disintegration by outsourcing 
to ‘Korea Health Supplements Association’ (Seongnam, 
South Korea). All test results were acceptable as per the 
requirements set by the Food Sanitation Act. No preservative 
was added to the test product.

Study approval and sample target group selection. In accor-
dance with the Functional Foods for Health Act (http://www.
mfds.go.kr/files/upload/eng/FOOD_SANITATION_ACT.pdf), 
all issues associated with human trials were approved by the 
Institutional Review Board for Human Trials of Hallym 
University (Hwaseong, Korea) (IRB approval no. 2014‑074); 
the study was conducted in agreement with the Declaration of 
Helsinki and performed in accordance with International 
Conference on Harmonization guidelines. In addition, the 
study was retrospectively registered at the WHO Primary 
Registries in Republic of Korea (Clinical Research Information 
Service) (registration no. KCT0001472, May 8, 2015).

Subjects were male and female volunteers aged 
23‑65 years (n=61). The subjects were informed of the details 
of the trial, and only those who fully understood the purpose 
of trial participation and gave consent for participation were 
selected as subjects. All the subjects were considered suitable 
for the trial as they had normal liver functions, as assessed 
by measuring glutamate‑oxaloacetate transaminase (AST) 
and glutamate‑pyruvate transaminase (ALT) levels in the 
blood. Exclusion criteria consisted of intestinal absorption 
abnormalities and liver functions. Subjects with ALT or AST 
>60 U/T were also excluded. One subject was excluded due 

to high levels of ALT and AST. The others (n=60) (Fig. 1) 
were randomly assigned to treatment groups, minimizing any 
intentional elements of group assignment, in a double‑blind 
procedure to ensure that the subjects did not know which 
group they were assigned to (test group or comparative 
control group)  (Fig. 1). The sample size of a minimum 9 
per treatment group would provide ≥95% power to detect a 
difference of Cd values in the serum based on the previous 
animal study (11).

Analytical procedures. For heavy metal, lipid peroxidation 
and antioxidant analysis, the assay was performed prior and 
subsequent to administration of the test product and the 
placebo (Fig. 2). All the subjects were instructed to ingest 
the tablets after breakfast over a 60‑day period. The placebo 
group was comparable in all characteristics to the DML group. 
Food and water intake was not limited.

Measurement of Cd, Hg and malondialdehyde (MDA) levels 
and SOD1 activity in the serum. By vein puncture with a syringe, 
blood samples were collected in tubes containing ethylenedi-
aminetetraacetic acid. The tubes were immediately centrifuged 
at 4˚C and 500 x g for 10 min to obtain serum and plasma for 
measuring Cd, Hg and MDA levels and SOD1 activity. These 
parameters were measured using routine automated methods. 
Adverse experiences were rated by the investigators for intensity 
and their association to the DML extract. Efficacy and safety 
measurements were conducted at a Hallym University Dongtan 
Sacred Heart Hospital (Dongtan, South Korea) laboratory and 
at a Seoul National University College of Veterinary Medicine 
(Seoul, South Korea) by technicians or graduate students blinded 
to the placebo and treatment groups.

Statistical analysis. The measured Hg and Cd levels were 
calculated into excretion ratio (delta% value), as shown 
in Fig. 2. The MDA levels and SOD1 activities 60 days after 
placebo or DML consumption are shown. All the data are 
expressed as mean ± standard error of the mean. To determine 
the effects of the DML tablet, differences between the means 
of the two groups were statistically analyzed using two‑way 
analysis of variance with repeated measures and Bonferroni's 
post hoc test using GraphPad Prism 5.01 (GraphPad Software, 
La Jolla, CA, USA) software.

Table I. Composition of Dendropanax morbifera Léveille  
(DML) extracts and placebo tablets.

Composition	 DML	 Placebo (%)

Dendropanax extracts	 98.000
Cellulose 102		  59.852
Lactose powder		  39.600
Stearin magnesium	 1.000
Dextrin		  0.400
Silicon dioxide	 1.000
Food color (red/yellow/blue)		  0.148
Total	 100.000	 100.000
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Results

Patient characteristics. The baseline characteristics and 
biochemical values of the subjects did not significantly differ 
between the placebo and DML groups (data not shown). In 
addition, no significant differences between male and female 
participants were identified.

Cd and Hg excretion. Serum Cd levels were increased in the 
male and female subjects in the placebo group and decreased 
in the DML group; however, no significant difference between 
the two groups was identified (P=0.3008) (Fig. 3). Serum Hg 
levels decreased in all the groups, but serum levels were more 
prominently decreased in the DML‑male and DML‑female 
groups compared to the placebo‑male and placebo‑female 
groups, respectively (P=0.1336 and P=0.1937, respec-
tively) (Fig. 3).

Oxidative stress biomarkers. Serum MDA levels were increased 
in the DML‑male group compared to the placebo‑male group 
(P=0.3125), while these were decreased in the DML‑female 
group compared to the placebo‑female group (P=0.0842) (Fig. 4); 
however, no significant differences were identified.

Serum SOD1 activity was increased in DML‑treated 
groups, but the SOD1 activity was significantly increased 

in the DML‑female group compared to the placebo‑female 
group (P=0.02031). However, no significant difference in 
SOD1 activity was observed between the placebo‑male and 
DML‑male group (P=0.2031) (Fig. 4).

Discussion

Several lines of evidence demonstrate that DML and its 
components reduce reactive oxygen species generation and 
have antioxidant effects (13,14). In addition, our previous study 
demonstrated that DML facilitates Cd excretion and exerts 
antioxidant effects against Cd‑induced oxidative damage (11). 
The present study attempted to use DML to facilitate Cd 
and Hg excretion in humans and to increase the antioxidant 
capacity in the serum, as Cd and Hg have been shown to 
inhibit antioxidant enzymes (15‑17).

No significant decrease in serum Cd or Hg levels was 
observed. However, the consumption of the DML tablet for 
2 months facilitated excretion of Cd to 4.6% in male subjects 
and Hg to 23.0 and 17.3% in male and female subjects, respec-
tively. This result suggests that consumption of DML tablet 
facilitates Cd and Hg excretion from the serum. The facilitated 
excretion rate is relatively low for Cd; however, the facilita-
tion is extremely important as cadmium is tightly bound to 
metallothionein, which is almost completely reabsorbed in the 

Figure 1. Consort flow diagram of the patients enrolled, allocated, followed up and analyzed during the study.
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renal tubules and accumulates in the body over the lifetime 
with a biological half‑life of ≤38 years (6).

Heavy metals contribute to oxidative processes (18,19), 
and the levels of reactive oxygen species are important factors 
associated with the development of chronic disease (20,21). In 
the present study, the levels of MDA, a well‑known product of 
lipid peroxidation (22,23), were measured in human subjects. 
MDA levels were decreased in the DML group compared to 
the placebo group. This result was consistent with our previous 
study showing that supplementation with the DML suppressed 
Cd‑induced increase of MDA levels, as well as protein carbon-
ylation due to modified proteins in the rat hippocampus (11). 
In the present study, the DML significantly increased SOD 
levels in the female treatment group compared to the female 

placebo group; this suggests that treatment with the extract for 
2 months increases the antioxidant capacity in the blood. This 
is consistent with our previous study showing that adminis-
tration of DML increased SOD1 activity in normal healthy 
rats (11).

In conclusion, administration of DML has positive effects 
on excretion of Cd and Hg from the blood and increases anti-
oxidant capacity by decreasing MDA levels and increasing 
SOD activity in the serum.
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Figure 2. Experimental design and baseline characteristics (gender, number and age) of the subjects in the present study.
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cadmium (Cd) and mercury (Hg) concentration in the blood of subjects who 
consumed placebo and DML. The data represent the mean ± standard error 
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bifera Léveille (DML) extract. Significant difference between the placebo and 
DML groups (*P<0.05). The data represent means ± standard error of the mean.
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