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Abstract: Cistanche species, the ginseng of the desert, has been recorded to possess many biological
activities in traditional Chinese pharmacopoeia and has been used as an anti-aging medicine. Three
phenylethanoid glycosides—echinacoside, tubuloside A, and acteoside—were detected in the water
extract of Cistanche tubulosa (Schenk) R. Wight and the major constituent, echinacoside, was further
purified. Echinacoside of a concentration higher than 10−6 M displayed significant activity to
stimulate growth hormone secretion of rat pituitary cells. Similar to growth hormone-releasing
hormone-6, a synthetic analog of ghrelin, the stimulation of growth hormone secretion by echinacoside
was inhibited by [D-Arg1, D-Phe5, D-Trp7,9, Leu11]-substance P, an inverse agonist of the ghrelin
receptor. Molecular modeling showed that all the three phenylethanoid glycosides adequately
interacted with the binding pocket of the ghrelin receptor, and echinacoside displayed a slightly
better interaction with the receptor than tubuloside A and acteoside. The results suggest that
phenylethanoid glycosides, particularly echinacoside, are active constituents putatively responsible
for the anti-aging effects of C. tubulosa and may be considered to develop as non-peptidyl analogues
of ghrelin.

Keywords: cistanche tubulosa; echinacoside; ghrelin; growth hormone secretion; phenylethanoid
glycosides

1. Introduction

Cistanche species (Orobanchaceae), the so-called ginseng of the desert, is a holoparasitic plant
found in the desert region of northwestern China. This herbal medicine has been recorded to
possess several biological activities such as constipation relief, longevity, and aphrodisiac properties in
traditional Chinese pharmacopoeia [1]. Different species of Cistanche are commonly named according
to their hosts and growing environments, such as Cistanche deserticola Y.C. Ma and Cistanche tubulosa
(Schenk) R. Wight. C. deserticola, hosted by Haloxylon ammodendron mainly found in Inner Mongolia,
was originally regarded as the standard Cistanche source in Chinese Pharmacopoeia, but has been
listed as an endangered plant species in China since 1984. C. tubulosa, hosted by Tamarix ramosissima
grown in Xinjiang Hetian, tends to possess a fast growth rate, and thus agricultural cultivation of this
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species leads to a much better yield than the traditional C. deserticola. Nowadays, both of the above
two species are collected in the Chinese Pharmacopoeia [2].

C. deserticola and C. tubulosa are found to possess similar chemical constituents and pharmacological
activities, thus both of them are regarded to be potential herbal medicine for aging-related diseases [3–5].
Phenylethanol glycosides are common active ingredients found in these two species, and echinacoside
is identified as the major phenylethanol glycoside in C. tubulosa [6]. In the past decade, echinacoside
and the extract of C. tubulosa rich in echinacoside were demonstrated to possess many pharmacological
activities, such as anti-aging, neuroprotection, enhancement of learning and memory, improvement of
cardiac function, reduction of hyperlipidemia and hyperglycemia, and prevention of obesity-induced
diabetes and metabolic syndrome [7–12].

Known as the “hunger hormone”, ghrelin is a peptide hormone composed of 28 amino acid
residues in which the third serine residue is acylated with an n-octanoyl group essential for its biological
functions [13]. Ghrelin has been demonstrated to be an endogenous ligand for a G-protein-coupled
receptor named growth hormone secretagogue-1a receptor (GHS-R1a), which is mainly expressed
in the hypothalamus and the pituitary gland [14]. Activation of GHS-R1a by ghrelin results in the
stimulation of growth hormone secretion and the regulation of several physiological reactions [15].
Clinical studies show that exogenous supplementation with growth hormones could alleviate the
symptoms of aging-related diseases in the elderly, such as increasing muscle strength and bone density
and improving sleeping quality and cognitive ability [16,17]. However, concerns of serious side
effects (e.g., prostate cancer, joint pain, insulin resistance, fluid retention, carpal tunnel syndrome,
and gynecomastia) have been brought up for the treatment with exogenous growth hormones [18,19].
Therefore, the stimulation of growth hormone secretion by ghrelin via GHS-R1a activation has been
considered as an alternative therapeutic approach for the aging-related diseases of the elderly, and its
therapeutic effect is assumed to be superior to exogenous supplementation of growth hormone.

Recently, teaghrelins and ginkgoghrelins, unique acylated flavonoid glycosides found in
Chin-shin oolong tea and Ginkgo biloba L. (Ginkgoaceae) leaves, were demonstrated to induce growth
hormone secretion of rat primary anterior pituitary cells via binding to the ghrelin receptor [20–22].
Considering the therapeutic effects of Cistanche spp. on aging-related diseases were similar to
the anti-aging effects of Chin-shin oolong tea and Ginkgo biloba leaves, we wondered whether the
pharmacological activities of phenylethanol glycosides could be executed via the same pathway as
those of teaghrelins and ginkgoghrelins by binding to the ghrelin receptor. Firstly, three phenylethanoid
glycosides—echinacoside, tubuloside A, and acteoside—were identified in the water extract of
C. tubulosa. The major constituent, echinacoside, was further purified and examined for its capability
for stimulating growth hormone release of rat pituitary cells via activation of the ghrelin receptor.
Molecular modeling of echinacoside, tubuloside A, and acteoside docking to the ghrelin receptor was
performed and compared for the possible interactions within the binding pocket.

2. Results

2.1. Separation and Identification of Three Major Phenylethanol Glycosides in the Water Extract of Two
Cistanche Species

In the HPLC analysis of two Cistanche species, C. tubulosa was found to possess much higher
contents of phenylethanol glycosides than C. deserticola (Figure 1A,B). Three major phenylethanol
glycosides were observed in C. tubulosa and identified as echinacoside, tubuloside A, and acteoside by
mass spectrometric analysis (Figure 2) in comparison with the HPLC profiles and MS data of known
compounds published previously [23,24]. According to the molecular fragmentation 785 m/z in MS1

and 623 m/z in MS2, the major peak in the water extract of C. tubulosa was identified as echinacoside
(Figure 2A). Similarly, tubuloside A was assigned by its molecular fragmentation 827 m/z in MS1 and
665, 623, and 782 m/z in MS2 (Figure 2B); acteoside was confirmed by the molecular fragmentation
623 m/z in MS1 and 461 m/z in MS2 (Figure 2C). Echinacoside was further purified to near homogeneity
(Figure 1C) and used in the following biological assays.
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Figure 1. HPLC profiles of the water extract from Cistanche deserticola (A), the water extract from C 
Cistanche tubulosa (B), and isolated echinacoside (C) at 330 nm. The chemical constituents in the water 
extracts were separated by HPLC (0–60 min). The peaks of echinacoside, tubuloside A, and acteoside 
were labeled. 

 
 

 

Figure 1. HPLC profiles of the water extract from Cistanche deserticola (A), the water extract from
C Cistanche tubulosa (B), and isolated echinacoside (C) at 330 nm. The chemical constituents in the water
extracts were separated by HPLC (0–60 min). The peaks of echinacoside, tubuloside A, and acteoside
were labeled.
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Figure 2. Mass spectrometric analyses of echinacoside (A), tubuloside A (B), and acteoside (C) in MS1 (left 
panels) and MS2 (right panels) fragmentation. 

2.2. Effect of Echinacoside on the Induction of Growth Hormone Secretion in Rat Pituitary Cells 

To evaluate if echinacoside could be an agonist of growth hormone secretagogue receptor 
(GHSR), it was subjected to examination of the induction of growth hormone secretion from primary 
rat anterior pituitary cells. Similar to GHRP-6, a synthetic GHSR agonist, echinacoside was able to 
stimulate the secretion of growth hormones from rat pituitary cells (Figure 3). Significant increases 
in growth hormone secretion were detected when rat pituitary cells were treated with echinacoside 
of a concentration higher than 10−6 M for 15 and 30 min. The treatment of echinacoside (from 10−8 to 
10−5 M) for 15 and 30 min was found to stimulate growth hormone secretion of the rat pituitary cells 
in a dose dependent manner. Moreover, a GHSR inverse agonist, [D-Arg1, D-Phe5, D-Trp7,9, 
Leu11]-substance P, obviously inhibited the stimulatory effects of GHRP-6 and echinacoside on the 
induction of growth hormone secretion from rat pituitary cells (Figure 4). The results suggest that 
echinacoside is a potential agonist of GHSR. 

 

Figure 2. Mass spectrometric analyses of echinacoside (A), tubuloside A (B), and acteoside (C) in MS1

(left panels) and MS2 (right panels) fragmentation.

2.2. Effect of Echinacoside on the Induction of Growth Hormone Secretion in Rat Pituitary Cells

To evaluate if echinacoside could be an agonist of growth hormone secretagogue receptor (GHSR),
it was subjected to examination of the induction of growth hormone secretion from primary rat
anterior pituitary cells. Similar to GHRP-6, a synthetic GHSR agonist, echinacoside was able to
stimulate the secretion of growth hormones from rat pituitary cells (Figure 3). Significant increases
in growth hormone secretion were detected when rat pituitary cells were treated with echinacoside
of a concentration higher than 10−6 M for 15 and 30 min. The treatment of echinacoside (from 10−8

to 10−5 M) for 15 and 30 min was found to stimulate growth hormone secretion of the rat pituitary
cells in a dose dependent manner. Moreover, a GHSR inverse agonist, [D-Arg1, D-Phe5, D-Trp7,9,
Leu11]-substance P, obviously inhibited the stimulatory effects of GHRP-6 and echinacoside on the
induction of growth hormone secretion from rat pituitary cells (Figure 4). The results suggest that
echinacoside is a potential agonist of GHSR.
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Figure 3. Effect of echinacoside administration on growth hormone secretion of pituitary cells. Growth
hormone (GH) secretion from rat primary pituitary cells was measured after incubation with medium
(control), GHRP-6 (GHSR agonist, 10−7 M), and various concentrations (from 10−8 to 10−5 M) of
echinacoside (ECH) for 15 (A) and 30 min (B), respectively. Data were presented as means ± SD with
n = 6. Significance levels seen by T Test were * p < 0.05 and ** p < 0.005 versus the control.
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Figure 4. Inhibition of [D-Arg1, D-Phe5, D-Trp7,9, Leu11]-substance P (GHSR antagonist) on stimulatory
effects of GH secretion by GHRP-6 and echinacoside treatment. Rat primary anterior pituitary cells
were incubated with GHRP-6 (10−7 M) and echinacoside (10−5 M) in the presence and absence of
[D-Arg1, D-Phe5, D-Trp7,9, Leu11]-substance P (0.5 µM) for 15 min. Data were presented as means
± SD with n = 6. Significance levels seen by T Test were * p < 0.05 versus the control, # p < 0.05 and
## p < 0.005 significant differences between columns.

2.3. Molecular Docking of Echinacoside, Tubuloside A, and Acteoside to the Ghrelin Receptor

In comparison with GHRP-6, the three phenylethanol glycosides in C. tubulosa—echinacoside,
tubuloside A, and acteoside—were subjected to molecular modeling and docking to the binding pocket
of the ghrelin receptor, GHSR. The results showed that all three phenylethanol glycosides could bind to
the ghrelin binding pocket of GHSR, though their interactions within the binding pocket were relatively
weak in comparison with GHRP-6 (Figure 5A). Two types of intermolecular interaction, H-bonding
and π-π stacking, were formed between echinacoside and GHSR (Figure 5B). Six H-bonds were formed
between echinacoside and GHSR; two between the C6 hydoxyl group of sugar moiety and S207 of
GHSR, one between the C6 hydoxyl group of sugar moiety and V205 of GHSR, one between the C2
hydroxyl group of sugar moiety and N305 of GHSR, one between the C2 hydroxyl group of glycoside
moiety and R283 of GHSR, and one between the C3 hydroxyl group of dihydroxyphenylethanol
moiety and Q120 of GHSR. One π-π stacking interaction was formed between the caffeic acid of
echinacoside and F309 of GHSR. Only one type of intermolecular interaction, H-bonding, was formed
between tubuloside A and GHSR (Figure 5C). Five H-bonds were formed between tubuloside A and
GHSR; two between the C3 hydoxyl group of rhamnose moiety and N305 of GHSR, one between
the hydoxyl group of caffeic acid moiety and G208 of GHSR, one between the hydroxyl group of
dihydroxyphenylethanol moiety and R283 of GHSR, and one between the C4 of glycoside moiety and
Q120 of GHSR. Two types of intermolecular interactions, H-bonding and π-π stacking, were formed
between acteoside and GHSR (Figure 5D). Four H-bonds were formed between acteoside and GHSR;
two between the C2 and C3 hydoxyl groups of rhamnose moiety and N305 of GHSR, one between
the hydoxyl group of caffeic acid moiety and C198 of GHSR, and one between the hydroxyl group of
dihydroxyphenylethanol moiety and E124 of GHSR. One π-π stacking interaction was formed between
the dihydroxyphenylethanol moiety of acteoside and F220 of GHSR. Accordingly, binding affinities
(chemical energy) calculated by GEMDOCK showed that echinacoside, tubuloside A, and acteoside
possessed comparable strength of ligand-receptor interaction, while echinacoside displayed a slightly
better interaction with the receptor than tubuloside A and acteoside when docking to the binding
pocket of the ghrelin receptor constructed with the pocket space occupied by GHRP-6 (Table 1).



Molecules 2019, 24, 720 6 of 11

Molecules 2019, 24, x FOR PEER REVIEW 6 of 11 

groups of rhamnose moiety and N305 of GHSR, one between the hydoxyl group of caffeic acid 
moiety and C198 of GHSR, and one between the hydroxyl group of dihydroxyphenylethanol moiety 
and E124 of GHSR. One π-π stacking interaction was formed between the dihydroxyphenylethanol 
moiety of acteoside and F220 of GHSR. Accordingly, binding affinities (chemical energy) calculated 
by GEMDOCK showed that echinacoside, tubuloside A, and acteoside possessed comparable 
strength of ligand-receptor interaction, while echinacoside displayed a slightly better interaction 
with the receptor than tubuloside A and acteoside when docking to the binding pocket of the ghrelin 
receptor constructed with the pocket space occupied by GHRP-6 (Table 1). 

 

 

Figure 5. Modeling of four ligands, GHRP-6 (A), echinacoside (B), tubuloside A (C), and acteoside 
(D) docking into GHSR, and the detailed intermolecular interaction in these complex structures. Left 
panel: ligands (ball-stick structure) in the ghrelin binding site of GHSR (ribbon structure). Middle 
panel: the amino acids (stick structure) close to ligands (ball-stick structure) in these complex 
structures. Right panel: detailed intermolecular interaction between ligands and GHSR. The amino 
acids of GHSR involved in formation of interaction with ligands are shown in squares. Distances of 
H-bonding (red lines), charge-charge (green line), and π-π interaction (blue lines) are indicated. 

 

Figure 5. Modeling of four ligands, GHRP-6 (A), echinacoside (B), tubuloside A (C), and acteoside
(D) docking into GHSR, and the detailed intermolecular interaction in these complex structures. Left
panel: ligands (ball-stick structure) in the ghrelin binding site of GHSR (ribbon structure). Middle
panel: the amino acids (stick structure) close to ligands (ball-stick structure) in these complex structures.
Right panel: detailed intermolecular interaction between ligands and GHSR. The amino acids of GHSR
involved in formation of interaction with ligands are shown in squares. Distances of H-bonding (red
lines), charge-charge (green line), and π-π interaction (blue lines) are indicated.

Table 1. Chemical energy calculated by GEMDOCK for the interaction between the binding pocket
of the ghrelin receptor (GHSR) and three phenylethanoid glycosides (echinacoside, tubuloside A,
and acteoside).

Compound Energy (kJ mol−1) Van der Waals’ Force (kJ mol−1) H Bond (kJ mol−1)

Echinacoside −132.35 −111.82 −20.53
Tubuloside A −122.88 −103.93 −18.95

Acteoside −120.35 −93.65 −26.7
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3. Discussion

In literature, ghrelin (known as an endogenous hormone) and echinacoside found as
a major phenylethanoid glycoside in Cistanche species were documented to possess several
equivalent physiological activities, including anti-aging effects presumably through hypothalamus-
pituitary-gonadal axis. Indeed, both ghrelin and echinacoside were proposed to be therapeutic drugs in
Alzheimer’s disease and Parkinson’s disease [3,4,8,25–27]. In this study, we showed that echinacoside
isolated from C. tubulosa might stimulate growth hormone secretion from rat primary anterior pituitary
cells putatively via GHSR activation in a manner similar to ghrelin. The stimulation of growth hormone
secretion triggered by echinacoside seems to support the well-recognized anti-aging effects of Cistanche
species, and phenylethanoid glycosides, particularly echinacoside, are active constituents putatively
responsible for the therapeutic effects.

Estimated from the relative capability of stimulating growth hormone secretion from rat pituitary
cells, echinacoside seemed to be approximately 100 times weaker than GHRP-6, as comparable
stimulation activities were observed between echinacoside of 10−5 M and GHRP-6 of 10−7 M
for treatments of 15 and 30 min (Figure 3). The relative activities of echinacoside and GHRP-6
in inducing growth hormone secretion were in good agreement with the molecular modeling,
as GHRP-6 strongly interacted with the residues around the binding pocket of GHSR via three
types of interaction—H-bonding, charge-charge, and π-π interaction—while echinacoside interacted
with GHSR via two types of interaction—H-bonding and π-π stacking (Figure 5). Notably, it has been
highlighted that the charge-charge interaction between the positively charged ammonium group of
GHRP-6 and the negatively charged E124 of GHSR plays a critical role in the binding of GHRP-6
to the ghrelin receptor [28]. Possibly, the relatively weak stimulatory effect of echinacoside on the
induction of growth hormone secretion from rat pituitary cells might be mainly attributed to the lack
of charge-charge interaction in the binding pocket of GHSR.

According to the activity assay in this study (Figure 3), the minimal effective concentration
of echinacoside (Mr 786) for the stimulation of growth hormone secretion from rat pituitary cells
is around 10−6 M. For an adult of 65 kg, the blood volume is approximately 5 L (65 kg × 1/13 =
5 kg ≈ 5 L), and thus about 4 mg of echinacoside is required to reach a concentration of 10−6 M
(5L × 10−6 M × 786 = 3.93 mg). Approximately 20 mg of echinacoside is extracted from 1 g of dried
stem of C. tubulosa [24]. To obtain 4 mg of echinacoside, it requires 0.2 g of dried stem of C. tubulosa.
Commonly, more than 1 g of dried stem of C. tubulosa is added in the preparation of medicinal products.
Therefore, the effective dosage of echinacoside seems to be in good agreement with the empirical
consumption of C. tubulosa as an anti-aging herbal medicine. Of course, the effective dosage of
echinacoside should be higher than the above estimation, as the availability of echinacoside tends to be
reduced after intestinal absorption and passing through the blood-brain barrier. Further experiments
are required to exactly determine the effective dosage of echinacoside in animals.

In our previous studies, teaghrelin and ginkgoghrelin, unique acylated flavonoid glycosides
isolated from Chin-shin oolong tea and Ginkgo biloba leaves, were also shown to induce growth
hormone secretion of rat pituitary cells via binding to the ghrelin receptor [20,22]. Interestingly, the
minimal effective concentration of either teaghrelin or ginkgoghrelin for the stimulation of growth
hormone secretion from rat pituitary cells was also found to be around 10−6 M, and thus equivalent
to that of echinacoside. However, the contents of teaghrelin and ginkgoghrelin in Chin-shin oolong
tea and Ginkgo biloba leaves were relatively low; there was approximately 1 mg of teaghrelin in 1 g of
Chin-shin oolong tea and 0.33 mg of ginkgoghrelin in 1 g of Ginkgo biloba leaves in contrast with the
20 mg of echinacoside in 1 g of C. tubulosa. Therefore, the effective consumption dosages of Chin-shin
oolong tea and Ginkgo biloba leaves are around 5–10 g and 10–20 g, respectively. The drastic difference
in effective consumption dosage between C. tubulosa (0.2 g) and Chin-shin oolong tea or Ginkgo biloba
leaves seems to explain why C. tubulosa is used as an anti-aging herbal medicine while Chin-shin
oolong tea and Ginkgo biloba leaves are consumed as herbal tea drinks.
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4. Materials and Methods

4.1. Chemicals and Plant Materials

Cistanche deserticola Y.C. Ma was obtained from a local market and authenticated by Dr. Nan-Hei
Lin. Cistanche tubulosa (Schenk) R. Wight was purchased from Sinphar Tian-Li Pharmaceutical Co.,
Ltd., (Hangzhou, China). HPLC-grade acetonitrile, formic acid, and methanol were purchased
from ECHO Chemical Co., Ltd, (Miaoli, Taiwan). Dulbecco’s modified Eagle’s medium (DMEM),
dialyzed fetal bovine serum (DFBS), and Trypsin-EDTA were bought from Invitrogen (Carlsbad,
CA, USA). DNase I was bought from Worthington Biochemical (Lakewood, NJ, USA). Growth
hormone-releasing hormone-6 (GHRP-6) was obtained from Gen Way Biotech, Inc. (San Diego,
CA, USA). Collagenase type I and [D-Arg1, D-Phe5, D-Trp7,9, Leu11]-substance P were bought from
Sigma-Aldrich Co. (St. Louis, MO, USA). Rat growth hormone ELISA kit was purchased from Sunred
Biological Technology Corporation (Shanghai, China).

4.2. HPLC/UV and LC−MSn Analyses of the Water Extraction of Cistanche spp.

Dried stem (25 g) of Cistanche deserticola Y.C. Ma or Cistanche tubulosa (Schenk) R was extracted
three times with 500 mL distilled water for 60 min at 50 ◦C in a water bath. The solution was filtered
through a 13 mm Syrign Filter with 0.45 µm PP membrane filter (Pall Corporation, Glen Cove, NY,
USA), and subjected to the following analyses. The chemical constituents in the extracts were analyzed
using a Syncronis C18 column (4.6 × 250 mm inner diameter, 5 µm, Thermo Scientific, Waltham, MA,
USA) in the HPLC system coupled with a model 600E photodiode array detector (Waters Corporation,
Milford, MA, USA). The mobile phase consisted of (A) water containing 0.1% formic acid and (B)
acetonitrile. The eluting gradient was as follows: 0–60 min, linearly gradient from 14% B; 0–3 min, 14%
to 17% B; 3–4 min, 17% B; 4–15 min, 17% to 20% B; 15–20 min, 20% B; 20–50 min, 20% to 14% B; 50–60
min, 14% B. The ultraviolet (UV) absorbance detection wavelength was set at 330 nm. A linear trap
quadrupole (LTQ) tandem mass spectrometer (Thermo Electron, San Jose, CA, USA) equipped with
an electrospray ionization (ESI) interface were connected to a Surveyor LC system (Thermo Electron)
with a 5 µL sample loop. The eluting gradient was as follows: 0–90 min, linearly gradient form 14% B;
0–24 min, 14% to 17% B; 24–25 min, 17% B; 25–36 min, 17% to 20% B; 36–37 min, 20% B; 37–80 min,
20% to 14% B; 80–90 min, 14% B. The heated capillary temperature was set at 300 ◦C with the spray
voltage of 4.5 kV. Negative ESI mode was firstly scanned ranging from m/z 400–1000. Data-dependent
MSn was obtained using the high purity helium (>99.99%) as the collision gas.

4.3. Isolation of Echinacoside

The water extract from dried stem (25 g) of C. tubulosa was concentrated under reduced pressure
to give deep brown syrup. The crude extraction was suspended with distilled water and lyophilized
by a freeze dryer. The powder of 100 mg was resolved in distilled water of 5 mL and subjected to
purification using Sephadex LH-20 column (100 mL; GE Healthcare Bio-Sciences AB, Sweden) eluted
with 10% aqueous methanol solution and monitored by HPLC. The fractions containing echinacoside
were detected by reading the absorbance at 245 nm and harvested by using an autosampler.

4.4. Animals

The experiments were approved by the Institutional Animal Care and Use Committee of
the National Chung−Hsing University with the approval number of IACUC 106-079. Male
Sprague−Dawley rats weighing 250−300 g were purchased from BioLASCO, Taiwan Co., Ltd. (Taipei,
Taiwan). Two animals per cage were maintained in a controlled environment of 23 ± 2 ◦C, 60 ± 10%
humidity, and 12 h light/dark cycle. The rats were fed with a standard chow diet (calories provided
by 28.7% protein, 13.4% fat, and 57.9% carbohydrate, 5001 Rodent LabDiet, St. Louis, MO, USA) and
distilled water ad libitum.
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4.5. Primary Pituitary Cell Culture

Pituitary cells were isolated according to a modified enzymatic dispersion method developed by
Yamazaki et al. [29]. Briefly, male Sprague Dawley rats were anaesthetized with Zoletil 50 (40 mg/kg,
IP; Virbac Laboratories, Carros, France), and the anterior pituitary glands were removed and dispersed
to culture pituitary cells in suspension, as described previously [30].

4.6. Growth Hormone Secretion Assay

The primary anterior pituitary cells of 4 × 104 cell/well were cultured at 37 ◦C under 5% CO2 for
2 days prior to the growth hormone secretion assay according to the protocol described previously [30].
After the removal of culture medium, cells were starved in serum-free Dulbecco’s Modified Eagle’s
medium (DMEM) for 90 min to stabilize basal hormone secretion. The starvation medium was replaced
with fresh DMEM containing echinacoside (from 10−8 to 10−5 M) or GHRP-6 (agonist of a human
ghrelin receptor, GHSR, 10−7 M) as a positive control, and cells were incubated for 15 and 30 min
at 37 ◦C under 5% CO2. For detection of antagonist effect, the cells were incubated with a GHSR
inverse agonist, [D-Arg1, D-Phe5, D-Trp7,9, Leu11]-substance P (0.5 µM), and then treated with DMEM
containing echinacoside (10−5 M) or GHRP-6 (10−7 M) for 30 min. The medium was collected for
determination of growth hormone secretion by a rat growth hormone ELISA kit (Shanghai Sunred
Biological Technology Corporation).

4.7. Statistical Analysis

The data were presented as mean values ± SD. The differences were analyzed by T Test. Statistical
calculations were performed by GraphPad Prism 6 (GraphPad Software Inc., La Jolla, CA, USA).
A level of p < 0.05 was considered to be statistically significant.

4.8. Homology Modeling and Docking

Homology modeling and docking to a human ghrelin receptor, growth hormone secretagogue
receptor (GHSR, accession number AAI13548), was established by following our previous
construction [21,24]. Briefly, crystal structures of β1 and β2 adrenergic receptors (PDB 2YCY and
3PDS) with bound ligands, cyanopindolol, and FAUC50 were used as templates to construct the
GHSR structure [31,32]. The GHSR structure with the lowest PDF total energy was selected for further
docking with GHRP-6, echinacoside, tubuloside A, and acteoside. All modeling processes were
performed using the Discovery Studio 2.1 platform (http://accelrys.com/).

The 3D structure of GHRP-6 was downloaded from the Pub-Chem compound database on the
NCBI website (http://www.ncbi.nlm.nih.gov/). The 3D structures of echinacoside, tubuloside A,
and acteoside were built using the Chem3D program (http://www.cambridgesoft.com/). The ligand
binding site of GHSR was defined as the spherical space with a 14 Å radius from the center of the
binding pocket in the docking simulation. Docking of GHRP-6, echinacoside, tubuloside A, or acteoside
to the binding site of GHSR was performed in silico by employing the LibDock module in the Discover
Studio 2.1 package and further minimized by smart minimize algorithm with CHARMm force field
in the Discover Studio 2.1 package [33]. To compare the relative binding affinities of echinacoside,
tubuloside A, and acteoside in GHSR, the active center area constructed with GHRP-6 in GHSR
was used for the docking, and the binding energy was calculated by GEMDOCK (The Institute of
Bioinformatics, National Chiao Tung University, Taiwan).
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J.T.C.T.

Funding: The work was partly supported by a grant to Jason TC Tzen of National Chung-Hsing University
(NCHU-102D604).

http://accelrys.com/
http://www.ncbi.nlm.nih.gov/
http://www.cambridgesoft.com/


Molecules 2019, 24, 720 10 of 11

Acknowledgments: The authors thank Tian-Shun Weng for sharing his professional experience in the usage of
Cistanche species.

Conflicts of Interest: All authors declare no conflicts of interest.

References

1. Wang, T.; Zhang, X.; Xie, W. Cistanche deserticola YC Ma, “Desert ginseng”: A review. Am. J. Chin. Med. 2012,
40, 1123–1141. [CrossRef] [PubMed]

2. Wang, T.; Chen, C.; Yang, M.; Deng, B.; Kirby, M.G.; Zhang, X. Cistanche tubulosa ethanol extract mediates
rat sex hormone levels by induction of testicular steroidgenic enzymes. Pharm. Biol. 2016, 54, 481–487.
[CrossRef] [PubMed]

3. Lin, W.Y.; Chun, Y.; Jack, C.; Kao, S.T.; Tsai, F.J.; Liu, H.P. Molecular pathways related to the longevity promotion
and cognitive improvement of Cistanche tubulosa in Drosophila. Phytomedicine 2017, 26, 37–44. [CrossRef]

4. Wu, C.R.; Lin, H.C.; Su, M.H. Reversal by aqueous extracts of Cistanche tubulosa from behavioral deficits in
Alzheimer’s disease-like rat model: Relevance for amyloid deposition and central neurotransmitter function.
BMC Complement. Altern. Med. 2014, 14, 202. [CrossRef]

5. Xuan, G.D.; Liu, C.Q. Research on the effect of phenylethanoid glycosides (PEG) of the Cistanche deserticola
on anti-aging in aged mice induced by D-galactose. Zhong Yao Cai 2008, 31, 1385–1388. [PubMed]

6. Jiang, Y.; Tu, P.F. Analysis of chemical constituents in Cistanche species. J. Chromatogr. A 2009, 1216, 1970–1979.
[CrossRef] [PubMed]

7. Gao, C.; Wang, C.; Wu, G. Cistanche total glycosides on the influence of the vascular dementia rats learning
and memory and the mechanism research. Chin. Herb. Med. 2005, 36, 1852–1855.

8. Li, F.; Yang, Y.; Zhu, P.; Chen, W.; Qi, D.; Shi, X.; Zhang, C.; Yang, Z.; Li, P. Echinacoside promotes bone
regeneration by increasing OPG/RANKL ratio in MC3T3-E1 cells. Fitoterapia 2012, 83, 1443–1450. [CrossRef]

9. Shimoda, H.; Tanaka, J.; Takahara, Y.; Takemoto, K.; Shan, S.J.; Su, M.H. The hypocholesterolemic effects
of Cistanche tubulosa extract, a Chinese traditional crude medicine, in mice. Am. J. Chin. Med. 2009, 37,
1125–1138. [CrossRef]

10. Tang, F.; Hao, Y.; Zhang, X.; Qin, J. Effect of echinacoside on kidney fibrosis by inhibition of TGF-β1/Smads
signaling pathway in the db/db mice model of diabetic nephropathy. Drug Des. Devel. Ther. 2017, 11,
2813–2826. [CrossRef]

11. Xiong, W.T.; Gu, L.; Wang, C.; Sun, H.X.; Liu, X. Anti-hyperglycemic and hypolipidemic effects of Cistanche
tubulosa in type 2 diabetic db/db mice. J. Ethnopharmacol. 2013, 150, 935–945. [CrossRef] [PubMed]

12. Bao, X.X.; Ma, H.H.; Ding, H.; Li, W.W.; Zhu, M. Preliminary optimization of a Chinese herbal medicine
formula based on the neuroprotective effects in a rat model of rotenone-induced Parkinson’s disease. J. Integr.
Med. 2018, 16, 290–296. [CrossRef] [PubMed]

13. Kojima, M.; Hosoda, H.; Date, Y.; Nakazato, M.; Matsuo, H.; Kangawa, K. Ghrelin is a growth-hormone-
releasing acylated peptide from stomach. Nature 1999, 402, 656–660. [CrossRef] [PubMed]

14. Zigman, J.M.; Jones, J.E.; Lee, C.E.; Saper, C.B.; Elmquist, J.K. Expression of ghrelin receptor mRNA in the rat
and the mouse brain. J. Comp. Neurol. 2006, 494, 528–548. [CrossRef] [PubMed]

15. Castaneda, T.R.; Tong, J.; Datta, R.; Culler, M.; Tschop, M.H. Ghrelin in the regulation of body weight and
metabolism. Front. Neuroendocrinol. 2010, 31, 44–60. [CrossRef] [PubMed]

16. Rudman, D.; Feller, A.G.; Nagraj, H.S.; Gergans, G.A.; Lalitha, P.Y.; Goldberg, A.F.; Schlenker, R.A.; Cohn, L.;
Rudman, I.W.; Mattson, D.E. Effects of human growth hormone in men over 60 years old. N. Engl. J. Med.
1990, 323, 1–6. [CrossRef] [PubMed]

17. Liu, H.; Bravata, D.M.; Olkin, I.; Nayak, S.; Roberts, B.; Garber, A.M.; Hoffman, A.R. Systematic review:
The safety and efficacy of growth hormone in the healthy elderly. Ann. Intern. Med. 2007, 146, 104–115.
[CrossRef] [PubMed]

18. Giordano, R.; Bonelli, L.; Marinazzo, E.; Ghigo, E.; Arvat, E. Growth hormone treatment in human ageing:
Benefits and risks. Hormones 2008, 7, 133–139. [CrossRef] [PubMed]

19. Sattler, F.R. Growth hormone in the aging male. Best Pract. Res. Clin. Endocrinol. 2013, 27, 541–555. [CrossRef]
20. Lo, Y.H.; Chen, Y.J.; Chang, C.I.; Lin, Y.W.; Chen, C.Y.; Lee, M.R.; Lee, V.S.; Tzen, J.T.C. Teaghrelins, unique

acylated flavonoid tetraglycosides in Chin-shin oolong tea, are putative oral agonists of the ghrelin receptor.
J. Agric. Food Chem. 2014, 62, 5085–5091. [CrossRef]

http://dx.doi.org/10.1142/S0192415X12500838
http://www.ncbi.nlm.nih.gov/pubmed/23227786
http://dx.doi.org/10.3109/13880209.2015.1050114
http://www.ncbi.nlm.nih.gov/pubmed/26004585
http://dx.doi.org/10.1016/j.phymed.2017.01.006
http://dx.doi.org/10.1186/1472-6882-14-202
http://www.ncbi.nlm.nih.gov/pubmed/19180965
http://dx.doi.org/10.1016/j.chroma.2008.07.031
http://www.ncbi.nlm.nih.gov/pubmed/18691718
http://dx.doi.org/10.1016/j.fitote.2012.08.008
http://dx.doi.org/10.1142/S0192415X09007545
http://dx.doi.org/10.2147/DDDT.S143805
http://dx.doi.org/10.1016/j.jep.2013.09.027
http://www.ncbi.nlm.nih.gov/pubmed/24095831
http://dx.doi.org/10.1016/j.joim.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29866613
http://dx.doi.org/10.1038/45230
http://www.ncbi.nlm.nih.gov/pubmed/10604470
http://dx.doi.org/10.1002/cne.20823
http://www.ncbi.nlm.nih.gov/pubmed/16320257
http://dx.doi.org/10.1016/j.yfrne.2009.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19896496
http://dx.doi.org/10.1056/NEJM199007053230101
http://www.ncbi.nlm.nih.gov/pubmed/2355952
http://dx.doi.org/10.7326/0003-4819-146-2-200701160-00005
http://www.ncbi.nlm.nih.gov/pubmed/17227934
http://dx.doi.org/10.1007/BF03401504
http://www.ncbi.nlm.nih.gov/pubmed/18477550
http://dx.doi.org/10.1016/j.beem.2013.05.003
http://dx.doi.org/10.1021/jf501425m


Molecules 2019, 24, 720 11 of 11

21. Hsieh, S.K.; Lo, Y.H.; Wu, C.C.; Chung, T.Y.; Tzen, J.T.C. Identification of biosynthetic intermediates of
teaghrelins and teaghrelinlike compounds in oolong teas, and their molecular docking to the ghrelin receptor.
J. Food Drug Anal. 2015, 23, 660–670. [CrossRef]

22. Hsieh, S.K.; Chung, T.Y.; Li, Y.C.; Lo, Y.H.; Lin, N.H.; Kuo, P.C.; Chen, W.Y.; Tzen, J.T.C. Ginkgoghrelins,
unique acylated flavonoid diglycosides in Folium Ginkgo, stimulate growth hormone secretion via activation
of the ghrelin receptor. J. Ethnopharmacol. 2016, 193, 237–247. [CrossRef]

23. Han, L.; Mavis, B.Y.; Liu, E.; Zhang, Y.; Li, W.; Song, X.; Fu, F.; Gao, X. Structural characterisation and
identification of phenylethanoid glycosides from Cistanches deserticola YC Ma by UHPLC/ESI-QTOF-MS/MS.
Phytochem. Anal. 2012, 23, 668–676. [CrossRef]

24. Lu, D.; Zhang, J.; Yang, Z.; Liu, H.; Li, S.; Wu, B.; Ma, Z. Quantitative analysis of Cistanches Herba using
high-performance liquid chromatography coupled with diode array detection and high-resolution mass
spectrometry combined with chemometric methods. J. Sep. Sci. 2013, 36, 1945–1952. [CrossRef]

25. Moon, M.; Kim, H.G.; Hwang, L.; Seo, J.H.; Kim, S.; Hwang, S.; Kim, S.; Lee, D.; Chung, H.; Oh, M.S.; et al.
Neuroprotective effect of ghrelin in the 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine mouse model of
Parkinson’s disease by blocking microglial activation. Neurotox. Res. 2009, 15, 332–347. [CrossRef]

26. Lupien, S.J.; Isabelle, O.M.; Hupbach, A.; Tu, M.T.; Buss, C.; Walker, D.; Pruessner, J.; Mcewen, B.S. Beyond
the stress concept: Allostatic load-A developmental biological and cognitive perspective. In Developmental
Psychopathology: Volume Two: Developmental Neuroscience; John Wiley & Sons, Inc.: New York, NY, USA, 2015;
pp. 578–628.

27. Rizzo, M.; Rizvi, A.A.; Sudar, E.; Soskic, S.; Obradovic, M.; Montalto, G.; Boutjdir, M.; Mikhailidis, D.P.;
Isenovic, E.R. A review of the cardiovascular and anti-atherogenic effects of ghrelin. Curr. Pharm. Des. 2013,
19, 4953–4963. [CrossRef]

28. Holst, B.; Lang, M.; Brandt, E.; Bach, A.; Howard, A.; Frimurer, T.M.; Beck-Sickinger, A.; Schwartz, T.W.
Ghrelin receptor inverse agonists: Identification of an active peptide core and its interaction epitopes on the
receptor. Mol. Pharmacol. 2006, 70, 936–946. [CrossRef]

29. Yamazaki, M.; Nakamura, K.; Kobayashi, H.; Matsubara, M.; Hayashi, Y.; Kangawa, K.; Sakai, T. Regulational
effect of ghrelin on growth hormone secretion from perifused rat anterior pituitary cells. J. Neuroendocrinol.
2002, 14, 156–162. [CrossRef]

30. Lo, Y.H.; Chen, Y.J.; Chung, T.Y.; Lin, N.H.; Chen, W.Y.; Chen, C.Y.; Lee, M.R.; Chou, C.C.; Tzen, J.T.C.
Emoghrelin, a unique emodin derivative in Heshouwu, stimulates growth hormone secretion via activation
of the ghrelin receptor. J. Ethnopharmacol. 2015, 159, 1–8. [CrossRef]

31. Moukhametzianov, R.; Warne, T.; Edwards, P.C.; Serrano-Vega, M.J.; Leslie, A.G.; Tate, C.G.; Schertler, G.F.
Two distinct conformations of helix 6 observed in antagonist-bound structures of a beta1-adrenergic receptor.
Proc. Natl. Acad. Sci. USA 2011, 108, 8228–8232. [CrossRef]

32. Rosenbaum, D.M.; Zhang, C.; Lyons, J.A.; Holl, R.; Aragao, D.; Arlow, D.H.; Rasmussen, S.G.; Choi, H.J.;
Devree, B.T.; Sunahara, R.K.; et al. Structure and function of an irreversible agonist-beta(2) adrenoceptor
complex. Nature 2011, 469, 236–240. [CrossRef]

33. Brooks, B.R.; Bruccoleri, R.E.; Olafson, B.D.; States, D.J.; Swaminathan, S.; Karplus, M. CHARMM—A
program for macromolecular energy, minimization, and dynamics calculations. J. Comput. Chem. 1983, 4,
187–217. [CrossRef]

Sample Availability: Sample of echinacoside is available from the authors.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jfda.2015.04.005
http://dx.doi.org/10.1016/j.jep.2016.08.015
http://dx.doi.org/10.1002/pca.2371
http://dx.doi.org/10.1002/jssc.201300135
http://dx.doi.org/10.1007/s12640-009-9037-x
http://dx.doi.org/10.2174/1381612811319270018
http://dx.doi.org/10.1124/mol.106.024422
http://dx.doi.org/10.1046/j.0007-1331.2001.00757.x
http://dx.doi.org/10.1016/j.jep.2014.10.063
http://dx.doi.org/10.1073/pnas.1100185108
http://dx.doi.org/10.1038/nature09665
http://dx.doi.org/10.1002/jcc.540040211
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Separation and Identification of Three Major Phenylethanol Glycosides in the Water Extract of Two Cistanche Species 
	Effect of Echinacoside on the Induction of Growth Hormone Secretion in Rat Pituitary Cells 
	Molecular Docking of Echinacoside, Tubuloside A, and Acteoside to the Ghrelin Receptor 

	Discussion 
	Materials and Methods 
	Chemicals and Plant Materials 
	HPLC/UV and LC-MSn Analyses of the Water Extraction of Cistanche spp. 
	Isolation of Echinacoside 
	Animals 
	Primary Pituitary Cell Culture 
	Growth Hormone Secretion Assay 
	Statistical Analysis 
	Homology Modeling and Docking 

	References

