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ABSTRACT

In the present study, we have provided a facilefaadible procedure for total triterpenic acids raxtion from the
traditional Chinese medicine Polyporus umbellatissveell as appraisal of their antihyperlipidemic iy in
hyperlipidemic rats model. To optimize the ext@etprocedure, solvents were evaluated by mono+fdess, the
other conditions including liquid/solid ratio, th&ze of sample, extraction temperature and extactime were
optimized by means of an orthogonal desig3%. Additionally, the content of total triterpenicids was measured
based on the UV spectral data with oleanolic agdstandard agent. Finally, the hypolipidemic effecPolyporus
umbellatus total triterpenic acids(QPUTA) were égbin Triton WR-1339 induced hyperlipidemic ratsedfically,
high dosage QPUTA showed potent antihyperlipideasitvity and was found to decrease the plasmayttigiide
levels (TG) by 77.97%, total cholesterol (TC) by6¥96, accompanied by an increase in HDL-C/TC ratjo54.13%
to a greater degree than the reference fibrate.réfoee QPUTA could be used to treat hyperlipidemic pasent
according to the in vivo hypolipidemic effects.

Keywords. Polyporus umbellatys Triterpenic Acids; Traditional Chinese Medicineédrthogonal Test;
Hypolipidemic Activity.

INTRODUCTION

The east-west Qin Mountains (simplified Qiling) garin southern Shaanxi province are a natural banyrigetween
the North and South of China. Qiling provide a huggety of plant and wildlife, some of which amuhd nowhere
else on earth, such as critically endangered gianatps and Chinese crested ibis, NipponiaNippon[R8lyporus
Umbellatus(Figurel) is an edible species of mushroom, found growiegsely in the soil humus among forests of
Qinling but very rare. The fruit body d?olyporus Umbellatuss also a traditional Chinese medicine sources
contains a wide range of bioactive compounds wittmune stimulating, anticancer, anti-inflammatoryd a
hepatoprotective properties[4,5].Especially, sev@alysaccharides and polyporenic acids foundPiolyporus
Umbellatushave been investigated as major pharmacologicetlyaingredients[6].

Figure 1. PolyporusUmbellatus
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Moreover, some triterpenoids and triterpene dexigatare well-known for their diverse pharmacolagieffects
including antiretroviral, antimalarial, and antflammatory, anticancer properties, as well as aemm@cently
discovered potential as a hypolipidemic agent, Wwhian be listed as, Betulinic acid (a naturally wdag
pentacyclictriterpenoid), Araloside A, Astragalasitl/, bacoside A, Cucurbitacin, Eleutheroside Augtzsterol)
(Figure 2)[7-11].
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Figure 2. Naturally Occurring Pentacyclic Triter penoids

Recently, the increase in total cholesterol is km@s the abnormal index oflipid metabolism in tloelyy such as
coronary artery disease or problems in lipid meliabo In general, LDL-C is said to be a risk factmr
atherosclerosis and cardiovascular diseases dit aotion on the accumulation of cholesterol ie #rterial wall,
causing the hardening of the artery. HDL (high-dtgrigooprotein) in the blood is also deemed toyplae role of
reverse cholesterol transport (RCT), transportinglesterol from extra-hepatic tissues to the lisfeolesterol, thus
lowering the risk of cardiovascular disease.

Although studies have shown the potential role rierpenoids as hypolipidemic agents, to the bdsbur
knowledge, triterpenoids fromolyporus UmbellatysespeciallyPolyporus Umbellatusriterpenicacids (QPUTA),
have not been investigated as potential lipid-lomgeragents. Thus, the potential hypolipidemic atiés of the
QPUTA were firstly investigated using Triton WR-E3nduced hyperlipidemic rats as a model. Before th
hypolipidemic study, mono-factor test and an ortva design §(3%) were applied for the optimization of QPUTA
extraction conditions for the first time.

EXPERIMENTAL SECTION

Polyporus Umbellatuswere purchased from Zhengzhou medicine market igedtified as thePolyporus
Umbellatusby pharmacognosia experts. The rootsPolyporus were cutted while the stem and corona were
retained, dried, crushed, over 20 mesh sieve. Stdndleanolic acid for the use of content detertionawere
purchased from National Institute of Standard Plaa&entical and Biological Products, Beijing, Chimastilled
water, glacial acetic acid, chloroform, ethanokgbéoric acid, ethyl acetate and petroleum ethier, were supplied
by commercial chemical companies such as SinoplrReagents and Sigma-Aldrich (analytical pure). Skima
UV-2550 UV-visible spectrophotometer (supplied blyaBghai International Trade Co. Dan Ding) SZFJ &lerb
grinder (Guangzhou Xu Long Machinery Co., Ltd.) B2btary evaporator (Switzerland BUCHI Company) DK-
S26 electric heated water bath (Shanghai Electrbaatinology Co., Ltd. Kai ago).

3.1. Extraction of the triterpenoids from Polypotusibellatus

20 grams of Polyporus Umbellatus powder were atelyrgut into a round-bottom flask with 400 mL &hod

solution. The alcohol solution was optimized by anm-factor test and the influential factors suclpadicle size,
extraction temperature, extraction time and rafibowid to solid were optimized by means of anhogonal design
Lo(3%). The mixture was refluxed, filtrated and extraicfer several times respectively. After filtratiche total
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filtrate were concentrated to extract under decesgion, dried at 8C, appropriate amount of distilled water was
added to wash products, then standing and cergdfugy min at the speed of 2500r/min, the supernatss
discarded, the precipitate was dried at@B0Continuously,3 times amount of petroleum ethas wdded to the
precipitate, after ultrasonic extraction and fifiva, the extract was retained in the petroleunedayhich was
distilled off under reduced pressure to obtaintheddy total triterpenoids (QPUTA).

3.2. Qualitative analysis of QPUTA

For the qualitative identification of triterpenojdgppropriate amount of QPUTA obtained by ethantiaetion was
reacted with different solutions respectively whichn be listed as follows: anhydride-sulfuric a¢aD:1,v/v),
trichloroacetic acid, glacial acetic acid-ethylatidle and chloroform-concentrated sulfuric acid.the phenomena
observed were in consistent with the referencesl {2

3.3. Quantification analysis of QPUTA by chromogenéthod

In this paper, the determination of the total cohief QPUTAwere directly determined by chromogenic method.
Oleanolic acid (10 mg) was accurately added infidalL volumetric flask, then diluted with ethyl aa#g to the
marked line to afford a concentration of 1.0mg/neference solutionQPUTA sample (10 mg) was placed in a
10mL volumetric flask, diluted with ethyl acetatedfford the sample solution.

The color developing agent applied in this expenitneas prepared by the procedure as follows, 5%llvaacetic
acid solution mixed with 2mL of perchloric acid weneated at 6& for 20min, then the tubes were taken out and
cooled in ice water and warmed up to room tempegadtter being shaken for 2 min. Then ethyl acetats added

in order to make the total volume being 10 mL. ®goently, the absorbance was scanned using a Dbehl®
UV/Vis spectrophotometer in the range of 200—700with a blank solution as reference.

Different concentrations of the oleanolic acid staml solution were taken and colored according he t
chromogenic method, tested in the UV-visible regioh spectrophotometer. The scanning results inditat
that the maximum absorption was at 240Riggre 3), thus the absorbance A at Vis240nm was selected a
the determination wavelength with a glass cell ofh1 The contents of QPUTA were determined by readire
values from the standard curve.
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Figure 3. UV Spectrum of QPUTA

The standard curve which was used as the benchioratite yield determination was obtained as folloanixed
stock solution consisting of oieanolic acid(1.0 mb) was prepared. The different volumes of the lstealution
with 0.0,0.2,0.4,0.8,1.2,1.6,2.0mLoleanolic acidnstard solution were precisely transferred intarilOtest tubes
with ethyl acetate to volume marked line, resp&tyivThe mixture was then shaken, colored accordinghe
chromogenic method. Specifically, after the solweas heated to evaporation in a water-bath, 0.2ye\ mixed 5%
(w/v) vanillin—acetic acid solution and 1.2 mL plelaric acid were added, mixed and incubated 8C70r 15 min.
Then, absorbance (A) was taken as the abscissasotieentration (C) as the vertical axis, the steshdaurve
(Figure 4)was based on the measurement results, the regresguation was: C=0.1517A-0.0441, correlation
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coefficient R=0.9971, which indicated the good tielsship of triterpenoids within the linear rangk (0046 ~
0.0075mg/mL .

o

C(mg/ml)
Figure 4. The Curve of Oleanolic Acid Standard Solution

3.4.Hypolipidemicactivityanalysis

In this study, the hypolipidemic activity of QPUTWas studied in the Triton induced hyperlipidemiclenaats by
intragastric administration of the QPUTA. 40 AlbiXddistar male rats (150-200 g) were numbered indiaig and
divided into 5 groups of 8 animals. They were ke room with controlled temperature (25°Q% humidity (60—
80%) and 12/12h light/dark cycle under hygienic dibons. Animals were acclimatized for one weekdoef
starting the experiment with free access to themabrdiet and water. Hyperlipidemia was developediriya-
peritoneal administration of Triton-WR1339 (TyloxdpSigma-Aldrich, USA) at a dose of 400 mg/kg liceaimals
except the control. Simultaneously, the QPUTA wstespended in Tween 80 followed by an intragastric
administration(25 mg/kg BW for LDG, 50 mg/kg BW fBIDG). Animals of CG and HG groups without treatinen

with QPUTA were given vehicle onlyF{gure 5). Bezafibrate(100 mg/kg BW) was used as standarditfe
hypolipidemic activity.

After treatments (12 h), animals were anaesthetiméfly with diethyl ether and blood was taken frémeir tail

vein using a heparinised capillary. The blood sasplere immediately centrifuged (2500 rpm/10 mim) ¢he

plasma was used for lipid analysis, which includethl cholesterol (TC), triglycerides (TG), highrity

lipoprotein (HDL). The concentrations were calcethand expressed in mg/dl using Friedwald formulsile the

atherogenic index (Al) was calculated as (TC-HDLIHDData obtained in the test were compared agafrest
control group using the one-way analysis of vamantethod and followed by a post-hoc Dunnett tetsttisSical

analysis was performed using the SPSS 16.0 stitivase. Results were presented as mean * standamdreean
(mean + SEM).
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Figureb5. Effect of Triton-WR1339 on lipid profile after 12 h

Values are means + SEM from eight animals in eacdkg CG: control group; HG: hyperlipidemic contrgtoup; TC: total cholesterol; TG:
triglyceride; HDL-C: high-density lipoprotein chdterol; LDL-C: low density lipoprotein cholestertiG is compared to CG. *p< 0.05, **p<
0.01.
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RESULTS

4.1. Optimization of QPUTA Extraction Conditions

4.1.1. Effect of Solvents On Extracting t@®UTA (n=3)
In this work, under the conventional heating refextraction conditions, solvents were evaluatedrtmyno-factor

test, in which the total mass of target compoundsevextracted continuously for three times in défé solvents.
20.0 g sample of 0.20-0.15 mm size was put intmuad bottom flask with 100 mL organic solvent. Theéraction
temperature was controlled by heating in a wateh lza solvent refluxing temperature for 40 min. ekftthe
extraction, the contents were filtered and evapdradaryness. The procedure of heat reflux extraaifomaterial
was repeated twice in the same manner. The expetameesults showed that the extraction yield ofthagol,
ethanol, acetone and acetonitrile were 0.35%, 0,7264% and 0.68% respectively.

The extraction yield of target compound was defiasdollows: Yield (%)=(Mass of target compoundektraction
solution/Mass of sample)x100%

Table 1. Effects of Solvent on Extraction Rate of QPUTA

Solvent A Content (%)
methanol 0.167 0.35
ethanol 0.194 0.72
acetone 0.178 0.61
acetonitrile  0.189 0.68

4.1.2. Orthogonal Experiment for Extracting Optiatian

An orthogonal designd(3* was applied on the optimization of the other meitraction parameters, which can be
listed as follows, the liquid/solid ratio (A), eattion temperature (B), size of sample (C) andaesisn time (D).
The factors and the corresponding levels used enotthogonal design are shown in Table 2. Nine exmntal
trials were investigated according to the orthogdjoiesign and the results are demonstrated in Tablde variance
analysis of orthogonal experiment were also catedland listed in Table 4.

Table 2. Factorsand L evels of Orthogonal Experiment

Level Factors
eves Liguid/solid ratio A Extraction temperatureB /°C  Sizeof sample C/mm  Extraction timeD /h
1 5:1 40 0.15-.030 1
2 10:1 60 0.30-0.50 2
3 20:1 80 0.50-1.00 3

Table 3. Resultsand Analysis of Orthogonal Test Lg(3%

Factors . o

Test No. — ¢ 5 c 5 QUPTAYyield/%

1 1 1 1 1 0.178

2 1 2 2 2 0.332

3 1 3 3 3 0.453

4 2 1 2 3

5 2 2 3 1 0.783

6 2 3 1 2 0.191

7 3 1 3 2 0.812

8 3 2 1 3 0.701

9 3 3 2 1 0.560

I 0.918 1.862 1.950 1.026 0.657

il 2.386 1.083 1.972 1.996

I 1.963 2.322 1.345 2.245

R 0.902 1.205 0.338 1.453

Table4. Variance Analysis of Orthogonal Experiment

Factors Sum of squared deviations DOF F value P

A 0.050 2 1.000 >0.05
B 0.263 2 19.875 <0.05
C 1.061 2 2571 <0.05
D 0.685 2 12.498 <0.05

Note: F1(2,2) = 9.0Q Fos(2,2) =19.00 Fo01(2,2) = 99.00
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In Table 3, all of four factors had an influencetba extraction yields of the target triterpenoi@smparing the R
values, the influence of factors on the mean etitlacyield of Polyporus Umbellatus decreased in tinder:
extraction time, extraction temperature, liquididahtio and size of sample (D>B>A>C). The analydivariance
of the extraction yields also indicated that th&awtion time and the extraction temperature hadoals influence
on extraction yields of the target compounds, whi&raction time and solid-liquid ratio had no sfgant impact.
The reasons were that ethanol were viscous liquidchw had worse diffusion ability, and high extracti
temperature could decrease the viscosity of ethawoteover, it was difficult for ethanol to permeahrough the
larger size of sample, so that target triterpendidsample could not be transferred into the sohgiquickly or
completely. According to the largest donating rtihe largest value which affects the extractiondgeshould be the
selected value. According to Table 3, the averageldy under every level can be concluded as,
A>Az>A,Bs>B,>B,,C,>C>C;,Ds>Do>Dy respectively. Therefore, considering time and ealvsaving, the
optimum condition of QPUTA extraction wasByC,D3 as follows: the ratio of liquid/solid was 10:1ethxtraction
temperature was 8tC, the size of sample was 0.30-0.50 mm, and theatian time was 3 hours. This indicated
that the extraction yield could be enhanced usingrabination of those factors at different leveldhie preparation
process

Under the optimized conditions, Qinlirfgolyporuspowder were extracted using ethanol with high piglathe
filtrate were concentrated and mixed with distilledater. Subsequently, the mixture were subjected to
centrifugalization, the precipitate was washed vp#troleum ether and extracted with chloroform eespely to
afford the triterpenoids. The amount of triterpeisotontents, expressed as g of oleanolic acid afguits per 100 g

of Polyporus Umbellatus was 0.82 g/100 g.

4.2. Effects of QPUTA on Rat Plasma Lipid Profiles

The plasma total cholesterol (TC), triglyceride (T @igh-density lipoprotein (HDL-C) and low denslitgoprotein
(LDL-C) levels of QPUTA and bezafibrate (BF) tredt@ts 12 h after Triton WR-1339administration sinewn in
Table 5. In comparison with the normal control gr¢GG), Triton WR-1339 caused a significant inceesplasma
cholesterol and triglyceride concentrations meabuafter 12h of Triton injection, the plasma totabtesterol was
increased by 26.62% and triglycerides by more #ianimes. Meanwhile, Triton induced significantiduction in
HDL cholesterol levels of hyperlipidemic control@)in comparison with the CG. Importantly, the glead plasma
TG levels produced by Triton WR-1339 administratieare significantly suppressed by bezafibrate (BB4%),
QPUTA high dosage (HDG, 77.97%) and QPUTA low desddG, 70.44%) with respect to the hyperlipidemic
control. No significant difference in TG levels walsserved with both high and low dosage of QPUTdmpared
to HG-treated rats.

Table5. Effect on Plasma Lipid Levelsof QPUTA Treated Rats12 h After Triton Administration

GroupsTC(mg/dL) TG(mg/dL) HDL-C(mg/dL) L DL -C(mg/dL) Al

CG 87.145,5 53.4+4.6 49.7+3.8 21.442.0 0.75+0.17
HG 110.3%6.3320.1+16.7  37.5:2.0 60.5+1.9  1.94+0.34
LDG 97.845.# 94.616.3 43.1+2.6 37.5+3.1  1.27+0.15°
HDG 88.61+5.7 89.51+5.9¢ 57.8+4.2 24.8+2.4 0.53x0.10
BF 116.5+6.4 95.94+5.0°° 47.2+3.7° 54.3+2.7 1.47+0.28

Values are means + SD (n=8 per group). CG: normaitecol group; HG: hyper lipidemic + 4% DMSO contrgioup; LDG: QPUTA
(5mg/kg)+4% DMSO; HDG: QPUTA (10mg/kg)+4% DMSO; Bfezafibrate(100 mg/kg) +4% DMSO; The atherogenitek (Al) was
calculated as (TC-HDL/HDLYA significant decrease at p< 0.05, when comparet WG values®A significant decrease atp< 0.01, when
compared with CG value$A significant increase at p< 0.01, when comparetth\@G values.

400- . 2.5
@ LDG 2.0-
300+ @l HOG
B BF 1.54
200- -

1004

concentration [mg/dl]

0

0.
TG HDL-C LoL-C CG HG LDG HDG BF

Figure 6.Comparison of Plasma Lipid L evelsand Atherogenic I ndex
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HDL-cholesterol levels were significantly increasi?l h after Triton administration in the QPUTA-tie (+14.93%
of LDG group and +54.13% of HDG group) and BF-tegatats (+25.87%) compared to HG. Furthermore ether
was significant decrease in TG levels after 12 thwi0.45% of LDG group and -71.72% of HDG groupnpared
with group HG. Except BF, both the LDG and HDG destoated an obvious and significant reduction espia
LDL-C levels. Specifically, -38.02% of LDG and -83% of HDG in respect to HG treated rats. After HL»f
treatment, it was observed that slightly down ratiah in plasma TC levels between both QPUTA grdup%$.33%

of LDG and -19.67% of HDG group) in comparison tG keated ratsHjgur e 6).

DISCUSSION

Triton WR-1339has been used to produce acute higmrémia in animal models in order to test QPUTAI &0
study cholesterol and triacylglycerol metabolisinappears clear from these results that the T@toth QPUTA
administration oppositely affected on plasma lilgidels and the cardiovascular risk marker (Al). Dieservation
has been attributed to Triton WR-1339, a non-ichétergent (oxyethylated tertiary octyl phenol foluetyde
polymer), induces hyperlipidemia in adult rats mftearenteral administration due to the inhibitiofi o
lipoproteinlipase activity. The Triton-induced nabdel gave a similar pattern of lipid profile chasgl2 h after
Triton WR-1339 administration(Figure6). Meanwhillne down regulation of plasma HDL-C levels could be
explained by understanding the mechanism througichwhiriton WR-1339 administration results mostlprr a
progressive displacement of the apo A-1 proteimftbe HDL surface, without loss of lipid[15,16].

As mentioned above, the results demonstrated thenpal hypolipidemic effect of QPUTA in Triton WER339
induced hyperlipidemic rats. QPUTA at both dose26fmg/kg BW and 50 mg/kg BW significantly reduced
plasma TG and increased HDL. Since the proportfdriglyceride in VLDL is many times higher thanalbsterol,

it is not surprising that the hypolipidemic actwibf QPUTA was significantly higher for triglyceed than for
cholesterol. Clearly, there is ample evidence tggest that QPUTA are able to restore, at leasiafigirtcatabolism
of B-lipoproteins as hypothesized by previous rép@ith other lipid-lowering agents. In additiomth high and
low dosage of QPUTA increased HDL, which called ddacholesterol” plays an important role in factiitg the
mobilization of triglycerides and cholesterol frgpiasma to liver where it undergoes catabolism aed eliminated
in the form of bile acids.

Promisingly, both high and low dosage groups of @RUadministration 12 h after Triton injection is neo
significant than the reduction induced by bezafira a dose of 100 mg/kg body weight, which irs #tudy has
been used as standard reference hypolipidemic drugontrast, total cholesterol levels were nomgigantly

changed which agrees with the mechanism of actidibi@tes in that their total cholesterol-loweriagtivity is not
strongly marked, but the triglycerides decreasifigce of them is very impressive especially by stiation of the
gene expression of lipoprotein lipase. Table 5ats@aled the changes of atherogenic index (Al)introd and

treated rats. QPUTA provided a beneficial actiomadripid metabolism in regard to the reductionAbf

In general, QPUTA treatment was able to improveumeripid metabolites of Triton WR-1339 induced
hyperlipidaemic rats, including decreasing the lewd triglyceride, total cholesterol, LDL cholesté In addition,
QPUTA increased HDL levels, which are known forithreventive role against atherogenesis. The tesilthis
study showed that QPTA could reverse the hype#ipid in experimental hyperlipidaemic rats, and timay lead
to a decrease in the risk might be directly orrieclly related with micro- and macro-vascular dégeand related
cardiovascular disease.

The present study evaluated the hypolipidemic &ffettriterpenoids extracts from QiliRplyporus Umbellatus
Triton-induced hyperlipidemic rats. It illustratéiuht after oral administration of QPUTA at a do$&® mg/kg for
12 hours, the serum total cholesterol (TC), trighydes (TG), LDL and VLDL cholesterol levels in fm-induced
hyperlipidemic rats were significantly decreased ah a dose of 25 mg/kg, the serum TC, TG, LDL ®hdL
cholesterol levels were also significantly reducEdrthermore, QPUTA administration could also digantly
decrease the atherogenic index, which is relatéd nigk of micro- and macro-vascular disease ahdrasclerosis.

As a conclusion, the present study confirmed lfer first time then vivo hypolipidemic effects of QPUTA. The
observed pharmacological effects of QPUTA on hypelémic rats extend our knowledge about the paknt
bioactivities and applications of triterpenoidsragts abundant in Qilingolyporus Umbellatusimpressively, it
could be used by hyperlipidemic patients to de@etae complications of hyperlipidemia. Further stsdare
necessary to determine the exact nature of theeaptinciples, the mechanism of action and to ases safety of
triterpenoids in QilingPolyporus Umbellatus
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