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Abstract

To analyze the chemical constituents of ethanol e&tt of Radix Astragali, and to study their inhibi-
tory effect on HepG2 cell line proliferation. Columrm chromatography, thin-layer chromatography
and preparative liquid chromatography were used toextract and isolate compounds, and NMR
spectroscopy was used to analyze the structure dfet compounds; MTT assay and flow cytometry
were used to determine the anticancer effect of thethanol extract of Radix Astragali. Four com-
pounds were isolated from the ethyl acetate and ndtanol fractions of Radix Astragali ethanol ex-
tract, which were structurally identified as astragaloside, uridine, 7,2'-dihydroxy-3',4'- dimethoxy-
isoflavan-7,2'-dioxof-D-glucoside and (3R)-8,2'-dihydroxy-7,4"- dimethoyisoflavan. MTT assay
results showed that HepG2 cell growth was inhibitedb varying degrees in each experimental group,
and the inhibitory effects exhibited apparent doseand time-effect relationships, the longer the drug
action, the stronger the inhibitory effect; flow cyometry found that 48 h after the action of different
concentrations of Radix Astragali ethanol extract®n HepG2 cells, the apoptosis rate of HepG2 cells
significantly increased. Within the experimental dse range, Radix Astragali ethanol extract has pro-
liferation inhibitory effect on HepG2 cells.
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Introduction Meanwhile, anti-cancer effect of ethanol extracRaidix
Astragali was explored in order to lay the founaiatfor

Chinese herbal medicine Radix Astragali is the robt the clinical application of Radix Astragali.
herbaceous plants Astragalus membranaceus (Figgh) B )

var. mongholicus (Bge.) Hsiao or Astragalus membranMaterials and Methods

aceus (Fisch) of family Leguminosae. As an impdrtan|ngtruments and reagents

qi—tonifying traditional Chin_ese medicine, Radixt®mali  NMVR spectrometer (Bruker Avance 500); mass spec-
is warm in nature, sweet in taste, and has thetsffef  trometer (YG-20 250 (EI-MS): melting point appasatu
invigorating qi and strengthening exterior, ind@rin (xT4A micro melting point apparatus); rotary evagtor
diur_esis a_nd dispelling toxin, ast.rin.ging _vvound gna- (Eyela, Japan); CQincubator (CO-150, NBS, USA);
moting skin regeneration, replenishing gi and gffeen-  SW.CJ-SF clean bench (Suzhou Purification Equipment
ing middle warmer. It is mainly used for collapdenud- Factory, Sujing Group); flow cytometry (Beckman Gou

dle qi, hematochezia, metrorrhagia, chronic di@yhiec-  ter, USA); reagents used for extraction and isotatiere
tocele, exterior deficiency, spontaneous perspimatoi || of analytical grade.

deficiency, edema, uterine prolapse, etc. [1-2].

Drugs
Modern studies have shown that Radix Astragaliaiost Radix Astragali was purchased from the medicinakeria
a variety of substances such as glycosides, palisac market, which was identified as Astragalus memlmains
rides, flavonoids, amino acids and trace elememd,has (Fisch) Bge. var. mongholicus (Bge.) Hsiao; 164@lin@
anti-tumor, immunomodulatory, anti-viral, anti-agin and fetal bovine serum were purchased from GibcoT,M
anti-oxidation, anti-radiation and anti-stress pi@ecol-  Annixin-v and Pl were purchased from Sigma.
ogical effects [3-5].

Cell lines
In this paper, crude extract of Radix Astragali veds  Hepatoma cell line HepG2 was purchased from China
tained, isolated, and its compounds were identifiedMedical University.
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Extraction and isolation of Radix Astragali after the incubation was continued for an additidnia, the

10 kg of Radix Astragali crude drug was taken, gtbu supernatant was removed, and each well was addéd wi
into coarse powder, and extracted under refluxettimes 150 uL of dimethyl sulfoxide (DMSO), the plates were
with 70% ethanol, the extracted solutions were dogth  then placed on a micro shaker and shaken for 5 anid,
and ethanol was removed from the extract. The extraabsorbance (A value) of each well was measuredaht
was then suspended in 5-fold amount of water, andavelength using automatic microplate reader. itibib
slightly heated. After complete dissolution, theogwct rate was calculated.

was successively extracted with chloroform, etlogtate

and n-butanol. The solvent was then removed, and efell inhibition rate = (1 - mean A value of treatme
tracts of each fraction were taken. group / mean A value of control group) x 100%.

The ethyl acetate fraction was isolated by silieha@pl- Flow cytometric determination of the effect of Radix
umn chromatography (200 mesh), and gradient-elutefstragali ethanol extract on HepG2 cdll cycle
with different proportions of chloroform-methan@P0 The HepG2 cells were seeded in culture flasks a0°lx
ml was taken as one fraction, after solvent remaved  cells/mL, and cultured at 37°C with 5% GQOor 24 h,
fractions were subjected to thin layer chromatolyyap then medium was replaced with fresh one, 50, 1@D an
and identical fractions were combined. The combined50 mg/L Radix Astragali ethanol extracts were adde
fractions were subjected to preparative thin laglero- and culture was continued for another 48 h. Afigest
matography or preparative liquid chromatography fotion with 0.25% trypsin, the cells were collecteentri-
isolation of compounds, and compound 1 was obtained fuged for 5 min, and washed twice with PBS to preda
single cell suspension, which was stored at 4°Croght.
N-butanol fraction was passed through macroporalds aThe cell suspension was then centrifuged, washézk tw
sorption resin for rough isolation, and then issdatvith ~ with PBS, PI stained, and incubated at 37° undek da
water, as well as 20%, 40%, 60%, 80% and 95% ethanaonditions for 30 min, followed by determination a#ll
respectively. 40% ethanol fraction was taken anthisd cycle distribution by flow cytometry.
by column chromatography. The method was basically
consistent with the "ethyl acetate fraction”, ammme Flow cytometric determination of apoptosisrate

pounds 2-4 were obtained. Logarithmic growth phase HepG2 cells were taken and
cultured for 24 h, then Radix Astragali ethanolracts
Cdl culture with final concentrations of 50, 100 and 150 mg/erev

HepG2 Cell lines were cultured with DMEM containing added, respectively, after culturing for anotheril24he
10% fetal bovine serum, and routinely subcultunedai cells were collected, centrifuged, supernatant kedp
37°C, 5% CQ incubator, the cells in logarithmic growth PBS washed three times, and fixed with 70% ice-cold

phase were used for the experiment. ethanol at -20°C overnight, then washed with PBS,
stained with PI, and incubated under dark conditifor
Preparation of test solution and experimental grouping 20 min, followed by addition of 400f of ice-cold bulffer.

In accordance with the method in "2.1 Extractiod @o-  Apoptosis rate was determined by flow cytometry.
lation of Radix Astragali”, the ethyl acetate fiantwas

taken, and prepared into 50, 100 and 150 mg/Lsast Results

tions and set aside. The experiment had 4 grogmsely

3 test groups, and a control group, which usedcuale Sructural identification of compounds

volume of phosphate buffered saline (PBS) instdatie@ Compound 1: white powder, mp. 299-300‘H-NMR

drug. (500MHz, DMSO-@) 8:0.20 (1H d, J=4.1 Hz, 18H),
_ o _ 0.52 (1H, d, J=4.1 Hz, 1BH), 0.96 (6H, s, 21-Ckl
Céll proliferation inhibition experiment 28-CHg), 1.09 (3H, s,18-Ck), 1.15 (3H, s, 26-C}}, 1.16

MTT assay was used to determine the inhibitoryceftd  (3H, s, 30-CH), 1.20 (3H, s, 27-Ch), 1.20 (3H, s,
Radix Astragali ethanol extract on HepG2 cells. @& 29-CHy), 4.81 (1H, br.s, 1&H), 4.91 (1H, d, J=7.2 Hz,
cells/mL HepG2 single cell suspension was added tGlc-H-1), 5.13 (1 H, d, J=7.2 Hz, Xyl-H-1}**C-NMR
96-well culture plates, then 20 of culture medium was (500MHz, DMSO-d6)s: 33.2 (C-1), 32.5 (C-2), 86.9
added to each well, the plates were incubate®ifia 5%  (C-3), 40.9 (C-4), 51.0 (C-5), 77.0 (C-6), 35.311;44.5
CG, incubator for 24 h, then 50, 100 and 150 mg/L Radi (C-8), 21.0 (C-9), 30.0 (C-10), 25.8 (C-11), 32CL1(2),
Astragali ethanol extracts were added to act onG2ep 45.7 (C-13), 46.2 (C-14), 5.6 (C-15), 72.9 (C-166.8
cells, six replicate wells were set up for eachugr@and the (C-17), 21.5 (C-18), 30.4 (C-19), 87.4 (C-20), 2&121),
control group was added with an equal volume of RBE  33.9 (C-22), 25.5 (C-23), 81.2 (C-24), 70.5 (C-223,6
routinely cultured, the groups were tested at 248 and  (C-26), 28.3 (C-27), 19.0 (C-28), 29.0 (C-29), 182930),
72 h, respectively. 2(L of MTT was added to each well, 3-Of-D-Xyl: 106.6 (C-1’), 74.6(C-2"), 76.1(C-3’), 70.5
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(C-4), 65.4 (C-5):; 6-Q-D-Glc: 103.2 (C-17), 72.4
(C-2"), 77.7 (C-3"), 71.5 (C-4"), 75.8 (C-5"), 62AB-6").

The above data were basically consistent withiteeture
[6], so the structure of compound 1 was astragigosi

Figurel. Structure of astragaloside

Compound 2: colorless needle crystals (methanabilye
soluble in water'H-NMR (500MHz, DMSO-g) &: 11.29
(1H, s, -NH), 7.92 (1H, d, J=8.2 Hz, H-6), 5.81 (1
J=5.3 Hz, H-1’), 5.77 (1H, dd, J=8.4 Hz, 1.7 Hz;@H),
5.43 (1H, d, J=5.2 Hz, £0H), 5.11 (2H, m, §-OH,
Cs-OH), 3.80-4.10 (3H, m, H-2', H-3', H-4"), 3.50-3.6
(2H, m, H-5); *C-NMR (500MHz, DMSO-d6): 164.4
(C-4), 151.0 (C-2), 141.0 (C-6), 102.4 (C-s), 8651,
85.6 (C-4'), 72.7 (C-3'), 71.4 (C-2"), 61.0 (C-5").

The above data were basically consistent with woeidi
reported in the literatures [7-8], so compound 2 vd&n-
tified as uridine.

HO OH

Figure2. Structure of uridine

Compound 3: white powder, m.p.150-15]1 easily solu-
ble in methanol’H-NMR (500MHz, DMSO-@) &: 2.75

(1H, dd, J=4.8 Hz, J=15.4 Hz, Ha-4), 2.82 (1H, dd,

J=15.2 Hz, J=12.2 Hz, Hb-4), 3.70 (1H, m, H-3),33.7
(3H, s, G-OMe), 3.80 (3H, s, £&OMe), 4.75, 4.86 (1H,
d, J=7.5 Hz, anomeric H), 6.51 (1H, d, J=2.4 HB)H-

6.63 (1H, dd, J=2.7 Hz, J=8.3 Hz, H-6), 6.79 (1K, d
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J=9.3 Hz, H-5'), 7.02 (1H, d, J=9.2 Hz, H-6"), 6(2#6I, d,

J=8.7 Hz, H-5)**C-NMR (500 MHz, DMSO-d6}: 69.5

(C-2), 30.1 (C-3), 31.5 (C-4), 117.8 (C-4a), 13&15),

108.6 (C-6), 156.6 (C-7), 103.9 (C-8), 155.2 (C:820.0

(C-1)), 148.1 (C-2"), 140.9 (C-3"), 153.9 (C-4)0912

(C-5Y, 1225 (C-6), 105.2 (C-1"), 74.4 (C-2"), .18
(C-3"), 71.2 (C-4"), 77.4 (C-5"), 62.4 (C-6"), 182.
(C-1™), 73.5 (C-2™), 77.1 (C-3"), 70.2 (C-4") 76.7

(C-5"), 62.1 (C-6"), 56.1 (&OMe), 60.9 (G-OMe).

By comparing the above data with the literature [9]
compound 3 was identified as
7,2'-dihydroxy-3',4'-dimethoxyisoflavan-7,2'-diogeb-g
lucoside.

OH

(@]
HO
(@) (@)
OH o O O OCHs
/5%
HOHO

Figure3. Structure of 7,2'-dihydroxy-3',4'-dimethoxy-
isoflavan-7,2'-dioxg?-D-glucoside

OCHs

Compound 4: colorless needle crystals (methanolp. m
151C, easily soluble in acetone and metharlBkNMR
(500 MHz, DMSO-¢) 3: 2.86 (1H, ddd, J=16.5Hz, J=5.2Hz,
J=2.2Hz, H-4), 2.92 (1H, dd, J=16.5 Hz, J=10.8 Hz, p}4
3.42 (1H, m, H-3), 3.91 (3H, s,OMe), 3.88 (3H, s,
C,-OMe), 3.95 (1H, t, J=10.2 Hz, Hxp, 4.27 (1H, br d,
J=10.5 Hz, H-R), 6.50 (1H, d, J=2.1 Hz, H-3"), 6.44 (1H, dd,
J=8.6 Hz, J=2.6 Hz, H-5'), 6.55 (1H, d, J=9.5 HH)H6.89
(1H, d, J=9.3 Hz, H-5), 6.81 (1H, d, J=8.1 Hz, W-6'
%C-NMR (500 MHz, DMSO-d6}p: 71.0 (C-2), 31.9 (C-3),
31.5 (C-4), 1159 (C-4a), 123.6 (C-5), 103.9 (CH5.9
(C-7), 135.5 (C-8), 152.9 (C-8a), 121.6 (C-1), .44&-2"),
103.5 (C-3), 156.6 (C-4"), 109.1 (C-5', 131.86};-57.2
(7-OMe), 61.2 (4-OMe).

By comparing the above data with the literature],[10
compound 4 was identified as (3R)-8,2'-dihydroxg-7,
dimethoxyisoflavan.

HO
OH

CH30 ] o)
' OCHs

Figure4. Structure of (3R)-8,2'-dihydroxy-7,4'-
dimethoxyisoflavan
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Inhibition of cell proliferation and the inhibitory effects exhibited apparent deffeet
Compared with the control group, HepG2 cell growtls  and time-effect relationships, the longer the dagton,
inhibited to varying degrees in each experimentalig, the stronger the inhibitory effect.

Table 1. HepG2 cell growth inhibition rate of Radix Astedigethanol extract (%)

Group Concentration (mg/L) 24 h 48 h 72 h
Control group 0 0 0 0
. . 50 12.58+2.48 13.68+£1.59 14.64+3.75
Radix Astragali
100 26.57+2.61 34.64+3.11* 39.84+2.34*
ethanol extract
150 41.54+4.61* 45.57+4.97* 51.46+4.37**
Note: Comparison with the control group, * P<0.0%5,P<0.01.
120
100 S o .
24.36 28.43
80 -
60
40
20
0 = ] —_—— —]
Control group 50 100 150
mGO/G1HE (%) = SHEY (%) G2/ME] (%)

Figure 5. Effect of different concentrations of Radix Asatagthanol extracts on HepG2 cell cycle (48 h)
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Apoptosis rate of HepG2 cells (%)

Concentration of the test (mg/L)

Figure 6. Effect of different concentrations of Radix Asalagthanol extracts on apoptosis rate of HepG2scel

Cdll cycleanalysis tion of cell differentiation to GO-G1 and G2-M pless
Flow cytometry with PI staining results indicatdwt 48 however, with the increase of dose, the tumor cadmly

h after the action of different concentrations afdX As- remained in the G2-M phase. After 48 h action o 15
tragali ethanol extracts on HepG2 cells, the nuntfe8  mg/L Radix Astragali ethanol extract, the propartiof
phase cells significantly reduced, resulting in pnemo-  G2-M phase cells reached 28.43%.
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Determination of apoptosisrate

Compared with the control group, 48 h after theéoacof
different concentrations of Radix Astragali ethamot
tracts on HepG2 cells, the apoptosis rate of Hep&I2
was significantly increased.

Discussion

Cell proliferation is an important life charactéidsof liv-

ing organisms; multicellular organisms produce rels
by cells division for replenishing the aged anddiealls
in the body to maintain relative homeostasis ohagms.
The balance of various regulatory factors in tHe@ele

regulates the normal proliferation and differempiatof
human cells. Functional and structural changesitamn
regulatory factors can lead to cell cycle regulatiisor-
der. Modern medicine has proved that an importanse

for the genesis and development of tumors is abalbrm

gene regulation, which can lead to over-prolifenatdf
cells or reduced apoptosis [11].

At present, cancers are treated mainly by surgadip-
therapy and chemotherapy, of which surgical treatrige
the basic approach, while chemotherapy is an iraport
approach for clinical treatment of cancers, whglused
throughout the entire treatment course, especiallhe

comprehensive treatment emphasized in recent yea

chemotherapy is used both before and after surge

specificity, which cannot selectively kill tumor lise or
distinguish between normal cells and tumor celtisult-
ing in extensive and serious adverse reactionsngluri
chemotherapy [12].

In recent years, with the gradual deepening of kedge
and research on traditional Chinese medicine, Gamecer
effect of traditional Chinese medicines has becantet
topic of research. Due to the advantages of traditi
Chinese medicine such as multi-targets, selectiaityg
low toxicity, it plays an increasingly importantean the
field of antineoplastic drugs. With the extensioinre-
search, the anti-tumor mechanisms of traditionah&te

medicine are also becoming increasingly clear. Oné-

mechanism is by direct killing of tumor cells; tbther is
by improving immunity and enhancing resistanceuo t
mor invasion through tonic effect.

ethanol extract, which were structurally identifiad as-
tragaloside, uridine, 7,2'-dihydroxy-3',4'-dimetlisofla-
van-7,2'-dioxoB-D- glucoside and (3R)-8,2'-dihydroxy-
7,4'-dimethoxyisoflavan, respectively. Meanwhilehe t
proliferation inhibitory effect of ethyl acetateafition of
Radix Astragali ethanol extract on HepG2 cells wiasl-
ied. MTT assay was used to determine the inhibitdfry
fect of Radix Astragali ethanol extract on HepGasge
and the effects of Radix Astragali ethanol ext@ctcell
cycle and apoptosis rate of HepG2 cells were détbern
using flow cytometry.

The results showed that compared with the contalg
HepG2 cell growth was inhibited to varying degrées
each experimental group, and the inhibitory effectsib-
ited apparent dose- and time-effect relationshipg
longer the drug action, the stronger the inhibiteffect.
48 h after the action of different concentratiofisRadix
Astragali ethanol extracts on HepG2 cells, the rem
S phase cells significantly reduced, resultingha pro-
motion of cell differentiation to GO-G1 and G2-Mgses,
however, with the increase of dose, the tumor cedisly
remained in the G2-M phase, after 48 h action d 15
mg/L Radix Astragali ethanol extract, the propartiof
G2-M phase cells reached 28.43%. Flow cytometrydou
that compared with the control group, 48 h afterdhtion

r%f different concentrations of Radix Astragali etbbex-

acts on HepG2 cells, the apoptosis rate of Hep&I2

r
However, most chemotherapeutic drugs do not ha\;%"“'d be significantly increased.
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