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ABSTRACT

The purpose of this study was to assess in rais the pharmacological parameters and
ellects on gene expression in the liver of the triterpene glycoside aclein, Actein, an
active component from the herb black cohoesh, has been shown to inhibit the
proliferation of human breast cancer cells, To conduct our assessment. we
determined the molecular effects of actein on livers trom Sprague-Dawley rats
treated with actein at 35.7 mg/kg lor 6 and 24 h. Chemogenomic analyses indicated
that actein elicited stress and statin-associated responses in the liver; actein altered
expression of cholesterol and fatty acid biogynthetic genes, p53 pathway genes.
CCND1 and 1D3. Real-time RT-PCR validated that actein induced three {ime-
dependent patlerns of gene expression i the liver: (i) o decrease followed by a
significant increase of HMGCS1, HMGCR, HSDI7B7. NQOL, S100A9; (i) =
progressive Increase of BZRP and CYP7AL and {iif) a significant increase followed
by a decrease of CCND1 and ID3. Consistent with actein’s statin- and stress-
associated responses, actein reduced free fatty acid and cholesterol content in the
liver by 0.6-fold at 24 h and inhibited the growth of human HepG2 liver cancer cells.
To determine the bioavailability of actein, we collected serum samples for pharma-
cokinetic analysis at various times up to 24 h. The serum levet of actein peaked at
2.4 pe/mbl al 6 h. Actein’s ability (o alter pathways invelved in lipid disorders and
carcinogenesis muy make i 4 new agent for preventing and (reating these muor
disorders.

INTRODUCTION

Nalive Americans huave

used the North American

that black cohosh may have chemopreventive uand
anticancer potential [2,3].
The rhizomes und roots of the plaat contain two major

perennial black cohosh [Actaed racemosa Lo syn. Chnicif-
g racetnosa (LY Nult] for centuries to treal a variety of
conditions. including rheumatism, arthritis. musele pain
and dysmenorrhoca |1, I recent years, it has become a
popular alternadive to hormone replacement therapy to
alleviate menopausal symploms, Recent studics indicate

classes of sccondary melabolites. triterpene glycosides
antd phenylpropaneids. OF the more than 42 [riterpene
glycosides present in black cohosh [4], the (riterpene
plycosides aclein (Figuie Ta) snd 2 3-epi-26-deoxyactein
[5] comstitute about 6,4% ol an n-butanalic fraction of
black cohosh enriched for triterpene glycosides (27,
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Frgure 1 (a) Chemical structure ol the triterpene glycoside aclein
isolated rom black cohosh. (b} Concentration ol aclein in Sprague-
Pawley ral serum (-24 h aller treatiment with actein at 35,7
mg/kg.

Purified triterpene glycosides and aglycones have been
shown Lo selectively inhibit the growth of various types
ol caneer cells in vitro, including human oral squamous
careinoma cells [6). MCI7 (FR™. Her2 low) and MDA-
MB-453 (ER™, Her2 overexpressing) breast cancer cells
[71 and HepG2 liver cancer cells |8] compared to cliects
ot non-malignant counterparts. Their specificity sug-
gests limited toxicity in vivo. Chmigenol and cimigenol-
3.15-dione, from other Cimicifuge species, have been
shown (o inhibit mouse skin tumour promotion and to
have antitumour initinting aclivity commensurate with
the chemopreventive agent  epigallocatechin  gallate
(EGCG) 191

Trilerpene glycesides from black cohwsh have been
shown e induce cell-cycle arrest at Q1 [7). Gene
expression analysis indicates that actein’s growth inhi-
bition of breast cuncer cells is associated with activation
of stress response pathways [10]. Aclein induced two
phases ol the integrated stress response, the survival or

apoptotic phase, depending on the dose and duration of

treatment. Although these resulis indicate thul aclein
can nxduce @ complex array of cellular stress responscs,
they do not reveal its primary cellular targets. I'he
putative largets may play a role i cellular processes

1.5, Binbond et o,

Invalving calcium, as aclein aliered the expression of
several genes involved in calcium homeostasis, or lipids,
because actein allered Lhe transcription of genes involved
in lipid metabolism {1,171,

Little is known about the pharmacokinetics and
metabolites of extracts of black cohosh and actein. The
catechols do not appear to be absorbed across the
intestinal epithelium, whereas the witerpencids are
absorbed [12]. Isolated reports [13] huave associated
black cohosh use with severe heputilis. Some siudies
huve indicated that an extract of black cohosh increased
lipid levels in clinical trials [ 14,15},

To darily acleins mode of action and  potential
adverse cffects, we used the lconix/lntelos ToxEX®
Analysis Suite (Entelos Inc., Foster City, CA, USA),
which uses raw gene expression data from a given organ
to conduct a comprehensive analysis of the toxicity,
safely and mechanisin of action of a component in
relation to over 630 relerence compounds lound in
Teonix's dutabase DrugMatrix®™ (Entelos Inc.. Foster City,
CA, USA). Subtle gene expression changes identified in
the liver can be used 1o predict pathological evenis
cccurring i that and other tissues even beflore toxico-
logical and pathological effects can be detected [16.17).

The purpose of this study was Lo determine the serinm
phiarmacokinetics of actein after oral administration to
rats and eellular and molecular effects in the livers of the
treated rats, lo assess its potential to treal cancer und
other diseases. To confirm the effects on specific phys-
iological parameters, we tested the effect on lipid levels n
the ral liver and on the growth of HepG2 human liver
cancer celts.

MATERIALS AND METHODS

Chemicals and reagents

All sotvents and reagents were reugent grade; water was
distilled and deionized. Actein was obtained [rom Planta
Analytica (Danbury. CT, USA, lot number PA-A-037),
purity was over 93% by high pressure Hquid chromi-
tography (HPLC: in vive studies) and from Chromalex
{Laguna Hills. CA. USA, lot number 01355-806), purity
89% by HPLC. Actein [Lot no. 01335-805 (1] and
27-(23-lipi-26-deoxyacieind (AILP)
employed for pharmacokinetic and urine analysis. HPLC
grade acetonitrile (Part no: A998-4), chloreform (Par
no: C298-4) and MPLC grade Water {(Parl nor Wa-4)
were obtuined from Tisher (Tair Lawn, NJ USA). Drug-

deoxynctein Were

Iree ral serm (Part no: 40363472) was oblained from
innovative-Research Inc. (Southiicld, MI, USAL
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Actein: stress and statin-assoviated responses

Cell cultures

HepG2 (p33 positive) human liver cancer cells were
obtained from the ATCC (Manassas. VA, USA). Cells
were grown in Dulbeceo's Maodified Hagle's mediom
iGibeo BRL Life Technologies, Inc.. Rockville, M1, TISA)
containing 10% (v/v) foetal bovine serum (Gibeo BRL) &1
37 °C. 3% CO,.

Proliferation assay

The 3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2H tetrazo-
ium bromide assay (MTT) ussay was used to delermine
the sensitivity of HepG2 pS3 positive human liver cancer
cells to actein, as previously described [ 10}

Animal treatment and data collection

Female Sprague-Dawley rats, 56-week old, were distrib-
uted into three groups of eight and randomized to
minimize the nuwmber of animals from each litter in the
smme group. The rats were housed individually in
makrolon cages (41 x 25 » 15 cm) with a stainless steel
wire top und a shallow layer of white wood shavings as
bedding, All the animals used in the experiment were
kept. in a single room at 23 2 3 °C and at 40-60%
relative humidity. l,ighl:ing was najural or artificial and
the light/dark cycle of 12 1 was maintained. The animals
were supplied with a pellet diet (‘Corticella type’. Labo-
ratory Dottori Piccioni). All animal treatment and data
collection wus conducted at the Cesare Maltoni Cancer
Research Center ol the European Foundation of Oncelogy
and Environmental Sciences B. Ramazzini (CMCRC/ERE)
of Botogna, Italy, according to Nalian Law regulating the
use of animals [or scientific purposes (Decreto Legislativo
116 1992/1EU Directive 86/609/CEE),

Treatment

In previous experiments. we determined the maximum
tolerated dose of an extract of black cohosh enriched for
triterpene glycosides (27%) to be 335.7 mg/kg. The
extract of black cohosh contained 27% triterpene glyco-
sides, ol which 3.4% was actein. In this study, we ireated
lwe groups of eightl female rats cach with: (1) 35.7 mg/
kg of actein and {ii) one-ilth this dose, 7.14 mg/kg. by
gastric intubation. A control group ol eight female rats
waus Lrealed by gastric intubation with 1 ce of water.
Fresh solution of actein, suspended in water, was
prepared just before the treatment.

Blood and urine collection .
To defermine the serum concentration of actein ul
different limes during 24 h, bleod wus seguentially

313

collected [rom [our arimals of the group lreated with
35.7 mg/kg actein af inlervals of 0, 3. 15, 30 60 min
and 2, 4. 6. § and 24 h aller the administration of aclein.
For the 24 Iy period, animals were starved with frec
access to water. Blood samples (1.3 mlL) were collected
through contusion of the retrobulbar plexus with a
siliconated glass Pasteur pipette after anacsthetization

- with ethyl ether. lmmediately after sacrifice. biood wus

drawn from the portal vein with o siérile syringe into
vials without anticlotting agents. Ten minutes after each
sumpling (the time necessary for the formaiion of the
clot), blood was centrifuged at 1560 g for 10 min, then
serum was stored in cryouenic screw cap vials al. =70 °C.

From the same animals, urine was collected 24 h
foliowing  administration of compound. Urine was
shaken to prevent formation of deposits, after which
two samples of 300 pl. were collected and stored in
cryogenic screw cap vials at =70 °C.

Gene expression samples

Six wnd 24 h alter dosing. lour rats [rem Lhe group
treated with 35.7 mg/kg actein and four rats from the
conlrol growp were sacrificed, and lour portions of about
104 mg cach were collected from the main lobe of the
iiver for analysis. lach portion was individually retained
in a cryavial, snap frozen in liquid nitrogen and stored ot
=70 °C until use for array data generation.

Histology

Livers were embedded in optimal culting temperature
compound (Lo enable cryosectioning of the sample) and
stained with hacmatoxylin and eosin (H&E). All samples
were visualized with « Zeiss Axioplan 2 microscope (Carl
Zeiss Inc., Thornwood, NY, USA) and images were
obtained with a Nikon Coolpix 5000 (Nikon Instru-
ments, Melville, NY, tJSA) camera.

Lipid analysis

Hepatic lipids were exiracted by homogenizaiion of the
liver from the 24 h group, lollowed by addition of
choloroform @ methanol (2 : 1) After vortexing and cen-
triligation for 10 min, the organic phase was collecied and
dried under nifrogen. The dried lipids were dissolved in 1'%
Friton X-1T000 in water and sonicaded, Bxtracied hepatic
tipids and plasima lipids were measured by cholesterol and
triglyceride enzymatic assay kits from Infinity (Louisville,
CO. TISA), according to the manuiacturer’s instructions.
Free [ally acids were meusured by Enzymatic assay using
NEFA C kil from Wako Chemicals iRichmond. VA, TISA )
Tissue lipids were normalized by protein concentration.-
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Pharmacokinetic analysis

High pressure liquid chromatography-mass spectrometry
{MS) analysis was performed. in duplicate, by Chroma-
dex to determine the presence and quantity of actein in
serum and urine samples from Sprague-Dawley rats
treated with 35,7 mg/ky actein.

Sertan preparation
A 100 ploaliquot of rat serun and a L0 pl aliguot
of internal standard solution (deoxyuactein, 2 3-epi-
26-deoxyuctein) eppendor]
acetonitrile  to

were  placed  in micro

tubes  with 200 pL of precipitile

proleins.

Urine preparation
The urine sample was extracted three times with 300 pL

chloroform. The residue was constituted in 150 ul of

acetonitrile.

Analysis of serum and wrine samples

Chromatographic separaiion of the compounds was
performed on a Walers  Acquity UPLOTM  (Walers
Corporation. Milford, MA. USA} using a BEH (18
columiy (1.7 pm. 2.1 % 50 nin), The mobile phase
censisted of acetonitrile: water (80 @ 20,

The MS instrumentation consisted ol a Waters Micro-
Quastro Micro™  triple-quadrupole  system
(Munchester. UK). Urine analysis by ultra-performance
liquid chromatography compared atmospheric pressure
chemical jonization mode and electrospray ionization
maode,

mass

Chemogenomic analysis

We used lconix/Fntelos ToxPX analysis 1o determine
the elfects of actein at a dose of 35.7 mg/kg at time
points 6 and 24 h on gene expression patterns i
rat liver. Following standard Affymetrix™ (Affymetrix.
Sania Clara, CA, USA) protocols. labelled cDNA was
gencrated from liver tissue from each study animal and
hybridized to Affymetrix RG230-2.0 rat whole genormg
arrays, which are comprised of more than 31 000
probe sels.

Fram the microarray data. a complete toxicogenomic
report was produced using the ToxPX Analysis Suite.
ToxbX analysis uses the [conix/fintclos databuse Drug
Maltrix to match patterns of gene expression changes
clicited by actein to compounds
(g Signu{urus@: Entelos Inc.. Foster City, CA,
HSAY and 1o identify perturbed biochemical pathways
[16-18]. -

those of other

1.8, Einbord ¢t al,

Drug signatures

Log,, ratio data for the actein array dolo sel was
compared to the Tconix collection of gene expression
biomarkers (IDrug Signatures). The degree to which the
genie expression profile of actein matched a Drug
Stgnature was reported in ToxlX as a posterior proba-
bility score (PPS) PPS =(.9 were considered highly
significant. 0.5 < P8 < (,.899 were considered to be of
interest and viewed i the context of pathway matches,
clinical signs and other data.

Peathway analysis

Using the 135 curated pathways within DrogMalrix,
pathway analysis identified particular biological pro-
cesses perturbed by exposire to actein. Fisher's exact test
calculated the statistical likelihood that the same rumber
of expression chunges observed in pathway genes wounld
be obscrved against the same number of randomiy-
chosen array probe sets.

AffyLimma analysis

To identify individual alterations in gene expression
induced by treatment, an unbiused informaltics analysis
was performed using the AlfyLimmaGUI package in the
open-source Biocanductor suite. as previously described
[LO] (Table S1).

Real-time RT-PCR analysis

Real-time guantitative RT-PCR methods were used
to confirm selected actein-induced changes in gene
expression  detected by microsrcay  analysis,  as
previously described [L0]. Total RNA was isolated
using Trizol {Invitrogen, CA, USA). and purilied
with the BNeasy Kit (Qiagen, Valencia, CA. USA).
mMRNA  sequences were obtained from  the public
GeneBank  database  (http://www.nebinlm.nih.gov),
and primers were designed using IPrimer3 soltware
Massachusetts  nstitute  of  Technology
{hitp:/fwww. lrodo wiamit.edu/cgi-bin/priner3/primer3
www,cgi} (Table §2).

from The

RESULTS

Pharmacokinetic analysis of actein in rat serum

By HPLC analysis. the level of actein (Figure 1h)
in the serum increased up {0 & peak value of
239547 ng/L ot 6 h  and  then decreased (o
101.74 ng/mL at 24 h after treatment with actein al
35.7 mg/kg. The level ol actein in the urine at 24 h
wag 777,07 ng/mk.
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Actein: stress and siatin-associated responses

Lipid analysis of rat liver tissue

When we examined the effect of actein (35,7 ma/kp) on
lipid levels in the rat livers, we Jound a 0.6-fold decrease
in the free fatty acid (P =0.012) and cholesterol
(P = 0.618) levels and no change in triglyceride content
of the treated livers compared Lo the controls.

Histology of rat liver tissue

Hacmatoxylin and eosin stained slides of rat livers
ablained a1 24 I aller administration of actein showed
heputotoxicity { Figiure 2). Both displayed vacuolar degen-
eriation, Aggregated Jymphocyles were seen in the cendtri-
lobular (Figure 2by and  non-centeilobular  (Figure 2¢)
areas. indicating inflammation,

ToxFX analysis
Treatment with actein (35.7 mg/kg) for 6 or 24 h eftected
a statistically significant change (P < 0.05) in the tran-
scription levels of 297 or 1335 genes. respectively, relative
to the control. The significan( effects on gene expression at
6 I included downregulation of erythropoietin (—0.22.
P < 0.001); CYP2C{-0.26. 1 < (.01 and ATP synthase
(=0.05, P < 0.00) (Table la). Al 24 h, significant gene
alterations included upregulations of 1PP (.80, P <
OO01RTIMGCS (036, P < 0.001); PRPS (034, P < 001
STO0A9(0.79, P < 0,01): CRXCL1 (01,44, P < 0.01); C4BP
(0.17. P < (.01) and CYP7AL (0.53. P < 0.01) and
dowaregulation of SCR1 (=1.28. P < (0.01) (Tabie Ib).
Actein also upregulated pgenes involved in the acute
phase response (A2M), Hypoxia und Hil signalling
(TERC. FLTL), NRIP2Z mediated Ox slress recepior (PSMB
10, NQO1) and p33 signalling (FNTRSE6, FAS). Actein
downregulated the expression of genes involved in cell-

cycle control (CCNDT) and hepatic toxicity: arigin of

cholestasis (MET}.

Transeriptional pattern matching with drug signanres

We compared expression pattern changes induced by
aclein Lo gene expression patlerns [rom compounds in
DrugMatrix and found the following three Drug Signa-
tueres as having the highest probability matches to
actein's eflects: (1) & weak match to hepatic inflammatory
infiftrate, centrilobular signature (clusters of inllamma-
tory cells around or adjacent to the central vein) at 6 h
(LS = 0.538) (iL) o weak match to hepatic inflammatory

infiftrate. early gene expression signature (clusters of

inflammatory cells in the hepatic parerchyima lacking a
distinet zonal pattern) at 24 h (PPS = (.56 and (iii) a
weak tatch Lo cholesterol biosynlhesis inhibitor signa-
lure at 24 h (PPS = (.54). - -

3135

Figure 2 HMislology of Bver fissue from three different rits, [&E
stained sections of control and trealed Sprague-Dawley rat livers,
oblained 24 I alter treatment with or without actein at

33.7 mg/kg. were examined by microscopy, as deseribed in
Malerials and Methods: ta) control: (b and ¢} trealed with actein
35,7 ma/kp: magnilication. =400,

Pathway responses conpared to Drugdatiix
Relalive to the 200 compounds i DrughMalriz, ToxlIX
identified strong transcriptionzl  responses on the -
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L.8. Binbond ef al,

Table I Genes signilicanily altered by reatment with actein, determined by ToxFX analysis.

Affymetrix Gene Frold
Pathway cateqory number symbol Gene title change
(a} Genes significantly altered at 6 h
LPS and IL-1 inhihit RXR grotein function 1387949 _at CYPRC Cytochrome P45, family 2, subfamity ¢, -0.267
Xenaobiotic metabalism palypeptide 22
Aryl hydrocarbon receptor (AhR} signalling 1387308_at EPO Erythropoietin 022
Hypoxia and HIF signalling
Mitachendrial oxidative phasphorylation 1387019 _at ATPSI ATFE synthase, H+ transporting, -0.05*
mitochaondrial FO complex, subunit e
{b) Genes significantly altered at 24 h
Fatty acid hiosynthesis and its regulation 1370355_at SCR1 Stearoyl-coenzyme A desatyurase 1 -1.28*
Hepatic toxicity: origin of steaicsis
Chelesterol biosynihesis 1388872_at PP isopentenyl-diphophate isomerase 0.80"
1367932_at HMGTST 3-hydrowy-3-methiylglutaryl-coenzyime 0.36%*
A synthase 1
1367667._at FpPs Farensyl diphosphate synthase 0.34*
Acute phase respanse 1387125 at 510049 S100 calcium hinding prorein AY 0.78-
(calgranulin B)
1387316_at CXCLT chemokine (C-X-C motif) ligand 1 (also 0.44~
invalved in NF-kappa B and TGF-heta
signalling)
1383425_at s Complement component 5 0.18*
1368695_at CABP Complerent component 4 binding protein, Q.17
beta
1369764_at C/ABP Complement component 4 binding protein, .09+
alpha
1387952 _a_at Coan CDa4 antigen Q.08
1367804 _at SAP Serurn amyloid P-component -0.04
Hepatic toxicity: origin of cholestasis 1368458_a% CYP741 Cytochiome P450, family 7, subfamily a, 0.53"
LPS and IL-1 inhibit RXR protein function polypeptide 1
Mitochondrial oxidative phosphorylation 1387670_at MG3PDH Glycerct-3-phasphate dehydrogenase 2, -0.38*
mitachondrial
Reta-axidation of fatty acid 1367680_at ACOXY Agyl-coenzyme A oxidase 1, palmitoyl -0.17*

TGF-beta signalling

We used lconix ToxFX analysis 1o determine the effects of actein, at a dose of 35.7 mg/kg and at 6 and 24 h on the gene expression patterns in rat liver. Assays
were performed as described in Materials and Methods. Fold change (lag) is the mean of the ratio of hybridization signals in actein treated vs. contral treated

calls.
P <001 P < 0.001.

following  biological pathways after treatment with
actein: cholesterol binsynthesis (P < 0.0001): farty acid
blosynthesis and its regulation: acute phase response
(P < 0.001): thyroid hormone: regulation, synthesis and
release: mitochondrial oxidative phosphorylation: p53
(Figure 3).

Affylimma analysis

AllyLimma gene expression analysis indicated that sclein
caused a significant alteration in the expression of O amd
109 genes (B> (0 [ M| = 4; ratio up/down: 1.9 : 1) in
e rat ver after treatment for 6 and 24 h, respectively
{Table §1}. when compared with the control.

The effects of actein on expression of specific
mRNAs determined by real-time RT-PCR

The RT-PCR results revealed three patlerns ol gene
cxpression (Mignre 4): (1) mRNAs for the stress gene
SI00AY9; NRF2 mediated oxidalive stress gene NQOT;
und cholesterol biosynthetic genes HMGCS1., HMGCR
and HSL7B7 decreased al 6 h and increased at 24 h:
(iiy mRNAs for the cytochrome CYP7AT and milo-
chondrial benzodiazepine receplor gene BZRE progres-
sively inoreased at 6 and 24 I, whereas (i) mRNAg for
the cell-eycle gene cyclin D1 and the inhibiter of
differentintion gene 1D3 signiticantly increased ar 6 h
and  decreased at  24.h. - RT-PCR  confirmed  the
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Actefn: stress and slatin-associaled responses
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test compound treatment are reporied,

results of AffyLimma microarray analysis, as shown in
Table (1.

Effect of actein on the growth of HepG2 liver
cancer cells

Actein inhibited the growth of p573 positive TepG2 liver
cancer cells with an 1Cs;, value, the concentration that
caused 50% mnhibition of cell proliferation, of 27 pg/ml
{44) 1),

DISCUSSION

In this study, we used a chemogenomic approach 1o
ciucidale the mode of action of the triterpence glycoside
actein, ToxEN analysis, which reveals the subfle expres-
sion signals captured by signatures and pathway anal-
yeis, ndicated that actein activated stress- and statin=-

associated responses, suggesting that actein may have
chemopreventive polential.

Stress-ussocialed responses were indicated by slrong
transeriptional responses in the acule phase response,
P33 stress response, hypoxiit und the stress response and
mitochondrial oxidative phosphorylation pathways, as
determined by ToxtX pathway analysis. The acute phuse
response pathway was impacied by significant vpregu-
lation of genes including CXCL1 (also involved in NF-xB
and TGFP signalling) and C4BP. as well as downregu-
lution ol several probes of cJun. The pS3 stress regponse
pathway included upregulation ol FAS and downregu-
lation of CNK6, p53 is a known lumotnr suppressor
protein thal is at the nexus of multiple stress response
pathways.  The  downregulations  of  erythropoictn,
CYP2C and AT synthase that we observed by ToxlX

-analysis afier eatment with actein lor & b suggests that
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Figure 4 Real-time RT-PCR analysis of RNA oblalned rom ral liver
afler frealing Sprague-anwley rats with actein @t 35,7 mg/kg for
Goar 24 D, Sprague-Dawley rals were Ireated with 357 ma/ke of
acteiy Tor 6 or 24 h: extracts were prepared from ral lver fissues
andd analysed by real-tme RU-PCR. as described in Malerials and
Methods. Fold change indicales relative expression i actein vs.
contrel rat livers. RT-PCR resulls indicated three patlerns of gene
eapression: {ad a decrease at 6 by lollowed by an increase al 24 by
(bt a progressive increase al 6 and 24 he and (©) an inerease a1 b h
and decrease al 24 h. P values were <0.05: a1 6 he P < 0.05 for
CONDY and 11230 AL 24 by alt P ymdues were <0003, except HMGOR.

1.8, Binbond et al.

the primary eflects of actein may be on hypexta and the
stress response and mitochondrial oxidative phosphory-
lalion. Actein’s downregulation of Acoxt al 24 h is
consistent with the recent finding Uliat the primary efiect
of an ethanolic extract of black cohosh may be to reduce
mitochondrial f-oxidation of isolated rat fiver imitochon-
dria [19).

The RT-PCR analysis confirmed transcriptional effects
of actein on genes involved in stress response pathways.,
In particular. we observed u decrease lollowed by a
signiicant increase of the NRF2 siress response gene
NQO1: a progressive increase ol (he mitochondrial
receplor gene BZRP and cytochrome CYP7AL: and a
significant increase fallowed by o decrease of CR1. which
may be a strong oncogene in the fiver [20] and 13,
which may play a role in regulating the Rb tumour
suppressor gene |21].

In suppart of actein's effects on the stress response,
actein inhibited the growth of HepG2 liver cuncer cells.
This is consistent with the fndings that triterpene
glycosides [rom related Cimicifuga species selectively
inhibited the growth of human liver cancer cells com-
pared with liver hepatocyles [8.19] and that lipophilic
stating inhibit tumorigenesisin viva |22]. Gene expression
analysis in the present study echoed previous findings
that the growth inhibitory effects of actein und un extract
of black cohosh on human breast cancer cells can be
attributed to the activalion of stress response pathways
[11,23], depending on the duration of exposure.

Statin-associated responses were indicated by o Drug
Signature match 1o cholesterel Mosynthesis inhibitors, in
particufar, the lipophilic stating simvastatin and ceri-
vastadin, This effect was strongly conflirmed by pithway
analysis: actein elicited a maximum pathway response
for cholesterol biosynthesis in the 90th percentile as well
as o strong transcriptional response in the fatty acid
hinsynthesis and regulation pathway. The cholesteral
biosyuthesis pauthway was significantly impacted by
upregulation of genes including IPP, HMGCS1 and
FDPS, a precursor to the fwmesylived onceproteins
lable 1, As has been speculated for lovastatin [24,
these upregulations may be a leedback mechanism in
response o inhibition of cholesterol biosynthesis. The
gene SCDL. part of the laily acid biosynthesis and
regulation pathway, was significantly downregulated. k
is possible that actein induces post  transcriptional
downregulation of HMGCR. us has been shown for
related isoprenes [25].

The dual impact of aclein on the cholesterol biosyn-
thesis and stress response pathways is nol surprising,
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Table 1T Compazisen ol the ellects of actein on selected liver genes by real-time PCR and microarray analvsis aller treating Sprague-Dawley
mglkg for 6 or 24 b

rals wilh actein at 35.7

Fold change relative ta contral fold

change {8 or # values)

Actein treatment (6 h, 35.7 mg/kg)

Actein treatrnent {24 h, 35.7 mgg)

RT-PCR Microarray RT-PCR Microarray
Alfymetrix Fald Fold Fold Falg
Categories Gene number change P value change 8 valug change P value change 8 value
Stress raspoise 510049 1387125 at —1.36 0.30 ~-0.64 - 2.92 4.34E-06 X0 3.28
CYP7A] 136B458_at 0.45 0.15 0.045 - 1.47 7.65E-05 2.04 3.44
BZRP 1370249_at 0.07 0.63 -0.12 - 1.13 8.93E-04 1.51 1.58
Call-cycle regulation CCNM 1371150 at 0.52 0,025 0.57 - —2.32 1.09E-D6 -2.30 0.70
Phase 2 NGQO1 1387599 _a_at -0.50 0.31 -0.64 - 1.73 5.58£-08 1.45 -
Transcription regulation 103 1387769 _a_at 0.30 0.041 0.19 - -1.52 3722 —058 -
Cholesteral biosynthesis HIMGEST 1367332 _at -0.82 0.091 -0.66 - 1.44 3.03E-04 1.1 -
HS1787 1387233_at -0.66 0.18 -0.99 - 1.21 3.85E-3 2.1 -
HMGECR 1375852 _at -0.45 0.12 -0.61 - 0.45 0.14 1.12 -

- incicates 8 value <0

B value =0 is significant.

because the sterol regulatory pathway is known Lo share
components with stress pathways [26]. While low doses
of lovastatin have been shown Lo elicit an effect on the
cholesteral biosynthesis puthway in the rat liver, high
doses of lovastatin are shown to induce a complex sat of
slress response proteins involved in cytoskeletal strue-
ture, calcium homeostasis. protease inhibition, nucleic
and amino acid metabolism and cell signalling [24]. The
lindings thal extracellular signal related kinases (ERK
1/2% control gene transcriplion mediated by sterols in
HepG2 liver cancer cells and that BRK1/2 appears to
phosphoryiale SREBTa and =2 in vitro [27] may link the
cholesteral and stress responses that we observed.

An assessment of physiological parameters supported
actein’s pharmacological wtility. First, actein reduced
[ree fatty acid and cholesterol content in hepatocytes by
(Lo-fold at 24 h. The microvesicular steatosis [19] and
increases i lipid levels [14.15] that have been associaled
wilh the udministration of black cohosh extracts may
therefore be due lo componenls other Uun aclein or
related Writerpene glycosides, Secondly, actein was bio-
avatlable in the rats, peaking at a value of 2.4 pg/mi in
the serwimn, Qur previous report suggests that this value is
sufficicnt to synergive with chemotherapy agents [28].
Prolonged administration may lead to a concentration of
actein in target tssues and hence require a lower
cffeclive dose, as has been shown for green tea extracts
[29.30].

We observed o few untoward Uramscriptional effects
- eliciled by actein: an upregwlation of the acule phase

response gene S100A9, which stimulates proliferation of
fibroblast cells and may sct as a mitogen during chronic
inflammation [31]. and « Drug Signature match to
compounids that cause hepatic centrilobular and non-
zontal inflammatory cell infiltrate. which we contirmed
by microscropy. These results are consistent with reports
of idiosyncratic hepatotoxicity associated with the use of
black cohosh |13].

Treatment with actein for 6 or 24 h effected a
statistically significant change in the levels of 297 or
1335 genes respectively. Because the median response
for all compeunds in DrugMatrix is 3783 [16], this is
congldered a weak respense. 'This could be due to low
compound  concentration, short exposure fime. poor

pharmacokinetic or pharmacodynanic properties in the
orgun. The weak response could also be related to the
fact that these results were obtained ofter freating older
{56-week old) lemale rats, while the data in DruagMatrix
were generaled using juvenite (§—10 week old} male rats
[16]. A cause for concern is also thal the stresy response
could be a result of treatment with high doses of aclein,

CONCLUSIONS

The individual and contextual transcriptional effects of
actein that we observed in the vat liver predict a
signilicant impact of this natural compound on stress
and cholesterol biosynthesis pathways, We conlinmed
these alterations using biological assays: uclein inhibiled
the proliferation of HepG2 human Tver cancer cells and
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reduced the levels of free [atly acid and cholesterol in the
rat liver. Furthermore, actein was biouvailable in the
serum al levels sullicient for synergy with chemotherapy
agents. Chemogenomic unalysis also offerce insights as
o potential safety concerns that may arise with the use
ol actein. These results demonstrate the utility  of
chemogenomic analysis in providing a  biologically
relevant everview of a compound's efiects and divection
for future research. Based on our findings, we can
conclude that actein may be uselul to prevent and treat
cancer and lipid diserders and is worthy of further study.
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Table S1. Processed liver gene expression dutw alter
treating Sprague-Dawley rats with aclein ot 35.7 mg/kg
for 24 h.

Table 82. Designed primer sequences used in RI-PCR,
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