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Abstract

Dipsacus asperoides is a traditional Chinese medicine, commonly used in the treatment of
various disorders of bones, joints and tendons and also in neurodegenerative diseases. Total
alkaloids are one of the main ingredients of Dipsacus asperoides. The aim of this study is to
optimize the extraction process of alkaloids in Dipsacus asperoides, and to explore their effects
on proliferation of osteosarcoma SaOS-2 cell lines and gene expression of vascular endothelial
growth factor (VEGF), thereby laying the theoretical basis for the use of traditional Chinese
medicine in treatment of osteosar coma. Three conventional methods; namely the Soxhlet reflux
extraction, conventional maceration extraction, and ultrasonic extraction were used to extract
alkaloids from Dipsacus asperoides, and the yields of extracts were investigated. Human
osteosar coma SaOS-2 cell lineswer e thawed, and passaged when they wer e grown to confluence.
The experiment was divided into blank control group, as well as 5%, 10%, 15% Dipsacus
asperoides total alkaloids intervention groups. CCK-8 was used to detect the inhibitory effect of
the total alkaloids on cell proliferation. RT-PCR was used to detect VEGF gene expression.
CCK-8 assay results showed that at different pointsin time, different concentrations of the total
alkaloids in Dipsacus asperoides had inhibitory effects on growth of SaOS-2 cells. RT-PCR
revealed no significant suppression of VEGF gene expression among each Dipsacus asperoides
total alkaloid group, but gene expression of VEGF showed a decreasing trend with the increase
in the concentration of total alkaloids.
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I ntroduction

Osteosarcoma is the most common malignant bonertumo
Dipsacus asperoides is a commonly used traditionavhich accounts for about one third of all bone
Chinese medicine, which has the actions of nourishi malignancies. Despite the widespread implementation
liver and kidney, strengthening tendons and bomas a high-dose chemotherapy and limb salvage surgesy, th
preventing uterine bleeding [1]. It is used in tiimical ~ survival rate of osteosarcoma patients, espedizdy-year
treatment of various disorders of bones, joints an@gurvival rate, is only around 60% due to high nedigt
tendons, injuries from falling and hitting, fracter and potential, early lung metastasis, and poor progn{@i.
other symptoms [2,3]. Main chemical constituents offherefore, effective preventive measures need to be
Dipsacus asperoides include triterpenoid saponingstablished to improve the survival rate of pasiefhis
alkaloids, iridoids, volatile oils, etc., of whickotal study explores the effects of total alkaloids irpddicus
alkaloids are the effective ingredients for heallmgne asperoides on the biological behavior of osteosaaco
injuries [4,5]. So far, determination of total diid SaOS-2 cell linesin-vitro, in order to provide the
content in Dipsacus asperoides has rarely beemntegpo theoretical basis for the application of total &kds in
This paper compares the methods of extraction an@ipsacus asperoides for the treatment of osteaserco
isolation of total alkaloids in Dipsacus asperojdasd _
determines the total alkaloid content by UV-visibleMaterials
spectrophotometry  using bromocresol green as
chromogenic reagent, thus providing quality evadumt |nstruments
basis for better research and control of Dipsacu€onventional incubator (SMD-1201), Shimadzu, Japan;
asperoides resources. inverted phase contrast microscope (Canon IXS2)pGa
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Japan; FBS, Gibco; cell dissociation solution, Keaig ethanol was added and ultrasonicated at room textuyver
USA; CCK-8 kit, Yunnan Zijin Biotechnology Co., Ltd under an ultrasonic power of 200 W for 30 min. The
GeneAmp PCR system (2400), ABI; high-speedorocedure was repeated three times. After filtratio
refrigerated centrifuge (64R), Beckman Coulter;filtrates were collected and the pH of extractausidid to
ultrasonic disruptor (CDD-9), pulverizer (TH-FS02), distinct alkaline. The extracts were then re-exgdd¢hree
heating mantle (TH-DRTO1), water bath kettle (THESY times with chloroform, and evaporated to drynessin
3), drying oven (TH-GZX-1), Beijing Tongheng water bath to obtain a pale yellow powder. This gemw

Instruments Co., Ltd. was the crude extract of total alkaloids from Dpsa
asperoides, which was weighed for the calculation o
Drugs and reagents extraction yield.

Dipsacus asperoides was collected from Chengdu,

Sichuan, which was identified by Professor Wanggrain  Extraction yield oftotal alkaloids inDipsacus asperoides
the Botany Research Group, Chengdu University dfITC (%) = weight of crude extract / weight of sampl&00%

as the dried root of DipsacasperoidesC. Y. Cheng et T.

M. Ai. RT-PCR primers were designed using premiér 5 In vitro cultivation of osteosarcoma SaOS-2 cell lines
software, and synthesized by Invitrogen ShanghBip 7 Cryopreserved human osteosarcoma SaOS-2 cell lines
ethanol, chloroform, sulfuric acid, potassium feyanide, were taken, thawed in a 87water bath, seeded in 10 cm
ferric chloride, and sodium hydroxide were all cleatty  cell culture dishes, cultured in 15% FBS-containing
pure reagents, which were purchased from Chengdwedium, and placed in an incubator set 8€35% CQ
Fengcheng Reagents Co., Ltd. Trizol reagent anersev with saturated humidity and incubated. Cells wex@g

transcription kit were provided by Invitrogen, USA. adherently. Twenty-four hours later, culture mediwas
replaced, and non-adherent cells were discarded.
Methods Afterwards, culture medium was replaced once e2eBy

days. Cells were passaged after they had grown to

Aft - drvi Di id | d 60 confluence, the cells were dissociated atC3With cell
erair drying, Dipsacus asperoldes was place dissociation solution for 1-2 min, and passaged 4t3

C oven and dried to a constant weight, then crusited 5i  The experiment was divided into a blank oaint
powder using a pulverizer. The mixed powder was thegroup, and intervention groups of 5%, 10%, and 5%
screened by using 40-mesh, 60-mesh, and 80-mesh sig5| alkaloids in Dipsacus asperoides. Cells i tilank
sleves. control group were cultured in the medium containin
15% FBS; alkaloids and 15% FBS culture medium were
grepared in volume ratios of 0.5:9.5, 1:9 and 1%:8
fespectively, in the 5%, 10% and 15% of total alldd
intervention groups.

Processing of raw materials

Soxhlet reflux extraction

Ten gm of dry mixed powder was weighed, appropriat
amount of 75% ethanol added and extracted undexref
three times, each time lasted 2 hrs. The same tipera

was repeated three times. pH of the extracts wasted  action of total alkaloids in Dipsacus asperoides on

to alkaline and again extracted three times Witrbrowth of osteosarcoma Sa0S-2 call lines

chloroform and evaporated to dryness in a watelt Bat  aAfior dissociation with cell dissociation solutiothe
produce a pale yellow powder. This powder was thée&  \yg|l.grown Sa0S-2 cells were blown and cell couasw
extract of total alkaloids from Dipsacus asperai@eiich  5qiysted to 2x1Dcells/ml. Then the cells were added to

was weighed for the calculation of extraction yield 96 well plates at 100 pL per well, and placed B7&,
Conventional maceration extraction 5% CQ incubator. After incubation in complete medium

Ten gm of driedmixed powder of Dipsacus asperoidesfor 24 hrS, culture medium and non-adherent celisew
was weighed, placed in a beaker and Comp|ete|§ﬁmoved, and 10 pL of CCK-8 solution was addechtthe
immersed in 75% ethanol, then extracted by coldvell on the 1st, 2nd, 3rd, and 4th days, respelgtiedter
maceration twice’ each time |a_sting 24 hrs. Aﬂjgration, incubation in a cell incubator for an additional ht
the filtrates were collected and the pH of extrasms Absorbance was measured by a microplate readeg asin
adjusted to distinct alkaline. The resulting extsazere ~ 420-480 nm filter.

re-extracted three times with chloroform, and evafsul

to dryness in a water bath to y|e|d a pa|e ye”@)wmr Cell inhibition rate = (1-mean absorbance of experital
This powder was the crude extract of total alkaldiwm  group / mean absorbance of control group) x 100%.
Dipsacus asperoides, which was weighed for

the, . L . .
calculation of extraction yield. Action of total alkaloids in Dipsacus asperoides on

VEGF expression in osteosarcoma SaOS-2 cell lines
Ultrasonic extraction method Cells were seeded in 96-well plates at 1&6lis/well.

Ten gm of driedmixed powder ofDipsacus asperoides After culturing for 24 hrs using complete mediuraltare
was weighed, placed in a 100 ml beaker, 100 mi5867 medium and non-adherent cells were removed. Thiee m
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of corresponding culture media was added separétely Screening of optimal ultrasonic extraction process
the blank control and experimental groups. Theidisju In order to investigate the optimal conditions dittrasonic
were changed once every 2 d. After intervention/al, extraction of total alkaloids iDipsacusasperoides, using
RNA was extracted, and VEGF mRNA expression wagthanol as solvent, 9 experiments of 3 factorsataVels
determined by RT-PCR. were designed using orthogonal tablg(®%). By taking
different ultrasonic extraction times, differenttraxtion
VEGF primer design: Forward Primer: CAACAT powers, and different mesh sizes as main invesigat
CACCATGCAGATTATGC; Reverse Primer: GCTT factors and utlizing the ‘balanced dispersion’
TCGTTTTTGCCCCTTTC. GAPDH primer design: characteristics of orthogonal test, the optimalditions
Forward Primer: GGTGAAGGTCGGAGTCAACGG; were determined with the yield of crude extracttlas
Reverse  Primer: GTCATGAGTCCTTCCACGAT. indicator. The factors and levels are shown in &&bl
Reaction conditions: initial denaturation at‘©5for 10

min, denaturation at 98 for 30 s, annealing at 55 for Table. 2. Factors and levels of ultrasonic extraction
30 s, extension at T2 for 30 s, 25 cycles (GAPDH). process of total alkaloids in Dipsacus asperoides
Statistical methods Levd E tA:t' B: S:;i]nc_jing C: Extraction
Research data were cycled 28 times (VEGF), and t'x raction m esinge power (W)
analyzed using one-way ANOVA. P<0.05 was considered 1c;me (min) 40(m ) 100
statistically significant. Statistical software dsevas
SPSS 11.0. 220 60 200

3 30 80 300
Results

As can be seen from Table 3zR->Ra, SO it was clear
that extraction mesh size was the most importactbfa
Results of extraction of total alkaloids in Dipsacus influencing the extraction yield, followed by uls@nic
asperoides by three different methods extraction power, and extraction time. The analpsised
The three methods, namely Soxhlet reflux extractionon k value revealed that,Avas better than Aand A, Bs
conventional maceration extraction, and ultrasonigyas better than Band B, and G better than Cand G.
extraction all used ethanol as the solvent to ekitde  Therefore, the optimal process conditions for etiva of
total alkaloids from Dipsacus asperoides. The total alkaloids in Dipsacus asperoides were,BAC,,
comparative results are shown in Table 1. Undes#imee  which meant that the yield of total alkaloids wae t
processing conditions, the difference in extractjeeld  highest when extraction time was 20 min, grindingsm
was relatively small between ultrasonic extracteimd  sjze was 80, and ultrasonic power was 200 W.

Soxhlet extraction methods, but the difference imet

taken was very large. Soxhlet extraction time wxstBat ~ Table. 3. L (3°) orthogonal test results of ultrasonic
of the time taken for ultrasonic extraction. Corti@mal  extraction process of total alkaloids in Dipsacus
maceration extraction not only required a long ti8  asperoides

hrs), but also had low extraction vyield. From the

perspec_tive of e_xtraction tim(_e and extraction _yield A B C  Crudeextract yied (%)
ultrasonic extraction method is simple and quick to
operate, takes short time, and has high extracfieldl; 1 1 1 1 4.86
which is suitable for the extraction of total alkals in 2 1 2 2 7.10
Dipsacus asperoides 3 L 3 3 8.04
4 2 1 2 6.70
Table 1. Comparative results for extraction of total > 2 2 3 .43
alkaloids in Dipsacus asperoides by three methods 6 2 3 ! 715
Ids In Dipsacus asperoides by 7 3 1 3 4.09
=i crud crud 8 3 2 1 6.34
: ime rude rude
Extraction ; 9 3 3 2 7.88
method needed extract mass extract yield ki, 667 521 6.10
(hr) (gm) (%)
Soxhlet reflux 6 0.520 5.20 ko 7,10 7.00 725
oxhiet refiux : : k, 6.12 7.80 6.50
Conventional R 101 239 111
maceration 48 0.286 2.86
extraction Validation of optimal extraction process
g)l('f[rrzif[’i:;'ﬁ 1 0.590 5.90 In order to ensure the reproducibility and accuratthe

extraction method, validation test was needed. Jrams
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of Dipsacus asperoides powder; which was dried tprocess was reasonable, practicable, and its sesgite
constant weight was weighed, was mixed with 10®fnl credible.

75% ethanol, and extracted under an ultrasonic paive

200 W for 20 min. The subsequent steps were the sanmnhibitory effects on proliferation of SaOS-2 cells

with the ‘ultrasonic extraction method’. The extitan At different points in time, different concentrat®of the
was repeated twice, and the extraction yields \8et8%  total alkaloids in Dipsacus asperoides all hadhitbiy
and 7.96%, respectively. The results showed that theffects on the growth of SaOS-2 cells, and the dorige
extraction method of optimal process was stabld,lead  duration of their actions, the more marked were the
high extraction yield, which indicated that the iopted inhibitory effects (P < 0.05). Fig. 1.
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Figure 1. Sa0OS-2 proliferation inhibition rates in each gpat different time points

Effects on VEGF gene expression in SaOS-2 cells Discussion
The study of VEGF mRNA expression found that each
group of total alkaloids from Dipsacus asperoidéisnbt  Three different methods were used to extract total
effectively suppress VEGF gene expression of SaOS-@kaloids in Dipsacus asperoides. Ultrasonic ektvac
cells compared with the control group (P > 0.05)method had the highest extraction vyield, followeg b
However, we could find from the numerical analybiat ~ Soxhlet reflux extraction, while the conventional
VEGF gene expression in SaOS-2 cells showed maceration extraction method had the lowest vyield.
decreasing trend with the increase in the concémtraf  Ultrasonic extraction is actually cavitation effect
total alkaloids Table. 4. VEGF gene expression stb&  Ultrasonic waves rupture cell walls, and acceletht
decreasing trend with the increase in the concémtraf  dissolution of substances in cells [7] thus achigvihe
total alkaloids. fastest and most complete extraction. This method n
only features high extraction yield, but also isgie to
Table. 4. Comparison of VEGF gene expression in SaOSpperate, energy saving, and time saving.

2 cell 3 _ _ _
cells among groups ¢xs) Methanol and ethanol can dissolve free alkaloidbthair

salts, so the use of methanol and ethanol as thents

Group XEE; for extraction of alkaloids is very common. Althdug
Control group 3 1.63+0.04 methanol has high polarity, low boiling point, abeitter

solubility than ethanol, it has relatively high iwiky, and

5% Dipsacus asperoides total alkaloids; | oo\ 02 therefore, in most cases, ethanol is more prefeaea

intervention group solvent [8]
10%Dipsacus asperoides total '

= . 3 1.52+0.02 ) . . . .
alkaloids intervention group Alkaloids often combine with organic acids (such as
15%D_Ipsacus asp_er0|des total 3 147+003 Ccaffeic acid, citrate acid, oxalic acid, meconiddado
alkaloids intervention group — form salts. During the extraction, crude drug pomckn
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be directly soaked, percolated or heat extracteth witreatment of osteosarcoma. Although our study did n
alcohol, water or acid water (usually 0.5%-1% sudfu reveal that the total alkaloids in Dipsacus aspe®i
acid or acetic acid) and other reagents. Diffeadkaloids could effectively suppress VEGF gene expression in
have different pH values. Solvents such as chlomofo SaO0S-2 cells, we found that the expression value of
dichloromethane, and benzene can also be usedein tiEGF was in a decreasing trend with increase in
extraction. concentration of the total alkaloids.

Osteosarcoma, which occurs mostly in adolescesca, i This study illustrates that total alkaloids in Dipsas
type of solid tumor derived from mesenchyme. It isasperoides can effectively inhibit the proliferatiof
characterized by rich blood supply, high degree 0o65a0S-2 cells, which might lay a theoretical fouratafor
malignancy, strong invasiveness, early metastdsig) the use of these total alkaloids in the futurettnest of
metastasis rate, as well as poor prognosis. Fdy earosteosarcoma, meanwhile, providing a platform for o
treatment of osteosarcoma and improvement of th®llow-up studies.

survival rate of patients, the search for a satkeifective

drug is of utmost importance. Conclusion

Use of Traditional Chinese Medicine (TCM) for the |n future, we wish to improve the concentration and
treatment of malignancies has become a charaaterispurity of ligustrazine in order to clarify whethtre total
Chinese method of cancer treatment. TCM treatmént @lkaloids in Dipsacus asperoides can effectivefypsess
tumors emphasizes more on the aspects of stalwhzat the VEGE gene expression in Sa0S-2 cells and shely
tumors, regulation of immune function, improvemeft mechanism of its action on apoptosis of Sa0S-2.

clinical symptoms, reduction of medication sideeef§

and prolongation of patients' survival time [9].study References
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