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Dendrobium moniliforme (L.) Sw., an herb of the Orchidaceae family, has long been used in traditional
medicine to strengthen bones, nourish the stomach, and promote the production of bodily fluid. Recently,
polysaccharides isolated from Dendrobium have been used in functional foods and nutraceutical
products. A traditional method to process Dendrobium is to soak fresh stems in an ethanol solution,
which is the most important factor to ensure high yields of aqueous-extractable polysaccharides. The
present study was carried out to investigate the potential acute toxicity of D. moniliforme aqueous extract
(DMAE), by a single oral dose in Sprague-Dawley rats. The test article was orally administered once by
gavage to male and female rats at doses of 0, 2,500, and 5,000 mg/kg body weight (n=5 male and
female rats for each dose). Throughout the study period, no treatment-related deaths were observed and
no adverse effects were noted in clinical signs, body weight, food consumption, serum biochemistry,
organ weight, or gross findings at any dose tested. The results show that a single oral administration of
DMAE did not induce any toxic effects at a dose below 5,000 mg/kg in rats, and the minimal lethal dose
was considered to be over 5,000 mg/kg body weight for both sexes. With respect to cytotoxicity, the cell
viability of human embryonic kidney (HEK293) cells was less than 50% when the cells were treated with
10 mg/mL aqueous extract for 24 h.
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Traditional herbal medicines are generally regarded as

safe treatments due to the historical evidence regarding

various indications in ancient medical texts, however, in

practice, this is not always the case. Efficacy is often

suspected on the grounds that their traditional remedies

contain only very low concentrations of active ingredients

and basically rely on magical energetic principles [1,2].

Therefore, consumers still have questions regarding the

efficacy and safety of traditional herbal medicines.

Dendrobium moniliforme (L.) Sw. (Seok-Gok in

Korea) is the second largest genus in the family of

Orchidaceae [3]. There are 2 to 10 entities in this

complex, distributed throughout Eastern Asia and the

Himalayan regions such as Korea, Japan, China, Nepal,

India, and the alpine regions [4-6]. Dendrobium herb is

a well-known, traditional medicine that is used for the

various biological activities including immuno-modulatory,

anti-tumor, anti-diabetic and antioxidant properties [7].

Dendrobium extracts have been shown to display

neuroprotective effects on oxygen-glucose deprivation/

reperfusion neuronal injury in vitro [8]. In China,

Dendrobium plants have been used as ingredients for

nutraceutical beverages and food products for thousands

of years [9]. Thin-layer chromatography (GLC), gas
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chromatography (GC) and gas chromatography–mass

spectrometry (GC-MS) are commonly used methods for

identification and quantification of the monosaccharides

in Dendrobium polysaccharides [7]. Dendrobium plants

are rich in polysaccharides, and the detailed structure of

the purified O-acetyl glucomannan fraction (designated

as DMP2a-1) isolated from D. moniliforme has been

reported [10,11]. Another fraction (designated as DMP4a-

1) of D. moniliforme polysaccharides has been reported

to have an average molecular weight of 3049 Da [12].

Recent studies have reported that polysaccharides from

Dendrobium spp. usually consist of glucose, galactose,

mannose, xylose, arabinose, rhamnose, glucuronic acid,

and galacturonic acid [13-16]. A traditional method to

process Dendrobium herbs is to soak fresh stems in an

ethanol solution and then dry them in the sun [17]. This

method can significantly increase the yield of the hot

aqueous-extractable polysaccharide in the processed

Dendrobium herbs [18]. 

As part of the safety evolution studies of the test

article, a single oral dose toxicity study was performed

in Sprague-Dawley rats. There were no reports dealing

with the toxicological aspects of D. moniliforme aqueous

extract (DMAE), not even basic single dose toxicities in

rodents. The objective of the present study, therefore,

was to obtain primary safety information regarding D.

moniliforme aqueous extract, and further clarify its

safety for clinical use. In order to observe the minimal

lethal dose (LD
10
), test article was orally administered

once to male and female Sprague-Dawley rats at dose

levels of 0, 2,500, and 5,000 mg/kg body weight

according to the recommendations by the KFDA and

OECD guidelines [19,20].

Materials and Methods

Animal husbandry and maintenance

Twenty-four Sprague-Dawley rats of each sex were

obtained from the SAMTAKO Inc. (Osan, Korea) at 5

weeks of age, and used following 2 weeks of quarantine

and acclimatization. One animal per cage was housed in

a room maintained at a temperature of 21.1~23.5°C and

a relative humidity of 32.3~67.8%, with artificial lighting

from 07:00 to 19:00 (150~300 Lux) and 10~15 air

changes per hour. Only healthy animals were assigned to

the study. The animals were kept in solid-bottomed

polycarbonate cages (W 260×L 420×H 180 mm) and

allowed sterilized tap water and commercial rodent

chow (Altromin 1314 feed, Altromin, Lage, Germany)

ad libitum. The animals were maintained in accordance

with the Guide for the Care and Use of Laboratory

Animals [21].

Test substance preparation

Dendrobium moniliforme (L.) Sw. was purchased

from the Seok-Gok plantation of Jincheon (Chungbuk,

Korea) and identified by the National Development

Institute for Traditional Korean Medicine as Dendrobium

moniliforme (L.) Sw. The D. moniliforme (3 kg) was

extracted twice by decoction with distilled water (30 L)

for 3 h at 95°C, and the solution was filtered with a 100

mesh sieve. The D. moniliforme aqueous extract (DMAE)

freeze-dried powder was concentrated in vacuo (5-10

hPa at 50~60oC) and lyophilized using a freeze-drying

system (NE-10001V, Eyela, Tokyo, Japan). Total acquired

DMAE powder was 66 g (yield 2.2%). The test article

was prepared immediately before treatment by suspending

in sterile aqueous solution for injection. The dosing

solutions for the lower dose groups were prepared by a

stepwise dilution of the high-dose solution.

Selection of doses and experimental groups

In a dose-range finding study, there were no dead

animals at a dose of 2,500 mg/kg or below. Based on

these results, a dose of 2,500 mg/kg, which was the

nontoxic baseline, was selected as the medium dose in

the present study. A dose of 5,000 mg/kg was selected as

the high dose, using a common ratio of 2. In addition, a

vehicle control group was added to determine the effects

of the vehicle. The high dose selected in the present

study corresponds to approximately 2.5 times that of the

limit test dose recommended by the OECD Guidelines

for the Testing of Chemicals [20]. Five healthy animals

at 7 weeks of age were randomly assigned to three

experimental groups. Body weight ranges at the beginning

of dosing were 197~224 g for males and 149~168 g for

females.

Treatment

The rats were fasted overnight (approximately 16 h,

water was not restricted) prior to dosing, and the test

article was administered orally by gavage. The test

article was administered singly, at dose levels of 2,500

and 5,000 mg/kg. The application volume (20 mL/kg

body weight) was calculated according to the fasted

body weight on the treatment day. The control rats
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received an equivalent volume of sterilized distilled

water alone. After the test article was administered, the

rats were fasted for a further 4 h.

Mortality and clinical observation

Clinical signs and mortality were observed continuously

for the first 1 h after dosing, and every hour for 6 h. Each

animal was observed daily throughout the entire 15-day

experimental period. Abnormal type and severity of

signs, as well as the observation day and time, were

recorded.

Body weight

Individual body weights of the animals were measured

on the day of dosing (Day 0) shortly before test article

administration and on days 1, 3, 7, 14, and 15 after the

treatment. In addition, to reduce the individual body

weight differences of the animals at initial dosing, body

weight gains during Day −1 (grouping day) to Day 1,

Day −1 to Day 7, Day 7 to Day 14, and Day −1 to Day

14 were also calculated.

Food consumption

Food consumption was measured on days 1, 3, 7, and

14 after the treatment. The amount of food was measured

before they were assigned to each cage, and food

remaining the next day was measured in order to

calculate the difference, which was regarded as daily

food consumption (g/head/day).

Serum biochemistry

During the necropsy, more than 3 mL blood was

collected into a 5-mL Vacutainer tube (SSTTM tube,

Becton Dickinson, Franklin Lakes, NJ) containing a clot

activator. The blood was coagulated by maintaining it at

room temperature for 30~40min followed by centrifugation

(Hanil Combi-514R, Seoul, Korea) for 10 min. The

following parameters were measured with a serum bio-

chemistry analyzer (FUJI DRI-CHEM 4000i, FUJI,

Tokyo, Japan): aspartate aminotransferase (AST), alanine

aminotransferase (ALT), alkaline phosphatase (ALP),

lactate dehydrogenase (LDH), gamma glutamyl trans-

peptidase (GGT), blood urea nitrogen (BUN), creatinine

(CREA), total bilirubin (TBIL), albumin (ALB), total

protein (TP), total cholesterol (TCHO), triglycerides

(TG), creatine phosphokinase (CPK), and calcium (Ca2+).

Necropsy and organ weight

Prior to the scheduled necropsy, all animals were

fasted overnight (for 16~20 h). After anesthesia was

confirmed, blood was taken from the posterior vena cava

for serum biochemistry. The abdominal aorta and

posterior vena cava were cut for sacrifice. All organs of

the body surface, subcutis, head, and all internal organs

of the abdominal and thoracic cavities were observed

grossly. Subsequently, the liver, heart, spleen, lung, kidneys,

adrenal gland, ovaries, uteri, testes, and epididymides

were removed and weighed using an electronic balance

(EX224G, Ohaus, Florham Park, NJ), and all paired

organs were measured separately. The absolute organ

weights were converted to relative organ weights based

on the organ-to-fasted body weight ratio (%).

Assessment of cytotoxicity

The human embryonic kidney cell line (HEK293) was

purchased from the Korean Cell Line Bank for Biological

Sciences (KCLB, Seoul, Korea). 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) was obtained

from Sigma (St. Louis, MO). Roswell Park Memorial

Institute (RPMI) 1640 medium, phosphate-buffered saline

(PBS), fetal bovine serum, penicillin/streptomycin, and

trypan blue were purchased from Invitrogen Molecular

Probes (Carlsbad, CA). The proliferation of HEK293

cells was measured using a colorimetric MTT assay.

HEK293 cells were seeded onto a 96-well plate at a

density of 1.0×104 cells/well. Briefly, the cells were

incubated with different concentrations of samples for

24 h, followed by the addition of 20 µL MTT solution to

each well at a final concentration of 0.5 mg/mL in PBS

(pH 7.4). The plates were incubated for an additional 4 h

at 37oC in the dark. Following removal of the medium,

the dye crystals were dissolved in 100 µL dimethyl

sulfoxide, and the absorbance of each well was measured

at 570 nm using a microplate reader (Infinite 200 pro,

TECAN Ltd., Mannedorf, Switzerland). The cell viability

was expressed as a percentage of the ratio of absorbance

between treated and untreated groups.

Statistical analysis

Data are presented as the mean±standard deviation.

Body weight, food consumption, serum biochemistry,

absolute and relative organ weights, and cell viability

were compared by a Student’s t-test using the SPSS
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program (SPSS version 18.0, Chicago, IL). Since no

mortality was observed in the present study, statistical

analysis for the calculation of the LD
50
 value was not

performed.

Results

Mortality and clinical observations

No animals of either sex were found dead following

treatment with the test item during the testing period.

Therefore, it was estimated that the minimal lethal dose

of the test article is over 5,000 mg/kg in both sexes. In

addition, no DMAE treatment-related abnormal clinical

signs were observed during the observation period,

regardless of sex (data not shown).

Body weight

No significant changes were observed in body weight

or weight gains during the experimental period (Table 1).

Food consumption

Food consumption in males of the 5,000 mg/kg group

increased significantly (P<0.05) on Day 1 after dosing

when compared with that in the vehicle control group

(Figure 1A). No significant changes were observed in

food consumption of females during the experimental

period (Figure 1B).

Serum biochemistry

Blood urea nitrogen (BUN) in males of the 2,500 and

5,000 mg/kg groups were increased significantly (P<0.05)

when compared with that in the vehicle control group.

No significant differences in females were observed

between the groups (Table 2).

Organ weight

No significant differences were observed in any of the

absolute or relative organ weights between the groups, in

either sex (Tables 3 and 4).

Gross findings

At necropsy on day 15 following treatment, no

treatment-related effects were found in any dose group

(data not shown).

Table 1. Body weight and weight gains of animals exposed with DMAE in the acute toxicity study

Group
Grouping day Treatment day Intervals

Day -1 Day 0 Day -1~Day 1 Day -1~Day 7 Day 7~Day 14 Day -1~Day 14

Male

Vehicle control 224.0±9.2 208.8±9.1 6.0±4.1 51.4±8.1 33.0±3.2 84.4±9.8

2,500 mg/kg 223.6±7.6 209.8±7.5 7.4±2.5 61.2±3.3 27.0±5.5 88.2±4.8

5,000 mg/kg 225.4±8.4 207.2±9.3 7.8±2.5 54.8±8.5 31.0±5.6 85.8±9.6

Female

Vehicle control 168.8±7.0 158.8±8.3 3.8±3.7 28.0±6.4 15.2±7.4 43.2±6.8

2,500 mg/kg 168.0±2.9 156.4±2.9 3.4±1.1 29.4±2.1 16.8±8.4 44.2±8.4

5,000 mg/kg 168.0±3.4 155.6±2.6 4.6±2.8 26.4±4.6 20.2±9.8 46.6±8.9

Values are expressed as mean±SD of five rats (g).

Figure 1. Daily mean food consumption during 14 days of observation in male (A) and female (B) rats after a single oral treatment
of DMAE. Values are presented as the mean±standard deviation of five rats. Significant differences as compared with a control,
*P<0.05.
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Table 2. Serum biochemical values of animals exposed with DMAE in the acute toxicity study

Parameter
Male (mg/kg) Female (mg/kg)

0 2,500 5,000 0 2,500 5,000

AST (IU/L) 67.4±9.60 69.8±16.5 68.4±8.70 68.6±5.90 73.6±5.40 58.2±5.80

ALT (IU/L) 20.8±4.80 21.0±4.80 22.2±5.10 19.4±4.00 21.6±5.40 15.8±2.40

ALP (IU/L) 895.0±267.1 976.8±241.4 847.2±96.60 663.8±96.20 614.8±18.70 625.0±68.50

LDH (IU/L) 215.6±59.50 293.2±199.0 273.2±131.2 110.6±25.20 146.6±17.60 130.4±46.90

GGT (mg/dL) 8.00±1.00 7.40±1.14 8.80±0.84 8.40±0.55 8.40±1.82 8.60±0.55

BUN (mg/dL) 14.6±1.80 18.4±2.8*. 18.0±1.6*. 20.2±4.00 18.0±2.00 18.4±2.50

CRE (mg/dL) 0.22±0.04 0.28±0.04 0.20±0.00 0.28±0.04 0.30±0.00 0.30±0.07

TBIL (mg/dL) 0.26±0.05 0.30±0.00 0.28±0.04 0.34±0.05 0.38±0.04 0.40±0.07

ALB (g/dL) 4.38±0.16 4.40±0.29 4.22±0.11 4.56±0.28 4.56±0.51 4.62±0.11

TP (g/dL) 5.76±0.26 6.04±0.30 5.76±0.09 6.20±0.25 6.04±0.24 6.12±0.20

TCH (mg/dL) 86.2±7.40 75.8±9.70 88.0±7.80 91.4±17.4 90.4±12.3 92.2±11.1

TG (mg/dL) 57.8±14.8 75.8±24.7 69.8±7.90 81.0±19.9 69.8±14.8 97.6±20.7

CPK (IU/L) 160.4±16.70 201.2±69.70 214.6±103.1 113.4±12.10 142.2±11.80 121.0±28.00

Ca2+ (mg/dL) 12.1±0.60 12.4±0.30 12.1±0.20 11.5±0.30 11.7±0.60 12.3±0.60

Values are presented as the mean±SD of five rats.
Significant differences were compared with a control, *P<0.05.
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; GGT,
gamma glutamyl transpeptidase; BUN, blood urea nitrogen; CRE, creatinine; TBIL, total bilirubin; ALB, albumin; TP, total protein; TCH,
total cholesterol; TG, triglycerides; CPK, creatine phophokinase; and Ca2+, calcium.

Table 3. Absolute organ weights of animals exposed with DMAE in the acute toxicity study

Parameter
Male (mg/kg) Female (mg/kg)

0 2,500 5,000 0 2,500 5,000

Organ weights (g)

Body weight (g) 289.8±14.90 296.0±5.300 294.0±15.50 199.2±6.100 199.2±4.800 200.8±6.800

Liver 9.94±1.14 10.90±0.860 10.73±0.580 6.93±0.38 6.77±0.83 6.99±0.20

Heart 1.11±0.07 1.10±0.07 1.13±0.08 0.81±0.05 0.79±0.08 0.86±0.06

Spleen 0.74±0.06 0.73±0.07 0.75±0.04 0.59±0.11 0.64±0.03 0.61±0.06

Lung 1.75±0.24 1.74±0.17 1.71±0.17 1.30±0.09 1.36±0.17 1.41±0.24

Kidneys 2.77±0.31 2.57±0.10 2.64±0.09 1.66±0.15 1.50±0.20 1.70±0.12

Adrenal glands 0.05±0.01 0.04±0.02 0.03±0.01 0.04±0.02 0.06±0.01 0.06±0.01

Testes 3.47±0.15 3.64±0.15 3.53±0.10

Epididymides 0.80±0.15 0.76±0.05 0.84±0.05

Ovaries 0.11±0.02 0.10±0.04 0.10±0.03

Uteri 0.52±0.23 0.42±0.09 0.47±0.09

Values are expressed as mean±SD of five rats.

Table 4. Relative organ weights of animals exposed with DMAE in the acute toxicity study

Parameter
Male (mg/kg) Female (mg/kg)

0 2,500 5,000 0 2,500 5,000

Organ weights (% of body weight)

Body weight (g) 289.8±14.90 296.0±5.300 294.0±15.50 199.2±6.100 199.2±4.800 200.8±6.800

Liver 3.42±0.26 3.68±0.24 3.65±0.19 3.48±0.19 3.40±0.39 3.48±0.17

Heart 0.38±0.03 0.37±0.02 0.39±0.02 0.40±0.02 0.40±0.03 0.43±0.04

Spleen 0.25±0.02 0.25±0.02 0.26±0.03 0.30±0.06 0.32±0.02 0.31±0.03

Lung 0.60±0.07 0.59±0.06 0.58±0.06 0.66±0.04 0.69±0.10 0.70±0.10

Kidneys 0.95±0.08 0.87±0.03 0.90±0.05 0.83±0.08 0.75±0.08 0.85±0.04

Adrenal glands 0.02±0.01 0.02±0.01 0.01±0.00 0.02±0.01 0.03±0.00 0.03±0.01

Testes 1.20±0.05 1.23±0.07 1.20±0.05

Epididymides 0.27±0.05 0.26±0.02 0.28±0.02

Ovaries 0.05±0.01 0.05±0.02 0.05±0.01

Uteri 0.26±0.11 0.21±0.04 0.23±0.05

Values are expressed as mean±SD of five rats.
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Cytotoxicity

HEK293 cells were incubated with DMAE at

concentrations of 1.25, 2.5, 5, 6, 7, 8, 9, and 10 mg/mL

for 24 h. Cell death (cytotoxicity) was observed at

concentrations above 6mg/mL. The IC
50
 value (concentration

inducing 50% cell death) was found to be 10 mg/mL

(Figure 2).

Discussion

Dendrobium plants are the second largest genus in the

Orchidaceae family [3], consisting of approximately

1100 species, which are mainly distributed in the

subtropical and tropical regions of Asia and Oceania

[22]. Starch granules have been shown by scanning

electron microscopy to be present in the stem vascular

bundles of 8 Dendrobium species, namely, Dendrobium

moniliforme, D. tosaense, D. cumulatum, D. linawianum,

D. aurantiacum, D. huoshanense, D. nindii, and D.

officinale [23]. Since ancient times, many Dendrobium

plants have been used as ingredients for nutraceutical

beverages and food products [9]. A traditional method to

process Dendrobium herbs is to soak fresh stems in an

ethanol solution [17].

The present study was conducted to investigate the

potential acute toxicity of an aqueous extract of dendrobium

moniliforme (L.) Sw., DMAE, administered by gavage

to Sprague-Dawley rats at dose levels of 0, 2,500, and

5,000 mg/kg body weight. The results show that a single

oral dose of DMAE did not cause any adverse effects on

mortality rate, clinical signs, body weight change, food

consumption, serum biochemistry, organ weights, or

necropsy finding in rats.

Food consumption in males of the 5,000 mg/kg group

increased significantly on Day 1 after dosing compared

with that in the vehicle control group. Both food

consumption and body weight gain in all test substance-

treated groups were shown to have an increasing tendency

on Day 1 after dosing compared with the control group.

The increased food consumption and body weight were

not considered to be toxicologically significant, since

they were within the limits of normal biological variation

[24-26]. However, these observations suggest the need

for further identification of an increasing effect through

repeated dose studies, since similar results have been

reported in other studies that Dendrobium extract

significantly increased body weight in hypertensive and

diabetic rats [27,28]. Dendrobium plants are rich in

polysaccharides, and contain nutrients such as protein,

amino acids, Ca, Mg, P, and other inorganic elements

[10].

The significant increase in blood urea nitrogen (BUN)

in the males of the 2,500 and 5,000 mg/kg groups was

not considered toxicologically significant due to the fact

that there were no changes detected in the females, and

the values were within the normal range of laboratory

reference data [24]. However, further studies are required

to identify histopathology changes after repeated

administration of DMAE.

No toxic effects were detected in rats following ingestion

of D. Nobile extract at a dose level of 10 g/kg body

weight [29]. Furthermore, no toxic effects were detected

in mice or rats following ingestion of D. Candidum

extract at a dose level of 4 g/kg/day for thirty days [30].

These studies consistently suggest the safety of Dendrobium

herb administration, and are in accordance with the

present study. In the case of normal mouse bone marrow

cells, the ethanolic extract of Dendrobium formosum did

not induce cytotoxicity, since an IC
50 
value was not

obtained even with a higher dose of 2 mg/mL [31].

With respect to cytotoxicity, exposure of DMAE was

investigated in cultured human embryonic kidney (HEK293)

cells. Cell death was observed with concentrations above

6 mg/mL. Moreover, the cell viability of HEK293 cells

was less than 50% following treatment with 10 mg/mL

aqueous extract for 24 h. The results of the present study

show that exposure of HEK293 cells to DMAE produced

a dose-dependent cytotoxicity as revealed by an MTT

assay.

Figure 2. HEK293 cells were incubated with D. moniliforme
aqueous extract (DMAE) at concentrations of 1.25, 2.5, 5, 6, 7,
8, 9, and 10 mg/mL for 24 h. Dose dependent toxicity of DMAE
in HEK293 cells. Values are presented as the mean±standard
deviation of six wells. Significant differences as compared with
a control, *P<0.05 and **P<0.01.
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Based on the results of the present study, it can be

concluded that a single oral dose of DMAE did not

induce any adverse effects in Sprague-Dawley rats at a

dose level of 5,000 mg/kg or less, and that the minimal

lethal dose (LD
10
) can be considered to be over 5,000

mg/kg body weight for both sexes.
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