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Abstract: Dendrobium candidum is one of the well-known orchid on traditiona and rare medicina herb in China We
artificidly cultured protocorm-like body and multiple shoots using the bioreactor culture system from Dendrobium candi-
dum and experimented an efficacy as a cosmetic ingredient for skin care. Severa studies previously have reported an-
ti-tumor, wound healing and immunologica function of Dendrobium candidum but other efficacies were not well known.
In the present study, we investigated the cosmetic efficacy to know applicable value of protocorm-like body and multiple
shoots cultured from Dendrobium candidum as a cosmetic ingredient. The biological activities of extracts from proto-
corm-like body, multiple shoots, aeria part and underground part of Dendrobium candidum were investigated. Results
were found that extracts of protocorm-like body are superior to other extracts (underground part, aeria part and multiple
shoots extracts) on anti-oxidant effect. Also, protocorm-like body extract contained the phenolic and flavonoid com-
pounds more than aerid part, underground part and multiple shoots extracts. In addition, we investigated skin whitening
effect related to whitening of skin. In tyrosinase activity and melanin synthesis assay, multiple shoots extract is superior
to other extracts (aeria part, underground part and protocorm-like body), on inhibitory effect of tyrosinase activity and
melanin synthesis respectively. These results indicate that the protocorm-like body and multiple shoots extracts cultured
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from Dendrobium candidum presents a new possibility of being applicable to skin improvement as a cosmetic ingredient.

Keywords: Dendrobium candidum, anti-oxidation, biological activity, protocorm-like body, multiple shoots

1. Introduction

Among the commercialy important orchids, Dendrobi-
um is a huge genus of orchids and accounts for about
80% of the total micropropagated tropica orchids. In
these genus of orchid, Dendrobium candidum cdled a
‘cheolpiseokgok’ in korean is one of the most well-known
traditiona medicina plants in ching1]. The stem has
been used to treat throat, lung, and ophthalmic disorders.
The main bioactive substances of the plant are coumarin,
alkdoids, polysaccharides, phenolic and flavonoidg2-5].
The species is difficult to germinate in nature, so many
reports have indicated that the populations of Dendrobi-
um candidum have been extirpated[6-8]. We artificidly
cultured protocorm-like body and multiple shoots of
Dendrobium candidum by using the bioreactor culture
system from Dendrobium candidum Previoudy, severa
studies have been reported on anti-tumor and immuno-
logical function of Dendrobium candidum but other effi-
cacies as a cosmetic ingredient for skin improvement
were not well known. In this study, we compare aerid
and underground parts of Dendrobium candidum with
protocorm-like body and multiple shoots of tissue-cul-
tured Dendrobium candidum about biologica activities
such as anti-oxidant activity, whitening activity and cyto-
toxic activity and suggest the possibility of gpplying it to
the cosmetics.

2. Materials and Methods

2.1. Reagents and Cell Culture

Antibodies againgt tyrosinase and [¥actin were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-
azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS)
were purchased from sgmaddrich (St Louis, MO,
USA). Other commercidly available reagents and sol-
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vents were used as received. B16 meanoma cdl lines
(obtained from American Type Culture Collection) were
maintained in Dulbecco's modified Eagle's medium
(DMEM, WEGENE, Korea) supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Gibco BRL,
USA), 100 U/mL penicillin (Gibco BRL, USA) and 100
pug/mL streptomycin (Gibco BRL, USA) a 37 C in a
humidified atmosphere containing 5% CO..

2.2. Preparation of protocorm—like body and multiple
shoots cultured from Dendrobium candidum
The tissue cultured protocorm-like body, multiple
shoots, aerid and underground parts of Dendrobium can-
didum were provided by Research Center for the
Development of Advanced Horticultura Technology in
Chungbuk Nationa University. Extraction : After dried,
10 g of tissue culture and different parts of Dendrobium
candidum were immersed in 900 g with mixed solvent of
70% ethanol and 30% 1,3-butyleneglycol for sufficient
time and mixed enough for 72 h in room temperature us-
ing agitator. Then, the solution was filtered with a filter
paper (5C, TOYO, Jgpan), followed by the remova of
ethanol from the filtrate & 50 ~ 60 C to obtain the ex-
tract of protocorm-like body, multiple shoots, aeria and
underground parts of Dendrobium candidum.

2.3. Cell cytotoxicity

Cdls (1 x 10° celswell) were seeded in 10%
FBSDMEM medium and incubated in 5% CO, incubator
a 37 C after treatment with extracts for indicate times.
Measurement of mitochondria activity to form purple
formazan by MTT was used to assess the cytotoxicity of
cel following extract treatment: MTT (0.5 mg/mL), one
tenth of the origind culture volume, was added to each
culture and incubated for 3 h at 37 C in 5% CO,. The
purple formazan formed by viable cells was dissolved by
the addition of DMSO and absorbance at the dual ranges
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of 540 nm and 630 nm was measured by using
spectrophotometer.

2.4. Free radical scavenging activity

The DPPH (1,1-diphenyl-2-picrylhydrazyl) assay was
done according to the method of Brand-Williams et
al.[9,10]. The working solution was prepared 0.2 mM
DPPH and then stored a —20 ‘C until needed. Then, the
absorbance was taken at 540 nm and its anti-oxidative
activity was cdculated as compared with blank control.

2.5. ABTS radical cation scavenging activity

The procedure followed the method of Roberta R et
al.[11] with some modifications for ABTS assay. The
stock solutions included 7 mM ABTS” solution and 2.4
mM potassium persulfate solution. The working solution
was then prepared by mixing the two stock solutions in
equa quantities and dlowing them to react for 12 h at
room temperature in the dark. The solution was then di-
luted by mixing ABTS" solution with methanol. Then,
the absorbance was taken a 734 nm and its ABTS"
scavenging activity was caculated as compared with
blank control.

2.6. Determination of total phenolic content

The total phenolic content in extracts was determined
as described by Lee et al.[12]. with modifications. To
0.05 mL of the extract with 2.55 mL didtilled weter, 0.1
mL (2 N) folin-ciocalteu reagent was added. The sol-
ution was thoroughly mixed and alowed to stand for 6
min before 0.5 mL of 20% (w/v) sodium carbonate sol-
ution was added. The color developed after 30 min at
room temperature, and the absorbance was measured at
760 nm with a UV vishle spectrophotometer (UV-
1650PC; Shimadzu, Kyoto, Japan). Measurements were
compared to a standard curve for prepared gallic acid
solution (Sigma Chemica Co., . Louis, MO, USA).

2.7. Determination of total flavonoid content
The totd flavonoid content in extracts was determined
as described by Lee et al.[12]. To 0.25 mL of the meth-

anolic root extract or a (+)-catechin standard solution
(Sgma chemica Co., &. Louis, MO, USA), 1.25 mL
digtilled water and 0.075 mL 5% (w/v) of sodium nitrate
solution were added. After 6 min, 0.15 mL of 10% (w/V)
aluminum chloride solution was added, and the mixture
was dlowed to stand for 5 min before 0.5 mL of 1 M
sodium hydroxide solution was added. The absorbance
was measured at 510 nm with a UV visible spectropho-
tometer (UV-1650PC; Shimadzu, Kyato, Japan). The ab-
sorbance measurements were integrated by comparison
with an externa standard calibration curve.

2.8. Tyrosinase inhibition assay

Tyrosinase activity was performed usng a mod-
ification of the method reported by Vanni A et al.[13].
The reaction mixtures were prepared by adding 10 pL of
2000 unit mushroom tyrosinase to 170 pL of extracts
dissolved in 0.1 M sodium phosphate buffer (pH 6.5).
After incubation a 37 °C for 10 min and then adding 20
pL of 1.5 mM L-tyrosine. Absorbance was measured us-
ing an UV spectrophotometer at 490 nm.

2.9. Measurement of Melanin Content in B16 mela—
noma cells

Mesasurement of melanin content was performed using
a modification of the method reported by Funasska Y et
al.[14]. B16 medanoma cels were cultured in DMEM
supplemented with 10% FBS in humidified incubator at
37 C under 5% CO; in 6 wel plate at density of 2 x
10" cells/well. After cells were attached, medium was re-
placed with DMEM containing 10% FBS, 0.2 pM «a
-MSH, 2 mM theophylline and samples addition. After 3
days, trypsin was added and suspended cdls were col-
lected by centrifugation. Then cell pelets were dried and
dissolved in 1 N NaOH. Mdanin synthesis inhibition
rates were measured 490 nm using ELISA reader.

2.10, Western Blot Analysis

Cdlls were treated with various dose and lysed in lysis
buffer as described previoudy[15]. After differentiation,
cdls were lysed in lyss buffer. The lysates were clarified
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Figure 1. The Dendrobium candidum cultured by the bio-
reactor culture system and Dendrobium candidum of nature.
Figure 1® and 1® is a picture of aerid pat and under-
ground part of Dendrobium candidum Figure 1© and 1D is
a picture of protocorm-like body and multiple shoots cultured
by the bioreactor culture system.

by centrifugation a 12,000 x g for 15 min & 4 C and
protein content was measured by 12.5% SDS-PAGE and
blotted to nitrocellulose membrane (0.2 mm, Amersham,
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Arlington Heights, I1L). The membrane was blocked with
5% non-fat skim milk in TBS-T and incubated with the
primary and secondary antibodies. Immunaoblots were vi-
sualized by enhanced chemiluminescence (Amersham,
UK), according to the manufacturer’s protocol. Densito-
metric analysis for protein bands was done using
NIH/Scion Image program.

2.11, Statistical analysis

Data are presentated as mean + SD. Comparisons be-
tween groups were used to the paired Student’s t-test.
Asterisk (7, p < 00L , 001 < p < 0.05) was consid-
ered to be datidicaly sgnificant.

3. Results

3.1, The protocorm—like body and multiple shoots of
Dendrobium candidum cultured by the bioreactor
culture system

Tissue culture protocols have been developed for pres-

ervation of this vauable plant. Figure 1A, 1B is the pic-
ture of aerial part of Dendrobium candidum and under-
ground part of Dendrobium candidum grown in natural.
Figure 1C, 1D is the protocorm-like body and multiple
shoots cultured by the bioreactor culture system using
liquid medium. We compare aerial and underground parts
of Dendrobium candidum with protocorm-like body and
multiple shoot of tissue-cultured Dendrobium candidum
about biologicad activities.

3.2, Comparative study of the protocorm—like body,
multiple shoots, aerial part and underground
part of Dendrobium candidum on anti—oxidant
effect

To compare tissue-culture with natura Dendrobium
candidum on biologica activities, we first sudied the an-
tioxidant effect of extracts from protocorm-like body,
multiple shoots, aerid part and underground part of

Dendrobium candidum. Assays were treated with various

concentrations of the extract and antioxidant activities

were measured using DPPH and ABTS assay as de
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Figure 2. DPPH free radica scavenging activities of extracts
from aerial pat (APDC), underground part of Dendrobium
candidum (UPDC), protocorm-like body (PLB) and multiple
shoots (MS). Assay were trested with 50 pL/mL concentra
tions of the extract and free radica scavenging activity
measured by DPPH assay as described in Materids and
Methods. The results were represented as mean of standard
deviation (SD.) of three independent experiments. *, 0.01
< p < 0.05 versus contral.

scribed in materids and methods. As shown in Figure 1
and Figure 2, protocormt-like body and underground part
of Dendrobium candidum extract more enhanced the an-
ti-oxidative effect than aerid part and multiple shoots ex-
tracts in free radica scavenging activity and ABTS" radi-
ca scavenging activity. Extracts of underground part and
protocorm-like body had free radical scavenging activity
(50% and 53% a sample 50 pL/mL) and ABTS radica
cation scavenging activity (51% and 52% a sample 50
pL/mL).

3.3. Determination of the total phenolic content and
total flavonoid content of the protocorm—like
body, multiple shoots, aerial part and under—
ground part of Dendrobium candidum

To invedtigate the phenolic and flavonoid content with
anti-oxidant activity, we examined a total phenolic and
flavonoid content of extracts from protocorm-like body,
multiple shoots, aerid and underground pats of

Dendrobium candidum. The contents of total phenalic

and flavonoid compounds ranged from 336 mg/100 g to
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Figure 3. ABTS radical scavenging activities of extracts
from aerial pat (APDC), underground part of Dendrobium
candidum (UPDC), protocorm-like body (PLB) and multiple
shoots (MS). Assay were treated with 50 pL/mL concentra-
tions of the extract and free radica scavenging activity
measured by ABTS assay as described in Materids and
Methods. The results were represented as mean of standard
deviation (SD.) of three independent experiments. *, 0.01
< p < 0.05 versus control.

Table 1. Total Phenolic Content and Total Flavonoid Content
of Aerid Pat (APDC), Underground Part of Dendrobium
Candidum (UPDC), Protocorm-like Body (PLB) and Multiple
Shoots (MS)

Total phenolic content  Total flavonoid content

Sample mgig DW) (mg/g DW)
APDC 3.36 + 0.042 1.82 + 0.031
UPDC 4.43 + 0.038 1.81 + 0.037
PLB 5.83 + 0.033 2.68 + 0.089
MS 4,00 + 0.061 1.31 + 0.073

The results were represented as mean of standard deviation (SD.)
of three independent experiments.

583 mg/100 g and from 182 mg/100 g to 268 mg/100 g
respectively. As shown in Table 1, protocorm-like body
extract more contained the phenolic and flavonoid com-
pound than aerid part, underground part and multiple
shoots extracts.

J. Soc. Cosmet. Scientists Korea, Val. 40, No. 1, 2014
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Figure 4. The effect of aerid pat (APDC), underground
part of Dendrobium candidum (UPDC), protocorm-like body
(PLB) and multiple shoots (MS) on tyrosinase inhibition
activity in cdl culture free system. Tyrosinase activities
were expressed as a percentage of control. The results were
represented as mean of standard deviation (S.D.) of three
independent experiments. **, p < 001 *, 001 < p <
0.05 versus control.

3.4. Inhibitory effect of the protocorm—like body,
multiple shoots, aerial part and underground
part of Dendrobium candidum on mushroom
tyrosinase activity in a cell culture free system
and tyrosinase protein expression in a cell
based system

To compare the other effect of protocorm-like body,
multiple shoots, aeria part and underground part extracts
as well as antioxidant effect, we first andyzed inhibition
rate of mushroom tyrosinase activity in a cel culture free
system. As shown in Figure 4, protocorm-like body ex-
tract showed sSmilar inhibition rate compared with under-
ground part and aerid part extract. However, multiple
shoots extract showed high inhibition rate compared with
that of other extracts. In addition, we investigated wheth-

e various extracts inhibits melanin synthesis and ty-

rosinase expression in B16 meanoma cells as well as

mushroom tyrosinase activity in cell culture free system.

We performed western blot andyss againgt the cel ly-

sate obtained from B16 melanoma cells treated various

extracts. As shown in Figure 5 and Figure 6, multiple
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Figure 5. The effect of aerid pat (APDC), underground
part of Dendrobium candidum (UPDC), protocorm-like body
(PLB) and multiple shoots (MS) on the protein expression
of tyrosnase in B16 meanoma cdls. Tyrosinase protein
expression was determined by a western blotting anadysis
using a specific antibody, as described in the Materids and
Methods. Bands were subjected to densitometric scanning
using the NIH/Scion image software. Cells were treated with
indicated concentrations for 24 h. The results were
represented as mean of standard deviation (S.D.) of three
independent experiments. *, 001 < p < 005 vesus
control.

shoots extract more inhibited expresson of tyrosinase
and melanin synthess than protocorm-like body, under-
ground part and aerid part extracts and protocorm-like
body, multiple shoots, aerid part and underground part
did not have cytotoxicity in 10 pL/mL.

4. Discussion

Generdly, tissue-cultured plant has a benefit to solve
the drawbacks such as a rareness, long time and high
cost for growing herb. Although the Dendrobium candi-
dum has been well known as a traditional medicine, we
investigated whether Dendrobium candidum have effi-
cacy as a cosmetic ingredient for skin care in this study.
From the results, the tissue-cultured protocorm-like body
of Dendrobium candidum extracts more enhanced an-
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Figure 6. The Effect of aerid pat (APDC), underground
part of Dendrobium candidum (UPDC), protocorm-like body
(PLB) and multiple shoots (MS) on the melanin content and
cdl viability of B16 mdanoma cels. B16 medanoma cels
were treated with extracts of aerid pat (APDC), under-
ground part of Dendrobium candidum (UPDC), protocorm-
like body (PLB) and multiple shoots (MS) at the concentra-
tions indicated in the Figure 6 and then incubated for 72 h.
The meanin content and cell viability were determined as
described in the Materids and Methods. The results were
represented as mean of standard deviation (S.D.) of three
independent experiments. *, 001 < p < 0.05 versus
contral.

ti-oxidant effect than underground part, multiple shoots
and eerid part extracts on investigation by DPPH and
ABTS assay. On the other side, multiple shoots extract
more enhanced whitening effect than protocorm-like
body, aerid part and underground part of Dendrobium
candidum through inhibition of tyrosinase and meanin
gynthesis. These results showed clearly that the tis-
sue-cultured protocorm-like body has higher effective an-
tioxidant activity in comparison with natura Dendrobium
candidum and tissue-cultured multiple shoots. It is con-
Sddered because of contain high concentretion of fla-
vonoid and phenolic compounds. In the whitening effect
associsted with tyrosnase and meanin synthesis, we
thought that it is not influence of the flavonoid and phe-
nolic compounds but bioactive substances as akaloids
and polysaccharides newly created in the course of plant
tissue culture. Therefore, protocorm-like body of
Dendrobium candidum has more potentia benefits to an-
ti-oxidant effect for skin care than other parts (under-
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ground part, aerial part and multiple shoots) respectively.
On the other hand, multiple shoots has more potential
benefits to whitening effect for skin care than proto-
corm-like body, underground part and aerid part of
Dendrobium candidum. Although future work will be re-
quired to eucidate whether this effects occurs in com-
parative experiment by clinica test, these findings pro-
vide possible cosmetic ingredient for skin care as anti-ox-
idant effect and whitening effect of skin.
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